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Abstract 

Tomato leaf curl disease (TLCD) is the most common viral disease in the tomato plant. It is 

caused by begomoviruses, which are viruses that cause plant development to be slowed. 

Many of the traditional disease management methods are still in use. They are, however, 

ineffective and out of date. Modern biotechnology is being used to detect illness in tomato 

plants as early as possible, thus reducing damage to the plants. Through genetic engineering, 

the spread of viruses may be controlled or prevented entirely. Here reviewed many methods 

for decreasing or eliminating the viral influence on crop growth through biotechnology and 

genomics. We also investigated the possibility of genetic engineering to reduce or remove the 

virus TLCD impact on tomato crop development. 
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INTRODUCTION: 

 

Tomatoes are a very significant vegetable crops that have gained immense popularity 

over the last century and are now grown nearly in every country all over the world [1]. Due to 

the economic importance of tomato and its role as a model for its fleshy fruit development, 

secondary metabolism, disease resistance, domestication, and evolution, significant efforts 

have been made to develop genetic and genomic resources for this species. As a result, 

tomato was chosen as the model genome for the economically important Solanaceae family 

(e.g., potato, pepper, and eggplant). The wild cherry tomato (often designated as S. 

lycopersicum var. cerasiforme) is the most likely progenitor of cultivated tomatoes, due to its 

greater distribution and possibly more recent dispersal into Mexico, Colombia and Bolivia 

[2]. Wild tomato cousins are indigenous to western South America, ranging from central 

Ecuador to northern Chile and the Galápagos Islands, along the coast and in the high Andes. 

Without a doubt, the Andean topography, the diversity of biological niches, and the range of 

temperatures all contributed to the diversity of wild tomato species [3]. 

Mineral synthesis in tomatoes is reliant upon amount and kind of mineral involved 

from development media and soil. Inadequate amounts of supplements availability show 

insufficiency indications and influence the creation and nature of tomato [4]. Sugars, dietary 
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filaments, carotenoids what's more, cell reinforcement shade named lycopene gives the red 

shading to tomatoes are available, which helps in the concealment of cancer-causing 

substances and considered valuable for the sound health of individuals [5]. Shading is vital to 

pass judgment on the nature of the product quality, and the red shade of tomato is a direct 

result of the creation of a cell reinforcement compound named lycopene.Cell reinforcement 

movement and the absolute number of carotenes in tomatoes are reliant upon age and 

assortment [6]. Tomato plants are susceptible to a variety of viral infections, the most severe 

of which is tomato leaf curl virus. In India, tomato production is severely constrained by the 

disease tomato leaf curl virus, which occurs on a regular basis (ToLCVD). [7] Numerous 

tomato leaf curl virus (ToLCV) isolates cause ToLCVD, the most severe strain being the 

tomato leaf curl new Delhi virus in north India [8].   

In India, the tomato leaf curl viral disease has had a significant negative impact on 

tomato agriculture and output [9, 10, 7]. The high frequency of tomato leaf curl viral disease 

has a severe impact on tomato agriculture, particularly in the fall in north India and 

throughout the summer season in south India, with losses frequently exceeding 90%.[11]. 

When plants are infected within the first 20 days of sowing, their growth is significantly 

slowed and they produce a small number of leaves and fruits, resulting in up to 92.3 percent 

loss [11]. Temperature appears to have an effect on virus transmission, with an optimal range 

of 33–39°C. In tomato plants, the virus remained dormant for only eight days during the 

summer and 90 days during the winter [11]. The increased incidence of leaf curl disease in 

autumn is related to the effect of temperature on viral transmission [13]. Tomato leaf curl 

disease (ToLCD), which is caused by the virus family Tomato leaf curl virus, is one of the 

most destructive tomato diseases, especially in tropical regions [14]. Infected vulnerable 

plants frequently exhibit severe leaf bending, leaf shrinkage, and stunted growth. This disease 

is believed to be caused by many species of Begomovirus (Geminiviridae family), which is 

transmitted by Whiteflies (Genn Bemisia Tabaci.). It has a mono-/bi-partite genome and, in 

some instances, requires the presence of a beta satellite molecule to initiate infection or 

exacerbate disease manifestations. In northern and western India, bipartite begomoviruses 

associated with ToLCD have been identified [15]. Among these numerous begomoviruses, 

the Tomato leaf curl New Delhi virus (ToLCNDV), discovered in India's New Delhi region, 

is extremely widespread and infects a variety of other crops. The severity of symptoms varies 

significantly, ranging from very minor to severe symptoms and plant death [16]. 

