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CHAPTER 1. GENERAL INTRODUCTION 

 

In Chile, tomato for fresh consumption is the third horticultural crop with the largest 

cultivated area, after corn and lettuce, with 6,364.40 ha (INE, 2007). A 67% of its 

production is concentrated in the central zone of country, while Arica and Parinacota 

Region, in the north of Chile, represents a 13% of the national area with 843 cultivated ha 

(ODEPA, 2013). This region plays an important role in supplying the availability of fresh 

tomatoes in winter months (June to September) given the all the tomato consumed in that 

period comes almost exclusively from this area. 

 

In Arica and Parinacota Region, the Azapa valley is the main tomato producer for fresh 

consumption. The valleys from this region are characterize by climatic and soil conditions 

that make them suitable for the cultivation of this and other vegetables throughout the 

year. These excellent climatic and soil conditions of the valleys also favors the 

development of innumerable pests and diseases. 

 

Tomato crop (Solanum lycopersicum) is affect by a considerable number of pathogens, 

such as fungi, bacteria and viruses that cause diseases in different stages of development 

of the crop (Jones et al., 2016; Adhikari et al., 2017). In the case of viruses, these are 

considered the second most important group of pathogens with regard to the number of 

diseases that trigger (about 30%) and the economic damage they originate. 

 



12 
 

On the other hand, the rapid expansion of the human activity has involved the adoption of 

agronomic practices more and more sophisticated along with the intensification of the 

agriculture through monocrop, generating a greater competition by the natural resources.  

In addition, the continued expansion of the volume and rapidity of trade in plants and plant 

products, as well as the movement of plants away from their domestication centers, are a 

growing threat to food production, favoring ever greater frequency of epidemics caused 

by emergent viruses in plants (Jones, 2009). 

 

Globally there are 136 species of virus described affecting tomato crop, a very high 

number compared to other vegetables such as pepper, where there are only 62 species 

described, lettuce 53, melon 46, potato 57, eggplant 44 and spinach 109 (Brunt et al., 

1997). The 136 species are grouped in 33 genera, but only 15 of them are economically 

important, those belonging to the families Bromoviridae, Bunyaviridae, Closteroviridae, 

Flexiviridae, Geminiviridae, Luteoviridae and Potyviridae (Pringle, 1999). 

 

In Chile, viral diseases research in tomato crop, have reported the presence of: Alfalfa 

mosaic virus (AMV), Arabis mosaic virus (ArMV), Cucumber mosaic virus (CMV), Potato 

virus Y (PVY), Tomato mosaic virus (TMV), Tomato spotted wilt virus (TSWV), Potato 

virus X (PVX), Tomato ringspot virus (ToRSV) and Tomato yellow vein streak virus 

(TYVSV) (Acuña, 2008). Most of these viruses are distribute in all production areas in the 

country, except TYVSV. This virus is only present in Arica and Parinacota region.   
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In Arica and Parinacota region, Azapa valley´s historical records indicate that diseases 

caused by viruses constitute a limiting factor for tomato production, reaching in some 

cases 90% of plants with symptoms, with a marked decrease in yields (Acuña, 1970). 

 

In 2006, due to the fluctuating climatic conditions presented in the valleys of the Arica and 

Parinacota region, a series of systemic diseases were detected which, according to 

estimates in the field, have a high impact on production. Likewise, the proliferation of 

various biological and environmental factors that transmitted viral diseases resulted in 

considerable losses in yield of tomato production as effect of viral infections (Sepúlveda 

et al., 2011). 

 

Recent studies have made possible to determine the presence of three viral agents 

causing tomato infections, which correspond to Potexvirus Pepino Mosaic Virus (PepMV), 

Begomovirus Tomato yellow vein streak virus (TYVSV) and Potyvirus Peru tomato virus 

(PTV). The last two were report for the first time in the country (Sepúlveda et al., 2011). 

 

The reasons explained above indicate the importance of identifying the viral agents that 

affect tomato crop, as well as the knowledge of their geographical distribution, genetic 

variability and symptom characterization, which contributes to generate relevant 

information to be use in crops management programs and plant breeding. 

 

The objective of this research was to determine the prevalence and geographical 

distribution of virus diseases in tomato, weed and wild relative plants in the valleys of the 
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Arica and Parinacota region, located at latitude -18.4745998 and longitude -70.2979202, 

in the southern hemisphere, and to characterize the symptomatology and genome of the 

emerging viruses detected in this region. 
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HYPOTHESIS 

Begomoviruses are widely distributed in the valleys of the region of Arica and Parinacota 

and are the main responsible for the symptoms associated with virus observed in the 

tomato crops of this region. 

 

OBJECTIVES 

General objective 

To know the prevalence and geographical distribution of virus affecting tomato, weed and 

wild relative plants in the producing valleys of the Arica and Parinacota region.  

 

Specific objectives 

- Identify the viruses present in tomato crops, weeds and wild relative plants associated 

with crops in the producing valleys of the Arica and Parinacota region, to establish 

their prevalence and geographical distribution. 

 

- To determine symptoms associated with infections caused by emerging viruses 

affecting tomato crops in Arica and Parinacota region. 

 

- To characterize genetically the emerging viruses Tomato yellow vein streak virus -

TYVSV (Begomovirus), Tomato leaf deformation virus - ToLDeV (Begomovirus) and 

Peru tomato virus - PTV (Potyvirus) detected in the region of Arica and Parinacota. 
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CHAPTER 2. PREVALENCE OF THREE EMERGING VIRUS AFFECTING TOMATO 

CROPS IN THE NORTH OF CHILE 

 

1. ABSTRACT  

Arica and Parinacota region in the north of Chile is characterize by favorable soil and 

climate conditions to grow vegetables throughout the year, being the Azapa Valley the 

main provider of tomato for fresh consumption for central Chile during winter season. In 

2007, viral diseases causing yield losses between 30-70% affected tomato crops from this 

area. Surveys conducted in years 2009-2011 indicated the presence of new emerging 

viruses in the area: Tomato yellow vein streak virus (TYVSV) and Peru tomato mosaic 

virus (PTV). Later on, a second begomovirus was identified in this region, Tomato leaf 

deformation virus (ToLDeV). The purpose of this work was to assess the prevalence of 

these three viruses in three productive valleys of Arica and Parinacota region (Azapa, 

Lluta and Chaca). During the period 2012-2015 a 695 samples from tomato crops, weeds 

and wild relative plants, were collect in these area. Each sample was analyze by molecular 

hybridization of total DNA and RNA using specific Digoxigenin (DIG)-labelled probe for 

TYVSV, ToLDeV and PTV. From the total of total samples analyzed, 44.2% were positive 

for TYVSV, while 30.36% were positive for ToLDeV and a 28.1% positive for PTV.  

 

Furthermore, the results indicated a high number of double and triple infection between 

them: 12.2% of the samples showed double infection of TYVSV and ToLDeV, 10.7% were 

positive to TYVSV and PTV and, 5.5% resulted positive to ToLDeV and PTV. Furthermore, 
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triple infections of TYVSV, ToLDeV and PTV were detect in 1.7% of total samples 

analyzed.  

 

Thus, three emerging virus (TYVSV, ToLDeV and PTV) were widespread distributed in 

the three productive valleys of Arica and Parinacota region, in the north of Chile. So far, 

there is no report of the presence of these viruses in other tomato growing areas the 

country. Therefore, should be incorporated effective management practices to prevent 

their spread into virus free locations in the country.  

 

Keywords: Emerging virus, tomato crop, prevalence  
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2. Introduction  

 

In the last two decades evidence has been growing on the increasing incidence of 

infectious diseases of plants, due to the appearance of new pathogens or to the 

resurgence of previously described ones (Anderson et al., 2004). Tomato (Solanum 

lycopersicum) is economically the most important vegetable crop with a worldwide 

production of 161 million metric tons (FAO, 2012). Tomato crops are susceptible to a wide 

range of diseases, from which virus diseases are difficult to control and can result in 

substantial crop losses, being one of main limiting factors in intensive tomato production 

(Jones et al., 1991). At the same time, many viruses infecting tomato have been 

described, while new viral diseases keep emerging (Hanssen et. al., 2010). Emerging 

virus can be defined as a previously unknown virus or a known virus that has expanded 

its geographical range, prevalence and importance because of a vector (Gilbertson et al., 

2015). The high number of viral pathogens affecting tomato crops can be explaining by 

the tomato susceptibility to members of the genus begomovirus, one of the most important 

groups of plant viruses affecting production of a variety of vegetable crops, particularly in 

the tropics and subtropics, and the increases of population of the whitefly vectors Bemisia 

tabaci (Hanssen et al., 2010).  

