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Abstract  

Tomato yellow leaf curl disease is a serious production problem of tomato. It is caused by 

begomoviruses known as Tomato yellow leaf curl viruses (TYLCVs).  All the cultivated tomato 

germplasm (Solanum lycopersicum) are susceptible to the viruses. Breeding for resistance relied on the 

introgression of resistance genes from wild tomato species.  So far five resistance genes: Ty-1, Ty-2, 

Ty-3, Ty-4 and ty-5 were mapped from tomato wild relatives. A major gene Ty-2 from S. habrochaites 

accession B6013 was previously mapped to 19 cM between TG393 and TG36 markers on 

chromosome 11. At present, the region was delimited to approximately 300 kb between UP15 and M1 

flanking markers. No recombinants were identified between TG36 and C2_Atg52090 markers a region 

of approximately 115 kb, demonstrating severe recombination suppression. Virus-induced gene 

silencing was used to identify the potential resistance gene in the 300 kb region. In the region 35 

candidate genes were annotated of which we silenced eight genes. The results indicate that candidate 

genes under examination did not lead to TYLCV susceptibility, except for two candidate genes: 

Receptor-like protein kinase and DNA-directed RNA polymerase II abnormal growth were observed. 

 

 

Key words: - Virus-induced gene silencing, tomato yellow leaf curl virus, Ty-2 resistance gene, 

tobacco rattle virus.  
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1. Introduction  

Tomato yellow leaf curl disease is a destructive viral disease of tomato caused by tomato-infecting 

begomoviruses known as Tomato yellow leaf curl viruses (TYLCVs). TYLCVs have been a serious 

problem over the last 15 year in many areas where there is tomato production (Polston and Lapidot 

2007). The viruses caused serious losses of tomato production in tropical and subtropical regions of 

the world. The viruses are transmitted by a vector know as sweet potato whitefly (Bemisia tabaci). The 

viruses are widely spread and can be found in most areas where there is tomato production (Cohen and 

Lapidot 2007). Physical control methods such as UV-absorbing plastic film, fine-mesh screens and 

chemical control methods have been implemented to control the vector (Zamir et al, 1994). However, 

the mechanisms were not successful and also it increases the cost of production. In addition to this, 

whitefly resistant to chemicals has been reported (Horowitz et al, 2007). Hence, the use of resistant 

cultivar is an attractive method to control tomato yellow leaf curl viruses. 

All the domesticated tomato germplasm (Solanum lycopersicum) were tested for TYLCV resistance 

and no resistance genes were identified (Pilowsky and Cohen 1974). Hence, it was crucial to look for 

resistance gene to TYLCV and other begomoviruses in wild species of tomato. At present, breeding 

for resistance relied on the introgression of genes from wild tomato species. Resistance genes to 

TYLCVs have been identified in S. chilense, S. habrochaites, S. peruvianum, S. pimpinellifolium and 

S. cheesmaniae (Ji et al. 2007). So far five resistance genes: Ty-1, Ty-2, Ty-3, Ty-4 and ty-5 were 

mapped from tomato wild relatives (Zamir et al, 1994; Hanson et al, 2006; Ji et al, 2007; Anbinder et 

al, 2009; Ji et al, 2009). The Ty-1 is the first resistance gene reported by Zamir et al, 1994; the gene 

was originated from S. Chilense accession LA1969 and mapped on chromosome six. The Ty-3 which 

was also derived from S. Chilense was mapped near Ty-1 resistance gene. However, it was 

demonstrated that, Ty-1 and Ty-3 are alleles of the same gene (Verlaan et al, 2011). The Ty-4 derived 

from S. chilense, ty-5 from S. peruvianum were mapped on chromosome three and four respectively 

(Anbinder et al. 2009; Ji et al. 2009). The H24 tomato line resistant to geminivirus was developed in 

India from S. habrochaites accession B6013. The line has shown that, it carries the Ty-2 resistance 

gene and the gene was mapped on chromosome eleven between TG393 and TG36 molecular markers 

in the interval of 19cM (Hanson et al, 2000). Later, the region was further delimited to smaller interval 

to approximately 8cM in the vicinity of TG26 and TG36 markers (Hanson et al, 2006; Ji et al, 2007). 

Recently, Ji et al, 2009 tried to fine map and precisely characterize the region through developing 

more molecular markers. They identified more recombinants in the target region from screening of 

large population and reduced to an interval of 6.5 cM between C2_At1g07960 and T0302 markers 

(figure 1). At present, fine mapping study in the plant breeding group reduced the region to 

approximately 300 kb between UP15 and M1 flanking markers (internal data). Further fine mapping 
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and characterization of the region demonstrated severe suppression of recombination. Hence, Virus-

induced gene silencing was used to identify the potential resistance gene in the 300 kb region. 

Virus-induced gene silencing (VIGS) is one of the approaches used to suppress the expression of 

specific gene in plants. It offers a quick and attractive approach to knock down the expression of 

specific gene without genetic modification or transformation of the plant. It involves the degradation 

of endogenous gene which is homologous to the gene inserted to the virus vector through a process 

known as post transcriptional gene silencing upon the systemic spread of the virus vector in the plant 

(Baulcombe 1999). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The mapping of Ty-2 resistance gene introgressed from S. habrochiates accession B6013. The shaded region on 

the map represent  the  introgression with the resistance gene. The resistance gene was first mapped by Hanson et al, 2000 

to 19 cM.  Later the region was further reduce to small interval of 8cM and 6.5cM by Ji et al,2007 and Ji et al, 2009 

respectively.  At present the region was mapped between UP15 and M1 markers. 
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2. Aim of the study  

A recent study showed that, the Ty-2 resistance gene introgressed from S. habrochaites f. glabratum 

accession B6013 was reduced to an interval of 6.5 cM between C2_At1g07960 and T0302 markers. 

Molecular marker analysis of recombinants developed in this region and further fine mapping study in 

the plant breeding group showed that, the introgression region was delimited to approximately 300 kb 

between UP15 (51.38 Mb) and M1 (51.65 Mb) markers. Fine mapping and characterization of the 

region between the two flanking markers demonstrated severe suppression of recombination. Hence, 

the objective of the present study was to identify the Ty-2 resistance gene through virus-induced gene 

silencing of candidate genes in the 300 kb region between UP15 and M1 markers.  
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3. Literature study  

3.1. Virus-induce d gene silencing  (VIGS) 

The term VIGS was first invented by A. van Kammen to describe the resistance mechanism of the 

plant against viral infection (Van Kammen 1997). When host plant is affected by a virus, it activates 

an RNA based defense mechanism that targets the virus genome. It involves the processing of double 

stranded RNA into short interfering RNA which guide the RNAse complex through base pairing of 

siRNA so that, target complementary single stranded RNA (Zamore 2001). The double stranded RNA 

in plant affected by the virus thought to be the result of replication intermediate that cause the siRNA 

and RNase complex to target single stranded RNA (figure 2).  

