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Summary. – Tomato yellow leaf curl virus (TYLCV) is considered one of the most important tomato 
pathogens in tropical and subtropical regions including Iran. During the years 2007 to 2009, a total number of 
510 symptomatic and asymptomatic vegetable, ornamental and weed samples were collected from fields and 
greenhouses in ten provinces of Iran. Symptoms included stunting, yellowing, leaf curl and flower senescence. 
PCR with specific primers showed TYLCV infection in 184 samples (36%) such as cucumber, pepper, tomato 
and several weeds from seven provinces. Based on the geographical origin, host range and symptoms, twenty 
three representative isolates were selected for phylogenetic analysis. An amplicon with a size about 608 base 
pair (bp) comprising partial sequence of the coat (CP) and movement protein (MP) coding regions of the viral 
genome was sequenced and compared with the corresponding selected sequences available in GenBank for 
Iran and worldwide. Phylogenetic analyses on the basis of the nucleotide sequences indicated two geographi-
cally separated clades. Isolates collected from Hormozgan, Khuzestan and Kerman provinces were grouped 
together with other Iranian isolates including TYLCV-Ir2, TYLCV-Kahnooj, and an isolate from Oman. It was 
also revealed that isolates collected from Boushehr, Fars, Tehran, and Isfahan placed close to the Iranian isolate 
TYLCV-Abadeh and isolates from Israel and Egypt. No correlation was found between the genetic variation 
and the host species, but selected Iranian isolates were grouped on the basis of the geographical origins. Results 
of this study indicated a high genetic diversity among Iranian TYLCV isolates. 
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introduction

Tomato yellow leaf curl virus (TYLCV) is one of the 
most important limiting factors of tomato production in 
tropical and subtropical regions. TYLCV was first reported 
from Israel in 1930s and it has since been reported in many 
countries in the Mediterranean basin, Africa, Asia, Europe, 
Australia, the Caribbean basin and the America (Czosnek 
et al., 1990; Cohen and Antignus, 1994; Hajimorad et al., 
1996; Czosnek and Laterrot, 1997; Polston and Anderson, 

1997; Nakhla and Maxwell, 1998). In the last few decades, 
TYLCV is expanding rapidly and new infected areas have 
been reported in several parts of the world especially in the 
New World. In Iran, since the first report of TYLCV from 
Southern provinces including Sistan and Baluchestan, Hor-
mozgan, Kerman, Boushehr and Khuzestan (Hajimorad et 
al., 1996), it was reported in Khorasan, Isfahan, Markazi, 
Golestan, Tehran and Yazd (Shahriary and Bananej, 1998; 
Bananej et al., 1998, 2004, 2008). Although TYLCV was 
known as an infecting pathogen of tomato (Solanum lycop-
ersicum), it can also infect several crop plants such as bean 
(Phaseolus vulgaris L.), lisianthus (Eustomus grandiflorum), 
Mercurialis ambigua and pepper (Capsicum annum) (Cohen 
and Gera, 1995; Navas-Castillo et al., 1999; Reina et al., 1999; 
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Sanchez-Campos et al., 2000). Infected tomato plants may 
show symptoms such as stunting, yellowing, leaf curl and 
flower senescence. The symptoms are variable in different 
cultivated hosts, while some wild hosts such as some weeds 
are symptomless. TYLCV is a single-stranded DNA virus 
belonging to the genus Begomovirus (the family Geminiviri-
dae), which is transmitted by Bemisia tabaci in a circulative 
persistent manner to dicotyledonous plants. Based on the 
genome organization, host range and vector, geminiviruses 
are divided into four genera e. i. Begomovirus, Curtovirus, 
Topocovirus and Mastrevirus (Fauquet and Stanley, 2003). 
Although most of the TYLCV strains have bi-partite ge-
nomic DNA called DNA-A and DNA-B, some of them are 
monopartite (Stanley et al., 2005). In monopartites, which 
lack a DNA-B component, the genome has six ORFs re-
sponsible for viral replication, regulation of gene expression, 
coat and movement proteins, symptom expression, host 
range and pathogenicity (Navot et al., 1991). There is also 
an intergenic region (IR), which includes a TAATATTAC 
conserved sequence. Several parts of the TYLCV genome 
including IR, CP, Rep, and also the full-length sequence of 
the genome were used for analyzing the genetic diversity (Pa-
didam et al., 1995; Ribeiro et al., 2003; Bananej et al., 2008). 
Previous studies have elucidated that TYLCV has a consider-
able genetic diversity in Iran, and TYLCV-Ir, TYLCV-Ir2, 
TYLCV-Abadeh, and TYLCV-Kahnooj have been previously 
reported from Southern tomato fields of Iran (Bananej et al., 
2004; Azizi et al., 2008; Pakniat et al., 2008; Fazeli et al., 2009). 
In this study, we aimed at determining the current status of 
the virus distribution as well as its genetic diversity in most 
important tomato growing regions of the country based on 
the partial sequences of the CP and MP genes.