 

In the north of Chile, Arica and Parinacota region is the main producer area of tomato for 

fresh consumption for central Chile during winter season. The valleys this region are 

characterize by favorable soil and climate conditions to grow vegetables throughout the 

all year. However, in the recent years, viral diseases have been an important limiting factor 
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in tomato crop production given for the presence of emerging virus causing considerable 

yield losses (Sepulveda et al., 2011). Surveys conducted in years 2009 - 2011 indicated 

the presence of new emerging viruses in the area: Tomato yellow vein streak virus 

(TYVSV) and Peru tomato mosaic virus (PTV) (Rosales et al., 2010). Later on, a second 

begomovirus was identified in this region, Tomato leaf deformation virus (ToLDeV) (data 

no published).  

 

Nowadays, these three viruses are present only in South America. TYVSV is present in 

Brazil affecting potato and tomato (Alburquenque et al., 2010), and Argentina (Vaghi et 

al., 2014; Ventura et al., 2009), Uruguay (Arruabarrena et al., 2016)) and Bolivia (Adams 

et al., 2012) affecting tomato crops. ToLDeV and PTV are only reported in Peru (Marquez-

Martín et al,. 2011; Melgarejo et al., 2013) and Ecuador (Melgarejo et al., 2004; Insuasti 

et al., 2016)  

 

The present study reports the prevalence and geographical distribution of three emerging 

virus affecting tomato crops, TYVSV, ToLDeV and PTV, in three main producer valleys of 

fresh tomato (Azapa, Lluta and Chaca) in the north of Chile.  
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3. Material and Methods 

3.1 Virus source and plant material 

During different cropping season between 2013 - 2015 years a total of 695 leaf samples 

from tomato crops, weeds and wild relative plants were collected in three vegetable 

producing valleys of Arica and Parinacota region (Azapa, Lluta and Chaca) in the north of 

Chile (Table 1) (Figure 1). Tomato leaf samples were obtain from symptomatic plants 

showing mosaic, mottling, leaf necrosis, chlorosis or other symptoms generally attributed 

to virus infection (Figure 2). No symptoms of virus infection were generally observed in 

wild relative plants like tomatillo (Solanum chilensis, S. peruvian) and a few samples were 

collected at random across or on the margins of the select field. The collected samples 

were maintaining in -80ºC for posterior molecular hybridization analysis in Laboratory of 

Molecular Plant Pathology of Universidad Católica de Chile.  

 

 

 

 

 

 

 

 

 

Figure 1. Map of sample collection sites. Samples were collected in Azapa, Lluta and 

Chaca valleys, indicated by yellow points on the map. 
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Figure 2. Naturally infected Solanum lycopersicum (tomato) and weeds plants showing 

symptoms associated to begomovirus observed in the north of Chile. a) Leaf chlorosis 

and leaf crinkling; b) interveinal yellowing; c) upward curling leaves; d) interveinal 

yellowing in Malva sp. and e) severe population of whiteflies in Sonchus sp. Plant 

a

) 

b

) 

c) d

) 

e

) 
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3.2 Nucleic acid extractions 

Total DNA were extracted from 0.4 g of lyophilized leaf tissue by protocol of Dellaporta et 

al. (1983) modified, while total RNA were extracted from 0.5 g of lyophilized leaf tissue 

using the silica capture protocol of Bertheau et al. (1998). The extracted nucleic acids 

were stored to -80ºC until used.  

 

3.3 Digoxigenin labeling and probe preparation  

Non-isotopic dot-blot hybridization to detect Tomato yellow vein streak virus (TYVSV), 

Tomato leaf deformation virus (ToLDeV) and Peru tomato mosaic virus (PTV) was used.  

 

For begomovirus TYVSV and ToLDeV, digoxigenin-11-dUTP (DIG-11-UTP) probes were 

synthetized by PCR amplification of the purified DNA in 50µl reaction volume using the 

PCR Dig-Probe Synthesis Kit (Roche, USA) following the manufacturer’s instructions. 

Reactions consisted of a denaturation step of 2 min at 94 ºC, 35 cycles of 10s at 94 ºC, 

10s at 58 ºC and 90s at 72 ºC and a final extension of 3min at 72ºC. PCR products were 

analyzed in 1.5% of agarose gels. The probes were denatured at 68 ºC for 10min, 

centrifuged at 10.000 rpm for 5 min, then dissolved in 25ml of pre-hybridization buffer and 

used for detection.  

 

For potyvirus PTV 1µg of plasmid was linearized with SacI restriction enzyme, purified by 

phenol-chloroform extraction (Sambrook et al. 1989) and precipitated with ethanol. A RNA 

probe was generated according manufacturer’s instructions of RNA Dig-Labeling kit 
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(Roche, USA). The standard RNA labelling reaction was incubated for 2 h at 37 ºC. The 

reaction was stop by adding of 2µl of 0.2M EDTA (pH 8.0).  

 

3.4 Membrane preparation, hybridization and detection  

Forty microliters of nucleic acid extract were spotted onto a positively charged nylon 

membranes and the nucleic acid were bound by UV irradiation with a transilluminator 

using a wavelength of 302 nm.  

 

For DNA viruses, membranes were pre-hybridized for 2 h at 55ºC in a hybridization buffer 

containing, 5X Saline Sodium Citrate (SSC) 0.1% (w/v) N-lauroylsarcosine, 0.02%(w/v) 

Sodium Dodecyl Sulfate (SDS) and 1% (w/v) blocking reagent for nucleic acid 

hybridization and detection (Roche). Then the membrane were incubated at 55◦C 

overnight with the probe previously denatured for 10 min at 68ºC. After overnight 

hybridization, the membrane was washed twice in 2× SSC containing 0.1% SDS at room 

temperature for 5 min each, and twice in 0.2× SSC containing 0.1%SDS at 55◦C for 15 

min each.  

 

For RNA viruses, membranes were pre-hybridized for 2 h at 68ºC in a hybridization buffer 

containing 50% formamide, 5X SSC, 0.1%(w/v) N-lauroylsarcosine, 0.02%(w/v) SDS and 

1% (w/v) blocking reagent (Roche, USA). Then the membrane were incubated at 68 ºC 

overnight with the probe previously denatured for 10 min at 68ºC. After overnight 

hybridization, the membrane was washed twice in 2X SSC containing 0.1% SDS at room 
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temperature for 5 min each, and twice in 0.2X SSC containing 0.1%SDS at 68◦C for 15 

min each.  

 

After washes, membranes (DNA and RNA) were further washed once for 3 min in washing 

buffer, blocked for 60 min in 1% blocking reagent (Roche, USA) and incubated with Anti-

Digoxigenin alkaline phosphatase enzyme conjugate solution (Anti-Digoxigenin AP Anti 

Fab fragment Dig Antibody, Roche, USA) in blocking solution for 30 min at RT. The 

membranes then were washed twice for 15 min each in washing buffer and followed by 

incubation in detection buffer for 5 min. The membrane was placed between clean plastic 

sheet and 1 ml for every 100cm2 of CDP-Star reagent (Roche, USA) was added. The 

membrane was sealed and incubated in dark at RT. After 5 min the excess liquid was 

squeezed out of the membrane bag and was exposed to the X-ray film (Kodak film, 

Carestream Health Inc., USA) 

 

4. Results 

A total of 695 samples of tomato leaf, weeds and wild relative plants were collected 

between 2013 to 2015, from which 454 were collected in Azapa valley, 171 corresponded 

to Lluta valley and 70 were of Chaca valley (Table 1 ). From the total samples collected a 

70.8% (492) of the samples were positive to at least one virus analyzed in this study, while 

29.2% results gave negative to all of them (Table 2).  
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Table 1. Number and detail of samples collected by year, valley and host during 2013 to 
2015 in Arica and Parinacota Region. 

