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Abstract

ABSTRACT

Failure of the stem to support the grain head in cereals is a serious cause of
economic loss to farmers worldwide and increasing the cellulose content of the
cell wall has the potential to increase stem strength. The glycosyl hydrolase
family 9 endo-(1,4)-B-glucanases are believed to have a role in cellulose
synthesis. Plants containing mutants of the KORRIGAN-like endo-(1,4)-p-
glucanase genes have perturbed cell walls and reduced cellulose. Also growth
enhancement occurs in poplar when overexpressing a soluble endo-(1,4)--
glucanase. However, little is known of the gene family in cereals. Examination
of the GH9 endo-(1,4)-B-glucanase gene family in barley and maize was
undertaken with exploration of the potential biological correlation between
cellulase activity and stem strength.

A detailed phylogeny of the endo-(1,4)-B-glucanase family for barley, maize,
sorghum, rice and Arabidopsis was performed using sequence data from various
sources. Notwithstanding that the maize genome contains 29 endo-(1,4)-B-
glucanase genes, including homoeologues and duplicates, the number of genes
across the different species only varies between 23 and 25. The phylogenetic
tree showed variations in clade structure between the cereals and Arabidopsis
and indicated some differential gene loss and gain. Where information on map
position was available, synteny between the cereals was examined and found to
be strong. Along with comparative intron and exon gene structure studies,
orthologous genes across barley, maize, sorghum and rice were identified. An
evolutionary analysis provided evidence that sorghum was the donor genome in
an allotetraploid event in maize that occurred 10-20 million years ago. It was
also possible to differentiate between homoeologues resulting from the
tetraploidisation of maize and gene duplications.

A transcript analysis for barley and maize was performed and indicated that
some members of the endo-B-1,4-D-glucanase gene family are transcribed
across a wide range of tissues while other genes are specific to one tissue.
Furthermore, there are strong correlations between several members of the
endo-(1,4)-B-glucanase family at the transcriptional level. Similar correlations
were also shown to exist between members of the endo-(1,4)-p-glucanase
family and other genes known to be involved in cell wall synthesis. This data
also suggested that evolutionary conservation of transcription exists between
orthologues in barley and maize.

Analysis of protein activity in barley was undertaken on plants that had been
transformed with endo-(1,4)-B-glucanase genes using the 35s overexpression
promoter. Stem strength of these transgenic plants was found to be positively
correlated with cellulose levels. Plants of the T; generation showed strong
phenotypic variation. A number of plants were dwarfed and had much reduced
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Abstract

levels of cellulose. It was speculated that gene inactivation of both transgene
and the endogenous gene was producing ,.knockdown” plants. On the other
hand, some overexpressing plants had higher levels of cellulose than the control
plants, however, this was not strongly correlated with stronger stems.

Heterologous expression of barley endo-(1,4)-p-glucanases in microbial systems
was attempted. In E.coli large amounts of protein were produced, but it was
largely insoluble and inactive.
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