
Page 1/10

Begomoviruses of Solanaceae in the Southern
Provinces of Iran
Mohammad Ali Ramazani 

Jahrom Branch, Islamic Azad University
Kavous Ayazpour  (  ka.ayazpour@iau.ac.ir )

Jahrom Branch, Islamic Azad University
Ali Reza Niazmand 

Jahrom Branch, Islamic Azad University
Gilda Naja�pour 

Jahrom Branch, Islamic Azad University

Research Article

Keywords: Solanaceae, TYLCV, ToLCPMV, ToLCNDV, Southern of Iran

Posted Date: June 8th, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1738855/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1738855/v1
mailto:ka.ayazpour@iau.ac.ir
https://doi.org/10.21203/rs.3.rs-1738855/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/10

Abstract
Begomoviruses are important plant viruses, especially in Solanaceous plants. This study aimed to
identify begomoviruses in the plants of the family Solanaceae in southern Iran. During 2019–2020, 53
samples were collected from plants with viral symptoms from different regions in Fars, Kerman, and
Hormozgan provinces. Begomovirus infections were assessed by polymerase chain reaction (PCR)
method, using universal primers of PCRv181/Primer Bc. The 500-bp ampli�ed DNA fragment was
sequenced in seven samples. A speci�c primer was used to evaluate the presence of Tomato Leaf Curl
New Delhi Virus (ToLCNDV) in the samples with con�rmed Begomovirus infection. The DNA of
Begomovirus was detected in 22 out of 53 samples, and an expected DNA fragment of 500bp was
ampli�ed. Based on a search conducted by the BLAST software and the sequenced DNA fragments,
Tomato Yellow Leaf Curl Virus (TYLCV) was found in tomatoes collected from Fars, Kerman, and
Hormozgan provinces, Tomato Leaf Curl Palampur Virus (ToLCPMV) from tomato of Hormozgan,
peppers from Fars and Hormozgan provinces, and eggplant from Fars province. The obtained results
indicated the infection of one pepper sample collected from Hormozgan province to ToLCNDV. The
sequences were deposited in the GenBank. According to the results, TYLCV, ToLCPMV, and ToLCNDV were
prevalent in the plants of the family Solanaceae in the southern provinces of Iran, and TYLCV was the
dominant Begomovirus in this region. Overall, ToLCPMV has a wide host range and is a threat to tomato
cultivation. This is the �rst report of ToLCNDV in pepper from Hormozgan province.

Introduction
Begomoviruses have one (monopartite) or two (bipartite, DNA-A and DNA-B) components genome of
circular single-stranded (ss)DNA (Morales and Anderson, 2001). They have appeared as a devastating
pathogen, causing enormous losses in several vegetables, �ber, and food crops in tropical and sub-
tropical regions (Fiallo-Olive and Navas-Castillo 2020). The white�y population and changes in the
genetic makeup of planting material are the main factors in the development of begomoviruses. New
virulent strains of viruses may result in genome recombination that may have the ability to infect host
plant species with more severity and increase the host rang (Lefeuvre et al. 2007).

In Iran, the Tomato Yellow Leaf Curl Virus (TYLCV) was �rst reported by Hajimorad et al. (1996), and a
higher incidence rate of the disease has also been observed in the southern regions of Iran (Hajimorad et
al. 1996). Among the begomoviruses that cause the tomato leaf curl disease, Tomato Leaf Curl Palampur
Virus (ToLCPMV ) was the �rst species of begomoviruses detected in tomatoes in Hormozgan province,
Iran in 2006 (Fazeli et al. 2009). So far, Tomato Leaf Curl Virus (ToLCV), Tomato Leaf Curl Palampur
Virus (ToLCPMV), and Tomato Yellow Leaf Curl Virus (TYLCV) have been reported from Solanaceous
�elds in Iran (Ayazpour 2014).

The present study aimed to identify the hosts and different species of begomoviruses in solanaceous
�elds in the southern provinces of Iran, and analyze the genetic status of the Begomovirus species in
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these areas. In this study, it was determined which species are more abundant in these areas than the
others.

Materials And Methods
Sample survey

During a survey (2019–2020) in Kerman, Fars and, Hormozgan provinces of Iran, 53 symptomatic leaves
samples of solanaceous plants including 21 tomatoes, 16 peppers and, 16 eggplants were collected. The
symptoms included leaf curling, yellowing, stunting, shortening of internodes, swelling of vein of young
leaves and, yellow mosaic (Fig. 1). Each sample was placed in a separate plastic bag and labeled.
Samples in a cooling chamber transferred to the laboratory.

