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Preface

The approach taken for locating the genes that underlie human diseases has shifted from
pedigree-based linkage studies to population-based association studies. In both cases the
proximity of a genetic marker to a susceptibility locus is inferred from statistical
measures that reflect the number of recombination events between them: in a disease
pedigree there are no more than a few hundred opportunities for recombination so that
recombination rates less than about one percent cannot be estimated and genes can be
located only coarsely on a genetic map with that approach. The linkage disequilibrium
detected in an association study, however, reflects the actions of many thousands of
recombination events since the initial disease mutation and the expectation is that
susceptibility genes can then be mapped more accurately.
The editors of this volume have recognized the need for parallel activity in plant species.
For the past 20 years, the genes that affect plant economic traits have usually been
mapped with data collected from “pedigrees” of populations formed by crossing inbred
lines. These Quantitative Trait Loci have been mapped on a coarse scale, and a QTL is
likely to refer to several genes in a region. The move to population-based association
studies was therefore as necessary in plants as it was in humans, and readers will find this
book to be a useful review of the marker technology, statistical methodology, and
progress to date. Although one of the authors fears that “plant genetics can be considered
as less advanced than human genetics” the chapters suggest that if that is the case it will
not be so for long.
The recent increased activity in association mapping in humans has rested on the
development of efficient and affordable methods for discovering and employing Single
Nucleotide Polymorphism markers. Plant geneticists cannot command the resources
available to their human geneticist colleagues, but they can anticipate benefiting from the
success of the International HapMap Project. The improvement in marker technology
from such large projects will inevitably be imported to plant studies. The editors have
provided helpful guides to the use of SNPs in association studies.
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Along with the substantial increase in the volume of data when large numbers of
individuals are typed at millions of SNPs there are substantial challenges in the statistical
interpretation of the data. This book contains a valuable account of the issues of multiple
testing and an accessible account of False Discovery Rates. The more basic concepts of
linkage disequilibrium and case-control versus family-based association tests are also
discussed. It is often the case that geneticists do not receive extensive statistical training
and the coverage of the theory of estimation and testing is therefore welcome. Readers
will notice a greater use of Bayesian methods than is usually found in statistical genetics
books. Such methods are appearing more frequently in scientific papers.
I congratulate the editors and all the authors on this timely and comprehensive treatment
of association mapping in plants. The importance of food and fiber for human welfare
cannot be overstated, and progress in plant improvement will rest in no small part on the
work described in these pages. On a personal level, I am delighted by the leadership
shown by my fellow antipodeans.
B.S. Weir
Professor and Chair
Department of Biostatistics
University of Washington
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Introduction

Most traits we deal with on a daily basis have complex inheritance patterns that
complicate the ability of existing mapping technologies to detect the underlying genetic
factors. In the last decade or so, we have seen the successful use of conventional mapbased strategies in identification and cloning of quantitative trait loci (QTLs) in model
plant species including tomato and Arabidopsis. However, efficient gene discovery with
this method will probably continue to be largely limited to those loci that have large
effects on quantitative trait variation. Techniques are also needed to more rapidly
identify genes that play a modest role in regulating quantitative trait variation.
Association mapping via linkage disequilibrium or LD (non-random association of alleles
at different loci) offers promise in this area. The traditional approach of linkage/QTL
mapping reliant on developing large mapping populations continues to suffer from lack
of mapping resolution inherent in samples with limited meiotic cross-over events. These
problems are exacerbated in tree crops, where very large populations are impractical from
a plant management point of view. In association mapping, there may not be any need to
make crosses initially to generate segregating populations. The natural variation that
exists in the available germplasm can be utilized for mapping straightaway.
Association genetics via LD mapping is an emerging field of genetic mapping that has
the potential for resolution to the level of individual genes (alleles) underlying
quantitative traits. LD mapping is a technology that can take full advantage of the
phenomenal leaps and bounds in technology development in the area of molecular
biology and marry it with our increasing understanding of the molecular basis of
inheritance and molecular tools recently developed in terms of molecular markers and
genetic maps in a way that could have a significant practical impact on breeding. The
convergence of improved statistical methods, availability of growing plant genomics
databases and improvements in the affordability and potential scale of sequencing and
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genotyping, suggests that this technology will probably be more widely adopted for
mapping and gene discovery in plants in the near future.
This book provides a basic understanding of association mapping and an awareness of
population genomics tools available to facilitate mapping and identification of the
underlying causes of quantitative trait variation, as well as an analysis of the prospects of
applying this technology to plants. In the book, we discuss how technological advances
have recently brought association mapping into the realm of possibility for plants,
particularly, the second and third tier crops (which include a number of long-lived tree
species), which normally lag some way behind the first tier of crops (including annuals cereals mainly) in technology development. For convenience, the book can be divided
into 4 sections; there are two chapters in Section 1 which introduce association mapping
and present the basic principles of association genetics in relation to the concept of
linkage disequilibrium (LD); Section 2 comprises four chapters which deal with
technology development in relation to SNP discovery through to SNP applications;
Section 3 consists of 2 chapters providing a detailed discussion on statistical
methodology and experimental design issues necessary for the successful application of
association genetics; and lastly Section 4 contains 3 chapters which deal with specific
issues and applications of association genetics using the crop groupings of forage,
forestry and horticultural species as case examples. Application of LD mapping in model
organisms including humans, Drosophila, Arabidopsis and maize is discussed in chapter
2 (in section 1).
The book brings together all the information on association genetics and linkage
disequilibrium published in different journals in one volume and will be of interest to
advanced breeding/genetics students, researchers, professional plant breeders and
university lecturers. Breeders will find it particularly useful as a guide for making
decisions on breeding strategies that will facilitate identification of ‘superior’ parents for
development of new improved varieties. Difficult statistical concepts and tools are
presented with detailed illustrations in a way readers can comprehend hence; the book
could also serve as a teaching aid for postgraduate students. A very comprehensive
comparison of statistical approaches/methodologies and guidelines on optimal study
design, as well as the comparison of the relative benefits of association mapping and
conventional QTL mapping will be particularly useful to geneticists wanting to set up
studies on gene/genome mapping.
Association mapping now stands at the cross-roads of application to a large number of
species and situations. Over the next decade it will become more apparent just how much
influence this technology will have on increasing our fundamental understanding of the
genetic basis of variation in plants and the practical outcomes of plant breeding in the
future.