At an early stage of infection of the plant cell by the virus, the virus ssRNA may not be targeted by the 

plant defense mechanism because of the low level of accumulation of the virus. However, at the later 

stage as the virus replication increase, it results in the  accumulation of the virus dsRNA and siRNA 

which eventually trigger the plant defense mechanism that target the viral ssRNA and reduce the viral 

accumulation (Voinnet 2001). To counterpart this, many plant viruses encode a protein that suppresses 

the RNA silencing mechanism in infected plant cell (Brigneti et al, 1998; Voinnet et al, 1999). The 

viruses produce the suppressor of silencing in infected plant cells after the viruses started to replicate 

that increases the accumulation of viruses. Hence, strong suppressor of silencing in the virus would 

result in high level and prolonged accumulation of the viruses. However, if the viruses accumulate at 

low level, it may be due to weak suppressor of silencing (Lu et al, 2003). 

VIGS is one of the approaches used to suppress the expression of specific gene in plants (Baulcombe 

1999). It offers a quick and attractive approach to knock down the expression of specific gene without 

genetic modification or transformation of the plant. It involves the degradation of endogenous gene 

which is homologous to the gene inserted to the virus vector through a process known as post 

transcriptional gene silencing upon the systemic spread of the virus vector in the plant. 

At present VIGS is used efficiently to study the function of different genes (Fraser et al, 2000). For 

instance, when potato virus X or tobacco mosaic virus vector modified to carry phytoene desaturase 

(PDS) gene from the plant, it shows photo bleaching symptoms of the infected plant that reflect the 

absence of photo-protective pigment (carotenoid) that require PDS (Kumagai et al, 1995; Ruiz et al, 

1998). Similarly, when virus vector carry chlorophyll biosynthetic enzyme insert the infected plant 

shows chlorotic symptoms and also vector with cellules synthase insert showed modified cell walls in 

infected plant (Burton et al, 2000). Moreover, using VIGS; other genes involved in encoding 

metabolic enzymes can also be suppressed. For instance, if the virus vector contains insert that 

corresponds to genes involved in disease resistance, the plant became susceptible to the pathogen 

causing the disease upon infection.  
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Dicer 

RISC 

dsRNA 

siRNA 

Destroyed RNA 

mRNA 

Double stranded RNA (dsRNA) is 

chopped into small interfering RNAs 

(siRNs) by the enzyme dicer 

RNA induced gene silencing 

complex enzyme attaches to siRNA 

The siRNA-RISC complex attaches to 

target mRNA and chops the mRNA 

into small pieces 

Figure 2: The schematic representation of gene silencing mechanism. During silencing; dsRNA can be produced through viral 

replication intermediated by host RdRPs. The dsRNA further processed into 21-24nt siRNA by the enzyme Dicer that guides 

the degradation of mRNA. The  siRNA is loaded to RISC (RNA-induced silencing complex); a multi-protein complex. Using 

siRNA as guide molecule, a RISC degrade complementary strand of the endogenous gene 
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3.2. Virus -induced gene silencing vectors  

Several plant viruses (DNA and RNA) have been modified to develop virus induced gene silencing 

vectors that are used in functional genomic (Becker and Lange 2010). Some of them includes; potato 

virus X (Ruiz et al, 1998), tobacco mosaic virus (Kumagai et al, 1995), tobacco rattle virus (Liu et al, 

2002), tomato golden mosaic virus (Peele et al, 2001). TRV (tobacco rattle virus) vector based VIGS 

acquire huge attention due to high silencing efficiency and mild viral symptom. Various TRV base 

VIGS vectors have been constructed and used for VIGS experiments (Ratcliff et al, 2001). 

TRV is a bipartite positive sense RNA virus (MacFarlane 1999). The RNA1 of the virus encode for 

replicase and movement proteins. It has the capacity to replicate and move systemically into the 

infected cell without RNA2. RNA2 of the virus encodes the coat protein and two non-structural 

proteins from genomic and sub-genomic RNAs respectively. TRV was modified for VIGS in such as 

ways that, cDNA clone of RNA1 and RNA2 were inserted into T-DNA expression cassette. The 

cDNA corresponding to both RNAs were inserted in between CaMV35S duplicated cauliflower 

mosaic virus promoter (CaMV35S) (transcription initiation site) and nopaline synthase terminator 

(NOSt). The non-structural genes of RNA2 was replaced by multiple cloning site (MCS) that serve as 

the cloning site of gene of interest for VIGS (Liu et al, 2002). Hence, to use VIGS using tobacco rattle 

virus vector (figure 4); RNA1 and RNA2 (containing cloned gene) harboured in Agrobacterium 

tumefacien bacterial cultures has to be mixed in 1:1 ration and infiltrated on the lower-side of plants. 

The viral RNA ago-infiltrated through Agrobacterium tumefacien serve as templates for further 

replication using RNA-dependent RNA polymerase encoded by viral RNA1. The systemic infection 

and spread of the recombinant TRV produce VIGS of the targeted gene in the plant within less than 

three weeks after inoculation (Anandalakshmi 2003).  

Figure 3: The TRV vector and its components. TRV cDNA clones were inserted between duplicated CaMV35S 

promoter and NOS terminator (NOSt) in a t-DNA vector. The RNA-dependent RNA polymerase (RdRP), 16K, 

16kDa cysteine rich protein; Movement protein (MP); coat protein (CP); left and right borders of T-DNA (LB and 

RB); multiple cloning sites (MCS); self-cleaving ribozyme (Anandalakshmi, 2003). 
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4. Material and method  

4.1. Amplification of candidate genes  

The amplification of Ty-2 candidate genes was performed through designing primers from the Ty-2 

region between UP15 and M1 flanked markers. In the region around 35 candidate genes were 

predicted (table 1). The cDNA sequences of the predicted Ty-2 candidate genes were obtained from 

the Solgenomics online database. Primers were designed from the region to amplify 150-450 bp of the 

candidate genes using Phusion DNA polymerase (table 2). Phusion DNA polymerase offer superior 

performance for PCR. It contains a unique domain that helps for accurate and rapid reading.  

