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INTRODUCTION / INTRODUCTION

Exploiting genome-wide association in oilseed

Brassica species'’

E. Balazs and W.A. Cowling

Plant and animal breeders measure the phenotype of in-
dividuals to select higher yielding, better quality, and
more disease resistant types. This is not always an effi-
cient or particularly rapid process. Animal breeders have
improved estimations of breeding values and accelerated
breeding cycles by including genetic relationships from
pedigrees in the analysis, and more recently by imple-
menting genomic selection (Goddard and Hayes 20009;
Weller 2010). In plants, molecular markers for complex
quantitative traits have been linked to genomic regions
known as quantitative trait loci (QTL), based on linkage
analysis in experimental populations, but with relatively
poor genetic resolution. Despite the large number of re-
ports of QTL in plants, relatively few have been used in
applied plant breeding programs for selection purposes
(Young 1999; Heffner et al. 2009). This has led to an in-
terest in integrating quantitative and molecular genetics in
plant breeding, in order to improve identification and ma-
nipulation of QTL (Gupta et al. 2010).

Human and animal geneticists have developed sophisti-
cated molecular and bioinformatic tools to discover molecu-
lar genetic associations between phenotype and genotype,
with genetic resolution in genome-wide single nucleotide
polymorphism (SNP) panels high enough to identify genes
related to health and disease (Manolio et al. 2007).

The principles of association genetics are now being ap-
plied to plants (Oraguzie et al. 2007). In Arabidopsis, link-
age disequilibrium studies based on high density SNP maps
have reached new heights, approaching the intensity of hu-
man and animal studies (Atwell et al. 2010). As in animal
breeding, plant breeders are now considering genomic selec-
tion as a means of accelerating genetic improvement
(Heffner et al. 2009), but major issues must be resolved be-
fore genomic selection is applied efficiently and profitably

to plant breeding. In plant breeding, genotypes are replicated
and tested in multiple environments, and genotype by envi-
ronment interactions have a major influence on estimations
of the genetic or breeding value of genotypes.

We considered that it was important to ask the experts
how they would apply association genetics to plant breeding,
so we invited human, animal, and plant molecular geneti-
cists; bioinformaticians; plant breeders; and biometricians to
come together and explore the major questions in plant ge-
netic improvement. Will genomic selection increase genetic
gain and provide economical benefits to plant breeding pro-
grams? In animals, the advantage of genomic selection over
nongenomic methods is related to the proportion of the ge-
netic variance that is explained by the markers (Hayes and
Goddard 2010). In plants, simulation studies have resulted
in a correlation between “true” breeding value and genomic
breeding value, up to 0.85 for polygenic traits with low her-
itability, making genomic selection a very attractive possi-
bility for increasing genetic gain per unit of time (Heffner
et al. 2009).

With the aid of a successful application for a conference
grant from the OECD Co-operative Research Programme on
Biological Resource Management for Sustainable Agricul-
tural Systems, we invited several scientists from OECD
countries to an international conference titled “Exploiting
Genome-wide Association in Oilseed Brassicas: a model for
genetic improvement of major OECD crops for sustainable
future farming” (www.oecd-genomeassociation-0z09.com).
The conference was held at The University of Western Aus-
tralia, 9—12 November 2009, and was attended by 80 scien-
tists representing more than 13 countries.

The conference was preceded by a workshop titled “Joint
modelling of additive and non-additive (genetic line) effects
in multi-environment trials”, presented by Brian Cullis
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(Australia) and Robin Thompson (UK), which was sup-
ported by the Grains Research and Development Corpora-
tion and The University of Western Australia. This
workshop highlighted the importance of new biometrical
techniques for analysing complex traits in field trials in mul-
tiple environments, which will form the basis of genomic se-
lection in plant breeding.

The “focus” crop of the conference was the genus Bras-
sica (which is related to the model plant Arabidopsis), but
papers spanned a wide range of crops and topics including
statistical genetic issues in human bioinformatics (Weir
2010); animal genomic selection (Hayes and Goddard
2010); genome-wide association studies in Brassica (Hon-
sdorf et al. 2010, Snowdon et al. 2010; Zhao et al. 2010;
Zou et al. 2010), cereals (Raman et al. 2010; Waugh et al.
2010), and sugarcane (Wei et al. 2010); and issues surround-
ing accurate and reliable sequencing and mapping of the
Brassica genome (Li et al. 2010; Parkin et al. 2010).

Several challenges must be overcome before genomic se-
lection will be applied commercially in plant breeding. SNP
or other marker technology must be developed to a level
that is readily available at an economical price for genome-
wide assessment of genotypes in the breeding program
(Duran et al. 2010; Durstewitz et al. 2010). However, QTL
derived from linkage mapping should enhance the efficiency
of association mapping, especially in polyploid oilcrops
(Zou et al. 2010). Overlying genetic factors, epigenetic var-
iation may be harnessed or induced for genetic improvement
of crops (King et al. 2010).

The breeding value of a plant genotype is directly influ-
enced by the environment in which it is tested, and geno-
types are usually tested in many environments across large
geographical regions. Two papers specifically addressed this
problem, based on the mixed model approach to the analysis
of yield and oil data in a commercial canola breeding pro-
gram, where the addition of pedigree relationships improved
estimates of additive and nonadditive genetic values across
environments (Beeck et al. 2010; Cullis et al. 2010). Assess-
ment of the breeding value of plant genotypes across envi-
ronments could be improved further by genomic selection,
where genetic relationship is estimated by whole genome-
wide markers.

Falk (2010) challenges plant breeders to consider a popu-
lation breeding approach that aims to increase effective pop-
ulation size, the frequency of recombination, and genetic
variability inside commercial breeding programs. Genomic
selection is likely to be more successful in genetic popula-
tions with large effective population size and frequent ge-
netic recombination. Canola (B. napus) is typical of many
major crop breeding programs in its narrow genetic base
(Cowling 2007). Breeding programs with a small effective
population size will have large regions of linkage disequili-
brium, and fewer alleles on which to base genomic selec-
tion, than those with a large effective population size.

It is our hope that this special issue of Genome will pro-
vide the stimulus for closer collaboration between plant and
animal breeders and specialists in bioinformatics, molecular
genetics, quantitative genetics, and biometrics to ensure that
genomic selection results in more efficient and profitable
plant breeding.
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