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LATEST  TECHNICS  TO IMPROVE THE MONITORING OF GRAPEBERRY RIPENING

Introduction : Control of  Maturation, its economic impact. Dedicated on going research. Spectrum  of the latest analytical and technological tools.
CLAUDE FLANZY (INRA-Agro Montpellier)
I  Modern approaches of ripening physiology
Scientific understanding  of the ripening phenomenon

* Physiology

Physiological factors triggering ripening

JEAN-PIERRE GAUDILLÈRE (Inra Bordeaux)
Lien vers Gaudillere.pdf 
Management of Ripening

ALAIN CARBONNEAU (Agro Montpellier- IHEV)
Lien vers Carbonneau.pdf
* Molecular Biology
Grapevine genomics and ripening on-going worldwide research

· ROMAIN FOUQUET et SERGE  DELROT (Université Poitiers)

· MARK THOMAS (Adélaïde, Australie)

· GRANT CRAMER (Univ.Reno, Nevada) water stress

Lien vers Fouquet-Cramer-Delrot-Thomas.pdf 
The impact of ripening on wine-making:  links between  ripeness and targeted  types of wine.

MARIO  FALCETTI (Contadi Castaldi, Italie) 

Lien vers Falcetti.pdf

II Evaluation of ripeness – Analytic tools
The use of sensorial analysis for evaluating the enological potentialities of  the grapes
FLORENCE GRAS ( ICV , Montpellier)

Lien vers Gras.pdf

Approaches to assessment of the harvest biological content thru IRTF*. Evaluation of ripeness level, technological potential and presence of contaminating microorganisms. 
MARC DUBERNET (Laboratoire Œnologique, Narbonne)
Lien vers Dubernet.pdf

Three recent  techniques for evaluating the quality of grapes.

· NIR Spectrometer   JM DESSEIGNE ( ITV) 

· Imagery on harvest : CH.GUIZARD (Cemagref), Sylvie ROUSSEL

· Aroma precursors thru  IRTF* : R .GUÉRIN-SCHNEIDER (ITV-INRA Montpellier)
Synthesis and conclusion 
PETER HAYES  Association’s President
Lien vers Hayes.pdf 
I  Modern approaches of ripening physiology
Physiological factors triggering veraison

JP Gaudillere
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Veraison is a step between vegetative growth and maturation making the fruit attractive and edible by animals, and favouring seed dispersion.

The main events are:

Softening of cell wall, by pectine depolymerization or demethylation.

Flavonoids pathways are induced (anthocyanins) or inhibited (stilbenes).

Sucrose is mostly stored instead to feed the biosynthetic or energetic pathways.

Storage of nitrogen as amino acids (mainly arginin)

Organic acid (malic, tartaric, citric...) net synthesis ceases.

Vacuolar membrane became leaky and malic acid is metabolized

Extracellular and Stress proteins are synthetized 

General signals related to veraison 

In the field veraison occurs after a defined thermal time counted after anthesis. The realisation of the development steps till veraison rely on trophic signals provides by the vine to the berries. Sugar starvation delay veraison of the berries. Other trophic signals, water or nitrogen status has only indirect effect by affecting source-sink relationships and sugar availability to the berries.

Local signals related to veraison.

Among many tested hormones only abscissic acid and ethylene variations suggest their direct role on the veraison process. But the precise mechanism is not known.

Recent studies involve other signals as transcription factors, protein kinases or new classes of hormones (steroides) during veraison.

Conclusion:

Veraison is at the beginning of a huge change in the berry metabolism, from vegetative growth to scheduled senescence. Molecular studies confirm the very big change in the gene expression profiles. They are till not sufficiently targeted to identify the chronological steps which lead berries to the inception of maturation.

Grapevine genomics and ripening on-going worldwide research

Understanding berry development and quality through a genomics approach

Peter Hayes and Mark R. Thomas

Berry quality, yield, water use efficiency and disease resistance are just a few examples of traits controlled by genes present in the grapevine genome. Discovering these genes and linking them to specific traits can be achieved by using a genomics approach.

Over the last 5 years there has been significant international research activity in grapevine gene discovery. As part of an international collaboration through the International Grape Genome Program (IGGP) many research groups have submitted gene sequences to public databases as a means of sharing data and encouraging further research. This approach has proved very successful and if we assume that grapevine has approximately 25,000 genes then nearly half of all grapevine genes have now been discovered. This is a significant achievement in such a short time. An extension of this gene discovery research is the use of the sequence information for gene expression studies using microarrays. The advantage of microarrays is that it can be used to look at the expression of thousands of genes at a time instead of the traditional approach of investigating one gene at a time.

