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THIS REPORT MUST INCLUDE INFORMATION FROM THE ENTIRE PROJECT  

3. EXECUTIVE SUMMARY  
The terpenic composition of grapevine berries contributes to the varietal character of the grapes and the 

resultant wine. The estimated ~46 terpenes identified in grapes (~30 in wines) are formed by the actions 

of a large gene family (estimated between 89 and144) encoding terpene synthases (TPS). Understanding 

the basis of the varietal aromas of cultivars is an active field of study, as is the impact of production 

practices in modulating the aromatic potential of berries. TPSs are central to the understanding of this 

important class of volatile aroma compounds.  This project aims to understand the origin, regulation and 

fate of terpenes by linking grape TPS gene expression to terpene composition in the complex grape 

matrix.   

 

In silico analysis of publicly available expression datasets, showed TPS over-expression in grapevine 

flowers.  Subsequent GC-MS volatile analysis of flower samples from nine commercial wine cultivars 

(Shiraz, Sauvignon Blanc, Pinot noir and Muscat d‘Alexandrie, Weisser Riesling, Viognier, Pinotage, 

Chardonnay and Chenin Blanc) showed significant production and diversity in predominantly 

sesquiterpenes produced.  Total RNA was extracted and cDNA synthesised from flowers of four of the 

cultivars (i.e. Shiraz, Sauvignon Blanc, Muscat d’Alexandrie and Pinot noir) and additional putative TPS-

encoding genes were isolated from each of the cultivars.  These putative TPS-encoding genes are 

functionally characterised in an optimised yeast system.  Collectively the data is used to understand the 

physiological function of terpenes in grapevine and how and why the levels of terpenes differ between 

cultivars. 

 

The terpenes are highly abundant in flower tissue and are temporally expressed (i.e. with their 

concentration decreasing as inflorescence/flower development advances), and there is, furthermore, 

evidence of cultivar differences in the volatile terpene profiles (i.e. differences in the presence/absence or 

amplitude of detected terpenes).  Twenty one additional putative terpene synthases were isolated from the 

four different grapevine cultivars (i.e. the gene isoforms of five TPS-encoding genes from four cultivars).  

Putatively functional isoforms were identified from the sequence analysis, and functionally characterised 

in yeast for volatile terpene production.  This provides us with the functionality of the grapevine locus in 

terms of the specific terpenes are formed by a specific TPS. 

 

Data reported illustrate that commercial wine cultivars differ markedly in their terpene profile in both 

absolute concentration and composition.  These differences are predominantly due to sesquiterpene 

composition (and not monoterpenes).  The fate of these terpenes from flowers to grapes is still not clear. 

The sequence data, in combination with the functional data, of individual TPSs were used to identify 

unique cultivar differences in the terpenes produced (catalysed by the respective isolated TPS).  

Collectively the data will shed light on why and how grapevine utilise terpenes, opening, up the 

possibility of modulating their levels in the vineyard or the cellar.   

 

4. PROBLEM IDENTIFICATION AND OBJECTIVES 
 State the problem being addressed and the ultimate aim of the project.   
The terpenic composition of grapevine berries contributes to the varietal character of the grapes and the 

resultant wine. A combination of the monoterpene alcohols geraniol, linalool and nerol are, for example, 

responsible for the characteristic aroma of Muscat grapes (a cultivar categorised as a terpenic grape 

variety). Terpenes, however, also contribute to the aroma of non-Muscat varieties: the sesquiterpene 

rotundone has been shown to be responsible for the peppery character of Shiraz grapes and wine. The 

estimated ~46 terpenes identified in grapes (~30 in wines) are formed by the actions of the terpene 

synthase enzymes in the grape berries. The grapevine genome contains an estimated 89-144 terpene 

synthases encoding genes, clearly contributing to the complex terpenic composition of grape varieties. 

Understanding the basis of the varietal aromas of cultivars is still an active field of study, as is the impact 

of production practices in modulating the aromatic potential of the berries. We know that the terpene 

synthases are central to the understanding of this important class of volatile aroma compounds. This 

project aims to understand the origin, regulation and fate of terpenes by linking grape terpene synthase 

gene expression to terpene composition in the complex grape matrix. 
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5. DETAILED REPORT 
Completion of a, b, c and d is obligatory. 

 
a. PERFORMANCE CHART (for the duration of the project) 
Objectives Milestones 

(Significant event or stage in a 

project) 

Target Date 

Objective 1:  

Identification and isolation of 

grapevine putative terpene synthase 

encoding genes  

Milestone 1.1: Identification of 

putative TPS-encoding genes in the 

grapevine genome 

 