Year Valley Host Specie 
Nº samples 
collected 

2013 

Azapa 

Tomato Solanum lycopersicum 65 

Wild specie Solanum chilensis 0 

Weed Sonchus sp. 0 

Weed Malva sp.  0 

     

Lluta 
Tomato Solanum lycopersicum 6 

Weed Solanum chilensis 1 

     

Chaca Tomato  Solanum lycopersicum 31 

     

Total  103 

       

2014 

Azapa 

Tomato Solanum lycopersicum 222 

Locoto Solanum pubescens 1 

Wild specie Solanum chilensis 1 

Weed Sonchus sp. 1 

Weed Malva sp.  1 

     

Lluta 

Tomato Solanum lycopersicum 142 

Wild specie Solanum chilensis 5 

Weed Malva sp.  1 

     

Chaca Tomato  Solanum lycopersicum 31 

     

Total  405 

       

2015 

Azapa 
Tomato Solanum lycopersicum 162 

Wild specie Solanum chilensis 1 

     

Lluta Tomato Solanum lycopersicum 16 

     

Chaca Tomato  Solanum lycopersicum 8 

     

Total 187 

   

Total samples collected 695 
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The results showed that the three emerging viruses TYVSV, ToLDeV and PTV were found 

during all sampling season in the three valleys of north of Chile, Azapa, Lluta and Chaca 

(Table 2). The prevalence of viruses detected in this study showed single, double and 

triple infection. The most frequent virus affecting tomato crops in the north of Chile was 

the bipartite begomovirus TYVSV found in single, double and triple infection with a 

prevalence of 44.2% of total samples analyzed. From these, 19.6% corresponded to 

TYVSV single infection, 12.2% to double infection with ToLDeV, and 10.7% with PTV.  

 

ToLDeV was present in 30.4% of samples analyzed. A 10.9% of the samples 

corresponded to single infection and a 5.5% in mixed infection with PTV. PTV presented 

a prevalence of 28.1% of which 10.2% corresponded to single infection and 17.8% was 

positive for mixed infection with either ToLDeV or TYVSV. Furthermore, triple infections 

of TYVSV, ToLDeV and PTV were detect in 1.7% of total samples analysed.  

 

Respect to weeds and other crops associated to tomato crops, only one locoto (Solanum 

pubescens) sample resulted positive for TYVSV,  two samples of Malva sp. and one wild 

relative plants, tomatillo (Solanum chilensis), resulted positive for double infection with the 

begomoviruses ToLDeV and potyvirus PTV. The Sonchus sp. sample was negative for all 

the viruses analyzed in this study.  

 

The analysis of virus prevalence by year showed that single infection of the viruses has 

increased in the time, since of 39.1% in 2013 to 48.7% in 2015. Similarly, TYVSV single 

infection prevalence show a tendency to increase with the years, from 4.8% in 2013 to 
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25.9% in 2015. The same tendency occurs with PTV in single infection, where in 2013 

reached 11.7% and 20.3% in 2015. A different case occurs with ToLDeV where the 

prevalence in single infection had been decrease from 23.3% in 2013 to 2.1% in 2015. 

However, in mix infection of ToLDeV together PTV has increased considerably since 2013 

to 2015 from 2.9% to 9.1%. 

 

The geographical distribution of virus infecting tomato crops in Arica and Parinacota 

region indicated that the three virus analyzed, TYVSV, ToLDeV and PTV, were detect in 

the three valleys of this region during all years of sampling.   

 

In Table 2 showed the distribution of prevalence of the three emerging virus for valley in 

Arica and Parinacota region. Azapa valley presented the major prevalence of virus 

disease, in single infection and mixed infection, where out of the 454 samples collected a 

76.87% resulted positive for one or more of the viruses analyzed. Then follows Chaca 

valley with 70 samples analyzed and 68.58% of prevalence and finally Lluta valley with 

171 analyzed samples with a prevalence of 55.55%.  
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Table 2. Prevalence and distribution of three emerging viruses Tomato yellow vein streak virus (TYVSV), Tomato leaf 

deformation virus (ToLDeV) and Peru tomato mosaic virus (PTV) affecting tomato crops and others associated species in 

Chile. 

 

 

 

Valley 
Total 

samples 
collected 

Single infection Mixed infection 

Negative 
samples TYVSV       ToLDeV PTV 

TYVSV + 
ToLDeV 

TYVSV + 
PTV 

ToLDeV + 
PTV 

TYVSV + 
ToLDeV + 

PTV 

  nº (%) nº (%) nº (%) nº (%) nº (%) nº (%) nº (%) nº (%) nº (%) 

Azapa 454  (65,3) 97  (21,4) 41 (9,0) 56 (12,3) 63 (13,9) 55 (12,1) 29 (6,4) 8 (1,8) 105 (23,1) 

Lluta 171 (24,6) 31 (18,1) 26 (15,2) 8 (4,7) 13 (7,6) 9 (5,3) 6 (3,5) 2 (1,2) 76 (44,4) 

Chaca 70 (10,1) 8  (11,4) 9 (12,9) 7 (10) 9 (12,9) 10 (14,3) 3 (4,3) 2 (2,9) 22 (31,4) 

Total 695 (100) 139  (19,6) 76 (10,9) 71 (10,2) 85 (12,2) 74 (10,7) 38 (5,5) 12 (1,7) 203 (29,2) 
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5. Discussion   

 

Since 2007 emerging virus diseases has been reported affecting tomato crops in 

important tomato production area in the north of Chile. This has been cause by 

proliferation of insect vectors of virus like whiteflies (B. tabaci) and aphids (Myzus 

persicae). 

 

In the present study, we determined the prevalence and geographical distribution of 

three emerging viruses, the begomoviruses TYVSV and ToLDeV and the potyvirus 

PTV, that affect tomato crops in three producer valleys of the north of Chile, Azapa, 

Lluta and Chaca.  

 

Results from this study showed that TYVSV was the most prevalent virus affecting 

tomato crops in the three valleys of Arica and Parinacota region. This virus was found 

both in simple and mixed infection during this 3-year of study. Furthermore, it was 

possible to observe an increase of prevalence of TYVSV during 2015. 

 

Previous prospections of virus diseases in tomato in this area, indicated that 57.1% 

of samples analyzed were positive to begomovirus (Sepulveda et al., 2011). These 

results are very similar to the ones showed in this work where the two begomovirus, 

TYVSV and ToLDeV were found with 59.6% of prevalence. 

 

Begomoviruses are transmitted by Bemisia tabaci biotype B (Brown, 1994) and due 

to high prevalence and the severity of diseases caused these viruses, they are 
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considered the most important viral pathogens of food crops in the tropical and 

subtropical regions of the world (Briddon et al. 2010). In Chile B. tabaci was reported 

for first time in 1999 in ornamental plants Hibiscus and Euphorbia pulcherrima in 

Arica and Parinacota Region, but only in 2007 was detected causing viral disease in 

crops production (Sepúlveda et al., 2011). During 2009 and 2010 analysis of 

whiteflies populations using molecular markers allowed to determine its biotype, 

which corresponded to Biotype B (Rosales et al., 2010). Currently, this whitefly is 

only present in Arica and Parinacota region, in the north area of Chile.  

 

The prevalence of the potyvirus PTV was minor that for the other begomoviruses. 

However, the testing of tomato samples revealed that a high number of samples 

were co-infect with PTV and begomovirus. Sepúlveda and collaborators (2011) also 

found that multiple virus infection were more common as well as the single infection. 

Interestingly, mixed viral infection may result in synergism and more severe 

symptoms (García-Cano et al., 2006).  

 

On the other hand, a 29.21% of total sample resulted negative to viruses analyzed 

in this study. However, currently, more than 60 species of tomato-infecting 

begomovirus have been described worldwide (Inoue-Nagata et al., 2016). The 

worldwide spread of B. tabaci biotype B and plant material has allowed for the long 

distance spread of begomovirus to new areas (Gilbertson et al., 2015) and in the 

valleys of Arica and Parinacota region there are high pressure of B. tabaci. In this 

survey, samples of infected plants were obtained from farms selected with previously 

experienced virus problems in their crops and most of the samples collected from 



33 
 

plants showed virus symptoms, for this reason is probably that the negative samples 

could be infected with other viruses no analyzed in this study.  

 

The geographical distribution of TYVSV, ToLDeV and PTV indicated that these 

viruses are well establish throughout the tomato production area in Arica and 

Parinacota region, possibly due to substantial vector transmission by insect vector.  

 

Tomato production in Arica and Parinacota region is almost continuous over the 

year, with generally no break in production. In this situation, viruses allowed persist 

in the environment and they can be consistently transmitted from infected to healthy 

tomato plants without the strong need for alternative host that would act as 

reservoirs, so management strategy for these pathogens has focused on developing 

greenhouse production to avoid the dissemination of viruses by its insect’s vectors.  

 

The geographical distribution TYVSV, ToLDeV and PTV are limited to South 

America, being TYVSV the virus more widespread. It is present in Brazil, Bolivia, 

Argentina and Uruguay, while ToLDeV and PTV is only present in Peru and Ecuador 

furthermore Arica y Parinacota region.   

 

Viral diseases are an important limiting factor in many crops production system. 