Materials and Methods

Sample collection. Symptomatic bean, cucumber, lisianthus, 
pepper and tomato leaves with symptoms such as stunting, yellow-
ing, leaf curl and flower senescence along with symptomless weeds 
were randomly collected from tomato fields and greenhouses in ten 
provinces of Iran, i. e. Boushehr (Dashtestan and Khormuj), Fars 
(Abadeh and Eghlid), Hormozgan (Rezvan and Sarkhun), Isfahan 
(Isfahan), Kerman (Jiroft), Khorasan Razavi (Mashhad), Khuzestan 
(Dezful, Hamidiyeh and Safi Abad), Markazi (Khomein), Tehran 
(Islamshahr, Pakdasht and Varamin) and Alburz (Karaj). Overall, 
51 fields were surveyed and 510 samples were collected during 
the growing seasons of the years 2007 to 2009. After taking the 
specific code for the regions and hosts, samples were transferred 
in a plastic bag to the laboratory on the ice and stored at 4°C until 
further use.

DNA extraction and PCR amplification. Total DNA was extracted 
according to the published protocol described by Dellaporta et al. 
(1983) with some modifications. About 0.1 g of each sample was 

grounded in liquid nitrogen and was incubated in 600 μl of extrac-
tion buffer (100 mmol/l Tris-HCl (pH 8), 50 mmol/l EDTA, 500 
mmol/l NaCl, 10 mmol/l β-mercaptoethanol and 1% (w/v) SDS) at 
65°C for 10 min and then mixed with 700 μl of chloroform isoamyl 
alcohol (24:1 v/v). The mixture was centrifuged at 13,000 rpm for 
20 min and the supernatant was transferred to a new 1.5 ml micro 
centrifuge tube. The total DNA was precipitated by adding 40 μl 
of sodium acetate (5 mol/l, pH 5.2) and 600 μl isopropanol. The 
DNA pellet was washed with 70% (v/v) ethanol. After air drying, 
the pellet was dissolved in 30 μl of sterile double distilled water and 
stored at -20°C. Presence of TYLCV infection in collected samples 
was detected using PCR with specific primers to amplify a DNA 
fragment of about 670 bp encompassing the coat protein and the 
movement protein coding sequences (Pico et al., 1998). PCR was 
set with a degenerate primer pair, PBL1v2040/PCRc1 for specific 
amplification of the second segment of viral genome (DNA-B) 
(Rojas et al. 1993) (Table 1). The PCR mixture (final volume of 25 
µl) contained 2 μl of DNA, 2 mmol/l MgCl2, 0.2 mmol/l of each 
dNTPs, 0.4 pmol of each primer and 1 U of Taq DNA polymerase 
(CinnaGen, Iran) in the buffer recommended by the manufacturer. 
Amplification conditions were: 1 cycle of 94°C for 4 min, 35 cycles 
of 94°C for 1 min, 54°C for 1 min, 72°C for 2 min followed by 10 
min at 72°C as a final extension. PCR products were analyzed by 
electrophoresis on a 1.5% agarose gel in 1×TAE buffer and visual-
ized under an UV transilluminator after stained with ethidium 
bromide (0.5 μg/ ml). 

Sequencing of amplified fragments. For every isolate, once the 
expected PCR product was obtained, it was subjected to purifica-
tion with the Silica Bead DNA Gel Extraction Kit as described 
by the manufacturer (Fermentas, Germany) and used directly 
for sequencing with Illumina GAllx and Hiseq 2000 sequencers 
(Gene service, England) in forward and reverse directions. For 
subsequent sequencing procedure, twenty three representative PCR 
products were selected based on the geographical location of the 
original samples as well as the host plants and symptoms. Phylo-
genetic analysis of the 23 Iranian TYLCV isolates was conducted 
by comparing separately the 608 nucleotides (nt) of the partial CP 
and MP genes with the comparable sequences of other TYLCV 
isolates from GenBank. Multiple alignments were performed in 
the ClustalX 1.8 (Pearson and Lipman, 1988). The phylogenetic 
tree was constructed using the neighbor-joining algorithm (Saitou 
and Nei, 1987), p-distance method (Nei and Kumar, 2000) and 
bootstrap consisting of 1000 pseudo-replicates, and finally evalu-
ated using the interior branch test method with Mega 5 software 
(Tamura et al., 2011). 

results

TYLCV Detection and distribution. A PCR-amplified 
product of approximately 670 bp, corresponding to the CP 
and MP genes of TYLCV, was obtained for all infected veg-
etable and weed samples (Fig. 1). However, no PCR products 
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were amplified when the infected samples were tested for 
the second segment of the viral genome (DNA-B) (data not 
shown), which indicates that this segment of TYLCV ge-
nome is not present in Iran throughout the visited regions.