4.1.1. Polymerase chain reaction (PCR)  
The PCR reaction was performed to amplify the cDNA of Ty-2 candidate gene fragment. The reaction 

was performed in a total volume of 20µl containing 1µl of Ty-2 line cDNA or DNA, 1µl of forward 

and reverse primers each, 1µl of dNTPs, 2µl of phusion buffer, 0.1µl of phusion DNA polymerase and 

13.9µl of MQ water. The reaction was incubated on PCR machine according to the following reaction 

program: initial incubation at 98
o
C for 30 second, followed by denaturation at 98

o
C for 8 second, 

annealing 58
o
C for 20 second, extension at 72

o
C for 20 second and final extension at 72

o
C for 7 

minutes followed by cooling at 4
o
C for ∞. The reaction was repeated for 35 cycles. Each PCR product 

was checked on 1.5% agrose gel electrophoresis. 

4.1.2. DNA purification  
This step was performed to purify double- stranded DNA fragment from the PCR reaction to end up 

with high quality of the DNA for transformation. The DNA fragment was purified from primers, 

polymerases, nucleotides and salts using Min-elute PCR purification kit protocol. To purify the PCR 

product; five volumes of PB buffer were added to one volume of PCR product and mixed by inverting. 

The sample was applied to the QIAquick column and centrifuged for one minute, the supernatant was 

discarded. 750µl of PE buffer was added to wash the DNA and the sample was centrifuged for one 

minute again, the flow-through was discarded. QIAquick column was centrifuged once more to 

remove the residual buffer and transferred to new 1.5ml micro-centrifuge tube. Finally 50µl of EB 

buffer was added and the sample was centrifuged for one minute to elute the DNA. 

4.2. Cloning into pENTRTM and E.coli transformation  

4.2.1. Topo cloning reaction  
Topo cloning is a molecular biology technique which is used to clone DNA fragment amplified by 

proof reading polymerase or Taq polymerase into specific vector such as pENTR
TM

. The vector uses 

topoisomerase for cleaving and joining of DNA fragment and its specific site. The vector DNA has 

topoisomerase that facilitate the attachment of DNA fragments of specific PCR product. The Topo 

cloning reaction was performed according to the protocol (appendix 3) in a total of volume of 3µl. 
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According to the protocol; 0.5µl PCR product, 0.5µl salt, 1.5µl sterile water and 0.5µl of pENTR
TM

 

vector were mixed gently and incubated for 20 minutes at room temperature.  

4.2.2. Transformation of pENTR TM 

25 µl of DH5a competent cell was added to 3µl Topo cloning reaction mix and the reaction was 

incubated for 15 minutes on ice. The reaction was heat-shocked for 30 seconds at 42
o
C and the tubes 

were transferred immediately on ice and incubated for 2 minutes. The 250µl LB medium was added 

and the tubes were incubated for 1hour at 37
o
C shaker. The cells were centrifuged for one minute at 

13000rpm and small amount of the supernatant was discarded to increase the concentration of the mix 

and re-suspended by leftover. The reaction mix was spread on plate supplemented with kanamycin and 

incubated at 37
o
C overnight. The positive colonies were checked through colony PCR. 

4.2.3. Colony PCR 
 Colony PCR was designed to quickly check the presence of the plasmid insert of the transformed 

vector. In addition to these, the step also used to determine the size and orientation of the insert in the 

vector. The reaction was performed in a total of 20µl containing colony(harbouring plasmid) picked 

by toothpick, 2µl of buffer, 1µl of forward (M13 from the vector) and reverse (specific to the 

construct) primers each, 1µl of dNTP, 0.1µl of dream Taq and 13.9µl of MQ water (table 2). The 

reaction was incubated in PCR machine and the following program was run: initial incubation at 94
o
C 

for 5 minutes, followed by denaturation at 94
o
C for 30 second, annealing 58

o
C for 30 second, 

extension at 72
o
C for 1 minute and final extension at 72

o
C for 5 minutes followed by cooling at 4

o
C 

for ∞. The reaction was repeated for 35 cycles. The PCR product was checked on 1.5% agrose gel 

electrophoresis. The positive colonies were cultured in 3ml LB medium supplemented with 

kanamycin overnight at 37
o
C shaker. 

4.2.4. Mini -prep  
Mini-prep is used to extract plasmid DNA from the bacterial competent cell through the alkaline lysis 

of the bacterial cell. The procedure was developed by Birnboim and Doly. In this study, the extraction 

of plasmid DNA was performed using QIAprep kit. 2ml overnight bacterial culture was pelleted for 3 

minutes at room temperature and the supernatant was discarded. The pellet was re-suspended in 250µl 

of P1 buffers and 250µl of P2 buffer were added to lysis reaction. The reaction was mixed by inverting 

4-5 times and 350µl of N3 buffer was added to the mix and mixed by inverting. The mix was 

centrifuged for 10 minutes. The supernatant was transferred to QIA-prep spin column and centrifuged 

for 1 minute. The flow was discarded and the columns were washed by 500µl of PB and 750µl of PE 

buffer followed by centrifuging for 1 minute. Final the column was placed in 1.5µl ml micro-

centrifuge tube and 50µl of EB buffer was added to elute the Plasmid DNA. 
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4.2.5. Sequencing 

This step was performed to confirm the presence and correct insertion of our cloned gene. The full-

length of candidate Ty-2 resistance genes cloned in pENTR
TM

 vector were sequenced using M13 

Forward primer. 5µl of purified pENTR
TM

 plasmid DNA (80-100 ng/µl) and 5µl of M13 forward 

primer (5µM) were mixed and sent to the GATC sequencing service. The obtained sequences were 

analyzed using the BLAST algorithm available at the Sol genomics site 

(http://solgenomics.net/tools/blast/index.pl). 

4.3. Cloning into TRV2 and E.coli transformation  

4.3.1. LR reaction 

The LR recombination reaction was performed using gateway LR clonase
TM

 II enzyme mix to transfer 

a Ty-2 candidate gene (our gene of interest) from pENTR
TM

  vector to TRV2 vector (destination 

vector) to obtain an expression clone of our gene of interest (Ty-2 candidate genes). The reaction was 

performed in a total of 5µl containing LR clonase
TM

 II enzyme, TRV2 vector and entry vector 

(pENTR
TM

) (table 3). Briefy, 1.5µl fresh plasmid (pENTR
TM

) containing Ty-2 DNA fragment was 

mixed with 2.5µl of TRV2 vector. To facilitate the recombination reaction 1.0µl of LR clonase was 

added to the reaction and the reaction was incubated at room temperature overnight.  

