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Tomato yellow leaf curl disease, caused by tomato yellow leaf curl virus (TYLCV;
Begomovirus coheni), is among the most devastating viral diseases affecting tomato crops as
well as numerous cultivated and wild plant species throughout tropical and subtropical
regions worldwide. Wild plant hosts play a critical role in the epidemiology and persistence
of TYLCV infections in cultivated crops. In the present study, wild hosts of TYLCV in
Jiroft, southeastern Iran, were identified, and partial molecular characterization of the
recovered viral isolates was conducted. Detection was performed using PCR assays with
degenerate primers, followed by amplification of the majority of the viral coat protein gene
with specific primers, as well as Sanger sequencing of the PCR products. Based on the
results obtained, three symptomatic plant species, namely cornflower (Centaurea sp.), castor
bean (Ricinus communis), and common mallow (Malva sp.), were identified to be infected
with TYLCV. This study represents the first documented evidence of TYLCV infection in
cornflower, common mallow, and castor bean in Iran. To enhance the effectiveness of
TYLCV disease management strategies, the elimination of annual and perennial weed
species present within and around agricultural fields is recommended.
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Introduction

Tomato yellow leaf curl virus (TYLCV; B. coheni) is
recognized as one of the most destructive plant viruses
infecting tomato and a wide range of vegetable and crop
species in tropical and subtropical regions across the
world (Rybicki, 2015; Scholthof et al., 2011; Varma &
Malathi, 2003). The family Geminiviridae comprises 15
genera, among which the genus Begomovirus represents
the largest group, currently including 464 species and
encompassing numerous economically important plant
viruses (Maruthi et al., 2026; Roumagnac et al., 2022).
Begomoviruses possess genomes composed of either
one or two circular single-stranded DNA (ssSDNA)
molecules ~2.5-5.2 kb in size (Fiallo-Olivé et al., 2021),
which are encapsidated within twinned icosahedral

particles measuring nearly 22x38 nm (Hesketh et al.,
2018). Viruses belonging to this genus are transmitted
in a persistent (Fiallo-Olivé et al., 2021) or in the case
of TYLCV, propagative manner by several cryptic
species of the whitefly Bemisia tabaci Genn. (He et al.,
2020).

Three categories of circular ssDNA satellites, including
alphasatellites, betasatellites, and deltasatellites, are
commonly associated with monopartite Old World
begomoviruses and, less frequently, with bipartite New
World begomoviruses. Alphasatellites are ~1.4 kb in
length and encode the alpha-Rep protein, which is
involved in self-replication of alphasatellites. Through
interactions between the Rep proteins encoded by helper
begomoviruses and the alpha-Rep protein encoded by
alphasatellites, both symptom severity and viral

Journal of Advances in Plant Protection 2026, 3(1): 33-40

33

Doi: 10.22103/japp.2026. 27360.1049


mailto:%20jheydarnejad@uk.ac.ir
https://orcid.org/0009-0009-0471-0994
https://orcid.org/0000-0002-9229-3001
https://orcid.org/0009-0008-0442-7083

Besharati et al.

Reservoir hosts of tomato yellow leaf curl virus in southeastern Iran

accumulation are negatively influenced (Hussain et al.,
2026). Betasatellites are similar in size to
alphasatellites, and their single or double open reading
frames encode the BC1 protein alone or both BC1 and
BV1 proteins. These proteins act as pathogenicity
determinants, contribute to symptom induction, and
enhance viral accumulation within infected hosts
(Farooq et al., 2026). Deltasatellites are smaller
noncoding molecules of ~0.7 kb associated with helper
begomoviruses (Nawaz-ul-Rehman et al., 2021), and are
thought to suppress the accumulation of their associated
helper viruses (Fiallo-Olivé et al., 2016).

Tomato yellow leaf curl disease (ToLCD) is caused by
several  phylogenetically related begomoviruses
possessing either monopartite or bipartite genomes (Yan
et al., 2021). To date, three begomoviruses responsible
for ToLCD in Iran have been identified, including
TYLCV (Hajimorad et al., 1996), tomato leaf curl
Palampur virus (ToLCPalV) (Heydarnejad et al., 2009),
and tomato leaf curl New Delhi virus (Yazdani-
Khameneh et al., 2016). In periods when cultivated
hosts are unavailable, annual and perennial plant species
may function as reservoir hosts for TYLCV. Previously,
four wild species have been documented as the natural
hosts of the virus (Shamshiri et al., 2019) and therefore
removal of the wild hosts must be considered in
integrated disease management programs (Papayiannis
et al., 2011; Prasad et al., 2020).

