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Tomato leaf curl disease 

Cultivation: 0.86 Mha 
Production: 16.8 Mtons 

Yield Loss: 
Before 20 days- 100% 
35 days: 74.1% 
50 Days: 28.9% 
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The Vector – The Virus 

Vector - Whitefly 
Geminate particle 
Circular, ssDNA genome 
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DNA A DNA B 



TYLCD ToLCD 
Africa, the Americas, part of Europe and 

Asia 
The Indian sub continent, Australia, 

Taiwan, Oman and Panama 

55 distinct begomovirus species and 26 tentative species have been 
identified and found to infect tomato under field conditions. Among these, 
49 begomoviruses species are associated with ToLCD and 17 with TYLCD  
       (Kings et al., 2011) 

Distribution of tomato leaf curl disease 
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Genome organization of begomoviruses.  
Each component is ~2.7kb 

Family   Geminiviridae 
Genus   Begomovirus 

Tomato leaf curl New Delhi virus 
Tomato leaf curl Palampur virus Tomato leaf curl Joydebpur virus 
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Caused by Whitefly Transmitted Geminiviruses  (WTG) 



How many viruses are there in India – Diversity 

How many components are there for a virus 
isolate 

A robust protocol for reliable screening 

Distribution  of viruses in different states 

Ty genes and Indian viruses 
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Scope of the Lecture 



RCA has revolutionized the cloning of begomoviruses 
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---- It is more than 80% level confidence in 
identifying the virus 

Diversity – Molecular characterization 

Rolling circle amplification (RCA) 



Screening of clones :  
For Ex. XbaI clones restricted with 
XbaI/BglI which separates the 
insert and the vector.  

Cloning to inoculation 

1.3kb 

2.7kb 

Restriction of RCA  
Lane 1. BamHI – 2.7 & 1.3 kb 
Lane 2. Hind III – No restriction 
Lane 3. KpnI – 2.7 kb 
Lane 4. XbaI – 2.7 & 1.3 kb 
Lane 5. RCA - 1µl 
Lane 6. Genomic DNA - 1µl 
Lane 7. 1kb Molecular Marker 

2.7 kb 

Colony PCR of Agrobacterium colony, 
which gave 2.7 kb for DNA A and 1.3 
kb for betasatellite  

Confirmation of Partial Tandem Repeat (PTR) Confirmation of partial fragment  
cloned for ToLCNDV 

2.2 kb 
2.7 kb 

1.1 kb 

2.7 kb 
1.3 kb 
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Nicotiana benthamiana Solanum lycopersicum 

Stem-pricking inoculation 

Agro mediated delivery of viral constructs  
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DNA A + LuLDB 

DNA A + CLCuMuB 

DNA A +  DNA B + LuLDB 

Healthy 

DNA A DNA A + DNA B 

DNA A + DNA B + CLCuMuB 

 

Healthy 

 

Symptoms induced by plants following agroinoculation with infectious constructs of ToLCNDV-[Tom] in different combinations as labeled 
on each photograph at 15 dpi (a) N. benthamiana (b) Tomato 

DNA A 

DNA A + CLCuMuB 

DNA A + LuLDB 

DNA A + DNA B 

DNA A + DNA B + CLCuMuB 

 

DNA A +  DNA B + LuLDB 

Infectivity of ToLCNDV-[Tom] 
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Healthy 

(a) (b) (c) 

(d) (e) (f) 

(g) (h) (i) 

(l) (k) (j) 

(m) 

N. benthamiana plants 
showing symptoms on 
different time periods on 
agroinoculation of ToLCNDV-
[Luffa]. Plants inoculated with 
(a, b, c) DNA A alone; (d, e, f) 
DNA A and DNA B; (g, h, i) 
DNA A and LuLDB; (j, k, l) 
DNA A, DNA B and LuLDB 

Infectivity of ToLCNDV-[Luffa] 
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ToLCGuV + 
TYLCTHB 

ToLCGuV + 
LuLDB 

ToLCGuV ToLCGuV + 
ToLCDNDV DNA B 

Healthy 

(a) 

(b) 

Symptoms induced by plants following agroinoculation with infectious constructs of ToLCGuV in different 
combinations as labeled on each photograph at 15 dpi. (a) N. benthamiana (b) Tomato 

ToLCGuV + 
CLCuMuB 

ToLCGuV + 
CLCuMuB 

ToLCGuV + 
LuLDB 

ToLCGuV + 
TYLCTHB 

ToLCGuV + 
ToLCDNDV DNA B 

ToLCGuV Healthy 

Infectivity of ToLCGuV 

ToLCGuV – a monopartite begomovirus…… 
Associated with TYLCTHB…Existence of TYLCTHV in India ?????? 