4.3.2. TRV2 transformation  

The LR reaction was terminated by adding 0.5µl of proteinase k solution to each reaction tube and the 

tubes were incubated for 10 minutes at 37
o
C. From LR reaction mix 2µl were taken and mixed with 

25µl of DH5a competent cell and heat-shock was applied to make an opening of the membrane of the 

bacteria for TRV2 plasmid to inter the cell and kept on ice for two minutes. 900µl LB media were 

added to the mix and incubated for 1hr at 37
o
C shaker. The cells were pelleted and the supernatant was 

discarded to increase the concentration of the transformed cell and re-suspended by remaining 

supernatant in the tube. The competent cell was spread on plant containing ampicillin and incubated at 

37
o
C overnight. The positive colonies were checked through colony PCR using specific forward 

primer of Ty-2 gene and TRV2 forward primer. Positive colonies were cultured in 3ml LB media 

supplemented with 3µl of ampicillin and incubated at 37
o
C shaker overnight. 

4.3.3.  Agrobacterium tumefacien  transformation  

The Agrobacterium tumefacien transformation was performed for seven Ty-2 candidate genes shown 

below in table 4. The transformation was performed according to the protocol on appendix 5. 

According to the protocol, 1µl of mini-prep plasmid TRV2 was mixed with 100µl of Agrobacterium 

tumefacien strain GV310.1 competence cell and keep on ice for 30 minutes. Then the mix was 

immediately transferred on liquid N2 and kept for two minutes followed by heat shock transformation 

at 37
o
C for 10 minutes in water bath. 600µl LB media were added and the mix was incubated for 4 
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hours at 28
o
C shaker. The culture was centrifuged for 1 minute to discard small amount of the 

supernatant and increase the concentration of transformed bacteria. The transformed bacteria was 

spread on plates containing selective antibiotic (rifampicin and kanamycin) and incubate at 30
o
C for 

two days for the bacteria to grow. Two days later, the positive colonies were checked through colony 

PCR and the colonies were cultured overnight in 3ml LB media supplemented with selective antibiotic 

(rifampicin and kanamycin) in 28
o
C shaker. 

4.4. Agro-inoculation of VIGS construc ts 

The process of VIGS constructs of agro-inoculation was started two days before agro-inoculation. At 

Day-2, Agrobacterium tumefacien strain GV3101 containing pTRV1 and pTRV2 inserted with Ty-2 

candidate genes, PDS and empty vector (TRV2) were grown overnight in 3mL LB medium containing 

kanamycin and rifampicin. The medium was incubated overnight at 28
o
C shaker (200rpm). At day-1, 

the OD of overnight culture was measured using Spectr photometer and the amount of inoculum was 

calculated for farther culture. The calculated amount of inoculum was transferred to YEB containing 

acetosyringon, kanamycin and MES. The inoculum was incubated overnight at 28
o
C shaker at 

200rpm. Day 0 was the inoculation day; prior to inoculation the OD of the inoculum was measured at 

600nm by diluting 100µl of culture with 900µl of YEB and the amount of MMA (appendix 6) were 

calculated. The inoculum was centrifuged for 8 minutes at 4000rpm and the pellet was re-suspended 

by Y (appendix 6) amount of MMA and the constructs were incubated for 1hr before Agro-infiltration. 

To induce, virus-induced gene silence of all the constructs: pTRV1 and pTRV2 harboured in 

Agrobacterium tumefaciens were mixed in 1:1 ratio and infiltrated at the underside of the tomato 

cotyledon using syringe (figure 6). 
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4.5. TYLCV inoculation 
The plants were challenged with TYLCV inoculum two weeks after silencing of the candidate genes. 

In the course of inoculation, infiltration of Agrobacterium tumefacien strain LBA4404 containing an 

infectious clone of TYLCV was used to infect seedling. To explain briefly, Agrobacterium tumefacien 

strain LBA4404 containing TYLCV clone was grown overnight in a 3ml LB medium containing 

kanamycin and rifampicin at 28
o
C shaker. The OD of the overnight culture was measured and the 

amount of the overnight culture transferred to 3ml YEB medium was calculated. The culture was 

grown once more over night at 28
o
C shaker. The OD of the overnight culture was measured again and 

the amount of MMA (appendix 6) medium was calculated. The bacteria were pelleted by 

centrifugation for 10 minutes at 3200rpm and re-suspended by MMA medium containing 

acetosyringone. The medium was incubated for 1 hour at room temperature before inoculation. The 

lower side of Three weeks old seedling leaves were infiltrated with TYLCV inoculum through 

pressing the syringe containing the TYLCV inoculum (figure 4).   

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Figure 4: The Agro-inoculation of tomato yellow leaf curl virus. Agrobacterium tumefacien 

strain LBA4404 containing infectious TYLCV clone (pTYCz40a) was Agro-infiltrated at the 

lower side of three weeks old seedlings by pushing syringe containing inoculum. 
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5. Results 

5.1. Ty-2 Candidate genes 

Within 300 kb Ty-2 region, 35 candidate genes were annotated in the Solgenomics online database 

(http://solgenomics.net/search) (table 1). To determine the implication of candidate genes on TYLCV 

résistance, VIGS constructs (table 2) were designed to silence the candidate genes. In this study, 19 

out of 35 Ty-2 candidate genes were examined to identify resistance gene underlying in line carrying 

the Ty-2 gene. To amplify those candidate genes, primers were designed from Sol genomics database 

version SL2.40 between UP15 and M1 flanking markers (table 2). The designed primers were used to 

amplify Ty-2 cDNA/DNA using Phusion PCR for proofreading of the sequence and VIGS constructs 

were made to silence each candidate gene. In the process of VIGS constructs preparation for some of 

the primers, we did not obtain the PCR product whereas for the others we did not obtain good 

sequence (table 2). However, we were successful with eight candidate genes: Solyc11g069630, 

Solyc11g069820, Solyc11g069870, Solyc11g069890, Solyc11g069910, Solyc11g069930, 

Solyc11g069950 and Solyc11g069960. According to predicted Solgenomics databases; those 

candidate genes encode different proteins including: Receptor-like protein kinase, ABC transporter G 

family member 28, ripening-related protein, Bel1-like homedomian protein, DNA-directed RNA 

polymerase, disease resistance protein R3a-like protein, cell division protease ftsh homolog protein 

and Receptor-like kinase respectively. The candidate genes were silenced through infiltration of TRV 

vector. Two weeks after silencing of the candidate genes; the plants were challenged with TYLCV. 
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5.2. Silencing phenotype of Ty-2 candidate genes  

The phenotypic data of the silenced plants were collected until thirty five days after the plants were 

challenged with TYLCV. In the experiment, plants infiltrated with TYLCV, TRV vector inserted with 

candidate genes but without TYLCV, TRV inserted with PDS and TRV empty vector were used as a 

control. The result of the experiment showed that, Both Moneymaker and Ty-2 lines infiltrated with 

PDS construct showed bleaching phenotype on the leaf (figure 5b,6b) as compared to non- infiltrated 

plants (figure 5a,6a). The silencing of phytoene desaturase (PDS) gene started showing bleaching 

phenotype two weeks after infiltration. The bleached phenotype was spread slowly to the rest of plant 

leaf. This implies that, VIGS experiment is working well. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: The phenotype of PDS gene non-silenced and silenced Moneymaker plants respectively. Non-

silenced plant (a) did not showed any phenotype and the plant was completely green whereas PDS silenced 

plant (b) showed bleaching phenotype which is the result of PDS gene down regulation that involve in 

carotenoied by synthesis. 