In Australia we are using grapevine microarray technology to advance our understanding of berry development and quality. The growth of the berry is the result of complex interactions between the environment, the imposed management regime and the genotype (genes) of the cultivar. An extensive body of knowledge exists, built up over more than a hundred years, which describes the best environment for growing grapevines and appropriate viticultural management techniques. In contrast, very little is known about the genes that are responsible for berry development and quality. Microarray technology has the potential to greatly advance our knowledge in this area and also provide insight into how the genes responsible for berry growth respond to environmental and viticultural management treatments. 

An extensive study is being conducted in Australia using microarrays to investigate berry development of Cabernet Sauvignon over 3 seasons grown in 3 different regions (Clare, Willunga and Mildura) that range from mild to hot growing conditions. Different management treatments are also being investigated and include cane verus spur pruning and normal irrigation compared to partial deficit irrigation.

The study has found that berry development is far more complex than initially thought. In addition to thousands of genes changing their level of expression at veraison, with many being turned on or off, additional stages both pre and post-veraison have been identified where significant gene expression changes are occurring. As a result of this research key genes and processes involved in berry development have been identified.

One of these new findings is that grapes are on steroids. Brassinosteroids (BR) are a class of plant steroidal hormones not previously implicated in fruit development. The research has shown that brassinosteroids have a role in berry development. Gene expression analysis of these genes during berry development revealed gene transcript accumulation patterns that were consistent with a dramatic increase in endogenous BR levels observed at the onset of fruit ripening. Application of BRs to grape berries promoted ripening, while brassinazole, an inhibitor of BR biosynthesis, delayed fruit ripening.

The use of gene expression studies to investigate fruit with differing quality characteristics may also provide clues as to what genes are responsible for berry quality characters or off flavours. For example, the levels of some compounds important to flavour are present at extremely small levels and are difficult to measure. Microarray technology offers the possibility of monitoring their synthesis via gene expression analysis.

It is clear that the study of genes will lead to a better understanding of berry development. Future application of this knowledge may lead to better vineyard management decision support systems and development of new varieties with improved fruit quality.

References

Symons GM, Davies C, Shavrukov Y, Dry IB, Reid JB, Thomas MR (2006) Grapes on steroids. Brassinosteroids are involved in grape berry ripening. Plant Physiology 140: 150-158

Acknowledgements

The research was supported by CSIRO Plant Industry, the Cooperative Research Centre for Viticulture and the Grape & Wine Research Development Corporation.

Transcriptomics will have Significant Impacts on Grapevine Research and Wine Quality
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Transcriptomics is the study of the transcriptome, the complete set of messenger RNA transcripts that can be translated into proteins and enzymes. It is a very powerful approach towards understanding gene function and can lead to important strategies for plant improvement.

A good example of how this approach has been used for gene discovery is a global transcript analysis of ripening strawberries (Aharoni, Keizer et al. 2000). Strawberry cDNA microarrays were used for several stages of ripening strawberries and a number of genes induced by ripening were identified. One cDNA clone had sequence similarity to other known genes encoding enzymes with acyltransferase activity. The strawberry alcohol acyltransferase (SAAT) was highly expressed in semi-ripe to very ripe strawberries only. Functional expression of the SAAT cDNA in E. coli confirmed that SAAT produced volatile esters from alcohols as measured by gas chromatography-mass spectrometry (GC-MS). These same volatile esters also contributed to important flavor components in ripe strawberries.

Working in close collaboration with the International Grape Genome Program, (www.vitaceae.org) and Affymetrix, we have taken a leading role in designing and developing a first-generation oligonucleotide microarray for grapes called the GeneChip® Vitis vinifera Genome Array (http://www.affymetrix.com/products/arrays/specific/vitis.affx) that was made publicly available in June 2004. The current design contains probe sets for 14,650 Vitis vinifera genes and an additional 1,944 probe sets for various non-vinifera species and hybrids. The Vitis array is the first array to provide wide coverage of the V. vinifera genome and was developed as part of the GeneChip® Consortia Design Program, a collaborative initiative that has allowed Affymetrix and international plant and animal research communities together to create novel whole-genome arrays.

The availability of the GeneChip® Vitis vinifera Genome Array permits detailed gene expression profiling studies to be conducted on a wide range of research topics related to grape biology, viticulture and enology. Ultimately, the above GeneChip® has the potential to become a powerful diagnostic tool that will afford growers the ability to assess the results of viticulture practices on wine composition and flavor. This avenue of research will enable improvements to be made in both production efficiency and wine quality under both favorable and environmentally adverse growing conditions.

