LOCATING DONORS FOR GENES FOR BIOTIC
STRESS RESISTANCE IN TOMATO THROUGH
MOLECULAR MARKER ASSISTED SELECTION

KRISHNENDU M. R.
(2016-09-025)

B. Sc. - M. Sc. (INTEGRATED) BIOTECHNOLOGY
DEPARTMENT OF PLANT BIOTECHNOLOGY

COLLEGE OF AGRICULTURE
KERALA AGRICULTURAL UNIVERSITY

VELLAYANI, THIRUVANANTHAPURAM-695 522
2021



LOCATING DONORS FOR GENES FOR BIOTIC
STRESS RESISTANCE IN TOMATO THROUGH
MOLECULAR MARKER ASSISTED SELECTION

By
KRISHNENDU M. R.
(2016-09-025)

THESIS
Submitted in partial fulfilment of the

requirement for the degree of

B. Sc. - M. Sc. (INTEGRATED) BIOTECHNOLOGY

Faculty of Agriculture

Kerala Agricultural University, Thrissur

\LTY
GOLTUR,

A

KERALA AG
d ~Lsuaan®

DEPARTMENT OF PLANT BIOTECHNOLOGY
COLLEGE OF AGRICULTURE
VELLAYANI, THIRUVANANTHAPURAM- 695 522
KERALA, INDIA
2021



DECLARATION

I hereby declare that the thesis entitled “Locating donors for genes for biotic stress
resistance in tomato through molecular marker assisted selection” is a bonafide
record of research work done by me during the course of research and that the
thesis has not previously formed the basis for the éward_o,f‘ar'ly degree, diploma,

associateship, fellowship or other similar title, of any other Un_iveréity or Society.

e s

Place: Vellayani KRISHNENDU M. R.

Date: 17/01/2022 (2016-09-025)



CERTIFICATE

Certificd that this thesis entitled “Locating donors for genes for biotic stress
resistance in tomato through molecular marker assisted selection” is a record
of research work done independently by KRISHNENDU M. R. (2016-09- 025)
under my guidance and supervision and this has not previously formed the basis for

the award of any degree, diploma, fellowship or associateship to her.

Place: Vellayani Dr. V. G. Jayalekshmy

Date: 17/01/2022 (Chairman, Advisory Committee)
Professor and Head
Department of Seed Science and Technology
College of Agriculture, Vellayani,
Thiruvananthapuram — 695 522



CERTIFICATE

We, the undersigned members of the advisory committee of Ms. KRISHNENDU

M. R. (2016-09-025) a candidate for the degree of B. Sc. -M. Sc. (Integrated)

Biotechnology, agree that the thesis entitled “Locating donors for genes for

biotic stress resistance in tomato through molecular marker assisted

selection”™ may be submitted by Ms. KRISHNENDU M. R. in partial fulfillment

of the requirement for the degree.

BY
) tandd

Dr. V. G. Jayalekshmy

(Major Advisor, Advisory Committee)
Professor and Head

Department of Seed Science and Technology
College of Agriculture, Vellayani,
Thiruvananthapuram - 695 522

Dr. SWwapna Alex
(Member, Advisory Committee)

Professor

Department of Plant Biotechnology
College of Agriculture, Vellayani
Thiruvananthapuram-695 522

|

Dr. K. B. Soni
(Member, Advisory Committee)

Professor and Head

Department of Plant Biotechnology
College of Agriculture,Vellayani,
Thiruvananthapuram-695 522

B

Dr. Beena R.

(Member, Advisory Committee)
Assistant Professor

Department of Plant Physiology
College Of Agriculture, Vellayani
Thiruvananthapuram- 695 522



ACKNOWLEDGEMENT

| would always like to consider myself privileged to be associated with College of
Agriculture, Vellayani as the epicenter of all my academic endeavours. The vibrance
and warmth instilled in me by the epic institution was more than exhilarating and

comforting, that I couldn’t think of another choice for my M.Sc. project work.

I am highly overwhelmed in all humbleness and gratefulness to acknowledge my
gratitude to all those people whose assistance was a milestone in the completion of
this project.

First and foremost, | wholeheartedly thank Dr. A. Anil Kumar, Dean, College of
Agriculture, Vellayani, for granting permission to carry out the project work in the
college as well as for the constant encouragement and guidance extended during the
stressful conditions of COVID pandemic to all the students to pursue their academic

activities without fail.

I am highly indebted to my loving, ever smiling and cheerful major advisor Dr. V. G.
Jayalekshmy, who had been my source of energy and strength throughout the time of
research work. I am at a loss for words to express my profound gratitude to
Jayalekshmy Ma'am for her kindness in bearing with me despite her busy schedules
and for believing me even during tough times. | am grateful for my time working with
her and it is through her brilliant and skillfull supervision that this project was
enriched to higher levels. I am also extremely thankful for her invaluable advice,
constructive feedbacks and meticulous efforts put in to revise the thesis with the

concern of its early submission without delay.

| express my sincere gratitude to all the advisory committee members, Dr. K. B. Soni,
Dr. Swapna Alex and Dr. Beena R. for their insightful suggestions, guidance and
encouragement till the completion of the work. Especially Swapna Ma’am and Soni
Ma’am had been persistently working on the academic procedures for ensuring the
smooth conduct of the project work and this work would not have been possible

without their unconditional support.



| am greatly blessed to get a bunch of Phd scholars, Shahiba Chechi, Chacko
Chettan, Bhaskar Chettan and Anand Chettan in our lab, who were always there to
listen and take care of things without hesitation. Shahiba Chechi, was my mentor
next to Jayalekshmi Ma’am, who generously took time out of her busy schedules to
guide me in the research at any time as a constant supporting system to make this
project possible. Chacko Chettan had been the ultimate solutionist of our lab, who
was there always, willing to lend a helping hand to all forms of obstacles | faced
during my work. Bhaskar Chettan was helpful in providing the right direction in
every step of this work. Anand Chettan’s advice was perfectly a blend of insight and
humor, which helped a lot in the processing of the project work. I consider myself
lucky to be a part of this great company of scholars, who endured this long process
with me, always offering unwavering support and love. It is with great pleasure and
happiness that | express my love and gratitude to each and every one of them for

gifting me a wonderful and memorable lab time.

| express my deepest gratitude to Dr. Kiran A. G., whose guidance from the initial
step in the research enabled me to develop an understanding of the subject. Kiran Sir
being an extraordinary teacher of great human values, understands the progress of
work and does every possible help from his side to enable the smooth conduct of the

work.

| would also like to thank all the respected teachers from Department of Plant
Biotechnology, who have directly and indirectly provided valuable suggestions

during the course of this work.

| really enjoyed the chit chats and fun filled recess with Reji Chechi, who just makes
our day brighter with her innocence and charm. | just cannot leave without saying
how much | loved her company, and all those sweet memories we shared on our trip

together, back from college.

I am also deeply thankful to Jisha Chechi for all the painstaking efforts and selfless
acts taken by her to plant my seedlings for almost a week, tolerating the scorching

noon heat of polyhouse.



| wish to express my love and heartfelt thanks to my dear friend and colleague
Aiswarya Mohandas, who was there with me throughout the journey, helping and
encouraging with a motive to see the fruitful completion of this project. /t’s her care
and concern on me as a loving friend had motivated me to go this far in this journey

and | am fortunated to get her.

I would be amiss if I did not mention my lab mates Paru and Revathi Chechi who
were ready to help with any needs I had. I couldn’t forget the warm relation we
nourished during our lab time, helping each other and having fun together. Thank
you Paru and Revathi Chechi for all the colourful moments and | will cherish our
memories spent together in lab.

| also extend my special thanks to my dear classmates, seniors and juniors for their
time, advise and moral support. | was happy to have all of them in this stage of my
life.

Lastly, my family deserves endless gratitude. My loving father, my hero, had been the
sole reason for the successful completion of this project work as he stood with me
during all my ups and downs, keeping things normal and comfortable to move on.
Words can never express my gratitude towards him. | owe my deepest gratitude to
my mother and brother, who were always supportive of my activities with their

unconditional love and care. Thank you for the strength you gave me.

Ultimately, | bow before the God Almighty for all the blessings and strength given to
me for the successful completion of this project work.

Krishnendu M. R.



DEDICATED TO MY DEAR PARENTS,
TEACHERS AND FRIENDS



TABLE OF CONTENTS

Sl. No. Title Page No.
1
LIST OF TABLES
v
LIST OF FIGURES
\%
LIST OF PLATES
VII
LIST OF APPENDICES
VI
LIST OF ABBREVIATIONS
1
1 INTRODUCTION
2 REVIEW OF LITERATURE 4
26
3 MATERIALS AND METHODS
4 RESULTS 36
5 DISCUSSION 73
6 SUMMARY 86
7 REFERENCES 89
8 APPENDICES 107
9 ABSTRACT 109




LIST OF TABLES

Table . Page
No. Title No.
1 Molecular markers associated with genes for resistance to
Tomato yellow leaf  curl virus disease (TYLCVD) 23
2 Molecular markers associated with genes for resistance to
Verticillum wilt 24
3 Molecular markers associated with genes for resistance to
Fusarium wilt 24
4 Molecular markers associated with genes for resistance to
Late blight 25
5 Molecular markers associated with genes for resistance to
Root node nematode disease 25
6 List of tomato genotypes used in the study
27
7 Details of molecular markers and primer sequences used in
the study 31
8 Reaction mix used for annealing temperature standardization
33
9 Thermal profile used for annealing temperature
standardization 33
10  |Reaction mix used for PCR reaction
34
11 | Thermal profile used for PCR reaction
34
12 Reaction mix used for restriction digestion
34
13 Quantitative and qualitative analysis of the isolated DNA
36
14 | Standardized annealing temperature of primer pairs of
molecular markers 43
15 Screening of the 30 tomato genotypes for the presence or
46

absence of the gene Ty2 for resistance to Tomato Yellow Leaf

Curl virus




16 | Screening of the 30 tomato genotypes for the presence or

absence of the gene Ty3 for resistance to Tomato Yellow Leaf 49

Curl virus.
17 | Screening of the 30 tomato genotypes for the presence or

absence of the gene Vel for resistance to Verticillium wilt. 52
18 | Screening of the 30 tomato genotypes for the presence or

absence of the gene Ve2 for resistance to Verticillium wilt. 55
19 | Screening of the 30 tomato genotypes for the presence or

absence of the gene 13 for resistance to Fusarium wilt. 58
20 | Screening of the 30 tomato genotypes for the presence or

absence of the gene 17 for resistance to Fusarium wilt. 61
21 | Screening of the 30 tomato genotypes for the presence or

absence of the gene Ph3 for resistance to Late blight 64
22 | Screening of the 30 tomato genotypes for the presence or

absence of the gene Ph2 for resistance to Late blight. 67
23 | Screening of the 30 tomato genotypes for the presence or

absence of the gene Mil.2 for resistance to Root knot. 70
24 | Genotypes identified as donors for genes for resistance

71

located from the study




LIST OF FIGURES

Figure No. Title Page no.
1 Genotypes and their located genes for resistance 83
Presence or absence of the genes for resistance located
2 84

in the 30 tomato genotypes




LIST OF PLATES

Plate Title PNage
No. '
1 Gel profile of the DNA isolated from 30 genotypes resolved on 37
0.8% agarose gel
9 Gel profile of the DNA isolated from 30 genotypes resolved on 40
0.8% agarose gel
3 Gel profile of the gradient PCR of the marker 40
VV2LeO3F/V2LeO3R for the gene Ve2 resolved on 2.5 % agarose
gel
4 Gel profile of the gradient PCR of the marker CAPS7774 for the 41
gene 17 resolved on 2.5 % agarose gel
5 Gel profile of the gradient PCR of the marker dtG63 for the gene 41
Ph2 resolved on 2.5 % agarose gel.
5 Gel profile of the gradient PCR of the marker Ph3-SCAR for the 42
gene Ph3 resolved on 2.5 % agarose gel.
7 Gel profile of the gradient PCR of the marker Mi23 for the gene 42
Mi-1.2 resolved on 2.5 % agarose gel
3 Amplification profile of the molecular marker TO302F/TY2R1 for 45
the gene Ty2 resolved on 2.5% agarose gel
9 Amplification profile of the molecular marker FLUW?25 for the 48
gene Ty3 resolved on 2.5% agarose gel
10 Amplification profile of the molecular marker Vel Xbal for the 51
gene Vel resolved on 2.5% agarose gel
11 Restriction digestion profile of the molecular marker Vel Xbal for 51
the gene Vel resolved on 2.5% agarose gel
12 Amplification profile of the molecular marker 54
V2LeO3F/V2LeO3R for the gene Ve2 resolved on 2.5% agarose
gel
13 Restriction digestion profile of the molecular marker 54
V2LeO3F/V2LeO3R for the gene Ve2 resolved on 2.5% agarose
gel
14 Amplification profile of the molecular marker P743DF1/R1 for 57
the gene 13 resolved on 2.5% agarose gel
15 Amplification profile of the molecular marker CAPS7774 for the 60

gene 17 resolved on 2.5% agarose gel

\"




Restriction digestion profile of the molecular marker CAPS7774

16 60
for the gene 17 resolved on 2.5% agarose gel

17 Amplification profile of the molecular marker Ph3-SCAR for the 63
gene Ph3 resolved on 2.5% agarose gel

18 Amplification profile of the molecular marker dtG63 for the gene 66
Ph2 resolved on 2.5% agarose gel

19 Restriction digestion profile of the molecular marker dtG63 for the 66
gene Ph2 resolved on 2.5% agarose gel

20 Amplification profile of the molecular marker Mi23 for the gene 69

Mil.2 resolved on 2.5% agarose gel

Vi




LIST OF APPENDICES

Sl. No. Title Appendix No.
Reagents required for DNA Isolation I
1
Reagents required for Agarose gel
2 I

electrophoresis

vii




%
(L)

CAPS
CCSHAU
DNA
dNTPs
dsDNA
E.coli
EDTA
etal.
EtBr
FAO

g

G

IARI
IIHR
VR
InDels
KAU
Kb

kg

LIST OF ABBREVATIONS

Percentage

Linnaeus

Microgram

Microlitre

Micromolar

Adenine

Absorbance at 260 nm wavelength
Absorbance at 280 nm wavelength
Amplified Fragment Length Polymorphism
Basic Local Alignment Search Tool
Base pair

Cytosine

Cleaved Amplified Polymorphic Sequences
Choudary Charan Singh Haryana Agricultural University

Deoxyribonucleic acid

Deoxy nucleotide tri phosphates
double stranded Deoxyribonucleic acid
Escherichia coli

Ethylene diamine tetra acetic acid

et alia

Ethidium bromide

Food and Agriculture Organization
gram

Guanine

Indian Agricultural Research Institute
Indian Institute of Horticultural Research
Indian Institute of Vegetable Research
insertion-deletion

Kerala Agricultural University

Kilo bases

Kilogram

viii



L Litre

LB Late blight

LRR leucin-rich-repeat

m Meter

M Molar

MAS Marker assisted selection

Mb megabases

mg milligram

MgCl, Magnesium chloride

min Minute

ml Millilitre

mm Millimeter

mM Millimolar

NaCl Sodium chloride

NBPGR National Bureau of Plant Genetic Resources
NCBI National Centre for Biotechnological Information
ng Nanogram

Nm Nanometer

O.D. Optical density

°C Degree Celsius

PCR Polymerase chain reaction

pH Potential of hydrogen

PS Phenotypic selection

PVP Polyvinylpyrrolidine

QTL Quantitative trait locus

R Resistant

RAPD Random amplified polymeric DNA
RFLP Restriction fragment length polymorphism
RKN Root knot nematodes

RNA Ribonucleic acid

RNase Ribonuclease

rpm revolutions per minute

S second



SCAR Sequence characterized amplified region

SNP Single nucleotide polymorphism
sp. Species

spp. Species (plural)

SSR Simple sequence repeat

T Thymine

Ta Annealing Temperature

TAE buffer Tris Acetate EDTA buffer

Taq Thermus aquaticus

TE Tris-EDTA buffer

Tris HCI Tris (Hydroxy methyl) aminomethane hydrochloride
U Enzyme units

UAS University of Agriculture Science
UV-VIS Ultra Violet-Visible Spectroscopy
\Y Volt

viv volume/volume

Vit Vitamin

wiv weight/volume



INTRODUCTION




1. INTRODUCTION

Tomato (Solanum lycopersicum L.) is an economically important vegetable
crop of Solanaceae family, grown as a perennial in its native habitat and as an annual
when grown outdoors in temperate climates. Presently it is estimated that about 160
million tonnes of tomato are produced annually worldwide, from 4.7 million hectares
(Konuma and Gennari, 2014). Tomatoes are botanically a berry fruit, but they are
used as a vegetable for culinary purposes and are consumed in variety of forms,
including raw. Native to South America, tomato is cultivated extensively in all the
states of India from Jammu and Kashmir to Kerala and Arunachal Pradesh to Gujarat.

Tomato prefers warm sunny weather for growth and is sensitive to extreme
conditions of high and low temperature. It fairly withstands drought condition, but
prevalence of low moisture supply, obstruct setting of fruit. Warm weather is
essential for high yield, quality, color, and proper ripening of tomato. A temperature
range of 14°C to 32°C is optimum for fruit setting and ripening and 18°C to 26°C
temperature range is favored for germination in tomato. It grows well in all soil types
with a pH range of 6 to 7, which is properly drained with fairly good water holding
capacity and rich in organic matter. The plant grows to a height of 1-3 meters and

often sprawls over the ground due to weak stem.

Tomato has gained popularity as the richest source of powerful antioxidant
lycopene, which has anti-cancer properties and imparts red color to the fruit (Kim et
al., 2016). Various other compounds with antioxidant properties present in tomato
include beta carotene, chlorogenic acid, plastoquinones, rutin, tocopherol and
xanthophylls (Leonardi et al., 2000). It is a vital source of dietary vitamins (Vit A
and Vit C), minerals and fiber and is thus recognized as a healthy food that helps in
providing protection against various human diseases like heart and numerous cancer
diseases (Dhaliwal et al., 2020).

The cultivated tomato and its wild relatives in the genus Solanum are diploid
(2n=2x=24) in nature with similar chromosome number and karyotype. With a
widely characterized small genome size of 950 Mb, the greatest wealth of genetic

variability is contributed by wild relatives of tomato (Chetelat and Ji, 2007). Tomato



being a dynamic academic model system in plant genetics for abiotic and biotic stress
tolerance and plant - microbe interaction, is highly threatened by different types of
pathogen attack, resulting in substantial production and yield losses (Lee et al.,
2015). The major vulnerable diseases constituting biotic stress in tomato are caused

by viruses, fungi, bacteria and nematodes.

Genes that impart resistance to diseases caused by several pathogens has been
identified in wild relatives of tomato including Solanum peruvianum, Solanum
chilence, Solanum pimpinellifolium, Solanum pennelli and Solanum habrochaites
(Sajid and Eminur, 2019). New strategies based on Marker assisted selection (MAS)
has been successfully employed in tomato breeding program to select for several
qualitative disease resistance traits and to improve upon quantitative resistance to
disease. Application of molecular markers in tomato breeding program for disease
resistance unveil the possibility of locating donors for genes for resistance to multiple

diseases from the germplasm.

The accuracy of MAS in tomato crop improvement program has been hugely
elevated with the advent of PCR based gene specific markers linked to the genes for
resistance, which detects DNA polymorphism within target genes. The gene based
markers employed for screening tomato genotypes for biotic stress resistance is
majorly based on genetic variations present in different alleles like Single nucleotide
polymorphism (SNP) or InDels (insertion/deletion) resulting in critical phenotypic
changes (Arens et al., 2010). Being free from environmental conditions, the use of
molecular markers in MAS for disease resistance screening has overcome many
limitations in developing commercial tomato cultivars and is a highly reproducible
and reliable tool for introducing simple and complex traits in tomato breeding

programs.

