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LIST OF ABBREVIATIONS  

 

TYLCV – tomato yellow leaf curl virus 

VC- Volcani Center 

NIL – Near isogenic line 

DPI – Days post inoculation 

DSI - Disease-severity index 
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1 PUBLISHABLE SUMMARY 
The tomato is one of the most important agricultural vegetables. Tomatoes are grown in 

large areas, both in open field and under protected structures. One of the most hazardous 

threats to tomato production is the begomovirus Tomato yellow leaf curl virus (TYLCV). 

Members of the Begomovirus genus are transmitted by the whitefly Bemisia tabaci (Gennadius) 

and infect dicots. Begomoviruses are transmitted in a persistent, circulative manner, e.g. once 

the whitefly acquires the virus from an infected plant, transmission can occur within hours and 

continue for the life span of the whitefly. Due to the large numbers of whiteflies, and their 

worldwide spread, TYLCV has long become a major threat to tomato production. TYLCV genome 

consists of a single circular single-strand DNA, of nearly 2800 nucleotides. 

TYLCV control measures usually rely on heavy application of insecticides, or growing the 

plants under protected covers, to inhibit the spread of the whitefly vector. The heavy 

insecticides application is not efficient enough and has hazardous effect on the environment. 

Growing plants under protected covers is expensive and creates problems of overheating and 

shading. Natural virus resistance is of major agricultural importance and an attractive solution 

for viral diseases in general, and particularly to whitefly-transmitted viruses. Indeed, many 

breeding programs aimed at developing TYLCV-resistance, were initiated. Today, five resistance 

loci have been mapped and characterized, termed Ty-1 to ty-5. Ty-1 to Ty-4 exhibit dominance 

inheritance, while ty-5 is recessive. Ty-1 and Ty-3 were found to be alleles of the same resistant 

gene. When tested for their effect on TYLCV infection, it was found that Ty-1/Ty-3 and ty-5 have 

a major inhibitory effect on TYLCV, while Ty-2 and Ty-4 are more minor.  

TYLCV-resistant tomato plants containing the resistant loci Ty-1/Ty-3 were grown in the field 

in Jordan. Surprisingly, the resistant plants expressed severe disease symptoms. It was found 

that the plants were infected with TYLCV and with a satellite DNA known as betasatellite. 

Apparently, the presence of the betasatellite broke down this specific TYLCV resistance. 

Betasatellites are small DNA molecules associated with various monopartite begomoviruses. 

The genome of betasatellites is composed of a circular ssDNA molecule, encoding a single gene, 

BetaC1. The BetaC1 gene codes for a protein which is a suppressor of gene silencing. It was 

shown that in many instances, the plants infected with both a begomovirus and a betasatellite 

developed much more severe symptoms when comparing to the same plant infected with the 

virus alone. Today it is thought that the BetaC1 suppresses the gene silencing of the infected 

plant, and thus the virus can induce extremely severe symptoms, or in the case of TYLCV plus 

betasatellite induce breakdown of genetic resistance.  

Our working hypothesis was that while the combination of TYLCV plus betasatelite can 

indeed breakdown TYLCV resistance, a combination of two or more resistance genes may hold 

under the joint attack of the virus and betasatellite. Hence, we have developed near-isogenic 

tomato lines (NIL) carrying all possible combinations of the four known TYLCV-resistant loci, Ty-

2 through ty-5, in the same genetic background. We have developed 16 tomato NIL’s, from 
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susceptible line to lines containing combinations of two, three and four resistant loci. The NIL’s 

were inoculated with either TYLCV alone, or with TYLCV and betasatellite, and tested for their 

resistance level. Indeed, it was found that tomato lines expressing a combination of TYLCV-

resistance genes exhibited a very high level of resistance to both TYLCV and betasatellite.  The 

developed NIL’s are available via Volcani Center, ARO, R&D unit, “kidum”.  
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2 INTRODUCTION  
 

One of the most hazardous threats to tomato production is the begomovirus Tomato yellow 

leaf curl virus (TYLCV). Members of the Begomovirus genus are transmitted by the whitefly 

Bemisia tabaci (Gennadius) and infect dicots. Due to the large numbers of whiteflies, and their 

worldwide spread, TYLCV has long become a major threat to tomato production. 

TYLCV control measures usually rely on heavy application of insecticides, or growing the 

plants under protected covers, to inhibit the spread of the whitefly vector. The heavy 

insecticides application is not efficient enough and has hazardous effect on the environment. 

Growing plants under protected covers is expensive and creates problems of overheating and 

shading. Genetic resistance is of major agricultural importance and an attractive solution for 

viral diseases. Today, five TYLCV-resistance loci have been mapped and characterized, termed 

Ty-1 to ty-5. Ty-1 to Ty-4 exhibit dominance inheritance, while ty-5 is recessive. Ty-1 and Ty-3 

were found to be alleles of the same resistant gene (Verlaan et al., 2013). When tested for their 

effect on TYLCV infection, it was found that Ty-1/Ty-3 and ty-5 have a major inhibitory effect 

on TYLCV, while Ty-2 and Ty-4 are more minor (Lapidot and Levin, 2017).  

