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Cruciferous plants are challenged by large number of biotic and abiotic stresses at
global level. Most of these result in deterioration of crop quality and yield. In
agriculture cropping system, plant protection is being practiced using different
approaches such as chemical and biological control, alterations and improvement
of various agronomic practices, integrated pest management (IPM), and cultivation
of biotic and abiotic stress resistant cultivars. Among these approaches, use of
resistance cultivars is the most economical, effective, and environmentally sound
means to control different biotic stresses. Use of available resistance sources for
specific diseases is being practiced extensively. The interaction between a host
species and a pathogenic species is such that a host species often loses the race-
specific resistance due to evolution of new races of the pathogen, and thus a new
gene for resistance has to be incorporated in the host variety against this new race.
So, identification of new specific genes for resistance is one of the crucial factors for
the development of resistant varieties. The genes for resistance can now be trans-
ferred, combined, or pyramided using molecular tools and new techniques such as
gene cloning and gene editing using CRISPER—Cas9 system which also can enhance
understanding of resistance mechanism. The mapped disease resistance genetic loci
and closely linked molecular markers to these loci can be used for marker-assisted
selection in cruciferous resistance breeding of Brassica species.

The book “Genomics of Crucifer’s Host-Resistance” authored by Prof. (Dr.) G. S.
Saharan, Prof. (Dr.) Naresh K. Mehta, and Dr. Prabhu Dayal Meena is the seventh
book in series on diseases of crucifers being published by Springer, Nature. Earlier
books on Albugo, Alternaria, Erysiphe, Hyaloperonospora, Plasmodiophora, and
Sclerotinia dealt with specific diseases in great details. The present book has been
prepared after critical analysis of the world literature on all the major diseases of
crucifers with detailed treatment of different aspects for better comprehension by the
readers. The book contains the information on principles of host resistance, identifi-
cation of sources of resistance, inheritance and transfer of disease resistance, host
resistance signaling network system to multiple stresses, molecular mechanism of
host resistance, management of disease resistance, and genomics of host resistance
along with various techniques for the development of resistant cultivars through
latest technology. The chapter on priorities areas of research on all major diseases of
crucifers will motivate the researchers, teachers, and students to take further research
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work on these areas. Appropriate subheadings, photographs, figures, tables, and
graphs in each chapter greatly enhanced the clarity and comprehension of the subject
matter. I am sure that this book will provide much needed background and current
information on host pathogen system of cruciferous crops for developing disease-
resistant varieties.

My heartiest congratulations to the authors for bringing out their lifelong profes-
sional interest, and expertise in the preparation of this book. I am sure the book will
be quite useful for the researchers, teachers, students, and all those who are
concerned with research and development of cruciferous crops.

Former Dean, College of Agriculture, B. M. Singh
CSKHPKVV
Palampur, India



Crucifers are challenged by large number of biotic and abiotic stresses but
16 pathogens are most important and widespread causing serious losses to these
groups of crops. The variable losses in these crops have received attention of
scientists to initiate the studies on genomics of crucifer’s host resistance, host-
pathogen interactions, and expression of molecular defense mechanisms actively
operating in these crops. During the last three decades, substantial progress has been
made on the investigations of mechanisms of host resistance using Brassica host-
pathosystem as a model. The book “Genomics of Crucifer’s Host-Resistance” has
been attempted to present comprehensive information after scanning of large volume
of available literature on fundamental and applied knowledge for developing
varieties with resistance individually as well as to multiple major pathogens of
crucifers like Albugo, Alternaria, Erysiphe, Hyaloperonospora, Leptosphaeria,
Plasmodiophora, Sclerotinia, Turnip mosaic virus, Verticillium, and Xanthomonas
of crucifers through the use of conventional as well as latest biotechnological
approaches including transgenics with agronomically superior background. It is
well known that wild plant species represent a gene pool that can potentially provide
a rich source of durable, broad-spectrum disease resistance for use in breeding
program. Species that are interfertile with a particular crop have been used for
transferring monogenic resistance which is often genotype or race specific. Disease
resistance can potentially be improved by altering the expression of defense regula-
tion, through broad-spectrum resistance by overexpression of NPRI, regulator of
acquired disease resistance. In plant disease resistance (R) genes, the nucleotide-
binding site (NBS) plays an important role in offering resistance to pathogens. The
complete genome sequences provide an important opportunity for researchers to
identify and characterize NBS-encoding R-genes based on a comparative genomics
approach. The evolutionary analysis of CNL-type NBS-encoding orthologous gene
pairs suggested that orthologous genes in crucifers especially in B. rapa have
undergone stronger negative selection than those in other Brassica species. Tandem
duplication and whole-genome triplication (WGT) analyses revealed that after WGT
of the Brassica ancestor, NBS-encoding homologous gene pairs on triplicated
regions in Brassica ancestor which were deleted or lost quickly, but
NBS-encoding genes in Brassica species experienced species-specific gene amplifi-
cation by tandem duplication after divergence of B. rapa and B. oleracea. Molecular