Infectivity of ToLCJoV 

ToLCJoV 

ToLCJoV + ToLCBaB ToLCJoV + TYLCTHB ToLCJoV + LuLDB 

ToLCJoV + CLCuMuB ToLCJoV + ToLCJoB 

ToLCJoV ToLCJoV + ToLCJoB ToLCJoV + CLCuMuB 

ToLCJoV + LuLDB ToLCJoV + TYLCTHB ToLCJoV + ToLCBaB 

Healthy 

Healthy 

N. benthamiana 

Tomato 
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A typical monopartite 
begomovirus, DNA A alone is 
highly infectious…. 



Infectivity of ToLCBaV 

(a) ToLCBaV alone 
(b) ToLCBaV + ToLCBaB 
(c) ToLCBaV + CLCuMuB 
(d) ToLCBaV + LuLDB 
(e) ToLCBaV + PaLCuB 
(f) ToLCBaV + TYLCTHB 
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Genomic components of the Tomato leaf curl viruses 

Tomato leaf curl Kerala virus (ToLCKeV) – Dr SK Mukherjee, ICGEB 
Tomato leaf curl Ranchi virus (ToLCRnV) – Dr S Chakraborty, JNU 
Tomato leaf curl Patna virus (ToLCPaV) – Dr S Chakraborty, JNU 
Tomato leaf curl Rajasthan virus (ToLCRaV) 
Tomato leaf curl Pune virus (ToLCPV) – Dr S Chakraborty, JNU 
Tomato  leaf curl Lucknow virus (ToLCLuV) 
Tomato leaf curl Bangalore virus (ToLCBaV)- Dr VG Malathi, IARI 
Tomato leaf curl Karnataka virus (ToLCKaV) - Dr VG Malathi, IARI 
Tomato leaf curl Joydebpur virus (ToLCJoV) - Dr VG Malathi, IARI 
Tomato leaf curl Gujarat virus (ToLCGuV) - Dr VG Malathi, IARI 

Monopartite: 

Bipartite: 
Tomato leaf curl New Delhi virus (ToLCNDV) - Dr VG Malathi, IARI 
Tomato leaf curl Palampur virus (ToLCPalV) - Dr VG Malathi, IARI 
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ToLCGuV 
ToLCJoV 

ToLCKeV 

ToLCPalV 
ToLCPaV 

ToLCBaV 

ToLCKaV 

ToLCNDV 

ToLCPV 

ToLCRnV 

Distribution of Tomato Begomoviruses in India 

ToLCRaV 

ToLCLuV 
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Phylogenetic relationships of DNA A components among ToLCNDV isolates. In each case 
Country of origin/location/host_GenBank accession numbers are given. The neighbor-
joining tree with 1,000 bootstrap replicates was prepared using MEGA 5.01 (Tamura et al., 
2011) after multiple aligning the full length genome sequences using ClustalW 

