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Abstract

Sugarcane is a genetically complex polyploid grass, which makes the identification of associations between genes and traits
difficult. Genomics science facilitates characterization of entire eukaryote genomes at the DNA sequence level, but for crop
plants with complex genomes such as sugarcane, gene characterization is currently best achieved via expressed sequence tag
(EST) analysis where sequence information is restricted to genes that are actually functioning in a particular tissue or situation.
DNA microarrays allow simultaneous expression analysis of thousands of genes. Current work on EST and array analysis of
gene expression in sugarcane is reviewed and insights on stem functions associated with maturation and sucrose accumulation
are discussed. A strategy for associating gene expression with a trait is described in which individuals exhibiting particular traits
are selected from segregating populations of sugarcane and their gene expression profiles compared. A preliminary experiment
to test the feasibility and experimental design for this ‘genetical genomics’ strategy on a population segregating for sugar content
is described. Given the complex genetics of sugarcane, this strategy and refinements of it, represent an attractive pathway to the
identification of candidate genes that may control sugar accumulation and other traits in sugarcane.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction environment. Plant breeding manipulates the genome
to develop new cultivars with desirable attributes.

The physiology of a plant is determined by the Genetic control of physiological ‘traits’ is tradition-
interaction of its genome and its internal and external ally studied by analysing the segregation of the trait

of interest in conjunction with other phenotypic,
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genes that control specific plant traits (Fridman et al.,
2000). The identification of genes that determine
economically important plant traits provides impor-
tant tools to further manipulate plant function and
performance, either through enhanced conventional
breeding using the gene’s DNA sequence as a
‘perfect’” marker for trait selection or through
manipulation of the gene and trait in transgenic
plants.

Rapid advances in techniques for DNA sequence
analysis coupled with powerful computer-driven
tools for managing this information have allowed
sequencing and analyses of the genomes for
Arabidopsis thaliana and rice. Genomics represents
a new paradigm for scientific research. Traditionally,
the starting point for studies on genes that encode a
particular function has been the demonstration that a
particular trait is inherited, with the responsible
gene(s) then sought either via its protein product,
expression pattern or genetic map position. In
genomics science, the starting point is the assembly
of information on all the genes in the genome at the
level of DNA sequence analysis. This resource can
then be further studied either in silico, or by the
systematic application of functional tests to identify
genes that determine particular physiological pro-
cesses. The shift in emphasis is that a major resource
of information on all plant genes is developed first;
this resource can then be used repeatedly to address a
range of diverse hypotheses. The advantage of such
an approach is a reduction in assumptions that are
made when identifying genes responsible for traits,
the disadvantage is the substantial costs associated
with the up-front development of the resource.
Systems biology (Moore, 2005) is an extension of
the genomics paradigm where information about
the relationships among genes and pathways is
integrated across multiple levels from molecule
to crop.

One approach to studying genes expressed at the
transcript or mRINA level of an organism is to isolate
cDNA copies of the mRNA in specified tissues and
undertake DNA sequence analysis of these copies.
Sequences obtained in this manner are termed
expressed sequence tags (ESTs) and represent the
genes functioning in the tissues at the time of
sampling. However, to capture all expressed genes
very large EST collections must be obtained from

multiple tissues and treatments. ESTs thus identified
can be compared to databases of DNA sequences from
other organisms, and putative functions for each EST
assigned via its homology with known genes.
Substantial technical breakthroughs in the develop-
ment of DNA microarrays or DNA ‘chips’ allow the
study of the expression of thousands of genes in
parallel (Schena et al., 1995). Typically, DNA or
oligonucleotide copies of mRNA sequences are
spotted or synthesised in high-density arrays on
slides. Two or more RNA samples are labelled, each
with a specific fluorescent tag, and these are
simultaneously hybridised to the slide. The relative
intensity of the fluorescence at each cDNA spot is
measured to compare the relative expression levels of
transcripts for the gene represented by the spot and
enables development of a comprehensive catalogue of
information on where genes are expressed and their
relative levels of expression.

The application of the genomics research approach
to sugarcane involves particular challenges (Grivet
and Arruda, 2002). Sugarcane has the most complex
genome of any crop (D’Hont et al., 1996) and
commercial sugarcane plants are the result of a limited
series of crosses and backcrosses derived from the
domesticated species Saccharum officinarum L.
(2n=80) and the wild species S. spontaneum
(2n =40-120). Commercial sugarcane plants are
interspecific poly-aneuploid hybrids with chromo-
some numbers usually in excess of 100. Most traits are
polygenic and/or multi-allelic, and quantitatively
inherited. Furthermore, the size of the genome in
commercial sugarcane is large (~3000 Mbp) com-
pared to that of model plant systems such as rice
(430 Mbp) (Tomkins et al., 1999). While it is unlikely
that the genome sequence for sugarcane will be
determined in the foreseeable future, rapid progress
has been achieved through the characterisation of the
transcriptome of sugarcane using EST collections and
gene expression analysis via DNA arrays.

In this article we briefly review what has been
achieved in genomics research in sugarcane, focuss-
ing on transcriptome analysis in particular, and how
it may contribute to our knowledge of sugarcane
physiology and be used to facilitate sugarcane
breeding. We describe our own work in the develop-
ment of EST collections from stem tissue and the
bioinformatic analysis of these collections leading to
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