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Grapevine Vein Necrosis is not Exclusively Associated to GRSPaV Group 2 Molecular Variants

INTRODUCTION

Grapevine rupestris stem pitting-associated virus (GRSPaV), member of the genus Foveavirus, is widely detected in grapevine. Six GRSPaV variants have been fully sequenced: GRSPaV-1, -SG1, -BS, -SY, -PN, -MG [START_REF] Morelli | Complete nucleotide sequence of a new variant of grapevine rupestris stem pitting-associated virus from southern Italy[END_REF][START_REF] Terlizzi | Detection of multiple sequence variants of Grapevine rupestris stem pitting-associated virus using primers targeting the polymerase domain and partial genome sequencing of a novel variant[END_REF]. They are divided into three main clusters defined as: cluster 1 (SY), cluster 2 split in sub-cluster 2a (SG1, MG) and sub-cluster 2b (-1) and cluster 3 (BS, PN). Some of them are supposed to be involved in diverse syndromes such as vein necrosis (VN) [START_REF] Bouyahia | Grapevine rupestris stem pitting-associated virus is linked with grapevine vein necrosis[END_REF]2009;[START_REF] Borgo | Le Progrès Agricole et Viticole[END_REF][START_REF] Morelli | Complete nucleotide sequence of a new variant of grapevine rupestris stem pitting-associated virus from southern Italy[END_REF].In the present study we analyzed the genetic diversity of GRSPaV in fifteen grapevine accessions showing different behaviors towards VN.

MATERIALS AND METHODS

Grapevine material: Biological indexing was realized by green grafting onto 110R as Grapevine Vein Necrosis (GVN) indicator (accession known to be GRSPaV free). Ten rootstock and five scion varieties collected from IFV experimental station (Le Grau du Roi, France) were tested. Total RNA extraction: RNA extraction was performed on 200 mg of cambial tissues from wood mature canes taken from the same plants according to the "RNeasy Plant Mini Kit" protocol (Qiagen, France). RT-PCR amplifications: Two-step RT-PCR was performed to generate GRSPaV amplicons within ORF5 encoding the protein capsid for subsequent sequencing (HotGoldStar Taq polymerase, Eurogentec) using the universal primers GRSPaV-CPF1/CPR2 [START_REF] Beuve | Viral sanitary status of declining grapevine Syrah clones and genetic diversity of Grapevine Rupestris stem pitting-associated virus[END_REF]. Cloning and sequence analyses: The GRSPaV specific 423 bp PCR products were cloned using TOPO TA Cloning Kit for Sequencing (Invitrogen, France). Eight to fifteen recombinant clones per plant were sequenced. The 231 sequences were aligned using CLUSTAL W. A phylogenetic tree was constructed with Mega 4 software and clustering of the GRSPaV variant was defined according to the bootstrap values above 70% using the neighborjoining algorithm [START_REF] Tamura | MEGA 4: Molecular Evolutionary Genetics Analysis (MEGA) software version 4.0[END_REF].

RESULTS AND DISCUSSION GRSPaV variability associated to vein necrosis symptomatology

As shown in table 1, biological indexing revealed that 7 plants were symptomless while 8 expressed symptoms of the disease. VN symptomless (VN-): 5 accessions out of 7 contained a homogeneous population of a single molecular variant belonging to either the group 1 (SY) or the group 3 (BS). The two other accessions harbored a mix of two groups: group 1 (SY) and 2b (-1) or group 2a (SG1) and 1 (SY). Interestingly, the VN-plants were essentially infected with viral variant belonging to group 1 (SY) or group 3 (BS). Neverthless, the group 2 was identified in 2 accessions without developing VN symptoms (Chasselas and Merlot); moreover it appeared to be the main variant in Merlot. VN symptomatic (VN+): 2 accessions out of 8 presented a single variant belonging to group 2b (-1). 5 accessions contained heterogeneous GRSPaV populations including the group 2. Thus, 7 out of 8 accessions exhibiting a VN positive phenotype, were infected with a variant belonging to group 2 (2a or 2b). We can notice that the variant 2a (SG1) was never detected here. A good correlation (80%) between vein necrosis disease and the presence of viral variants belonging to group 2 (-SG1, -1, -MG) is obtained (Table 2). Nevertheless, some exceptions can be noticed with, first, the absence of group 2 in one accession VN+ (SO4) and secondly, its identification in 2 accessions VN-(Chasselas and Merlot).
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Interestingly, three rootstock varieties presented an atypical viral diversity with the presence of mixtures of divergent sequence variants as previously found in scion varieties but not in rootstock varieties [START_REF] Meng | Genetic diversity analyses of grapevine Rupestris stem pitting-associated virus reveal distinct population structures in scion versus rootstock varieties[END_REF]. This is contradictory with the hypothesis of the adaptation between GRSPaV variants and Vitis species.

Our results lead to moderate the restricted relationship previously proposed between vein necrosis syndrome and molecular variants from GRSPaV group 2. Vein necrosis symptoms can develop in the absence of group 2 or when this group 2 remains in minority. By contrast, some plants remain free of symptoms even with the presence of variants from group 2 as the major group. This study sheds light on the pathogenicity of GRSPaV found almost ubiquitously in grapevine genotypes.

Table 1 .

 1 Distribution of molecular variants of GRSPaV in the two symptomatic categories.

	Variety	Biological Indexing	SY (1)	BS

Table 2 .

 2 Number of accessions infected/free from variants belonging to group 2 in both symptomatic categories.

	VN+	VN-
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