Milestone 1.2: Isolation of putative 

TPS-encoding genes from grapevine 

cDNA 

Milestone 1.1:  

Continuous [commencing January 

2014- December 2016] 

 

Milestone 1.2:  

Continuous [commencing January 

2014- December 2016] 

Objective 2:  

Determining the specific enzymatic 

function of the isolated terpene 

synthases (from Objective 1) in a 

heterologous yeast expression 

system 

Milestone 2.1: Expression of 

putative TPS-encoding genes in the 

yeast, Saccharomyces cerevisiae 

 

Milestone 2.2:  Volatile analysis 

(GC-MS) of yeast overexpressing 

grapevine-derived TPS-encoding 

genes 

Milestone 2.1: 

[July-December 2014] 

 

 

Milestone 2.2: 

[January-July 2015] 

Objective 3:  

Identifying the biological role of the 

terpene synthases in grapevine by 

linking expression analysis of the 

individual terpene synthase encoding 

genes (from Objective 1) to specific 

terpenic products (from Objective 2) 

in grapevine tissues/organs during 

development and/or following 

inductions/treatments 

Milestone 3.1:  

Expression analysis (qRT-PCR) of 

TPS-encoding genes in grapevine 

 

Milestone 3.2: Volatile analysis 

(GC-MS) of grapevine 

tissues/organs showing upregulation 

of the TPS genes 

 

Milestone 3.3: Identifying possible 

correlations between expression 

profiles and volatile terpene 

biosynthesis 

Milestone 3.1: 

[January-December 2015] 

 

 

Milestone 3.2: 

[January-July 2016] 

 

 

 

Milestone 3.3: 

[January-December 2016] 

 
 
 

b)  WORKPLAN (MATERIALS AND METHODS) 
List trial sites, treatments, experimental layout and statistical detail, sampling detail, cold storage 
conditions and examination stages and parameters.  

 

The materials and methods are comprehensively described in the MSc thesis (Stellenbosch University, 

2016) of Mr SJ Smit. The following excerpts are relevant to this project.  

 
V. vinifera flower material 

All plant material was obtained from a Vititec mother block in Stellenbosch (33°57'35.1"S 18°51'43.6"E).  

Specific clones from nine V. vinifera cultivars (Table 1) were selected based on descriptors related to 

flavour and aroma attributes of the resulting wines (http://vititec.com/product-category/scion/ ).  Flowers 

were sampled between 08:30 and 10:00 (October 2014 and 2015).  A composite sample of six to eight 

flower bunches was collected at stage 17/18 according to the modified Eichhorn and Lorenz (E-L) system 

(Coombe, 1995).  Samples were kept on ice until they could be frozen using liquid nitrogen. Thereafter, 

the frozen flowers were removed from the rachis, milled to a fine powder and stored at -80°C. 

 

http://vititec.com/product-category/scion/
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Table 1. Cultivar clones selected for characterisation of flower volatiles.  Cultivar abbreviations used in this study 

are indicated along with the aromatic descriptors of the wine used to identify potential aromatic cultivars.  

 

Flower volatile analysis using head-space GC-MS analysis 

A method used for grape berry analysis (Young et al., 2015) was adapted for flowers.  Approximately 10 

mg of frozen homogenised tissue was weighed off directly into a 20 mL GC vial containing 2 mL tartrate 

extraction buffer (5 g/L tartaric acid, 2 g/L ascorbic acid and 8 mg/L sodium azide).  Anisole-D8 

(prepared in methanol) was added as an internal standard at a final concentration of 0.05 mg/L. Samples 

were prepared in triplicate and the vials sealed with a screw cap GC vial.  

Solid phase micro-extraction (SPME) of the vial head space (HS) was done using a 50/30 μm grey 

divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS) fiber (Supelco, Bellefonte, PA) that 

underwent pre-conditioning at 270°C for 60 min in the GC injection port according to the manufacturer’s 

specifications. 

Sample vials were pre-incubated for 5 min at 45°C in the autosampler heating chamber. The heating 

chamber was maintained at 45°C and agitated at 250 rpm to allow for equilibration of compounds 

between the sample and headspace. The fibre was inserted through the septa and exposed to the analytes 

in the headspace for 30 min, while maintaining the agitation speed and temperature at 250 rpm and 45°C, 

respectively. Desorbtion of the analytes took place in the GC injection port, where after, the fibre was 

maintained for 20 min in order to prevent any carryovers. 