Due to suitable climatic conditions and intensive
agricultural activities, ToLCD is widely distributed

throughout southern and southeastern Iran (Fazeli et al.,
2009; Hajimorad et al., 1996; Salari et al., 2022).
During a field survey conducted to detect
begomoviruses associated with ToLCD, three
symptomatic wild plant species were collected from
Jiroft in southeastern Iran. The principal objective of the
present study was to identify the virus associated with
the diseased plant samples. In addition, phylogenetic
relationships between the detected isolates and related
GenBank isolates originating from wild and cultivated
hosts worldwide (other than tomato) were investigated.

Material and Methods

Sample collection and amplification of DNA

Three symptomatic wild plant samples were collected
from agricultural fields in Jiroft, Kerman Province,
southern Iran. These samples included cornflower
(Centaurea sp., Asteraceae), which exhibited upward
leaf rolling along the main veins together with dwarfing
symptoms (Fig. 1a); castor bean (Ricinus communis L.,
Euphorbiaceae), showing marginal downward leaf
curling accompanied by severe vein swelling on the
abaxial leaf surfaces (Fig. 1b); and common mallow
(Malva sp., Malvaceae), displaying vein clearing and
dwarfing symptoms (Fig. 1c). Total DNA was extracted
from the collected plant materials using the

cetyltrimethylammonium bromide (CTAB) extraction
protocol

described by Zhang et al. (1998).

Fig. 1. (A) Common mallow (Malva sp.) infected with tomato yellow leaf curl virus (TYLCV) exhibiting vein clearing and
dwarfing symptoms; (B) Castor bean (Ricinus communis) displaying downward marginal leaf curling together with severe
vein swelling; and (C) Cornflower (Centaurea sp.) showing upward leaf curling symptoms. Samples were collected from

Jiroft, Kerman Province, southeastern Iran.

PCR and sequencing

Extracted DNA samples were initially analyzed by PCR
using the degenerate begomovirus primer pair 181v/Bc
(Deng et al., 1994; Rojas et al., 1993). Subsequently, the
specific primer pair TYLCV-526-F/TYLCV-1237-R

(Shamshiri et al., 2019) was employed to identify the
begomovirus associated with the symptomatic plant
samples. This primer pair specifically amplifies the
most part of coat protein gene of TYLCV, as well as the
3" end of the gene encoding replication enhancement
protein. The resulting PCR amplicons, ~700 bp in size,
were subjected to Sanger sequencing by Microsynth
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Company, Switzerland.
Phylogenetic analysis

Coat protein gene sequences obtained from the three
PCR-positive samples, designated as C35 (cornflower),
M28 (common mallow), and RIC (castor bean), together
with related sequences available in the GenBank
database, were analyzed using the BLASTn algorithm
(Altschul et al., 1990). For this analysis, nucleotide
sequences corresponding to 1250 TYLCV isolates were
retrieved from the NCBI database on 11 December
2025, considering host species and country of origin as
selection criteria and using an E-value of 0.0 together
with 100% query coverage. Owing to the large number
of TYLCV sequences available in GenBank, isolates
originating from tomato were excluded from the
analysis. The obtained nucleotide sequences were
aligned with the remaining 119 sequences using the
ClustalW algorithm implemented in MEGA11 (Tamura
et al., 2021) under default settings. Phylogenetic
relationships were inferred using the maximum-
likelihood method based on the Jukes—Cantor model
with gamma distribution and invariant sites (G+l) in
MEGA11 with 1000 bootstrap replicates. The resulting
phylogenetic tree was rooted using East African cassava
mosaic Kenya virus (EACMKYV), accession number
AJ717575, as the outgroup. Tree visualization was
carried out using iTOL v6 (Letunic & Bork, 2024).

Results

PCR, sequencing and phylogenetic analysis

PCR amplification using both the degenerate primer
pair 181v/Bc and the TYLCV-specific primer pair
TYLCV-526-F/TYLCV-1237-R, together with
BLASTN analysis of the obtained nucleotide sequences,
confirmed the association of TYLCV with cornflower,
common mallow, and castor bean samples. Three
TYLCV nucleotide sequences of ~680 nucleotides in
length were deposited in the GenBank database under
accession numbers PZ451579, PZ451580, and
Pz451581 for the cornflower, common mallow, and
castor bean isolates, respectively.