This study aims to screen 30 genotypes for genes for resistance to major
diseases, ie, Tomato yellow leaf curl virus (TYLCV), Verticillium wilt, Fusarium wilt,
Late blight and Root-knot that challenge tomato production using gene specific
SCAR and CAPS molecular markers.



The study is expected to contribute donors for genes for resistance to Tomato
yellow leaf curl virus (TYLCV), Verticillium wilt, Fusarium wilt, Late blight and

Root-knot diseases in tomato.



REVIEW OF LITERATURE




2. REVIEW OF LITERATURE

The study focuses on screening 30 tomato genotypes for genes for resistance
to major diseases like Tomato yellow leaf curl virus (TYLCV), Verticillium wilt,
Fusarium wilt, Late blight and Root-knot through molecular markers. A review of
literature on Solanum lycopersicum L., disastrous pathogens resulting biotic stress in
Solanum lycopersicon, major diseases and associated genes for resistance as well as
molecular markers used for screening in the study, has been carried out in this

chapter.
2.1 TOMATO (Solanum lycopersicum)

Cultivated tomato (Solanum lycopersicum) is an important warm season
grown fruit vegetable worldwide, with second most ranking in consumption and
global food production, after potatoes. It belongs to Solanaceae family, which consist
of about 100 genera and 2500 species of high agronomic significance (Sajid and
Eminur, 2019). Being one of the popular grown crops in garden, tomato varieties are

sold worldwide in high numbers than any other vegetable crops.

With the recent revision of the phylogenetic classification in the family
Solanaceae, the genus Lycopersicon got reintegrated into the genus Solanum and thus
tomatoes became more commonly accepted in the genus Solanum (Child, 1990).The
genus Solanum consist of 13 species of tomato, which include cultivated tomato and

the wild relatives, constituting the genetic diversity.

Origin of wild tomato is centered in western South America, distributed along
the mountainous regions of the Andes from Ecuador to northern Chile (Darwin et al.,
2003; Peralta and Spooner, 2005). Diversity in wild tomato has been a contribution of
diverse ecological habits like arid coastal lowlands to isolated valleys of Andean
topography and different climate conditions like the scorching deserts in northern
Chile.

India is the second leading producer of tomato following China, with tomato
being cultivated in all the states of India from Jammu and Kashmir to Kerala. India is

not a home to naturally growing wild species of tomato, but possesses germplasm



lines of potential wild species like Solanum pimpinellifolium, Solanum
lycopersicumvar cerasiforme, Solanum peruvianum, Solanum habrochites etc. The
potent factors used to differentiate the germplasm of tomato in India are fruit weight,
number of fruits per plant and plant height (Reddy et al., 2013).

The most recent ancestor of cultivated tomato is identified to be the cherry
tomato Solanum lycopersicum var. cerasiforme (Arumuganathan and Earle, 1991).
Wild tomato species are diploid with similar chromosome number and structure with
not much major differences. Wild species of tomato are recognized to possess
definite source of genes for resistance to biotic and abiotic stress tolerance. The
development of new resistant cultivars with improved economic traits and capability
to survive biotic and abiotic stress has been achieved through various methods of
genetic introgression from their corresponding wild relatives. However, high
selection and inbreeding practices to breed similar ideotypes to achieve improved
productivity has resulted in depletion of genetic diversity within modern tomato
cultivars. Estimates shows that only less than 5% of genetic diversity of wild
relatives were found in the genome of cultivated tomatoes (Miller and Tanksley,
1990) and this limited genetic variation is the prime reason of crop vulnerability to

biotic stress causing diseases and insect epidemics.

2.1.1 Taxonomic Tree of Solanum lycopersicum L.

Domain : Eukaryota
Kingdom : Plantae
Phylum . Spermatophyta
Subphylum : Angiospermae
Class : Dicotyledonae
Subclass . Asteridae
Order : Solanales
Family : Solanaceae
Genus : Solanum
Species - lycopersicum



Tomato is a popular academic model plant for biology and plant genetics
research, particularly in the areas of abiotic and biotic stress tolerance, fruit biology,
and plant-microbe interactions (Sajid and Eminur, 2019). It has been examined
extensively and scientifically in response to pathogen attacks. Various devastating
diseases have been reported in tomato plants around the world in recent years,
resulting in significant losses in production and yield. Crop vyields are currently
declining; as a result, various novel tactics have been developed to maintain output,

stability, or sustainability of plant features.

2.2 BIOTIC STRESS IN TOMATO AND ASSOCIATED MAJOR GENES FOR
RESISTANCE

Tomatoes are susceptible to more than 200 diseases caused by a variety of
pathogens, including fungus, viruses, bacteria, and nematodes, posing enormous
damage to plant health. Despite decades of rigorous disease resistant tomato breeding
initiatives, a substantial variety of pathogens continue to pose threats to tomato
production. Tomato spotted wilt virus (TSWV), Tomato yellow leaf curl virus
(TYLCV), Tomato mosaic virus (ToMV), verticillium wilt caused by Verticillium spp.,
fusarium wilt caused by Fusarium oxysporum, late blight caused Phytophthora
infestans, leaf mold caused by caused by Cladosporium fulvum, root knot caused by
Meloidogyne spp., bacterial spot caused by Xanthomonas spp., bacterial speck caused
by Pseudomonas syringae and bacterial wilt caused by Ralstonia solanacearum are

some of the major diseases challenging tomato production worldwide.

Cultivated tomatoes have a limited gene pool due to rigorous breeding efforts
focused at boosting economically useful traits. As a result, wild relatives like S.
pimpinellifolium, S. pennelli, S. habrochaites, S. peruvianum, and S. chilense have
been studied for their potential as disease resistance sources (Peirce, 1971; Stevens et
al., 1991; Zamir et al., 1994; Diwan et al., 1999). Today, resistance genes derived
from moderately wild species such as Solanum peruvianum, Solanum chilence,
Solanum pimpinellifolium, Solanum pennellii, and Solanum habrochaites can be used
to genetically control nearly 20 distinct infections in tomato. Molecular markers have
been developed and used in tomato breeding programs to utilize the resistance

conferred by these wild relatives in producing new tomato varieties.
6



2.2.1 Tomato yellow leaf curl virus disease (TYLCVD)

Since the 1980s, tomato yellow leaf curl disease (TYLCD) has posed a global
threat to tomato (Solanum lycopersicum) production (Moriones and Navas-Castillo,
2000). Tomato yellow leaf curl virus (TYLCV) is a member of Begomovirus genus of
the Geminiviridae family is one of the virus species among a cluster of related
species that can cause TYLCD. In nature, TYLCV is transmitted in a persistent-
circulative way by the invasive pest whitefly Bemisia tabaci (Gronenborn, 2007).
The disease infects agriculture all over the world, in both protected and open field
cultivations (Lapidot and Polston, 2006).

Tomatoes can be infected with TYLCV at any stage of development. Several
weeks after the virus infection, the disease symptoms appear. Stunted plant growth,
reduced leaf size, upward cupping of leaves, yellowing of the leaf margins, flower
drop, and reduced fruit set and yield are all indications of the disease (Antignus and
Cohen, 1994). Mosaic, mottling, necrosis, and leaf deformities are the most visible
viral symptoms in the field (Green, 1991). These characteristics, however, are not
very useful for identifying symptom-causing viruses on their own as they are
influenced by a variety of other factors such as plant-water relations, sucking insect

pest infestation, and so on.

Di1’az-Pendo’n et al. (2010) found that TYLCD is caused by a virus complex
containing at least six different virus species. TYLCD-causing begomoviruses are
collectively known as TYLCV-like viruses, with TYLCV being the most widely
disseminated. Two TYLCV species have been identified in the Mediterranean basin
based on sequence similarities, Tomato yellow leaf curl virus-Israel (TYLCV-Isr)
(Navot et al., 1991) and Tomato yellow leaf curl Sardinia virus (TYLCSV) (Kheyr-
Pour et al.,1991).

2.2.1.1 Genes for resistance to Tomato yellow leaf curl virus disease

The development of inoculation techniques, screening and confirmation of
resistance sources, gene discovery and genetic mapping, resistance gene transfer to
cultivated varieties, and field evaluation of introgressed lines are all part of the
TYLCV resistance breeding programme. Six independently inherited genes (Ty-1, Ty-

7



2, Ty-3, Ty-4, Ty-5, and Ty-6) with varied levels of resistance have been identified
and transferred to commercial cultivars from wild germplasm resources to date
(Anbinder et al., 2009).

Major resistance loci Ty-1 and Ty-3 originate from LA1969 and LA2779
accessions of S. chilense, (Ji et al., 2007). They are alleles of the same gene that
encodes a DFDGD —class RNA-dependent RNA polymerase (RDR), which is found
on the long arm of chromosome 6 of tomato (Verlaan et al., 2011; Verlaan et al.,
2013). Ty-2, found on the long arm of chromosome 11 and originated from S.
habrochaites accession B6013, encodes an NB-LRR gene (Yang et al., 2014,
Yamaguchi et al., 2018). In Ty3-carrying S. chilense LA1932 and LA2779, Ty4 was
identified on chromosome 3 as an additional resistance locus, which contributes
minorly to TYLCV resistance (Ji et al., 2009). Another recessive resistance locus ty5,
was identified on chromosome 4 in S. peruvianum (Anbinder et al., 2009). A Pelo
gene, which is the messenger RNA surveillance factor Pelota, implicated in the
ribosome recycling phase of protein synthesis, has recently been discovered as a gene
involved for ty5 resistance (Lapidot et al., 2015). Ty6, a recessive resistance gene on
chromosome 10, has also been identified in Ty3-carrying LA2779 accession of S.
chilense (Scott et al., 2015).

2.2.2 Verticillium wilt

Verticillium wilt also called as vascular wilt disease is a serious tomato disease
caused by the soil-borne fungus Verticillium dahliae and V. alboatrum in many
tomato growing locations across the world (Fradin and Thomma, 2006). Over 200
dicotyledonous species, including many important crop species, are infected by these

fungi, which cause vascular diseases in them.

Yellow blotches on the lower leaves are the first symptom of verticillium wilt,
followed by brown veins, and finally chocolate brown dead spots, which may emerge
under favourable moisture and nutrition conditions. The spots resemble alternaria
early blight, but they aren't the same, and they don't form concentric bull's-eye rings.
It's possible that the leaves will wilt, die, and fall off. The plant becomes stunted as

the disease signs move up the stem. The upper leaves are the only ones that remain
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green. Because of the absence of leaves, the fruits remain small, develop yellow

shoulders, and are susceptible to sunburn (Karagiannidis et al., 2002).

For the control of Verticillium spp., there are only a few options, and none of
them are completely effective. Because soil fumigation is both costly and harmful to
the environment, the most promising solutions for controlling these diseases rely

mostly on genetic resistance (Corsini and Pavek, 1996).
2.2.2.1 Genes for resistance to Verticillum wilt

The Ve locus contains two closely linked, inversely orientated genes: Vel and
Ve2, confers resistance against verticillium wilt disease in tomatoes. The genes share
84% amino acid similarity and have no introns. Resistance to Verticillium dahliae
race 0 was found on chromosome 9 in S. lycopersicum line Peru Wild (Schaible et
al., 1951). The resistance spectrums of the resistance genes of Ve locus (both Vel and
Ve2) have been determined, which confers resistance to race 1 strains of V. dahliae
and Verticillium alboatrum. The extracellular LRR receptor-like protein class of
disease resistance proteins confers Vel resistance (Kawchuk et al., 2001), which
appear to be important for evoking an effector-triggered immunity in the host plant.
The wild tomato species Solanum licopersicoides (Chai et al., 2003) and the wild
potato species Solanum torvum both are recognized have Ve gene homologues (Fei et
al., 2004).

Selection can be carried out at an early seedling stage of development using
molecular markers associated to the traits of interest, and the Verticillium-resistant
genotypes can be easily differentiated. Ve resistance is present in the majority of
contemporary tomato cultivars. This resistance gene has been linked to a number of
PCR-based markers (Kawchuk et al., 2001; Acciarri et al., 2007; Park et al., 2008).
Many tomato-growing locations across the world have reported race 2 of the
pathogen, which encompasses all strains of the pathogen, virulent to cultivars
carrying Ve gene (Scott and Gardener, 2007). The resistance to this race is not based
on a gene-for-gene mechanism. However, sources of S. lycopersicum that give partial

resistance to race 2 have been discovered (de Miranda et al., 2010). In addition, there



have also been reports of SCAR and SNP markers linked to this resistance (Kawchuk
et al., 2001).

Jung et al. (2015) reported several allele-specific molecular markers for Vel
and Ve2. Between the Vel resistance allele and the vel susceptibility allele, the major
DNA variation is a single-bp deletion, TCA/T-A at nucleotide position 1,220, which
causes a premature stop codon in the vel susceptibility allele, which is associated
with loss of function and disease resistance. As a result, the single-bp deletion-
derived gene-based CAPS marker can be deemed as a functional marker for the Vel

resistance locus.
2.2.3 Fusarium wilt

Fusarium oxysporum f. sp. Lycopersici (Fol) is a common and destructive
pathogen that causes wilt in tomato and endangers the industry of this economically
predominant crop worldwide. Many host specific special forms of F. oxysporum,
known as formae speciales (f. sp.) (Di Pietro et al., 2003), shows a gene-for-gene

relationship between the pathogen and its diverse host range.

Fol is a soil-borne pathogen that penetrates tomato plants through the roots
and can infect them at any stage of growth. Fol infection begins with the germination
of soil-borne spores near developing roots, followed by adhesion to the root surface,
root cortical penetration, and hyphae development within the root vasculature. Fol
eventually infiltrates and colonises the parenchyma of the dying tomato plant,
sporulating on its surface (Michielse and Rep, 2009).

Yellowing, wilthing, and browning of the leaves, stunted development, and
eventually death of the plant are all symptoms of this disease. These symptoms are
generated by hyphae within the xylem vessels, as well as tyloses, callose, gums, and
gels produced by the host plant, obstructing water and nutrient flow (Bacon and
Yates, 2006; Moretti, 2009).

To control this fungus in tomato fields, a variety of techniques are used,
including soil steaming, fumigation, solarization, or a combination of these

(Essarioui et al., 2016). All of these management strategies, however, are expensive
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and primarily restricted to greenhouses. The use of resistant cultivars in the field is

the only effective and practical approach of control.
2.2.3.1 Genes for resistance to Fusarium wilt

Three races of the pathogen (1, 2, and 3) have been identified, as well as four
resistance loci (I, I-1, I-2, and 1-3) that confer vertical resistance to the disease so far.
Fol resistance has been established in a number of wild tomato varieties. The first
gene, |, identified in S. pimpinellifolium accession Pl 126915 (Bohn and Tucker,
1940) is found to confer resistance to race 1 of the pathogen, and was consequently
mapped to the short arm of tomato chromosome 11. The I-2 gene, which confers
resistance to race 2 of the pathogen, was identified in S. pimpinellifolium accession
Pl 126915 and mapped to the long arm of chromosome 11, where it encodes a coiled
coil, nucleotide-binding (CC-NB)-LRR resistance protein (Simons et al., 1998). I-2 is
one of six members of the 1-2C gene family, which spans 90 kb within which the
complex resistant locus includes I-2, 1-2C1, 1-2C2, 1-2C3, 1-2C4, and [-2C5. While |
and I-2 have been the most commonly used resistance genes for breeding (Scott,
2008), 1-3 is now the preferred resistance gene since race 3 is becoming more
common than before, and there are also few tomato cultivars with the 1-3 resistance
gene. S. pennelli LA716 (Scott and Jones, 1989) was found to have I-3 resistance to
Fol race 3 and this gene encodes an S-receptor-like kinase (SRLK) protein
(Catanzariti et al., 2015). I-7 is part of a small gene family that consists of a
homologue on chromosome 6 and a homologue on chromosome 8 next to it. In S.
pennellii LA716, the 1-7 resistance gene was identified, which confers resistance to
Fol races 1, 2, and 3. Also it encodes a typical extracellular LRR receptor-like
protein (LRR-RLP) (Gonzalez-Cendales et al., 2016). Different SCAR and CAPS

marker have been developed for all these disease resistance genes.
2.2.4 Late blight

Late blight (LB), caused by the oomycete Phytophthora infestans, is one of
the most damaging tomato diseases in areas of high humidity and cool temperatures,
and can result in crop loss of up to 100 percent in unprotected tomato fields or

greenhouses. Reduced yield, lower fruit quality (such as low specific gravity),
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reduced storability, and increased costs associated with fungicide applications are all

possible losses.

Phytophthora infestans can decimate tomato crop at any stage of their growth.
It can infect the plant's entire above-ground structure, causing necrosis of the leaves
and stems, fruit rot, and eventual plant death. Tomato seed may also be infected by
Phytophthora infestans (Rubin et al., 2001). Lesions of late blight (LB) first emerge
near the leaflet margins. Water-soaked lesions that are purple, dark-brown, or black
often develop a pale yellowish-green border that blends in with healthy tissue.
Lesions can appear elsewhere on the leaves as the disease progresses. Leaflets shrivel
and die as LB progresses, and the disease spreads to the rest of the vegetation,
resulting in widespread defoliation. The dark brown LB lesions of the stem usually
start at the top of the stem or at a node and spread down the stem (Rubin and Cohen,
2004).

2.2.4.1 Genes for resistance to Late blight

Late blight (LB) resistance in potatoes has been extensively studied, with
more than 60 resistance genes identified and recognized on the genetic map
(Rodewald and Trognitz, 2013) and only a few race-specific LB resistance loci in the
tomato have been identified. In both traditional and organic agriculture, host plant

resistance has proven to be an effective way to fight LB and other tomato diseases.

For several years, tomato genetic resistance to LB has been of interest, and
three main resistance genes, Ph-1, Ph-2, and Ph-3, have been identified in the tomato
wild species S. pimpinellifolium, and have been mapped to tomato chromosomes 7,
10, and 9, respectively. Ph-1 is a single dominant gene on chromosome 7 that confers
resistance to race T-0, but it was quickly surpassed by new pathogen races (Peirce,
1971). Currently, race T-1 of P. infestans predominates, causing Ph-1 resistance
ineffective. To many isolates of race T-1, the resistance conditioned by Ph-2, a single
incomplete-dominant gene mapped to the lower end of tomato chromosome 10's long
arm (Moreau et al., 1998), provides partial resistance (Peirce, 1971). Ph-2 delays but
does not hinder the progression of the disease (Moreau et al., 1998) and often fail in

the presence of aggressive isolates. In S. pimpinellifolium accession L3708, a much

12



stronger resistance gene, Ph-3, was identified (Black et al., 1996). This gene is
currently much more prominent than Ph-1 and Ph-2 (Chunwongse et al., 2002) as it
confers incomplete dominant resistance to a wide variety of P. infestans isolates of
tomato, including those that surpassed Ph-1 and Ph-2. The Ph-3 gene is found in a
26-kb region on chromosome 9's long arm, encodes a coiled-coil nucleotide-binding
(NBS)-LRR (Zhang et al., 2014). However, it has been proposed that the maximum
resistance conferred by L3708 (the original source of Ph- 3) is conferred by more
than just the Ph-3 locus, and the homozygous or heterozygous conditions of Ph-3
alone, would not be commercially attractive because it does not impart substantial
amount of resistance against aggressive isolates like US-7 and US-17 (Kim and
Mutschler, 2005; Lee et al., 2006). As a result, it appears that combining Ph-3 and
Ph-2 confers high resistance to the majority of these isolates. In S. habrochaites LA
1033, Ph 4 on chromosome 2 was identified (Kole et al., 2006).