TYLCV-resistant tomato plants containing the resistant loci Ty-1/Ty-3 were grown in the field 

in Jordan. Surprisingly, the resistant plants expressed severe disease symptoms. It was found 

that the plants were infected with TYLCV and with a satellite DNA known as betasatellite. 

Apparently, the presence of the betasatellite broke down this specific TYLCV resistance. 

Betasatellites are small DNA molecules associated with various monopartite begomoviruses. 

The genome of betasatellites is composed of a circular ssDNA molecule, encoding a single gene, 

BetaC1. The BetaC1 gene codes for a protein which is a suppressor of gene silencing (Zhou, 

2013). It was shown that in many instances plants infected with both a begomovirus and a 

betasatellite developed very severe symptoms when comparing with plants infected with the 

virus alone. Today it is thought that the BetaC1 suppresses the gene silencing of the infected 

plant, and thus the virus can induce extremely severe symptoms, or in the case of TYLCV plus 

betasatellite induce breakdown of genetic resistance.  

Our working hypothesis was that while the combination of TYLCV plus betasatelite can 

indeed breakdown TYLCV resistance, a combination of two or more resistance genes may hold 

under the joint attack of the virus and betasatellite. Hence, we have developed near-isogenic 

tomato lines (NIL) carrying all possible combinations of the four known TYLCV-resistant loci, Ty-

2 through ty-5, in the same genetic background. We have developed 16 tomato NIL’s, from 

susceptible line to lines containing combinations of two, three and four resistant loci. The NIL’s 

were inoculated with either TYLCV alone, or with TYLCV and betasatellite, and tested for their 

resistance level.  
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3 RESULTS 

3.1 Development of 16 NIL’s containing different combinations of 4 

TYLCV-resistance genes Ty-2 to ty-5 
We have developed 16 NILs carrying all possible combinations of the four TYLCV-resistant loci 
(Ty-2 through ty-5). In order to do so, we have crossed a line we have developed previously 
containing three TYLCV-resistance gens – Ty-3, Ty-4 and ty-5 with a line containing Ty-2. As can 
be seen in Figure 1, we have reached plants of F4 generation, from all the different 
combinations, with TY-resistances at homozygous state. The different NIL’s are described in 
Table 1.  

 

Figure 1. Development of 16 NIL’s containing different combinations of 4 TYLCV-resistances of TY-2 to ty-5 

 
Table 1. Different TYLCV-resistance gene combination of the 16 NIL’s – from susceptible to 4 genes  

No. Gene combination 

1 Sus    

2 Ty-2    

3 Ty-3    

4 Ty-4    
5 ty-5    

6 Ty-2 Ty-3   

7 Ty-2 Ty-4   

8 Ty-2 ty-5   

9 Ty-3 Ty-4   
10 Ty-3 ty-5   

11 Ty-4 ty-5   

12 Ty-2 Ty-3 Ty-4  

13 Ty-2 Ty-3 tY-5  

14 Ty-2 Ty-4 ty-5  

15 Ty-3 Ty-4 ty-5  
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16 Ty-2 Ty-3 Ty-4 ty-5 

3.2 Screening of the NIL’s for resistance to TYLCV and betasatellite 

Seeds of the 16 different tomato NIL’s were sown in seedling trays and separated in two – half 

(16 plants per line) were inoculated only with TYLCV (TYLCV-Mld), while the other half were 

inoculated with TYLCV and with betasatellite using whiteflies - a total of 256 plants per 

inoculation. Whiteflies were allowed to feed for 48 hours either on inoculum plants containing 

only TYLCV, or on inoculum plants containing both TYLCV and betasatellite. Following the 

acquisition, the whiteflies were transferred to the test plants for a transmission period of 48 hr. 

Following inoculation, the plants were grown in an insect-proof greenhouse and monitored 

weekly for disease development.  

Symptom development was evaluated according to the disease-severity index (DSI) (Figure 2) 

as follows: 0 = no visible symptoms, inoculated plants show same growth and development as 

non-inoculated plants; 1 = very slight yellowing of leaflet margins on apical leaf; 2 = some 

yellowing and minor curling of leaflet ends; 3 = a wide range of leaf yellowing, curling and 

cupping, with some reduction in size, but plants continue to develop; 4 = very severe plant 

stunting and yellowing, pronounced leaf cupping and curling, and plant growth stops. Symptom 

severity was evaluated at 7, 14, 21 and 28 days post inoculation (DPI) (Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. TYLCV disease severity index (DSI). Taken from Lapidot & Friedmann 2002. 
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Figure 3. DSI of the different NIL’s following inoculation with TYLCV or with TYLCV and betasatellite (β). DPI = 

days post inoculation. 

 

3.3 Conclusions 

• Betasatellite has a strong negative effect on resistance conferred by Ty-2, Ty-3 and Ty-

4, and a minor effect on ty-5. 

• The plant line with a combination of 4 TYLCV-resistance genes, as well as the lines with 

a combination of 3-resistance genes exhibited a very high level of resistance to both 

TYLCV and betasatellite.  
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