Nucleotide sequence analysis of the coat protein (CP)
gene demonstrated that the three TYLCV isolates
obtained from cornflower, common mallow, and castor
bean shared 94.40-96.80% sequence identity among
themselves and 91.30-99.90% identity with previously
reported GenBank isolates recovered from cultivated
hosts (excluding tomato), and wild plant species. The

highest and lowest amount of nucleotide identities were
detected between M28 (common mallow) and
0Q319125 isolates (faba bean, Iran), as well as RIC
(castor bean) and KF435136 isolates (hot pepper, Saudi
Arabia), respectively.

The three TYLCV isolates obtained in this study
grouped together with previously characterized
GenBank isolates originating from different cultivated
(excluding tomato) and wild host plants in Iran, as well
as neighboring countries such as Oman and Pakistan
(Fig. 2). Based on the phylogenetic clustering pattern,
the cornflower isolate (C35) was positioned alongside
basil TYLCV isolates reported from Oman. Likewise,
the common mallow isolate (M28) clustered with faba
bean, soybean, and sunflower isolates that were recently
identified in Iran. In addition, the castor bean isolate
(RIC) formed a cluster together with several isolates
originating from cultivated plant species in Iran and
Oman.

Discussion

TYLCYV is widely distributed throughout Iran (Bananej
et al., 2004; Behjatnia et al., 2003; Fazeli et al., 2009;
Hajimorad et al., 1996; Heydarnejad et al., 2018), and
infects a broad range of cultivated and wild plant
species, including soybean, faba bean, basil, Moldavian
dragonhead, euphorbia (Salari et al., 2022), sunflower,
Guar (Salari et al., 2026), and ground cherry (Shamshiri
et al., 2019). Complete genome sequences of these
isolates are currently available in the GenBank database.
In addition, TYLCV has previously been detected in
wild plant species such as flower-of-an-hour (Hibiscus
trionum), bishop’s weed (Ammi majus), and castor bean
through PCR amplification of an ~730 bp fragment of
the coat protein (CP) gene (Shamshiri et al., 2019).
Consequently, according to the CP gene sequencing
results obtained in the present study, this work
constitutes the first documented report of TYLCV
infecting cornflower, common mallow, and castor bean
in Iran.

Tomato leaf curl disease in Iran is also associated with
at least two additional begomoviruses (Heydarnejad et
al., 2009; Yazdani-Khameneh et al., 2016). Besides
TYLCV, several cultivated plants, as well as four wild
species namely Chenopodium sp. (Chenopodiaceae),
Heliotropium europaeum (Boraginaceae) (Heydarnejad
et al, 2013), Chrozophora hierosolymitana
(Euphorbiaceae), and Herniaria sp. (Caryophyllaceae)
(Fazeli et al., 2009), have been identified as hosts of
ToLCPalV.
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Fig. 2. Maximum-likelihood phylogenetic tree constructed based on alignments of the coat protein gene sequences of
tomato yellow leaf curl virus (TYLCV) isolates recovered from cornflower, common mallow, and castor bean (designated
as C35, M28, and RIC isolates, respectively; indicated in bold), together with related sequences available in the GenBank
database. Numerical values at the nodes indicate bootstrap support percentages calculated from 1000 replicates. The
TYLCV phylogenetic tree was rooted using East African cassava mosaic Kenya virus (EACMKY), accession number
AJ717575, as the outgroup. Tree visualization was carried out using iTOL v6 (Letunic & Bork, 2024).
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Warm and arid climatic conditions prevail across most
regions of Iran (UNESCO-EOLSS, n.d.), creating
highly favorable environmental conditions for the
widespread distribution of TYLCV throughout the
country. More broadly, the Middle East, particularly the
regions surrounding Iran, is believed to represent both a
historical and current center for ongoing TYLCV
diversification (Lefeuvre et al., 2010). Under these
circumstances, annual and perennial dicotyledonous
plant species from diverse taxa are continuously
exposed to ToLCD, thereby increasing the probability
of susceptible plant genotypes becoming infected. In
southern Iran, favorable climatic conditions allow
agricultural activities to continue throughout the year.
As a result, populations of the whitefly vector, B.
tabaci, as well as the disease cycle of ToLCD, remain
uninterrupted. Consequently, numerous cultivated and
wild plant species are persistently subjected to infection
pressure.