An Agilent 6890N gas chromatograph (Agilent, Palo Alto, CA) system coupled to a CTC CombiPal 

Analytics auto-sampler and an Agilent 5975B inert XL EI/CI MSD mass spectrometer detector through a 

transfer line was used for the analyses. A Zebron 7HG-G009-11 ZB-FFAP capillary column (30 m x 250 

ID μm, 0.25 μm film thickness) (Phenomenex, USA) was used.  The desorption temperature for the 

analytes was 250°C for 5 min with a 10:1 split. Helium served as the carrier gas, having an initial flow 

rate of 1 mL/min. Initial oven temperature was maintained for 2 min at 40°C, followed by a linear 

increase of 10°C/min to a final temperate of 240°C which was held for an additional 2 min. The total run 

time was 24 min and the transfer line temperature was 250°C. 

 

Identification and quantification of volatiles 

Authentic standards for identification and quantification of volatiles were purchased from Sigma-Aldrich: 

(+)-valencene (≥ 70 %), E-β-farnesene (≥ 90 %), β-caryophyllene (≥ 80 %) and α-humelene (≥ 96 %).  

Stock solutions of the standards were prepared in methanol.  A calibration curve was prepared in 2 mL 

tartrate buffer containing 0.05 mg/L Anisole-D8 (internal standard).   

MSD ChemStation software (G1701-90057, Agilent) was used to visualise peaks in the total ion count 

(TIC) mode according to retention times.  Peak areas were integrated using the auto-integration function 

in combination with manual integration in order to insure that all peaks of interest were processed.  When 

no authentic standard was available, the Wiley 275 mass spectral library was used for compound 
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identification.  Where authentic standards were not available, concentration was calculated semi-

quantitatively using the response of (+)-valencene as reference. 

 

Isolation of putative TPS-encoding genes 

Total RNA was isolated from grapevine flowers at E-L18 for the V. vinifera cultivars Muscat 

D'Alexandrie (MA), Pinot noir (PN), Sauvignon Blanc (SB) and Shiraz (SH) according to the method 

described by Reid et al. (2006).  RNA was purified using the Bioline Isolate II Plant RNA kit (Celtic 

Molecular Diagnostics, RSA) followed by genomic DNA removal through on-column digestion with 

DNase I as described in the product manual of the aforementioned kit.  The integrity of the RNA was 

assessed on an agarose gel followed by cDNA synthesis using the ImProm-II Reverse Transcription 

System (Promega, USA). 

Putative TPS-encoding genes were isolated from cDNA pools using Phusion High Fidelity DNA 

polymerase (Thermo Scientific, RSA) followed by gel purification of PCR products with the Qiagen Gel 

Extraction kit (Qiagen, USA).  Primers used for gene isolation were designed using the Genoscope 12X 

genome repository (http://www.genoscope.cns.fr/externe/GenomeBrowser /Vitis/).  Gene targets were 

updated to the V1 genome IDs using the conversion tables available via CRIBI 

(http://genomes.cribi.unipd.it/grape/).   

 

Cloning of and sub-cloning putative TPS genes into yeast expression vectors 

Purified PCR products were A-tailed by incubation with ExTaq (Seperations, RSA) and ligated into the 

pGEM-T Easy vector (Promega, USA) according to the supplier’s protocol.  Ligated vectors were 

transformed into competent Escherichia coli DH5α cells and plated onto antibiotic selection plates.  

Positive transformants were confirmed through PCR, using T7 and SP6 primers described in the Promega 

pGEM-T Easy product manual, followed by plasmid isolations with the GenElute Plasmid Miniprep kit 

(Sigma-Aldrich, RSA).  Putative TPS-encoding genes underwent bi-directional sequencing (Central 

Analytical Facility, Stellenbosch University, South Africa) using T7/SP6 primers (Promega, USA) in 

combination with custom designed walking primers. 

Isolated plasmids from confirmed positive transformants were digested with the appropriate enzymes for 

ligation into an inducible pBluescript (pBS) yeast expression vector: pBS::GAL::Cyct1::URA3::.  The 

pBS vector was prepared for ligation with T4 DNA ligase (Promega, Madison, USA) through restriction 

digests with appropriate enzyme compatible with the genes of interest.  Competent E. coli cells were 

transformed and verified through colony PCR.  Plasmids were isolated according to the alkaline lysis 

method (Engebrecht et al., 1991).  Recombinant plasmids were linearised with the ApaI restriction 

enzyme and transformed to a modified GT051 Saccharomyces cerevisiae strain according to the TRAFO 

method (Gietz & Woods, 2002).  The strain was modified from the W303a strain described by Thomas 

and Rothstein (1989) to increase the metabolic flux to the FDP terpene precursor by over-expression of 

HMG1 (truncated) and IDI1 genes (Bezuidenhoudt, I., IWBT, Stellenbosch University).  Yeast 

transformants were plated on modified TRAFO synthetic drop-out plates that contained galactose as 

carbon source with the amino acids adenine, leucine and uracil omitted to maintain selective pressure 

(Gietz & Woods, 2002).  Putative yeast transformants were verified by colony PCR screening. 

