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ABSTRACT

The grape flavonoids include anthocyanins, tannins and flavonols, all of which contribute to grape
and wine quality by influencing the colour and mouthfeel of red wine. These compounds are
synthesized in different parts of the berry and during different stages of berry development. In
addition, environmental and viticultural factors such as light exposure can aso dter the flavonoid
composition of grapes. An understanding of how synthesis of these compounds is coordinated, their
relationship to wine quality and the influence of bunch light exposure on the flavonoid composition

of grapes, could be used to improve fruit quality by enhanced viticultural management.

The first part of this study sought to investigate the relationship between the different products of
the flavonoid biosynthetic pathway (anthocyanins, flavonols and tannins), from two climatic regions
(warm and cool) and determine their role in grape and wine quality. In collaboration with a major

winery, whole Shiraz grapes were sampled at the weighbridge from a range of different vineyards

from two climatic regions; warm (Riverland) and cool (MCLaren Vale) in 2003 and 2004. A total of
80 grape samples were collected in each season and processed (i.e. 100 berries, separated into skin,
seeds and juice, weighed and frozen). Anthocyanins and flavonols were measured, in triplicate, in
skins by HPLC. Tannins were determined in the skins and seeds by two methods; phloroglucinol
hydrolysis (HPLC) and protein precipitation (UV-VIS spectrophotometer). A comprehensive

comparison of the two methods is discussed.

In both years, the grapes from warm and cool climates formed two distinct data sets based on
flavonoid composition. There was a correlation between anthocyanins and flavonols for both the
warm and cool climate samples in both years, however those from the warm region had lower
anthocyanin for a given level of flavonol. As expected, the level of tannin in the seeds was greater
than in skin for all samples. In both years, there was a weak correlation between anthocyanin levels
in the skin and skin tannins, but no relationship with seed tannins. These results suggest there is
some co-ordination in the synthesis of anthocyanins, flavonols and skin tannins. Also, the two
regions clearly separated based on yield and despite the weak correlations in both regions, the levels
of total anthocyanins were inversely related to yield. In addition, there was no relationship with any
of the flavonoids and grape quality, indicating the need for improvement in streaming fruit for

quality using these flavonoid compounds.
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The second part of the study was to investigate the effect of bunch light exposure on flavonol
synthesis and accumulation in Shiraz and Chardonnay grapes during development. Light-excluding
boxes were applied to bunches at budburst. Boxes were removed at four sampling times; flowering,
pre-veraison, veraison and harvest. At each sampling time, berry skins were sampled when the
boxes were removed and then every second day (light induced), along with exposed controls for one
week. Flavonol accumulation and flavonol synthase (VWFLSL) gene expression was determined by
HPLC and Real Time-PCR (RT-PCR) respectively.

As expected, for al four sampling times, flavonol accumulation and WFLSL expression in the
boxed fruit was significantly less than bunches exposed to light. On removal of boxes at flowering,
pre-veraison and veraison, flavonols accumulated to levels similar to that of the exposed control
fruit over a period of 4-6 days. There was a significant increase in WFLSL expression 2 days after
exposure to light in parallel with the accumulation of flavonols. At harvest, in Chardonnay, VFLSL
expression peaked by day 4, while in Shiraz VWIFLSL expression increased linearly and was highest
at day 6. In contrast to the results for the earlier sampling times, the total amount of flavonols
accumulated at harvest was less than 50% of exposed controls in Chardonnay and Shiraz grapes.
These results show that flavonols are able to be induced by bunch light exposure at different times
during berry development, including times when flavonols are not normally being synthesised. This

suggests bunch light exposure can override the developmenta control of flavonol accumulation.

To further investigate the light induced expression of VWFLSL in grapevines the molecular
mechanism of transcriptional control was explored. Using genomic walking PCR techniques, two
Shiraz VWFLSL promoter sequences were cloned and their sequences were anaysed. These
promoter sequences were ~800bp in length and were 99% identical. A putative MY B responsive
element (MRE) and severa light responsive elements (LRE) were identified in the promoter region
of these genes.

To functionally test the VWFLSL promoter(s), a transient assay was developed in Chardonnay
suspension cells. Cells were bombarded with constructs containing potential transcription factors
and the WFLSL promoter(s), fused to a luciferase reporter vector. After 48hrs incubation in the
dark, cells were harvested and luciferase activity measured as an indicator of WFLSL promoter
activity. Of the different transcription factors tested with the WFLSL promoter(s) the highest

luciferase activity was observed using AtMYB12 (a flavonol-specific regulator of AtFLSL in
VI



Arabidopsis (Mehrtens et al. 2005). While this result shows activation of the WFLSL promoters by
AtMYB12 and the development of a transient reporter assay for testing the VWFLSL promoter(s) a

grapevine transcription factor specific for VWFLSL was sought.

Two techniques were employed to identify potential transcription factor regulators of the VWFLSL
promoter(s). The first involved BLAST sequence search analysis in a grapevine expression (EST)
database with AtMYB12 and the second involved using DNA microarray technology to identify
candidate transcription factors that were up-regulated in light exposed Chardonnay cell suspension
cultures. Thirteen potential transcription factors were identified and after correlative RT-PCR
analysis (with WFLSL expression patterns) two candidates were selected for further isolation and
characterisation. These results have made significant progress in unravelling the molecular
mechanisms of regulation of the flavonol biosynthetic, however additional experiments are required

to unravel the transcriptional control of flavonol biosynthesis.

This investigation contributes to our knowledge of flavonoid synthesis in grapes, how it is
coordinated, the relationship with wine quality, and the influence of light particularly on synthesis of
flavonols. It also explores the molecular mechanisms of VWFLSL control, through isolation of the
WFLSL promoter and identification of potentia transcription factors, which may regulate it. An
understanding of the synthesis of flavonoids and how they may be coordinated, particularly in

response to light, could be used to improve fruit quality by enhanced viticultural management.

Keywords: Grapevine, Vitis Vinifera L. cv. Shiraz, Chardonnay, flavonoid, anthocyanin, tannin,
flavonol, phloroglucinol analysis, protein precipitation assay, quality, berry development, seeds,
skin, light, temperature, shading, transcription factors, promoter
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