Preface to the Series

Cenetics, genomics and breeding has emerged as three overlapping and
complimentary disciplines for comprehensive and fine-scale analysis of
plant genomes and their precise and rapid improvement. While genetics
and plant breeding have contributed enormously towards several new
concepts and strategies for elucidation of plant genes and genomes as well
as d&*velupmﬁ_nt of a huge number of crop varieties with desirable traits,
genomics has depicted the chemical nature of genes, gene products and
genomes and also provided additional resources for crop improvement.

In today’s world, teaching, research, funding, regulation and utilization
of plant genetics, genomics and breeding essentially require therough
understanding of their components including classical, biochemical,
eytological and molecular genetics; and traditional, molecular, transgenic
and genomics-assisted breeding. There are several book volumes and
reviews available that cover individually or in combination of a few of these
components for the major plants or plant groups; and also on the concepis
and strategies for these individual components with examples drawn mainly
from the major plants. Therefore, we planned to fill an existing gap with
individual book volumes dedicated to the leading crop and model plants
with comprehensive deliberations on all the classical, advanced and modermn
concepts of depiction and improvement of genomes. The success stories
and limitations in the different plant species, crop or model, must vary;
however, we have tried to include a more or less general outline of the
contents of the chapters of the volumes to maintain uniformity as far as
possible,

Often genetics, genomics and plant breeding and particularly their
complimentary and supplementary disciplines are studied and practiced
by people who do not have, and reascnably so, the basic understanding of
biology of the plants for which they are contributing. A general description
of the plants and their botany would surely instill more interest among
them on the plant species they are working for and therefore we presented
lucid details on the economic and /or academic importance of the plant(s});
historical information on geographical origin and distribution; botanical
origin and evolution; available germplasms and gene pools, and genetic
and cytogenetic stocks as genetic, genomic and breeding resources; and
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basic information on taxenomy, habit, habitat, morphology, karyotype, ploidy
level and genome size, ete.

Classical genetics and traditional breeding have contributed
enormously even by employing the phenotype-to-genotype approach. We
included detailed descriptions on these classical efforts such as genetic
mapping using morphological, cytological and isozyme markers; and
achievements of conventional breeding for desirable and against undesirable
traits. Employment of the in vitro culture techniques such as micro- and
megaspore culture, and somatic mutation and hybridization, has also been
enumerated. In addition, an assessment of the achievements and limitations
of the basic genetics and conventional breeding efforts has been presented.

Itis a hard truth that in many instances we depend too much on a few
advanced technologies, we are trained in, for creating and using novel or
alien genes but forget the infinite wealth of desirable genes in the indigenous
cultivars and wild allied species besides the available germplasms in
national and international institutes or centers. Exploring as broad as
possible natural genetic diversity not only provides information on
availability of target donor genes but also on genetically divergent genotypes,
botanical varieties, subspecies, species and even genera to be used as
potential parents in crosses to realize optimum genetic polymorphism
required for mapping and breeding. Genetic divergence has been evaluated
using the available tools at a particular point of time. We included
discussions on phenotype-based strategies employing morphological
markers, genotype-based strategies employing molecular markers; the
statistical procedures utilized; their utilities for evaluation of genetic
divergence among genotypes, local landraces, species and genera; and also
on the effects of breeding pedigrees and geographical locations on the degree
of genetic diversity.

Association mapping using molecular markers is a recent strategy to
utilize the natural genetic variability to detect marker-trait association and
to validate the genomic locations of genes, particularly those controlling the
quantitative traits. Association mapping has been employed effectively in
genetic studies in human and other animal models and those have inspired
the plant scientists to take advantage of this tool. We included examples of
its use and implication in some of the volumes that devote to the plants for
which this technique has been successfully employed for assessment of the
degree of linkage disequilibrium related to a particular gene or genome, and
for germplasm enhancement.