Consequently, information on the distribution and prevalence of the economic 

destructive emerging virus infecting tomato crops in Arica and Parinacota region is 

crucial in guiding tomato breeding programs in the search for stable and durable 

sources of resistance.  
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A factor common to Arica and Parinacota region and other regions of the world has 

been the introduction and establishment of the B. tabaci biotype B, caused by many 

factors, among them, the agricultural intensification with monocultures which has 

contributed to the high prevalence of begomoviruses. 

 

Finally, the impact on crop productivity and the potential spread of this virus to other 

growing regions emphasizes the need for further research to develop and implement 

effective control strategies.  
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CHAPTER 3. COMPLETE NUCLEOTIDE SEQUENCE OF TWO NEW 

BEGOMOVIRUSES INFECTING TOMATO CROPS IN THE NORTH OF CHILE. 

 

ABSTRACT 

Begomovirus is the largest genus of the family Geminiviridae. They are single 

stranded DNA plant viruses, which are transmitted by the whitefly vector Bemisia 

tabaci and have been known to cause extreme yield reduction in a number of 

economically important vegetables around the world.  Here we report the complete 

genome sequence of two new begomovirus infecting tomato crops from Chile, the 

bipartite begomovirus Tomato yellow vein streak virus (TYVSV) and the monopartite 

begomovirus Tomato leaf deformation virus (ToLDeV). Nucleotide sequence 

comparisons of DNA-A and DNA-B segments of TYVSV showed closest identity with 

TYVSV from isolates infecting potato in Brazil, while ToLDeV showed closest identity 

with ToLDeV isolates infecting tomato, from Ica - Peru. 

 

The family Geminiviridae are a large and diverse group of plant viruses that infect a 

broad variety of plants and cause significant crop losses worldwide (Inoue-Nagata 

et al., 2016). They are single stranded DNA viruses with either monopartite or 

bipartite genomes that are encapsidated within virions that have a geminate 

morphology (Brown et al., 2012). These viruses are divide into nine genera based 

on phylogeny, genome organization, insect vector and host range: Becurtovirus, 

Begomovirus, Capulavirus, Curtovirus, Eragrovirus, Grablovirus, Mastrevirus, 

Topocuvirus and Turncurtovirus (Zerbini et al., 2017). The genus Begomovirus is the 

largest genus of plant viruses with respect to the number of species that it includes, 
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with 388 accepted species currently recognized by the International Committee on 

Taxonomy of Viruses (ICTV) (Zerbini et al., 2017). Begomoviruses are transmitted 

by the whitefly vector Bemisia tabaci and are serious constraints to economically 

important crops worldwide (Morales, 2010). Begomovirus has been considered as 

emerging virus pathogens because in the last three decades have occurred a high 

incidence of these viruses in tropical and subtropical regions, causing devastating 

losses in production in beans, cassava, cotton, cucurbits and tomato crops (Morales 

and Anderson, 2001; Polston and Anderson, 1997). One of the main factors 

contributing to the emergence of new diseases caused by this group of pathogens 

are the evolution of virus variants, the appearance of the B biotype of the whitefly, 

and the increase in the vector population (Varma and Malathi, 2003). In America, 

diseases causes by begomovirus have significantly affected tomato production since 

the 80's (Morales et al., 2004; Ribeiro et al., 2003). In South America, in the last 

years the number of begomovirus species infecting tomato grow up considerably 

(Vaghy and Martin, 2015). In 2007, in the north of Chile, tomato crops were affected 

by viral diseases causing considerable yield losses (Sepúlveda et al., 2011). Surveys 

conducted in years 2009-2011 indicated the presence of new emerging begomovirus 

in the area: Tomato yellow vein streak virus TYVSV (Sepúlveda et al., 2011). Later 

on, a second begomovirus, Tomato leaf deformation virus, ToLDeV, was identified 

in this region. Here we report the complete genome sequence of two new 

begomovirus infecting tomato crops in Chile, the bipartite begomovirus Tomato 

yellow vein streak virus TYVSV and the monopartite begomovirus Tomato leaf 

deformation virus ToLDeV.  
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Samples of tomato crops showing curling, mosaic, mottle and foliar deformations 

were collected in the north of Chile (Azapa, Lluta and Chaca valley’s, in Arica and 

Parinacota Region) during 2012 (Figure 3).  Total DNA was extracted and viral 

genome was amplified by the rolling circle amplification (RCA) method using φ 29 

DNA polymerase as described by Inoue-Nagata et al. (2004) using a TempliPhi DNA 

Amplification Kit (GE Healthcare, Little Chalfont, UK). Rolling-circle amplification 

products were digested using the restriction enzyme HpaII and separated by 

electrophoresis on a 1.0% agarose gel. DNA fragments of the expected size were 

purified and ligated into pGem-T essay vector (Promega). Selected clones with 

inserts were sequenced at Macrogen Inc. (Seoul, South Korea). Nucleotide similarity 

searches were initially performed by the BLAST program 

(http://www.ncbi.nlm.nih.gov/). Sequences were aligned with Geneious V 8.1.7 and 

nucleotide identity percentages of the complete genome were compared with those 

of the most closely related begomovirus using the Clustal W (Genious V 8.1.7). A 

neighbor-joining phylogenetic tree was reconstructed using of complete genome 

sequences from Chilean isolates with sequences from others isolates available at 

GenBank.  
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Figure 3. Different symptoms of viruses observed in tomatoes crops in the north of 

Chile.  a) Foliar mosaic; b) chlorosis and leaf deformation; c) dwarfism and precocity; 

d) and e) fruit deformation.  

a) b) 

c) d) 

e

) 
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The genome of TYVSV exhibited a genetic organization typical of new world bipartite 

begomovirus consisted of both DNA-A and DNA-B components (Stanley et al., 

2005). DNA-A component of three samples were deposited in GenBank under the 

number accession KC136336, KC136337, KC136339 and two samples from DNA-

B component (accession numbers KC136338, KC136340). Five ORFs were 

identified within DNA-A (2561 and 2560 nt) and two ORFs in DNA-B (2562 and 

2558nt). The virion sense strand of DNA-A encoded one ORF (AV1 or CP= 744nt), 

and the complementary sense strand four ORF (AC1 or Rep= 1086nt; AC2 or TrAp= 

390nt; AC3 or REn = 399nt; and AC4= 294nt). The virion and complementary sense 

strands of the DNA-B component encoded one ORF (BV1 or NSP= 771nt and BC1 

or MP= 882nt, respectively).  

 

Phylogenetic analyses based on the complete nucleotide sequence of both 

components of TYVSV, DNA-A and DNA-B, were constructed using the neighbor 

joining method with 1,000 boostrap replication using Geneious V 8.1.7 (Biomatters 

Ltd.). The DNA-A and DNA-B sequences of Tomato rugose yellow lef curl virus 

(ToRYLCV) and a divergent begomovirus from Uruguay, was used as outgroup. The 

results of the phylogenetic tree showed that both components of Chilean isolates of 

TYVSV formed a new strongly supported clade.  DNA-A and DNA-B components 

showed the highest nucleotide sequence identity to an isolate of TYVSV from Brazil 

infecting Solanum tuberosum (accession number EF417915 for DNA-A and 

NC_010950 for DNA-B) with 98.07% and 92.68% of identity respectively (Figure 4 

and Figure 5). 
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Figure 4. Phylogenetic tree showing the genetic relationship of Tomato yellow vein 

streak virus component A (TYVSV-A) with others begomovirus isolates obtained 

from GenBank. 
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Figure 5. Phylogenetic tree showing the genetic relationship of Tomato yellow vein 

streak virus (TYVSV-B) with others begomovirus isolates obtained from GenBank. 

 

The genome sequences of ToLDeV from two samples consisted of 2591 nucleotides 

were deposited in GenBank (Accession number KC620461 and KC620462). 

ToLDeV present a genome organization with only DNA-A component with five 

genes, one on the viral strand corresponding to AV1 (756 nt) and four on the 

complementary sense strand corresponding to AC1 (1047 nt), AC2 (390 nt), AC3 
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(399 nt), and AC4 (259 nt). Tomato chino La Paz virus, ToChLPV, from México was 

used as an outgroup for phylogenetic analysis. The phylogenetic tree obtained with 

the complete viral genome sequences of ToLDeV showed that isolates Chilean 

formed a new cluster group with a 100% bootstrap support. The complete genome 

from ToLDeV isolates Chilean showed the highest nucleotide sequence identity with 

ToLDeV isolates Ica Peru infecting Solanum lycopersicum with 94.5% (Figure 6).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Phylogenetic tree showing the genetic relationship of Tomato leaf 

deformation virus (ToLDeV) with others begomovirus isolates obtained from 

GenBank.  
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The complete DNA-A component of ToLDeV represent a genome organization 

typical of the DNA-A of a New World bipartite begomovirus (Melgarejo et al., 2013), 

where DNA-A component has five or six genes. In our case, five genes with absence 

of AV2 (precoat protein) were founded. Identical results were obtained for Marquez-

Martín et al. (2011) and Sanchéz-Campos et al. (2013) where they confirmed the 

nature of ToLDeV as a monopartite begomovirus native to the New World (Sanchez-

Campos et al., 2013; Márquez-Martín et al., 2011).  