Of the 510 collected vegetable, ornamental and weed 
samples tested by PCR, TYLCV was detected in 184 sam-
ples (36%) including cucumber (Cucumis sativus), Daucus 
sp. (Asteraceae), Malva sp. (Malvaceae), Melilotus officinalis 
(Legominosae), pepper (Capsicum annum), tomato (Solanum 
lycopersicum) and Trigonella sp. (Legominosae) from seven 
provinces including Boushehr (Dashtestan and Khormuj), 
Fars (Abadeh), Hormozgan (Rezvan and Sarkhun districts), 
Isfahan (Isfahan), Kerman (Jiroft), Khuzestan (Dezful) and 
Tehran (Islamshahr, Pakdasht and Varamin) (Fig. 2 and Ta-
ble 2). Our results showed that Tomato yellow leaf curl virus 
is not limited to the southern regions and its geographical 
distribution has been expanded into the central regions 
of the country such as Tehran province (Fig. 3), in which 
tomato cultivations showed a high percentage of TYLCV 
infection. Infection rates ranged from no infection in Al-
burz, Khorasan Razavi and Markazi provinces in central 
and eastern regions to 66% in Hormozgan province in the 
southern region of Iran.

 Genetic diversity. Blast analyses of the sequences of the 
twenty three TYLCV isolates from Iran disclosed 94–100% 
identities at the nucleotide level with other TYLCV se-
quences from GenBank. Pairwise nucleotide comparisons 
of Iranian isolates showed low levels of divergence (6%) 
amongst them.

Blasting of sequences in GenBank showed close relation-
ship between the sequences of Iranian isolates and other 
isolates from Iran, Oman and Israel (Table 3). 

When the sequences of the isolates collected from Aba-
deh district with difference in symptoms expression in their 
hosts were compared, low level of nucleotide variations was 
observed and the identity was 99%. This result indicated that 
nucleotide variation in the CP and MP genomic region can-
not much affect the symptom expression, indicating to the 
role of other genomic regions of the virus in pathogenicity 
and symptom expression. Our results also revealed mini-
mum similarity between TYLCV-Ir with TYLCV-Ir2 and 
D2 (94.7%) and maximum identity between TYLCV Ir2, 
D2, MZ, and ES isolates (100%). According to phylogenetic 
analyses, Iranian isolates were divided into two major groups 
and three subgroups in group I (Fig. 4). Interestingly, Iranian 
isolates were scattered in both groups and three subgroups 

Fig. 1
electrophoresis analysis of PCr products for some of the detected TYLCv isolates in iran

Lanes 1 to 7 represent amplified products for naturally infected cucumber, pepper, tomato, Daucus sp., Malva sp., Melilotus officinalis and Trigonella sp. 
samples, respectively. Lane M, 1 Kb DNA ladder (Fermentas, Germany); Lane C+, infected tomato material used as a positive control; Lane C-, negative 
control (PCR conducted using healthy plant material).

Table 1. Primers for amplification of two parts of the genome 

Primer name Genome part Expected size Nucleotide sequence

Sense
DNA-A 670 Kb

5′-CGC CCG TCT CGA AGG TTC-3′
Antisense 5′-GCC ATA TAC AAT AAC AAG GC-3′
PBL1v2040

DNA-B 600 Kb
5′-GCC TCT GCA GCA RTG RTC KAT CTT CAT ACA-3′

PCRc1 5′-CTA GCT GCA GCA TAT TTA CRA RWA TGC CA-3′

K = G,T; R = A,G; W = A,T.
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indicating to a high genetic diversity among them. In the 
first group, isolates from Fars, Tehran, Isfahan, and Boush-
ehr provinces were closely stood beside the TYLCV-Mild 
and TYLCV-Egypt. The second group consisted of Iranian 
isolates from the southern regions including Hormozgan, 
Khuzestan and Kerman that were closely categorized with 
the other Iranian strains that had been previously reported 
from the southern regions, like TYLCV-Kahnooj, TYLCV-
Ir2 and also TYLCV-Albitaneh. In this group, TYLCV-Ir was 
located on a separate tree branch. Iranian TYLCV isolates 
from distinct geographical locations were divided into three 
subgroups in group I, pointing to the correlation between 
geographical origin of the isolates and their phylogenetic 
positions at the regional scale (Fig. 4). Isolates from Abadeh 
district of Fars province in the south of Iran were categorized 
in subgroup I, isolates from Pakdasht and Varamin districts 

