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ABSTRACT

Anthocyanins are flavonoid compounds responsible for most of the red, purple and blue
colours of leaves, fruit and flowers of many plant species. They are produced through the
anthocyanin biosynthesis pathway and in grapevine the VWMYBAl and VVMYBA2
transcription factors are responsible for the transcriptional activation of genes encoding
enzymes required for their synthesis. White grapevine cultivars contain inactive versions of
the VVMYBAL and VVMYBAZ2 genes and hence cannot produce anthocyanins in berries. While
much is now known about anthocyanin biosynthesis in grapevine, there are still some genes
involved in anthocyanin modification and transport which have not yet been identified. In
several other plant species recent research has established a link between anthocyanin
biosynthesis and the synthesis of volatile aroma compounds.

In this research project, the aim was to further characterise VVMYBA and its role in
anthocyanin and flavour metabolism. To do this, transgenic and natural mutant grapevines in
which berry colour has been altered due to differential expression of VVMYBA genes were
used. Two different approaches were taken to investigate the effect of VWMYBA gene
expression on the transcriptome and flavour metabolism in berries, with the aim of linking
transcriptomic changes to metabolomic changes. Microarray analysis was performed to
identify differences in global transcription levels in berries differing in their VWMYBA gene
expression. Microscale wines were also made from both whole berries and free run juice and

volatile wine flavour/aroma compounds were analysed using HS-SPME-GC/MS.

This research has shown that the presence of VVMYBA in berries does have an effect on the
abundance of volatile flavour/aroma compounds in wines; however this was often in a
cultivar specific manner. One conserved difference was that red wines, made from berries
expressing VVMYBA, contained less linalool compared to white wines, made from berries not
expressing VVMYBA. Light exclusion studies and transcript analysis of genes associated with
linalool metabolism have suggested that the accumulation of anthocyanins in red grapes may

cause a shading effect which down-regulates linalool synthesis.

From microarray studies, two putative acyltransferase genes were identified, one belonging to
the BAHD protein family and the other to the serine carboxypeptidase-like (SCPL) family. At
the commencement of this study, no anthocyanin acyltransferases had been identified in

grapevine and it was hypothesised that one or both of these genes could have this function.



Acylation of anthocyanins has been shown to change the hue of the pigment in the fruit and
flowers of various plant species, and to increase their stability in products such as wine. Gene
expression studies, bioinformatics analyses and in vitro and in planta functional assays were
used to characterised these two genes. Through these studies the first Vitis vinifera
anthocyanin acyltransferase gene (VVANAT) was identified. VVANAT belongs to the BAHD
acyltransferase protein family and recombinant enzyme kinetic studies show that it can utilise
a range of CoA thioester acyl donors and shows a preference towards monoglucoside
anthocyanins as the acyl acceptor substrate. Using promoter activation assays the ability of
the VVMYBAL transcription factor to activate the transcription of the VVANAT gene was
shown. The putative SCPL gene did not function as an anthocyanin acyltransferase in in
planta experiments; further studies are required to understand the function of this gene.

The outcomes of this PhD project have added to the current understanding of anthocyanin
synthesis and its regulation in grapevine. Knowledge and identification of a grapevine
anthocyanin acyltransferase gene can be used in breeding programs aiming to improve
grapevine cultivars that cannot currently produce acylated anthocyanins, and hence increase

their potential wine colour stability properties.
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ABBREVIATIONS

