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Abstract 

Virus diseases are one of the most devastating barriers for a successful and commercial production of tomato 

esculentum). The study aims to review the status of selected virus diseases of tomato and to overview the advancement in host

resistance against the virus diseases. Tomato yellow leaf curl virus (TYLCV), Tomato spotted wilt virus (TSWV), Toba

mosaic virus (TMV), Tomato mosaic virus (ToMV), Cucumber mosaic virus (CMV) and  Tomato mottle virus (ToMoV) are 

the most devastating virus diseases of tomato. Various cultural, integrated, resistant and chemical methods (against insect 

vectors) have been developed to reduce the yield loss due to virus diseases; however, only host resistance were effective to 

some extent. The wild families of tomato Lycopersicon pimpinellifolium, Lycopersicon peruvianum, Lycopersicon cheesmani, 

Lycopersicon peruvianum and Lycopersicon pimpinellifolium have robust resistance against Tomato yellow leaf curl virus. 

Similarly Pimpertylc-J-13, Chepertylc-92 and hybrid Mirella are some other lines which have resistance against TYLCV of 

Tomato. Lycopersicon pimpinellifolium, Ly

been identified having resistant characteristics against Tomato spotted wilt virus. Tomato varieties Pearl Harbour and 

Manzana have strain-specific resistant. Several tomato hybr

Wilt Virus. The dominant genes Tm-22 and Tm

Tobacco mosaic virus in different regions of Asia. Transgenic line 4174 hav

by TMV. Several wild species of Tomato have exhibited resistance against Cucumber mosaic virus; however, due to 

polygenic nature of the resistance and plant infertility problems the development of durable re

disease is not much successful. Durable resistance to Tomato mottle virus has been obtained from different wild species of 

Lycopersicon spp. The treatment of Tomato plants with plant growth

induced resistance against Tomato mottle virus. Latest researches have been concentrated on genetic engineering which 

focus on the manipulation, modification and inclusion of resistant genes from other species, none host species and also from 

the pathogen itself; however, the worries on negative impacts of transgenic crops must be cleared by further research and 

findings. 
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Introduction 

Tomato is one of the major vegetable crops under 

family having immense economic importance.

fungal, bacterial and viral pathogens cause diseases on Tomato. 

Many of the diseases are economically very important as the 

losses due to the diseases range from 5 to 90 %

are one of the major hindrances for a successful and economic 

cultivation of tomato.  

 

Plant viruses have been an important sector on plant pathology 

after the identification of Tobacco mosaic virus at the end of 

nineteenth century. Virus infection causes severe economic loss 

directly by reducing the quality and quantity of the crop, by 

infection of propagation material and by increasing the cost of 

cultivation from several control measures that must be taken to 

prevent the crops from virus infection. The losses due to viral 

diseases are very high particularly in the tropics and semi
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Virus diseases are one of the most devastating barriers for a successful and commercial production of tomato 

esculentum). The study aims to review the status of selected virus diseases of tomato and to overview the advancement in host

resistance against the virus diseases. Tomato yellow leaf curl virus (TYLCV), Tomato spotted wilt virus (TSWV), Toba

mosaic virus (TMV), Tomato mosaic virus (ToMV), Cucumber mosaic virus (CMV) and  Tomato mottle virus (ToMoV) are 

the most devastating virus diseases of tomato. Various cultural, integrated, resistant and chemical methods (against insect 

een developed to reduce the yield loss due to virus diseases; however, only host resistance were effective to 

some extent. The wild families of tomato Lycopersicon pimpinellifolium, Lycopersicon peruvianum, Lycopersicon cheesmani, 

nd Lycopersicon pimpinellifolium have robust resistance against Tomato yellow leaf curl virus. 