Begomoviruses and whiteflies share an intricate relationship. B. tabaci spreads TYLCV via 
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circulative transmission. TYLCV and other similar viruses have a number of detrimental 

effects on insect pathogens: they reduce the lifespan and fertility of B. tabaci and are 

occasionally transmitted transovarially; they alter the whitefly transcriptome, increasing the 

expression of genes involved in the whitefly immune response [17]. 

To understand and reduce the effect of Tomato leaf curl disease caused by virus TYLCV 

several attempts are being made. First the biotechnology of the viral gene is known and its 

expression is understood along with the genomic analysis of the plant and later genetic 

engineering methods were employed to carefully study the viral and plant genome[18]. 

Numerous crops have been evaluated using morphological and biochemical characteristics [2 

,19].Exploiting such characteristics increases our understanding of accessible genetic 

diversity, which may facilitate their use in breeding for enhanced regional adaptation to biotic 

and abiotic stressors, as well as short- and long-term breeding endeavors. 

In this article, we have reviewed information on ToLCV occurrence, pathogen variability, 

biotechnology of the virus, genomics and genetic engineering approaches to reduce the effect 

of virus on the cultivar development; and analyzing future prospects of ToLCV resistance 

breeding in tomato [20]. 

Variation and diversification in tomato yellow leaf curl virus (TYLCV) affecting 

tomato because it has been discovered in species from 16 plant families, the tomato yellow 

leaf curl virus (TYLCV) is the most available of the begomoviruses. Multiple TYLCV 

resistance sources have been discovered and are being utilized to create resistant tomato 

cultivars. Despite field-based resistance, TYLCV has risen to become the most common and 

damaging virus in tomato and pepper plants [21]. The introduction of viral resistance genes 

from wild relatives, such as Ty-1 to Ty-6, into cultivated tomato varieties, has improved viral 

resistance, but it didn’t reach 100 percent. In conjunction with TYLCV's high evolutionary 

potential, it is possible that resistance-driven selection pressure had a role in the virus's 

emergence [22]. It is necessary to make more cohesive improvements in TYLCV regulation 

in order to compensate for host resistance. Plant viruses co-evolve with their hosts and 

vectors to become more effective. The virus must thus retain its genomic structure and 

protein activity in order to transmit and replicate in vectors while still being motile. We 

developed a model for begomovirus evolution based on a typical Begomovirus 

master/founder genome and tested it in the laboratory [23]. 

The results of previous evolutionarily based studies have shown that betasatellites are 

divided into two groups: those that originate in one host and those that originate in another. 
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As a result of our results, the coadaptation of betasatellites with the help of begomoviruses is 

supported [24]. Because of the virus's repeated reproduction cycle in a host plant, selection 

may result in the virus becoming more adaptable to the host plant. The trans-replication of 

betasatellites by different begomoviruses may also contribute to genomic diversity by gaining 

homologous iteron-like patterns like human genome [25].  

These instances demonstrate the importance and usefulness of favourable modifications in 

the plant viral genome, which may be used to explain the resistant pandemic. To create more 

effective control methods in agricultural areas, it is necessary to understand how begomoviral 

populations evolve [26]. It is reasonable to suppose that many viral determinants in 

begomoviruses are unknown because of the abundance of these changes. Greater efficiency 

in genome engineering methods will result in the discovery of new viral functions [27]. 

Future studies should concentrate on multidisciplinary methods such as host-dependent and 

vector/human-mediated dispersal-based evolution to understand BGVs and their expanding 

virosphere [28]. 

 

TYLCV INCIDENCE AND OUTSPREAD: 

TyLCV was first reported in the Israeli Jordan Valley in  1930s [29, 30]and from 

India in the late 1940s. [31] first isolated and described TyLCV infection in tomatoes. Since 

then, a number of tomatoes infect Begomovirus has been explained.  More than 60 species 

and hundreds of strains and isolates have been reported from various regions of the world 

[31, 32].The emergence of TYLCV and its spread throughout the world has been very fast 

[33]. In the early 1960s, this disease was reported from the Middle East; In the middle and 

late 1970s from Jordan and Lebanon [34, 35]. 

This disease still spreads to new areas, with a recent outbreak in California [36] and Hawaii  

[37] in the US, China [38] and Trinidad & Tobago [39]. 