Figure 6: The phenotype of PDS non-silenced and silenced Ty-2 plants respectively. Non-silenced plant (a) did 

not showed any phenotype and the plant was completely green whereas PDS silenced plant (b) showed 

bleaching phenotype which is the result of PDS gene down regulation 
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The infiltration of Moneymaker with TYLCV exhibited susceptibility (figure 7a). However, the 

infiltration of the TRV empty vector and infection of the plants with TYLCV even severely affected 

than plant infected with only TYLCV (figure 7b). The plants showed severe yellowing, curling, 

stunting and also their growth were reduced but the infiltration of the plants with only TRV empty 

vector did not show visible symptom (figure 7c). Beside of this, Ty-2 plants infiltrated with TRV 

empty vector and infected with TYLCV, TRV empty vector alone and TYLCV alone were healthy 

(figure 8a, b and c). We did not observe any symptom and the plants looks healthy like non-infiltrated 

plants.  

 

 

Figure 7: The phenotype of Moneymaker plants infiltrated with TYLCV, empty vector with TYLCV and only empty vector 

respectively. TYLCV agro-infiltrated plant (a) showed yellowing, curling, stunting and also the plant growth were reduced. 

Plant infiltrated with Empty vector and TYLCV (b) showed severe yellowing, curling; stunting and also growth of the plants 

were reduced as compared to TYLCV infiltrated plant. Empty vector infiltrated plant (c) was healthy and no visible symptom 

of TRV infection was observed. 

 

Figure 8: The phenotype of Ty-2 plants infiltrated with TYLCV, empty vector with TYLCV and only empty vector respectively. 

No phenotype was observed for each of them. 
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The silencing all the targeted genes: receptor-like protein kinase, Ripening-related protein, BEL1-like 

homeodomain protein, DNA-directed RNA polymerase II subunit, disease resistance protein R3a-like 

protein and cell division protease ftsh homolog did not show TYLCV susceptibility (figure9, 10, 11, 

13, 14 and 15). However, the silencing of Receptor–like protein kinase and DNA-directed RNA 

polymerase II subunit showed abnormal growth. Specifically, the silencing of receptor-like protein 

kinase revealed cracked phenotype on the stem of five plants and decrease in height on two plants 

(figure 9b) compared to control plants (figure 9a). The silencing of DNA-directed RNA polymerase II 

subunit showed leaf curling, stunting and dwarfed phenotype. The phenotype was observed for both 

Ty-2 lines infiltrated with TRV vector and infected with TYLCV (figure 12a) as well as plants 

infiltrated with only TRV vector (figure 12b). In addition to this, the same phenotype was observed on 

moneymaker plants. 

Insight to this, during the candidate gene screening we came up with strange phenotype. The silencing 

of BEL1-like homeodomain candidate gene showed curling and stunting phenotype on one of 

Moneymaker plants. The plant become dwarfed and severely affected (figure 15b) as compared to 

non-silenced plants (figure 15a), whereas the rest of the plants were healthy and we did not observe 

changes in phenotype. 

 

 

 

Figure 9: The silenced phenotype of Solyc11g069630 gene in the Ty-2 plant without and with TYLCV infiltration 

respectively. The plant infiltrated with TYLCV (b) showed some height reduction and stem cracking whereas plant without 

TYLCV (a) appear healthy; grow normally and no symptom was observed. 
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Figure 10: The silenced phenotype of Solyc11g069870 candidate gene with and without TYLCV infection respectively. For 

both combinations of constructs; the plants look similar and no difference in phenotype between the two plants were 

observed. 

Figure 11: The silenced phenotype of Solyc11g069890 candidate gene with and without TYLCV infection respectively. 

For both combinations of constructs; the plants look similar and no difference in phenotype between the two plants were 

observed. 
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Figure 12: The silenced phenotype of Solyc11g069910 candidate gene with and without TYLCV infection respectively. The 

phenotype of both plants with and without TYLCV was similar. Both plants showed stunted, dwarfed and leaf curling 

phenotype. 

Figure 13: The silenced phenotype of Solyc11g069930 candidate gene with and without TYLCV infection.  Both 

plants look healthy, grow normally and no change in phenotype was observed and also both of them look similar. 
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Figure 14: The silenced phenotype of Solyc11g069930 candidate gene with and without TYLCV infection. For both 

combination of constructs; the plants look similar and no difference in phenotype between the two plants were observed. 

Figure 15: The phenotype of Solyc11g069890 gene non-silenced and silenced Moneymaker plants respectively. Non-

silenced plant (a) did not showed any phenotype and the plant was completely green and healthy whereas Solyc11g069890 

gene silenced plant without TYLCV infection (b) showed curling, stunting and the growth of the plant was reduced. 
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6. Discussion 

At present Ty-2 was mapped to a region of 500 kb in between C_2At2g28250 and T0302 flanking 

markers (Ji et al, 2009). Further fine mapping of the region in the plant breeding group using a large 

number of mapping population allowed the region to a shorter interval of approximately 300kb 

between UP15 and M1 markers. It was also identified that, due to severe suppression of recombination 

in the region, it is difficult to reduce the region to smaller region and to identify the potential gene. So 

that, we used virus-induced gene silencing mechanism to identify the potential gene underlying in the 

region. 

VIGS mechanism was used successfully in tomato functional genomics since beginning of the 

approach. The mechanism is now come to routine use to determine the function of genes not yet 

characterized and also genes regulating different biological pathways in tomato. For instance genes 

involved in regulating different pathways including gibberellin biosynthesis, ethylene biosynthesis, 

flavonoid pathway, abiotic stress, virus resistance, bacterial resistance, fungal resistance, insect/pest 

resistance petiole abscission etc were successful silenced through VIGS (Sahu et al, 2012). The 

mechanism was successful used through silencing of tomato yellow leaf curl virus resistance gene 

Permeasel-like protein and observed the characteristics of TYLCV on resistance gene silenced plant 

and reported that, the gene involves in plant-virus interaction. The result of the study revealed that, 

permease 1-like protein gene is expressed in a TYLCV resistance gene. Up on silencing of the gene; 

the invasion of the virus will be facilitated and leads to susceptibility (Sahu et al, 2012). In addition to 

this, another study on hexose transporter gene (LeHT1) that involve in tomato yellow leaf curl virus 

tolerance in tomato plant showed the same result. Hexose transporter involves in inhibition of virus 

accumulation and movement (local/systemic) in the plant. TRV based virus induced gene silencing of 

this resistance gene leads to the increase in necrosis and virus spread in the plant (Eybishtz et al, 

2010). 