Genetic linkage mapping using molecular markers have been discussed
in many books, reviews and book series. However, in this series, genetic
mapping has been discussed at length with more elaborations and examples
on diverse markers including the anonymous type 2 markers such as RFLPs,
RAPDs, AFLPs, etc. and the gene-specific type 1 markers such as EST-55Rs,
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SNPs, etc.; various mapping populations including F, backcross,
recombinant inbred, doubled haploid, near-isogenic and paeudumatt_r‘nq
computer software including MapMaker, JoinMap, etc. used; and different
types of genetic maps including preliminary, high-resolution, high-density,
saturated, reference, consensus and integrated developed so far.

Mapping of simply inherited traits and quantitative traits controlled by
oligogenes and polygenes, respectively has been deliberated in the earlier
literature crop-wise or crop group-wise, However, more detailed information
on mapping or tagging oligogenes by linkage mapping or bulked segregant
analysis, mapping polygenes by QTL analysis, and different computer
software emploved such as MapMaker, JoinMap, Q1 L Cartographer, Map
Manager, etc. for these purposes have been discussed at more depth in the
present volumes,

The strategies and achievements of marker-assisted or molecular
breeding have been discussed in a few books and reviews earlier. However,
those mostly deliberated on the general aspects with examples drawn mainly
from major plants. In this series, we included comprehensive descriptions
on the use of molecular markers for germplasm characterization, detection
and maintenance of distinctiveness, uniformity and stability of genotypes,
introgression and pyramiding of genes, We have also included elucidations
on the strategies and achievements of transgenic breeding for developing
genotypes particularly with resistance to herbicide, biotic and abiotic
stresses; for biofuel production, biopharming, phytoremediation; and also
for producing resources for functional genomics.

A number of desirable genes and QTLs have been cloned in plants since
1992 and 2000, respectively using different strategies, mainly positional
cloning and transposon tagging. We included enumeration of these and
other strategies for isolation of genes and QTLs, testing of their expression
and their effective utilization in the relevant volumes.

Physical maps and integrated physical-genetic maps are now available
in most of the leading crop and model plants owing mainly to the BAC,
YAC, EST and cDN A libraries. Similar libraries and other required genomic
resources have also been developed for the remaining crops. We have dewtud
a section on the library development and sequencing of these resources;
detection, validation and utilization of gene-based molecular mmkﬂ ﬁ,t'll'll.']
impact of new generation sequencing technologies on structura

As mentioned earlier, whole genome sequencing has been L‘umpll'tﬂd in
one model plant (Arabidopsis) and seven economic plants (rice, poplar,
peach, papaya, grapes, soybean and sorghum) and is progressing in an
array of model and economic plants. Advent of massively parallel DNA
sequencing using 454-pyrosequencing, Solexa Genome Analyzer, SOLiD
system, Heliscope and SMRT have facilitated whole genome sequencing in
many other plants more rapidly, cheaply and precisely. We have included
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extensive coverage on the level (national or international) of collaboration
and the strategies and status of whole genome sequencing in plants for
which sequencing efforts have been completed or are progressing currently.
We have also included critical assessment of the impact of these genome
iniHatives in the respective velumes.

Comparative genome mapping based on molecular markers and map
positions of genes and QTLs practiced during the last two decades of the
last century provided answers to many basic questions related to evolution,
erigin and phylogenetic relationship of close plant taxa. Enrichment of
genomic resources has reinforced the study of genome homology and synteny
of genes among plants not only in the same family but also of taxonomically
distant families, Comparative genomics is not only delivering answers to
the questions of academic interest but also providing many candidate genes
for plant genetic improvement.

The ‘central dogma’ enunciated in 1958 provided a simple picture of
gene function—gene to mRNA to transcripts to proteins (enzymes) to
metabolites. The enormous amount of information generated on
characterization of transcripts, proteins and metabolites now have led to
the emergence of individual disciplines including functional genomics,
transcriptomics, proteomics and metabolomics. Although all of them
ultimately strengthen the analysis and improvement of a genome, they
deserve individual deliberations for each plant species. For example,
microarrays, SAGE, MPSS for transcriptome analysis; and 2D gel
electrophoresis, MALDI, NME, M5 for proteomics and metabolomics studies
require elaboration. Besides transcriptome, proteome or metabolome QTL
mapping and application of transcriptomics, proteomics and metabolomics
in genomics-assisted breeding are frontier fields now. We included
discussions on them in the relevant volumes.

