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Abstract 

Grapevine (Vitis vinifera L.) is one of the most valuable crops in the world, but 
has been often plagued by encountering new parasites that still represent a major 
constraint, such as downy (DM) and powdery (PM) mildew. Nowadays, growers are still 
obliged to recur to a massive use of pesticides to prevent serious yield loss. In 
consequence, the research applied to breeding for resistance and the deployment of new 
resistant grapevine varieties are strongly encouraged as a step towards sustainable 
agriculture. In this study, we focus on the genetic characterization of numerous Vitis 
hybrids, donors of resistance to DM and/or PM, in order to identify selection signatures. 
In particular, 86 hybrids of European origin and of 100 American hybrids, along with 
30 related V. vinifera varieties, have been genotyped at 70 SSR loci. Based on the SSR 
profiles, the historical pedigree information has been checked and, following the true-
ness-to-type validation for most of the studied hybrids, the Identity By Descent (IBD) 
analysis has been performed, tracing the allelic flow through the successive generations. 

Here we report preliminary results about the identification of non-vinifera 
genomic intervals retained into the vinifera background. Subsequently, the genotyping 
analysis will be extended to the other 12 chromosomes (120 SSRs) and possibly to new 
crucial genotypes. The final result of this study will be the release of molecular markers 
valuable for grapevine Marker-Assisted Breeding (MAB) approach, upon their 
validation in ad hoc segregating populations. 
 
INTRODUCTION 

Despite its ancient origins, viticulture still represent a leading role in the economy 
of many European country and is rapidly gaining increasing value for many emerging 
countries, especially in South America. V. vinifera is still the most exploited species and 
nevertheless its high disease susceptibility remains an unmanageable concern. Cryptogamic 
diseases, such as DM and PM, represent some of the most severe plagues and growers are 
yet again obliged to recur to a massive use of pesticides to prevent serious yield loss. In the 
last decades the attention for environmental issues and the desire for a sustainable life style 
are living a remarkable escalation, influencing most political and economic agreements. 
Viticulture is no exception and for this precise reason, the research applied to breeding for 
resistance and the deployment of new resistant grapevine varieties are strongly encouraged 
as a step towards sustainable agriculture. In these years, many steps have been done, with 
numerous discoveries for potential applications such as the genome sequencing. 
Knowledge of resistant sources is constantly growing too. Yet however, traditional breeding 
approaches are still dominant, while MAB implementation has been minimal both at 
national and at international level. This work has been developed in order to complement 
traditional breeding with new validated tool for MAB, thus definitely reducing time and 
costs of the pure traditional breeding strategy. 
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MATERIAL AND METHODS 
 
Plant Material 

Grapevines used in this study included 178 genotypes selected among parents and 
putative ancestors, donors of resistances against important pathogens (DM and PM). This 
set includes: 89 Vitis hybrids of American origin, 60 Vitis hybrids of European origin, and 
29 V. vinifera varieties mainly employed in breeding program and present in the hybrid 
pedigree. In order to reconstruct the pedigree of the selected genotypes, the historical 
information on these European and American hybrids was studied and collected into a 
database, which is constantly under updating. 

 
DNA Extraction and Genetic Analysis 

Genomic DNA from the 178 overall genotypes was isolated from young leaves, 
about 2 cm large, using DNeasy Plant Mini Kit (Qiagen, The Netherlands) and the genomic 
DNA was analysed at 70 SSR loci. Markers have been chosen according to their physical 
distance along the reference genome (http://www.genoscope.cns.fr), in order to have an 
average of 10 well-scattered SSR loci along each of the 7 chromosomes that carry 
Resistance Gene Analogs (RGAs), according to the literature (Di Gaspero et al., 2007; 
Velasco et al., 2007). Capillary electrophoresis was carried out in an ABI 3130xl Genetic 
Analyzer (Life Tech, Foster City, CA) and the fragments were sized with GeneMapper 4.0 
in binning mode, using GeneScan 500LIZ size standard as an internal ladder (Life Tech). 
The allelic size range of each SSR locus was identified by a simplex assay on 96 
representative hybrids (Hot Start Taq, Qiagen), the information retrieved was used to design 
a multiplexing protocol based on (Migliaro et al., 2012) for the optimization of both time 
and costs. At the end 19 multiplex reactions (4 SSRs/multiplex average) were carried out 
with Type-it Microsatellite PCR Kit (Qiagen) and covered all selected loci. 