 In the present study, VIGS was used to identify the potential Ty-2 resistance gene in the 300 kb region 

between UP15 and M1 flanking markers. In the 300 kb region, 35 candidate genes were annotated by 

Solgenomic online database (table 1).  Of these genes for instance Receptor–like protein kinases, ABC 

transporter involves in plant-defense mechanism against virus and other pathogens (Shiu and Bleecker 

2003). Of the 35 candidate genes in the region, we work on 19 genes. In the process of construct 

preparation we ended up with eight genes encoding Receptor-like protein kinase, ABC transporter G 

family member 28, ripening-related protein, Bel1-like homedomian protein, DNA-directed RNA 

polymerase, disease resistance protein R3a-like protein, cell division protease ftsh homolog protein 

and Receptor-like kinase.  
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The result of the experiment showed that, the Agro-inoculation experiment was successful. As clearly 

shown (figure 5b and 6b) for both Ty-2 and Moneymaker plants; we observed bleaching phenotype on 

the upper part of  the leaf ten days after Agro-inoculation and spread to the rest of the leaf part as time 

goes on. The phenotype was what we expected; if infiltration of the virus vector works-out; plants 

infiltrated with vector carrying PDS show bleaching phenotype, which is due to the silencing of 

endogenous PDS gene. Silencing of the PDS gene inhibits carotenoid biosynthesis pathway and cause 

the plants to show photo-bleached phenotype (Liu et al, 2002). The PDS gene encodes for the enzyme 

responsible for the synthesis of important pigment that involve in photosynthesis of beta caroteine and 

phytoen (Wang et al, 2009). In sight of this, both Moneymaker and Ty-2 plants infiltrated with empty 

vector were not showed symptoms of the tobacco rattle virus infection (figure 7c and 8c) rather the 

inoculated plants grown well and showed a similar phenotype to none-inoculated one. This result was 

also what we expected; the fact that the vector was empty; it doesn’t have the capacity to cause 

observable symptom on the plants leave that leads to confusion during scoring of candidate genes. 

Plant inoculated with empty vector showed a similar phenotype as non-inoculated plants 

(Padmanabhan and Dinesh-Kumar 2009). It was also reported that, due to deletion of 29.4k and 32.8k 

gene; empty vector doesn’t cause feasible symptom. Plants inoculated with empty vector showed mild 

mosaic but fourteen days after inoculation of the vector, the plants were recovered from the symptom 

and progressive viral RNA level was observed (Ratcliff et al, 2001). Beside of this, Moneymaker 

plants infiltrated with empty vector and TYLCV (figure 7b) showed severe yellowing, curling and 

stunting phenotype than plant infected with TYLCV alone. This is probably due to, the infection of the 

plant with empty vector may weaken their defense mechanism, so that the infection of TYLCV later 

will result in a pronounced symptom.  

The silencing of Ty-2 candidate genes: Ripening-related protein, BEL1-like homeodomain protein, 

Disease resistance protein R3a-like protein, and Cell division protease ftsh homolog revealed that, 

they are not involved in tomato yellow leaf curl virus resistanc. The silencing of those genes did not 

show any TYLCV susceptibility phenotype. The plants were healthy and scored as 0 (clean 

phenotype) according to the disease scoring protocol of Friedmann and lapidot 2002. The fact that, 

some of these candidate genes for instance disease resistance protein R3a-like protein involved in 

plant defense mechanism according to the Solgenomic database; we did not observe susceptibility to 

TYLCV up on silencing of the gene. However, the silencing of Receptor-like protein kinase and 

DNA-directed RNA polymerase II subunit candidate genes showed abnormal plant growth rather than 

TYLCV susceptibility (figure 9 and 12).  
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The silencing of Solyc11g069630 candidate gene revealed cracking of the stem and reduction in 

height for some plants. As far as we know, those are not the characteristics of TYLCV susceptible 

plants. Infection of TYLCV leads to yellowing, stunting, flower abortion and leaf curling (Vidavski 

2007). In fact, according to predicted Solgenome database; the gene encode for Receptor –like protein 

kinase. Receptor–like protein kinases are a family of Trans-membrane protein with versatile C-

terminal intracellular kinase and N-terminal extracellular domains. They involve in controlling a wide 

range of physiological response in plants (Shiu and Bleecker 2003). The cell surface receptors of plant 

that are found in plasma membrane have a prominent role in initiation of cellular signal transduction. 

The recent findings suggest that plant surface cell carries receptors with protein kinase activity. 

Receptor-like protein kinase is one of those proteins that involve in signal transduction pathway in 

plants (Walker 1994).  

Insight to this, the silencing of the Solyc11g069910 candidate gene showed dwarfing, stunting and the 

curling of the leaf compared to non-silenced plants. This seems the characteristics of TYLCV even 

though the plants did not show yellowing. However, we observe the same characteristic on silenced 

plant but not infected with TYLCV. Not only this but also we observe these characteristics on 

Moneymaker plants. These suggest that, the candidate gene involves in the different biological 

pathway other than TYLCV resistance or the gene might involve in multiple pathway including 

TYLCV resistance and other biological pathway. In fact, the gene encode for DNA-directed RNA 

polymerase II subunit protein according to Solgenome database. DNA-directed RNA polymerase is 

accountable for gene expression and it catalyses the transcription of DNA to RNA (Shirai and Go 

1991).  

The silencing of Solyc11g069820 and Solyc11g069960 candidate genes are running. The candidate 

gene encodes for ABC transporter G family member and Receptor-like kinase. The genes involve in 

plant-defense mechanism against viral and other pathogens. In line with this, to confirm the silencing 

phenotype of Receptor–like protein kinases candidate gene; the experiment was repeated through 

including S. habrochaites susceptible line to compare the phenotype. 

 

 

 

 

 

 

 

 



22 
 

 

7. Conclusion 

TYLCV is transmitted by whitefly vector. It is a major limiting factor of tomato production in tropical 

and subtropical region of the world. Several genes conferring resistance to the virus were introgressed 

to cultivated tomato from different tomato relatives including single dominant Ty-2 gene. The Ty-2 

gene originated from S. habrochiates accession B6013 and mapped on chromosome eleven between 

TG36 and TG393 markers within the interval of 19 cM. Later, the region was reduced to an interval of 

8 cM and then 6.5 cM by Ji et al, 2007 and Ji et al, 2009. Fine mapping study in the plant breeding 

group further reduced the region to approximately 300 kb between UP15 and M1 flanking markers. 