Generally, detection of plant viruses infecting wild
plants can be a challenging task. First of all, many viral
infections are asymptomatic in wild species (Hasiow-
Jaroszewska et al., 2021), for example, infection of
ryegrass by wheat dwarf virus did not induce any
typical disease symptoms, which can be attributed likely
to a very low level of the virus titer compared to
infected wheat (Yazdkhasti et al., 2021). Furthermore,
low-titer virus in the plant can potentially reduce the
sensitivity of the method used and consequently cause
false negatives results (Rubio et al., 2020). However,
TYLCV was easily detected by routine PCR in this
study using specific primers.

Causal viruses of tomato yellow leaf curl disease
possess a broad host range, and among its host plants,
species belonging to the families Solanaceae and
Malvaceae, such as common mallow (Malva sp.,
Malvaceae) identified in the present study, are regarded
as favorable hosts for both disease development and
feeding activity of the whitefly vector, B. tabaci
(reviewed by Morales, 2011). Reservoir host plants may
contribute to the maintenance and persistence of the
virus during periods when cultivated hosts are
unavailable and/or when environmental conditions are
unfavorable.  Therefore, effective = management
strategies, including the removal of weeds within and
surrounding agricultural fields, especially perennial
weed species, may contribute significantly to disease
control.

Acknowledgments

The authors express their gratitude to the Shahid

Bahonar University of Kerman, Iran.

Ethical Approval and Consent

This article does not contain any studies with human
participants or animals performed by any of the
authors.

CRediT author statement

N. Besharati: Performed PCR tests and collected the
samples. J. Heydarnejad: Designed the project,
Provided laboratory support, Analysed the sequence
data and drafted the manuscript. M. Esmaeili:
Constructed phylogenetic tree; and all authors read and
contributed to the final draft of the manuscript.

Funding

This study was financially supported by Research and
Technology Institute of Plant Production (RTIPP),
Shahid Bahonar University of Kerman, Kerman
7616913439, Iran (Project number: 1404/6223).

Data Availability

All data generated or analyzed during this study are
included in the published article.

Conflict of interest

The authors declare that they have no conflict of
interest.

References

Altschul, S. F., Gish, W., Miller, W., Myers, E. W., &
Lipman, D. J. (1990). Basic local alignment search
tool. Journal of Molecular Biology, 215(3), 403-410.
https://doi.org/10.1016/S0022-2836(05)80360-2.

Bananej, K., Kheyr-Pour, A., Hosseini Salekdeh, G., &
Ahoonmanesh, A. (2004). Complete nucleotide

sequence of Iranian tomato yellow leaf curl virus
isolate: further evidence for natural recombination

amongst begomoviruses. Archives of Virology,

Journal of Advances in Plant Protection 2026, 3(1): 33-40

37

Doi: 10.22103/japp. 2026. 27360.1049


https://doi.org/10.1016/S0022-2836(05)80360-2

Besharati et al.

Reservoir hosts of tomato yellow leaf curl virus in southeastern Iran

149(7), 1435-1443. https://doi.org/10.1007/s00705-
004-0308-9.

Behjatnia, A., Izadpanah, K., Dry, I. B., & Rezaian, A.

(2003). Molecular characterization and taxonomic
position of the Iranian isolate of Tomato leaf curl
virus. Iranian Journal of Plant Pathology, 40, 77—
94,

Deng, D., McGrath, P. F., Robinson, D. J., & Harrison,

B.D. (1994). Detection and differentiation of
whitefly- transmitted geminiviruses in plants and
vector insects by the polymerase chain reaction with
degenerate primers. Annals of Applied Biology,
125(2), 327-336. https://doi.org/10.1111/j.1744-
7348.1994.tb04973.x.

Farooq, T. Hussain, M. D., He, Z., Zhou, T., Maruthi,

M. N., Subramanya Sastry, K., Venkataravanappa,
V., & Zerbini, F. M. (2026). Taxonomy of Family:
Tolecusatellitidae. In K. S. Sastry, H. Debat, M. N.
Maruthi, 1. Dasgupta, G. P. Rao, A. I. Bhat, V.
Venkataravanappa, M. K. Reddy & R. Viswanathan.
(eds.), Taxonomy and classification of plant viruses
and viroids (pp. 1119-1136), Springer, Singapore.
https://doi.org/10.1007/978-981-97-8408-0_37.