The breakdown or reduced effectiveness of established major LB resistance
genes in tomato, as well as the introduction of new as well as more aggressive P.
infestans isolates, necessitated the discovery and use of new resistance sources. A
few highly resistant accessions within the tomato wild species S. pimpinellifolium
were recently identified in an intense effort to find new sources of LB resistance in
tomato (Foolad et al., 2008). The identified accessions were resistant to 7 isolates of
P. infestans belonging to the US8, US13, US14, or US15 lineages. One of these
accession PSLP153, was chosen for genetic analysis as well as for discovery and
mapping of a possible new LB resistance genes. Two genomic regions on tomato
chromosomes 1 (Ph-5-1) and 10 (Ph-5-2) have been identified as conferring
resistance to tomato LB as a result of a targeted genotyping approach (Merk et al.,
2012). The position of Ph-5-1 and Ph-5-2, as well as the possibility of PCR-based

markers associated with these new resistance genes, are currently being investigated.
2.2.5 Root knot nematode disease

Root knot nematodes (RKN) are endoparasites of plants belonging to the
genus Meloidogyne, that inflict major damage to tomato crops all over the world,
particularly in home gardens. These nematodes enter the plant through the roots and
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move to the vascular cylinder, causing root knots that disrupt nutrient partitioning
and water uptake (EI-Sappah et al., 2019).

There are more than 90 species of root-knot nematode (RKN), some of which
have many races. M. incognita, M. javanica, M. hapla, and M. arenaria are the four
most economically damaging species globally (Kiewnick et al., 2009). M. incognita,
on the other hand, is the most common species that causes crop damage. They are

biotrophic parasites that can infect over 2000 plant species.

Root-knot nematode infection manifests itself in the roots below ground.
Female nematodes and their egg masses can be detected in the galls or swellings that
appear on the roots. This interferes with the intake of nutrients and water, causing the
plants to wilt during the warmer part of the day. Stunting, chlorosis (yellowing), and
wilting of plants are some of the above-ground symptoms that are typically

associated with large nematode populations (Dahal et al., 2009).
2.2.5.1 Genes for resistance to Root knot nematode disease

In the 1940s, sources of RKN resistance in tomato were discovered in S.
peruvinaum, and a dominant resistance gene, Mi, was later discovered in a hybrid of
S. lycopersicum and S. peruvianum (Medina- Filho and Stevens, 1980). Meloidogyne
incognita-1 (Mi-1) is a single dominant gene found on chromosome 6 that has
important antimicrobial properties against Meloidogyne incognita, Meloidogyne
arenaria, and Meloidogyne javanica, but not against Meloidogyne hapla. This gene
also gives resistance to potato aphid and whitefly (Milligan et al., 1998). Mi-1 is the
most important commercially available source of resistance currently and this gene
confers resistance in tomato plants as early as two weeks after germination. It is a
member of the NBS-LRR class of R-genes, which codes for nucleotide-binding sites
and leucine-rich repeats, that has a putative coiled-coil (CC) domain before the NBS
(Williamson et al., 2000). Mi-1 and its homologs are separated by 300 kb into two
clusters, each with three and four copies (Seah et al., 2007). The Mi locus has three
genes, Mi-1.1, Mi-1.2, and Mi-1.3, but resistance to RKNs is conferred only by the
Mi-1.2 gene (Milligan et al., 1998). Other Mi-1 homologs exist now, ranging from
Mi-1.4 to Mi-1.7 (Rossi et al., 1998). These seven homologs located within two
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clusters, P1 and P2, are separated by 300 kb and reside inside a 650 kb area
introgressed from S. peruvianum. According to other research, Mi-1.1, Mi-1.2, and
Mi-1.3 are the most effective for providing resistance to Meloidogynes sp. (Seah et
al., 2007). Mi-1.2, found on the P1 cluster, among all Mi genes, is the highly
specialized gene providing resistance to RKNs (Goggin et al., 2001).

Other resistance genes have been discovered, which include Mi-2, Mi-3, Mi-4,
Mi-5, Mi-6, Mi-7, Mi-8, Mi-HT, and Mi-9 (Veremis and Roberts, 1996). It's been
proposed that wild tomato possesses a genetic system capable of generating variation
at the nematode resistance locus, resulting in the production of new resistance
specifications. Seven of the ten RKN resistance genes discovered in tomatoes which
include Mi-2, Mi-3, Mi-4, Mi-5, Mi-6, Mi-9, and MI-HT are heat-stable (Wu et al.,
2009). Mi-3 is found on chromosome 12's short arm. Mi-3 and Mi-5 have the same
chromosome 12 location. Mi-9 is a Mi-1 homolog that has been localised to short arm
of chromosome 6. Mi-HT is found on short arm of chromosome 6. The remaining

three heat-stable resistance genes have yet to be discovered.

2.3 MOLECULAR MARKER ASSISTED SELECTION IN TOMATO FOR
BIOTIC STRESS RESISTANCE

The genetics and molecular mechanism of disease resistance to a range of
diseases have been thoroughly explored due to the commercial and academic
relevance of tomato, and the discoveries have contributed to MAS in tomato breeding
efforts. Marker-assisted selection is defined as the selection of a trait based on the
genotype of a related marker rather than the trait itself (Brautigam and Gowik, 2010).

The related marker functions as an indirect selection criterion (Foolad, 2007).

Tomatoes were one of the first crop species for which genetic markers were
proposed as an indirect selection criteria for breeding and for which molecular
markers and maps were constructed. Furthermore, the widespread use of wild tomato
relatives as resistance sources rather than cultivated tomatoes necessitated the use of
molecular markers to track the resistance supplied by these wild relatives and transfer

it to producing new tomato varieties (Arens et al., 2010).
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According to Pillen et al. (1996) and Fulton et al. (2002), several molecular
maps of tomato have been created during the last 30 years, including a high-density
linkage map based on a S. lycopersicum S. pennellii cross. Furthermore, molecular
markers linked to genes or QTLs underlying numerous agriculturally important traits
in tomato have been found and mapped, including disease and insect resistance,
abiotic stress tolerance, flower and fruit-related characteristics (Foolad and Panthee,
2013). As a result of these developments, it is now possible to pick economically
relevant qualities based on the genotypes of related markers rather than the trait itself,
through a method known as marker-assisted selection (MAS) (Panthee and Foolad,
2012). For at least some simply-inherited disease resistance traits in tomatoes, MAS
is becoming routine practice in many breeding programmes, especially in the private
sector.

2.3.1 Development of genetic markers in tomato

In the 1930s, systematic breeding efforts in tomato began with the goal of
improving the overall horticultural characteristics of the plant. Breeding aims became
more specialised as market demand for more specific features required by the fresh-
market or processing tomato industries grew, and by the 1950s superior varieties
were developed for either processing or fresh-market purposes (Gardner, 1982;
Gardner, 2006). However, practically all breeding programes relied entirely on
phenotypic selection until the early 1980s. While phenotypic selection is still an
important part of most tomato breeding programs, it comes with a number of

potential drawbacks.

Some of the constraints associated with phenotypic selection could be resolved
by using molecular markers and MAS, such as (1) selection of traits in the absence of
a selection environment, (2) early selection of traits that are developmentally
controlled or phenotypically not visible until late in the season, (3) multiple-trait
selection in a single season/environment, (4) selection for recessive traits without the
need for progeny testing, (5) elimination of undesirable genetic backgrounds or plant
material in early breeding generations and identification of the most desirable gene
combinations or individuals in segregating populations, (6) breaking the undesirable

links between favourable and unfavourable alleles (reducing linkage drag), (7)
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selection of low heritability traits, (8) conducting multiple rounds of selection in a

single year (Collard et al., 2005).
2.3.2 Molecular markers for marker assisted selection

A molecular marker is a particular segment of DNA that represents differences
at the genome level. They are recognisable DNA sequences located at specific
locations in the genome that are passed down through the generations according to
the laws of inheritance (Chetelat and Ji, 2006). Characteristics of an ideal marker
include: high degree of polymorphism; even distribution across the whole genome;
provide adequate resolution of genetic differences; co-dominance in expression; have

linkage to distinct phenotypes and genome specific in nature (Arens et al., 2010).

DNA markers have the advantage of being neutral in phenotypic reactions,
thus they have no pleiotropic effect on the phenotype and are not affected in their
segregation and inheritance during the growth conditions of the plant. Furthermore,
unlike the season-bound nature of phenotypic selection, molecular markers can be
identified at any stage of plant growth, allowing breeders to select plants based on
their convenience (Reddy et al., 2013). Also, MAS reduces linkage drag in a
backcross-breeding program by selecting against the undesirable donor genome and
for desirable recurrent parent genome (background selection) as well as selecting for
desirable donor alleles (foreground selection) (Foolad and Panthee, 2013). Markers
have been widely used in both public and private-sector breeding systems for simple
traits because of these advantages. At least for some disease resistance traits, it is
estimated that MAS is not only faster than PS, but also cheaper and more effective.
Many other factors influence the effectiveness of MAS, including the underlying
genetic control of the traits of interest. Since the early twentieth century, MAS has
been feasible, if not always realistic, for a wide range of qualitative/simple traits.
MAS for improving polygenic traits, on the other hand, is more difficult, even though
its utility has been recognised (Bernardo and Yu, 2007; Rutkoski et al., 2011).

While a number of molecular markers have been identified and linked to
various agriculturally significant traits in tomatoes, not all of them are effective or

immediately useful in breeding programes. Most markers haven't been validated
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across tomato genotypes and aren't polymorphic within tomato breeding populations,
limiting their usefulness in tomato improvement programmes. If markers detect
associations with traits of interest across breeding lines and populations, they are
considered useful. As a result, before markers are used as indirect selection criteria
on a regular basis, their utility must be evaluated across genotypes (Nevame et al.,
2018).

2.3.2.1 PCR based molecular markers

PCR based molecular markers are effective tools for genetic analysis.
Because of the technical simplicity, ease of screening a large number of samples
within short period of time, and ability to be performed in a moderately equipped
laboratory, PCR-based markers have been commonly used. To target DNA
motifs/genes of interest, different combinations of specific, semi-specific, and

arbitrary primers can be used (Stevens and Robbins, 2007).

Presently, most markers used for tomato genetic mapping and breeding
purposes are PCR-based, which include randomly amplified polymorphic DNA
(RAPD), simple sequence repeat (SSR), amplified fragment length polymorphism
(AFLP), sequence characterized amplified region (SCAR), cleaved amplified
polymorphic sequence (CAPS), single nucleotide polymorphism (SNP) and

insertion-deletion (InDel) markers (Lee et al., 2015).
2.3.2.1.1 Sequence characterized amplified region (SCAR)

A SCAR is a PCR-based monolocus codominant marker that uses two
specific primers derived from the nucleotide sequence of a cloned RAPD fragment
linked to a trait of interest. Specific primers of SCAR sequence for amplification may
be placed within or flanking the specific RAPD amplicon to recognise the
polymorphism in a population. SCAR markers may be both dominant as well as

codominant in nature (Lim and Ha, 2013).

It's fast, dependable, less sensitive to reaction conditions, and simple to carry
out in any laboratory. It can be done with unidentified genomic DNA from any stage

of development and body part (Kethidi et al., 2003). As a result, once established,
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SCAR markers provide a realistic method for accurately screening a large number of

samples at once, increasing the experiment's cost efficiency (Kasai et al., 2000).

RAPD-PCR amplifications generate fragment polymorphisms that may not be
reproducible always (Saiki et al., 1988). By translating RAPDs into SCARs
(sequence-characterized amplified region), this limitation can be overcome. For
genotype authentication and identification, the SCAR marker has proved to be more
reliable (Tartarini et al., 1999).

RAPD-SCAR marker is developed by purifying the PCR fragments followed
by designing of SCAR primers. In brief, from the agarose gel, a polymorphic band of
interest is identified, selected and eluted (Tartarini et al., 1999). Nucleotide sequence
of the eluted DNA fragment is then determined. The polymorphic DNA band's
nucleotide sequence obtained is used to compare with the known DNA sequences in
the NCBI database using BLAST, to determine sequence unigqueness (Paran and
Michelmore, 1993). Finally, specific SCAR primers are synthesized using the
nucleotide sequence of the polymorphic DNA band.

Indirect sequencing of RAPD amplicons is another choice. In short,
polymorphic DNA fragments of interest are cloned in a suitable vector and
transformed into competent cells of the E. coli DH-5a strain. Clones are further
chosen for plasmid DNA isolation. From restriction enzyme digestion, the same size
fragments that correspond to the RAPD markers can be retrieved, and the ends of the
cloned fragments can be sequenced. The series of the initial 10-mer primer is
combined with additional 11 - 15 bases to design the specific SCAR markers. For
authentication of a specific trait/genotyping, the newly developed SCAR primers are
validated using PCR (Kiran et al., 2010).

2.3.2.1.2 Cleaved amplified polymorphic sequences (CAPS)

CAPS, or Cleaved Amplified Polymorphic Sequences, are a group of well-
known markers that have been successfully used, especially in plant biology. CAPS
markers are based on polymorphisms in the restriction fragment lengths caused by
SNPs or Indels that either create or abolish restriction endonuclease recognition sites

in PCR amplicons, generated by locus-specific oligonucleotide primers. The
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principle CAPS is based on three simple successive steps: (1) PCR with specific
primers; (2) restriction enzyme digestion of amplification products (amplicons) and
(3) separation of digested products in an agarose gel (Heubl, 2010; Lu et al., 2010;
Hu et al., 2014). CAPS markers, in particular, combine commonly used PCR
techniques with traditional Restriction Fragment Length Polymorphism (RFLP)
methods, with the exception that they are based on the amplification of small DNA

fragments rather than the entire genome.

Since exons are more highly conserved, primers to study genes of interest are
often based on sequences within them. However, introns, where polymorphisms are
more likely to be discovered, should be included in the amplification fragments
discovered (Lee et al., 2012; Lim and Ha, 2013). CAPS markers, on the other hand,
can be established successfully in other parts of the genome. CAPS primers may be
generated using nucleotide sequences from published articles, databases, or
additional experiments to develop sequences. As a result, the first step of CAPS,

amplification of a particular gene of interest fragment, is actually a routine PCR.

The second step in CAPS is the application of endonucleases, and the
possibility of genetic variation among DNA samples is critical. Single Nucleotide
Polymorphisms (SNPs) and Insertion-Deletions (InDels) are the most common types
of genetic variations in DNA (Wu et al., 2014; Jiang et al., 2015). Plant species,
population, specific gene of interest, and even the amplicon location (introns, exons
or non-coding regions) in the genome, all influence the frequency of genetic changes
in DNA. Higher frequencies of genetic polymorphism in samples are clearly linked
to easier and more successful CAPS marker development. Thus the development and
application of CAPS markers are dependent on genetic differences in restriction
enzyme recognition sites (Neff et al., 1998; Li et al., 2012). CAPS markers depend
much on the detection of modified or unmodified restriction enzyme recognition sites

in amplicons.

Traditionally, restriction products were isolated on agarose or polyacrylamide
gels, but modern technology now permits for capillary separation of digested and
fluorescence-labeled PCR products (Perovic et al., 2013). For studies with a large

20



number of samples, this approach will substantially speed up the identification of

restriction fragments in CAPS markers.

CAPS markers are codominant in nature, allowing homozygotes and
heterozygotes to be easily distinguished during genotyping (Shavrukov, 2016). CAPS
are thus an ideal fit as an extra tool for more detailed and precise analyses, and this

can provide a significant benefit in genetic investigations.
2.3.3 Marker assisted selection in tomato breeding program

Marker assisted selection has recently become a standard practice in many
tomato-breeding programmes, due to the development of new molecular markers and
maps, for a variety of reasons. First, to screen seed lots with a panel of molecular
markers, MAS are frequently used to determine hybrid purity from overseas
production. Second, MAS can be used to quickly screen germplasm for disease
resistance or fruit quality when accurate markers closely linked to resistance genes
are identified. Third, after definitive linkages between markers and simple traits of
interest are established, MAS is used for marker-assisted backcrossing (MAB)
(Brouwer and St. Clair, 2004; Collard et al., 2005).

For the usage of molecular markers in breeding populations, there must be
phenotypic and genetic polymorphism and segregation in the breeding population for
the trait of interest. A genetic linkage relationship must be established between genes
or QTLs of interest and genetic markers. Polymorphism in the population for the
associated genetic markers is needed. Because of the low prevalence of marker
polymorphism within breeding populations, this has been a major problem in the use
of molecular markers for tomato breeding (Stevens and Robbins, 2007). The majority
of tomato genetic maps are focused on interspecific crosses between cultivated and
related wild tomato species, where marker polymorphism is abundant. This is
particularly problematic when the wild species is only distantly related to the
cultivated tomato, such as S. pennellii, which was used to create the tomato high-
density molecular linkage map (Pillen et al.,, 1996). Most tomato breeding
populations, on the other hand, are focused on intraspecific crosses within the

cultigen or crosses between closely related wild species like S. pimpinellifolium.
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When compared to wide crosses, those populations have far less marker
polymorphism. As a result, attempts must be made to identify markers in breeding
populations with a higher rate of polymorphism and to enable their use in large
populations, markers must be high throughput and economically affordable. Finally,
the linkage between the gene or QTL of interest and the genetic marker must be
strong enough to prevent unintended crossing-over, which could lead to false positive
selection. The best genetic markers in this regard are those found within the gene of
interest (Lecomte et al., 2004; Arens et al., 2010).

For many simple disease resistance traits in tomatoes, it appears that MAS is
not only quicker, but also less expensive and more efficient. Over 35 pathogen
resistance genes have been identified and mapped in tomato (van Ooijen et al., 2007).
MAS is commonly used in the tomato seed industry to select for qualitative disease
resistance traits such as fusarium wilt, late blight, verticillium wilt, bacterial wilt,

tomato yellow leaf curl virus, and root-knot nematodes.
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Table 1. Molecular markers associated with genes for resistance to Tomato yellow leaf curl virus disease (TYLCVD)

Marker Type of Gene Chr. No. Marker information References
marker
F:GGTACTCCTGGAAGGGTTAAGG
TG178 CAPS Tyl 6 R: CACGCTGGTTCTGTTGTATCTC Barbieri, et al. (2010)
(Taql)
JB1 CAPS Tyl 6 F: AACCATTATCCGGTTCACTC Pérez, et al. (2007)
R: TTTCCATTCCTTGTTTCTCTG
(Taql)
TG105A CAPS Ty2 11 F:CTTCAGAATTCCTGTTTTAGTCAGTTGAACC Maxwell, et al. (2006)
R: ATGTCACATTTGTTGCTTGGACCATCC
(Taql)
F: TGGCTCATCCTGAAGCTGATAGCGC Yang, et al. (2014)
T0302 SCAR Ty2 11 R: AGTGTACATCCTTGCCATTGACT
CAPS F: CATCCCGTGCATCATCCAAAGTGAC Jensen, et al. (2007)
FER-G8 Ty3 6 R: CTAAGGGTGTACCCCAAGGGAAC
(Taql)
SCAR F: GGTAGTGGAAATGATGCTGCTC Ji, et al. (2008)
P6- 25 Ty3 6 R: GCTCTGCCTATTGTCCCATATATAACC
C2_At4g17300 CAPS Ty4 F:ATTTAACCGTGTCTGGGCAACTCAATGG Ji, etal.
R: GCTCACTTTGCAAATCACATCCCCATTTCACC (2009)
3 (AflI)
TGO0302/TY2R1 | SCAR Ty2 11 F: TGGCTCATCCTGAAGCTGATAGCGC Brenda, et al. (2007)
R:TGAT(T/G)TGATGTTCTC(T/A)TCTCT(C/A)GCCTG
FLUW25 SCAR Ty3 6 F:CAAGTGTGCATATACTTCATA(T/G)TCACC

R:CCATATATAACCTCTGTTTCTATTTCGAC

Melinda, et al. (2007)
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Table 2. Molecular markers associated with genes for resistance to

Verticillum wilt

Marker | Type of | Gene | Chr. Marker information References
marker No.

