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ABSTRACT

Tomato Solanum lycopersicum L.) is one of the most important and extensivelgwn vegetables around the
world. Successful cultivation of tomato crop hasréindered due to attack by numerous pests arabtiging diseases.
Chiefly of these limiting factors, the tomato leafrl disease caused by Tomato Leaf curl Virus (T¥)LG a destructive
disease of tomato in many parts of India and worlte use of molecular markers linked to genesdsistance is a tool,
which can be used efficiently in plant breedingptigh marker assisted selection (MAS). Three moscuolarkersTyl,
Ty2 and Ty3 linked to ToLCV resistance were validated with feen ToLCV resistant entries and Pusa Ruby as a
susceptible check, after screening against ToLCsistance in the green house using white flies. Agndimese,
two advanced breeding lines 1IHR-2822 and IIHR-28B8wed the presence of the all three généls Ty2 andTy3 for
ToLCV resistance, the wild accessiBnhabrochaites LA 1777 (IIHR-2101) showed the presence of twoegety2 and
Ty3, Abhinava showed the presenceTofL gene and Hisar Anmol (H-24), Vyabhav, Arka Ananlakshmi, NS-501
showed the presence of only2 gene. The varieties Nandhi and Sankranthi; hyb8lakthiman and US-618 and the
advanced breeding line 1IHR-2611 (TV 55) did nabwhany presence of thig/l, Ty2 andTy3 resistant genes.
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INTRODUCTION

Tomato Golanum lycopersicum L) is one of the most important and extensivelyvgrovegetables around the
world next to potato and onion. It is grown for étdible fruits, which are consumed either as fresbked or as processed
products like juices, ketchup, sauce, puree andepitc. Tomato fruit is rich source of Vitamin ‘AVitamin ‘C’, minerals
and organic acids. To meet this requirement, numbéihigh yielding varieties / hybrids with impralegield and fruit
quality have been released for commercial cultbratit is grown in an area of 0.88 m ha with theduction of 18.73
million tonnes in India and in Karnataka it is ¢wdtted in an area of 0.61 lakh ha with an estimaedtiuction of 2.07
million tonnes (NHB, 2014).

Tomato has the chromosome number 2n= 24, selfnaddld, and native to South AmeriGuccessful cultivation
of tomato has been hindered, due to attack by nomsepests and devastating diseases. Chiefly oé tivegting factors,
the tomato leaf curl disease causedrbmato Leaf curl Virus (ToLCV) is a destructive disease of tomato in mpasts of
India (Muniyappa and Saikia, 1983)omato leaf curl disease (ToLCD) was, first reported in India by Vasudevadan
Samraj (1948). The infected plants showed the fiollg symptoms: stunted growth, leaves and interacate greatly
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reduced in size, severe curling, twisting and mgllof the leaves accompanied by dark green outgrowenations of the
vein on the under surface of the leaflEbnith, 1935). The disease is caused by a begomsmwiransmitted naturally by
whitefly vector Bemisia tabaci Genn.). There are two types of vectiz., indigenous and B. The B biotype is more
dangerous due to its greater fecundity, strongigéstresistance, broad host range and its vir@efdis has posed
serious problem for the breeders to take up angessful breeding programme to develop varietieghfitis with stable
resistance to ToLCV. Wild tomato species have mmraened for their response to the virus and a seurmbToLCV
resistant accessions have been identified in wilecies such aSolanum chilense, S. habrochaites, S. peruvianum, S.
pimpinellifolium and S. cheesmaniae. Thus, breeding programs have been based on the&fdraof resistance genes from

accessions of wild origin to the cultivated tomato.

The use of molecular markers linked to genes feistance is a tool, which can be used efficientlypiant
breeding for the indirect selection of quantitatiesistance and for accelerated transfer of registrom different sources
into a single cultivar by gene pyramiding throughrker assisted selection (MAS), compared to trawii methods of
screening germplasm for disease resistance anénscgeof the segregating populations against tiseadie which is
laborious and time consuming. Hence, the preseiysivas carried out for the validation of the répdrmarkers with

genes (y1, Ty2 andTy3) linked to ToLCV resistance in the commercial e&igs and hybrids of tomato.
MATERIALS AND METHODS

A total of fourteen ToLCV resistant entries were used for esurg against ToLCV. These resistant entries
included, four ToLCV resistant varieties (Hisar AwsimVyabhav, Nandhi and Sankranthi), six ToLCV stsint
commercial hybrids (Abhinava, Arka Ananya, Lakshh$-501, Shakthiman and US-618); three advanceedbrg lines
(IIHR-2611, 1IHR-2822 and 1IHR-2823) and a TolLCVsigtant wild accessioBSolanum habrochaites LA 1777 (IIHR-
2101). Tomato variety Pusa Ruby was used as stuisleegheck.