 
Pedigree Validation 

The SSR marker consistency check and the IBD analysis were performed with first 
module of the FlexQTL software (Bink, 2005). The pedigree and the allelic flow through 
successive generations were depicted with the Pedimap software (Voorrips et al., 2012). 

 
RESULTS AND DISCUSSION 

Despite many SSR loci are available for grapevine, literature on SSR profile quality 
and allele range is deficient, therefore we have chosen to amplify all selected microsatellites 
in a simplex assay on 96 representative genotypes. This has allowed to discard or substitute 
multilocus SSRs and markers with no clear amplification, as a first step. In a second time, 
this preliminary genetic analysis enabled the retrieval of the characteristic allele range that 
was exploited to group markers in multiplex PCR (Fig. 1). Final SSR profiles on 70 loci 
showed an average of 10 alleles per locus, confirming the informativeness of the selected 
markers. The constructed backbone of the 7 selected chromosomes was used to check the 
historical pedigree and to perform the IBD analysis. This allowed us to follow the 
inheritance of segments through successive generations. In particular in our case we have 
been able to detect which are the non-vinifera genomic intervals more frequently retained 
into the vinifera background (breeding signatures). The presence of commonly used 
markers also permitted the anchoring of the discovered signatures to the published 
grapevine genomes (Jaillon et al., 2007; Velasco et al., 2007), retrieving their physical 
position. In the next future this workflow will be extended to the remaining chromosomes 
to have a comprehensive overview on the allelic flow in grapevine breeding history. The 
whole genetic data set will then be complemented with phenotypic data on ad hoc 
segregating populations, following known protocols for disease assessment (Miclot et al., 
2011; Peressotti et al., 2010). This integration will definitely confirm the signature potential 
for MAB purpose, providing a new powerful tool to improve and speed up breeding 
programs for pathogen resistance in grapevine. 
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In fact, plant defense is a complex quantitative trait and breeding strategies have 
been largely exploited to pursue the goal of introducing high performing plants. The 
traditional mass selection carried out on the basis of individual phenotypes and the 
elimination of poor ones is time consuming and economically disadvantageous. Nowadays 
many researches demonstrated the importance of molecular tools to complement this 
strategy for an early selection of the suitable parental individuals. Genomics enables the 
study of many genes simultaneously on a genome-wide scale and research field focus on 
different specific, but complementary areas (Dekkers and Hospital, 2002; Ribaut and 
Hoisington, 1998). Molecular markers are available for many economically important traits 
in grapevine as well as in other fruit crops. Unfortunately, lack of knowledge of the allelic 
variation of the related genes hampers their full exploitation in commercial breeding 
programs. These markers have usually been identified in one single cross, consequently, 
only one or two favorable alleles of the related QTL are identified and exploitable for MAB, 
whereas a breeding program may include several alleles. This aspect is addressed with 
increasing interest, because pyramidization of different genes is expected to strengthen 
resistance durability and to integrate more interesting traits in one single genotype, as for 
example berry quality together with resistance. Selection for few alleles means that many 
favorable genotypes are ignored, which decreases efficiency and leads to genetic erosion.  

With this study we intend to connect genomic intervals and resistant traits in a 
relevant pool of genotypes, thus covering multiple generations and linking many 
segregating populations through their common parents and/or ancestors in the pedigree. 
This method allows the identification and exploitation of most alleles present in an ongoing 
breeding program. 
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Figurese 
 
 
 

 
 
Fig. 1. Multiplex PCR assay including 5 different SSR loci. 
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