V1LeO2| CAPS | Vel | 9 F: GTTACATGCAATCTCTTTGG Acciarri,
new R: AGAGTAGTCCACATAGATGG et al.
(Xbal) (2007)
V2LeO3| CAPS | Ve2 9 F: CAAACATAGCTGGAAGAATC Acciarri,
R:TAGGAGGAAAAGAATTGG et al.

(Hincll) (2007)

Vel- CAPS | Vel 9 Jung, et
Xbal F: CGAACTTGACTACATTGACCCTG al.
R:CAGTCTTGAAAGGTTGCTCAGCC | (2015)

(Xbal)

Table 3. Molecular markers associated with genes for resistance to Fusarium

wilt
Marker | Type of | Gene Chr. Marker information References
marker No.
A sear | it " F: CGAATCTGTATATTACATCCGTCGT A
R: GGTGAATACCGATCATAGTCGAG rens, et
al. (2010)
SCAR " F: ATTTGAAAGCGTGGTATTGC A
21063 12 R: CTTAAACTCACCATTAAATC rens, et
al. (2010)
SCAR 7 F: GGTAAAGAGATGCGATGATTATGTGGAG Barill
P7- 13 R: GTCTTTACCACAGGAACTTTATCACC | Dariilas, et
43DF1/ al. (2008)
R1
caps77| caps . F: AAGAAGTTCCCTTCTTCCCTTA ol
17 R: GGAATAACCAAGGGGGTGTT onzalez-
74 Cendales,
(Agel)
et al.
(2016)
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Table 4. Molecular markers associated with genes for resistance to Late

blight (LB)
Marker Type of | Gene | Chr. Marker information References
marker No.
1663 | caps | pha | 10 | ¥ CTACTCTTTCTATGCAATTTGAATTG |
R: AATAATTTTCAACCATAGAATGATT | anthee, et
. al. (2012)
(Hinfl)
CAPS g | FTCGATCGTATGTAGACGATG J |
Ph3-Mspl Ph3 R: AGGCAAATCTTGAAGAAGCA ung, et al.
(2015)
(Mspl)
SCAR o | FCTACTCGTGCAAGAAGGTAC J |
Ph3- Ph3 R: TCCACATCACCTGCCAGTTG ung, et al.
SCAR (2015)
CAPS Lo | F GGTGATCTGCTTATAGACTTGGG Robbins. et
TG3z28 Ph2 R: AAGGTCTAAAGAAGGCTGGTGC acl’ (z'gi’o‘;
(BstN1) '
TGS9L | CAPS | ph2 |10 | . A AGGCAAAGGAAGTTGGAGGTCA ch’b(bz'gibit
R: AGAGGTTGCAACTCGTGGATTGAG '
(Acll)

Table 5. Molecular markers associated with genes for resistance to Root knot

nematode
Marker | Type of | Gene Chr. Marker information References
marker No.
vios | scar | Mtz |6 F: TGGAAAAATGTTGAATTTCTTTTG Seaf ot al
I- 12 R: GCATACTATATGGCTTGTTTACCC ean, etal.
(2007)
Vi A F: CTACGGAGGATGCAAATAGAA Hooastrat
c XPS CAPS | \mi-J R: AATCATTATTGTCACACTTCCCC oogstraten
(Nt and Braun,
(2005)
MIlL | CAPS | iy |6 F: AACCGTGGACTTTGCTTTGACT Hoogstraten
CAPS
R: TAAGAACAGGGACTCAGAGGATGA |  and Braun,
(Taql) (2005)
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3. MATERIALS AND METHODS

The study entitled “Locating donors for genes for biotic stress resistance
in tomato through molecular marker assisted selection” was conducted in the
Department of Seed Science and Technology, College of Agriculture,
Vellayani. This chapter details the experimental methods and materials

adopted for the conduct of the study.
3.1 MAINTENANCE OF PLANT SAMPLES
3.1.1 Experimental material

Seeds of 30 tomato genotypes including cultivated varieties and wild
species were collected for the study (Table 6). 5-7 seeds of each genotype were
soaked overnight and planted in nursery bags. The potting mixture consisted of
1:1 ratio of coir pith and vermi-compost mixed in soil. The nursery bags were
maintained in polyhouse and watered twice on a daily basis. The seeds started
to germinate and sprout within 8 days. All the planted genotypes at the stage of

two week were transplanted to medium sized pots.
3.1.2 Sample collection

Young leaves of three week old tomato genotypes were harvested and
wrapped in aluminium foil. The leaf samples kept inside an ice chamber was
immediately taken to the laboratory, where they were maintained at -20°C to
retain the freshness. Prior to DNA isolation, the harvested leaves were
thoroughly rinsed with distilled water to clean the leaf surface and sliced into

smaller pieces using a sterilized scissor.
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Table 6. List of tomato genotypes used in the study

Sl. no Genotypes Source of genotypes
1. Solanum  pimpinellifolium- | NBPGR, New Delhi
EC 697275
2. IIHR 2205 IIHR, Bangalore
3. Akshaya Kerala Agricultural University
4, Arka Rakshak IIHR, Bangalore
5. EC 514124 NBPGR, New Delhi
6. IIHR 2374 IIHR, Bangalore
7. IIHR 2373 IIHR, Bangalore
8. LA 1206 UAS Bangalore
9. Vellayani Vijai Kerala Agricultural University
10. IC-45 NBPGR, New Delhi
11. IIHR 2868 IIHR, Bangalore
12. Shakthi Kerala Agricultural University
13. Pusa Ruby IARI, New Delhi
14. Nenmara local Kerala
15. CA 22053 Kerala
16 Manulekshmi Kerala Agricultural University
17. EC 620419 NBPGR, New Delhi
18. IIHR 2204 IIHR, Bangalore
19. | Alathur local Kerala
20. Palakkad local Kerala
21. Hisar Lalit CCSHAU, Hisar
22. LA 1805 UAS, Bangalore
23. Kuttichal local Kerala
24, Kashi Vishesh IIVR, Varanasi
25. IIHR 26 IIHR, Bangalore
26. PKM 1 Tamil Nadu Agricultural University
27. Arka Vikas IIHR, Bangalore
28. EC 677034 NBPGR, New Delhi
29. PNR 7 Tamil Nadu Agricultural University
30. Solanum torvum Kerala
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3.2 MOLECULAR SCREENING FOR GENES FOR RESISTANCE IN
TOMATO GENOTYPES

3.2.1 DNA lIsolation

The availability of good quality DNA is a prerequisite of any molecular
biology experiments. The DNA extraction technique should be quick,
affordable and simple, yielding a good quantity of intact DNA of reasonable
purity from minimal amounts of tissue and extraction chemicals. Proper care
and precautions must be taken in to account in order to obtain good quality

DNA from plant samples.

Disruption of the cell wall, cell membrane and nuclear membrane to
release the DNA into solution, followed by precipitation of the DNA while
ensuring removal of contaminating biomolecules such as proteins,
polysaccharides, lipids, phenols and other secondary metabolites, were the
basic steps in all plant DNA extraction protocols. However, extracting good-
quality DNA from plants has proven to be difficult. The fact that different
plant species contain differing quantities of polysaccharides, polyphenols and
other secondary metabolites was the reason. These components affect the
quality and quantity of the extracted DNA. It's unlikely that a single DNA
isolation protocol will work for all plant tissues. The majority of the DNA
extraction techniques based on cetyltrimethyl ammonium bromide (CTAB)

method targets internal components of each individual plant species.

DNA isolation of the 30 tomato genotypes used for the study was
performed based on cetyltrimethylammonium bromide (CTAB) method with
minor modifications (Murray and Thompson, 1998) and the procedure

followed was briefly described below:

1 mL of extraction buffer (Appendix 1) was preheated in a water bath
maintained at 65°C for 30 minutes. Immediately before use, 1% Poly vinyl
pyrrolidone (PVP) and 2% 2-B-mercaptoethanol was added freshly to the
extraction buffer. 0.2 g leaf sample was ground with liquid nitrogen in a pre-
chilled mortar and pestle and the powered samples were immediately added
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with 1mL pre-heated extraction buffer to homogenize the contents, which was
then transferred into a 2ml microfuge tube. After thorough mixing, the samples
were incubated in water bath for 30 minutes at 65°C with intermittent mixing
in-between, after every 10 minutes. The centrifuge 5804 R (eppendorf) was
precooled to 4° C and the samples cooled to room temperature were spun at
13000 rpm for 15 minutes. The upper aqueous layer was carefully separated
and transferred to a sterile tube. 5ul of RNase was added to the supernatant
separated and incubated at 65°C for 15 minutes. After incubation, 25:24:1 ratio
of Phenol: Chloroform: Isoamyl-alcohol was added in equal proportion to the
supernatant, which was then gently inverted for 1-2 minutes to mix the
contents and centrifuged at 10,000 rpm for 5 minutes. The supernatant was
collected and equal volume of 24:1 ratio of Chloroform: Isoamyl-alcohol was
added. The supernatant was slightly inverted to mix with Chloroform:
Isoamyl-alcohol and centrifuged at 13,000 rpm for 10 minutes. Supernatent
was obtained and added Sodium acetate, 1/10"™ to the volume of the
supernatant and isopropanol to equal volume of the supernatant. Tube was
gently inverted until the formation of DNA threads was visible. The tubes were
incubated at -20°C for 30 minutes and centrifuged at 13,000 rpm for 5 minutes.
Supernatant was discarded and pellet was collected. The tubes containing
DNA pellets were inverted on tissue paper to completely drain off the
supernatant and allowed to air dry at room temperature for 25 minutes. The air
dried pellets were washed twice using 500ul of 70% ethanol with
centrifugation at 11,000 rpm for 5 minutes. The washed pellets were air dried
to remove the traces of ethanol and dissolved in 80 pl 1X TE buffer (Appendix
I). The DNA pellets dissolved in 1X TE buffer was aliquoted and stored at -
80°C.

3.2.1.1 Agarose gel electrophoresis

The quality of the DNA isolated was checked using agarose gel
electrophoresis. 5 pl DNA sample mixed with 2 pl of 6X loading dye was
loaded on 0.8% agarose gel. Electrophoresis (Sub Cell GT, BIO-RAD) was
carried out at 65V for 30 minutes using 1X TAE buffer (Appendix I1). The gel
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profile of the DNA samples was visualized with Syngene G: BOX Chemi XX6

gel documentation system using HyGene software.
3.2.1.2 Spectrophotometric analysis

UV absorbance measurement with a spectrophotometer is the standard
technique for performing concentration and purity measurements. The
absorption of UV light is used to determine nucleic acid concentrations.
According to the Beer-Lambert law, the amount of light absorbed at 260 nm is

proportional to the concentration of nucleic acid in solution.

The A260/A280 gives information about the type of nucleic acid present
(dsDNA or RNA) as well as a general estimate of purity. Protein
contamination is typically detected by a decrease in this ratio; RNA
contamination is typically recognised by an increase in this ratio. Pure dsSDNA
has an A260/A280 ratio of 1.8 - 2.0 in buffered solutions. The concentration of

dsDNA in sample is estimated by the formula:
dsDNA concentration (ng/pl) = ODgo X dilution factor x 50

The concentration (ng/pl) and purity (Azso/Azgo) Of the isolated DNA was
determined with UV-VIS Spectrophotometer (SL 218 ELICO). Cuvette
containing 5 pl of DNA dissolved in 2995 ul of TE buffer with a dilution
factor of 600 was used for obtaining the O. D. values at wavelength 260 nm
and 280 nm.

3.2.2 PCR analysis

Molecular screening of genes for resistance to biotic stresses in 30 tomato
genotypes was determined with gene specific molecular markers. Genes
providing resistance to five vulnerable diseases namely, Tomato yellow leaf
curl virus disease (TYLCVD) caused by Tomato yellow leaf curl virus,
verticillium wilt caused by Verticillium spp., fusarium wilt caused by
Fusarium oxysporum, late blight caused by Phytophthora infestans and root
knot caused by Meloidogyne spp., were studied with respective SCAR and
CAPS markers (Table 7).
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Table 7. Details of molecular markers and primer sequences used in the study

Genes for | Marker
resistance | name and type Primer sequence Expected Amplicon size (bp) Annealing References
Resistant Susceptible temperature
Ty 2 TO302F/TY2R1 | F:5’TGGCTCATCCTGAAGCTGATAGCGC 3’ 600bp 450bp 55°C Brenda, et al.
- R:5’TGAT(T/G)TGATGTTCTC(T/A)TCTCT(C/A)GCCT (2007)
SCAR G%¥»
Ty3 FLUWS25- F:5’CAAGTGTGCATATACTTCATA(T/G)TCACC3’ 640bp 480 bp 53°C Melinda, et al.
SCAR R:5’CCATATATAACCTCTGTTTCTATTTCGAC3’ (2007)
Vel Vel Xbal- F: 5> CGAACTTGACTACATTGACC 3’ 410bp, 332bp 410bp,310bp,22bp | 55°C Jung, et al. (2015)
CAPS R: 5> CAGTCTTGAAAGGTTGCTCA 3’
Restriction enzyme: Xba |
Ve 2 V2LeO3F/V2Le | F: 5> CAAACATAGCTGGAAGAATC 3’ 428bp, 601bp | 1029bp 47 °C Acciarri, et al.
O3R-CAPS R: 5 TAGGAGGAAAAGAATTGG 3’ (2007)
Restriction enzyme: Hincll
13 P743DF1/R1- F:5>GGTAAAGAGATGCGATGATTATGTGGAG3’ 1270bp 1060bp 53°C Barillas, et al.
SCAR R:5’GTCTTTACCACAGGAACTTTATCACC 3° (2008)
17 CAPS7774- F: 5 AAGAAGTTCCCTTCTTCCCTTA 3° 612bp, 196bp | 808bp 55°C Gonzalez-
CAPS R: 5 GGAATAACCAAGGGGGTGTT 3’ Cendales, et al.
Restriction enzyme: Agel (2016)
Ph2 dtG63-CAPS F:5°CTACTCTTTCTATGCAATTTGAATTG 3° 245hp 221bp 55°C Panthee and
R:5’AATAATTTTCAACCATAGAATGATT 3’ Foolad, (2012)
Restriction enzyme: Hinfl
Ph3 Ph3-SCAR F: 5 CTACTCGTGCAAGAAGGTAC 3’ 176bp 154bp 55°C Jung, et al. (2015)
R: 5 TCCACATCACCTGCCAGTTG 3’
Mi-1.2 Mi23-SCAR F: 5> TGGAAAAATGTTGAATTTCTTTTG 3° 380bp 430bp 57°C Seah, et al. (2007)
R:

5" GCATACTATATGGCTTGTTTACCC 3°
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3.2.2.1 Annealing temperature optimization

Gradient PCR was carried out to primer pairs of molecular markers Vel
Xbal, V2LeO3F/V2LeO3R, CAPS7774, dtG63, Ph3-SCAR and Mi23 with the
annealing temperatures set at 47, 50, 52 and 55°C to standardize it. PCR reaction
mixture of 25 pl (Table 8) was prepared and amplification reaction was
performed using nexus gradient Mastercycler (Eppendorf) (Table 9). The
amplified products were resolved on a 2.5% agarose gel and visualized with

Syngene G: BOX Chemi XX6 gel documentation system using HyGene software.
3.2.2.2 PCR profile

PCR reaction mixture containing 20 ng/ ul of template DNA, 5 uM of
each primer, ImM of dNTPs, 10X PCR buffer, 2.5mM MgCl,, and 3U/ul of Taq
DNA polymerase was prepared with a reaction volume of 25 pl (Table 10).
Amplification of the molecular markers corresponding to the genes for resistance
studied was carried out using nexus gradient Mastercycler (Eppendorf).
Amplification was performed with initial denaturation at 94°C for 5 min,
followed by 35 cycles of denaturation at 94°C for 30 sec, annealing at 55°C for 1
min and extension at 72°C for 2 min. Final extension at 72°C of the amplification
was extended to 8 min (Table 11). The PCR products after amplification were
stored at -20°C and resolved on 2.5% agarose gel using 1X TAE buffer at 65V,

until the loading dye moved about 4" of the gel. The gel profile of the amplified
PCR products were visualized with Syngene G: BOX Chemi XX6 gel

documentation system using HyGene software.
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Table 8. Reaction mix used for annealing temperature standardization

Reagent Concentration Volume (ul)

Buffer 10X 2.5ul
MgCI2 2.5mM 2.5ul
Forward primer 5uM 2.5ul
Reverse primer SuM 2.5ul
dNTP 1mM 5ul

Taq Polymerase 3U/ul 0.5ul
Template DNA 20 ng/ pl 2.5ul
Nuclease free water 7ul
Total volume 25 pl

Table 9. Thermal profile used for annealing temperature standardization

Steps Stage Repeat | Temperature (°C) | Time (S)
Initial denaturation 1 1 94 300
Denaturation 94 30
Annealing 2 35 47/50/52/55 60
Primer extension 72 120
Final extension 3 1 72 480
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Table 10. Reaction mix used for PCR reaction

Reagent Concentration Volume (ul)

Buffer 10X 2.5ul
MgCl, 2.5mM 2.5ul
Forward primer 5uM 2.5ul
Reverse primer 5uM 2.5ul
dNTP 1mM 5ul

Taq Polymerase 3U/ul 0.5ul
Template DNA 20 ng/ul 2.5ul
Nuclease free water 7 ul
Total volume 25 ul

Table 11. Thermal profile used for PCR reaction

Steps Stage Repeat | Temperature (°C) | Time (s)
Initial denaturation 1 94 300
Denaturation 94 30
Annealing 35 55 60
Primer extension 72 120
Final extension 1 72 480
Table 12. Reaction mix used for restriction digestion
Reagent Concentration Volume(pl)
PCR reaction mixture 0.1-0.5 pg of DNA 10ul
Buffer- Tango/O/R 10X 2ul
Restriction Enzyme-Hincll/Xbal/Agel/Hinfl ou/ul 1ul
Nuclease-free water - 17ul
Total volume 30 ul
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3.2.3 Restriction digestion

The amplified PCR products of the CAPS markers Vel Xbal,
V2LeO3F/V2LeO3R, dtG63, and CAPS7774 of the genes Vel, Ve2, Ph2 and 17
were restriction digested to distinguish the genotypes with alleles of genes for
resistance from the genotypes without alleles of genes for resistance. Restriction
digestion mixture of 30 ul (Table 12) was prepared, gently mixed and incubated
in a water bath maintained at 37°C for 16 hours. The restriction digested products

were resolved on a 2.5% agarose gel in 1X TAE buffer at 65V, until the loading
dye moved about Y4 of the gel. The restriction digested products were visualized

with Syngene G: BOX Chemi XX6 gel documentation system using HyGene

software.
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4. RESULTS

The results of the study entitled “Locating donors for genes for biotic stress
resistance in tomato through molecular marker assisted selection” conducted in
the Department of Seed Science and Technology, College of Agriculture,
Vellayani during 2020-2021 is detailed in this chapter.

41 MOLECULAR MARKER BASED SCREENING OF TOMATO
GENOTYPES FOR GENES FOR RESISTANCE TO BIOTIC STRESSES

4.1.1 DNA Isolation

DNA isolation of 30 tomato genotypes was carried out with
cetyltrimethylammonium bromide (CTAB) method. The isolated DNA samples
(Plate 1) were eluted to a final volume of 80 ul with TE buffer and stored at -
80°C. The quality of the samples was analysed using agarose gel electrophoresis
and gel profile was visualized with Syngene G: BOX Chemi XX6 gel
documentation system using HyGene software.