 

SYMPTOMOLOGY 

It was proven that TOLCV exhibition disease symptoms similar to symptoms caused 

by  Yellow Tomato Leaf Curl Virus (TYLCV). [40] mentioned that the symptoms in tomato 

plants begin in 2-3 weeks after being exposed to viruliferous white fly. Symptoms begin with 

small yellowing on margin leaflets in apical leaves and curved leaflets 
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and above and bring up the next stage. After 30 days top leaves curling, cupping and 

yellowing occurs along with arresting plant growth, flowers and fruits are detached. [37] 

proves that characteristics symptoms shown by this disease include leaf lamina 

change yellow, curved leaves up, distortion leaves, reduce internships, new sizes appear 

leaf reduced, wrinkle facade inhibits growth. Whiteflies harboring viruses can infect wide 

ranging plants and Weeds like eggplant,  potatoes, peppers, and beans. Infected plants look as 

if they are healthy but finally developing symptoms that lead to big economic losses. [42] 

illustrated that distinguishing symptoms  are exhibited by infected vulnerable plants include 

curly leaves, shrinking leaves occur and reduce plant growth. They report causal agent of this 

disease is a genus member Begomovirus, and Whitefly is considered a vector and helps in 

transmission. [43] are provoked that TLCV can show different symptoms in tomatoes. 

Nonetheless can produce infections in the wild and cultivated species without showing 

symptoms, though at both cases host will act as a reservoir for viruses. Therefore, Whiteflies 

are able to obtain and transmit viruses from non-symptomatic infected plants regardless of 

TLCV are less in encouraging disease symptom.[44] explain that symptoms of characteristics 

shown by TylCV included curling of leaflet margins up, reduce leaflets area, teens leaves turn 

yellow, growth is hampered and termination of flower is seen. 

   

MANAGEMENT OF TOLCV : 

Through different strategies, TLCV can be managed [45] with slight modifications in 

techniques.  There are several methods in conventional breeding where plant protection is 

less achieved which include like soil sterilization, crop rotation, grafting, vector management 

etc. Although these methods are well practiced but the molecular analysis and genetic 

manipulations have gained major importance in the present era to reduce the pest incidences 

and with less damage to the crop. In our review concentration was given to three main 

techniques to understand and to reduce the effect of TyLCV on plants. 

 

Biotechnology for tomato leaf curl virus: 

 

New methods and protocols have been published to understand the complete biology of the 

TOLCV virus and to reduce the incidence of the virus on the plant. A new method in 

biotechnology is studied and understood in our review in which the use of LAMP and PCR 

amplification to reduce the transmission of the virus [46]. Viruses are collected from the 
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symptomatic plants grown under controlled conditions. These viruses are not only transmitted 

by vectors (white flies) but also through the contaminated seeds. These methods were proven 

beneficial because they detect the virus at the very young seedling stage before the incidence 

of disease in the plants [47]. TOLCV is a Gemini virus belonging to Begomovirus family 

which contain (total MW 980,000 covalently closed genomic circular ssDNA [48]. The 

required primers were deisgned to detect the effect of C1RAP gene in the symptomatic plants 

so that proper management facilities can be followed [49]. 

 

Through its uniqueness this method has provided the world with a powerful diagnostic tool 

and this gained much importance in the recent years in detecting the virus before the  

development of the symptoms. With  the help of designed primers and optimized 

temperatures the samples were evaluated targeting C1RAP gene [50]. 

The PCR amplification is also considered an important step to identify the target gene[51]. 

DNA markers are designed using the resulting sequence from C1RAP genes only with 

shorter target areas taken from gene with amplicon size of 200bp [52]. 

All the samples were similar to that of the ladder which confirms the presence of the target 

gene and eventually virus incidence in the plants. Of all the samples selected for the detection 

of the presence of the virus , The samples were processed using PCR and LAMP analysis to 

investigate the early detection of the disease. Specific markers C1RAPG were designed and 

applied for detecting TOLCV in the leaves of tomato [53]. 

The Tolcv virus can not only be transmitted by whiteflies but it can also be transmitted from 

soil and seeds , the virus transmission acquisition period is 15-20 mins and latent period is 

nearly about 48 hrs. Because of the time gap for the disease spread the plant can be saved by 

early necessary treatments [54].  LAMP is a powerful tool along with PCR the detection of 

the virus is made possible. Both these methods were proven to be very advantageous 

compared to conventional methods. These methods are highly efficient and advisable because 

LAMP and PCR identified the presence of the disease in the seedling at the very early stages, 

which is quiet beneficial. Also, the presence of the virus in soil and seeds is also checked 

simultaneously to check any further spread of the disease [55]. Altogether the biotechnology 

of the tomato leaf curl virus is understood by identifying the gene that is very important and 

responsible for replicationi.e., C1RAP gene. The influencing and identified gene C1RAP 

presence was confirmed and the disease incidence is detected at the early stages before the 
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symptoms are fully expressed. In this case, the evidence on the presence of infected plants 

was strengthened before the expression of symptoms. 