Vii
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genetics investigations of disease resistance research of utilizing natural genetic
variation (so-called R-genes) have revealed race-specific resistance to a wide assort-
ment of pathogens now widely known by NB-LRR (nucleotide-binding site and
leucine-rich repeat domains). The use of DNA sequence from NB-LRR genes and
other known R-gene are being used to develop more effective genetic markers for
breeding of resistant varieties. The advances in the plant sciences indicated that
signaling mechanisms governing genotype-specific resistance govern species-level
resistance through EDSI (enhanced disease susceptibility), restrictive host speciali-
zation, and molecular divergence. So, EDS] is an essential regulator of species-level
resistance to some Brassica pathogens. The highly conserved protein, SGT/ has also
recently been reported as a key regulator for species-level resistance.

We have complied the information generated so far on all the major and minor
diseases of crucifers in the form of published reports, research articles, popular
scientific articles, books, bulletins, reviews, etc. in this book, which have been
arranged in ten chapters, with appropriate headings and subheadings with the
sections of references to consult original publications. It is a seventh book on the
diseases of cruciferous crops series after Sclerotinia, Albugo, Alternaria,
Hyaloperonospora, Erysiphe, and Plasmodiophora published by Springer Nature.
The chapter-wise sections include the information, viz. principles of host resistance,
identification of R-genes sources, inheritance of disease resistance, molecular
mechanisms of disease resistance, host resistance signaling network system to
multiple stresses, transfer of disease resistance, and management of disease resis-
tance. A chapter on standardized, reproducible techniques has been included for the
researchers of cruciferous crops for developing resistant cultivars. The last section
deals with the gaps in understanding, knowledge of genomics, and offers
suggestions for future research priorities in order to initiate the advance research
programs on disease resistance. The subject matter has been vividly illustrated with
photographs, graphs, figures, histogram, tables, and colored plates, which makes it
stimulating, effective, and easy to comprehend by the readers. The headings and
subheadings of each chapter have been arranged in numbered series to make the
subject matter contiguous.

We believe that this book will be immensely useful to the researchers especially
Brassica breeders, molecular biologists, pathologists, teachers, extension specialists,
students, industrialists, farmers, and all others who are interested to grow healthy and
profitable cruciferous crops all over the world. Any shortcomings, lacunae, and flaws
in the book are responsibility of ours. Any suggestions by the readers are always a
source of inspiration for the authors and suggestions for its improvement are most
welcome.

Hisar, Haryana, India Govind Singh Saharan
Hisar, Haryana, India Naresh K. Mehta
Bharatpur, Rajasthan, India Prabhu Dayal Meena
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PV Phenotypic variation explained

QDR Quantitative disease resistance

gqPCR Quantitative polymerase chain reaction
gRT-PCR Quantitative reverse-transcription polymerase chain reaction
qRT-PCR Real-time quantitative-PCR

QTL Quantitative trait loci

R Resistance

RAC Recognition of A. candida

RAPD Random Amplification of Polymorphic DNA
RBS Round Black Spanish

RFLP Restriction fragment length polymorphism
RGAs Resistance gene analogs

RGL Resistant gene like

RH Relative humidity

RIP Ribosome inactivating protein

RISC RNA-induced silencing complex

RLCK Receptor-like cytosolic kinase

RLKs Receptor-like kinases

RLKs Receptor-like protein kinases

RLPs Receptor-like proteins

RNA Ribonucleic acid

RNAIi RNA interference

ROS Reactive oxygen species

RPP Recognize Peronospora parasitica
RR-BLUP Ridge Regression Best Linear Unbiased Prediction
RWC Relative water content

SA Salicylic acid

SAA Systemic acquired acclimation

SAG Salicylic acid glycoside

SAG101 Senescence-associated gene 101

SAR Systemic acquired resistance

SCAR Sequence characterized amplified region
SD Standard deviation

SDW Sterilized distilled water

Seq Sequencing

SIGS Spray-induced gene silencing

SMA Single marker analysis

SNaP Single Nucleotide Absence Polymorphism
SNP Single nucleotide polymorphism

SOD Superoxide dismutase

SRRs Signal recognition receptors

SSH Suppression Subtractive Hybridization