We are using the GeneChip® Vitis vinifera Genome Array to survey tissue-specific mRNA expression patterns within grape berries and other tissues, such as leaves and roots, and to examine changes in gene expression in response to water-deficit stress treatment. Our results indicate that there are pronounced differences in transcript patterns among berry tissues of Cabernet Sauvignon. Skin tissue, which is involved in pathogen defense and pigment production, showed an increase in the relative transcript abundance of genes concerned with flavonoid biosynthesis, pathogen resistance, and cell wall modification. Pulp, which is considered a nutritive tissue, exhibited increased transcript abundance of genes involved with cell wall function and transport processes. Seeds, which supply essential resources for embryo development, showed increased transcript abundance of phenylpropanoid biosynthetic genes, seed storage protein genes and late embryogenesis abundant protein genes. We also observe pronounced gene expression differences between berries harvested from well-watered and water-deficit-treated grapevines including increased transcript expression patterns of genes involved in ion and water transport, phenylpropanoid biosynthesis, and stress responses. These results reveal novel insights into the molecular mechanisms governing tissue differentiation within berries and show that water deficit stress profoundly affects berry gene products that impact wine quality.

In another study of berry development for two different cultivars, Cabernet Sauvignon and Chardonnay, we found pronounced differences in gene expression patterns not only for each of the developmental stages examined, but also depending on water status changes and the cultivar examined. Between 27 to 34% of the 14,650 gene probes represented on the microarray show differential expression across berry development in both cultivars. Our results indicated that transcript abundance for the phenylpropanoid pathway (affecting berry phenolics and color) was significantly different between the two cultivars and affected by water stress. Detailed analysis of the transcript expression patterns of transcription factor gene families indicated a divergence in transcriptional responses to water stress and between cultivars throughout berry development. In addition, we have linked the effects of water-deficit stress to changes in the expression of several genes and aromas in Chardonnay berries and wines. These studies provide new insights into the complex interactions between fruit development and environmental stress and the relationship between water deficit stress and wine quality.

One long-term goal of our research is to develop diagnostic tools that will allow producers to more efficiently monitor the effects of viticultural practices on gene expression networks that influence aroma, color, flavor and health-promoting components of wine.
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II Evaluation of ripeness – Analytic tools
Berry Sensory Analysis : a decision tool for berry quality assessment

Florence GRAS, Jacques ROUSSEAU* 

* Corresponding author : Institut Coopératif du Vin,  Département Vignes & Vins, La Jasse de Maurin, F34970 Lattes. E-mail : jrousseau@icv.fr
Quantified Descriptive Sensory Analysis of berries is a useful rool to assess berry maturity level. This method can give, through a minimum training, informations on both maturity level and wine potential.

A research program was set up by ICV from 2000 to 2005. Its aim was to characterize sensory profiles of 7 varieties of southern France: : grenache, syrah, merlot, cabernet-sauvignon, carignan, chardonnay, sauvignon. Wines were experimentally processed according to a standardized process from lots of grapes during 3 years. Comparisons between Berry Sensory Analysis and Wine Sensory Analysis could establish relationships between maturity level at harvest on grapes and winestyle. For each variety, two standard profiles were created: minimum maturity requirements and optimum maturity profile.

These two profiles can be used as decision tools in order

(1) to assess vineyards according to their grape potential, 

(2)  to propose adapted maturity requirements

(3) to assess maturity progression and to decide optimum harvesting date

according to required winestyles.

Approaches to assessment of the harvest biological content thru IRTF*. Evaluation of ripeness level, technological potential and presence of contaminating microorganisms. 

Marc DUBERNET (Laboratoires DUBERNET, Narbonne – France)

Summary

The international development of FTIR systems is actually very important for wine and musts analysis. There are very efficient for the quantitative evaluation of many components of musts. This allows a pertinent approach of the maturity index of grapes and their technological potential. Authors showed also that an important information is present in the middle range infra-red spectrum of the musts. This information is connected to the metabolites produced by  micro-organisms which can be present on grapes before ripening (Botrytis cinerea, Aspergillus carbonarius, yeasts and bacteria). The determination of this information and its statistic treatment allows a measurement of the true impact of the micro-organisms on the grapes quality.

Recent  techniques for evaluating the quality of grapes.