4.1.2 Quantitative (ng/ul) and qualitative analysis (A260/A280) of the isolated
DNA

The yield as well as purity of the isolated DNA of the 30 tomato genotypes
were analysed using Spectrophotometer. The purity and concentration of the
isolated DNA ranged from 1.684 to 2.248 and 354 ng/ul to 3222 ng/ul (Table 13).
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Plate 1: Gel profile of the DNA isolated from 30 genotypes resolved on 0.8% agarose gel Lane
1- Solanum pimpinellifolium -EC 697275; Lane 2- IIHR 2205; Lane 3-Akshaya; Lane 4- Arka
Rakshak; Lane 5-EC 514124; Lane 6- IIHR 2374; Lane 7- IIHR 2373; Lane 8- LA 1206; Lane 9-
Vellayani Vijai; Lane 10- IC-45; Lane 11- IIHR 2868; Lane 12- Shakthi; Lane 13- Pusa Ruby; Lane
14- Nenmara local; Lane 15- CA 22053; Lane 16- Manulakshmi; Lane 17- EC 620419; Lane 18-
IIHR 2204; Lane 19- Alathur local; Lane 20- Palakkad local; Lane 21- Hisar Lalit; Lane 22- LA
1805; Lane 23- Kuttichal local; Lane 24- Kashi Vishesh; Lane 25- IIHR 26; Lane 26- PKM-1; Lane
27- Arka Vikas; Lane 28- EC 677034; Lane 29- PNR 7; Lane 30- Solanum torvum.
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Table 13. Quantitative and qualitative analysis of the isolated DNA

Sl Genotypes Absorbance | Absorbance | OD Ratio DNA
no at 260 nm at 280 nm A260/A280 | Conc(ng/ul)
1. | Solanum pimpinellifolium- EC 0.0365 0.020 1.825 1095
697275

2. IHR 2205 0.029 0.016 1.812 870
3. | Akshaya 0.0221 0.011 2.009 663
4. | Arka Rakshak 0.0195 0.0097 2.010 585
5. | EC514124 0.0306 0.0159 1.924 918
6. IIHR 2374 0.0176 0.010 1.76 528
7. | IHR 2373 0.032 0.019 1.684 960
8. LA 1206 0.0153 0.0075 2.04 459
9. | Vellayani Vijai 0.1074 0.0588 1.826 3222
10. | IC-45 0.0598 0.032 1.868 1794
11. | I1HR 2868 0.0406 0.021 1.93 1218
12. | Shakthi 0.0236 0.0139 1.697 708
13. | Pusa Ruby 0.0254 0.0139 1.827 762
14. | Nenmara local 0.0369 0.019 1.942 1107
15. | CA 22053 0.0453 0.025 1.769 1359
16 | Manulekshmi 0.022 0.013 1.692 660
17. | EC 620419 0.0201 0.011 1.827 603
18. | IIHR 2204 0.0521 0.028 1.86 1563
19. | Alathur local 0.0448 0.025 1.792 1344
20. | Palakkad local 0.0255 0.014 1.821 765
21. | Hisar Lalit 0.0278 0.015 1.853 834
22. | LA 1805 0.0118 0.0055 2.145 354
23. | Kuttichal local 0.0351 0.020 1.755 1053
24. | Kashi Vishesh 0.013 0.006 2.147 393
25. | IIHR 26 0.0174 0.0083 2.096 522
26. | PKM1 0.0652 0.0290 2.248 1956
27. | Arka Vikas 0.0253 0.012 2.00 759
28. | EC 677034 0.0263 0.014 1.813 789
29. | PNR7 0.0208 0.011 1.89 624
30. | Solanum torvum 0.0285 0.016 1.78 855

38




4.1.3 Standardization of annealing temperature

Annealing temperature standardization of the primer pairs of SCAR and
CAPS molecular markers were determined using gradient PCR. Gradient
temperatures +5°C from the reported annealing temperatures were setup for the
standardization. The Gradient PCR products at different temperatures were
resolved on 2.5% agarose gel and the gradient temperature at which the most
clear banding pattern generated on agarose gel was determined to be the

standardized annealing temperature (Table 14).
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Plate 2: Gel profile of the gradient PCR of the marker Vel Xbal for the gene Vel
resolved on 2.5% agarose gel Lane L- 100 bp DNA ladder; Lane 1- PCR product
amplified at 45°C; Lane 2- PCR product amplified at 45.3°C; Lane 3- PCR product
amplified at 45.9°C; Lane 4- PCR product amplified at 46.8°C; Lane 5- PCR product
amplified at 48.1°C; Lane 6- PCR product amplified at 49.4°C; Lane 7- PCR product
amplified at 50.6°C; Lane 8- PCR product amplified at 51.9°C; Lane 9- PCR product
amplified at 53.2°C; Lane 10- PCR product amplified at 54.1°C; Lane 11- PCR product
amplified at 54.7°C; Lane 12- PCR product amplified at 55°C.

423 4290 438 451 464 476 489

Plate 3: Gel profile of the gradient PCR of the marker V2LeO3F/VV2LeO3R for the
gene Ve2 resolved on 2.5 % agarose gel Lane L- 100 bp DNA ladder; Lane 1- PCR
product amplified at 42°C; Lane 2- PCR product amplified at 42.3°C; Lane 3- PCR product
amplified at 42.9°C; Lane 4- PCR product amplified at 43.8°C; Lane 5- PCR product
amplified at 45.1°C; Lane 6- PCR product amplified at 46.4°C; Lane 7- PCR product
amplified at 47.6°C; Lane 8- PCR product amplified at 48.9°C; Lane 9- PCR product
amplified at 50.2°C; Lane 10- PCR product amplified at 51.1°C; Lane 11- PCR product
amplified at 51.7°C; Lane 12- PCR product amplified at 52°C.
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Plate 4: Gel profile of the gradient PCR of the marker CAPS7774 for the gene 17
resolved on 2.5 % agarose gel Lane L- 100 bp DNA ladder; Lane 1- PCR product amplified
at 47°C; Lane 2- PCR product amplified at 47.3°C; Lane 3- PCR product amplified at 47.9°C;
Lane 4- PCR product amplified at 48.8°C; Lane 5- PCR product amplified at 50.1°C; Lane 6-
PCR product amplified at 51.4°C; Lane 7- PCR product amplified at 52.6°C; Lane 8- PCR
product amplified at 53.9°C; Lane 9- PCR product amplified at 55.2°C; Lane 10- PCR product
amplified at 56.1°C; Lane 11- PCR product amplified at 56.7°C; Lane 12- PCR product
amplified at 57°C.
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Plate 5: Gel profile of the gradient PCR of the marker dtG63 for the gene Ph2 resolved
on 2.5 % agarose gel Lane L- 100 bp DNA ladder; Lane 1- PCR product amplified at 50°C;
Lane 2- PCR product amplified at 50.3°C; Lane 3- PCR product amplified at 50.9°C; Lane 4-
PCR product amplified at 51.8°C; Lane 5- PCR product amplified at 53.1°C; Lane 6- PCR
product amplified at 54.4°C; Lane 7- PCR product amplified at 55.6°C; Lane 8- PCR product
amplified at 56.9°C; Lane 9- PCR product amplified at 58.2°C; Lane 10- PCR product
amplified at 59.7°C; Lane 11- PCR product amplified at 56.7°C; Lane 12- PCR product
amplified at 60°C.
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Plate 6: Gel profile of the gradient PCR of the marker Ph3-SCAR for the gene Ph3
resolved on 2.5 % agarose gel Lane L- 100 bp DNA ladder; Lane 1- PCR product amplified
at 45°C; Lane 2- PCR product amplified at 45.3°C; Lane 3- PCR product amplified at 45.9°C;
Lane 4- PCR product amplified at 46.8°C; Lane 5- PCR product amplified at 48.1°C; Lane 6-
PCR product amplified at 49.4°C; Lane 7- PCR product amplified at 50.6°C; Lane 8- PCR
product amplified at 51.9°C; Lane 9- PCR product amplified at 53.2°C; Lane 10- PCR product
amplified at 54.1°C; Lane 11- PCR product amplified at 54.7°C; Lane 12- PCR product
amplified at 55°C.

Plate 7: Gel profile of the gradient PCR of the marker Mi23 for the gene Mi-1.2 resolved
on 2.5 % agarose gel Lane L- 100 bp DNA ladder; Lane 1- PCR product amplified at 50°C;
Lane 2- PCR product amplified at 50.3°C; Lane 3- PCR product amplified at 50.9°C; Lane 4-
PCR product amplified at 51.8°C; Lane 5- PCR product amplified at 53.1°C; Lane 6- PCR
product amplified at 54.4°C; Lane 7- PCR product amplified at 55.6°C; Lane 8- PCR product
amplified at 56.9°C; Lane 9- PCR product amplified at 58.2°C; Lane 10- PCR product
amplified at 59.7°C; Lane 11- PCR product amplified at 56.7°C; Lane 12- PCR product
amplified at 60°
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Table 14: Standardized annealing temperature of primer pairs of molecular

markers
Genes for | Marker Standardized
. . annealing
resistance name Primer sequence
temperature
Tv2 TO302F/ | F: ’TGGCTCATCCTGAAGCTGATAGCGC 3’ 55°C
y TY2R1- | R: ’TGAT(T/G)TGATGTTCTC(T/A)TCTCT(C/A)GCCTG 3’
SCAR
53°C
Tv3 FLUW?25 | F: S>CAAGTGTGCATATACTTCATA(T/G)TCACC3’
y -SCAR | R: 5’>CCATATATAACCTCTGTTTCTATTTCGAC3’
Vel Vel F: 5 CGAACTTGACTACATTGACC 3’ 55°C
Xbal- R: 5> CAGTCTTGAAAGGTTGCTCA 3’
CAPS Restriction enzyme: Xba |
Ve 2 V2LeO3 | F: 5 CAAACATAGCTGGAAGAATC 3’ 47 °C
F/V2LeO | R: 5 TAGGAGGAAAAGAATTGG 3’
3R - Restriction enzyme: Hincll
CAPS
13 P743DF1 | F: 5> GGTAAAGAGATGCGATGATTATGTGGAG3’ 53°C
/R1- R: 5> GTCTTTACCACAGGAACTTTATCACC 3’
SCAR
17 CAPS77 | F: 5> AAGAAGTTCCCTTCTTCCCTTA 3’ 55°C
74-CAPS | R: 5> GGAATAACCAAGGGGGTGTT 3’
Restriction enzyme: Agel
Ph2 dtG63- | F: 5> CTACTCTTTCTATGCAATTTGAATTG 3’ 55°C
CAPS R: 5> AATAATTTTCAACCATAGAATGATT 3’
Restriction enzyme: Hinfl
Ph3 Ph3- F: 5> CTACTCGTGCAAGAAGGTAC 3’ 55°C
R: 5> TCCACATCACCTGCCAGTTG 3’
SCAR
Mi-1.2 Mi23- F: 5> TGGAAAAATGTTGAATTTCTTTTG 3’ 55°C
' R: 5> GCATACTATATGGCTTGTTTACCC 3’
SCAR
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4.1.4 Gel documentation of the amplification profile of the molecular

markers

Genotypes with potential genes for resistance to biotic stresses, Tomato
yellow leaf curl virus disease (TYLCVD) caused by Tomato yellow leaf curl
virus, Verticillium wilt caused by Verticillium spp., Fusarium wilt caused by
Fusarium oxysporum, Late blight caused by Phytophthora infestans and Root
knot caused by Meloidogyne spp., were located with respective SCAR and CAPS
molecular markers. The amplification profiles were resolved on 2.5% agarose gel
and visualized with Syngene G: BOX Chemi XX6 gel documentation system

using HyGene software.
4.1.4.1 Tomato Yellow Leaf Curl virus

30 tomato genotypes with genes for resistance to Tomato Yellow Leaf Curl
virus were determined using the SCAR markers TG0302/TY?2R1 specific to Ty2
gene and FLUW?25 specific to Ty3 gene for resistance.

4.1.4.1.1 Amplification profile of the molecular marker TO302F/TY2R1 for the
gene Ty2

The SCAR marker TG0302/TY2R1 for the gene Ty2 amplified a band of
size 600bp for genotypes with Ty2/Ty2 alleles and 450 bp for genotypes with
ty2/ty2 alleles.

In the study, amplified band of size 450 bp was generated by the SCAR
marker TO302F/TY2R1 for the gene Ty2, corresponding to genotypes of ty2/ty2
alleles and the amplified products corresponding to Ty2/Ty2 alleles was not
obtained for all of the 30 genotypes screened (Plate 8). From the study, none of
the 30 genotypes screened were identified for the presence of the gene Ty2,

providing resistance to Tomato Yellow Leaf Curl virus (Table 15).
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Plate 8: Amplification profile of the molecular marker T0O302F/TY2R1 for the gene Ty2
resolved on 2.5% agarose gel Lane L- 100 bp DNA ladder; Lane 1- Solanum pimpinellifolium -
EC 697275; Lane 2- IIHR 2205; Lane 3-Akshaya; Lane 4- Arka Rakshak; Lane 5-EC 514124;
Lane 6- IIHR 2374; Lane 7- IIHR 2373; Lane 8- LA 1206; Lane 9- Vellayani Vijai; Lane 10- IC-
45; Lane 11- IIHR 2868; Lane 12- Shakthi; Lane 13- Pusa Ruby; Lane 14- Nenmara local; Lane
15- CA 22053; Lane 16- Manulakshmi; Lane 17- EC 620419; Lane 18- IIHR 2204; Lane 19-
Alathur local; Lane 20- Palakkad local; Lane 21- Hisar Lalit; Lane 22- LA 1805; Lane 23-
Kuttichal local; Lane 24- Kashi Vishesh; Lane 25- IIHR 26; Lane 26- PKM-1; Lane 27- Arka
Vikas; Lane 28- EC 677034; Lane 29- PNR 7; Lane 30- Solanum torvum.
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Table 15. Screening of the 30 tomato genotypes for the presence or
absence of the gene Ty2 for resistance to Tomato Yellow Leaf Curl virus

Sl. no Genotypes Presence/Absence of gene for resistance
1. Solanum pimpinellifolium- EC 697275 A
2. ITHR 2205 A
3. Akshaya A
4, Arka Rakshak A
5. EC 514124 A
6. IIHR 2374 A
7. IIHR 2373 A
8. LA 1206 A
9. Vellayani Vijai A
10. 1C-45 A
11. ITHR 2868 A
12. Shakthi A
13. Pusa Ruby A
14. Nenmara local A
15. CA 22053 A
16 Manulekshmi A
17. EC 620419 A
18. IIHR 2204 A
19. Alathur local A
20. Palakkad local A
21. Hisar Lalit A
22. LA 1805 A
23. Kuttichal local A
24, Kashi Vishesh A
25. IHR 26 A
26. PKM 1 A
27. Arka Vikas A
28. EC 677034 A
29. PNR 7 A
30. Solanum torvum A
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4.1.4.1.2 Amplification profile of the molecular marker FLUW25 for the gene
Ty3

The SCAR marker FLUW25 specific to the gene Ty3, amplified a band of
size 640 bp for the genotypes with Ty3/Ty3 alleles and 480 bp for the genotypes
with ty3/ty3 alleles.

In the study, the SCAR marker FLUW25 generated amplified bands of size
480 bp corresponding to genotypes of ty3/ty3 alleles and the amplified products
corresponding to genotypes of Ty3/Ty3 alleles was not obtained (Plate 9).
Presence of the gene Ty3, for resistance to Tomato Yellow Leaf Curl virus was not
identified in the 30 genotypes screened (Table 16).
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Plate 9: Amplification profile of the molecular marker FLUW25 for the gene Ty3 resolved
on 2.5% agarose gel Lane L- 100 bp DNA ladder; Lane 1- Solanum pimpinellifolium -EC
697275; Lane 2- IIHR 2205; Lane 3-Akshaya; Lane 4- Arka Rakshak; Lane 5-EC 514124; Lane
6- IIHR 2374; Lane 7- 1IHR 2373; Lane 8- LA 1206; Lane 9- Vellayani Vijai; Lane 10- 1C-45;
Lane 11- IIHR 2868; Lane 12- Shakthi; Lane 13- Pusa Ruby; Lane 14- Nenmara local; Lane 15-
CA 22053; Lane 16- Manulakshmi; Lane 17- EC 620419; Lane 18- IIHR 2204; Lane 19- Alathur
local; Lane 20- Palakkad local; Lane 21- Hisar Lalit; Lane 22- LA 1805; Lane 23- Kuttichal
local; Lane 24- Kashi Vishesh; Lane 25- IIHR 26; Lane 26- PKM-1; Lane 27- Arka Vikas; Lane
28- EC 677034; Lane 29- PNR 7; Lane 30- Solanum torvum.
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Table 16. Screening of the 30 tomato genotypes for the presence or
absence of the gene Ty3 for resistance to Tomato Yellow Leaf Curl virus

Sl. no Genotypes Presence/Absence of gene for resistance
1. Solanum pimpinellifolium- EC 697275 A
2. IIHR 2205 A
3. Akshaya A
4, Arka Rakshak A
5. EC 514124 A
6. IIHR 2374 A
7. IIHR 2373 A
8. LA 1206 A
9. Vellayani Vijai A
10. 1C-45 A
11. IIHR 2868 A
12. | Shakthi A
13. | Pusa Ruby A
14. | Nenmara local A
15. CA 22053 A
16 Manulekshmi A
17. EC 620419 A
18. IIHR 2204 A
19. | Alathur local A
20. | Palakkad local A
21. | Hisar Lalit A
22. LA 1805 A
23. | Kuttichal local A
24. | Kashi Vishesh A
25. IIHR 26 A
26. PKM 1 A
27. | Arka Vikas A
28. EC 677034 A
29. PNR 7 A
30. | Solanum torvum A
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4.1.4.2 Verticillium wilt

Resistance to Verticillium wilt is provided by two closely linked, inversely
oriented genes, Vel and Ve2 in which screening of genotypes for Vel was done
with CAPS marker Vel Xbal and Ve2 with CAPS marker V2LeO3F/V2LeO3R.

4.1.4.2.1 Amplification profile of the molecular marker Vel Xbal for the gene
Vel

Vel gene screened using the CAPS marker Vel Xbal, generated 410 bp and
332bp fragments for genotypes with Vel/Vel alleles and fragment size of 410 bp,
310 bp and 22 bp for genotypes with vel/vel alleles.

