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Scope of the thesis

Leaf senescence is the final phase of leaf development. It is visibly marked by leaf colour
change, which is associated with active physiological and biochemical processes such as
chlorophyll breakdown, RNA and protein degradation, and translocation of nutrients from
the senescing leaf to other parts of the plants. It has been well documented that leaf senescence
requires de novo transcriptional and translational activities and many senescence-associated
genes (SAGs) have been isolated from a number of plant species including the model plant
Arabidopsis. However, little is known about the regulation of leaf senescence, or the genes
that control SAG transcription. This thesis is focused on isolating and characterising
senescence regulatory genes in Arabidopsis.

In both plants and animals, genes have been identified that can substantially alter lifespan,
providing solid evidence to the notion that senescence is subject to genetic regulation.
Genes and pathways that are involved in the regulation of leaf senescence were reviewed and
compared with those involved in yeast and animal ageing (Chapter 1). Senescence is clearly
a developmental event and the age of a leaf is the best predictor of when senescence will start.
How this developmental feature is related to age-specific gene action was examined. A
senescence window concept was proposed to distinguish the differential induction of
senescence during development. The experimental approach that could be employed to isolate
senescence regulatory genes was discussed.

Leaf senescence is modulated by a variety of plant endogenous hormones. It has been
shown that the gaseous phytohormone ethylene regulates the timing of leaf senescence. The
relationship between leaf age and ethylene was examined by observing how the effects of
exogenously applied ethylene on senescence change with advancing leaf age (Chapter 2).
The senescence window concept was employed to explain the effects of ethylene on
senescence, and was used as the basis for screens for Arabidopsis leaf senescence mutants.
Several classes of old (onset of leaf death) mutants were described and it was suggested that
ethylene-induced senescence is under complex regulation involving multiple genetic loci.
This led to a further study on the interaction between leaf age and ethylene (Chapter 3).

To understand the molecular nature of the OLD genes and the mechanisms through which
they control leaf senescence, cloning of OLD1 and OLD3 was carried out and the results are
presented in Chapter 4 and Chapter 5. The functions of OLD1 throughout development and
the involvement of hormonal signalling pathways in old1-induced phenotypes were dissected.
The effects of OLD1 overexpression were investigated in comparison with those of old1
mutations. old3 was shown to encode a mutated isoform of the cytosolic O-acetyl-L-serine
(thiol) lyase. The effect of the old3 mutation on sulphur balance, cadmium tolerance and leaf
senescence was examined.

In the end of this thesis, the conclusions obtained from the study are highlighted in the
Summary.
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