Fazeli, R., Heydarnejad, J., Massumi, H., Shaabanian,

M., & Varsani, A. (2009). Genetic diversity and
distribution of tomato-infecting begomoviruses in
Iran. Virus Genes 38, 311-319.
https://doi.org/10.1007/s11262-008-0310-5.

Fiallo-Olive, E., Lett, J. M., Martin D. P., Roumagnac,

P., Varsani, A., Zerbini, F. M., & Navas-Castillo, J.
(2021). ICTV  virus  taxonomy  profile:
Geminiviridae. Journal of General Virology,
102(12), 001696.
https://doi.org/10.1099/jgv.0.001696.

Fiallo-Olivé E., Tovar, R., & Navas-Castillo, J. (2016).

Deciphering the biology of deltasatellites from the
New World: maintenance by New World
begomoviruses and whitefly transmission. New
Phytologist 212(3), 680-692.
https://doi.org/10.1111/nph.14071.

Hajimorad, M., Kheyr-Pour, A., Alavi, V.,

Ahoonmanesh, A., Bahar, M., Rezaian, M. A., &
Gronenborn, B. (1996). Identification of whitefly
transmitted tomato yellow leaf curl geminivirus
from Iran and a survey of its distribution with
molecular probes. Plant Pathology, 45, 418-425.
https://doi.org/10.1046/j.1365-3059.1996.d01-151.x.

Hasiéw-Jaroszewska, B., Boezen, D., & Zwart, M. P.

(2021). Metagenomic studies of viruses in weeds
and wild plants: a powerful approach to characterise
variable virus communities. Viruses, 13(10), 1939.
https://doi.org/ 10.3390/v13101939.

He, Y. Z, Wang, Y. M,, Yin, T. Y., Fiallo-Olivé, E.,

Liu, Y. Q., Hanley-Bowdoin, L., & Wang, X. W.
(2020). A plant DNA virus replicates in the salivary
glands of its insect vector via recruitment of host
DNA synthesis machinery. Proceedings of the
National Academy of Sciences of the United States
of America 117(29), 16928-16937.
https://doi.org/10.1073/pnas.1820132117.

Hesketh, E. L., Saunders, K., Fisher, C., Potze, J.,

Stanley, J., Lomonossoff, G. P., & Ranson N. A.
(2018). The 3.3 A structure of a plant geminivirus
using cryo-EM. Nature communications, 9(1), 2369.
https://doi.org/10.1038/s41467-018-04793-6.

Heydarnejad, J., Mozaffari, A., Massumi, H., Fazeli, R.,

Gray, A. J. A., Meredith, S., Lakay, F., Shepherd, D.
N., Martin, D. P., & Varsani, A. (2009). Complete
sequences of Tomato leaf curl Palampur virus
infecting tomatoes and cucurbits in Iran. Archives of
Virology, 154, 1015-1018.
https://doi.org/10.1007/s00705-009-0389-6.

Heydarnejad, J., Hesari, M., Massumi, H., & Varsani,

A. (2013). Incidence and natural hosts of Tomato
leaf curl Palampur virus in Iran. Australasian Plant
Pathology, 42, 195-203.
https://doi.org/10.1007/s13313-012-0164-0.

Heydarnejad, J., Kamali, M., Hassanvand, V., Massumi,

H., Shamshiri, M., & Varsani, A. (2018). Turnip leaf
curl disease associated with two begomoviruses in

south-eastern Iran. Tropical Plant Pathology, 43,

Journal of Advances in Plant Protection 2026, 3(1): 33-40

Doi: 10.22103/japp. 2026. 27360.1049


https://doi.org/10.1111/j.1744-7348.1994.tb04973.x
https://doi.org/10.1111/j.1744-7348.1994.tb04973.x
https://doi.org/10.1007/978-981-97-8408-0_37
https://doi.org/10.1007/s11262-008-0310-5
https://doi.org/10.1099/jgv.0.001696
https://doi.org/10.1046/j.1365-3059.1996.d01-151.x
https://doi.org/10.1007/s00705-009-0389-6

Besharati et al.

Reservoir hosts of tomato yellow leaf curl virus in southeastern Iran

165-169. https://doi.org/10.1007/s40858-017-0196-
7.