DNA Extraction

Total DNA was extracted from the collected samples by the method of Dellaporta et al. (1983) with minor
changes. Initially, 0.2 g of the leaves were crushed in liquid nitrogen and transferred to Eppendorf tubes.
Afterward, 700µl of CTAB buffer (2%) and �ve microliters of 2-mercaptoethanol were added to the
samples. The samples were placed in a Bain-Marie at 65°C for 30 min. Thereafter, 700µl of chloroform-
isoamyl alcohol (24:1) was added to the tube and centrifuged at 13,000 rpm for 10 min. Then, 500µl of
the supernatant was collected from each tube and transferred to a new sterile tube and 400µl cold
isopropanol (-20ºC) was added and kept at -20°C for 30 min and centrifuged at 13,000 rpm for 10 min.
The supernatant was removed, and 500µl ethanol (70%) was added to clean up the precipitated DNA and
centrifuged at 8000 rpm for 5 min. The alcohol was removed and the clean-up process was repeated. The
remaining alcohol was removed and the tubes were kept at room temperature to evaporate the alcohol
completely. Finally, 100µl of sterile distilled water was added to each tube to dissolve precipitated DNA,
and used in PCR as the template DNA.

Virus detection
To detect Begomovirus infection in collected samples, a set of degenerative pair of primers, Primer BC
(Deng et al. 1994) and PCRv181 (Rojas et al. 1993), were used in polymerase chain reaction (PCR). These
primers are speci�c to DNA-A in begomoviruses, and amplify an approximately 500-bp fragment of the
genes encoding the coat and movement proteins.

PCR ampli�ed fragments were separated in 1% agarose gels in Tris-borate (TBE) buffer (89 mM Tris; 89
mM boric acid; two mM EDTA, pH 8.3). After electrophoresis, the gels were stained in cyber-green and
analyzed using a BIO imaging system (Bio-Rad). A 100bp DNA Ladder was used as a nucleic acid marker.
No band was formed in the negative control (distilled water) and DNA of an asymptomatic plant. PCR
products of some positive samples were sent to NHK BIOSCIENCE SOLUTIONS, Korea for cleaning up of
500bp fragment and sequencing of them. To identify and con�rm viruses, the sequences were compared
with GenBank sequences using BLAST search (https://blast.ncbi.nlm.nih.gov/Blast.cgi). Because
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sequencing of all samples was not possible and ToLCNDV had a low frequency in collected samples and
not detected in this period, speci�c primer pairs {LCVCPF1/LCVCPR} (Jeevalatha et al. 2013) targeting the
coat protein gene of ToLCNDV was used to detect ToLCNDV infection among Begomovirus positive
samples of degenerative pair primers. PCR products of speci�c primer pairs {LCVCPF1/LCVCPR} studied
as described for degenerative pair primers. No band was formed in the negative control (distilled water)
and DNA of an asymptomatic plant. The PCR reaction mixture was conducted in a 20µl reaction volume
containing 10µl of Master Mix (Ampliqon), 1µl each of the forward and reverse primers (10 pmol), 2µl of
total DNA template, and 6µl sterile distilled water. The PCR ampli�cation program followed 95°C for 3 min
initial denaturation step, 35 cycles of 94°C for 30 sec, 55°C for 40 sec, 72°C for 60 sec and �nal extension
at 72°C for 10 min.

Phylogenetic Analysis

Phylogenetic analyses were conducted by MEGA version X (Kumar et al. 2018) using the Neighbor-
Joining method with 1000 bootstrap replication. All sequences were submitted to the gene bank.

Results
Symptoms and Begomoviruses Detection

Yellowing of leaf margins, leaf dwarf, mosaic, leaf curl, stunting, leaf size reduction, and stunting was
observed while visiting solanaceous �elds (Figure 1). 

Based on PCR results, begomoviruses infection was con�rmed in 22 out of 53 samples, amplifying an
expected 500bp amplicon size (Figure 2). The details of the results are shown in Table-1 by area and host
plants. However, DNA fragment was not produced in control samples including DNA of healthy plants or
sterile distilled water.

