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Abstract 
Grapevine (Vitis vinifera L.) is the most widely grown fruit crop with an annual production of more 
than 67 million tons, while its derivatives have a large and expanding world-wide market. However, 
grapevine cultivars are susceptible to many pathogens, either by direct infection of the berries 
themselves or through the reduction of plant vigour, both of which reduce fruit quality and yield. 
Disease control is currently carried out by intensive use of pesticides, with an undesirable 
environmental impact. To reduce excessive use of phytochemicals in the vineyard, alternative 
strategies have been explored. Many longstanding breeding programmes have been established in 
the past aimed at combining V. vinifera fruit quality traits with resistance traits brought in by other 
Vitis species. This has, however, proved to be a difficult task, due to the quantitative nature of 
resistance determination, the long generation time, and the high heterozygosity and inbreeding 
depression of grapevines. The recent discovery of the Pinot Noir genome sequence represents an 
important new resource in tackling the problem and provides us with the possibility of defining the 
genomic regions responsible for resistance traits and of identifying the candidate genes underlying 
the known resistance Quantitative Trait Loci (QTLs). 
 
 
Looking for Resistance genes in the Pinot Noir genome 
Plants have the capacity to recognise and reject pathogens at various stages and they respond to 
infection using a two-branched innate immune system. The first branch recognises and responds 
to molecules common to many classes of microbes while the second responds to pathogen-
specific virulence factors through the gene-to-gene pathway. This patovar-specific recognition 
mechanism is peculiar to cultivated plants displaying dominant resistance genes which mediate the 
signal transduction cascade leading to deployment of the defence mechanism. The majority of 
these resistance proteins contain a nucleotide binding site (NBS) and a leucine-rich repeat domain 
(LRR). The LRR domain recognises specifically the pathogen effector trough via an antibody-like 
interaction, whereas the NBS domain acting as a molecular switch transduces the signal to the 
downstream signalling network. 
Based on resistance domain analyses, we found that the Pinot Noir genome contains 341 
resistance genes, a number comparable to other sequenced plant species, such as  Arabidopsis 
(207) and poplar (398). Phylogenetic analysis of grapevine resistance genes reveals 5 major 
clades (Figure 1) corresponding to 5 different families, identified by their different domain 
compositions. 
These resistance genes are preferentially located on LGs 5, 7, 9, 12, 13, 18 and 19 and they are 
associated in clusters and superclusters, as previously reported (Figure 1). Members of the same 
cluster generally belong to the same phylogenetic clade, suggesting tandem gene duplication as 
the main mechanism for gene clustering. When clusters are, instead, composed of genes of 
different clades, ectopic recombination or chromosomal recombination may occur. 
 
 
Using the genome for molecular breeding 
Disease resistance genes represent a significant portion of the grapevine genome. In spite of this, 
many grape cultivars, including Pinot Noir, are susceptible to several pathogens, which may be 
due to defective pathogen recognition. Resistance genes are undergoing diversifying pathogen-
stimulated selection and allelic variability in resistance domains has been associated with resistant 
and susceptible cultivars. This suggests that in grapevine resistance alleles have not co-evolved in 
the presence of its pathogens. However, since resistance syntenic regions have been observed in 
several Vitis species, information about the resistance gene loci positioned on the Pinot Noir 
genome can be of great interest in defining the candidate genes responsible for resistant 
phenotypes in resistance hybrids.  
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To investigate this, we compared the position of the resistance genes on the Pinot Noir genome 
with the QTLs for downy mildew resistance. The QTL experiments at IASMA were based on two 
hybrid grape progenies obtained from the cross ‘Moscato bianco’ x V. riparia and one from the 
cross ‘VRH3082 1-42’ (V. rotundifolia x V. vinifera) x ‘Sk77 5/3’ (V. amurensis x V. vinifera), 
segregating for downy mildew resistance (Figure 2). Interestingly, some QTLs localised are 
actually in correspondence with clusters of resistance genes positioned on the Pinot Noir genome 
(Figure 1), consistent with previous reports. Interestingly, the major QTL for downy mildew 
resistance identified in the grape hybrid ‘Regent’ was also found to co-localise with a resistance 
gene cluster in the distal part of LG 18.  
Precise knowledge of the position of resistance genes is hence of great value in order to isolate 
candidate genes responsible for traits of interest.  
 
Conclusions 
The grape genome sequence now opens up the opportunity to establish a new breeding plan for 
this crop. The resistance gene clusters identified here can be associated with QTLs affecting 
disease resistance in grape varieties or their tolerance behaviour. The large and under-exploited 
reservoir of resistance genes uncovered by the genome sequence could be easily moved in 
clusters across wild and cultivated genomes by selective adoption of appropriate molecular 
markers. This would then prevent the occurrence of undesirable traits inherited from the wild 
parental lines which are used as a resistance source in traditional breeding, and also the loss of 
alleles which are important for berry quality. 
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Figure 1 
Phylogenetic analysis of Pinot Noir resistance genes. The phylogenetic clades correspond closely 
to the classification based on protein domains: TIR-NBS-LRR in blue; CC-NBS-LRRa in green; 
CC-NBS-LRRb in yellow; NBS-LRR in cyan; CC-NBS-LRR in red. B, positioning of NBS genes on 
the Pinot Noir LGs. Resistance genes according to phylogenetic analysis are represented by 
coloured dots, and molecular markers of the genetic map (http://genomics.research.iasma.it) are 
shown on the left together with the interval in cM between the two closest markers in each gene 
cluster. Main downy mildew QTLs are highlighted on the left of LG 13 and 18 (Velasco et al., 2007 
PLoS ONE 2: e1326). 
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Figure 2 
Sporulation on grapevine leaves infected with Plasmopara viticola. 
 
 

 