ToLCNDV – 
an enigma 

ToLCNDV - 
Distributed all 

over the country 
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Species  demarcation tool (SDT) 
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BD_Cucumber_EF450316
TH_Luffa_AF102276
TH_Bottlegourd_AB368447
TH_Cucumber_AB330079
TH_MuskMelon_AB368448
Oman_Orientalmelon_GU180095
TH_Kum_Sauropus_JN809814
Ind_Cucumber_AB613825
Pk_Bittergourd_AM747291
IN_ND_Ashgourd_JN208136
IN_ND_Pumpkin_AM286433
IN_ND_Pumpkin_AM286434
Pk_Tom_AF448058
IN_Meerut_Pot_EF043231
IN_Hapur_Pot_EF043230
IN_HP_Pot_AM850115
IN_Meerut_Pot_AY286316
Pk_Tom_DQ116885
Pk_Tom_DQ116883
Pk_Luffa_AM292302
Pk_Luffa_EF620534
IN_Tum_Chilli_08_HM007120
Pk_Tom_09_FN435309
Pk_Tom_AM947506
IN_ND_Tom_HM159454
IN_ND_Pumpkin_JN129254
IN_ND_Tom_U15015
Pk_Tom_09_FN435310
Pk_Tom_AM258977
IN_ND_Tom_DQ169056
Pk_ChilliPepper_DQ116880
IN_Pun_Tom_HQ141673
IN_Pun_Tom_HM345979
IN_Pun_Tom_FJ468356
Pk_Tom_AF448059
Pk_Solanum_nigrum_AJ620187
IN_ND_Tom_EF068246
IN_ND_Tom_AY428769
BD_Tom_AJ875157
Pk_ChilliPepper_EU309045
IN_Lucknow_Tom_Y16421
IN_ND_Tom_GQ865546
IN_Udaypur_Okra_EF035482
IN_Ban_Okra_GU112084
IN_Karnal_Okra_GU112082
IN_Mah_EggPlant_HQ264185
IN_Aur_Okra_GU112088
IN_Gun_Okra_GU112086
IN_ND_Tom_U15016
IN_Tum_Chilli_09_HM007113
IN_ND_Luffa_HM989845
IN_ND_Luffa_AY939926
Pk_Solanum_nigrum_AM849548
IN_ND_Papaya_DQ989325
IN_Har_Bottlegourd_FN645905

  
 

 

 

 

 

 

 

 

 

 

 

Graphical representation of percentage pairwise genome scores and nucleotide identity plot of full genomes (complete nucleotide 
sequence of 55 DNA A components ToLCNDV isolates) – Heat map generated using SDTv1.0 (Species Demarcation Tool) 
(http://web.cbio.uct.ac.za/SDT). Isolates of the study are indicated in box 
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 ToLCNDV U15015

 ToLCNDV AM947506

 ToLCNDV HQ141673

 ToLCNDV EF043230

 ToLCNDV AM286434

 ToLCNDV HQ264185

 ToLCNDV GU112088

 ToLCNDV AY428769

 ToLCNDV EU309045

 ToLCNDV HM989845

 ToLCNDV U15016

 ToLCNDV GU180095

 ToLCNDV AF102276

 ToLCNDV DQ989325

 ToLCPMV AM884015

 ToLCBV GU474418

 ToLCKeV DQ852623

 ToLCPV AY754814

 ToLCSLV AF274349

 ToLCBDV AF188481

 ToLCJoV EF194765

 ToLCGV HM625838

 ToLCKV U38239

 ToLCVV AF264063

 TYLCGuV AY602166

 TYLCCNV AJ457985

 TYLCTHV X63015

 ToLCV S53251

 TYLCSV X61153

 TYLCV-IL X15656

 TGMV K02029
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Phylogenetic relationship 
between all the tomato leaf 

curl viruses 
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So it was hoped that if we have cluster of genes 
governing resistance to monopartite and another 
set of genes to bipartite it should be fairly easy to 
tag the resistance and go ahead with resistance 
breeding …… 
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Symptoms induced in different tomato genotypes following agroinoculation of 
ToLCNDV-[Tom] with the betasatellites CLCuMuB / LuLDB 

DNA A + DNA B DNA A + DNA B + 
CLCuMuB 

DNA A + DNA B + 
LuLDB 

Healthy 

DNA A + DNA B 

DNA A + DNA B 

DNA A + DNA B + 
CLCuMuB 

DNA A + DNA B + 
CLCuMuB 

DNA A + DNA B + 
LuLDB 

DNA A + DNA B + 
LuLDB 

Healthy 

Healthy 

IIHR-2611  
(TV-55) 

derived from   
S. peruvianum 

IIHR-2771 
 (H-24) 

derived from  
 Solanum habrochaites 

IIHR-2101 
 (LA-1777) 

derived from  
 Solanum habrochaites 
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Kashi Vishesh Ty-1Ty-1 Ty-2Ty-2 

Ty-3Ty-3 Pyramided lines  
 Ty-1+Ty-2+Ty-3 

ToLCNDV  with CLCuMuB (75dpi) 