 

Computational analysis of isolated TPS-encoding sequences 

Full-length gene sequences were manually curated and analysed using the CLC Main Workbench 

software (CLC Bio-Qiagen, Aarhus, Denmark).  The exon-intron organisation was determined with the 

NCBI-SPIDEY alignment tool (http://www.ncbi.nlm.nih.gov/spidey/) by comparing the isolated coding 

sequences to the reference genome sequence (V1 CRIBI ID in Table 5.1).  The exon-intron gene 

structures were visualised using FancyGene online tool (http://bio.ieo.eu/fancygene/).  The location of 

functional domains was determined using the Pfam protein family database (Finn et al., 2014).  The 

DDXXD, RRX8W and NSE/DTE motifs characteristic of TPS proteins were identified using the FIMO 

tool of the MEME suite (Bailey et al., 2009; Martin et al., 2010; Grant et al., 2011).  Putative gene 

identification was performed using standard nucleotide and protein BLAST analysis through NCBI 

(http://www.ncbi.nlm.nih.gov/) and CRIBI (http://genomes.cribi.unipd.it/grape/).  

Multiple sequence alignments of predicted protein sequences were performed against the V1 CRIBI 

predicted protein sequences using the CLC Sequence Viewer (CLC Bio-Qiagen, Aarhus, Denmark).  

Multiple sequence alignment parameters were as follow: gap open cost at two, gap extension cost at one 
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with the end-gap cost as any other.  A phylogenetic tree was constructed using the UPGMA method 

(Michener & Sokal, 1957) with Jukes-Cantor as the distance measure and 100 bootstrapping replicates.  

The percentage of amino acid residues that match that of the predicted protein sequence was determined 

through pairwise sequence alignment using the T-Coffee alignment tool 

(http://www.ebi.ac.uk/Tools/msa/tcoffee/). 

 

Volatile terpene analysis from yeast cultures 

Synthetic complete drop-out (SC) media (Gietz & Woods, 2002) was supplemented with MgSO4 to a 

final Mg2+ concentration of 5 mM and buffered to a pH of 6.0 using citrate buffer.  Pre-cultures of the 

respective yeast transformants were prepared in SC media with glucose (2 % w/v) as a carbon source.  

Cells were harvested through centrifugation (13,000 x g) and washed with sterile water.  TPS-expression 

was induced in sealed 20 mL GC-vials containing 5 mL SC media with galactose as carbon source.  

Assays were performed in triplicate (three positive transformants).  The starting optical density (OD) was 

0.7 at 600 nm.  After 16 h of induction at 30ºC with shaking, vials were placed at 4ºC for 1 h before 

analysis.  A 1 mL mixture of natamycin (Delvocid, 2 mg/mL) and anisole-D8 (internal standard, 50 μg/L) 

was added to each vial by piercing the vial septa using a sterile syringe.  Delvocid was prepared in 0.1 M 

NaOH and anisole-D8 was prepared in acetonitrile. 

Solid phase micro-extraction (SPME) of the vial head space (HS) was done using a 50/30 μm grey 

divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS) fibre (Supelco, Bellefonte, PA) that 

underwent pre-conditioning at 270°C for 60 min in the GC injection port according to the manufacturer 

specifications. 

Sample vials were pre-incubated for 5 min at 35°C in the autosampler heating chamber.  The heating 

chamber was maintained at 35°C and agitated at 250 rpm to allow for equilibration of compounds 

between the sample and headspace.  The fibre was inserted through the septa and exposed to the analytes 

in the headspace for 20 min, while maintaining the agitation speed and temperature at 250 rpm and 35°C, 

respectively.  Desorbtion of the analytes took place in the GC injection port where after the fibre was 

maintained for 20 min in order to prevent any carryovers. 

