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Abstract

The rapid post-harvest physiological deterioration (PPD) of the starchy storage roots of cassava (Manihot
esculenta Crantz) is a serious constraint to the development of this major crop. PPD is an active response
involving changes in gene expression and the synthesis of novel proteins. Reactive oxygen species (ROS)
and the enzymes and compounds that modulate them play central roles in PPD. Microarrays of ~ 11,000
cDNA clones to mRNA isolated from cassava roots over a deterioration time course were hybridised with
cDNA populations in order to identify genes whose expression patterns were significantly altered during
PPD. Analysis of these data has led to the identification and characterisation of key genes involved in a
range of relevant functions, including: ROS modulation, programmed cell death, control of gene expression
and signal transduction.

Post-harvest physiological deterioration

« PPD limits shelf life of cassava roots to 24 — 72h

« Staining of vascular tissue & fluorescence of the roots is due to the accumulation &
oxidation of phenolic compounds. Scopoletin is particularly abundant *

« Reactive oxygen species (ROS) including H,0, and O, are produced in response toPPD 2

* Enzymes and compounds that modulate ROS play central role in PPD 2

«Other changes include increases in respiration, ethylene biosynthesis, phenolic
biosynthesis, enzyme activity (e.g. PAL, CAT, peroxidase, PPO, invertase), and changes in
membrane lipids and sterols 3

« Resembles wound responses in other plants, but lacks adequate wound repair.
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Studies with PAL promoter constructs. PAL - a key entry point into
phenylpropanoid metabolis is induced by wounding

ROS accumulation in injured cassava roots. Superoxide anion
(lef) detected according to Vallelian-Bindschedler et al. *
Hydrogen peroxide detected and quantified as in *

H,0,, peroxidase and
scopoletin accumulate in
the vascular tissue.

Experimental strategy
Flow chart of experimentation Hybridisation strategy for microarray experiments

« “Early” and “late” cDNA libraries constructed from pooled
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Differentially expressed genes
« Single pass sequencing to generate EST sequence data for selected clones
« To date 47 non redundant clones showing differential expression identified

« A subset of cDNA clones selected for full sequencing and Northern blotting

« PPD up-regulated clones
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To validate and extend the microarray data, the
expression of a subset of clones of interest was
examined in roots and wounded leaves by Northern
blotting. Root = Time after harvest (hours), Leaves =
Wounded leaves 24h after injury, A = wounded
attached, D = wounded detached, CK = control leaves.
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Tools — PX3 a candidate promoter

« Secretory peroxidase
« Expressed early during PPD

* Not expressed in:
=Mature roots [

sLeaves -

=Wounded leaves
« Strong candidate to drive constructs in transgenic cassava
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Microarray hybridisations

Aim: to identify, isolate & characterise genes, components of
which could be used as tools to modulate PPD

« Identification of genes whose expression changes
during PPD using cDNA microarrays
« PCR products of cDNA clones spotted by robot onto slide
« 4 technical & 3 biological replicates of target DNA + controls
« Early time point cDNA probe (e.g. time 0) labelled with Cy3
« Late time point cDNA probe (e.g. 24 hours) labelled with Cy5
« Selection based on normalised, background corrected ratios
« Clones selected on the basis of at least 2 fold up-regulation
or 2.8 fold down-regulation for at least 2 time-point
hybridisations (e.g. 0 vs 12h and 0 vs 24h)

Example array hybridisation
— Early Slide 10 vs 12h

Isolation of selected genomic clones

« Genomic library constructed in & DASH Il

« Hybridisation screening with cognate cDNA clones

« ). DNA preparation, restriction digestion and Southern blotting
+ Sub-cloning of selected restriction fragments

Subclone  hybridising  internal
- —- genomic A restriction
™ fragments to plasmid vector and

- sequence
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