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INTRODUCTION 

Flavescence dorée (FD) is a severe and widespread quarantine disease that affects grapevines in 

various European viticultural regions (Boudon-Padieu et al., 2002). It is caused by a phytoplasma 

(FDp), and grapevine varieties exhibit different levels of susceptibility to the disease. Cabernet 

Sauvignon (CS) is highly susceptible whilst Merlot (M) is less susceptible (Eveillard et al., 2016). 

Previous studies have shown that phytoplasma infections lead to significant transcriptomic and 

metabolomic changes in grapevines (Bertazzon et al., 2019; Dermastia, 2019; Margaria et al., 2014; 

Prezelj et al., 2016). The purpose of this study is to better decipher the differences of response to FDp 

infection of various grapevine cultivars, and identify biomarkers associated with reduced 

susceptibility. This was achieved under controlled conditions integrating transcriptomics, metabolic 

profiling and physiological studies. 

MATERIALS AND METHODS 

For all experiments, grapevine plants were inoculated with FDp strain FDPEY-05 (Papura et al., 2009) 

in a high-confinement greenhouse as described in Eveillard et al. (2016). FDp-infected or non-infected 

Scaphoideus titanus were placed for a one-week transmission on the fifth leaf from the apex. One week 

post-inoculation (wpi) and ten wpi, leaves were collected from each plant and immediately frozen in 

liquid nitrogen. Plant DNA extractions and phytoplasma absolute qPCR quantifications were 

performed as in Eveillard et al., 2016. For transcriptomic analysis, RNA extraction and reverse 

transcription were performed as in Dufour et al. (2016) followed by a high-throughput qPCR method 

(Fluidigm ©) with the pathways-targeted NeoViGen and Biostim chips (Bodin et al., 2020; Bodin et 

al., 2023; Dufour et al., 2016). For metabolic profiling, ethanolic extraction was performed on 

lyophilized samples. Soluble sugars, organic acids, free total amino acids, starch, proteins and cellular 

residues were quantified through enzymatic methods and via spectrophotometric/fluorescent assays. 

Physiological data, i.e. stomatal conductance and chlorophyll a fluorescence, have been acquired with 

the LI-COR 600 System in automatic mode. All statistical analyses were performed using R Studio 

(version 4.3.2.). 

RESULTS AND DISCUSSION 

No phytoplasma was detected in the leaves of the grapevines that were exposed to non-infected insects. 

Phytoplasma titers at 1 wpi were non statistically different among the grape varieties tested. However, 

titers were significantly higher in CS than in M at 10 wpi. 

Transcriptomic analysis revealed specific gene expressions for each plant condition. Indeed, principal 

component analysis (PCA) separated infected and healthy plants on the first dimension and varieties 

on the second dimension. For example, infected-M showed overexpression of genes involved in 

jasmonic acid pathways, while healthy-M modulated the genes related to salicylic acid and ethylene 

pathways. 

Results using the LI-COR 600 system also suggested different responses depending on the 
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susceptibility of grapevine varieties. Indeed, in M and CS, chlorophyll fluorescence tended to increase 
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in M but decreased in CS in infected leaves. The stomatal conductance significantly decreased in 

infected leaves at 10 wpi, as compared to leaves exposed to non-infected insects. 

Finally, preliminary enzymatic assays indicate that, at 1 wpi, carbohydrate levels increased in infected 

CS as compared to healthy ones, while they decreased in infected M. 

Altogether, these results are in line with studies showing significant transcriptomic differences 

between healthy and phytoplasma-infected plants, as well as between highly susceptible and poorly 

susceptible varieties (Bertazzon et al., 2019; Margaria et al., 2014). Additionally, the reduction in 

chlorophyll fluorescence in infected cultivars, directly linked to photosystem II activity, is in 

agreement with findings indicating a decrease in chlorophyll content (Teixeira et al., 2020). 