Units

°C degrees Celcius

aa amino acid

bp/kb/Mb base pairs/kilobase pairs/megabase pairs
g relative centrifugal force

g, mg; ug gram; milligram; microgram

h hour

kPa kilopascal

L; ml; pl litre; millilitre; microlitre

M; mM; uM; nM molar (moles per L); millimolar; micromolar; nanomolar
min minute

S second

TTS total soluble solids

Vol volume

wiv weight per volume

wpf weeks post flowering

wpv weeks post veraison

Flavonoid pathway

anthoMATE anthocyanin multidrug and toxic efflux transporter

4CL 4-coumaroyl CoA ligase

ANR anthocyanidin reductase

bHLH basic helix-loop-helix

CHI chalcone isomerase

CHS chalcone synthase

DFR dihydroflavonol 4-reductase

F3'5'H flavonoid 3’,5’-hydroxylase

F3H flavanone-3-hydroxylase

F3'H flavonoid 3’-hydroxylase

FAOMT flavanol and anthocyanidin-glucoside 3’,5’-O-methyltransferase

FGT flavonol glucosyltransferase

FLS flavonol synthase

GST glutathione-S-transferase

LAR leucoanthocyanidin reductase

LDOX leucoanthocyanidin dioxygenase
transcription factor family named after the first gene identified in the family

MYB Myeloblast

MYC transcription facto_r fa_mily named after the first gene identified in the family
myelocytomatosis viral oncogene

PA Proanthocyanidin (condensed tannins)
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Flavonoid pathway continued....

PAL phenylalanine ammonia lyase

R2R3-MYB class of MYB TFs containing a two-repeat R2R3 DNA binding domain

UFGT UDP-glucose flavonoid 3-O-glucosyltransferase

WD40 TE A cl_ass of Frangcription factors containin_g taqdem repeats of a structural
motif terminating in a tryptophan-aspartic acid (W-D) dipeptide

WDR tryptophan-aspartic acid repeat protein

WRKY TE A class of DNA binding transcription factors that contain a conserved

WRKYGOK amino acid sequence

Methylerythritol (MEP) pathway and linalool synthesis

bOci E-B-ocimene synthase

CDP-ME 4-(cytidine 5’-diphospho)-2-C-methyl-D-erythritol
CDP-MEP 2-phospho-4-(cytidine 5’-di-phospho)-2-C-methyl-D-erythritol
CMK CDP-ME kinase

CMS CDP-ME synthase

DMAPP dimethylallyl diphosphate

DXP 1-deoxy-D-xylulose 5-phosphate

DXR DXP reductoisomerase

DXS DXP synthase

G3P glyceraldehyde 3-phosphate

GPP geranyl diphosphate

GPS GPP synthase

HDS HMBPP synthase

HMBPP 4-hydroxy-3-methylbut-2-enyl diphosphate

IDI IPP isomerase

IDS IPP/DMAPP synthase

IPP isopentenyl prenyldiphosphate

MCS ME-cPP synthase

ME-cPP 2-C-methyl-D-erythritol 2,4-cyclodiphosphate

MEP methylerythritol

General

35S 35S constitutive promoter from the Cauliflower Mosaic Virus
ACGT adenine, cytosine, guanine, thymine

ABC transporter ATP-binding cassette transporter

AMP adenosine monophosphate

ANOVA analysis of varience

ATP adenosine triphosphate

BAHD A gene and protein family named after the first letter of the first 4

characterised proteins BEAT, AHCT HCBT and DAT
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General continued...

BLAST basic local alignment search tool

cDNA complementary DNA

cp cycle threshold

CSIRO Commonwealth Scientific and Industrial Research Organisation
DNA deoxyribonucleic acid

ELIP early light-inducible protein

EST expressed tag sequence

ER endoplasmic reticulum

FC fold change

GC gas chromatography

gDNA genomic DNA

HPLC high performance liquid chromatography

HS headspace

LC liquid chromatography

MS mass spectrometry

NADH nicotinamide adenine dinucleotide

NCBI National Centre for Biotechnology Information
N-terminal amino-terminal

PLACE plant cis-acting regulatory DNA elements
gPCR quantitative polymerase chain reaction

QTL quantitative trait locus

RACE rapid amplification of cDNA ends

RNA ribonucleic acid

RT-PCR reverse transcription-polymerase chain reaction
SAM significance analysis of microarray

SCP serine carboxypeptidase

SCPL serine carboxypeptidase-like

SMT 1-O-B-sinapoylglucose:L-malate sinapoyltransferase
SPME solid phase microextraction

TF transcription factor

UTR untranslated region

uv ultra violetlight
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