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Abstract

Actirtidia chinensis, a diploid relative of kiwifruit, has valuable fruit characteristics, and varieties with
superior flavour and marketable size have recently been selected in a classical breeding programme.

However, the marketability of the fruit of A. chinensis and many other species of Aarn idia is limited

by poor fruit storage properties. Pioneering work in tomato has demonstrated that fruit ripening and

senescence can be very effectively delayed by down-regulating genes required for biosynthesis of the

phytohormone ethylene. The goal of this work was to isolate genes for ethylene biosynthesis in A.
chinensis, characterise their expression, and to generate transgenic plants containing T-DNA
constructs designed for ethylene downregulation.

A small cDNA library was constructed from RNA isolated from the ripe fruit of A. chinensis. The

library was screened for genes encoding each of the enzymes in the ethylene biosynthetic pathway, by
probing with PCR products amplifred from kiwifruit cDNA and with a cDNA clone previously
isolated from kiwifruit. Three distinct cDNA clones encoding S-adenosyl-L-methionine (SAM)
synthetase (ACSAMI, ACSAM2 and ACSAIT43) were isolated from the library, togerher with two
distinct l-aminocyclopropane-l-carboxylic acid (ACC) oxidase cDNA clones (ACAOI and ACAO2).
No ACC synthase cDNAs were detected in the library, indicating low transcript abundance.

However, a partial ACC synthase cDNA (ACASI) was amplified from ripe fruit using PCR
techniques, and subsequently cloned in a plasmid vector. Phylogenetic analysis of SAM synthetase

protein sequences from A. chinensis and other plant species indicates bifurcation of angiosperm SAIvI

synthetase sequences into two main branches; ACSAM3 was assigned to a different branch from
ACSAMI and ACSAM2. The peptide sequence of ACASI shows higher homology to several auxin-
inducible ACC synthase peptides than the product of the ethylene-inducible ACC synthase gene which
is predominantly rranscribed in ripening tomato fruit.

RNAse protection assays were employed to estimate the relative transcript levels of each of the

ethylene biosynthetic genes isolated from A. chinensis during ethylene-induced, post-harvest fruit
ripening, and in immature fnrit and floral samples. The response of the marure fruit to exogenous

ethylene indicated a clear separation of ethylene sensitivity and ethylene production in A. chinensis.
The application of exogenous ethylene correlated with increased transcript levels for all three SAM
synthetase genes (ACSAMI, ACSAM2 and ACSAM3) and for the ACC oxidase gene family.
Transcription of the ACC synthase gene ACASI was not affected by exogenous ethylene, but
transcript levels increased during subsequent ethylene biosynthesis, consistent with this being a

controlling step for the onset of ethylene production. One or more ACC oxidase transcripts increased

significantly both prior to and during ethylene production. Only one of the SAM synthetase

transcripts (ACSAM3) was induced during the late ethylene burst, and these transcripts were also



vi

abundanr in floral tissues and young fruit. A role for SAM synthetase genes in the methionine salvage

pathway is discussed.

The expression patterns for ACAS1 and the ACC oxidase gene family arc consistent with the

consensus view that the rate of ethylene biosynthesis in plant tissues is dependent on both ACC

synthase and ACC oxidase activity levels. Therefore, with the aim of down-regulating ethylene

biosynthesis in A. chinensis, expression cassettes containing ACASI and ACAOI cDNAs, each

controlled by a d35S promoter, were inserted in tandem into the Agrobacterium binary vector

pCGN1549, in both the sense and antisense orientations. I-eaf tissue from the 'Earligold' variety of

A. clthtensis was transformed with the resulting binary vectors, and transgenic plants were

regenerated. PCR and Southern analysis indicated intact T-DNAs were integrated in at least half of

the transformed plants, and Northern analysis detected mRNAs from one of the transgenes

transcribed from both the sense and antisense constructs. No decrease in wound-induced ethylene

biosynthesis was detected in the leaves of a small sample of these transgenic plants, and a larger

number of transformants are now being grown for phenotypic screening. Down-regulation of

ethylene biosynthesis may improve the storage properties and/or the shelf life of transgenic

A. chilrcnsis plants and may provide insights into the roles of ethylene in fruit ripening.
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