 

Genomics of ToLCV: 

 

Gemini viruses are small particles usually found in pairs , they are called twin viruses 

and they do not need any helper viruses for multiplication.The diseases caused by gemini 

viruses include yellow mosaic virus of dolichos, mung bean , soybean etc, yellow vein 

mosaic of bhendi, leaf curl of tomato, tobacco , eggplant etc., and mosaic of cassava [56].  

Soo far recorded deaths of tomato plants are mainly due to leaf curl diseases, the production 

of the plants is less than 10% and loss of the plant is nearly 90%. As the name indicates 

curling of leaves, stunted growth deformed leaves are the associated symptoms of this disease 

[57]. The plant isolates are collected from symptomatic plants showing all the symptoms . 

The infected leaves are separated from the plants.   DNA from the selected samples was 

isolated using CTAB method by Rojas and co workers 2005 [58].  Three primer pairs were 

used , these primers identify TOLCV virus from tomato leaves. PCR was carried out using 

these primers and the PCR product was analyzed through gel electrophoresis, later DNA 

sequencing was carried out chain termination method by sanger and co-workers. Different 

online tools were used to analyze the TOLCv virus and other viruses belonging to 

begomovirus family. TOLCV gene sequence was analysed using BLAST N and BLAST P to 

understand their homology. Also, the coat protein sequence of this virus was translated into 

protein sequence using the tool ExPASy (Expert Protein Analysis System) which is used in 

bioinformatics [59].   Multiple Sequence Alignment was carried out between TOLCv virus 

and some other viruses belonging to the same family, where sequences are retrieved from 

NCBI database. This MSA is carried out using Clustal W software. The sequences obtained 

from MSA interprets the homology and later phylogenetic analysis was carried out. 

The similarity between different viruses is investigated using MSA tool , there are several 

viruses similar to that ofTOLCv where in which TOLCV is almost similar to TYLCV 

(Yellow tomato leaf curl virus ) having 90-99% sequence identity. Also with the help of 

NCBI, the coat protein sequence was allotted with the accession number of KC 253231 [60]. 

To understand computational phylogenetics MEGA (Molecular Evolutionary Genetic 

Analysis) version 4 was used. The phylogenetic trees were developed using Unweighted Pair 

Group Method of Arithmetic Averages , Maximum Parsimony and Minimum Evolution  
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methods. Phylogenetic trees were generated using MSA analysis with the help of Clustal W 

software. In general these viruses share similarity with other viruses in MSA was seen in the 

phylogenetic tree [61]. 

 

 

 

Also BLAST was performed between the sequences of different viruses belonging to Gemini 
viridae. The similarity between the nucleotide sequences of TOLCV New Delhi virus was 
compared with other leaf curl viruses. Highly similar sequences are selected to better 
understand the genomics of the virus. The comparison between the important sequences was 
possible usinf BLAST tool.  This review helps us to understand the ToLCV  through insilico 
analysis and proper diagnosis and development of new methods for antiviral strategy utilizing 
the genomics of the causative agent i.e., ToLCV. 
 

Genetic Engineering for ToLCV: 

 

As known Tomato is a very important horticultural crop with a global production on 50 

million hectares was however susceptible to wide range of pathogens. Mostly tomatoes are 

susceptible to leaf curl disease. Multiple approaches were developed previously to reduce the 

leaf curl virus disease and against other viruses. But the ability of the viruses to gain 

resistance agisnt different techniques stood as a challenge to eradicate viruses in crops [63]. 

Clustered regularly interspaced short palindromic repeats and associated proteins systems are 

innovative and rapidly acceptable novel method to engineer viral resistance. The CRISPR 

Cas system is known to provide good immunity response against phages.  

Here we reviewed that the CRISPR Cas 9 system can target ToLCV New Delhi virus genome 

in tomato resulting in the interference of the virus [64]. 

 

Genetic Engineering of CRISPR Cas 9 system was successfully done in tomato crop to target 

ToLCV virus. This CRISPR Cas 9 mainly targets the Coat protein of the TOLCV efficiently 

and provides interference to tomato plants upot several generations. It was observed that 

CRISPR Cas (effects the REP (Replication Associate Protein) protein, but not very effective 

compared to coat protein [65]. Here seedlings were groen upto 30 days and these 30 days old 

plants were allowed to grow for few days for agroinfiltration by vector.  The agrobacterium 

infiltration strains containing dangerous ToLCV new delhi strains was inoculated into these 

selected seedlings and were allowed to grow for few days along with control planst without 

any inoculation. 
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Total RNA was extracted from the infiltrated plants using RNA easy plant mini kit . 

