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4a.

To investigate the K+ transport in ripening Shiraz berries at the cellular level, we characterised the Shiraz
berry energy status via trans-tissue voltage (Vt) and trans-membrane voltage (Vm), as well as the pericarp
transcription patterns of genes associated with K+ transport, membrane energisation and berry cell death.
The outcomes of this study may inform viticultural strategies aimed at manipulating berry ripening and to
manage the K+ content in grape berries.

II. METHODS
• Vt measurement
V
1. Remove a small piece of berry skin
and then apply a drop of electrolyte
solution on the berry flesh.
2. Bath the berry pedicel by the
same electrolyte solution.
3. Record the voltage value across vascular and
mesocarp tissues.

• Vm measurement
V
1. Bath the berry pedicel by electrolyte
solution.
2. Insert a microelectrode through
the berry skin and into the middle
mesocarp at progressive depths.
3. Record the voltage values and the corresponding
depths of microelectrode tip during injection.
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Fig 1. K+ membrane transport impacted by membrane potentials and H+ pumps.
may be impacted by oxygen distribution.
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I. INTRODUCTION & AIMS
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Fig 4. Moving mean of voltage and Vm Response in the mesocarps of ripening Shiraz berries. The maximum
depth of the electrode (3.5 mm) corresponded to 1/4 of the berry width in earlier developmental stages, and
1/3 of the berry width in later stages. During injection, the average voltage tended to be less negative at 510% of the berry radius at veraison (4a.), however this trend was not observed in the overmatured berries
(4b.). Following the trough extraction method of Fig 3, the total number and mean value of Vm Responses of
each berry were calculated and plotted against the TSS of the same berry’s juice (4c. and 4d.). As the
berries matured, the counts and mean Vm Response declined, while more Vm Responses with more
negative values were detected in less mature berries (TSS: 10-20 °Brix).

• Gene expression analysis
1. Extract total RNA from individual pericarps.
2. Analyse relative expression levels of target genes by Real-Time qPCR.
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III. RESULTS
Fig 2. Vt of individual ripening Shiraz berries grown in the
glasshouse, as a function of the same berries’ juice sugar
content (total soluble solids). The most negative values of
Vt were measured at the veraison stage (< 70 days after
flowering; TSS: 10-15 °Brix), followed by the decline to
less negative values of berry Vt in later ripening stages
(DAA > 85, TSS > 22 °Brix).

Fig 5. Principle component analysis (PCA) for gene expression in individual Shiraz pericarps sampled from
three developmental stages (biological replicate = 5, technical replicate = 3). The maturation groups were
categorised by the DAA of pericarps. Four gene clusters were evident, with highest expression at either
Veraison, Overmature, at Ripening, or lowest expression at Ripening. Genes from the same class (K+
transport and H+ pumps) were distributed to various clusters with opposed features of patterns. Both genes
associated with cell death were upregulated during berry development.
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Fig 3. Mesocarp voltage profile with increasing depth into a Shiraz berry. Multiple troughs in voltage signal
toward more negative values were apparent. These troughs suggested that the electrode entered the
negative-charged cells, noted as Vm Troughs. The voltage values and the corresponding depth of individual
troughs were extracted from mesocarp voltage profiles. Vm Trough values were normalised by subtracting
the means of mesocarp voltage in the corresponding electrode depths, and the variation between the trough
voltage and the mean voltage were applied as the value of Vm Response.
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Fig 6. Patterns of gene expression associated with ripeness of individual pericarps. Gene expression levels
are relative to three housekeeping genes (VvActin7, VvEF1γ, and VvGAPDH), applying the values of
2-(Delta CT). Relative gene expression were plotted as a function of the TSS values of the same pericarps.
Error bars represented the standard deviation of 3 technical replicates. The inwardly-rectifying K+ channel
gene (VvK1.2), outwardly-rectifying K+ channel gene (VvK5.1), genes of plasma membrane H+ pumps
(VvPMA2 and VvPMA3), vacuolar cation-proton antiporter gene (VvNHX1), and genes potentially associated
with cell death (VvBAG1 and VvBAP1) were upregulated in the more matured pericarps (TSS: >20 °Brix). All
of the assessed vacuolar H+ pump genes were downregulated during ripening, although the pyrophosphateenergised vacuolar membrane H+ pump gene AVP1 displayed peak expression at 20-25 °Brix.

IV. CONCLUSIONS
Increased Shiraz berry energy status at veraison was characterised by a rise of berry potentials (Vt and Vm
Response), which may be associated with the increased energy requirement for solute transport during
ripening. The deterioration of electric potentials in more mature berries indicated the loss of energisation. In
less mature berries, the observed less negative value of mean mesocarp voltage in deeper tissue may be
associated with low oxygen concentration and ion distribution. Distinguished by different developmental
expression patterns, four clusters of genes encoding K+ and H+ transporters with various functions indicated
the complexity of K+ transport regulation in ripening Shiraz berries under energy limitation. Future viticultural
strategies for growing and harvesting premium fruits may be informed by the results from this study.