In the study, the primer pairs, specific to the CAPS marker Vel Xbal for the
gene Vel generated the amplification profile (Plate 10). The restriction digestion
profile was generated by the CAPS marker Vel Xbal for the gene Vel (Plate 11)
in which the restriction digested fragments of size 410 bp and 332 bp,
corresponds to genotypes of Vel/Vel alleles and fragments of size 410 bp and
310 bp corresponds to genotypes of vel/vel alleles. Among the 30 genotypes
screened, the genotypes, IIHR 2374, Kashi Vishesh and PNR 7 were identified
for the presence of the gene Vel (Table 17).
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Plate 10: Amplification profile of the molecular marker Vel Xbal for the gene Vel resolved
on 2.5% agarose gel Lane L- 100 bp DNA ladder; Lane 1- Solanum pimpinellifolium -EC
697275; Lane 2- IIHR 2205; Lane 3-Akshaya; Lane 4- Arka Rakshak; Lane 5-EC 514124; Lane
6- 1IHR 2374; Lane 7- IIHR 2373; Lane 8- LA 1206; Lane 9- Vellayani Vijai; Lane 10- 1C-45;
Lane 11- IIHR 2868; Lane 12- Shakthi; Lane 13- Pusa Ruby; Lane 14- Nenmara local; Lane 15-
CA 22053; Lane 16- Manulakshmi; Lane 17- EC 620419; Lane 18- IIHR 2204; Lane 19- Alathur
local; Lane 20- Palakkad local; Lane 21- Hisar Lalit; Lane 22- LA 1805; Lane 23- Kuttichal local;
Lane 24- Kashi Vishesh; Lane 25- IIHR 26; Lane 26- PKM-1; Lane 27- Arka Vikas; Lane 28- EC
677034; Lane 29- PNR 7; Lane 30- Solanum torvum.
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Plate 11: Restriction digestion profile of the molecular marker Vel Xbal for the gene Vel
resolved on 2.5% agarose gel Lane L- 100 bp DNA ladder; Lane 1- Solanum pimpinellifolium -
EC 697275; Lane 2- IIHR 2205; Lane 3-Akshaya; Lane 4- Arka Rakshak; Lane 5-EC 514124;
Lane 6- IIHR 2374; Lane 7- IIHR 2373; Lane 8- LA 1206; Lane 9- Vellayani Vijai; Lane 10- IC-
45; Lane 11- IIHR 2868; Lane 12- Shakthi; Lane 13- Pusa Ruby; Lane 14- Nenmara local; Lane
15- CA 22053; Lane 16- Manulakshmi; Lane 17- EC 620419; Lane 18- IIHR 2204; Lane 19-
Alathur local; Lane 20- Palakkad local; Lane 21- Hisar Lalit; Lane 22- LA 1805; Lane 23-
Kuttichal local; Lane 24- Kashi Vishesh; Lane 25- IIHR 26; Lane 26- PKM-1; Lane 27- Arka
Vikas; Lane 28- EC 677034; Lane 29- PNR 7; Lane 30- Solanum torvum.
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Table 17. Screening of the 30 tomato genotypes for the presence or
absence of the gene Vel for resistance to Verticillium wilt

Sl. no Genotypes Presence/Abs:ence of gene for
resistance
1. Solanum pimpinellifolium- EC 697275 A
2. IIHR 2205 A
3. Akshaya A
4. Arka Rakshak A
5. EC 514124 A
6. IIHR 2374 P
7. IIHR 2373 A
8. LA 1206 A
9. Vellayani Vijai A
10. IC-45 A
11. IIHR 2868 A
12. | Shakthi A
13. Pusa Ruby A
14. Nenmara local A
15. CA 22053 A
16 Manulekshmi A
17. EC 620419 A
18. IIHR 2204 A
19. Alathur local A
20. Palakkad local A
21. Hisar Lalit A
22. LA 1805 A
23. Kuttichal local A
24. Kashi Vishesh P
25. IIHR 26 A
26. PKM 1 A
217. Arka Vikas A
28. EC 677034 A
29. PNR 7 P
30. Solanum torvum A
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4.1.4.2.2 Amplification profile of the molecular marker V2LeO3F/V2LeO3R for
the gene Ve2

Ve2 gene was screened using the CAPS marker V2LeO3F/V2LeO3R,
which generated fragment of size 601 bp and 428 bp for genotypes with Ve2/Ve2
alleles and fragments of size 1029 bp for genotypes with ve2/ve2 alleles.

The primer pairs, specific to the CAPS marker V2LeO3F/VV2LeO3R for
the gene Ve2 generated the amplification profile (Plate 12). Restriction digestion
profile was generated by the CAPS marker V2LeO3F/VV2LeO3R for the gene Ve2
(Plate 13) in which the genotypes IIHR 2374 and Kashi Vishesh were identified
with restriction digestion fragments of 601 bp and 428 bp corresponding to
Ve2/Ve2 alleles. The presence of gene Ve2 was identified in genotypes IIHR 2374
and Kashi Vishesh (Table 18).
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Plate 12: Amplification profile of the molecular marker V2LeO3F/VV2LeO3R for the gene
Ve2 resolved on 2.5% agarose gel Lane L- 100 bp DNA ladder; Lane 1- Solanum
pimpinellifolium -EC 697275; Lane 2- IIHR 2205; Lane 3-Akshaya; Lane 4- Arka Rakshak;
Lane 5-EC 514124; Lane 6- IIHR 2374; Lane 7- IIHR 2373; Lane 8- LA 1206; Lane 9-
Vellayani Vijai; Lane 10- 1C-45; Lane 11- IIHR 2868; Lane 12- Shakthi; Lane 13- Pusa Ruby;
Lane 14- Nenmara local; Lane 15- CA 22053; Lane 16- Manulakshmi; Lane 17- EC 620419;
Lane 18- IIHR 2204; Lane 19- Alathur local; Lane 20- Palakkad local; Lane 21- Hisar Lalit;
Lane 22- LA 1805; Lane 23- Kuttichal local; Lane 24- Kashi Vishesh; Lane 25- IIHR 26; Lane
26- PKM-1; Lane 27- Arka Vikas; Lane 28- EC 677034; Lane 29- PNR 7; Lane 30- Solanum
torvum.
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Plate 13: Restriction digestion profile of the molecular marker V2LeO3F/V2LeO3R for
the gene Ve2 resolved on 2.5% agarose gel Lane L- 100 bp DNA ladder; Lane 1- Solanum
pimpinellifolium -EC 697275; Lane 2- IIHR 2205; Lane 3-Akshaya; Lane 4- Arka Rakshak;
Lane 5-EC 514124; Lane 6- IIHR 2374; Lane 7- IIHR 2373; Lane 8- LA 1206; Lane 9-
Vellayani Vijai; Lane 10- 1C-45; Lane 11- IIHR 2868; Lane 12- Shakthi; Lane 13- Pusa Ruby;
Lane 14- Nenmara local; Lane 15- CA 22053; Lane 16- Manulakshmi; Lane 17- EC 620419;
Lane 18- IIHR 2204; Lane 19- Alathur local; Lane 20- Palakkad local; Lane 21- Hisar Lalit;
Lane 22- LA 1805; Lane 23- Kuttichal local; Lane 24- Kashi Vishesh; Lane 25- IIHR 26; Lane
26- PKM-1; Lane 27- Arka Vikas; Lane 28- EC 677034; Lane 29- PNR 7; Lane 30- Solanum
torvum.
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Table 18. Screening of the 30 tomato genotypes for the presence or
absence of the gene Ve2 for resistance to Verticillium wilt

Sl. no Genotypes Presence/Abs_ence of gene for
resistance
1. Solanum pimpinellifolium- EC 697275 A
2. IIHR 2205 A
3. Akshaya A
4. Arka Rakshak A
5. EC 514124 A
6. IIHR 2374 P
7. IIHR 2373 A
8. LA 1206 A
9. Vellayani Vijai A
10. 1C-45 A
11. IIHR 2868 A
12. | Shakthi A
13. Pusa Ruby A
14. Nenmara local A
15. CA 22053 A
16 Manulekshmi A
17. EC 620419 A
18. IIHR 2204 A
19. Alathur local A
20. Palakkad local A
21. Hisar Lalit A
22. LA 1805 A
23. Kuttichal local A
24. Kashi Vishesh P
25. IHR 26 A
26. PKM 1 A
27. Arka Vikas A
28. | EC677034 A
29. PNR 7 A
30. Solanum torvum A
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4.1.4.3 Fusarium wilt

Genotypes resistant to Fusarium wilt were screened for the presence of
genes 13 and 17 using SCAR marker P743DF1/R1 and CAPS marker CAPS7774.

4.1.4.3.1 Amplification profile of the molecular marker P743DF1/R1 for the
gene 13

The SCAR marker P743DF1/R1 for the gene 13 amplified a band size of
1270 bp for genotypes with 13/I3 alleles and 1060 bp for genotypes with 13/i3
alleles.

In the study, the amplified bands of size 1060 bp, generated by the SCAR
marker P743DF1/R1 for the gene I3 corresponds to the genotypes of i3/i3 alleles
and none of the 30 genotypes screened were identified for 13/13 alleles (Plate 14).
Presence of the gene I3 for resistance to fusarium wilt was not identified in the 30

genotypes (Table 19).
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Plate 14: Amplification profile of the molecular marker P743DF1/R1 for the gene 13
resolved on 2.5% agarose gel Lane L- 100 bp DNA ladder; Lane 1- Solanum pimpinellifolium -
EC 697275; Lane 2- IIHR 2205; Lane 3-Akshaya; Lane 4- Arka Rakshak; Lane 5-EC 514124;
Lane 6- IIHR 2374; Lane 7- IIHR 2373; Lane 8- LA 1206; Lane 9- Vellayani Vijai; Lane 10- IC-
45; Lane 11- IIHR 2868; Lane 12- Shakthi; Lane 13- Pusa Ruby; Lane 14- Nenmara local; Lane
15- CA 22053; Lane 16- Manulakshmi; Lane 17- EC 620419; Lane 18- IIHR 2204; Lane 19-
Alathur local; Lane 20- Palakkad local; Lane 21- Hisar Lalit; Lane 22- LA 1805; Lane 23-
Kuttichal local; Lane 24- Kashi Vishesh; Lane 25- IIHR 26; Lane 26- PKM-1; Lane 27- Arka
Vikas; Lane 28- EC 677034; Lane 29- PNR 7; Lane 30- Solanum torvum.
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Table 19. Screening of the 30 tomato genotypes for the presence or absence

of the gene 13 for resistance to Fusarium wilt

Sl. no Genotypes Presence/Absgnce of genes for
resistance
1. Solanum pimpinellifolium- EC 697275 A
2. ITHR 2205 A
3. Akshaya A
4. Arka Rakshak A
5. EC 514124 A
6. IIHR 2374 A
7. IIHR 2373 A
8. LA 1206 A
9. Vellayani Vijai A
10. IC-45 A
11. IIHR 2868 A
12. | Shakthi A
13. Pusa Ruby A
14. Nenmara local A
15. CA 22053 A
16 Manulekshmi A
17. EC 620419 A
18. IIHR 2204 A
19. Alathur local A
20. Palakkad local A
21. Hisar Lalit A
22. LA 1805 A
23. Kuttichal local A
24. Kashi Vishesh A
25. IIHR 26 A
26. PKM 1 A
217. Arka Vikas A
28. EC 677034 A
29. PNR 7 A
30. Solanum torvum A
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4.1.4.3.2 Amplification profile of the molecular marker CAPS7774 for the gene
17

The CAPS marker CAPS7774 for the gene 17 generated fragments of size
612 bp and 196 bp for genotypes with 17/17 alleles and fragments of size 808 bp
for genotypes with i7/i7 alleles.

In the study, the primer pairs specific to the CAPS marker CAPS7774 for
the gene 17, generated amplification profile (Plate 15). Restriction digestion
profile was generated by the CAPS marker CAPS7774 for the gene 17 (Plate 16)
in which the restriction digested fragments of size 612 bp and 196 bp, obtained
for the genotypes IIHR 2205, 1IHR 2374 and Vellayani Vijai corresponds to 17/17
alleles. Presence of the gene 17 for resistance to Fusarium wilt was identified in
the genotypes IIHR 2205, 1IHR 2374 and Vellayani Vijai (Table 20).
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Plate 15: Amplification profile of the molecular marker CAPS7774 for the gene 17 resolved
on 2.5% agarose gel Lane L- 100 bp DNA ladder; Lane 1- Solanum pimpinellifolium -EC
697275; Lane 2- IIHR 2205; Lane 3-Akshaya; Lane 4- Arka Rakshak; Lane 5-EC 514124; Lane
6- 1IHR 2374; Lane 7- IIHR 2373; Lane 8- LA 1206; Lane 9- Vellayani Vijai; Lane 10- 1C-45;
Lane 11- IIHR 2868; Lane 12- Shakthi; Lane 13- Pusa Ruby; Lane 14- Nenmara local; Lane 15-
CA 22053; Lane 16- Manulakshmi; Lane 17- EC 620419; Lane 18- IIHR 2204; Lane 19- Alathur
local; Lane 20- Palakkad local; Lane 21- Hisar Lalit; Lane 22- LA 1805; Lane 23- Kuttichal local;
Lane 24- Kashi vishesh; Lane 25- IIHR 26; Lane 26- PKM-1; Lane 27- Arka Vikas; Lane 28- EC
677034; Lane 29- PNR 7; Lane 30- Solanum torvum.
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Plate 16: Restriction digestion profile of the molecular marker CAPS7774 for the gene 17
resolved on 2.5% agarose gel Lane L- 100 bp DNA ladder; Lane 1- Solanum pimpinellifolium -
EC 697275; Lane 2- IIHR 2205; Lane 3-Akshaya; Lane 4- Arka Rakshak; Lane 5-EC 514124;
Lane 6- IIHR 2374; Lane 7- IIHR 2373; Lane 8- LA 1206; Lane 9- Vellayani Vijai; Lane 10- IC-
45; Lane 11- IIHR 2868; Lane 12- Shakthi; Lane 13- Pusa Ruby; Lane 14- Nenmara local; Lane
15- CA 22053; Lane 16- Manulakshmi; Lane 17- EC 620419; Lane 18- IIHR 2204; Lane 19-
Alathur local; Lane 20- Palakkad local; Lane 21- Hisar Lalit; Lane 22- LA 1805; Lane 23-
Kuttichal local; Lane 24- Kashi Vishesh; Lane 25- IIHR 26; Lane 26- PKM-1; Lane 27- Arka
Vikas; Lane 28- EC 677034; Lane 29- PNR 7; Lane 30- Solanum torvum.
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Table 20. Screening of the 30 tomato genotypes for the presence or absence

of the gene 17 for resistance to Fusarium wilt

Sl. no Genotypes Presence/Absgnce of genes for
resistance
1. Solanum pimpinellifolium- EC 697275 A
2. IHR 2205 P
3. Akshaya A
4. Arka Rakshak A
5. EC 514124 A
6. IIHR 2374 P
7. IIHR 2373 A
8. LA 1206 A
9. Vellayani Vijai P
10. 1C-45 A
11. IIHR 2868 A
12. Shakthi A
13. Pusa Ruby A
14. Nenmara local A
15. CA 22053 A
16 Manulekshmi A
17. EC 620419 A
18. IIHR 2204 A
19. Alathur local A
20. Palakkad local A
21. Hisar Lalit A
22. LA 1805 A
23. Kuttichal local A
24. Kashi Vishesh A
25. IHR 26 A
26. PKM 1 A
27. Arka Vikas A
28. EC 677034 A
29. PNR 7 A
30. Solanum torvum A
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4.1.4.4 Late blight

Screening of genotypes for resistance to Late blight was done using the
SCAR marker Ph3-SCAR specific to Ph3 gene and the CAPS marker dtG63
specific to Ph2 gene.

4.1.4.4.1 Amplification profile of molecular marker Ph3-SCAR for gene Ph3

Screening for the presence of Ph3 gene was done using the SCAR marker
Ph3-SCAR that amplified band of size 176 bp for genotypes with Ph3/Ph3 alleles
and 154 bp for ph3/ph3 alleles.

In the study, an amplification profile was generated by the SCAR marker
Ph3-SCAR for the gene Ph3 (Plate 17) in which the amplified band of size 176
bp, corresponds to genotypes of Ph3/Ph3 alleles and 154 bp for genotypes of
ph3/ph3 alleles. Among the 30 genotypes screened, the genotypes Pusa Ruby, CA
22053, Hisar Lalit, PKM-1 and Arka Vikas were identified for the presence of the
gene Ph3 (Table 21).
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Plate 17: Amplification profile of the molecular marker Ph3-SCAR for the gene Ph3
resolved on 2.5% agarose gel Lane L- 100 bp DNA ladder; Lane 1- Solanum pimpinellifolium -
EC 697275; Lane 2- IIHR 2205; Lane 3-Akshaya; Lane 4- Arka Rakshak; Lane 5-EC 514124;
Lane 6- IIHR 2374; Lane 7- IIHR 2373; Lane 8- LA 1206; Lane 9- Vellayani Vijai; Lane 10- IC-
45; Lane 11- IIHR 2868; Lane 12- Shakthi; Lane 13- Pusa Ruby; Lane 14- Nenmara local; Lane
15- CA 22053; Lane 16- Manulakshmi; Lane 17- EC 620419; Lane 18- IIHR 2204; Lane 19-
Alathur local; Lane 20- Palakkad local; Lane 21- Hisar Lalit; Lane 22- LA 1805; Lane 23-
Kuttichal local; Lane 24- Kashi Vishesh; Lane 25- IIHR 26; Lane 26- PKM-1; Lane 27- Arka
Vikas; Lane 28- EC 677034; Lane 29- PNR 7; Lane 30- Solanum torvum.
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Table 21. Screening of the 30 tomato genotypes for the presence or
absence of the gene Ph3 for resistance to Late blight

Sl. no Genotypes Presence/Absgence of genes for
resistance
1. Solanum pimpinellifolium- EC 697275 A
2. ITHR 2205 A
3. Akshaya A
4. Arka Rakshak A
5. EC 514124 A
6. IIHR 2374 A
7. IIHR 2373 A
8. LA 1206 A
9. Vellayani Vijai A
10. IC-45 A
11. IIHR 2868 A
12. | Shakthi A
13. Pusa Ruby P
14. Nenmara local A
15. CA 22053 P
16 Manulekshmi A
17. EC 620419 A
18. IIHR 2204 A
19. Alathur local A
20. Palakkad local A
21. Hisar Lalit P
22. LA 1805 A
23. Kuttichal local A
24. Kashi Vishesh A
25. IIHR 26 A
26. PKM 1 P
217. Arka Vikas P
28. EC 677034 A
29. PNR 7 A
30. Solanum torvum A
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4.1.4.4.2 Amplification profile of the molecular marker dtG63 for the gene Ph2

Presence of Ph2 gene was screened using the CAPS marker dtG63, which
generated fragments of size 245 bp for genotypes with Ph2/Ph2 alleles and
fragments of size 221 bp for genotypes with ph2/ph2 alleles.