An Agilent 6890N gas chromatograph (Agilent, USA) system coupled to a CTC CombiPal Analytics 

auto-sampler and an Agilent 5975B inert XL EI/CI MSD mass spectrometer detector through a transfer 

line was used for the analyses. A Zebron 7HG-G009-11 ZB-FFAP capillary column (30 m x 250 ID μm, 

0.25 μm film thickness) (Phenomenex, USA) was used.  Desorption temperature for the analytes was 

250°C for 5 min with a 10:1 split. Helium served as carrier gas with an initial flow rate of 1 mL/min. 

Initial oven temperature was maintained for 2 min at 40°C, followed by a linear increase of 10°C/min to a 

final temperature of 240°C which was held for an additional 2 min. The total run time was 24 min and the 

transfer line temperature was 250°C. 

 

http://www.ebi.ac.uk/Tools/msa/tcoffee/
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c)  RESULTS AND DISCUSSION 
In silico expression analysis and hierarchical cluster analysis of publicly available expression data (from 

Vitis vinifera cv. Corvina), suggested that the genes encoding terpene synthases (TPS) are highly 

expressed in grapevine flowers (Figure 1).  This tissue was subsequently targeted for gene 

isolation/discovery and volatile analysis. 

 

 

 
Figure 1. Hierarchical cluster analysis of the expression of terpene synthases in grapevine tissue. In silico 

analysis of the expression of terpene synthase encoding genes in publicly available expression data sets. 

 

To investigate if this is true for other commercially relevant cultivars; the volatile terpenes from nine 

grapevine cultivars (Shiraz, Sauvignon Blanc, Pinot noir, Muscat d‘Alexandrie, Weisser Riesling, 

Viognier, Pinotage, Chardonnay and Chenin Blanc) were sourced from Grondves, Stellenbosch and 

analysed by GC-MS (Figure 2).  The terpenes are highly abundant in flower tissue and are temporally 

expressed (i.e. their concentration decreases as inflorescence/flower development advances), and there is, 

furthermore, evidence of cultivar differences in the volatile terpene profiles (i.e. differences in the 

presence/absence or amplitude of detected terpenes).  Of the nine cultivars analysed, Chardonnay, Pinot 

noir and Pinotage produced the lowest levels of volatile terpenes; and Shiraz, Viognier and Chenin Blanc 

the highest levels of volatile terpenes in the flower stages.   
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Figure 2.  Major volatiles from late inflorescence/early flowering developmentala stages for the 

respective cultivars are shown.  The abundance of sesquiterpenoids represented as total content (A), and 

as relative ratios as a percentage contribution to the total shown (B). 

 

RNA was subsequently extracted from the flower tissue of four selected grapevine cultivars (Shiraz, 

Sauvignon Blanc, Pinot noir and Muscat d‘Alexandrie) and cDNA synthesised. Twenty one additional 

putative terpene synthases were isolated from the four different grapevine cultivars (i.e. the gene isoforms 

of five TPS-encoding genes from four cultivars).  These putative genes were cloned, sequenced and 

analysed (Table 1).  Putatively functional isoforms were identified from the sequence analysis, and cloned 

into an optimised yeast expression system for functional analysis of volatiles (via GC-MS) (outlined in 

Figure 1).  The sequence data, in combination with the functional data, was used to identify unique 

cultivar differences in the terpenes produced by the respective TPS-encoding genes (in these four 

cultivars) (Table 1).  Additional inflorescence/flower samples were collected in the 2015-2016 season to 

focus on the changes in TPS expression and terpene content of a few selected cultivars in a higher 

resolution day/night cycle.  Climatic loggers (temperature, humidity, light, wind) were included to link 

environmental changes to TPS expression/volatile terpene production. 
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Figure 3.  Predicted and functional characterisation of terpene synthases via heterologous 

expression in yeast.  Summary of the isolated cultivar variants, functional predictions and genes that 

resulted in volatile terpenoids when expressed in a heterologous yeast expression system. 
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Table 1.  Nucleotide and protein sequence analysis TPS-encoding genes isolated from Shiraz (SH), 

Sauvignon Blanc (SB), Pinot noir (PN) and Muscat D’Alexandrie (MA) cDNA pools (.  Nucleotide 

length and the presence of an open reading frame (ORF) are shown.  If no ORF was found the nucleotide 

position of the premature stop codon is shown.  Protein sequence length, functional domain/region, motif 

positions as well as motif sequences are shown. 