92 and hybrid Mirella are some other lines which have resistance against TYLCV of 

Tomato. Lycopersicon pimpinellifolium, Lycopersicon hirsutum, Lycopersicon  chilense and Lycopersicon  peruvianum have 

been identified having resistant characteristics against Tomato spotted wilt virus. Tomato varieties Pearl Harbour and 

specific resistant. Several tomato hybrids having Sw-5 gene were resistance against Tomato Spotted 

22 and Tm-2 which is an allelic of Tm-22 have considerable level of resistance against 

Tobacco mosaic virus in different regions of Asia. Transgenic line 4174 have ample resistance against mechanical infections 

by TMV. Several wild species of Tomato have exhibited resistance against Cucumber mosaic virus; however, due to 

polygenic nature of the resistance and plant infertility problems the development of durable resistant varieties against the 

disease is not much successful. Durable resistance to Tomato mottle virus has been obtained from different wild species of 

Lycopersicon spp. The treatment of Tomato plants with plant growth-promoting rhizobacteria (PGPR) augme

induced resistance against Tomato mottle virus. Latest researches have been concentrated on genetic engineering which 

focus on the manipulation, modification and inclusion of resistant genes from other species, none host species and also from 

pathogen itself; however, the worries on negative impacts of transgenic crops must be cleared by further research and 

Genetic engineering, plant virus, resistance, solanaceous, transgenic crops. 

Tomato is one of the major vegetable crops under Solanaceous 

family having immense economic importance. Numerous 

fungal, bacterial and viral pathogens cause diseases on Tomato. 

economically very important as the 

losses due to the diseases range from 5 to 90 %
1
. Virus diseases 

are one of the major hindrances for a successful and economic 

Plant viruses have been an important sector on plant pathology 

the identification of Tobacco mosaic virus at the end of 

nineteenth century. Virus infection causes severe economic loss 

directly by reducing the quality and quantity of the crop, by 

infection of propagation material and by increasing the cost of 

on from several control measures that must be taken to 

prevent the crops from virus infection. The losses due to viral 

diseases are very high particularly in the tropics and semi-

tropics regions due to congenial conditions for the perpetuation 

of viruses and their vectors
2
. 

 

Generally plant virus diseases are a serious threat for tomato 

production because of unavailability of an impeccable measure 

of disease management. Search of viral disease control 

measures which is efficient, cheap, durable and friendly

environment and human health has been continued from last 

many years. Various cultural, integrated, resistant and chemical 

methods (against insect vectors) have been confirmed to reduce 

the yield loss due to virus diseases. 

 

Primarily, development of resistant genotypes and use of 

cultural measure to control virus and its vectors were two major 

sectors of study. Cultural management is not much effective and 

the farmers are reluctant to follow the fixed schedule of various 

cultural activities. Therefore, the only effective measure to 

reduce the losses by plant viruses is use of resistant varieties; 
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Status of host resistance against selected viral diseases of tomato crops 

Virus diseases are one of the most devastating barriers for a successful and commercial production of tomato (Lycopersicon 

esculentum). The study aims to review the status of selected virus diseases of tomato and to overview the advancement in host 

resistance against the virus diseases. Tomato yellow leaf curl virus (TYLCV), Tomato spotted wilt virus (TSWV), Tobacco 

mosaic virus (TMV), Tomato mosaic virus (ToMV), Cucumber mosaic virus (CMV) and  Tomato mottle virus (ToMoV) are 

the most devastating virus diseases of tomato. Various cultural, integrated, resistant and chemical methods (against insect 

een developed to reduce the yield loss due to virus diseases; however, only host resistance were effective to 

some extent. The wild families of tomato Lycopersicon pimpinellifolium, Lycopersicon peruvianum, Lycopersicon cheesmani, 

nd Lycopersicon pimpinellifolium have robust resistance against Tomato yellow leaf curl virus. 