In the study, the primer pairs specific to the CAPS marker dtG63 for the
gene Ph2, generated the amplification profile (Plate 18). The restriction digestion
profile was generated by the CAPS marker dtG63 for the gene Ph2 in which the
restriction digested bands of size 245 bp corresponds to genotypes of Ph2/Ph2
alleles and 221 bp corresponds to genotypes of ph2/ph2 alleles (Plate 19). The
genotypes Shakthi, Pusa Ruby, Nenmara local, CA 22053, Manulakshmi, 1IHR
2204, PNR 7 and Solanum torvum were identified for the presence of the gene
Ph2 (Table 22).
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Plate 18: Amplification profile of the molecular marker dtG63 for the gene Ph2 resolved
on 2.5% agarose gel Lane L- 100 bp DNA ladder; Lane 1- Solanum pimpinellifolium -EC
697275; Lane 2- IIHR 2205; Lane 3-Akshaya; Lane 4- Arka Rakshak; Lane 5-EC 514124; Lane
6- IIHR 2374; Lane 7- IIHR 2373; Lane 8- LA 1206; Lane 9- Vellayani Vijai; Lane 10- 1C-45;
Lane 11- IIHR 2868; Lane 12- Shakthi; Lane 13- Pusa Ruby; Lane 14- Nenmara local; Lane 15-
CA 22053; Lane 16- Manulakshmi; Lane 17- EC 620419; Lane 18- IIHR 2204; Lane 19-
Alathur local; Lane 20- Palakkad local; Lane 21- Hisar Lalit; Lane 22- LA 1805; Lane 23-
Kuttichal local; Lane 24- Kashi Vishesh; Lane 25- IIHR 26; Lane 26- PKM-1; Lane 27- Arka
Vikas; Lane 28- EC 677034; Lane 29- PNR 7; Lane 30- Solanum torvum.
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Plate 19: Restriction digestion profile of the molecular marker dtG63 for the gene Ph2
resolved on 2.5% agarose gel Lane L- 100 bp DNA ladder; Lane 1- Solanum pimpinellifolium -
EC 697275; Lane 2- IIHR 2205; Lane 3-Akshaya; Lane 4- Arka Rakshak; Lane 5-EC 514124;
Lane 6- IIHR 2374; Lane 7- IIHR 2373; Lane 8- LA 1206; Lane 9- Vellayani Vijai; Lane 10-
IC-45; Lane 11- IIHR 2868; Lane 12- Shakthi; Lane 13- Pusa Ruby; Lane 14- Nenmara local;
Lane 15- CA 22053; Lane 16- Manulakshmi; Lane 17- EC 620419; Lane 18- IIHR 2204; Lane
19- Alathur local; Lane 20- Palakkad local; Lane 21- Hisar Lalit; Lane 22- LA 1805; Lane 23-
Kuttichal local; Lane 24- Kashi Vishesh; Lane 25- IIHR 26; Lane 26- PKM-1; Lane 27- Arka
Vikas; Lane 28- EC 677034; Lane 29- PNR 7; Lane 30- Solanum torvum.
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Table 22. Screening of the 30 tomato genotypes for the presence or absence

of the gene Ph2 for resistance to Late blight

Sl. no Genotypes Presence/Absgnce of genes for
resistance
1. Solanum pimpinellifolium- EC 697275 A
2. IIHR 2205 A
3. Akshaya A
4. Arka Rakshak A
5. EC 514124 A
6. IIHR 2374 A
7. IIHR 2373 A
8. LA 1206 A
9. Vellayani Vijai A
10. 1C-45 A
11. IIHR 2868 A
12. Shakthi P
13. Pusa Ruby P
14. Nenmara local P
15. CA 22053 P
16 Manulekshmi P
17. EC 620419 A
18. IIHR 2204 P
19. Alathur local A
20. Palakkad local A
21. Hisar Lalit A
22. LA 1805 A
23. Kuttichal local A
24. Kashi Vishesh A
25. IHR 26 A
26. PKM 1 A
27. Arka Vikas A
28. EC 677034 A
29. PNR 7 P
30. Solanum torvum P
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4.1.4.5 Root knot nematode

Root knot resistance is contributed by the gene Mi 1.2 which was screened
by the SCAR marker Mi23. The SCAR marker Mi23 amplified a band of size
380 bp for genotypes with Mi/Mi alleles for resistance and 430 bp for genotypes

which are susceptible in nature.

The SCAR marker Mi23 for the gene Mil.2 generated the amplification
profile in which the amplified bands of 430 bp corresponds to genotypes of mi/mi
alleles and none of the 30 genotypes were amplified for Mi/Mi alleles (Plate 20).
None of the genotypes among the 30 genotypes screened were identified for the

presence of the gene Mil.2 (Table 23).
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Plate 20: Amplification profile of the molecular marker Mi23 for the gene Mil.2 resolved
on 2.5% agarose gel Lane L- 100 bp DNA ladder; Lane 1- Solanum pimpinellifolium -EC
697275; Lane 2- IIHR 2205; Lane 3-Akshaya; Lane 4- Arka Rakshak; Lane 5-EC 514124; Lane
6- IIHR 2374; Lane 7- IIHR 2373; Lane 8- LA 1206; Lane 9- Vellayani Vijai; Lane 10- 1C-45;
Lane 11- IIHR 2868; Lane 12- Shakthi; Lane 13- Pusa Ruby; Lane 14- Nenmara local; Lane 15-
CA 22053; Lane 16- Manulakshmi; Lane 17- EC 620419; Lane 18- IIHR 2204; Lane 19-
Alathur local; Lane 20- Palakkad local; Lane 21- Hisar Lalit; Lane 22- LA 1805; Lane 23-
Kuttichal local; Lane 24- Kashi Vishesh; Lane 25- IIHR 26; Lane 26- PKM-1; Lane 27- Arka
Vikas; Lane 28- EC 677034; Lane 29- PNR 7; Lane 30- Solanum torvum.
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Table 23. Screening of the 30 tomato genotypes for the presence or
absence of the gene Mil.2 for resistance to Root knot nematode

Sl. no Genotypes Presence/Absgence of genes for
resistance
1. Solanum pimpinellifolium- EC 697275 A
2. IIHR 2205 A
3. Akshaya A
4. Arka Rakshak A
5. EC 514124 A
6. IIHR 2374 A
7. IIHR 2373 A
8. LA 1206 A
9. Vellayani Vijai A
10. IC-45 A
11. IIHR 2868 A
12. | Shakthi A
13. Pusa Ruby A
14. Nenmara local A
15. CA 22053 A
16 Manulekshmi A
17. EC 620419 A
18. IIHR 2204 A
19. Alathur local A
20. Palakkad local A
21. Hisar Lalit A
22. LA 1805 A
23. Kuttichal local A
24. Kashi Vishesh A
25. IIHR 26 A
26. PKM 1 A
217. Arka Vikas A
28. EC 677034 A
29. PNR 7 A
30. Solanum torvum A
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Table 24. Genotypes identified as donors for genes for resistance

located from the study

Sl. | Genes for

no | resistance Donors for genes for resistance located from the study

1. Ty2 -

2. Ty3 -

3. Vel IIHR 2374, Kashi Vishesh, PNR 7

4, Ve2 IIHR 2374, Kashi Vishesh

5. 13 -

6. 17 ITHR 2205, 1IHR 2374, Vellayani Vijay

7. Ph3 Pusa Ruby, CA 22053, Hisar Lalit, PKM 1, Arka Vikas

8. Ph2 Shakthi, Pusa Ruby, Nenmara local, CA 22053,
Manulakshmi, IIHR 2204, PNR 7, Solanum torum

9. Mi 1.2 -
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All the genotypes identified as donors for genes for resistance to the
diseases studied, located from the study were enlisted in Table 24. From the 30
genotypes of tomato screened for the presence of genes for resistance to Tomato
yellow leaf curl virus (TYLCV), Verticillium wilt, Fusarium wilt, Late blight and
Root knot nematodes, none were identified to carry the genes screened for
resistance to Tomato yellow curl virus and Root knot nematodes. The genotypes
IIHR 2374, Kashi Vishesh and PNR 7 were identified for the presence of gene
Vel and the genotypes IIHR 2374 and Kashi Vishesh were identified for the
presence of gene Ve2 for resistance to Verticillium wilt. The genotypes IIHR
2205, 1IHR 2374 and Vellayani Vijai were identified to contain the gene 17 and
none for the gene 13 for resistance to Fusarium wilt. Presence of the gene Ph3
was identified in the genotypes Pusa Ruby, CA 22053, Hisar Lalit, PKM-1 and
Arka Vikas and presence of the gene Ph2 was identified in the genotypes
Shakthi, Pusa Ruby, Nenmara local, CA 22053, Manulakshmi, 1IHR 2204, PNR

7 and Solanum torvum for resistance to late blight.
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5. DISCUSSION

The cultivated tomato (Solanum lycopersicum L.) is the world's most
popular garden crop, coming in second only to potatoes and undeniably the
most widely consumed vegetable crop. According to the data from 2001 to
2016, the world harvested area and the total tomato production have
registered a striking advance of approximately 22.8% and 63.5%, respectively
(Gardner, 2006). With the expansion in the growing areas of tomato, the
yield per hectare has been highly compromised by several factors, among
which, biotic stresses resulted from various pathogenic attacks were
considered to be the most significant cause. Generally, more than 60
pathogenic agents including bacteria, fungi, oomycetes, viruses, and
nematodes, were known to pose a threat to tomato production worldwide
(Sajid and Eminur, 2019). To effectively control those diseases causing biotic
stress, it is advocated to have a high-efficient combination of corresponding
genes for resistance, as well as pyramiding them into commercial tomato

varieties as a pragmatic breeding strategy (Miller and Tanksley, 1990).

In recent years, significant progress has been achieved in the development
of resistant tomato cultivars against the most disastrous diseases. To provide
tomato breeding programme with genetically diversified sources of resistance,
knowledge of distinct genetic backgrounds such as breeding lines or
germplasms carrying different types of genes for resistance is required
(Collard et al., 2005). The major sources of genes for resistance that have
been introgressed into cultivated tomatoes were from wild relatives of tomato
species like S. pimpinellifolium, S. pennellii, S. habrochaites, S. peruvianum,
and S. chilense (Reddy et al., 2013). Marker assisted selection is a frequently
employed technique for identifying the genes for resistance (Foolad, 2007).
Various molecular markers were extensively and successfully employed in
breeding programmes with a major focus on promoting and improving disease

resistance in tomatoes.
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In the present study, 30 genotypes of tomato including wild related
species and cultivated varieties, were screened to locate donors for genes for
resistance to biotic stresses namely, Tomato Yellow Leaf Curl Virus (TYLCV),
Verticillium wilt, Fusarium wilt, Late blight and Root knot through molecular

marker assisted selection.

DNA isolation from 3-4 week old genotypes was carried out using CTAB
method with minor modifications, as described by Murray and Thompson
(1988). The isolated DNA resolved on 0.8 % agarose gel was displayed to be
intact bands with a slight degradation in few of the samples, which might
have occurred due to the handling errors during the conduct of the isolation
procedure. The concentration and purity analysis of the DNA samples
determined by spectrophotometer indicated values, which were satisfactory
for carrying out PCR reaction for the majority of the samples and the presence
of slight protein and RNA contamination in some of the samples, which might
not be an issue for PCR analysis due to the lower levels of contamination. The
DNA samples with a concentration above 1000 ng/pl were diluted to a 1:10
ratio to a final concentration of 20ng/ul for PCR amplification (Aboul-Maaty
and Oraby, 2019).

Standardization of annealing temperatures for the primer pairs of
molecular markers was carried out with the gradient temperature ranges, set
with +£5°C from the reported temperature (Yang et al., 2005). The
standardized annealing temperatures obtained for all the markers were
identical or showed a maximum deviation of only 2°C from the reported
temperatures, hence PCR amplifications were carried out with reaction

conditions as reported specific to each of the molecular markers.

Screening of tomato genotypes for genes for resistance was carried out
using gene based functional molecular markers, that detects DNA
polymorphism like single nucleotide polymorphisms(SNPs) or insertions/
deletions (InDels), which are physically located adjacent to the gene of
interest, critically responsible for providing resistance to various diseases
(Jung et al., 2015).
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The screening of genotypes for Tomato yellow leaf curl virus resistance
was done using the SCAR marker TO302F/TY2R1 for the gene Ty2 located
on chromosome 11. Homozygous resistant genotypes to Tomato yellow leaf
curl virus carry Ty2/Ty2 alleles and susceptible genotypes carry ty2/ty2
alleles. According to Brenda et al. (2007), the T0302/TY2R1 SCAR marker
developed generated a band of size 600 bp, for genotypes with Ty2/Ty2 alleles
of gene for resistance as observed from the breeding line H-24, which consists
of Ty 2 gene present in the introgressed region derived from the S.
habrochaites and 450 bp for the genotypes which are susceptible, indicating
the presence of ty2/ty2 alleles, similar as to the banding pattern obtained for
the susceptible inbred line HUJ-VF. In this study, among the 30 genotypes
screened, a band of size 600 bp corresponding to gene for resistance was not
amplified for any of the genotypes. The genotypes IIHR 2205, LA 1206,
Vellayani Vijai, IC-45, IIHR 2868, Shakthi, Pusa Ruby, CA 22053, EC
620419, IIHR 2204, Hisar Lalit, Kuttichal local, IIHR 26, PKM-1, Arka
Vikas, EC 677034, PNR 7 and Solanum torvum displayed amplified bands
corresponding to 450 bp as similar as obtained by Brenda et al. (2007) and the
remaining genotypes showed no amplification due to the absence of alleles for
the gene Ty2. In a similar study, by Maxwell et al. (2006), the CAPS marker
TG105AF/TG105AR was used to screen the presence of gene Ty2 in the
tomato genotypes. The restriction enzyme, Taq |, generated restriction
digested products of 330 bp for Ty2/Ty2 alleles and 220 bp for ty2/ty2 alleles.
In another study, Yang et al. (2014) screened tomato genotypes for the
presence of gene Ty2 using the SCAR marker T0302F/T0302R, which scored
band of size 900 bp for Ty2/Ty2 alleles and 800 bp for ty2/ty2 alleles.

The genotypes with the gene Ty3 located on chromosome 6 for resistance
to Tomato yellow leaf curl virus was screened with the SCAR marker
FLUWS25 reported by Melinda et al. (2007). Ji et al. (2007) mapped Ty3 gene
from S chilense accession LA 2779 to an introgression near the FER locus on
chromosome 6 and cloned in BAC 56B23. The primers developed to amplify
the sequences in the 5’end of the BAC clone by Ji et al. (2007) was used to
amplify PCR fragments from susceptible heritage tomato, S lycopersicum
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‘Purple Russian’ and resistant breeding line, Ge43 by Mejia et al. (2005). The
sequences from the PCR amplifications generated by Mejia et al. (2005) were
used to design the primers for the marker FLUW25. The SCAR marker
FLUW?25 amplified a band of size 640 bp in genotypes with Ty3/Ty3 alleles
and 480 bp in susceptible genotypes with ty3/ty3 alleles. In this study, none of
the 30 genotypes showed amplification for alleles for resistance. The
genotypes Akshaya, Arka Rakshak, 1IHR 2374, IIHR 2373, Vellayani Vijal,
IC-45, IIHR 2868, Shakthi, Pusa Ruby, Nenmara local, CA 22053, EC
620419, 1IHR 2204, Alathur local, Kashi Vishesh, PKM-1, Arka Vikas, EC
677034, PNR 7 and Solanum torvum showed the presence of susceptible
alleles and remaining genotypes showed no amplification due to the absence
of alleles for the gene Ty3. In a similar study conducted by Jensen et al.
(2007), the CAPS marker FER-G8F/FER-G8R using the restriction enzyme
Taq |, distinguished the tomato genotypes of Ty3/Ty3 alleles with a restriction
digested products of size 200 bp and 300 bp from genotypes of ty3/ty3 alleles
with an undigested product of size 500 bp. According to Ji et al. 2008, the
SCAR marker P6-25F/ P6-25R amplified a band of size 450 bp for genotypes
of Ty3/Ty3 alleles and 320 bp for genotypes of ty3/ty3 alleles.

Vel and Ve2 are two closely linked genes of the Ve locus located on
chromosome 9, which independently confers resistance to the same pathogen
(Arens et al., 2010). Verticillium wilt resistance conferred by the gene Vel in
genotypes was screened using the CAPS marker Vel Xbal reported by Jung
et al. (2015). Ve locus is associated with several SNPs (Kawchuk et al.,
2001). In the study conducted by Jung et al. (2015) the Vel Xbal marker is
developed based on a single bp deletion of TCA/T-A at nucleotide position
1220 on the exon sequence, resulting in a premature stop codon. This SNP
based generation of truncated protein in susceptible genotypes is responsible
for the loss of resistance and is utilized for marker development, in which the
site of SNP forms the recognition site for the restriction enzyme Xba I. The
PCR amplified products generated by the marker were subjected to restriction
digestion by Xba I. The restriction enzyme digested the susceptible alleles

with bands of size 410 bp, 310bp, and 22 bp and resistant alleles with bands
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of size 410 bp and 332 bp. In the present study, resistant alleles were
amplified for the genotypes IIHR 2374, Kashi Vishesh and PNR 7.
Susceptible alleles were amplified for the genotypes IIHR 2205, Akshaya,
Arka Rakshak, Vellayani Vijai, IIHR 2868, Shakthi, Pusa Ruby, Nenmara
local, 1IHR 2204, Hisar Lalit, Arka Vikas and Solanum torvum and remaining
genotypes showed no amplification due to the absence of alleles for the gene
Vel. In a study, Arens et al. (2010) developed SNP marker Vel-2072F/Vel-
2651R based on the study of Kawchuk et al. (2001) to screen for the presence
of Ve2 in tomato genotypes, which generated amplification products of size
476 bp for Vel/Vel alleles and 158 bp for vel/vel alleles.

Genotypes with the gene Ve2 for resistance to verticillium wilt were
screened using the CAPS marker V2LeO3F/V2LeO3R, developed by Acciarri
et al. (2007). According to the study conducted by Acciarri et al. (2007), the
CAPS marker V2LeO3F/VV2LeO3R was developed based on the SNP, C to G
at nucleotide position 2827 in the Ve2 locus of the susceptible cultivar L98A,
which forms the recognition site for the restriction enzyme Hincll. The
susceptible genotypes were undigested by the restriction enzyme with a
fragment of size 1029 bp and the genotypes with Ve2/Ve2 alleles showed two
distinct bands of 601 bp and 428 bp respectively. In this study conducted to
screen 30 genotypes, two genotypes, IIHR 2374 and Kashi Vishesh showed
amplified bands corresponding to Ve2/Ve2 alleles. Akshaya, Arka Rakshak,
Hisar Lalit, Pusa Ruby, Nenmara local, IIHR 2204, Vellayani Vijai were the
genotypes amplified with a band of size 1029 bp, corresponding to ve2/ve2
alleles. Shakthi, Arka Vikas and PNR 7 showed banding pattern similar to
heterozygous genotypes, which might be due to certain possible cross
pollination events occurred during their selfing to propagate from
homozygous parents and the remaining genotypes showed no amplification
due to the absence of alleles for the gene Ve2. In a relatable study, Arens et al.
(2010) retrieved sequences of primer pairs from the study conducted by
Kawchuk et al. (2001), to develop a SNP marker Ve2-2720F/\VVe2-3040R to
screen Ve2 gene in tomato genotypes, which generated band of size 242 bp
for Ve2/Ve2 alleles and 131 bp for ve2/ve2 alleles.
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Tomato genotypes with resistance to fusarium wilt were screened for the
presence of the gene I3 located on chromosome 7, using the SCAR marker
P743DF1/R1 reported by Barillas et al. (2008). The SCAR marker
P743DF1/R1 developed by Barillas et al. (2008), amplified band of size 1270
bp for genotypes with 13/13 alleles and 1060 bp for genotypes with i3/i3
alleles. In this study, among the 30 genotypes screened for the resistance,
none showed amplified band size of 1270 bp corresponding to 13/13 alleles.
The genotypes IIHR 2205, Akshaya, IIHR 2374, Vellayani Vijai, Arka
Vikas, Nenmara local, CA- 22053, 1IHR 2204, Hisar Lalit, Kashi Vishesh and
IIHR 2868 were amplified with 1060 bp corresponding to i3/i3 alleles while
the remaining genotypes showed no amplification due to the absence of
alleles for the gene 13. In a similar study, Barillas et al. (2008) developed a
CAPS marker P7-43B with the restriction enzyme Nsil to screen for the
presence of I3 gene in tomato genotypes. The marker generated restriction
digested products of size 320 bp for 13/13 alleles and 800 bp for i3/i3 alleles.
In the same study, Barillas et al. (2008) developed another CAPS marker
PTG-190 in which the restriction enzyme Alu | generated restriction digested
products of size 250 bp and 380 bp for 13/13 alleles and 380 bp and 180 bp for
13/i3 alleles.