 

 
 

 

 

The in planta role and significance of these volatile terpenes to the grapevine plant is the remaining focus 

of our study (i.e. linking the expression of specific TPS-encoding genes to the metabolism of volatile 

terpenes in grapevine).  Expression studies of a few selected cultivars will be completed in 2016. It is 

evident from literature that terpene modifying enzymes (e.g. glycosylation and cytochrome P450s) play a 

role in the regulation and/or functionality of terpenes and their derivatives in planta.  As with the terpene 

synthases, the enzymes involved in terpene modifications are found in large overrepresented gene 

families.  Preliminary co-expression studies using publicly available expression data of TPS-encoding 

genes revealed a number of candidate enzymes that are potentially involved in terpene modification, as 

well as transcription factors that are involved in the transcriptional regulation of TPS. 

Since it is known that the terpenic composition of grapevine berries contributes to the varietal character of 

the grapes and the resultant wine it is important to keep in mind that currently only the Pinot noir genome 

sequence is available. The sequence(s) of additional grapevine cultivars (most notably the more terpenic 

cultivars) are vital to our understanding of this large gene family. The large terpene synthase gene family 

and the fact that a terpene backbone can rearrange (non-enzymatically) to form numerous volatile 

terpenes, makes their study particularly challenging (experimentally). Additional grapevine sequences, 

and functional characterisation of individual TPSs (as in this study), will begin to address these issues. 

 
 

d)  CONCLUSIONS  
 

Functional analysis of TPS-encoding genes and chemical analysis of the flower volatilomes of nine 

commercial wine cultivars showed a unique composition for each.  Volatile terpenoid composition was 

influenced by the abundance and/or presence/absence of specific terpenoids in each of the cultivars.  The 

analytical method used in this study enriched for free volatiles and therefore reflected the volatiles that 
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were potentially emitted at flowering and consequently biologically relevant.  These emissions were 

dominated by sesquiterpenoids and four relatively diverse cultivars Chenin Blanc, Sauvignon Blanc, 

Weisser Riesling and Shiraz produced predominantly valencene and 7-epi-α-selinene as major volatiles.  

Interestingly, Muscat D'Alexandrie showed a unique volatilome with E-β-farnesene as major volatile 

(60% of the total).  This cultivar also expresses a novel cultivar-specific TPS-encoding gene that 

produced E-β-farnesene as single product in vivo.  Viognier’s flower volatilome was also different with β-

caryophyllene as the major volatile found (50%).  These two cultivars are seen as aromatic (typically 

floral) varieties with their unique volatilomes suggesting differences in their regulation of terpenoid 

metabolism.  Pinot noir was one of the lowest producers of sesquiterpenes (30% compared to Muscat 

D’Alexandrie) and showed decreased volatile diversity compared to the other eight cultivars studied.  It 

suggests that the current reference genome derived from a near homozygous Pinot noir cultivar, does not 

accurately represent the grapevine TPS gene family.   

These results suggest that the cultivar differences reported with regard to wine terpenoids; are even 

greater in flowers.  The absence of monoterpenoids can partially be explained by the in silico expression 

analysis and GC-MS method that was more suited to measure only free volatiles.  Co-expression data 

suggested increased expression of genes regulating glycosylation reactions at flowering.  It is thus 

possible that the mono- and sesquiterpenoids are deployed to fulfil separate functions with the former 

stored as glycosides to be deployed in defence responses while the latter serves as a volatile infochemcial 

for insect interactions (for example).  Future studies measuring both free and bound volatiles of flowers 

would be important to clarify the presence/absence of monoterpenoids and to what extent grapevine 

produces conjugated terpenes. 

This study provided insights in terpenoid gene regulation and functionality.  The complexity of cultivar-

specific terpenoids was shown to be influenced by compounding factors that include transcriptional 

regulation, mutations (with effects on functionality) and predicted interactions with modifying enzymes.  

An updated view of grapevine terpenoid metabolism for flower organs is provided with nine unique 

volatilomes for commercially important wine cultivars.  It is evident that the grapevine TPS gene family 

is complex and highly cultivar-specific, directly influencing the volatilome at a transcriptional level.  The 

biological significance of volatile terpenoid production in grapevine flowers and how they are influenced 

during berry development will require additional research. 

The terpenic composition of grape berries contributes to the varietal character of the grape and subsequent 

wine is well known. Understanding the basis of the varietal aromas of cultivars is still an active field of 

study, as is the impact of production practices in modulating the aromatic potential of the berries. 

Although the functioning of the enzymes are understood mechanistically, the relationship between the 

enzymes (presence and activity) and the origin (and fate) of terpenes in the complex grape matrix is still 

unknown. The availability of the grapevine genome sequence and the molecular tools developed in 

grapevine studies (i.e. genomics, transcriptomics and metabolomics) make it possible to identify, isolate 

and study individual terpene synthase-encoding genes. A specific terpene synthase encoding gene can 

then be linked to the production of a specific terpenic product and the derived functional information, 

together with gene expression data, can be used to evaluate the effect of, e.g. a stress and/or viticultural 

treatment to the metabolism of terpenes in grapes to understand, and ultimately exploit, these versatile 

biological compounds. 
 