The databases for storage, search and utilization on the genomes, genes,
gene products and their sequences are growing enormously in each second
and they require robust bioinformatics tools plant-wise and purpose-wise.
We included a section on databases on the gene and genomes, gene
expression, comparative genomes, molecular marker and genetic maps,
protein and metabolomes, and their integration.

Notwithstanding the progress made so far, each crop or model plant
species requires more pragmatic retrospect. For the model plants we need to
answer how much they have been utilized to answer the basic questions of
genetics and genomics as compared to other wild and domesticated species.
For the economic plants we need to answer as to whether they have been
genetically tailored perfectly for expanded geographical regions and current
requirements for green fuel, plant-based bioproducts and for improvements
of ecology and environment. These futuristic explanations have been
addressed finally in the volumes.
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We are aware of exclusions of some plants for which we have
comprehensive compilations on genetics, genomics and breeding in hard
copv or digital format and also some other plants which will have enough
achievermnents to claim for individual book volume only in distant future.
However, we feel satisfied that we could present comprehensive
deliberations on genetics, genomics and breeding of 30 model and economic
plants, and rhmr groups in a few cases, in this series. | personally feel also
happy that | could work with many internationally celebrated scientists
who edited the book volumes on the leading plants and plant groups and
included chapters authored by many scientists reputed globally for their
contributions on the concerned plant or plant group.

We paid serious attention lo reviewing, revising and updating of the
manuscripts of all the chapters of this book series, but some technical and
formatting mistakes will remain for sure. As the series editor, [ take complete
responsibility for all these mistakes and will look forward to the readers for
corrections of these mistakes and also for their suggestions for further
improvement of the volumes and the series so that future editions can serve
better the purposes of the students, scientists, industries, and the society of
this and future generations.

Srience publishers, Inc. has been serving the requirements of science
and society for a long time with publications of books devoted to advanced
concepts, strategies, tools, methodologies and achievements of various
science disciplines. Myself as the editor and also on behalf of the volume
editors, chapter authors and the ultimate beneficiaries of the volumes take
this opportunity to acknowledge the publisher for presenting these books
that could be useful for teaching, research and extension of genetics, enomics
and breeding,

Chittaranjan Kole
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The sunflower has fascinated mankind for centuries and has served as an
inspiration to artists, poets, photographers, and alse for business promotions.
Being one of the a few agricultural crops that originated from the New World,
the conspicuous and showy sunflower is revered worldwide for its
magnificence and versatility. The oilseed sunflower contributes approximately
10% of the world's plant-derived edible oil and the confection type sunflower
holds a considerable share of the directly consumed snacks market. In
addition, sunflower is also grown as an ornamental for cut flowers, as well as
in home gardens. Improvement of the sunflower crop has been achieved
through traditional breeding in terms of general productivity, profitability to
the growers and processors, and nutritional benefits to the consumers. We are
now embarking on the age of genomics which will expedite the process of
genetic improvement of crops. During the last two decades, there has been an
explosion of information on genetic markers, DNA sequences, and genomic
resources for most major food crops including sunflower.

This volume is intended to bridge traditional research with modern
molecular investigations on sunflower. It begins with basic information
about the sunflower plant and germplasm diversity (Chapter 1), fellowed
by classical genetics and traditional breeding (Chapter 2), history and
achievement of genome mapping (Chapter 3). Four chapters review activities
on mapping single-gene traits (Chapter 4), QTL mapping (Chapter 5}, gene
cloning (Chapter 6) and marker-assisted breeding {Chapter 7). Since
sunflower is one of the most important oil crops, a chapter is devoted lo the
genetic regulation of seed oil content {Chapter 8). Transgenic sunflower, an
interesting topic as old as the technology itself, is also discussed (Chapter 9).
The book ends with a chapter on future prospects of the sunflower crop
(Chapter 10). We hope that this book is useful to sunflower researchers as
well as to people working with other crop species.

Each chapter has been written by one or more experts who have worked
diligently in compiling information about their respective areas of expertise.
We greatly appreciate their effort and time deveted to this book.

Jinguo Hu
Gerald Seiler
Chittaranjan Kole