 

Tomato begomovirus represent one the major constraints on tomato production on 

tropical and subtropical regions of the world. More than 60 species of tomato-

infecting begomovirus have been described worldwide (Inoue-Nagata et al., 2016). 

Latin America is one of the major centres of begomoviruses diversity, where weeds 

act as important source of novel begomovirus (Barreto et al., 2013). In Latin America, 

during the last years, an increasing number of reports of novel begomovirus species, 

new host and geographical distribution of begomovirus have occurred (Navas-

Castillo, 2011). In Chile, the presence of begomovirus reported in this work, are 

limited only to one region in the north of the country (Arica and Parinacota Region) 

as well as their vector Bemisia tabaci. However, the worldwide spread of the B. 

tabaci biotype B and plant materials has allowed for the long-distance spread of 

begomovirus to new areas (Gilbertson et al., 2015). Therefore successful IPM 

strategies utilizing resistant cultivars, implementing effective whitefly management, 

removing infected plants early in the season, effective sanitation following harvest, 

management of weeds and volunteers it is necessary to prevent their spread into 

virus free locations of the country.  
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CHAPTER 4. PARTIAL NUCLEOTIDE SEQUENCE AND SYMPTOMATIC 

CHARACTERIZATION OF Peru tomato virus PTV AFFECTING TOMATO AND 

PEPPER CROPS IN THE NORTH OF CHILE 

 

Abstract 

The Potyvirus Peru Tomato Virus (PTV) is an emerging virus affecting solanaceous 

crops reported only in South America and recently discovered in Chile. In the present 

work, we described the molecular characterization of PTV infecting pepper and 

tomato plants in the north of Chile. Furthermore, one PTV isolate was mechanically 

to tomato plants transmitted, and observed for development of symptoms. Tomato 

leaves exhibited chlorosis, mosaic, deformation, rugosity, crinkling and some 

blistering. The results of phylogenetic analysis showed that the Chilean isolates of 

PTV shares the same gene pool with other PTV (accession Nº EU495235) isolate 

described in Chile infecting Capsicum annuum. 

 

Potyviruses and Begomoviruses are one of the two largest genera of plant viruses 

(Gibbs and Oshima, 2010). Many of them cause economically significant yield losses 

in potato (Solanum tuberosum L.), pepper (Capsicum spp.) and tomato (Solanum 

lycopersicum Mill.) (Stevenson et al., 2001). They have been reported to infect over 

500 plants species in more than 60 families of mono and dicotyledonous species 

found distributed in worldwide. Potyviruses are aphids transmitted in the non-

persistent manner, also in seed and infected living plant material (Gibbs and Oshima, 

2010). 
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The coastal regions of Peru and the Andean regions of Peru and Bolivia constitute 

the centre of origin or the site of domestication for many cultivated potato, tomato 

and pepper species (Smartt and Simmonds, 1995; Ochoa, 1999; Spetz et al. 2003). 

Many, if not most, of the potyviruses that currently infect these crops elsewhere in 

the world may have originated in Peru, having spread via contaminated germplasm 

(Fribourg and Nakashima, 1984; Stevenson et al., 2001; Spetz et al., 2003). 

In 1972, Raymer et al., reported for first time the presence of potyvirus Peru tomato 

virus (PTV) causing leaf distortion, stunting and severe yield reduction in tomato 

plants near Trujillo in Peru. PTV is readily transmitted by Myzus persicae, (Fribourg, 

1979), the most important potato aphid worldwide (Saguez et al., 2013). PTV  has 

been described only in Peru, Ecuador and Chile, in South America (Janzac et al., 

2008, Spetz et al., 2003) affecting tomato (Solanum lycopersicum Mill.), pepper 

(Capsicum spp.), cocona (Solanum sessiliflorum) and tamarillo (Solanum betaceum) 

(Raymer et al., 1972; Fribourg, 1979; Spetz et al., 2003; Melgarejo et al., 2004; 

Janzac et al., 2008; Insuasti and Ochoa, 2016).  

PTV can be considering an emerging virus because is spreading to new 

geographical areas (Anderson et al., 2004). In 2009, Sepúlveda and collaborators 

(Sepúlveda et al., 2011) founded for first time the presence of PTV in tomato and 

pepper in the valleys of the north of Chile, affecting the 15.2% of samples analyzed 

for these studies. Nowadays, the prevalence of this potyvirus reach up to 28.1% 

showing and increase of prevalence of PTV in the north of Chile.  
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In this work, an original PTV isolate collected in 2015 in Azapa Valley (Chile) from 

leaves of S. lycopersicum was genomic composition and symptomathology 

characterized.  

 

During 2015 virus-like symptoms consisting in chlorotic and mosaic were observed 

on commercial tomato crops grown in greenhouse and outside in Azapa valley in the 

north of Chile. The samples were collected and total RNA extract was obtained  using 

a RNA total protocol (Bertheau et al., 1998). Reverse transcription and PCR analysis 

were made for detection of PTV using specific primer previously developed by 

Rosales (Rosales et al., 2011)  (Forward CGG CAA CCA AAA GTG AAT G and 

Reverse CTC TTG CTC GGA CGG ATG T). Furthermore, RT-PCR analysis for 

Potato virus Y (PVY), Pepino mosaic virus (PepMV) and Tomato spotted wilt virus 

(TSWV) were make for to discard the presence of other viruses. DNA band of 481 

pb was obtained and visualized by electrophoresis in agarose gel.  

Subsequently, biological assay were conducted with two cultivars of tomatoes plants 

Pietro and Tymex, both from HMClause Company. PTV was transmitted by 

mechanical inoculation of infective sap from symptomatic leaves  to  three leaves of 

healthy plants, which were triturated previously and prepared in a mortar containing 

0.05 M phosphate buffer, pH 7.2, mixed with 0.2% 2-mercaptoethanol, 1% polyvinyl 

pyrrolidone. These plants were kept for at least 60 days under controlled conditions 

in a cage protected of insect at 20º–27º C (night–day) temperature in greenhouse. 

Plants inoculated with water were used as control. Presence of the virus was test by 

RT-PCR analysis two weeks after inoculation in the inoculated leaves and 10 days 
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later in the plant apex. Symptoms were recorded two weeks after inoculation and 

then, during nine weeks. The test was repeated two times. 

 

The results of biological assays showed that both tomato cultivars (Pietro and 

Tymex) exhibited symptoms consisting in chlorosis, mosaic, leaf deformation, 

rugosity, crinkling and some blistering (Figure 7). This symptoms are coincident with 

obtained by Fribourg (1979) and Fernandez and Fulton (1980), Spetz et al. (2003) 

and Janzac et al. (2008) who obtained the identical symptomatology of PTV in 

different host range, being solanaceous species the most useful indicator for PTV, 

according previous observations.   

 

From the  PTV inoculated plant, double-stranded (ds) RNAs were obtained using a 

RNA protocol followed by a CF11 cellulose batch chromatography following the 

method of Valverde et al. (30) modified by Gentit et al. (9). The purified dsRNAs 

were then submitted to a second round of CF11 purification and 3 µl of purified 

dsRNA was denaturated during 5 min at 99°C and submitted to an RT initiated by a 

mixture of primers consisting of 1 mM dT18 and 2 mM PcDNA12. A small RNA library 

was prepared suitably and sequencing using IonTorrent 400pb Hi-Q paired end 

sequencing and analysed by BLAST to identify homology of viral sequences. To 

identify possible viruses, sRNA was de novo assembly and analyzed using Genious 

11.0.5 Neighborn-joining phylogenetic trees were inferred from the sequence 

alignments.  
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Figure 7. Symptoms caused by isolates of Peru tomato virus (PTV) obtained by mechanical 

inoculation in tomato crops. a, b) mosaic, crinkling, blistering; c) chlorosis; d) leaf 

deformation; e) health plant. 

 

The sequence assemblies and analysis allowed obtain the partial genome of PTV 

with 1.671 reads and 162 contig. The partial genome for the Chilean isolate 

comprised 9.712 nucleotides obtaining a 98.1% of coverage with reference 

sequence (accession NC_004573). A BLASTn search against the NCBI databases 

revealed that Chilean isolates of PTV shares 99% sequence identity with other 

Chilean isolate PTV affecting pepper (accession number EU495235) and 99 to 98% 
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with other isolates in Peru affecting peppers (accessions numbers AJ437280 and 

AJ516014). 