Further fine mapping of the region demonstrated severe suppression of recombination in the region. 

VIGS was used to identify the potential resistance gene in the 300 kb region. 35 candidate genes were 

annotated by a Solgenomics database of which we silenced eight genes. 

The silencing of Ty-2 candidate genes: Receptor-like protein kinase, DNA-directed RNA polymerase 

II subunit, ripening-related protein, Bel1-like homedomian protein, disease resistance protein R3a-like 

protein and cell division protease ftsh homolog protein did not lead to TYLCV susceptibility and 

confirmed that, they are not involved in TYLCV resistance. However, the silencing of Receptor-like 

protein kinase and DNA-directed RNA polymerase II subunit candidate genes showed abnormal 

growth upon silencing. Hence, those two genes need further study and characterization. 
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8. Recommendation and future work  

× VIGS is an important mechanism to study the function of specific genes through sequence 

targeted degradation of mRNA. The mechanism was successfully used in tomato functional 

genomic. Hence it is commanded to use the mechanism to study the function of 

uncharacterized genes. In addition to this, Expression analysis, RNA sequencing can also be 

used. 

× In our study of Ty-2 candidate gene screening, none of the silenced genes showed TYLCV 

susceptibility. Hence, work has to be done on silencing of the remained Ty-2 candidate genes. 

× The silencing of Receptor-like protein kinase and DNA-directed RNA polymerase II subunit 

candidate genes showed different phenotype upon silencing. For these two genes, the 

experiment needs repetition to confirm the result and for further characterization.  
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Table 1: The silenced Ty-2 candidate genes, annotation and their region on chromosome eleven 

No of 

genes 
SGN gene name Annotation Phenotype 

1 Solyc11g069620 CC-NBS-LRR, resistance protein  

2 Solyc11g069630 Receptor-like protein kinase Stem cracking, height reduction 

3 Solyc11g069640 Carbonic anhydrase family protein  

4 Solyc11g069650 Unknown protein  

5 Solyc11g069660 CC-NBS-LRR, resistance protein  

6 Solyc11g069670 Disease resistance protein R3a-like protein  

7 Solyc11g069680 Acyltransferase-like protein  

8 Solyc11g069690 protein disulfideisomerase  

9 Solyc11g069700 Elongation factor 1-alpha  

10 Solyc11g069710 ABC transporter G family member 3  

11 Solyc11g069720 26S protease regulatory subunit 6B homolog  

12 Solyc11g069730 Unknown protein  

13 Solyc11g069740 Nitrate transporter  

14 Solyc11g069750 Nitrate transporter  

15 Solyc11g069760 High affinity nitrate transporter  

16 Solyc11g069770 Transcription factor MADS-box  

17 Solyc11g069780 2-phosphoglycerate kinase  

18 Solyc11g069790 Chaperonin  

19 Solyc11g069800 Cytochrome P450  

20 Solyc11g069810 OUT domain containing protein  

21 Solyc11g069820 ABC transporter G family member 28 Running 

22 Solyc11g069830 Arsenite ATPase transporter(Eurofung)  

23 Solyc11g069840 os03g0859900 protein  

24 Solyc11g069850 Telomere repeat-binding protein 4  

25 Solyc11g069860 Glutaredoxin  

26 Solyc11g069870 Ripening-related protein 3 No phenotype 

27 Solyc11g069880 Ripening-related protein 3  

28 Solyc11g069890 BEL1-like homeodomain protein No phenotype 

29 Solyc11g069900 Unknown protein  

30 Solyc11g069910 DNA-directed RNA polymerase II subunit Stunting, curling and dwarfing 

31 Solyc11g069920 Nbs, resistance protein fragment  

32 Solyc11g069930 Disease resistance protein R3a-like protein No phenotype 

33 Solyc11g069940 Glutaredoxin  

34 Solyc11g069950 Cell division protease ftsh homolog No phenotype 

35 Solyc11g069960 Receptor-like kinase Running 

 

× 19 candidate Genes (red color label) were tested in the process of construct preparation for VIGS but 

we successfully ended up with eight genes for silencing. 
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Table 2: All primers tested to amplify Ty-2 candidate genes 

S.No Primers DNA/cDNA PCR pENTR TRV2 ATUM  Inoculated 

1 
Sol 11.620.1 cDNA *          

Sol 11.620.2 cDNA *          

2 
Sol 11.630.1 DNA *  *        

Sol 11.630.2 DNA *  *  *  *  *  

3 
Sol 11.640.1            

Sol 11.640.2            

4 
Sol 11.660.1 DNA *          

Sol 11.660.2            

5 
Sol 11.680.1            

Sol 11.680.2            

6 
Sol 11.690.1 cDNA *  *  *      

Sol 11.690.2 cDNA *  *  *      

7 
Sol 11.710.1            

Sol 11.710.2            

8 

Sol 11.750.1            

Sol 11.750.2            

Sol 11.750.3            

Sol 11.750.4            

9 

Sol 11.760.1            

Sol 11.760.2            

Sol 11.760.3            

Sol 11.760.4            

10 

Sol 11.780.1 DNA *          

Sol 11.780.2            

Sol 11.780.3            

Sol 11.780.4            

11 

Sol 11.820.1            

Sol 11.820.2            

Sol 11.820.3            

Sol 11.820.4 DNA *  *  *  *  *  

12 

Sol 11.870.1            

Sol 11.870.2            

Sol 11.870.3 DNA *  *        

Sol 11.870.4 DNA *  *  *  *  *  

13 

Sol 11.880.1            

Sol 11.880.2            

Sol 11.880.3 DNA *  *        

Sol 11.880.4 DNA *  *  *  *    

14 

Sol 11.890.1            

Sol 11.890.2            

Sol 11.890.3 DNA *  *  *  *  *  

Sol 11.890.4            
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15 
Sol 11.940.1 DNA *          

Sol 11.940.2            

16 
Sol 11.950.1 cDNA *  *  *  *  *  

Sol 11.950.2            

17 Sol 11.960.1 DNA *  *  *  *  *  

18 Sol 11. 910.1  *  *  *  *  *  

19 Sol 11.930.1  *  *  *  * *  

Total 19 genes  

    

8 genes 

 

Each cluster represents primers tested to amplify each candidate gene. The stars stand for the status of the 

constructs for each primer. For those primers without star we did not have amplification of the region. 
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Appendix 1: Polymers chain reaction (phusion)  
1. Prepare master mix with the following reaction components 

 

Phusion buffer                     4µl 

dNTps                                  0.8µl 

Forward primer                    0.4µl 

Reverse primers                    0.4µl 

Phusion DNA polymerase     0.2µl 

MQ water                            13.7µl 

 

2. Add 0.5µl of Ty-2 CDNA or DNA to PCR plate 

3. Add 19.5µl of master mix to PCR plate 

4. Briefly Spine the plate at 3500rpm 

5. Put the plate on PCR machine and run the following program 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

98
o
c 98

o
c 

58
o
c 

72
o
c 72

o
c 

30 sec 

20 sec 

20 sec 7 min 8 sec 

4
o
c 

∞ sec 

35 cycles 
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Appendix 2: Quick PCR purification  
1. Add 5 volumes of PB buffer to 1 volume of PCR reaction and mix it. 