of Tehran province in the central parts of Iran were distinct 
from others in subgroup II, and isolates from Dashtestan 
district of Boushehr province in the south were stood close 
to each other in subgroup III (Fig. 4).

Discussion

Our results showed a high incidence of TYLCV in major 
tomato production areas of Iran, especially in central and 
southern regions (36%). This incidence can be considered 
low when compared with that of other countries. For ex-
ample, the incidence of TYLCV in tomato fields in Saudi 
Arabia, neighboring the southern region of Iran, was found 
to be 89% (Ajlan et al., 2007). The extraordinary outbreak of 
TYLCV in these regions could be due to the warm weather 

Table 2. incidence of TYLCv on vegetable crops and weed plants collected from the main cultivation areas in iran

Sampled plants

Infection
ratio Region Province

W
ee

d

Li
sia

nt
hu

s

Be
an

Cu
cu

m
be

r

Pe
pp

er

To
m

at
o

ND ND ND ND 4/13 5/25 9/38 Sarkhun Hormozgan 
(66.1%)a

ND ND ND ND ND 69/80 69/80 Rezvan

ND ND ND ND ND 3/5 3/5 Dezful Khuzastan
(10%)ND ND ND ND ND 0/10 0/25 Safi abad

ND ND 0/15 ND ND ND ND Hamidiyeh

ND ND ND ND 2/4 4/6 6/10 Jiroft Kerman
(60%)

ND ND ND ND 3/6 0/26 3/32 Isfahan Isfahan
(9.4%)

ND 0/15 0/17 ND 2/10 23/32 25/74 Pakdasht
Tehran
(47.6%)ND ND ND ND NDt 11/19 11/19 Islamshahr

2/2 ND ND ND 2/2 19/27 23/31 Varamin

ND ND 0/7 ND ND 0/11 0/18 Karaj Alborz
(0%)

0/2 ND 0/5 ND ND 0/18 0/25 Mashhad Khorasan Razavi
(0%)

2/9 ND ND 7/10 ND 17/17 26/36 Abadeh Fars
(27.6%)ND ND 0/58 ND ND ND 0/58 Eghlid

6/8 ND ND ND ND 2/4 8/12 Dashtestan Boushehr
(36%)0/4 ND ND ND 1/5 0/4 1/13 Khormuj

ND ND 0/34 ND ND ND 0/34 Khomein Markazi
(0%)

10/25 0/15 0/136 7/10 14/40 153/284 184/510 –
Total

(40%) (0%) (0%) (70%) (35%) (53.9%) (36%) –

aPercentage of TYLCV infections in each province. ND = not determined.



132 SHIRAZI, M. et al.: CURRENT STATUS OF TOMATO YELLOW LEAF CURL VIRUS IN IRAN

conditions to upper latitude (Morales and Jones, 2004; Jones, 
2009) that may favor the vector activity, virus replication 
or host susceptibility. It is also possible that TYLCV was 
introduced to the Northern provinces by the exchanges of 
TYLCV-infected seedlings, plant materials or by virulifer-
ous whiteflies from infected countries in the Middle East 
region to the southern regions of Iran (Navas-Castillo et 
al., 1999; Kim et al., 2011). It has been recently elucidated 
that Mediterranean basin and Middle East are the main 
launch-pad of global TYLCV movements (Lefeuvre et al., 
2010). Results also showed that the occurrence of TYLCV 
in central regions of the country, pointing to the distribution 
of this virus through the country, which may expand to the 
northern regions, where numerous kinds of host are available 
for the virus as the potential infection sources. 

