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Abstract

Knowledge of the identity of genes participating in the delivery of important traits or
displaying tissue- or organ-specific expression is advantageous in the development of rational
molecular breeding strategies. Over the past 15 years, the South African Sugarcane Research
Institute (SASRI) has enjoyed considerable success in the discovery of such genes, which
have been used within marker-assisted breeding and genetic engineering strategies. For
example, identified genes have facilitated the development of genetic markers depicting
resistance or susceptibility to the stalk borer, Eldana saccharina, as well as in the
modification of the activity of enzymes involved in sucrose metabolism. Over the years,
several technologies have been used at SASRI for gene discovery, including Expressed
Sequence Tag Analysis, cDNA Differential Display, Suppression Subtractive Hybridisation
and Affymetrix® Sugarcane Genome GeneChip analysis. While the application of these
technologies has been successful, the recent advent of the next-generation DNA sequencing
and gene expression analysis technologies and the release of the Sorghum genome sequence
herald a new era for gene discovery in sugarcane; one which presents SASRI scientists with
new challenges and opportunities. Presented here is an overview of gene discovery strategies
employed at SASRI and the impact that they have had on sugarcane improvement research.
Also described is the manner in which recent technological and bioinformatical advances are
being embraced within this area of research.
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SASRI : Gene discovery landscape

Gene discovery research at SASRI has benefitted from advances in DNA sequencing and
gene expression technologies, the capacities of which have progressed during the past decade
from low, to high and ultra-high throughput. In parallel to these technological advances, the
volume and availability of expressed sequence tag collections (Arruda, 2001) and annotated
genome sequences, including those of species closely related to sugarcane (Paterson et al.,
2009), have increased markedly. The availability of these technologies and resources has
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facilitated an evolution in the gene discovery research paradigm at SASRI from descriptive to
hypothesis-driven, and which now stands poised to harness the potential of systems biology
approaches. Application of the principles of systems biology (Hood, 1998) to sugarcane
research may ultimately provide insights into the ‘phenome’; that is, the phenotype for all
traits of all individuals within populations. As such, the approach holds enormous potential
for sugarcane improvement research, particularly in the identification of candidate genes for
molecular breeding.

Trajectory: From basic to applied research

Providing initial impetus to gene discovery at SASRI was the acquisition in 1996 of a low-
throughput automated DNA sequencer, for which one of the first applications was the analysis
of selected genomic regions of local sugarcane pathogens. DNA sequencing of bacteria that
caused ratoon stunting disease, leaf scald and gumming disease led to the development of
rapid diagnostic tests (van Antwerpen, 1999), while sequence analysis of the coat protein
gene of local strains of the sugarcane mosaic virus (SCMV) (Huckett and Botha, 1996)
provided essential information for the development of transgenic approaches to engineering
SCMV resistance into susceptible varieties (Sooknandan, 2002). This translation of gene
sequence information derived from basic research into useful outcomes, and applications
continued with the discovery of sugarcane genes participating in the regulation of sucrose
accumulation in the stalk (Carson and Botha, 2000; 2002a; 2002b; Watt et al., 2005) and
those involved in the response to infection by the fungal pathogen causing sugarcane smut
disease (Thokoane and Rutherford, 2001). Greatly aiding this research at SASRI was the
availability of the Arabidopsis (The Arabidopsis Genome Initiative, 2000) and rice genome
sequences (Goff et al., 2002; Yu et al., 2002), as well as a large collection of expressed
sugarcane gene sequences identified by the Brazilian research community (Arruda, 2001).
These large international genome sequencing and gene discovery programmes were made
possible by the advent of high throughput DNA sequencing technologies.

Applications of gene discovery to sugarcane improvement

Genes identified during early gene discovery research at SASRI have found practical
applications in sugarcane improvement, for example as DNA markers for parent selection in
breeding (Heinze et al., 2001; Butterfield et al., 2004) and as transgenes for the genetic
engineering of sugarcane (e.g. Bekker, 2007; Groenewald and Botha, 2007; Roussouw et al.,
2007). Although identified genes have found other applications at SASRI, such as in gene
promoter isolation and the investigation of sugarcane biology, this discussion focuses on
examples within marker-assisted breeding and genetic engineering research.