92 and hybrid Mirella are some other lines which have resistance against TYLCV of 

copersicon hirsutum, Lycopersicon  chilense and Lycopersicon  peruvianum have 

been identified having resistant characteristics against Tomato spotted wilt virus. Tomato varieties Pearl Harbour and 

5 gene were resistance against Tomato Spotted 

22 have considerable level of resistance against 

e ample resistance against mechanical infections 

by TMV. Several wild species of Tomato have exhibited resistance against Cucumber mosaic virus; however, due to 

sistant varieties against the 

disease is not much successful. Durable resistance to Tomato mottle virus has been obtained from different wild species of 

promoting rhizobacteria (PGPR) augmented the 

induced resistance against Tomato mottle virus. Latest researches have been concentrated on genetic engineering which 

focus on the manipulation, modification and inclusion of resistant genes from other species, none host species and also from 

pathogen itself; however, the worries on negative impacts of transgenic crops must be cleared by further research and 

tropics regions due to congenial conditions for the perpetuation 

Generally plant virus diseases are a serious threat for tomato 

production because of unavailability of an impeccable measure 

of disease management. Search of viral disease control 

measures which is efficient, cheap, durable and friendly to 

environment and human health has been continued from last 

many years. Various cultural, integrated, resistant and chemical 

methods (against insect vectors) have been confirmed to reduce 

the yield loss due to virus diseases.  

resistant genotypes and use of 

cultural measure to control virus and its vectors were two major 

sectors of study. Cultural management is not much effective and 

the farmers are reluctant to follow the fixed schedule of various 

, the only effective measure to 

reduce the losses by plant viruses is use of resistant varieties; 
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however, the evolution and durability of resistance genotypes 

have been a persistent challenge for the scientists.  

 

Rigorous works on resistant breeding have been conducted since 

many years to manage the virus diseases of tomato. The work 

on resistant genotypes against plant viruses has been a prime 

concern of agriculture researcher; however, large-scale and 

long-term use of resistant cultivars generally results in evolution 

of virulent pathotypes. The success on resistant breeding 

became speedup after the inclusion of various molecular level 

techniques and strategies. 

 

Furthermore, the rapid development of use of biotechnological 

methods on development of resistance genotypes must be 

studied in relation to tomato plant virus management. Latest  

researches have been concentrated on genetic engineering which 

focus on the manipulation, modification and inclusion of 

resistant genes from other species, none host species and also 

from the pathogen itself. The higher success and effectiveness 

of trans-gene against virus has attracting the scientist 

community to continue further work
3
.  

 

The results obtained by the use of genetic engineering in 

resistant breeding of tomato against virus diseases have been 

very worthy and fruitful; however, the impact of the measure on 

environment and human health
2
 must be verified for wider 

acceptability of the approach. Therefore, the study was 

conducted to review the status of selected virus diseases on 

tomato and to overview the advancements in resistance breeding 

against the viral diseases of tomato. 

 

Major viruses of tomato 

The plant viruses were classified in to 129 groups in 1939; 

however, the latest virus taxonomy lists 977 officially 

recognized and some provisional plant virus species under 9 

families and 33 genera
4
. The studies carried out on viruses 

before early 1980s were mainly focused on physicochemical 

characterization of protein and nucleic acid components of plant 

viruses and investigation of genetics of viruses with the help of 

recombination and chemical mutagenesis techniques.  

 

The introduction of recombinant DNA technology in the early 

1980s headed the plant virus studies towards the quick 

information on viral genome organizations, expressions and 

gene functions
2
.  

 

Tomato is susceptible to more than 200 diseases
5
, in which virus 

diseases have considerable importance all around the world. 

Because of lack of awareness and presence of congenial 

environment to insect vectors, the severity is high in countries 

with warm and humid climate.  
 

There are more than 10 tomato virus diseases which occur 

repeatedly and have considerable economic importance
6
. Some 

of the important virus diseases of tomato crops are listed in 

Table-1. 

Table -1: Major Tomato Viruses, Economic Losses and 

Distributions. 