 

The coat protein sequences localized between 8.593 to 9.408 nt were used by 

alignments using Geneious 11.0.5 within Clustal W. This alignment included strains 

that are genetically close to Chilean isolates coat protein sequences PTV available 

in GenBank. Phylogenetic tree was development used distance genetic models 

Tamura-Nei and construction tree models with neighborn-joining. The robustness of 

the tree topology was assessed by bootstrap analysis of 1,000 pseudo-replicates of 

the sequences. The coat protein sequence of Potato virus Y PVY, a divergent 

potyvirus, was used as outgroup.  

 

The phylogenetic analysis of coat protein viral sequences of Chilean isolate PTV  

revealed that PTV isolate Chile infecting pepper previously reported (Janzac et. al., 

2008) was the most closely related with 100% (accession EU495235) and followed 

by PTV isolated infecting pepper from coastal of Peru (accession AJ437280) (Figure 

8). 
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Figure 8. Phylogenetic tree showing the genetic relationship of coat protein viral 

sequences of Chilean isolate Peru tomato virus (PTV) with other isolates obtained 

from GenBank. 

 

Currently, PTV has been describe only in South America (Peru, Ecuador and Chile) 

infecting solanaceous crops: Solanum sessiflorum, S. betaceum, S. lycopersicum 

and Capsicum annuum. Likewise, molecular data of PTV are scarce, existing 18 

sequences available in GenBank and six of them correspond to the coat protein 
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sequence, mostly from Peru. In Chile PTV is restricted to the northern zone, one of 

the most important centre of tomato production and main supplier during winter 

months toward central and south areas of Chile.  

 

PTV is transmitted by aphids Myzus persicae in non-persistent manner and this 

insect vector is present in all areas of tomatoes production of Chile (Larraín, 2003). 

The frequent movement of plant material and fruits by commercialization from 

northern zone to rest of the country could be made that the PTV increases its 

importance causing infection to new areas of tomato production in Chile, constituting 

an emerging viral diseases. The management strategy should be consider the 

control of insect vector and alternate host (N. physaloides, P. peruviana, S. nigrum) 

and weed host (L. pimpinellifolium, L. peruvianum, nicotiana species and wild potato 

species) which can be act like reservoirs of PTV, persisting in the fields in absence 

of tomatoes and peppers crops. Furthermore, it is necessary to study the infection 

in potato crops and corroborate the suggested hypothesis by others authors that 

indicate that potato is not a host for PTV (Spetz et al., 2003; Melgarejo et al., 2004).  

 

Even if PTV was described previously in Chile affecting pepper crops, in this work, 

we obtained the molecular and biological characterization of one new isolates of PTV 

collected in tomato crop in Azapa valley, in the north of Chile.   
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CHAPTER 5. FIRST REPORT OF Southern tomato virus STV AFFECTING 

TOMATOES IN SOUTH AMERICA 

Southern tomato virus (STV) is a recently identified virus that infects tomato cultivars 

worldwide. STV belong to genus Amalgavirus, family Almagaviridae that has a 

double-stranded RNA (dsRNA) genome with 3.437pb (Alcalá-Briseño et al., 2017). 

It was discovered for first time affecting tomato plants in Mexico and the United 

States (Sabanadzovic et al., 2009) and currently STV is present in France 

(Candresse et al. 2013), Italy (Iacono et al., 2015) Spain (Verbeek et al., 2015), 

China (Padmanabham et al. 2015) and Korea (Oh et al., 2018). STV is the only 

known to be transmitted vertically with rates of transmission through seed reported 

as high a 90% (Sabanadzovic et al., 2009). The north of Chile is an important center 

of tomato production, founding this crop during all year. However, in recent years a 

series of systemic viral diseases affecting tomato crops were observed, causing a 

high impact on production with considerable losses in yield of tomato. In September 

of 2015, a tomato leaf sample showing symptoms of viral disease was collected in 

Azapa valley in the north of Chile. This sample was analysed using next generation 

sequencing (NGS) from dsRNA. A small RNA library was prepared suitably and 

sequencing using IonTorrent 400pb Hi-Q paired end sequencing and analysed by 

BLAST to identify homology of viral sequences. To identify possible viruses, sRNA 

were de novo assembly and analyzed using Genious 8.1.8.  

 

The sequence assemblies and analysis resulted allowed to obtain the genome of 

STV with 1.371 reads. The genome for STV Chilean isolate comprised 3.410 

nucleotides from 3.438, obtained a 99.2% of coverage with reference sequence 
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(accession NC_011591). A BLASTn search against the NCBI databases revealed 

that Chilean isolate of PTV share a 100% sequence identity with STV isolate from 

Mexico. Phylogenetic tree was development used genetic distance model Tamura-

Nei and construction tree model with UPGMA. The robustness of the tree topology 

was assessed by bootstrap analysis of 1.000 pseudo replicates of the sequence. 

The phylogenetic analysis of complete genome of Chilean isolate STV revealed that 

STV isolate Mexico was the most closely related (accession EF 442780) (Figure 9). 
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Figure 9. Phylogenetic tree showing the genetic relationship of complete sequences 

of Chilean isolate Southern tomato virus (STV) with others isolates obtained from 

GenBank.   

 

 

 

To verify the presence of STV in tomato samples from Arica and Parinacota valleys, 

95 random samples were analysed by reverse-transcription polymerase chain 

reaction (RT-PCR) using the specific primers STV-fw and STV-rev elaborated by 

Candresse et al. 2013 (STV-fw 5′ CTGGAGATGAAGTGCTCGAAGA 3′ and STV-rev 5′ 

TGGCTCGTCTCGCATCCTTCG 3′). The results showed a 27.37% of prevalence of 

STV from total samples analysed. This include Azapa, Lluta and Chaca valleys 

samples.  

Furthermore, STV seed-transmitted were evaluated. Three week-old germinated 

seedling of tomato cultivars from two different companies (Tymex and Pietro from 

HMClause and Cal ace from Anasac) were analysed by RT-PCR to detected the 

presence of STV. The results showed that cultivars analysed were positive for STV.  

Based on the results of a deep sequencing and RT-PCR we report for first time the 

presence of Southern tomato virus affecting tomato crops in the north of Chile.  

However, the tomato isolate from Azapa valley analysed in this study was also 

infected with Peru tomato virus (PTV). As has occurred in other countries, the STV 

detection has been associated with double or mixed infections (Martínez et al., 2018; 

Padmanabhan et al., 2015; Verbeek, et. al., 2015; Candresse et al., 2013, 

Sabanadzovic et al., 2009), so it is still unclear the symptoms that cause STV in 
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tomato and whether STV is capable of infecting other hosts. Moreover, considering 

that STV is recent virus detected in different areas of the world, is probable that STV 

can be spread worldwide quickly, representing a serious threat for a high number of 

seeds companies. Finally, to our knowledge, this is the first report of STV in South 

America.  
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CHAPTER 6. FIRST REPORT OF A RESISTANCE-BREAKING ISOLATE OF 

TOMATO SPOTTED WILT VIRUS INFECTING RESISTANT PEPPER 

CULTIVARS IN THE NORTH OF CHILE 

 

Tomato spotted wilt virus (TSWV) is an Orthostospovirus transmitted in nature by 

thrips in a persistent and propagative manner. The best way to prevent the disease 

is a management strategy that includes genetic virus resistance. There are currently 

two resistance genes employed against this virus: the Sw-5 gene in tomatoes 

(Solanum lycopersicum) and the Tsw gene in peppers (Capsicum annuum).  

 

In Arica and Parinacota region, Northern Chile, pepper is an important crop 

cultivated year-round in plastic greenhouses, covering an estimated of 250 ha, from 

which a 95% are in the Azapa Valley. Pepper grown in proximity to other TSWV-

susceptible agronomic crops, such as tomato and lettuce. Since farmers cannot 

effectively control thrips chemically, resistant cultivars have been widely adopted. 

However, in the last three years, farmers have experienced significant losses, due 

to severe TSWV-like symptoms on pepper plant, fruits and leaves, consist mainly of 

chlorosis, ringspot, and mottling and necrotic ring spots and malformations occurs in 

fruits, with disease prevalence reaching 30% to 70%. 

In April 2016, samples of the resistant pepper cultivar Kadeka (Rijk Zwaan) showing 

severe TSWV-like symptoms were collected in the Azapa Valley (Figure 10). These 

plants were all positive for TSWV infection when tested using RT-PCR, with specific 

primers L1 and L2 flanking a 276 bp portion of the viral genome (Mumford et al. 