6. ACCUMULATED OUTPUTS  
List ALL the outputs from the start of the project.  The year of each output must also be indicated. 

a) 2014: A Saccharomyces cerevisiae (yeast) expression system for constitutive or inducible expression of 

grapevine-derived terpene synthases has been established (PGK1 promoter and GAL1 promoter, respectively). 

The system is applicable for both monoterpene and sesquiterpene synthases (i.e. monoterpene and sesquiterpene 

production, respectively) 

b) 2014: The extraction of terpenes formed by the recombinant yeast has been optimised.   

a. Solid phase extractions (SPE) for aqueous (i.e. media) and organic phase (i.e. solvent trap, dodecane) 

have been implemented for subsequent GC-FID and GC-MS analysis.  

b. Headspace (HS)-solid phase micro extraction (SPME) has been implemented for the GC-MS analysis 

of volatiles released by recombinant yeasts. 

c) 2014: GC-FID and GC-MS analytical methods have been established for separation (GC-FID and GC-MS) and 

identification (GC-MS) of monoterpenes and/or sesquiterpenes produced by recombinant yeast strains. 

d) 2014: Students presented their projects at the Macrowine conference held in Stellenbosch, South Africa. 



Researcher surname 12 
 

This document is confidential and any unauthorised disclosure is prohibited 
  
Version 2015 

 

e) 2015: MSc student presented his research at Terpnet conference held in Vancouver, Canada. 

f) 2015: cDNA libraries constructed for four 4 grapevine cultivars for TPS gene discovery and expression. 

g) 2015: HS-SPME-GC-MS method optimised for analysis of grapevine volatiles. 

h)  

 
i) TECHNOLOGY DEVELOPED, PRODUCTS AND PATENTS 
Indicate the commercial potential of this project, e.g. Intellectual property rights or commercial product(s). 

1. 2014: A Saccharomyces cerevisiae (yeast) expression system for constitutive and galactose-inducible 

expression of grapevine-derived terpene synthases has been established (PGK1 promoter and GAL1 

promoter, respectively). The system is applicable for both monoterpene and sesquiterpene synthases (i.e. 

monoterpene and sesquiterpene production, respectively). 

2. 2014: The extraction of terpenes formed by the recombinant yeast has been evaluated.   

a. Solid phase extractions (SPE) for aqueous (i.e. media) and organic phase (i.e. solvent trap, 

dodecane) have been implemented for subsequent GC-FID and GC-MS analysis.  

b. Headspace (HS)-solid phase micro extraction (SPME) has been implemented for the GC-MS 

analysis of volatiles released by recombinant yeasts at ambient temperatures. 

3. 2014: GC-FID and GC-MS analytical methods have been established for separation (GC-FID and GC-MS) 

and identification (GC-MS) of monoterpenes and sesquiterpenes produced by recombinant yeast strains. 

4. 2015: HS-SPME-GC-MS method optimised for analysis of grapevine volatiles (inflorescence/flower and 

berry organs). 

 
 

j) SUGGESTIONS FOR TECHNOLOGY TRANSFER 
Provide steps taken to ensure the transfer of the gained/new information/knowledge to ultimately benefit 
the South African fresh fruit industry. 

Popular article published in Winelands:  
Young, P.R. Functions of volatile terpenes in grapevines. Published 1 Apr, 2016 in Oenology 
research of Winetech Technical. 
 

k) HUMAN RESOURCES DEVELOPMENT/TRAINING 
Complete the following table, adding more lines if necessary. 
 

Student Name and 
Surname 

Student Nationality 
Degree (e.g. 
MSc Agric, 
MComm) 

Level of 
studies in 

final year of 
project 

Graduation 
date 

Total cost to 
industry 

throughout 
the project 

Honours students   

Antoinette Oosthuizen South African BScHons BScHons 2015  

      

      

Masters Students   

Samuel J (Cobus) Smit South African  PhD 2015  

      

      

PhD students   

SJ Smit South African PhD PhD 2018  

Ilse Bezuidenhout South African PhD PhD 2017  

      

Postdocs   

Hans Eyeghe-Bickong Ghana   n/a  
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Support Personnel (not a requirement for HORTGRO Science) 

      

      

      

 
 
 
PERSONS PARTICIPATING IN THE PROJECT (Excluding students) 
 