Tomato Breeders Roundtable 2013 

IIVR, Varanasi 



Kashi Vishesh Ty-1Ty-1 Ty-2Ty-2 

Ty-3Ty-3 Pyramided lines  
 Ty-1+Ty-2+Ty-3 

ToLCBaV with ToLCBaB (75dpi) 
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IIVR, Varanasi 



Kashi Vishesh Ty-1Ty-1 Ty-2Ty-2 

Ty-3Ty-3 Pyramided lines  
 Ty-1+Ty-2+Ty-3 

ToLCPalV (75dpi) 
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IIVR, Varanasi 



Susceptible Ty-1Ty-1 Ty-2Ty-2 Ty-1+Ty-3 

Performance of Ty gene carrying lines in hotspot  
IIVR, Varanasi 
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Susceptible line Pyramided line 

Performance of pyramided lines in hotspot  
IIVR, Varanasi 
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Half the size of the viral genome  

A single conserved ORF  (βC1) 

 A region rich in adenine (approx. 300bp) 

 A region conserved between all DNA-β’s (SCR) 

 A hairpin structure (ori ?) 

U89
1350 bp

KpnI

Betasatellite 

βC1 

SCR 

Half the size of the viral genome  

A single conserved ORF  (Rep) 

A hairpin structure (ori ?) 
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Major challenge is with satellite genomes 



AYVD 
AYLCD 
CuYVD 
CLCuD 
TomLCD 
TobLCD 
TbCSD 
MYVD 
BYVMD 
OLCD 
OYCD 
HLCD 
HYVMD 
ZLCD 
HLCrD 
YMD of Sida 
PaLCD 
PALCD 
CSLCD 

  Distribution of DNA β associated with different diseases caused by begomoviruses in diverse plant species occuring in the world 

Distribution of betasatellites 
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ToLCJoV + ToLCJoB 

Healthy 

ToLCGuV + TYLCTHB 

ToLCNDV-[Luffa] + LuLDB ToLCNDV-[Tom] + CLCuMB 

ToLCBaV + ToLCBaB 

Increase in severity of symptoms with cognate betasatellites 
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1,2: Healthy ; 3,4: DNA A; 5,6: DNA A + DNA B; 7, 8: DNA A + CLCuMuB; 9,10: DNA A + DNA B + CLCuMuB; 
11,12: DNA A + LuLDB; 13,14: DNA A + DNA B + LuLDB; 
 15: 1 kb DNA Marker; 16: Control (2.7 kb for DNA A) , (1.3 kb for DNA β) 

Probed with DNA A Probed with CLCuMB:βC1 Probed with LuLDB:βC1 

1   2   3      4     5     6     7     8      9   10    11   12   13    14   15   16  1   2   3   4    5    6     7     8    9    10    11  12  13  14   15   16  1   2   3   4    5    6    7    8   9   10   11  12 13  14 15  16  

Viral DNA accumulation is more in the presence of both 
DNA-B and betasatellite  

Increase in helper viral DNA accumulation 
Tomato Leaf Curl New Delhi Virus 
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Bipartite-ToLCNDV 
NOT required for infection, but 

Monopartite-ToLCBaV 
Required for infection 

symptom severity 

A A+β A+B A+B+β 

 8pg       40pg       200pg    1200pg 

viral DNA accumulation Number of virus particles 

 

   

  

 

200 nm

Whitefly transmission efficiency 

Increases Involved in  

Expanding host range 

Role of betasatellite 
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The changes in the host-gene expression when betasatellite is 
inoculated are the key step to initiate pathogenicity in the case of 
begomoviruses which are dependent on betasatellite for symptom 
expression 
 
The present study focused on identifying genes and pathways that are 
specifically induced by LuLDB inoculation, by Suppressive Subtractive 
Hybridization (SSH) that selectively amplifies the target cDNA 
fragments and simultaneously suppresses the amplification of non 
target DNA and reveals the differentially regulated genes 

