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grape quality, climate and grape cultivars  
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 Brief introduction of the principal “Omic” (high throughput) approaches  
 
 

 Trancriptomic and metabolomic in grape: platforms and technological advances 
 
 
 Some of the most recent results obtained by transcriptomic and metabolomic for 

berry ripening and plant responses to biotic and abiotic stresses 
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‘Omic’ approaches adopt a holistic view of the molecules that make up a cell, tissue or organism 

 
 
 

 

“OMIC” APPROACHES 
 

GENOMICS 
universal detection  

of genes  

TRANSCRIPTOMICS 
universal detection of transcripts 
 

PROTEOMICS 
universal detection of 

proteins  
 

METABOLOMICS 
universal detection of metabolites 

 



• The transcriptome depends on gene expression and therefore changes qualitatively and quantitatively 
according to cell type, developmental stage and in response to external conditions or physiological 
states  

TRANSCRIPTOMICS 
 

• Transcriptomic methods are based on one of two principles, both of which allow for a highly parallel 
analysis of thousands of transcripts: 
 

1) the digital analysis of sequence data by counting the number of times a particular sequence is 
represented in a sample; 
 
 

 
 
 
2)    the quantitative analysis of hybridisation data (array hybridization). 
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TRANSCRIPTOMICS 
 

2000 the first study aimed to identity genes expressed 
during ripening using low-throughput Sanger 
sequencing approach 
 

In 2004, the first commercial high-density 
oligonucleotide arrays became available for the 
grapevine (about 14.000 genes)  

In 2007 the complete genome was published and 
became possible to monitor gene expression at 
whole-genome level.  



VIGNE 

THE GRAPEVINE GENOME  
 
The Grapevine genome was sequenced by the  
Italian –French consortium  
 
 
29,971 genes were predicted in the grapevine genome 
 
 
The availability of the complete grapevine genome  
sequence allows for comprehensive transcriptomic  
experiments  
 
 

Development of miniaturized supports (microarrays) on 
which almost all grapevine genes, more than 29,000, are 
represented   

HYBRIDIZATION approach 

The recent technological advances in next-generation 
sequencing methods have been applied to 
transcriptomics. This approach, known as RNA-seq, gives  
a more complete information about gene expression 

SEQUENCING approach 

http://www.inra.fr/
http://sito.entecra.it/portale/index2.php?lingua=IT&access_flag=0


METABOLOMICS 
 

• Metabolomics can generally be defined as the study of a complete set of metabolites (small molecules Mr< 
1,000D) produced in a single cell, tissue or organ.  

• Like the transcriptome, the metabolome is dynamic and varies by cell type, developmental stage and in 
response to different stimulus.  

• Unlike the transcriptome, the metabolome can only be achieved using multiple analytical platforms to 
cover the chemical diversity of metabolites 

Mass spectrometry is the most commonly-used method to 
investigate/identify metabolites.  
 Ions are created from neutral metabolites, which are then separated according 
 to their mass-to-charge ratio (m/z) and detected to create a mass spectrum, 
 which is characteristic of the molecular mass and/or structure. 

 

MS associated with Gas chromatography (GC-MS) is used for the analysis of volatile metabolites 
MS associated with Liquid chromatography (LG-MS) is used for the analysis of non volatile metabolites 
 



TRANSCRIPTOMIC AND METABOLOMIC DATA ANALYSIS 
 

EXPRESSION PROFILE 
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Both transcriptomic and metabolomic analysis produce a huge amount of data 

BIOINFORMATIC  
TOOLS 

Genes and metabolites that significantly modify 
their expression or accumulation levels 



PRINCIPAL DEVELOPMENTAL AND PHYSIOLOGICAL PROCESSES  
INVESTIGATED BY TRANSCRIPTOMIC AND METABOLOMIC IN GRAPE 

BERRY FORMATION AND RIPENING 
 
 
 
 

RESPONSES TO BIOTIC AND ABIOTIC STRESSES 
 
 
 