Pathogen Acronym 
Economic 

loss 
Distribution 

Tomato yellow leaf curl 

virus (TYLCV) 

up to 

100% 
World wide 

Tomato Spotted Wilt 

Virus (TSWV) 

up to 

90% 
World wide 

Tobacco mosaic virus 

(TMV) 
20- 30% worldwide 

Tomato Mosaic Virus moderate worldwide 

Cucumber mosaic virus 

(CMV) 

up to 

40% 
worldwide 

Tomato Mottle Virus 
up to 

90% 

North America, 

USA 

Tomato Mosaic 

Tobamovirus (TmMV) 

up to 

25% 
World-wide 

Tobacco etch virus 

(TEV) 
low 

East Asia, South & 

Central America, 

USA, Canada, 

China, Mexico, 

Venezuela 

Tomato infectious 

chlorosis crinivirus 

low to 

moderate 
USA and Italy 

Tomato Aspermy 

Cucumovirus (TmAyV) 

low to 

moderate 

Eurasia, Australia, 

Canada, India, 

Japan, USA and 

former USSR. 

Tomato Ringspot 

(TmRsV) 

low to 

moderate 

North America, 

former U.S.S.R., 

Japan and 

sporadically in 

Europe. 

Tomato Black Ring 

Nepovirus (TmBRV) 
low 

Brazil, Canada, 

Europe, India, 

Japan, Kenya, 

USA, former USSR 

Tomato Golden Mosaic 

Geminivirus (TmGMV) 
low 

Brazil, Venezuela, 

Africa and Asia 
 

Plant breeding either by traditional techniques or by latest 

molecular techniques have been widely used to develop host 

resistance against the plant viruses. The use of conventional 

breeding and virus screening techniques has ensued few 

resistant tomato cultivars; however, the number of varieties 

developed by the methods having high commercial value with 

resistant qualities are feeble
7
.  

 

The breeding techniques enable the plants to resist disease 

invasion, either by inducing the characters which is disgusting 

to the insect vectors or by acquiring physical or chemical 

qualities to the crop which help to complete the life cycle 

normally even when attacked by pests
8
. Some of the identified 

genes which have resistance against selected tomato viruses are 

presented in Table-2. 
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Table-2: Genes for Virus Resistance in Commercial Varieties 

of Tomato 

Virus Genes 

Tobacco mosaic virus (TMV) TM-2 square 

Tomato spotted wilt virus (TSWV) SW-5 

Tomato yellow leaf curl virus (TYLCV) Oligogenic 

 

The distribution of major viral diseases and the latest status of 

resistance against the diseases are discussed below. 
 

Tomato Yellow Leaf Curl Virus (TYLCV): Tomato yellow 

leaf curl virus was first reported in Israel on tomato. TYLCV 

species fall in Begomovirus genus in the Family Geminiviridae. 

TYLCV is a whitefly-transmitted devastating virus disease 

complex of cultivated tomato crops mainly in tropical and warm 

temperate regions. The losses due to the disease in the regions 

have been reported up to 100%
9
. TYLCV has been reported as 

one of the most devastating virus diseases of tomato in Spain, 

Italy, Portugal and France. TYLCV is also very devastating in 

most eastern Mediterranean countries, few areas of sub-Saharan 

Africa, Asia, Australia, and the Caribbean. The disease was first 

recorded in North Florida and South Georgia in 1998
10

.  
 

Whitefly (Bemisia tabaci) is the main vector of the disease 

TYLCV. The insect vector transmit the disease in a persistent 

and circulative manner; however, the disease is not transmitted 

through mechanical means or by seed. TYLCV isolates are 

monopartite and reside geminate, quasi- isometric particles 

having 20 nm diameter and 30nm length
11

.   

 

Genetic Resistance: Both genetic resistance and tolerance have 

been identified in several cultivated species of tomato affected 

by whitefly-transmitted Gemini-viruses. Most cultivated tomato 

species have considerable level of genetic variability in their 

primary and secondary gene pools. Resistance with monogenic 

control have been identified against TYLCV when crossing 

between Lycopersicon esculentum and Lycopersicon  

pimpinellifolium results in to partial dominance over 

susceptibility
12

.  