Suppressive subtractive hybridization (SSH) 
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Schematic diagram of PCR-Select cDNA subtraction. Type e 
molecules are formed only if the sequence is upregulated in the 
tester cDNA. Solid lines represent the Rsa I-digested tester or 
driver cDNA. Solid boxes represent the outer part of the Adaptor 
1 and 2R longer strands and corresponding PCR primer 1 
sequence. Clear boxes represent the inner part of Adaptor 1 and 
the corresponding Nested PCR primer 1 sequence. Shaded boxes 
represent the inner part of Adaptor 2R and the corresponding 
Nested PCR primer 2R sequence. 
(Reproduced from PCR-SelectTM cDNA Subtraction Kit Manual, 
Clonetech Laboratories, Inc.) 
Tomato Breeders Roundtable 2013 



M 

M 

M M 

M 

cDNA fragments from 150 to 1.5kb were obtained, and 
maximum of 696 clones had cDNA fragments are being 
sequenced to identify the differentially expressed genes 

Amplicons of colony PCR - showing varied size of inserts (cDNA) 
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The percentage distribution of ESTs Gene Ontology (GO) classification. The pie chart showed the greater part 
of ESTs belong to photorespiratory, followed by metabolism, cellular transport, transcription/translational 
factors, cell cycle/development, plant development/hormonal regulation, signalling, defense, protein 
modification, stress and unknown biological processes  

Percentage distribution of ESTs Gene Ontology (GO) 
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Reverse Northern blot of transcripts obtained from subtracted cDNA library. DNA array hybridization was performed on a 
nylon membrane. Segments of representative identical nylon membranes containing cDNA spots from the subtracted cDNA 
library from DNA A, DNA B and LuLDB inoculated plants. The figure shows hybridization with α32P labelled cDNA probes 
prepared from equal amounts of poly(A) RNA from mock inoculated (a), DNA A and DNA B inoculated (b) DNA A, DNA B and 
LuLDB inoculated (c) plants. Circles indicate α-tubulin and few of the up-regulated proteins are marked 

(a) 

(c) 

(b) 

Cyclin D2 gene 
Spindle disassembly protein 

Glycine rich- protein 

PR10 protein 

Ubiquitin conjugating related protein 

Serine/threonine protein kinase 

Reverse Northern blot of transcripts obtained from subtracted cDNA library 

Tomato Breeders Roundtable 2013 



The complicated Indian Scenario……. 
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One helper virus can associate with different betasatellites in 
different locations 

Tomato leaf curl Bangalore virus (ToLCBaV) 

Karnataka –  
 Tomato leaf curl Bangalroe betasatellite  
 (ToLCBaB) 
 
Maharashtra –  
 Tomato yellow leaf curl Thailand betasatellite  
 (TYLCTHB) 
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Tomato leaf curl Gujarat virus (ToLCGuV) 
A monopartite virus can and do occur with DNA B component 

ToLCGuV-[IN:Pun:JG:08] 
ToLCGuV-[IN:Vad:99]  
ToLCGuV-[IN:Mir:99] 
ToLCGuV-[IN:Dhan:09] 
ToLCGuV-[IN:Ram:07] 
ToLCGuV-[NP:Pan:00] 
ToLCGuV-[Pk:Xan:11] 

ToLCGuV-[IN:Var:01]†* Bipartite isolate 

Monopartite isolates 

Consistent association with  
  Tomato yellow leaf curl Thailand betasatellite (TYLCTHB) 
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A bipartite begomovirus associated with one set of 
betasatellite in tomato and another in cucurbitaceous hosts 

Solanum lycopersicum Luffa acutangula 

ToLCNDV 



Mixed infection is common 

ToLCGuV  - ToLCBaV 
 
ToLCNDV - ToLCGuV 
 
ToLCNDV - ToLCPalV 

Spread of ToLCNDV and ToLCKaV all over the country 



Complementation between virus a reality 
ToLCNDV  - ToLCPalV 

PAPB 

PAPBNANB 

NAPB NANB 

PANB 



Summary 

Diversity of viruses and its components immense 
 
ToLCNDV – a devastating pathogen with wide host 
range and distribution 

 
All whiteflies can transmit the diseases 

 
Involvement weeds as alternative host is confirmed 



Road ahead………… 

1. Application of Agro constructs for resistance 
breeding 
 

 
2. Throughput genome sequencing to identify the 

markers in wild species 



Our team 



Indian Council of Agricultural Research, Govt. of India 
 
Department of Biotechnology, Govt. of India 
 
Namdhari Seeds Pvt Ltd, India 
 
East and West Seeds India Pvt Ltd, India 
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