2. Place QIAquick column in 2ml collection tube 

3. Apply the mixed sample to QIAquick column and centrifuge for 1 minute at 13000rpm. 

Discard the flow through and place back the QIAquik column on the same tube 

4. Add 750µl of PE buffer to the QIAquick column to wash the DNA and centrifuge for 1 minute 

at 13000rpm. Discard the flow through and place the QIAquick back on the tube 

5. Centrifuge the QIAquick column one more to 2ml tube for 1 minute at 13000rpm and discard 

the buffer. 

6. Transfer the QIAquick column to clean 1.5ml micro-centrifuge tube 

7. Add 50µl of EB buffer to elute the DNA at the center of the QIAquick column and centrifuge 

for 1 minute at 13000rpm 
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Appendix 3: Topo cloning reaction  
1. Mix the following reaction component and incubate for 20 minutes at room temperature. 

Reagents Chemically competent E.coli 

PCR product 0.5µl 

Salt solution 0.5µl 

Sterile water 1.5µl 

TOPO vector 0.5µl 

Final volume 3µl 

 

2. Place the reaction on ice for 10 minutes 

3. Add 25µl of the competent cells 

4. Incubate the reaction on ice for 15 minutes 

5. Apply heat-shock for 30 seconds at 42
o
C ( use water bath) 

6. Transfer immediately the tubes on ice and keep for 2 minutes 

7. Add 250µl of LB medium and keep for one hour at 37
o
C shaker 

8. Spine the tube at 13000 for one minute and discard small amount of the supernatant and re-

suspend the pellet by left over. 

9. Spread around 100µl on plates containing kanamycin and seal the plate with par-film 

10. Incubate the plate at 37
o
C overnight 

11. Check positive colony using colony PCR 
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Appendix 4: Colony PCR 
1. Prepare master mix with the following reaction components 

 

Buffer                                          2µl 

dNTps                                         1µl 

Forward primer                            1µl 

Reverse primers                           1µl 

Dream Taq DNA polymerase       0.1µl 

MQ water                                    13.9µl 

 

2. Add approximately 1µl of the colony with toothpick to PCR plate 

3. Add 19µl of master mix to PCR plate 

4. Briefly Spine the plate at 3500rpm 

5. Put the plate on PCR machine and run the following program 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

94
o
c 94

o
c 

58
o
c 

72
o
c 72

o
c 

5 min 

30 sec 

1 min 5 min 30 sec 

4
o
c 

∞  

35 cycles 



34 
 

 

Appendix 5: Agrobacteria transformation  
1. Take 1µl of mini-prep TRV2 and 100µl of the Agrobacterium tumefaction competent cell 

2. Place it on ice for 30 minutes 

3. Place it on liquid N2 for 2 minutes 

4. Place it in the water bath at 37
o
C for 10 minutes 

5. Add 600µl LB and incubate for 3-4 hours at 28
o
C shaker (200RPM) 

6. Pellet the inoculum at 13000rpm for 1 minute to increase the concentration of the bacteria and 

discard small amount of the supernatant 

7. Re-suspend the pellet and spread on LB containing Rif + kanamycin selection antibiotic and 

incubate at 30
o
C for two days to grow the bacteria 

8. Check the positive colony using colony PCR 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



35 
 

 

Appendix 6:  TYLCV inoculum preparation  
The preparation of TYLCV inoculum started two days before inoculation. 

Day-2:  

ü Culture overnight at 28
o
C and 200rpm TYLCV construct (glycerol stock) in 3ml LB medium 

containing KAN and RIF 

Day-1:  

ü Dilute 100µ of overnight culture with 900µl of LB medium 

ü Measure OD at 600nm 

ü Fill in 10X OD in column 3 of the table 

ü Calculate Z from the time between inoculation and harvest (look in the table) 

Time Inoculation Harvest 

16 hours 17:00 9:00 

17 hours 16:00 9:00 

17 hours 17:00 10:00 

18 hours 15:00 9:00 

18 hours 16:00 10:00 

18 hours 17:00 11:00 

 

 

ü Calculate X for each culture 

X= Z/OD 

ü Add to each tube (20ml) or flask (100ml) YEB containing: 

 

 

ü Grow the culture over night at 28
o
C,200rpm 

Day 0:  

ü Dilute 100µl of overnight culture with 900µl of YEB 

ü Measure OD at 600nm (it should be approximately 0.8 and not below 0.4 or above 2.0) 

ü Fill in 10X OD in column five 

ü Calculate Y 

Y=10 x OD for 20ml tube 

Y=22. 5 x OD for 45ml tube 

ü Centrifuge the culture in 20ml or 45ml tube for 10 minutes at 3200rpm 

ü Re-suspend pellet with Yml MMA medium containing 75µl/100µl acetosyringone 

ü Incubate for 1-6 hours before inoculation 

 

 

 

Z 

20ml tube 100ml flask 

z=16000/2^(dT/2) z=80000/2^(dT/2) 

16 63 16 313 

17 44 17 221 

18 31 18 156 

 1L 100ml 20ml 

Acetosyringone 100µl 10µl 2µl 

Kanamycin 1000µl 100µl 20µl 

MES 10000µl 1000µl 200µl 

Overnight 

culture 

Xµl Xµl Xµl 
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S.No 
1 2 3 4 5 6 

Plasmid Insert OD X µl OD Y ml 

1.       

2.       

3.       

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LB medium(1000ml) 

ü 10 bacteriological 

peptone 

ü 10g NaCL 

ü 5g yeast extract 

 

YEB(1000ml) 

ü 5g beef extract  

ü 5g bacteriological 

peptone 

ü 5g sucrose 

ü 1g yeast extract 

ü 2ml MgSO4 

 

MMA (1000ml):-make fresh. 

ü 20g sucrose 

ü 5g MS salt( no vitamins) 

ü 10ml 1M MES  

ü pH=5.7-5.8 

MES 1M 

ü MgSO4 

ü Kanamycin 

1000X950mg/ml) 

ü Refampicin 

1000X(25mg/ml) 

ü Acetosyringone 

200nM 

 