 

The initial attempts to explore resistance sources against 

TYLCV within Lycopersicon  esculentum revealed only few 

moderately resistant and tolerant genotypes. However, extended 

studies exposed that the wild relatives of tomato Lycopersicon 

pimpinellifolium and Lycopersicon peruvianum have 

considerable resistance against TYLCV. A study conducted in 

Mediterranean region also proved that the wild species 

Lycopersicon cheesmani, Lycopersicon peruvianum and 

Lycopersicon pimpinellifolium have acceptable level of 

resistance against the TYLCV
13

. One of the resistance 

mechanism in some wild species of tomato was the trapping of 

whitefly by some exudates which is produced from their 

Trichome glands present on the leaf surface
14

. 

Similarly, tomato genotypes Pimpertylc-J-13 and Chepertylc-92 

have also decent resistant against the TYLCV. The robust 

hybrid variety Mirella having resistance to Tomato Yellow Curl 

Leaf Virus was developed in Turkey
15

. In addition, several other 

F1 hybrids developed for cultivation in green house and on field 

acquire partial resistance against the Tomato yellow leaf curl 

virus (TYLCV) are available in the market. The tolerance on 

these varieties were acquired from various wild Lycopersicon 

species and the degree of  tolerance on these varieties varied 

based on region, virus strains and the inoculums pressure
16

.  

 

Tomato Spotted Wilt Virus (TSWV) 

Tomato Spotted Wilt Virus infection was first reported in 1906; 

however, detail information on the disease was revealed by 

Australian researchers in 1919
17

. Initially the disease was 

mainly devastating in tropical and subtropical regions, but 

subsequently it has been extended to all over the world
18

. 

TSWV has very wide host range, so it causes paramount 

economic losses in several crops. TSWV affects more than 800 

different plant species of annual and perennial plants from 82 

different families
19

. TSWV damages wide varieties of 

greenhouse vegetables grown in the United States, Canada, 

Eastern Europe and South America
20

. 

 

Genetic Resistance: Initially, the development of genetic 

resistance against TSWV has been mainly focused on screening 

of source of resistance in different Lycopersicon spp. 

Subsequently, the attempts for the development of transgenic 

plants by acquiring resistance from other species and pathogen 

against the disease have been continued for more than 20 years. 

The resistant reaction against tomato spotted wilt virus has been 

determined by a single dominant gene in three Capsicum 

Chinese accessions (PI152225, PI159236 and 7204)
20

. 

 

Lycopersicon pimpinellifolium was first identified as source of 

resistance against the disease, and then the resistance has been 

identified in Lycopersicon hirsutum, Lycopersicon chilense and 

Lycopersicon  peruvianum
21

. Initially, five strain-specific 

resistance genes, two dominant genes and three recessive genes 

were identified against the disease
22

. Later, Cultivar Pearl 

Harbour also showed strain-specific resistance for few years; 

however, the resistance was promptly broken down by new 

isolates of the virus. The strain specific resistance against the 

disease was also identified in Argentinean cultivars Rey De 

Tempranos and Manzana; nevertheless, the resistant was also 

not durable. Another study conducted on cultivar Stevens has 

revealed accountability of a single dominant gene (SW) for the 

resistance against the TSWV
23

.  

 

At present, several countries have offered different commercial 

hybrids resistant cultivar against the disease with different 

genetic background. Two tolerant hybrid cultivars Titan and 

BHN 110 have been also available in the market
24

. 

Subsequently, several tomato F1 hybrids having resistance gene 

Sw-5 have been developed in many countries to control the 
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Tomato Spotted Wilt Virus
5
. Seed companies are developing 

several resistant hybrids which are now at advanced 

experimental stages. 
 

Tobacco Mosaic Virus (TMV) 

Tobacco mosaic virus (TMV) is one of the most widely 

distributed virus diseases of the crops. The disease causes 

significant economic losses in tomato in all over the world. 

TMV is known as one of the most stable viruses as it can 

survive in dried plant debris up to 100 years
6
. The main modes 

of transmission for TMV are mechanical, seed and products 

made from infected tobacco plants. The virus generally does not 

have any insect vectors.  
 