Initials & Surname 
Highest 

Qualification 

Degree/ 
Diploma 

registered 
for 

Race 
(1) 

Gender 
(2) 

Institution & 
Department 

Position 
(3) 

Cost to 
Project 

R 

PR Young PhD n/a W M 
Stellenbosch University, 

DVO (IWBT) 
  

HA Eyeghe-Bickong PhD Post-doc B M 
Stellenbosch University, 

DVO (IWBT) 
PF  

M Korkie   B F 
Stellenbosch University, 

DVO (IWBT) 
TA  

        

        

        

        

        

 
(1)Race B = African, Coloured or Indian 
 W = White 
    
(2)Gender F = Female 
 M = Male 
    
(3)Position Co = Co-worker ( other researcher at your institution) 
 Coll = Collaborator ( participating researcher that does not receive funding for this project from industry) 
 PF = Post-doctoral fellow 
 PL = Project leader 
 RA = Research assistant 
 TA = Technical assistant/ technician 

 
 
 

l) PUBLICATIONS (POPULAR, PRESS RELEASES, SEMI-SCIENTIFIC, SCIENTIFIC)  
Please list using the format illustrated in the example below. ATTACH PDF COPIES OF ANY PAPERS 
ALREADY PUBLISHED 

 

Publications (popular, press releases, semi-scientific, scientific) 
Young P.R. Functions of volatile terpenes in grapevines. Winelands.  April, 2016 

http://www.wineland.co.za/technical/functions-of-volatile-terpenes-in-grapevines. 

Smit, S.J. (2016) Grapevine terpenoids and their contribution to the flower volatilome. Stellenbosch University 

MSc thesis (cum laude) 

 

 
 
m) PRESENTATIONS/PAPERS DELIVERED  
Please list using the format illustrated in the example below. 

 

http://www.wineland.co.za/technical/functions-of-volatile-terpenes-in-grapevines
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Presentations/papers delivered 
1. Smit, S.J., Young, P.R., Vivier, M.A. Terpene synthases: promiscuous enzymes synthesising a multitude of 

terpenic products with diverse functions in grapevine. MACROWINE 2014. Macromolecules and secondary 

metabolites of grapevine and wine, Stellenbosch, South Africa (7-10 September 2014).  

2. Bezuidenhout, I-M., Young, P.R. Jacobson, D. Smit, S., Potiron, A., and Vivier, M.A. 2014. Bridging the gap 

between the grapevine terpene synthase gene family and volatile terpenes found in the berry and wine. 

MACROWINE 2014. Macromolecules and secondary metabolites of grapevine and wine, Stellenbosch, South 

Africa (7-10 September 2014). 

3. Smit, S.J, Young, P.R. and Vivier, M.A. (2015). Exploring the in planta role of sesquiterpenes in grapevine 

flowers. Poster presented at TERPNET 2015 - 12th International Meeting on Biosynthesis, Functions, and 

Synthetic Biology of Isoprenoids, Vancouver, BC, CA. 

 

7. BUDGET (PHI projects to complete separate Excel annexure) 
 

TOTAL COST SUMMARY OF THE PROJECT 

 

YEAR 
 

CFPA DFTS Deciduous SATI Winetech THRIP OTHER TOTAL 

2014 
 

    250 000 125 000 0 375 000 

2015 
 

    362 500 181 250 0 543 750 

2016 
 

    330 000 0 0 330 000 

 
EVALUATION BY INDUSTRY 

 
This section is for office use only 
 

Project number 
 

  

Project name 
 

  

Name of Sub-Committee* 
 

 

Comments on project 

 

 

Committee’s recommendation (Review panel in the case of PHI) 
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 Accepted. 
 
          
 

 Accepted provisionally if the sub-committee’s comments are also addressed.   
Resubmit this final report by___________________________________ 

 
 
 

 Unacceptable.  Must resubmit final report.       
 
 
Chairperson__________________________________________      Date___________________  
 
 

*SUB-COMMITTEES 
 
Winetech 

Viticulture: Cultivation; Soil Science; Plant Biotechnology; Plant Protection; Plant Improvement;  
Oenology:  Vinification Technology; Bottling, Packaging and Distribution; Environmental Impact; Brandy and Distilling; 
Microbiology 
 
Deciduous Fruit 

Technical Advisory Committees:  Post-Harvest; Crop Production; Crop Protection; Technology Transfer 
Peer Work Groups: Post-Harvest; Horticulture; Soil Science; Breeding and Evaluation; Pathology; Entomology 
 
 

 

 