1. Harvest Quality assessment by near infrared spectroscopy 

Jean-Michel Desseigne, ITV France

Wine quality is determined by an array of factors with grape quality is the fundamental element. Thus, the assessment of grape quality potentiel is one of the priorities of the vine grower and the oenologist interested in producing quality wines adapted to the market : the maturation has to be controlled, the optimum harvesting date set, the plots selected, the grapes paid according to their quality, the vinification protocol determined and planned, the traceability guaranteed from the vine to the consumer…

In the vineyard, this assessment is traditionally carried out by visual controls, samplings (samples of 200 berries and cluster fractions) and destructive laboratory analyses. The main difficulty of these controls lies in the large variability of the berries from one cluster and among the clusters from one plot.The grape sampling technique is essential and results strongly depend on the expertise of the sampler. Upon delivery at the winery, the harvest quality can also be assessed with must.  Sampling conditions and sample preparation (temperature, sample handling…) can have a considerable influence on the values to be measured, especially with regards to acidity and polyphenols.

Near Infrared technology (NIRs) allows to measure the entire fruit directly, by simple contact and at high speed (a few hundred milliseconds). In fact, in this spectral band light penetrates the product to depths, wich can reach several centimetres. In other agricultural industries (meat, cereals, dairy products…), near infrared product assessment and selection methods are already widely implemented.

From 2002 to 2004, ITV, Cemagref, Inra , CTIFL and ACTA (who financed the project)have worked on the development and validation of a portable sensor, usable in the field and allowing to characterize grape quality regarding « sugar », « acidity », and « polyphenols » by simple contact. The measure is based on near infrared spectrophotometry.

The feasibility of predicting sugar levels of berries ang clusters by simple contact with a near infrared sensor has been established. The method performance and specifically the robustness are good since the quality of the output was shown to be independent from the variety, the terroir and the vintage. For the prediction of the two other essential grape quality parameters, i.e. acidity and grape colours (anthycyanins), the feasibility was also demonstrated with clusters.

The prototype « tongs » sensor developed for berries could be applied in research centres or service laboratories, where ripening heterogeneity remains a poorly studied parameter because of the absence of rapid methods.

Regarding the utilisation of the « trompblon » sensor with grape clusters, the overall results show that it is possible to develop a portable device capable of mesasuring the average quality of a vineyard by simple and non-destructive contact allowing to assess the sugar, total acidity and anthocyanin contents.

* SPIR : Spectroscopie Proche Infra Rouge

** NIR s : Near Infra Red Spectroscopy

2. RAPID ANALYSIS OF GRAPE aroma glycoconjugates

 USING FT-IR and chemometric techniques

Rémi GUERIN-SCHNEIDER 1,2,*, Raymond BAUMES 2

1 ITV France, Unité de Nîmes, détaché à l’INRA-UMR-Sciences pour l’œnologie

2 INRA-UMR-Sciences pour l’Oenologie, 2 place Viala, Bât. 28, 34060 Montpellier cedex

ABSTRACT

Varietal aroma of most wines from non aromatic grapes is partly dependent on the qualitative and quantitative composition of glycosidic precursors in grapes. The most used method (reference method) to determine those precursors is a multi-step process, based on the quantitation of aglycons extracted after enzymatic hydrolis of grape glycosidic extracts. This method is time-consuming and requires specific apparatus such as GC-MS, and thus is not convenient for a large scale use in wineries or enological labs. The only rapid method to assess these glycoconjugates (Red-Free Glycosyl-Glucose method) allows only their total quantitative determination, without distinction between the different chemical families of glycosidic precursors,which limits its interest.

We developed a new method using FT-IR spectroscopy and chemometric techniques allowing to determine rapidly but more finely these glycosidic precursors. Vitis vinifera cv. Melon B. grapes grown in different areas of Muscadet vineyard (Western France) and harvested at different maturity stages were used to demonstrate the potentiality of this analysis method. Predictive PLS regressions were established using samples representative of glycoside variability These statisticall correlations were performed between the quantitative data obtained using the reference method and the IR-TF spectra (2000-1000 cm-1) of glycosidic extracts from the same samples. These models allowed to quantitatively determine the total levels of C13-norisoprenoidic and monoterpenic glycoconjugates, the most relevant aroma glycoconjugates for Muscadet wines. The same method was then succesfully applied on Riesling, Gewurztraminer and Chardonnay, with similar performance results and new developpements are now studied on red varieties such as Grenache noir and Syrah.
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David Schooley, John Cushman, and Grant Cramer (left to right) in the vineyard. 





The GeneChip® Vitis Array
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