 



BERRY FORMATION AND RIPENING 
 
 
 
 

2012_ The first gene expression atlas was 
established for grapevine 
 
Transcriptomic analysis of 52 samples 
representing different grapevine organs during 
development 
 
 

Photosynthesis 
Cell cycle 
Primary metabolism 

Sugar accumulation 
Softening 
Secondary metabolism 

Days after veraison 
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BERRY FORMATION AND RIPENING 
 
 
 
 

2013 

Samples from 11 vineyards sampled at 3 
developmental stages:    
Vèraison, Mid-Ripening and Fully Ripe 

3 Vintages studied:   
 2006 
 2007 
 2008   

Vintage impacts more than vineyard on total 
variability 

Vitis vinifera Cv Corvina – Clone 48 
 Red berry variety 
 Major component of “Amarone” wine 
 Most important clone cultivated in the                      

Verona area               



BERRY FORMATION AND RIPENING 

2015 

Valpolicella Bardolino Soave 

PARRAL                   GUYOT  

Genes expressed in a 
particular growing condition 
or associated to a particular 
growing system have been 
identified 



BERRY FORMATION AND RIPENING 
 
 
 
 

Volcanic soil 

Alluvional soil 

Transcriptomic and metabolomic 
responses to the different growing 
sites of Garganega were revealed 
 
Genes and metabolites belonging 
to the phenylpropanoid 
metabolism showed strongest 
responses 

2016 



Berry transcriptome analysis of ten Italian grapevine varieties 

BERRY FORMATION AND RIPENING 
 
 
 
 



RESPONSES TO BIOTIC AND ABIOTIC STRESSES 

BIOTIC STRESSES • Plasmopara viticola - downy mildew 
• Erysiphe necator - powdery mildew 
• Leafroll-associated virus 3 (GLRaV-3) 
 



RESPONSES TO BIOTIC AND ABIOTIC STRESSES 

ABIOTIC STRESSES 

WATER LIMITATION and 
DROUGHT 

Grapevine berries respond to drought by 
modulating several secondary metabolic 
pathways, with potential effects on grape 
and wine antioxidant potential, composition, 
and sensory features 

Involvement of genes related to 
secondary metabolism and JA 
during drought stress and the 
effect of different rootstocks 



RESPONSES TO BIOTIC AND ABIOTIC STRESSES 

TEMPERATURE 

VITICULTURAL PRACTICES 

DPF DI 



RESPONSES TO ABIOTIC STRESSES, DEVELOPMENT AND CULTIVARS 

November 
2016 



GRAPE POSTHARVEST DEHYDRATION 
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HARVEST 

Physical and chemical changes  

Increase in solute concentration  

Modulation of primary and secondary metabolism 

ABIOTIC FACTORS  
BIOTIC FACTORS (Botrytis) 

 

SENESCENCE OVERRIPENING / 

STRESS RESPONSE 

DETACHMENT FROM THE PLANT 
 
DEHYDRATION STRESS 
 

H2O 

H2O 



CORVINA 
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CABERNET 
SAUVIGNON 

OSELETA 

POSTHARVEST DEHYDRATION IN SIX VARIETIES 
 



POSTHARVEST DEHYDRATION IN SIX VARIETIES 
 

The activation of stilbene metabolism seems to represent a general molecular event that occurs in dehydrating berries 
after harvest, although the modulation intensity of stilbene accumulation clearly distinguished the behavior of 
genotypes. 
 



CONCLUSIONS 

• Transcriptomic and metabolomic analyses allow us to obtain a large amount of 
information regarding transcript and metabolite changes that characterize a particular 
developmental process or a specific stress response 
 

•Technological advances are constantly improving the analytical power of “omic” 
approaches  
 

•These approaches are ever more applicable to real conditions in the field 
 

•Limits:  
o high experimental costs, in particular for transcriptomics; 
o the needed of bioinformatics support; 
o the limited information about a single gene or metabolite function 
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