Identi�cation of Begomovirus species based on DNA Sequencing

Based on geographical areas 500bp amplifying DNA of 4 tomatoes, 1 eggplant, and 2 pepper samples
were sequenced. The highest similarity of each sequence with the sequences in the gene bank was the
basis for virus species identi�cation. Based on sequences blast results in “National Center for
Biotechnology Information (NCBI),, three out of four samples of tomato collected from the provinces of
Fars (Khonj), Hormozgan (Minab), and Kerman (Jiroft) were infected with TYLCV, and one sample from
Minab (Tukahour) in Hormozgan province was also infected with ToLCPMV. In �elds of pepper and
eggplant only was detected Tomato Leaf Curl Palampur Virus (ToLCPMV) (Table 2). The similarity of the
viral isolates to the closest species in the NCBI based on partial sequence of coat protein gene was
estimated at 98.5-100%.

Phylogenetic Analyses
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Results of the phylogenetic analysis showed that isolates of TYLCV and ToLCPMV were placed in two
completely separate groups. Although ToLCPMV isolates reported in this study from pepper, eggplant and
tomato were in the same group as other ToLCPMV isolates from GenBank.  These isolates were placed in
different subgroups that indicate genetic diversity among them (Figure 3). 

In another phylogenetic analysis, TYLCV isolates of this research were compared with some known stain
isolates of GenBank (Figure 4). Results showed that the isolate TYLCV-TomKhonj1 (MW651906) was
closed to the AM409201-TYLCV-Md and KC106652 (TYLCV-IL), TYLCV-TomMinab1 (MW651908) was
closed to EU085423-TYLCV-Gez, and TYLCV-TomJir1 was closer to GU076453-TYLCD-Om. Beet Curly Top
Virus was considered as an outgroup. 

ToLCNDV detection using speci�c primers 

Investigation of 22 infection samples using speci�c primers (LCVCPF1/LCVCPR1) (Jeevalatha et al.
2013) of Tomato Leaf Curl New Delhi Virus (ToLVNDV) indicated that only one pepper sample collected
from Minab (Tukahour) in Hormozgan province was infested with the ToLCNDV, and ampli�ed 490-bp
DNA fragment (Figure 5). 

490bp ampli�ed DNA of this isolate was sequenced to con�rm the result and submitted to the GenBank
with the accession number MW690188. 

Phylogenetic analysis of this isolate with some isolates of GenBank, replaced this isolate with Iranian
isolates as well as other Asian isolates in the same group, while the isolates of Italy, Spain, and Algeria
were in another cluster (Figure 6).

Discussion And Conclusion
The phylogenetic analysis of TYLCV isolates from different provinces showed that the isolate TYLCV-
TomKhonj1 (MW651906) was closed to the AM409201-TYLCV-Md and KC106652 (TYLCV-IL), TYLCV-
TomMinab1 (MW651908) was closed to EU085423-TYLCV-Gez, and TYLCV-TomJir1 was closer to
GU076453-TYLCD-Om. TYLCV-TomKhonj1 (MW651906) was belong to Fars province that con�rmed
results of Ameri and Ayazpour (2021). They had been reported that TYLCV isolates of Fars province was
closed to TYLCV-IL and TYLCV-OM. On the other hand, TYLCV-TomKhonj1 was also close to TYLCV-Md
that con�rmed by results of Fazeli et al. 2009 Which states that there are at least 5 strains of TYLCV in
Iran. In previous studies, TYLCV-Om strain was reported form Hormozgan province (Shirazi et al. 2012;
Moradpour and Ayazpour 2016) but in this study, TYLCV-TomMinab1 from Hormozgan province was
closed to TYLCV-Gez. These results showed high genetic diversity of TYLCV in southern provinces of Iran
that con�rmed Fazeli et al. (2009), Moradpour and Ayazpour (2016), and Ameri and Ayazpour (2021).
According to the results of this study approximately 76% of the tomato samples which had symptoms of
viral diseases were infected with Begomovirus and among them 75% with TYLCV that con�rmed Bananej
(2017). Our �ndings showed 95–98% similarity among TYLCV isolates, which were detected in tomato
�elds of Khonj (Fars province), Jiroft (Kerman province), and Minab (Hormozgan province). Therefore,
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TYLCV isolates of the southern regions of Iran were not completely similar and had genetic diversities
that con�rmed Moradpour and Ayazpour (2016), and Ameri and Ayazpour (2021).