Few mild strains of TMV produce latent infection in resistant or 

tolerant varieties after a long and wider cultivation
6
. The genetic 

control of TMV in tomato is monogenic and dominant in many 

cases. The dominant gene Tm-22 and another dominant gene 

Tm-2, which is allelic of Tm-22 have controlled the resistant 

response against TMV in different Asiatic regions and other 

countries
25

. A linkage between the TMV resistance and 

resistance to Fusarium oxysporum forma species Radicii 

lycopersici (FORL) was observed, first with Tm-2 then with 

Tm-22
26

.The detail study of the linkage between Frl gene which 

controls the FORL resistance and the TMV resistance genes 

revealed several FORL resistant lines among the TMV resistant 

lines
27

.  

 

The field evaluation of transgenic plants developed for TMV 

resistance comprised of two tomato lines venting the CP gene of 

the TMV U1 strain was conducted in 1988
28

. The transgenic 

plants showed ample resistance against mechanical infections of 

TMV. Only 5% transgenic plants were infected till the 

completion of the experiment as compared with 99% infected 

plants in the control treatments. The field observation was 

verified by conducting Quantitative ELISA analysis by 

revealing a feeble amount of virions accumulation in tested 

transgenic tomato plants.  

 

Tomato Mosaic Virus (ToMV) 

Several strains of tomato mosaic viruses (ToMV) infects tomato 

and cause Tomato mosaic disease. Significant losses occur in 

tomato production due to this virus. The infection of the disease 

in seedling stage and at transplanting stage causes utmost 

economic losses by reducing yield, size and quality of the 

fruits
29

.   

 

No insect vectors are reported. The primary sources of inoculum 

of the virus are contaminated seeds carrying the virus on their 

seed coat and infested plant debris. Initial infection usually 

occurs during transplanting from contaminated seed and soil due 

to mechanical abrasion of seedlings
30

.  

 

Several wild species of Lycopersicon spp have been identified 

as source of durable resistance against ToMV disease
31

. ToMV 

resistance tomato plants have been developed from the tomato 

cultivars who expressed the CP gene of ToMV. A trial 

conducted under field condition showed that the transgenic line 

4174 was almost free from ToMV disease as compare to the 

control plants showing 93% infection. The similar experiment 

revealed that the transgenic line 4174 have significant resistance 

also against TMV as about 93% of the tested transgenic plants 

were free from TMV-U1. The studies so far concluded 

advocated that if we can combine the CP genes of both ToMV 

and TMV an elite tomato varieties with high levels of resistance 

to both Tobamo-viruses can be obtained
28

.  

 

Cucumber Mosaic Virus (CMV) 

CMV is one of the plant viruses which have very wide host 

range. The virus is transmitted by aphids in a non persistent 

manner. CMV does not transmitted through seed in tomato, and 

is does not survive in plant debris, in soil or on any body parts 

of field workers
6
. 

 

Several wild species of tomato have significant level of 

resistance against CMV
32

. However, due to polygenic nature of 

the resistance and plant infertility problems no robust resistant 

varieties have been developed so far for commercial purposes. 

Four Bio Control Agents (BCA) have been identified against the 

virus after continuous testing of the inoculated tobacco, pepper 

and tomato plants. The four BCA were prepared by exploiting 

the properties of satellite RNA. Subsequent inoculations of the 

isolates in several other plant species verified the resistant 

qualities of the BCA as the inoculated plants had very mild 

disease symptoms
33

.  
 

Many isolates of CMV containing satellite RNAs sometime 

cause severe necrosis on tomato plants; however, in most cases 

the isolates generally reduce the symptoms of CMV infection. 

The satellite RNAs of CMV affect the infected plants by 

reducing the disease symptoms, or by increasing the disease 

symptoms or by not interfering on disease symptoms. The CMV 

strains carrying satellite RNAs used in cross protection against 

CMV has reduced the symptoms of CMV in several vegetables. 