Genotypes resistant to fusarium wilt were screened for the presence of the
gene 17 located on chromosome 8 using the CAPS marker CAPS7774
reported by Gonzalez-Cendales et al. (2015). In the study carried out by
Gonzalez-Cendales et al. (2015), the CAPS marker CAPS7774 was developed
to identify the gene 17, from the S. pennellii introgressed region in the tomato
cultivar Tristar. The marker generated restriction digested fragments of the
amplified PCR products using the restriction enzyme Agel, of size 612 bp and
196 bp corresponding to 17/17 alleles and undigested fragments of the PCR
products of size 808 bp for i7/i7 alleles. Among the 30 genotypes screened for
the presence of 17 genes in this study, the genotypes IIHR 2205, IIHR 2374
and Vellayani Vijai showed band sizes of 612 bp and 196 bp, corresponding
to 17/17 alleles. The genotypes Akshaya, Arka Rakshak, Shakthi, Pusa Ruby,

Nenmara local, IIHR 2204, Hisar Lalit, Kashi Vishesh, Arka Vikas, PNR-7,
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Solanum torvum generated undigested fragments of the PCR products of size
808 bp corresponding to i7/i7 alleles, while the remaining genotype showed
no amplification due to the absence of alleles for the gene 17. In a study
carried out by Arens et al. (2010) using the SCAR marker At2 to screen the
tomato genotypes for the presence of | gene for resistance to fusarium wilt,
amplified fragments of size 130 bp were generated for genotypes
corresponding to I/l alleles. Based on the primer sequences developed by
Simons et al. (1998), Arens et al. (2010) developed another SCAR marker
Z1063 to screen the tomato genotypes for the presence of the gene 12, which

generated a band of size 940 bp for 12/12 alleles.

Resistance to Phytophthora infestans in tomato is conferred by a coiled-
coil nucleotide-binding leucine-rich repeat (NBS—LRR) gene Ph3 located on
chromosome 9. The presence of the gene Ph3 in tomato genotypes were
screened using the SCAR marker Ph3-SCAR reported by Jung et al. (2015).
In the study conducted by Jung et al. (2015), the marker Ph3-SCAR was
developed based on a two 11 bp deletions with a separation of 56 bps in
between, in the exonic sequence of chromosome 9, resulting in the generation
of a premature stop codon, which renders the loss of resistance due to the
formation of a truncated proteins in genotypes carrying susceptible alleles of
the gene Ph3. The marker amplified a band of size 174 bp in genotypes with
Ph3/Ph3 alleles and 154 bp in genotype with ph3/ph3 alleles. In this study,
the genotypes Pusa Ruby, CA 22053, Hisar Lalit, PKM-1 and Arka Vikas
were amplified with a band of size 174 bp, corresponding to Ph3/Ph3 alleles.
The genotypes EC 514124, LA 1206, EC 620419, Palakkad local, LA 1805
and 1IHR 26 showed no amplification due to the absence of alleles for the
gene Ph3 and the remaining genotypes were amplified with a band size of 154
bp corresponding to ph3/ph3 alleles. A similar study was carried out by
Robbins et al. (2010) to screen tomato genotypes for the presence of Ph3 gene
using the CAPS marker TG328 with the restriction enzyme BstN1, which
generated restriction digested products of size 275 bp for genotypes of
Ph3/Ph3 alleles and 560 bp for genotypes of ph3/ph3 alleles. In another study,

Arens et al. (2010) screened tomato genotypes for the presence of the gene
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Ph3 using the CAPS marker dtG328 with the restriction enzyme BstN1, which
generated restriction digested products of size 270 bp for genotypes of
Ph3/Ph3 alleles and 380 bp for genotypes of ph3/ph3 alleles.

Tomato genotypes with the gene Ph2 located on chromosome 10 for
resistance to Phytophthora infestans were located using the CAPS marker
dtG63 reported by Panthee et al. (2012). In the study conducted by Panthee et
al. (2012), the homozygous genotype NC1 CELBR for the alleles Ph2/Ph2
was amplified with a band of size 245 bp by the marker dtG63 and the
homozygous susceptible genotype NC 123S showed an amplified band size of
221 bp corresponding to ph2/ph2 alleles. In this study conducted to screen
genotypes for the gene Ph2, Shakthi, Pusa Ruby, Nenmara local, CA 22053,
Manulakshmi, 1IHR 2204, PNR 7 and Solanum torvum were the genotypes
amplified of band size 245 bp corresponding to Ph2/Ph2 genotypes. The
genotypes Solanum pimpinellifolium, IIHR 2373, LA 1206, EC 620419,
Alathur local, 1IHR 26, LA 1805, Kuttichal local and Palakkad local showed
no amplification due to the absence of alleles for the gene Ph2 and the
remaining genotypes were amplified of band size 221 bp corresponding to
susceptible alleles. In a similar study, Arens et al. (2010) screened tomato
genotypes for the presence of gene Ph2 using the CAPS marker dTG422 with
the restriction enzyme Hinfl, which generated restriction digested products of
band size 310 bp for Ph2/Ph2 alleles and 290 bp for ph2/ph2 alleles.

The genotypes with the gene Mi-1.2 located on chromosome 6, for
resistance to root knot nematode was screened using the SCAR marker Mi23
reported by Seah et al. (2007). The marker Mi23 developed by Seah et al.
(2007), generated an amplified fragment of size 380 bp for the genotypes
Motelle and Gh2 with the Mi/Mi alleles and an amplified fragment of size 430
bp for the genotypes M82-1-8 and Gh13 with the mi/mi alleles. On comparing
the sequences of the amplified fragments between the genotypes carrying the
gene for resistance and genotypes which were susceptible, indels of
1nucleotide and 56 nucleotides, accounting for the differences in the length

between the band sizes of two sequences were observed, along with the
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identification of 13 SNPs between these two sequences. In this study carried
out to identify the genotypes with the gene Mil.2, none showed bands of 380
bp corresponding to Mi/Mi alleles. The genotypes Solanum pimpinellifolium -
EC 697275, EC 514124, EC 620419, Alathur local, Palakkad local, LA 1805,
EC 677034, 1IHR 26, PKM-1and Kuttichal local showed no amplification due
to the absence of alleles for the gene Mi-1.2 and the remaining genotypes
were amplified for mi/mi alleles. In a similar study, EI Mehrach et al. (2005)
carried out screening of tomato genotypes for the presence of Mil.2 gene
using the SCAR marker PMiF3, which generated amplified products of band
size 550 bp for genotypes of Mi/Mi alleles and 350 bp for genotypes of mi/mi
alleles. In another study, Michelson et al. (1994) screened tomato genotypes
for the presence of Mil.2 gene using the CAPS marker MI-REX with the
restriction enzyme Taq |, which generated restriction digested products of
band sizes 180 bp and 570 bp for Mi/Mi alleles and 750 bp for mi/mi alleles.
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Figure 1. Genotypes and their located genes for resistance
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Figure 2. Presence or absence of the genes for resistance located in the
30 tomato genotypes
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The presence of single or multiple genes for resistance were located in the
30 genotypes, (Figure 2) with the identified genes distinguishably represented
with separate colored bars. From the study, a total of 15 genotypes among the
30 genotypes screened were identified for the presence of various genes for
resistance studied. Among the 30 genotypes screened, presence of multiple
genes for resistance was identified in five of the genotypes. Genotype 1IHR
2374 was identified for the presence of the genes Vel and Ve2 for resistance
to Verticillium wilt and 17 for resistance to Fusarium wilt. Genotype Kashi
vishesh was identified for the presence of genes Vel and Ve2 for resistance to
Verticillium wilt. Genotypes Pusa Ruby and CA 22053 were identified with
the presence of genes Ph2 and Ph3 for resistance to Late blight. Genotype
PNR 7 was identified with the presence of genes Vel for resistance to

Verticillium wilt and Ph2 for resistance to Late blight.

An evident limitation of the study carried out for the screening of genes
for resistance in the tomato genotypes for the diseases, Tomato Yellow Leaf
Curl Virus (TYLCV); Verticillium wilt; Fusarium wilt; Late blight and Root
knot would be the usage of a single molecular marker for each of the genes
studied. According to Nevame et al. (2018), it may not be preferable to rely
entirely on a single type of molecular marker for MAS, as it may not always
provide accurate banding patterns under varying experimental conditions.
Thus it is advisable to employ different markers for screening the presence of
a gene, in order to circumvent the issues of reproducibility under different

conditions.

Based on the results obtained from the study, the tomato genotypes in
which the genes for resistance were located to the diseases studied, could be
considered as potential donors (Figure 1) for the tomato resistance breeding
program. As a future line of this study, phenotypic analysis of the genotypes
identified for resistance to the concerned genes, can be carried out, under the
field conditions to ensure the credibility of the screening conducted using the

selected molecular markers.
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6. SUMMARY

The production of tomato (Solanum lycopersicum L.), one of the world's most
significant vegetable crops, is frequently imperilled by disease infestation. Virus,
fungus, bacteria, nematode, and oomycete are the major agents responsible for many
of the diseases that threaten tomato production. With a strong focus on promoting and
improving disease resistance in tomatoes, various functional molecular markers based
on DNA polymorphisms within the genes, responsible for resistance have been

employed, extensively and successfully in breeding programs.

The study entitled “Locating donors for genes for biotic stress resistance in
tomato  through molecular marker assisted selection” was conducted in the
Department of Seed Science and Technology, College of Agriculture, Vellayani with
an objective to identify donors for genes for resistance to biotic stress inducing
diseases like Tomato Yellow Leaf Curl Virus (TYLCV), verticillium wilt, fusarium
wilt, late blight and root knot nematodes from tomato varieties and elite species

through marker assisted selection using gene specific markers.

In the study, 30 genotypes including wild species as well as cultivated varieties
of tomatoes, collected from inside and outside of Kerala were used. The genomic
DNA isolated from the selected genotypes revealed a purity range of 1.684 and 2.248
and concentration ranged between 354ng/ul to 3222ng/ul. The standardization of the
annealing temperatures of the primer pairs for the SCAR and CAPS molecular
markers were done using gradient PCR and the annealing temperature standardized
were 47°C, 53°C and 55°C.

Molecular screening of genotypes for genes for resistance was carried out
using gene specific SCAR and CAPS markers. Tomato Yellow Leaf Curl Virus
(TYLCV) resistance in genotypes were screened for the presence of the genes Ty2 and
Ty3 using the SCAR markers TO0302F/TY2R1 and FLUW25 respectively.
TO0302F/TY2R1 amplified a band of size 600 bp for genotypes of Ty2/Ty2 alleles for
resistance and 450 bp for susceptible genotypes of ty2/ty2 alleles. All the genotypes
screened were not identified for the presence of the gene Ty2. FLUW25 generates
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amplified products of band size 640 bp for Ty3/Ty3 alleles for resistance and 480 bp
for ty3/ty3 alleles. None of the genotypes screened were identified with the presence

of Ty3 gene for resistance.

Genotypes resistant to verticillium wilt were screened for the presence of two
closely linked genes Vel and Ve2 of Ve locus using the CAPS markers Vel Xbal and
V2LeO3F/VV2LeO3R respectively. Vel Xbal marker specific to Vel gene generated
restriction digested products of band size 410 bp and 332 bp for resistant genotypes
with Vel/Vel alleles and 410 bp, 310bp and 22 bp for susceptible genotypes with
vel/vel alleles. The genotypes IIHR 2374, Kashi Vishesh and PNR 7 were identified
for the presence of the gene Vel. Ve2 gene specific marker V2LeO3F/V2LeO3R
distinguishes the genotypes of Ve2/Ve2 alleles with a restriction digested products of
band size 601 bp and 428 bp from an undigested product of 1029bp for ve2/ve2
alleles. Presence of Ve2 gene was identified in the genotypes IIHR 2374 and Kashi
Vishesh.

The SCAR marker P743DF1/R1 and the CAPS marker CAPS7774 were used
for the screening of the genes I3 and 17 for resistance to fusarium wilt in genotypes.
The SCAR marker P743DF1/R1 generates amplified bands of size 1270 bp for 13/13
alleles and 1060 bp for i3/i3 alleles. The CAPS marker generates restriction digested
products of band size, 612 bp and 196 bp for 17/17 alleles and undigested products of
808 bp for i7/i7 alleles. The genotypes IIHR 2205, IIHR 2374 and Vellayani Vijai
were identified for the presence of the gene 17 and none for the gene 13 for resistance

to fusarium wilt.

Genotypes resistant to late blight were screened for the presence of genes Ph3
and Ph2 using the SCAR marker Ph3-SCAR and CAPS marker dtG63 respectively.
The SCAR marker Ph3-SCAR amplifies band size of 176 bp for genotypes of
Ph3/Ph3 alleles and 154 bp for ph3/ph3 alleles. Presence of the gene Ph3 was
identified in the genotypes Pusa Ruby, CA 22053, Hisar Lalit, PKM-1 and Arka
Vikas. The CAPS marker dtG63 generates restriction digested products of band size
245 bp for Ph2/Ph2 alleles and 221 bp for ph2/ph2 alleles. The genotypes Shakthi,
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Pusa Ruby, Nenmara local, CA 22053, Manulakshmi, IIHR 2204, PNR 7 and

Solanum torvum were identified for the presence of Ph2 gene.

Root knot disease resistance in tomato genotypes were screened for the
presence of the gene Mil.2 using the SCAR marker Mi23 which generates amplified
bands of size 380 bp for Mi/Mi alleles and 430 bp for mi/mi alleles. Among the 30
genotypes screened, none of the genotypes were identified for the presence of Mil.2

gene for resistance.

From the study, 15 genotypes among the 30 genotypes screened were
identified for the presence of one or more than one gene for resistance studied. All the
genotypes identified with genes for resistance to the diseases studied can be expected
to contribute to the tomato resistant breeding programs as potential donors.
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8. APPENDICES
APPENDIX |
Reagents required for DNA Isolation

1. DNA Extraction buffer (pH: 8)

CTAB 2% (w/v)
NaCl 1.4M
EDTA 20 mM
Tris HCI (pH: 8) 100 mM
PVP 2% (wWiv)
B-Mercaptoethanol 0.2% (v/v)

Dissolve all the reagents except PVP and B-Mercaptoethanol and
adjust the final pH to 8. Make up the final volume of the buffer to 1L
using deionized water and store at room temperature. Add PVP and

B-Mercaptoethanol to the buffer freshly before use.

2. TE buffer (1X)
Tris HCI (pH: 8) 10 mM

EDTA 1 mM
Dissolve the reagents and adjust the final pH to 8. Make up the final

volume to 1L using deionized water. Store the buffer at -20°C.

3. Chloroform: Isoamyl alcohol

Chloroform 24 ml
Isoamy! alcohol 1mil
Mix 24 parts of chloroform with 1 part of isoamyl alcohol, freshly

before use.
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4. 70% Ethanol

100% Ethanol 70 ml
Distilled water 30 ml

APPENDIX 11

Reagents required for Agarose gel electrophoresis

1. TAE buffer (10X) (Ph: 8)

Tris base 484 g
Glacial acetic acid 11.42 ml
0.5 M EDTA (Ph: 8) 20 ml

Dissolve Tris base in about 800 ml of deionized water. Add glacial
acetic acid and EDTA, and make up the final volume to 1 L using

deionized water. Store the buffer at room temperature.

2. Gel loading dye (6X)

Bromophenol Blue 0.25¢
Sucrose 49
Milipore water 10 mi
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9. ABSTRACT

The study entitled “Locating donors for genes for biotic stress resistance
in tomato through molecular marker assisted selection” was conducted at the
Department of Seed Science and Technology, College of Agriculture, Vellayani,
Thiruvananthapuram during 2020-2021. The primary objective of the study was
to identify donors for genes for resistance to different biotic stresses viz.,
Tomato Yellow Leaf Curl Virus (TYLCV), verticillium wilt, fusarium wilt, late
blight and root knot nematodes from tomato varieties and elite wild species

through marker assisted selection using gene specific markers.

The study was conducted in 30 tomato genotypes, collected from inside
and outside of Kerala which included wild species as well cultivated varieties.
The genotypes were screened for the presence of genes for resistance to various
biotic stress inducing diseases like Tomato Yellow Leaf Curl Virus (TYLCV),
verticillium wilt, fusarium wilt, late blight and root knot using tightly linked
gene specific SCAR and CAPS markers.

The genotypes resistant to Tomato Yellow Leaf Curl Virus (TYLCV) were
screened for the presence of gene Ty2 located on chromosome 11 using the
SCAR marker TG0302/TY2R1 which amplified a band of size 600 bp for
genotypes with Ty2/Ty2 alleles and 450 bp for susceptible genotypes. None of
the 30 genotypes screened for Ty2 gene were identified to consist the Ty2/Ty2
alleles. Another gene for resistance to TYLCV, ie, Ty3 located on chromosome 6,
was screened using the SCAR marker FLUW?25, which amplified the genotypes
carrying Ty3/Ty3 alleles with a band of size 640 bp and 480 bp for genotypes
corresponding to ty3/ty3 alleles. Presence of Ty3 gene was not found in any of

the genotypes screened in the study.

Verticillium wilt resistance in genotypes was screened for the presence of
two closely linked genes, Vel and Ve2 of Ve locus. Vel specific CAPS marker
Vel Xbal, distinguished the genotypes of Vel/Vel alleles with restriction
digested fragments of size 410bp and 332bp from the susceptible genotypes of
restriction digested fragments 410bp, 310bp and 22bp. Ve2 specific CAPS
marker V2LeO3F/VV2LeO3R generated restriction digested products, 601 bp and
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428 bp for Ve2/Ve2 alleles and undigested product of 1029bp for ve2/ve2 alleles.
Among the 30 genotypes screened in the study, 1IHR 2374 and Kashi Vishesh
were identified for the presence of Vel and Ve2 genes and PNR 7 for Ve2 gene

alone.

The genotypes resistant to Fusarium wilt were screened for the presence of
the genes 13 located on chromosome 7 and 17 located on chromosome 8. The
gene 13 specific SCAR marker P743DF1/R1 amplified a band of size 1270bp for
genotypes with 13/13 alleles and 1060 bp for genotypes with i3/i3 alleles. None
of the genotypes screened in the study were identified for the presence of 13
gene. The CAPS marker CAPS7774 specific to 17 gene generated restriction
digested fragments of size 612bp and 196bp for genotypes of 17/17 alleles and
undigested fragment of 808 bp for susceptible genotypes. The genotypes IIHR
2205, 1IHR 2374 and Vellayani Vijai were identified for the presence of 17/17
alleles from the study.

The genotypes resistant to Late blight were screened for the presence of
the genes Ph3 located on chromosome 9 and Ph2 located on chromosome 10.
The SCAR marker Ph3-SCAR amplified the genotypes of Ph3/Ph3 alleles with a
band of size 176bp and 154 bp for the genotypes of ph3/ph3 alleles. Presence of
the gene Ph3 was identified in the genotypes Pusa Ruby, CA 22053, Hisar Lalit,
PKM-1 and Arka Vikas from the study. The CAPS marker dtG63 differentiated
the genotypes of Ph2/Ph2 alleles with a restriction digested fragment of band
size 245 bp from 221 bp of susceptible genotypes. In the study, the genotypes
Shakthi, Pusa Ruby, Nenmara local, CA 22053, Manulakshmi, IIHR 2204, PNR
7 and Solanum torvum were identified for the presence of Ph2/Ph2 alleles.

Resistance to Root knot in genotypes were screened for the presence of
gene Mil.2 using the SCAR marker Mi23, which amplified a band of size 380
bp for Mi/Mi alleles and 430 bp for mi/mi alleles. From the study it was
confirmed that, none of the genotypes screened for the presence of Mi 1.2 gene

were resistant to root knot.

In accordance with the findings from the study, phenotypic analysis of

the genotypes identified as donors for genes for resistance can be carried out, in
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order to ensure the disease resistance in field conditions as well as the credibility
of the molecular markers used in the study. The genes for resistance to the
diseases studied, located in the 30 genotypes, screened from the study could

indicate the donors for tomato resistance breeding programs.
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