Seeds of all the fourteen ToLCV resistant entrieag with susceptible check Pusa Ruby were sowtmeén98
cavities seedling trays. After the emergence oftthe leaf (10 days), the trays were kept in theewt house and mass
inoculation was done with help of viruliferous wdfltes Bemisia tabaci Genn.). The seedling trays were placed near
ToLCV culture plants for transmission of virus imetscreen house for the infection. Seedlings wespeicted at regular
intervals for TOLCV incidence. When all the susdaptcheck Pusa Ruby seedlings showed ToLCV symgtalisease
scoring was done of these seedlings for resistandeexpressed in percentage of ToLCV infectionlanflsamples were

collected for DNA extraction.

DNA was extracted using CTAB method from fresh ttomi@aves collected from the 14 resistant entriesr a
screening along with Pusa Ruby and the integrity urity of the DNA was checked using agarose tgteophoresis.
The molecular markers linked to ToLCV resistancedus the present study are listed in Table 1 a@&R Pnixture

components and conditions of these molecular manksed are listed as follows-
PCR Reaction Mixture and Conditions for Tyl Marker

The PCR reaction was carried out in a total volwh&5 pul and was standardized using 10x Incompdetéer,
25 mM MgClh, 5 pM of each forward and reverse primer, 1 mM 8NT3U/ pl of Taq polymerase, 20 ng of template
DNA and Distilled water.
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The amplification was carried out in an Eppendodstércycler Thermal Cycler with the following cotiolis-

Initial Denaturation 9% for 3 min, 20 cycles of 9€ for 10 s, 58C for 30 s and 7Z for 70 s, 10 cycles of 98
for 10 s, 58C for 30 s and 7Z for 70 s, Followed by final extension step ofriid at 72C and Store at°C.

PCR Reaction Mixture and Conditions for Ty2 Marker

The PCR reaction was carried out in a total volwh@5 pl and standardized using 10x Incompletedsuf?5
mM MgCl,, 5 uM of each forward and reverse primer, 1 mM BN,T3U/ ul of Tag polymerase, 20 ng of template DNA

and Distilled water.
The amplification was carried out in an Eppendodstércycler Thermal Cycler with the following cotiolis-

Initial Denaturation 92C for 5 min, 35 cycles of € for 30 sec, 5% for 1 min and 7 for 2 min, Followed by

final extension of 72 for 8 min and Store af@.
PCR Reaction Mixture and Conditions for Ty3 and Ty3a Marker

The PCR reaction was carried out in a total volwh@5 pl and standardized using 10x Incompletedsuf?5
mM MgCl,, 5 uM of each forward and reverse primer, 1 mM BN,T3U/ ul of Tag polymerase, 20 ng of template DNA
and Distilled Water.

The amplification was carried out in an Eppendodstércycler Thermal Cycler with the following cotiolis-

Initial Denaturation 92C for 4 min, 35 cycles of € for 30 sec, 5% for 1 min and 7 for 1 min, Followed by

final extension of 72 for 10 min and Store af@.
RESULTS AND DISCUSSIONS

After 15 to 18 days of seedling emergence, the eptdde check Pusa Ruby seedlings expressed typical
symptoms of ToLCV while screening with mass inotiola by viruliferous white flies in the screenhousne of the
resistant entries expressed ToLCV symptoms. Leaipkss were collected of the resistant entries alertly the
susceptible check Pusa Ruby and DNA extractiondeee using CTAB method (Doyle and Doyle, 1990). Vagation
in DNA concentration was due to the varying condign of interfering constituents like carbohyeést proteins,
phenols, etc in different genotypes. Further, tidéADwvas diluted to 20 ng after quantification andRP@as carried out
using the identified molecular markers linked td.T¥ resistance in tomataz., Tyl, Ty2 andTy3 (Table 1).