Hussain, M. D., Farooq, T., Zhou, T., Reddy, M. K., &
Venkataravanappa, V. (2026). Taxonomy of Family:
Alphasatellitidae. In K. S. Sastry, H. Debat, M. N.
Maruthi, I. Dasgupta, G. P. Rao, A. |. Bhat, V.
Venkataravanappa, M. K. Reddy & R. Viswanathan
(eds.), Taxonomy and classification of plant viruses
and viroids (pp. 1137-1157), Springer, Singapore.
https://doi.org/10.1007/978-981-97-8408-0_38.

Lefeuvre, P., Martin, D. P., Harkins, G., Lemey, P.,
Gray, A. J. A., Meredith, S., Lakay, F., Monjane, A.,
Lett, J. M., Varsani, A., & Heydarnejad, J. (2010).
The spread of Tomato yellow leaf curl virus from
the Middle East to the world. PLoS Pathogens,
6(10), 1-12.
https://doi.org/10.1371/journal.ppat.1001164.

Letunic, 1., & Bork, P. (2024). Interactive Tree of Life
(iTOL) v6: recent updates to the phylogenetic tree

display and annotation tool. Nucleic Acid Research,
52, W78-W82. https://doi.org/10.1093/nar/gkae268.
Maruthi, M. N., Roy, A. Malathi, V. G,
Venkataravanappa, V., Prasad, M., Sharma, N.,
Legg, J. P., Sastry, K. S., & Zerbini F. M. (2026).
Taxonomy of Family: Geminiviridae. In K. S.
Sastry, H. Debat, M. N. Maruthi, I. Dasgupta, G. P.
Rao, A. . Bhat, V. Venkataravanappa, M. K. Reddy
& R (eds.),
classification of plant viruses and viroids (pp. 53—
115), Springer, Singapore.
https://doi.org/10.1007/978-981-97-8408-0_2.

Morales, F. J. (2011). Interaction between Bemisia

Viswanathan Taxonomy and

tabaci, begomoviruses, and plant species in Latin
America and the Caribbean. In W. Thompson (ed.),
The whitefly, Bemisia tabaci (Homoptera:
Aleyrodidae) interaction with Geminivirus-infected
15-49). Springer, Dordrecht.
https://doi.org/10.1007/978-94-007-1524-0_2.
Papayiannis, L.C., Katis N. I., Idris, A. M., & Brown, J.

K. (2011). Identification of weed hosts of Tomato

host plants (pp.

yellow leaf curl virus in Cyprus. Plant Disease, 95,
120-125. https://doi.org/10.1094/PDI1S-05-10-0346.
Prasad, A, Hari-Gowthem, G.,
Muthamilarasan, M., & Prasad, M. (2020). Tomato

yellow leaf curl virus: impact, challenges, and

Sharma, N.,

management. Trends in Plant Science, 25(9), 897—
911. https://doi.org/10.1016/j.tplants.2020.03.015.
Rojas, M. R., Gilbertson, R. L., & Maxwell, D. P.

(1993). Use of degenerate primers in the polymerase

chain reaction to detect whitefly-transmitted
Plant 77(4), 340-347.

https://doi.org/10.1111/j.1744-7348.1994.tb04973.X.
Roumagnac, P., Lett, J. M., Fiallo-Olive, E., Navas-

Castillo, J., Zerbini, F. M., Martin, D. P., & Varsani,

geminiviruses. Disease,

A. (2022). Establishment of five new genera in the

family Geminiviridae: Citlodavirus, Maldovirus,

Mulcrilevirus, Opunvirus, and Topilevirus. Archives

167, 695-710.
https://doi.org/10.1007/s00705-021-05309-2.

Rubio, L. Galipienso, L., & Ferriol, 1. (2020) Detection

of plant viruses and disease management: relevance

of Virology,

of genetic diversity and evolution. Frontiers in Plant

Science, 11, 1092. https://doi.org/
10.3389/fpls.2020.01092.

Rybicki, E. P. (2015). A top ten list for economically
important plant viruses.
160(1), 17-20.
3703.2011.00752.x.

Salari, K., Heydarnejad, J., Masumi, H., & Hasanvand,

Archives of Virology,

https://doi.org/10.1111/j.1364-

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.
10.22034/ijpp.2023.1988545.398.

