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Genome Biology

Plant genomics: sowing the seeds of success

Gemma D Bilsborough*

The exquisite beauty of plants and their fundamental
importance to life on Earth has captivated scientists
throughout history. During antiquity, Theophrastus began
the systematic characterization of plants according to
Aristotle’s principles of taxonomy. Centuries later,
Mendel’s studies of the inheritance of traits in pea plants
founded the field of genetics, and much of Darwin’s work
on the evolution of forms by natural selection was
supported by experiments on plants. By 2000, the seeds
of success were sown in the field of plant genomics with
the sequencing of the genome of Arabidopsis thaliana
[1], a ubiquitous weed that was adopted as the plant
model species in the 1990s due to its many desirable
traits, such as a short generation time, small diploid
genome, and self-compatibility. Prior to this adoption of
Arabidopsis as a model species, studying a panoply of
agronomically and economically important species, such
as maize, rice, tomato, petunia and snapdragon, had been
favored.

The burgeoning worldwide human population means
the pressure to produce sustainable quantities of food
and fuel crops, across a relatively constant land area, has
never been higher. To improve yields of crops, it will be
imperative to understand the genetic mechanisms con-
trolling traits of interest, and genomics approaches will
be vital to achieve this. Thus, with the topic of plant
genomics at an unprecedented level of importance, we
feel it is pertinent to highlight the best of plant research
in a special issue.

Crop genomics: growing potential

Research on crops has been experiencing a glorious
renaissance over the past few years. Crop species often
have large, polyploid genomes with high levels of
repetitive sequences, which pose challenges for generat-
ing genome assemblies. As Bevan and Uauy [2] describe
in their Review article, the recent advances made in next-
generation sequencing technologies, combined with the
development of bioinformatics approaches, have allowed
the assembly of many crop genomes. These improvements
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have enabled new opportunities for improving existing
varieties of crops, in addition to developing new varieties.

Bread wheat is a staple food crop across the world, and
has a complex hexaploid genome. To apply effective
genomics approaches to improve and breed new bread
wheat varieties it will be essential to generate a complete
genome sequence. Although whole genome shotgun
sequencing allowed the recent assembly of the bread
wheat gene set [3], a complete bread wheat genome will
be necessary to determine the full effect of genomic
variation on wheat phenotypes. Philippe et al. [4] des-
cribe the application of BAC-by-BAC sequencing to
generate a physical map of wheat chromosome 1BL,
which has the highest marker density to-date with 11
markers per Mb, and also has high levels of anchoring
and contig ordering. It is hoped that applying the
methods employed in Philippe et al. to the other wheat
chromosomes may allow a complete bread wheat genome
sequence to be produced in the near future.

Changes in genome structure, in particular copy
number variations, may play a role in regulating pheno-
typic variation in plants. However, the mechanisms
regulating the production of copy number variation and
the distribution of copy number variants throughout
important crop genomes, have remained elusive. Muiioz-
Amatriain et al. [5] compare copy number variation
distribution between the reference cultivar Morex and 14
barley genotypes (including eight cultivars and six wild
barleys) using a barley comparative genomic hybridiza-
tion array. Interestingly, they identify higher levels of
diversity in copy number variation in wild barleys
compared with cultivars, which may facilitate future
barley breeding programs.

Despite the sequencing of the maize genome in 2009
[6], comparatively little is known about the high levels of
genetic diversity that exist between the many maize
inbred lines. To address this, Romay et al. [7] perform
genotyping-by-sequencing of 681,257 SNP markers in
the 2,815 maize accessions in the USA national maize
inbred seed bank. This resource will be invaluable for the
analysis of genetic diversity within the publicly available
maize panel using genome-wide association studies and
genomic selection approaches.

A key question in maize genomics has been to deter-
mine the mechanisms that control the conservation and
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divergence of transcriptomic and epigenomic changes in
hybrids. To investigate this, He et al. [8] generate trans-
criptomic and epigenomic maps in the shoots and roots
of two maize inbred lines, as well as in their reciprocal
hybrids. They show that although there is a positive
correlation between gene expression and histone modifi-
cations in hybrids and parents, intriguingly there is no
significant parental bias in gene expression in maize
hybrids, in either shoots or roots.

Model behavior: lessons from Arabidopsis and
Brachypodium
Since Arabidopsis was the first plant to have its genome
sequenced, it necessarily has the longest history in plant
genomics. Despite this, there are many aspects of Arabi-
dopsis growth and development that remain unknown.
Forward genetic screens are a powerful way of deter-
mining the functions of genes in plants, although apply-
ing traditional methods to genetically map mutations can
be laborious. Identifying the causal mutation of a pheno-
type can be accelerated by combining genetic mapping
with whole genome sequencing, in a process termed
mapping-by-sequencing, and James et al. [9] describe
important new guidelines for mapping-by-sequencing in
Arabidopsis. They generate a Perl-based simulation tool
called Pop-seq, which simulates mapping populations to
determine the number of plants and the sequencing
depth required to identify candidate mutations in out-
crossed and backcrossed mapping populations.
Understanding how cell type specification and differ-
entiation are regulated is an important area of plant
biology, and Arabidopsis root hair cells represent an
excellent system for studying this. Lan et al. [10] generate a
reference map of transcript abundance, cell-type dependent
splicing, and differential accumulation of proteins in
Arabidopsis root hair cells. By comparing transcriptomic
and proteomic profiles, they show that while gene
expression is associated with higher abundances of
mRNA and protein, decreased gene expression does not
necessarily correlate with reduced protein abundance.
Brachypodium distachyon is a model grass species,
which is closely related to wheat and barley, and can be
used to study grain development: a trait that is sensitive
to heat stress. H2A.Z nucleosomes have been shown to
regulate transcription in a temperature-dependent manner
in Arabidopsis as their occupancy in transcriptional start
sites of genes reduces with concomitant increases in
temperature [11]. However, little is known about the
mechanisms controlling temperature-dependent grain
development in grasses. Boden et al. [12] show that
increasing temperature has stronger effects on B. distachyon
morphology, transcription and H2A.Z nucleosome distri-
bution in reproductive grain development compared
with vegetative seedling development. They also find that
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transgenic plants with reduced H2A.Z occupancy pheno-
copy heat-stressed wild-type plants, suggesting that
H2A.Z nucleosomes mediate increased thermal sensi-
tivity to heat stress during B. distachyon reproductive
development.