The tomato varieties and hybrids upon amplificatwith JB-1 primers, showed a band size of 900 bp before
restriction (Plate 1) and upon restriction wiidgl showed a susceptible band size of 450 bp andassisand size of 500
bp (Plate 1), confirming the absence and presefdbeoTyl gene respectively. The Abhinava hybrid, and adednc
breeding lines 1IHR-2822 and 1IHR-2823 showed tetggous bands of size 500 bp and 450 bp which certfee
presence of th@yl gene whereas, all the other resistant varietigdbrids showed a susceptible band of size 450 tip wi
absence of the gene. While screeningTig# marker Hisar Anmol, Arka Ananya, a wild accessifrs. habrochaites LA
1777 (IIHR-2101) and advanced breeding lines [IHRR2 1IHR-2823 showed resistant band of size 60@dogfirming
the presence of th&y2 gene for ToLCV resistance; Vyabhav, Lakshmi and30% showed heterozygous bands of size
600 bp and 450 bp with the presencdy#f gene whereas, all others showed a susceptibledizmadf 450 bp in which the

Ty2 gene was absent (Plate 4y3 specific primers FLUW-25 were screened for the tieem resistant entries, among
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which the ToLCV resistant wild accessiSrhabrochaites LA1777 (IIHR-2101) showed a resistant band of 6@Gand the
advanced breeding lines IIHR-2822, 1IHR-2823 alsoveed resistant bands of size 640 bp. Both the Is@®confirms
the presence ofy3 gene where as, others showed a susceptible bamas480 bp which confirms the absencelyd

gene (Plate 2)Ty3a marker was validated with P6-25 primers and ndnhe entries showed the presenceély3a gene
with the resistant band size of 630 bp, insteadladwed the susceptible band size of 320 bp witlerade of thély3a

fragment (Plate 3).

The presence of the gene corresponds to the lindghwid derived fromS. chilense accession line LA 1932
whereas, absence of gene indicates the lines defieen S. lycopersicum cultivated species with th€yl marker (De
castroet al., 2007). The resistant band foy2 marker, indicates the presence of Ty gene for resistance to ToLCV
corresponds to the lines/ varieties/ hybrids defifrem theS. habrochaites H-24 line and the absence of th gene
corresponds to the lines/ varieties/ hybrids derifrem the cultivated speci€® chilense accession LA 2279Brendaet
al., 2007). The presence ©§3 gene for TOLCV resistance corresponds to the acddbeeeding lines derived from tBe
chilense LA 2279 and absence &3 gene corresponding to the lines derived from caléd species. lycopersicum
(Melindaet al., 2006). When FLUW-25 primers were used with the Inegdrus resistant lines derived from LA 1932
chilense, no fragment was produced. Therefore, a new sqdriafers (P6-25) were designed fby3a marker, which
amplified different size fragments fro8 lycopersicum, LA 2279 derived lines and LA 1932 derived lindsr{seret al.,
2007). None of the resistant entries showed theemae of thely3a allele correspond, to the lines derived from the
lycopersicum species.

The varieties Nandhi and Sankranthi; hybrids Shakih and US-618 and the advance breeding line 2Rt
(TV 55), did not show any presence of thgl, Ty2 and Ty3 resistant genes when validated with 4, Ty2 and Ty3
resistant marker linked to ToLCV resistance. Theistance in these resistant entries may be dugetpresence of other

resistant genes linked for ToLCV and hence thereéd to identify these markers.

Validation of three molecular markers linked to TML resistance in the resistant tomato
varieties/hybrids/advanced breeding lines/wild as@n used in the present study, revealed the mresaf Tyl, Ty2 and
Ty3 resistance genefTable 2). This information will further help therdeders for rapid screening against ToLCV
resistance at seedling stage and also favor thel@fmwent of stable resistant genotypes by genenpgiiag through MAS.
Thus, with the development of molecular markersRRf@sed) tightly linked to the resistant genes,thed identification
help the plant breeders efficiently to incorporthiese resistant genes into elite tomato genotype by accelerating the
breeding of resistant cultivars of tomato. Furthare available markers linked to ToLCV resistanagehto be used for