Salari, A., Heydarnejad J., & Esmaeili, M. (2026).
Detection and infectivity analysis of tomato yellow
leaf curl virus and its associated satellites in guar

Plant

55(77), 1-12. https://doi.org/10.1007/s13313-026-

01153-7.

and sunflower. Australasian Pathology,

Journal of Advances in Plant Protection 2026, 3(1): 33-40

39

Doi: 10.22103/japp. 2026. 27360.1049


https://doi.org/10.1007/978-981-97-8408-0_38
https://doi.org/10.1371/journal.ppat.1001164
https://doi.org/10.1007/978-981-97-8408-0_2
https://doi.org/10.1094/PDIS-05-10-0346
https://doi.org/10.1016/j.tplants.2020.03.015
https://doi.org/10.1111/j.1744-7348.1994.tb04973.x
https://doi.org/10.1007/s00705-021-05309-2
https://dx.doi.org/10.1111/j.1364-3703.2011.00752.x
https://dx.doi.org/10.1111/j.1364-3703.2011.00752.x
https://doi.org/10.1007/s13313-026-01153-7
https://doi.org/10.1007/s13313-026-01153-7

Besharati et al.

Reservoir hosts of tomato yellow leaf curl virus in southeastern Iran

Tamura, K., Stecher, G., & Kumar, S.

Scholthof, K. B. G., Adkins, S., Czosnek, H., Palukaitis,

P., Jacquot, E., Hohn, T., Hohn, B., Saunders, K.,
Candresse, T., Ahlquist, P., Hemenway, C., &
Foster, G. D. (2011). Top 10 plant viruses in
molecular  plant Molecular Plant
Pathology, 12, 938-954.
https://doi.org/10.1111/J.1364-3703.2011.00752.X.

pathology.

Shamshiri, M., Heydarnejad, J., Kamali, M., Pouramini,

N., & Massumi, H. (2019). Identification of wild
hosts of tomato yellow leaf curl virus in south-
eastern Iran. Archives of Phytopathology and Plant
Protection, 52(9-10), 917-929.
https://doi.org/10.1080/03235408.2019.1682231.

(2021).

MEGA11l: Molecular Evolutionary  Genetics
Analysis Version 11. Molecular Biology and
Evolution, 38(7), 3022-3027.

https://doi.org/10.1093/molbev/msab120.

UNESCO-EOLSS (n.d.) Middle East Meteorology.

Available at:  https://www.climatecentre.org/wp-
content/uploads/RCCC-ICRC-Country-profiles-
Region_Middle East.pdf. Accessed on May 26,

2026.

Varma, A., & Malathi, V. G. (2003). Emerging

Geminivirus Problems: A Serious Threat to Crop
Production. Annals of Applied Biology, 142(2) 145-
164. https:// doi. org/ 10. 1111/j. 1744-7348. 2003.
tb002 40.

Yazdani-Khameneh, S., Aboutorabi, S., Shoori, M.,

Aghazadeh, A., Jahanshahi, P., Golnarahi, A., &
Maleki, M. (2016). Natural occurrence of Tomato
leaf curl New Delhi virus in Iranian cucurbit crops.
Plant Pathology Journal 32(3), 201-208.
https://doi.org/10.5423/PPJ.0OA.10.2015.0210.

Yazdkhasti, E., Hopkins R. J., & Kvarnheden A. (2021)

Reservoirs of plant virus disease: Occurrence of
wheat dwarf virus and barley/cereal yellow dwarf
viruses in Sweden. Plant Pathology, 70, 1552-1561.
https://doi.org/10.1111/ppa.13414

Zhang, Y. P., Uyemoto, J. K., & Kirkpatrick, B. C.

(1998). A small-scale procedure for extracting
nucleic acids from woody plants infected with
various phytopathogens for PCR assay. Journal of
Virological Methods, 71(1), 45-50.
https://doi.org/10.1016/50166-0934(97)00190-0.

Journal of Advances in Plant Protection 2026, 3(1): 33-40

40

Doi: 10.22103/japp. 2026. 27360.1049


https://doi.org/10.1080/03235408.2019.1682231
https://doi.org/10.1093/molbev/msab120
https://www.climatecentre.org/wp-content/uploads/RCCC-ICRC-Country-profiles-Region_Middle_East.pdf
https://www.climatecentre.org/wp-content/uploads/RCCC-ICRC-Country-profiles-Region_Middle_East.pdf
https://www.climatecentre.org/wp-content/uploads/RCCC-ICRC-Country-profiles-Region_Middle_East.pdf
https://doi.org/10.5423/PPJ.OA.10.2015.0210
https://doi.org/10.1111/ppa.13414
https://doi.org/10.1016/s0166-0934(97)00190-0