Sensing change: responses to the environment

Due to their sessile nature, plants must respond to
environmental signals, and the sensitivity of plants to
their environment has fascinated scientists and poets
alike. Shelley eloquently notes in his poem “The Sensitive
Plant’ that Mimosa pudica leaves can open and close in
response to the diurnal cycle as well as in response to
touch. However, plants also elicit less conspicuous
responses at the level of gene expression and metabolism.

Grapevine (Vitis vinifera) is an extensively cultivated
fruit crop that exhibits phenotypic plasticity of its berries:
this can mean that berries on a single plant mature at
different rates, leading to variations in wine quality that
are strongly dependent on the environment and vintage.
To understand the transcriptomic and metabolomic
responses of grapevine berries to environmental differ-
ences, Dal Santo et al. [13] grew a single clone of Vitis
vinifera cultivar Corvina in 11 different vineyards across
Italy and harvested berries at three developmental stages
(veraison, mid-ripening and fully-ripe) across three
consecutive years. By performing microarrays and mass
spectrometry analyses, they show that the different
vineyard environments do not significantly affect gene
expression. However, different season climates affect
gene expression and metabolism, particularly with regard
to genes regulating the synthesis of phenylpropanoid-
derived compounds, and early stages of berry develop-
ment are most responsive to seasonal climate changes.
These results will help determine why different terroirs
affect the quality of wine, and will aid breeding programs
to improve berry and wine quality.

In addition to abiotic stresses, plants must also respond
to biotic interactions. As reviewed in Clare et al. [14],
genome-wide approaches are beginning to be employed
to determine the mechanisms controlling plant-
pollinator interactions. Turner et al. [15] discuss how
genomics techniques have also unraveled the striking
complexity of plant microbiomes, and Rey and Schornack
[16] highlight that determining how beneficial symbiotic
microbes and detrimental parasitic microbes interact
with plant hosts will be crucial for effective crop breeding
programs. In addition, Pais et al. [17] discuss progress in
understanding how plant parasitic oomycetes, a
destructive group of pathogens that cause significant
damage to crop yields, infect plant hosts. To investigate
the molecular interactions that occur between Phyto-
phthora capsici and tomato, Jupe et al. [18] compare
transcriptional changes that occur simultaneously in the
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pathogen and plant over the course of infection. They
identify two significant transcriptional changes asso-
ciated with early infection and the transition from
biotrophy to necrotrophy, which may play significant
roles in controlling infection in plants and also the life
cycle of the pathogen.

The tree of life

Trees are an extremely diverse group of plants that have
evolved important roles in many ecosystems, and forest
trees are also of great economic importance. Neale et al.
[19] provide an update on how research on tree genomics
has been progressing, and argue that open access data
sharing will be essential for allowing the development of
forest tree genomics, as well as outlining key research
priorities that the community need to focus on.

The cacao tree, Theobroma cacao, produces vibrantly
colored pods containing beans that are used to create
chocolate. There are several varieties of cacao, and the
Matina cultivar is a traditional variety with low genetic
diversity. Some cacao varieties have undesirable traits
such as an unpleasant aroma and flavor caused by high
acidity and astringency, which are associated with red
pod coloration. Cacao derived from varieties with poor
flavor qualities is often blended with cacao derived from
other varieties that have more desirable flavors associated
with green pod coloration. Unfortunately, the blending of
cacao reduces the overall quality of chocolate. Mota-
mayor et al. [20] generate a high quality genome sequence
of Theobroma cacao cultivar Matina to improve the speed
and accuracy of cacao breeding. Utilizing the genome
sequence in conjunction with a haplotype-based method,
they identify the TcMYBI13 gene, which encodes an
R2R3 MYB transcription factor, as a likely candidate for
controlling red/green pod coloration: higher expression
of TcMYB113 is associated with red pod color. It is hoped
that these results will rapidly accelerate breeding pro-
grams to improve the quality of chocolate produced from
cacao beans.

Concluding remarks

Co-ordinating a special issue is an exciting enterprise,
and we are indebted to all our authors for submitting
their interesting research, and to our reviewers for taking
the time to scrutinize the studies. We would also like to
thank our Guest Editors, Mario Caccamo and Erich
Grotewold, for their invaluable ideas, advice and support,
and for contributing their Editorial discussing why plant
genomics is such a timely topic [21]. We are passionate
about plants at Genome Biology, and we hope that you
will share our enthusiasm for this special issue on the
blossoming field of plant genomics.
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