the development of resistant tomato cultivars.
CONCLUSIONS

With the development of molecular markers (PCR psightly linked to To LCV resistant genes, and
their validation help the plant breeders efficigrth incorporate these resistant genes into aditeato genotypes, thus
accelerating the breeding of resistant cultivarke Btrategy of pyramiding resistance genes thramghker assisted
selection is a valuable method due to an increassittance and its durability. This will give themato breeders

moreoptions in providing tomato growers with dueat#sistance to the be gomoviruses and their ptioaric
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APPENDICES
Table 1: Details of the Molecular Markers Linked to ToLCV Resistance in Tomato used in the Study
Nat]:ll: * Primer | Type of Sequence of the Primer R Reference
M Name Marker « Resistant Susceptible
arker
F 5’AACCATTATCCGGTTCACTC 3’ 900 bp (BR) De Castro
Iy 1B-1 CAPS R 5’TTTCCATTCCTTGTTTCTCTG 3° 500 bp (AR) 450bp (AR) | al., 2007
F 5’ TGGCTCATCCTGAAGCTGATAGCGC
TG030 3’ Brenda et
2 7 7
Ty2 ‘Fle‘ SCAR | p 5'TGAT (T/HTGATGTTCTC (T/A)TCTCT 600Lp 4501p al., 2007
(C/A)GCCTG 3°
F S’CAAGTGTGCATATACTTCATA

FLUW (T/G)TCACC 3* 640 bp or 600 480 bp Melinda ef

Ty 25 SCAR R bp or450 b al., 2007

- 5’CCATATATAACCTCTGTTTCTATTTCG P P e
AC 3’
F 5' F 5’ GGTAGTGGAAATGATGCTGCTC
I'R Jensen ef
-2 2
Tyda | P625 | SCAR | 5 GCTCTGCCTATTGTCCCATATATAACC 630bp 320bp al., 2007
3

AR- After Restriction, BR- Before Restriction, F-Faward, R-Reverse
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Table 2: Identification of ResistantTyl, Ty2, Ty3 and Ty3a genes using Markers Linked to ToLCV

(+/- Gene Present in Heterozygous, R- Resistant Pla S- Susceptible Plant, + Gene Present, - Gene gdnt)

Sl Name of the Screenhouse
No. Varieties/Hybrids Screening e W2 e | s
1. Hisar Anmol (H-24) R - + - -
2. | Vyabhav R - +/- - -
3. Nandhi R - - - -
4. Sankranthi R - - - -
5 Pusa Ruby (Susceptiblg S i i i i
" | Check)
6. Abhinava R +/- - - -
7. | Arka Ananya R - + - -
8. Lakshmi R - +/- - -
9. NS-501 R - +/- - -
10. | Shakthiman R - - - -
11. | US-618 R - - - -
12. | IIHR- 2101 (LA 1777) R - + + -
13. | IIHR- 2611 (TV 55) R - - - -
14, IIHR- 2822 R +/- + + -
15. IIHR- 2823 R +/- + + -

B 9 1011 12 13 14 15

Befora Restriction

T 82 210 11 12 13 14 15 (1

After Restriction { Taal)

- g e e o . e

Plate 1: Gel Picture Showingl'yl Resistant Marker Amplification
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500 bp
520bp
250bp

Plate 3: Gel Picture Showingly3a Resistant Marker Amplification
Lanes 1-15: H 24 (Hisar Anmol), Vyabhav, Nandhini§anthi, Pusa Ruby, Abhinava, Arka Ananya, Lakshmi
NS-501, Shakthiman, US-618, IIHR 2101, IIHR 261HR 2822, IIHR 2823, C1- Check (LA 1969), C2 - CkhdtA
2279), C3 - Check (LA 1932), Marker (1 kb)

@ 16 11 12 13 14 15 M

00 o
450 bp
400 bp

Plate 4: Gel Picture Showingl'y2 Resistant Marker Amplification

Lanes 1-15: H 24 (Hisar Anmol) (Check), Vyabhavniliai, Sankranthi, Pusa Ruby, Abhinava, Arka Ananya,
Lakshmi, NS-501, Shakthiman, US-618, IIHR 2101, RIE611, IIHR 2822, IIHR 2823, Marker (200 bp)
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