ACKNOWLEDGEMENTS 

We thank our colleagues T. Lusseau, D. Lacaze and T. Mauduit for production of insect and plant 

material. We thank also J. Masson and M. Perrin for supplying in vitro plantlets. This research was 

funded by the ‘Conseil Interprofessionnel du Vin de Bordeaux’, ‘France Agrimer’, the Nouvelle 

Aquitaine region, ‘Plan National Dépérissement du Vignoble’ and “Grand Programme de Recherche 

– Bordeaux Plant Science” of the University of Bordeaux. 

REFERENCES 

Bodin E., Bellée, A., Dufour, M. C., André, O., & Corio-Costet, M. F. (2020). Grapevine Stimulation: A 

Multidisciplinary Approach to Investigate the Effects of Biostimulants and a Plant Defense Stimulator. 

Journal 

of Agricultural and Food Chemistry, 68(51), 15085–15096. https://doi.org/10.1021/acs.jafc.0c05849 

Bodin, E., Jollard, C., Dasse, A., Dufour, M. C., Razan, F., Desqué, D., Corio-Costet, M. F, Malembic-Maher 

S, & 

Eveillard, S. (2023). Insights into grapevine gene responses to ‘flavescence 

doree’phytoplasma. Phytopathogenic Mollicutes, 13(1), 19-20. 

Boudon-Padieu E 2002. Flavescence dorée of the grapevine: knowledge and new developments in 

epidemiology, etiology 

and diagnosis. ATTI Giornate Fitopatologiche, 1:15-34. 

Bertazzon N, Bagnaresi P, Forte V, Mazzucotelli E, Filippin L, Guerra D, Zechini A, Cattivelli L, Angelini E 

2019. 

Grapevine comparative early transcriptomic profiling suggests that Flavescence dorée phytoplasma represses 

plant responses induced by vector feeding in susceptible varieties. BMC Genomics, 20(1):526. 

Dermastia M 2019. Plant Hormones in Phytoplasma Infected Plants. Frontiers in Plant Science, 10:477. 

Dufour M.-C., Magnin, N., Dumas, B., Vergnes, S., & Corio-Costet, M.-F. (2016). High-throughput gene-

expression 

quantification of grapevine defense responses in the field using microfluidic dynamic arrays. BMC Genomics, 

17(1), 957. https://doi.org/10.1186/s12864-016-3304. 

Eveillard S, Jollard C, Labroussaa F, Khalil D, Perrin M, Desqué D, Salar P, Razan F, Hévin C, Bordenave L, 

Foissac X, 

Masson JE, Malembic-Maher S 2016. Contrasting Susceptibilities to Flavescence Dorée in Vitis vinifera, 

Rootstocks and Wild Vitis Species. Frontiers in Plant Science, 7:1762. 

Margaria P, Ferrandino A, Caciagli P, Kedrina O, Schubert A, Palmano S 2014. Metabolic and transcript 

analysis of the 

flavonoid pathway in diseased and recovered Nebbiolo and Barbera grapevines (Vitis vinifera L.) following 

infection by Flavescence dorée phytoplasma. Plant Cell and Environment, 37:2183-200. 

Papura D, Delmotte F, Giresse X, Salar P, Danet J-L, Van Helden M, Foissac X, Malembic-Maher S. (2009). 

Comparing 

the spatial genetic structures of the Flavescence dorée phytoplasma and its leafhopper vector Scaphoideus 



titanus. 

Infection, Genetics and Evolution, 9 (5), 867-876. 

Prezelj N, Covington E, Roitsch T, Gruden K, Fragner L, Weckwerth W, Chersicola M, Vodopivec M, 

Dermastia M 2016. 

Metabolic Consequences of Infection of Grapevine (Vitis vinifera L.) cv. “Modra frankinja” with Flavescence 

Dorée Phytoplasma. Frontiers in Plant Science, 7 :711 

Teixeira A., Martins V., Frusciante S., Cruz T., Noronha H., Diretto G., Gerós H. (2020). Flavescence Dorée-

Derived Leaf 

Yellowing in Grapevine (Vitis vinifera L.) Is Associated to a General Repression of Isoprenoid Biosynthetic 

Pathways. Frontiers in Plant Science, 17;11: 896. doi: 10.3389/fpls.2020.00896. PMID: 32625230; PMCID: 

PMC7311760. 

 

 