Later RNA was reverse transcribed using cDNA synthesis kit. Later the levels of rgsCaM 

(Regulator of Gene Silencing Calmodulin” (rgsCaM) was observed which is naturally present 

in the plant and also inhibits the virus infection [66].  

Inducible CRISPR Cas 9 vectors were constructed using Cas9 driven by rgsCaM promotor 

and sg rna by At U6 promotor. SgRNAs were amplified by the At U6 promotor , cut and 

ligation reactions were performed . The ligated samples were transferred into Ecoli and white 

colonies were selected and observed for the results [67].  

CRISPR Cas 9 system was designed in which Cas 9 was driven by rgsCaM promotor. RT 

PCR results provided less presence of virus. Few sgRNA infiltrated samples showed lower 

presence of virus. It could be because expressions of at least one of the crisp-cas9 

construction plants sent by infiltration. We use the same order as Ali et al.  To design 

sgRNAs. Our results are almost Approval of their report, while they report more reduction In 

the accumulation of viruses in  sgRNA infiltration . But the novelty of our experiments is 

running cas9 nuclease by promoters that can be induced to activate their activities if the virus 

occurs infection. Even though the CAS9 promoter has changed, data shows Endonuclease 

Cas9 is active catalytic 

Which is a step forward to use promoters that can be induced In activating the Nuclease 

CAS9. Our results show that using Promoters that can be induced to activate endonuclease 

cas9 will Reduce Target Problems in the Crispr-Cast9 Edit Projects due to CAS9 activation 

for a short time and will have a significant contribution to crispr-cas9genome editing process 

[68]. Taking into consideration the global economic impact of viral infections In plants, it's 

no surprise that the more resources dedicated to breeding new plant varieties to compensate 

 resistant alleles that are limited. Compared with current research, real results in our review 

are promoter efficient that can be induced in activating cas9 Protein. Our results show that 

using promoters that can be induced To activate Endonuclease CAS9 is possible and CAS9 is 

active, which is very specific and different from the Stable CRISPR / CAS9 system [69]. 

 

Prospects: 

Among all the viral disease in tomato the major one is Tomato leaf curl; virus New Delhi 

strain which is very virulent and leads to reduced growth in the plants. There are several 

conventional methods to manage the disease but are not very effective and up to the mark. 
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In our review we have concentrated on different methodologies associated with the leaf curl 

virus and tomato [70]. 

The biotechnology of the through LAMP and PCR technology help us to identify the disease 

earlier so that the damage could be reduced. Before leaf drooping, drying and stunted growth 

the incidence of the disease is easily known by properly understanding its biotechnology. The 

presence of the virus is known in the earlier stages is quiet helpful so that the plant can be 

saved from maximum losses [71]. 

Also understanding the genomics of the virus is very much important as a disease control 

strategy. Each and every gene is given an accession ID and number so that particular 

sequence can be clearly identified. The detection and confirmation of the virus is possible 

through ELISA test. Also, the intensity of the virus is detected using PCR technique. The 

genomic sequencing is a very convenient and a useful method to know the proper sequence 

of the viral genome and very much helpful in comparison of sequences [72]. 

The sequence identity to the original database is confirmed by BLAST by checking the hit 

list and also the sequences can be compared with each other using Multiple Sequence 

Alignment protocol. The similar sequences can be understood using MSA and ultimately the 

phylogenetic tree can be constructed. This tree draws similar sequences on the same branches 

and separates the sequences depending upon their similarity. The tree can be properly 

visualized using a tree explorer. 

Along with these the genetic engineering methods are to employed to reduce or eradicate the 

effect of viruses on plants, in our case Tomato leaf curl virus can be completed reduced to 

zero with the help of CRISPR CAS 9 technique where the virulence region of the virus is 

removed and cloned in a particular host, when incorporated in the plant system provided a 

super resistance against TyLCV not only to that particular plant but up to fewer generations 

later. It was proven that there us lesser or no incidence of virus in the plants that were 

developed using CRISPR CAS 9 method. 

It is therefore very well understood that tomato which was a very important horticultural crop 

with many nutritional advantages and comfortable crops to grow anywhere is facing a serious 

problem due to TyLCV New Delhi virus which is affecting the entire crop growth and 

development ultimately leading to the death of the entire crop.  So, several methods were 

discussed in our review in a point of view to reduce the effect this deadly virus on the crop 

growth by understanding t the biotechnology and genomics of the virus and possible genetic 
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engineering to reduce or completely eradicate the virus in the crop using an emerging and 

wonderful technique like CRISPR CAS 9. 
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