DNA sequences as markers: Marker-assisted breeding

Together with DNA sequences of unknown identity, genes expressed in response to Ustilago
scitaminea (smut) infection and Eldana saccharina (stalk borer) predation have been used to
develop DNA markers for resistance or susceptibility within an elite parent breeding
population at SASRI (Butterfield et al., 2007). These markers, both singly and in
combination, have been used to select parents for crosses that have been specifically designed
to increase E. saccharina and smut resistance amongst offspring. To date, 434 crosses of this
type have been made at SASRI and the results obtained indicate that parent selection based on
DNA marker information is more reliable in predicting offspring resistance to smut and E.
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saccharina than the resistance rating of the parents, which is the conventional method
(Butterfield, 2006). Although the results of these validation studies are promising,
implementation into routine breeding activities and expansion to encompass other traits of
interest, including those relating to yield, will necessitate the use of high-throughput DNA
sequencing technologies. Within that context, subsequent data analysis will be dependent on
rigorous comparison of sugarcane sequence information to that of published genome
sequences of close relatives of sugarcane, such as sorghum (Paterson et al., 2009).

DNA sequences as transgenes: Engineering increased sucrose accumulation

Together with the comprehensive analysis and modelling of sugarcane sucrose metabolism
(e.g. Whittaker and Botha 1997; Rohwer and Botha, 2001; Botha, 2007; Uys et al., 2007), the
discovery of genes involved in internode maturation and, by association, sucrose
accumulation, has provided access to several promising gene candidates for genetic
manipulation. The discovery of such gene targets has relied on existing technologies at
SASRI that permit DNA sequence analysis, albeit at low throughput, and analysis of gene
expression during development of the sugarcane plant. SASRI scientists, in conjunction with
the Institute of Plant Biotechnology at Stellenbosch University, have studied the effects of
manipulating the activity of several of these genes as a means to increase sucrose
accumulation. One promising target is the gene responsible for producing the enzyme UDP-
glucose dehydrogenase, which reportedly plays a central role in controlling the flow of sugars
between cell wall biosynthesis and sucrose synthesis (van der Merwe, 2005). Consequently,
the activity of this gene was deliberately reduced to test whether decreasing the flow of sugars
through the biochemical reaction mediated by the UDP-glucose dehydrogenase enzyme
would result in increased availability of substrate for sucrose synthesis and accumulation
(Bekker, 2007). Results from glasshouse studies yielded some startling insights into the
effects of this genetic manipulation, in that both stalk sucrose content and cellulose content
were significantly increased in the genetically engineered lines when compared to the non-
transgenic NCo310 control plants. Further investigation revealed that the down-regulation of
UDP-glucose dehydrogenase enzyme activity stimulated another pathway for cell wall
biosynthesis, namely that catalysed by the enzyme myo-inositol oxygenase (Bekker, 2007). A
field trial will be conducted at SASRI between 2009 and 2010 to confirm these results. The
outcomes of this research have highlighted the necessity of not only examining the effects of
a genetic modification on the disrupted metabolic pathway, but also on surrounding
metabolism (Coleman et al., 2008). To examine such collateral effects, the availability of
next-generation, high-throughput technologies are required, including those for the analysis of
DNA sequences (Droege and Hill, 2008), global gene expression (Eveland et al., 2008) and
metabolite profiling (Sato et al., 2004).

Opportunities and challenges:
Era of ultra-high throughput technologies and poaceae genome sequences

The development of next-generation instruments for DNA sequencing, such as those based on
454-technologies, has paved the way for rapid sequence analysis of plant genomes (Droege
and Hill, 2008) and gene expression patterns (Eveland et al., 2008). For monocotyledonous
crops such as sugarcane, a further vital link in facilitating such comprehensive genome and
gene expression analyses has been the recent publication of the Sorghum bicolor genome
sequence (Paterson et al., 2009). The opportunities presented to SASRI by the availability of
these technological and bioinformatical resources are profound, and include the potential for
expansion of marker-assisted breeding to encompass yield traits, as well as for rational
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genetic engineering strategies to modify central carbon metabolism, including that associated
with sucrose synthesis, transport and storage. The major challenge facing SASRI lies in the
development of the bioinformatical expertise and infrastructure that are required to process,
assemble and interpret the vast volumes of data generated by ultra-high throughput
technologies; a challenge that is not unique to SASRI, sugarcane research or South Africa. To
this end, SASRI is currently engaging with national and international specialists to uncover
ways to increase bioinformatics capacity. When such capacities are in place, focus may turn
to the sequencing of the genomes of local varieties, which will provide the ultimate tool for
sugarcane improvement.
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