ToLCPMV is a bipartite genome Begomovirus that was reported from tomato �elds of Hormozgan
province in this research and con�rmed by Fazeli et al. (2009). Phylogenetic analysis of ToLCPMV
showed that isolates of Hormozgan province were separated from isolates of Fars province. This
indicated genetic diversity among ToLCPMV in Iran.

Phylogenetic analysis of ToLCNDV showed that Asian isolates were placed separately from isolates of
Italy, Algeria, and Spain that indicating genetic diversity of ToLCNDV isolates. These results con�rmed by
Fortes et al. (2016). They stated that ToLCNDV has different strains in India, some Asian countries, the
Middle East, and some European countries such as Italy and Spain (Fortes et al. 2016).

According to the results of this study, TYLCV, ToLCPMV, and ToLCNDV were present in Solanaceous �elds
in the southern provinces of Iran. The TYLCV was predominant in tomato �elds and ToLCPMV in pepper
and eggplant �elds. ToLCNDV was found only in pepper �elds. This is the �rst report of ToLCNDV in
pepper from Hormozgan province.

Overall, ToLCPMV has a wide host range and is a threat to tomato cultivation, expected to become more
prevalent in tomato �elds in the coming years.
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Tables

Table 1. Frequency of infect samples to Begomovirus in PCR test based on host and

geographical area. 

Host Province Number of

Samples

Positive

samples

Total

samples

Total

(+)samples

Percentage of

infection

 

Tomato

Fars 8 6  

21

 

16

(71.19%)

75%

Kerman 6 4 66.16%

Hormozgan 7 6 85.71%

 

Pepper

Fars 6 2  

16

 

4 (25%)

33.33%

Kerman 4 0 0%

Hormozgan 6 2 33.33%

 

Eggplant

Fars 6 1  

16

 

2 (12.5%)

16.16%

Kerman 5 0 0%

Hormozgan 5 1 20%

Total

samples

Three

provinces

53 22 53 22 (41.5%) 41.5%

 

Table 2. Details of the TYLCV and ToLCPMV isolates that were sequenced and analyzed in

this research.

Virus-Isolate Host and place of collection Accession number

ToLCPMV- TomTK1 Tomato, Minab (Tukahour), Hormozgan MW651905

TYLCV- TomKhonj1 Tomato, Khonj, Fars MW651906

TYLCV- TomJir1 Tomato, Jiroft, Kerman MW651907

TYLCV-TomMinab1 Tomato, Minab, Hormozgan MW651908

ToLCPMV-PepHsht1 Pepper, Minab (hashtbandi), Hormozgan MW651902

ToLCPMV-EggpKhonj1 Eggplant, Khonj, Fars MW651878

ToLCPMV-PepKhonj1 Pepper, Khonj, Fars MW651879

Figures
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Figure 1

Different symptoms that observed in solanaceous �elds. A- Yellowing and cupping of leaves in tomato
plant (Jiroft- Kerman province, May 2020), B- Yellowing and cupping of leaves and stunting of tomato
plant (Bandar Abbas- Hormozgan province, February 2020), C- Yellowing and leaf rolling in pepper plants
compared with helthy plants (Khonj- Fars province, June 2020).

Figure 2

Electrophoretic patterns of the DNA fragments ampli�ed with primer pairs of PCRv181/PrimerBc on
agarose gel (1%) (M: 100 bp marker, 1: DNA of helthy plant, 2-14: collected solanaceous samples and 15:
distilled water).

Figure 3

The bootstrap phylogenetic tree of TYLCV and ToLCPMV isolates from southern provinces of Iran, in
comparison with six isolates from GenBank using the Neighbor Joining method based on Mega X
software (Kumar et al. 2018).



Page 10/10

Figure 4

The bootstrap phylogenetic tree of TYLCV isolates of this research in comparison with GenBank isolates
with known strains using the neighbor Joining method based on Mega X software (Kumar et al. 2018).

Figure 5

Electrophoretic patterns of the DNA fragment ampli�ed speci�c primers of ToLCNDV on agarose gel (1%)
(M: 100bp marker, 1: Pepper sample of Hormozgan.

Figure 6

The bootstrap phylogenetic tree of ToLCNDV isolate detected in pepper in comparison with other Iranian
isolates, and several isolates of GenBank using Mega X software (Kumar et al. 2018).