1994). RT-PCR analysis for Potato virus Y, Cucumber mosaic virus, and Tobacco 
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mosaic virus were negative. Presence of TSWV in these plants was further 

confirmed by tissue-blot immunoassay using a commercially available polyclonal 

antibody (Agdia Inc., Elkhart, IN). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. TSWV-like symptoms observed in pepper crops in Azapa valley, in the 

north of Chile. Chlorotic rings from leaves (a, b) and fruit (c and d). 
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The virus isolate, CL-585, was transmitted and maintained in Nicotiana benthamiana 

plants through mechanical inoculations. Plants were maintained in a greenhouse 

24ºC under natural light in an anti-insect mesh cage. TSWV infection of N. 

benthamiana was confirmed by tissue-blot immunoassay three weeks post - 

inoculation. This virus isolate was then mechanically inoculated onto TSWV- 

susceptible (Volga, Syngenta) and TSWV-resistant (Almuden, Syngenta) cultivars. 

Two weeks post-inoculation, plants of both cultivars showed severe systemic 

infection, with symptoms typical of TSWV infection: local chlorotic and necrotic 

lesions, followed by severe yellow spots with concentric rings (Figure 11). Infections 

were confirmed using serological analysis (Immunoimpression) and RT-PCR, as 

previously described. 

 

 

 

 

 

 

 

 

 

Figure 11. Symptoms caused by isolates of Tomato spotted wilt virus TSWV in 

peppers cultivars two week post-inoculation. a) Severe chlorotic rings in cultivar 

without resistance to TSWV; b) Chlorotic rings in cultivar with resistance to TSWV.  

 

a) b) 
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TSWV resistance-breaking isolates infecting sweet pepper cultivars harboring the 

Tsw gene have emerged in different countries, including Italy (Roggero et al., 2002), 

Australia (Thomas-Carroll et al., 2003), Spain (Margaria et al. 2004) and Argentina 

(Ferrand et al., 2015). Here, we show experimental evidences that a resistance-

breaking Tsw isolate has emerged in Chile. It is necessary to determine if these 

TSWV isolates can be in other productive areas in Chile or across the nearby 

international border with Peru. At present, we have no evidence of Sw- 5-breaking 

isolates in tomato crops in the north of Chile. 
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FINAL CONCLUSIONS 

 

The development of this research has been allow determined the prevalence of three 

emerging viruses affecting tomato crops in the north of Chile: Tomato yellow vein 

streak virus (TYVSV), Peru tomato mosaic virus (PTV) and Tomato leaf deformation 

virus (ToLDeV). These viruses were founded in single and multiple infection, being 

the begomoviruses TYVSV and ToLDeV those that presented the highest 

prevalence. With these results, the hypothesis in this thesis research is proved.  

 

Furthermore, the complete nucleotide sequence of these two new begomoviruses 

was studied.  Nucleotide sequence comparisons for both segments of bipartite virus 

TYVSV (DNA-A and DNA.B) showed closest identity with TYVSV from isolates 

infecting potato in Brazil, while the monopartite ToLDeV showed closest identity with 

ToLDeV isolates infecting tomato, from Ica – Peru.  

 

In the case of PTV, in this work, the biological characterization of one new isolates 

of PTV collected in tomato crop in Azapa valley was described. Additionally, from 

the biological characterization, it was possible to obtain the partial nucleotide 

sequence, with a 98.1% of coverage with reference sequence. A BLASTn search 

against the NCBI databases revealed that Chilean isolates of PTV shares 99% 

sequence identity with other Chilean isolate PTV affecting pepper and 99 to 98% 

with other isolates in Peru affecting peppers.  
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In other hand, through this study it was determine the first report of new virus in 

tomato. Is about the Southern tomato virus STV, and correspond to the first 

identification this virus affecting tomatoes in South America.  

 

Finally, in this research report a resistance-breaking isolate of Tomato spotted wilt 

virus TSWV infecting resistant pepper cultivars in the north of Chile.  

 

The geographical distribution of the three emerging viruses studied in this research, 

TYVSV, ToLDeV and PTV, are limited to South America, being TYVSV the virus 

more widespread. It is present in Brazil, Bolivia, Argentina and Uruguay, while 

ToLDeV and PTV is only present in Peru and Ecuador.  

 

In Chile, the three emerging viruses are widespread in the three productive valleys 

of Arica and Parinacota region, in the north of Chile. So far, there is no report of the 

presence of these viruses in other tomato growing areas the country.  

 

Arica and Parinacota region is the most important centre of fresh tomato production 

and main supplier during winter months toward central and south areas of Chile. 

Furthermore is an important area for seed production of many companies. In other 

hand, Arica is border by Peru, one of main centre of origin of the tomato and wild 

species of solanaceous. All these backgrounds allow us to speculate that new 

viruses can be reported affecting tomato crops in Arica and Parinacota region.  
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From above, effective management practices to prevent the spread of viruses 

identified and new viruses to free locations in the country should be incorporate.  The 

management of plant virus diseases must be based in the development of a strategy 

of an Integrated Pest Management (IPM) that involves all the growing season: 

before, during, and after. This strategy includes to start with resistant cultivars; virus 

and vector-free planting materials; protected culture (greenhouse); rouging infected 

plants and insect vector management; application of insecticide to manage vectors 

(whiteflies and aphids) combined with host-free periods of two to three months. 

Finally, given the great diversity of the viruses and their insect vectors, IPM 

approaches need to be based in knowledge of causal agents (biology and ecology 

of the virus and vector), its epidemiology and host-virus interactions.  
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APPENDIX 

 

APPENDIX 1. Publications submitted in Plant Disease Notes. American 

Phytopathologycal Society Journal.  
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From: akarasev@uidaho.edu 

To: irosalesv@uc.cl 

CC:  

Subject: Plant Disease - Decision on Manuscript ID PDIS-06-17-0855-PDN 

Body: 15-Nov-2018 

 

Dear Dr. Rosales:  

 

Manuscript ID PDIS-06-17-0855-PDN entitled "First Report of a Resistance-Breaking 

Isolate of <i></i>Tomato spotted wilt virus<i></i> Infecting Resistant Pepper Cultivars 

in the North of Chile", which you submitted to Plant Disease, has been reviewed by three 

experts in the field and by me. All reviewers consider the data novel and significant, 

however, Rev 2 and 3 question the lack of molecular characterization of this new TSWV 

isolate. I must agree that you need to compare the sequences of your TSWV isolate with 

other resistance-breaking and also "ordinary" isolates. I also recommend to consider 

publishing a regular paper on this matter, although I do not insist on this. The comments 

from reviewers are included at the bottom of this letter. 

 

In view of the criticisms of the reviewers found at the bottom of this page, I must reject 

the manuscript for publication in Plant Disease at this time. However, a new manuscript 

may be submitted that takes into consideration these comments.  

 

Please note that resubmitting your manuscript does not guarantee eventual acceptance 

and that your resubmission will be subject to re-review by the reviewers before a decision 

is rendered.  

 

You will be unable to make your revisions on the originally submitted version of your 

manuscript.  Instead, revise your manuscript using a word processing program and save 

it on your computer.  

 

Once you have revised your manuscript, go to 

https://mc.manuscriptcentral.com/plantdisease and log in to your Author Center.  Click 

on "Manuscripts with Decisions," and then click on "Create a Resubmission" located next 

to the manuscript number.  Then, follow the steps for resubmitting your manuscript.  

 

Because we are trying to facilitate timely publication of manuscripts submitted to Plant 

Disease, your revised manuscript should be uploaded as soon as possible.  If it is not 

possible for you to submit your revision within a reasonable amount of time, we will 

consider your paper as a new submission.  

 

I look forward to a resubmission.  

 

Sincerely,  

Prof. Alexander Karasev  

Senior Editor, Plant Disease  

akarasev@uidaho.edu  

 

 

 

mailto:akarasev@uidaho.edu
mailto:irosalesv@uc.cl
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APPENDIX 2. Presentation in Congress  

 

2.1 Rojas, C., Carrasco, M. y Rosales, M.  Importancia y Evolución de los virus 

en la producción de hortalizas en la Región de Arica y Parinacota.  I Congreso 

Internacional de Horticultura Protegida en zonas Áridas. 5- 6 de noviembre 

2014. Arica, Chile. 
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2.2 Rojas, C., Plaza, K. y Rosales, M. Prevalencia de dos Begomovirus TYVSV 

y ToLDeV, afectando cultivos de tomate en la región de Arica y Parinacota.  