In this research, the infection of four weeds with TYLCV 
was confirmed by PCR. To our knowledge this is the first 
report of Daucus sp., Trigonella sp., and Melilotus officinalis 
infection by TYLCV in Iran. Infected weeds are the virus 
sources for whiteflies throughout the year. Natural reservoirs 
may harbor the virus and give a primary source of inoculum 
to newly established tomato crops, when virus reservoirs 

are present in the same area with the tomato crops. Thus, 
the crop was considered a secondary host plant that could 
potentially act as a natural reservoir for TYLCV (Sawalha, 
2012). The removal of reservoir weed plants from tomato 
fields before the appearance of whiteflies may limit the spread 
of the virus into tomato fields and is necessary to control the 
disease. We also detected the virus in cucumber samples. 
Detection of TYLCV in cucumber plants near the tomato 
cultivations could be because of the viruliferous vector and 
exchange of the infected materials between tomato and cu-
cumber cultivations in visited regions in Iran and is a new 
threat for cucumber production in these regions. Despite 
the presence of potential vectors for TYLCV in the major 
geographical regions, no TYLCV infection in Mashhad and 
Khomein could be due to the absence of the viral inoculum 
in these regions. It could be also due to weather conditions 
unsuitable for the potential vector and its activity at sampling 
time. However a larger number of suspicious samples need 
to be tested. Despite the fact that bean and lisianthus plants 
have been reported to be the host of TYLCV (Cohen and 
Gera, 1995; Navas-Castillo et al., 1999), we were not be able 
to detect TYLCV infection in bean throughout the visited 
regions, which are considered as the main bean plantations 
of Iran (Khomein and Eghlid). One probable reason is that 
bean is cultivated as a monoculture crop and there is no 
neighboring or alternation between bean and tomato fields. 
Bean infections have taken place where bean cultivation was 
in rotation with tomato (Navas-Castillo et al., 1999). Dur-
ing our inspections in Khomein and Eghlid, co-cultivation 
of bean with other vegetable crops was not evident at all, 
which may favor virus-free cultivations in these regions 
and it seems this fact can be true for TYLCV-free lisianthus 
plants as well. 

We observed symptom variations on tomato plants. It 
could be considered as heterogeneity among Iranian TYLCV 
isolates as it had been mentioned before (Hajimorad et 
al., 1996). Naturally infected tomatoes were infected with 
heterogenic TYLCV populations (Ge et al., 2007). Genetic 
variation in TYLCV genome either through mutation or 
DNA recombination is responsible for most of variations 
(Hanley-Bowdin et al., 1999). Genetic diversity had been 
reported in wild and cultivated hosts (Ueda et al., 2008; 
Mubin et al., 2010). On the basis of partial sequences of CP 
and MP, studied isolates were categorized into two major 
groups. Iranian isolates had previously been divided into 
two groups on the basis of IR (Intergenic Region) sequences 
(Bananej et al., 2008). These data emphasized that studied 
isolates were distinct from each other’s based on geographical 
distribution and not by host range. Comparison of the CP 
sequences of TLCV isolates from India with TYLCV isolates 
from North Africa and Saudi Arabia had also revealed three 
geographically distinct groups (Hong and Harrison, 1995). 
Based on these results TYLCV has a high genetic diversity 

Fig. 2
Symptomatic and asymptomatic TYLCv infected tomato,  

cucumber, pepper and weed samples
(a) Tomato (Solanum lycopersicum), (b) Cucumber (Cucumis sativus), 
(c) Pepper (Capsicum annum), (d) Malva sp., (e) Daucus sp., (f) Melilotus 
officinalis, (g) Trigonella sp.
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Fig. 3
Map of iran showing the distribution of TYLCv in 10 provinces

Provinces, in which TYLCV was not detected are indicated as (    ) and TYLCV-infected provinces are shown with (    ) on the map. 1) Kerman, 2) Hor-
mozgan, 3) Fars, 4) Boushehr, 5) Khuzestan, 6) Isfahan, 7) Markazi, 8) Alburz, 9) Tehran, 10) Khorasan Razavi.

Fig. 4
Phylogenetic tree constructed using MeGA 5 with 1000 
bootstrapping iteration of 608 bp of CP and MP genes

Only bootstrap values greater than 60% are shown. Bootstrap 
percentages of clades are shown along internal branches of trees 
derived from bootstrap-resembled data sets. Branch lengths 
represent bootstrap values. The tree was rooted with the CP-MP 
nucleotide sequences of Indian cassava mosaic virus (ICMV) as 
an out-group species.
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and there are at least two major groups of TYLCV in different 
geographical regions of Iran. In conclusion, we report here on 
the natural infection of new weeds as a host of TYLCV that 
increases the maintenance of the virus, the chance of recom-
bination and also genetic diversity. According to the results, 
expansion of TYLCV and observation of newly infected 
areas emphasize the establishment of an effective quarantine 
in order to prevent further distribution of TYLCV into 
other northern regions. Future studies are needed to evaluate 
the genetic diversity of Iranian TYLCV isolates based on the 
full length sequences of the viral genome.
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