The areas where cross protection has been widely used was 

almost free from Satellite RNA which causes necrosis in tomato 

crops. The application of mild concentration of the BCAs in 

protected plants reduced aphid transmission and thus the disease 

spread into non inoculated plants. The cross protection procured 

by using CMV strains having satellite RNAs provided better 

protection as compare to the cross protection acquired by CMV 

strains without satellite RNAs. All the studies declared that the 

protecting satellite RNAs have been operative against CMV 

isolates which have necrogenic satellite RNAs
33

. 
 

Transgenic plants were very effective against the mechanical 

inoculations of the disease because almost all the mechanically 

inoculated transgenic plants were free from infection as 

compare to the mechanically inoculated control plants where 

more than 80% plants were became infected. The growth of 

transgenic plants were very vigorous whether or not they were 
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inoculated, and the plants produced a 17-fold higher fruit yield 

as compare to CMV-infected control plants. The transgenic 

plants have complete resistant to many CMV field isolates
34

. A 

tomato cultivar containing the Tm-22 gene for resistance to 

TMV has been successfully used as parent donor to develop a 

tomato plants which can expresses the CP gene of CMV strain 

WL
35

. The transgenic plants have been proved as an excellent 

CMV resistance by testing the plant under greenhouse 

conditions and under field conditions in New York in two 

successive years
36

.  

 

Tomato Mottle Virus (ToMoV)  

The Tomato mottle virus was first identified in 1989. The 

ToMoV falls under Gemini virus group, and is   transmitted 

through white flies and by mechanical means. Consequently, the 

virus has been widely distributed in all tomato producing areas 

of the world. A link has been identified between the ToMoV 

epidemics and severe outbreaks of sweet potato whitefly 

Bemisia tabaci in USA
37

.   

 

Tomato plants treated with industrially formulated plant growth-

promoting rhizobacteria (PGPR) enhanced the induced 

resistance against Tomato mottle virus (ToMoV). The PGPR 

strains which have enhanced the induced resistance against 

ToMoV were Bacillus amyloliquefaciens 937a, Bacillus subtilis 

937b and Bacillus pumilus SE34
38

.  

 

Tomato Black Ring Nepovirus (TmBRV) 

TmBRV is widespread mostly in Europe; however, one strain 

named Cacao Necrosis Virus was reported in West Africa. A 

number of strains of TmBRV have been described, based on 

symptoms and serological relationship
39

. TmBRV consists of 

three types of isometric particles (T, M and B) of 30-nm 

diameter. T particles contain no RNA, whereas M and B 

particles contain different RNA quantities (RNA-1 and RNA-2). 

RNA-1 and RNA-2 carry genetic information and although both 

alone are infective, symptoms of infectivity are more 

pronounced when plants are inoculated with both RNAs 

together.  

 

Conclusion  

Various attempts have been made through cultural, integrated, 

resistant and chemical methods (against insect vectors)   to 

reduce the yield loss due to virus diseases; however, only 

resistance genotypes were significantly effective.  

 

Scientists have developed several resistant genotypes using 

conventional and latest breeding methods and technology 

against the tomato virus diseases. Furthermore, enormous 

successes have been made in molecular study to develop 

resistant genotypes against the tomato viruses. Few of the main 

sectors in which success have been achieved include selection 

of resistant plants through molecular markers, development of 

transgenic plants by the use of trans-gene through cross 

protection and engineered protection etc. Marker- assisted 

selection will be primarily worthwhile in coming years in the 

introgression of resistance genes from wild species or from the 

parents having poor agronomic characteristics. 

 

Similarly, transgenic resistance offers great potential to combine 

resistance to several viruses in one genotype. The researches on 

development of resistance cultivars against virus diseases of 

crops by combining host and pathogen-derived genes will have 

paramount importance in future. The combined effects of host 

and pathogen derived resistant genes may provide a synergistic 

effect and can ensure a durable protection against different virus 

diseases. Despite the high success of transgenic crops, there are 

still a lot of suspicion about the impact of this method on 

environment and human beings, therefore additional advanced 

research must be conducted to verify the pro and cons of virus-

resistant transgenic crops before an extensive use in agricultural 

sectors.  
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