XXIV Congreso de la Sociedad Chilena de Fitopatología (SOCHIFIT). 1-3 de 

diciembre de 2015. Viña del Mar, Chile. 

 

PREVALENCIA DE DOS BEGOMOVIRUS, TYVSV y ToLDeV, EN CULTIVO DE 
TOMATE EN LA REGIÓN DE ARICA Y PARINACOTA.  

 

PREVALENCE OF TWO BEGOMOVIRUS TYVSV AND ToLDeV IN TOMATO CROPS IN ARICA 
AND PARINACOTA REGION. 

 

Claudia Rojas Bertini1, Jesús Navas-Castillo2, Katherine Plaza Gómez1, Paulina Sepúlveda 
Ramírez3 & Marlene Rosales Villavicencio1. 

  

1Pontificia Universidad Católica de Chile. 2Instituto de Hortofruticultura Subtropical y Mediterránea 
La Mayora, España. 3Instituto de Investigaciones Agropecuarias.  

carojas12@uc.cl 

 

El valle de Azapa es el principal abastecedor de tomate de consumo fresco para la zona central de 
Chile durante los meses invernales. El año 2007 plantaciones de tomate se vieron afectadas por 
enfermedades de origen viral ocasionando pérdidas entre un 30 a 70% de rendimiento.  Análisis 
mediante PCR durante el período 2009-2010 arrojó que los principales virus presentes 
correspondieron a PepMV, Potivirus y Begomovirus presentando una prevalencia de 26,9%, 26,9 y 
57%  respectivamente. Este trabajo tiene como objetivo determinar la prevalencia de los 
begomovirus Tomato yellow vein streak virus (TYVSV) y Tomato leaf deformation virus (ToLDeV) en 
cultivos de tomate, malezas y plantas nativas presentes en los valles de la región de Arica y 
Parinacota. Para ello se colectaron 641 muestras de tejido vegetal de distintas plantaciones de 
tomate en la región, las cuales fueron analizadas mediante hibridación molecular. Del total de 
muestras analizadas, el 37% resultaron positivas a TYVSV mientras que un 11% fueron positivas 
para ToLDeV. Además el 8,3% presentó infección mixta con ambos begomovirus. Este trabajo da 
cuenta de un segundo begomovirus (ToLDeV) afectando los cultivos de tomate en la región de Arica 
y Parinacota, presentando una menor prevalencia que el begomovirus previamente descrito 
(TYVSV). 

 

 

Agradecimientos 

Proyecto Tesis de Doctorado en la Industria Folio N° 7813110003.  “Caracterización de agentes 
virales afectando cultivos de tomate en la región de Arica y Parinacota”.  

 

mailto:carojas12@uc.cl


80 
 

2.3 Rojas, C., Plaza, K. y Rosales, M. Prevalence of two Begomovirus TYVSV 

and ToLDeV, in tomato crop in the north of Chile.  13th International Plant Virus 

Epidemiology Symposium. 6-10 Jun, 2016. Avignon, France.  

 

PREVALENCE OF TWO BEGOMOVIRUS, TYVSV AND ToLDeV, IN TOMATO CROP IN THE 
NORTH OF CHILE 

 
Rojas, C. (1), Navas-Castillo, J. (2), Plaza, K. (1), Sepúlveda, P. (3) and Rosales, I.M. (1).  
 
(1) Pontificia Universidad Católica de Chile (carojas12@uc.cl), Santiago, Chile 
(2) Instituto de Hortofruticultura Subtropical y Mediterránea "La Mayora" (IHSM-UMA-CSIC), España  
(3) Instituto de Investigaciones Agropecuarias, INIA, Santiago, Chile 
 
BACKGROUND AND OBJETIVES 
Arica and Parinacota is the northern region of Chile. It is characterized by favorable soil and climate 
conditions to grow vegetables throughout the year, being the Azapa Valley the main provider of 
tomato for fresh consumption for central Chile during winter season. In 2007, tomato crops from this 
area were affected by viral diseases causing yield losses between 30- 70%. Surveys conducted in 
the period 2009-2010 showed that the major viruses present corresponded to Pepino mosaic virus 
(PepMV), Peru tomato mosaic virus (PTV)) and Begomoviruses. The aim of this work was to 
determine the prevalence of the two begomovirus identified in the region: Tomato yellow vein streak 
virus (TYVSV) and Tomato leaf deformation virus (ToLDeV) affecting tomato crops, weeds and wild 
relative plants present in the productive valleys of the region of Arica and Parinacota.  
 
MATERIALS AND METHODS 
During 2012-2015 years a total of 713 leaf samples from tomato crops, weeds and wild relative plants, 
were collected in three vegetable producing valleys of Arica and Parinacota region (Azapa, Lluta and 
Chaca). Total DNA of each sample was extracted using the protocols of Dellaporta et. al (1983). Viral 
DNA was detected by dot blotting, using specific digoxigenin (DIG)-labelled DNA-probes for TYVSV 
and ToLDeV. 
 
RESULTS 
The results indicated that 43% of total samples analyzed were positive for TYVSV, while 16% were 
positive for ToLDeV. The prevalence for TYVSV and ToLDeV in Azapa valleys was 49.88% and 
16.47%, while Lluta was 34.85% and 11.7% and finally Chaca valley was observed 43.25% and 
20.75% respectively. In addition, 8.3% of the samples showed mixed infection.  
 
CONCLUSIONS 
This study showed evidence that TYVSV and ToLDeV were widespread distributed in the three 
productive valleys of Arica and Parinacota region, in the north of Chile. TYSV showed a higher 
prevalence than ToLDeV. So far, there is no report of the presence of these viruses or its whitefly 
vector in other tomato growing areas of the country. Begomoviruses are an emerging threat worldwide 
and in Latin America because its causes severe damage to major crops. Therefore, effective 
management practices should be put in place to prevent their spread into virus free locations in the 
country. 
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Sepúlveda R., P. 2011. Virus trasmitidos por insectos vectores en tomate en la Región de Arica y 
Parinacota: situación actual y manejo. 64 p. Boletín INIA Nº 224. Instituto de Investigaciones 
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ABS000 
Prevalence of three emerging virus affecting tomato crop in the north of Chile. 

 
Claudia Rojas Bertini (1), Jesús Navas-Castillo (2), Katherine Plaza Gómez (1), Paulina Sepúlveda 

Ramírez (3) and Marlene Rosales Villavicencio(1). 
 

(1) Pontificia Universidad Católica de Chile (carojas12@uc.cl), Santiago, Chile,(2) Instituto de 
Hortofruticultura Subtropical y Mediterránea "La Mayora" (IHSM-UMA-CSIC), España        (3) 

Instituto de Investigaciones Agropecuarias, INIA, Santiago, Chile 
 

 

Tomato crop is the most important vegetable cultivated in Arica and Parinacota region, in the north 

of Chile, being Azapa valley the main provider of tomato for fresh consumption in central Chile during 

the winter season. In 2007 tomato crops were affected by viral diseases causing losses between 30 

- 70% of the yield. Surveys conducted in years 2009-2011 indicated the presence of new emerging 

viruses in the area: Tomato yellow vein streak virus (TYVSV) and Peru tomato mosaic virus (PTV). 

Later on, a second begomovirus was identified in this region, Tomato leaf deformation virus 

(ToLDeV). The purpose of this work was to asses the prevalence of these viruses in three productive 

valleys of Arica and Parinacota region (Azapa, Lluta and Chaca valleys). During the period 2012 - 

2015 a total of 713 samples from tomato crops, weeds and wild relative plants, were collected in 

these area. Each sample was analyzed by molecular hybridization of total DNA and RNA using 

specific Digoxigenin (DIG)-labelled probe for TYVSV, ToLDeV and PTV. From the total of total 

samples analyzed, 43.89% were positive for TYVSV, while 30.93% were positive for ToLDeV. Up to 

now, 214 samples have being analyzed for the presence of PTV, with a 26.17% of them positive for 

this virus. Furthermore the results indicated the presence of mixed infection between them: 12.66% 

of the samples showed mixed infection between TYVSV and ToLDeV, 10.7% were positive to TYVSV 

and PTV and 8.5% resulted positive to ToLDeV and PTV. Furthermore, tomato plants were monitored 

for symptom development for a period of 16 weeks, after mechanical inoculation of PTV. The 

symptoms observed were mosaics, stunting and general decay of the plants. Thus, three emerging 

virus (TYVSV, ToLDeV and PTV) were widespread distributed in the three productive valleys of Arica 

and Parinacota region, in the north of Chile. So far, there is no report of the presence of these viruses 

in other tomato growing areas the country. Therefore, effective management practices should be put 

in place to prevent their spread into virus free locations in the country. 
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