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Bonjour a tous,

Nous souhaitons partager avec vous l'analyse bibliographique
menée dans le cadre des travaux de la commission Recherche de
I'ISVV, avec l'appui de Jessica Vallance (bsa, save) et de
Clément Saint-Cast (inrae, egfv).

Dans un premier temps, cette analyse est volontairement limitée
aux sciences « dures », et porte sur les articles publiés dans des
revues a comité de lecture (WOS, SCOPUS). Elle n’integre donc
pas les productions relevant des sciences humaines et sociales.
Cet aspect constituera un axe d’amélioration pour la poursuite
des travaux de la commission.

Cette analyse vise a mieux nous connaitre, a examiner nos
productions scientifiques avec objectivité et a mieux définir notre
identité. Elle permet également de mettre en lumiere nos points
forts, d’identifier des domaines propices aux collaborations
internes et d’esquisser une premiere cartographie de nos
partenaires. En revanche, elle n'a pas pour objectif de comparer
I'ISVV a d’autres instituts vigne-vin a I’échelle internationale.
Nous espérons que vous apprécierez ce travail.

N’hésitez pas a nous contacter pour toute question ou
complément d’information,

Treés bonnes fétes de fin d’année,
Francois Delmotte
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PNAS

Grapevines under drought do not express esca leaf
symptoms

AGRICULTURAL SCIENCES

Giovanni Bortolami () %, Gregory A. Gambetta (%) °, Cédric Cassan®?, Silvina Dayer () °, Elena Farolfi
2 Nathalie Ferrer?, Yves Gibon®?, Jérdme Jolivet?, Pascal Lecomte () 2, and Chio¢ E. L. Delmas (%) *'

Edited by Louis S. Santiago, University of California, Riverside, CA, and accepted by Editorial Board Member Sean R. Cutler
September 1, 2021 (received for review July 13, 2021)

October 21,2021 118 (43) 2112825118 | https://doi.org/10.1073/pnas.2112825118

Significance

The world is witnessing a sharp increase in perennial plant dieback. The hypothesized
cause is that environmental stresses such as drought are interacting with pathogens
fueling plant decline. Global viticulture has seen similar decreases in fruit yield and vine
longevity. One of the hypothesized causes is a synergy between drought and the
grapevine vascular disease esca, for which there is no known curative treatment. In sharp
contrast to this theory, our study demonstrates that drought completely suppresses esca
leaf symptoms, and although esca and drought both alter plant water transport and
carbon balance, they do so in completely distinct ways. This understanding reveals the
complexity and unpredictability of the stress interactions thought to drive plant mortality.

In the context of climate change, plant mortality is increasing worldwide in both natural
and agroecosystems. However, our understanding of the underlying causes is limited
by the complex interactions between abiotic and biotic factors and the technical
challenges that limit investigations of these interactions. Here, we studied the
interaction between two main drivers of mortality, drought and vascular disease (esca),
in one of the world’s most economically valuable fruit crops, grapevine. We found that
drought totally inhibited esca leaf symptom expression. We disentangled the plant
physiological response to the two stresses by quantifying whole-plant water relations
(i.e., water potential and stomatal conductance) and carbon balance (i.e., CO,
assimilation, chlorophyll, and nonstructural carbohydrates). Our results highlight the
distinct physiology behind these two stress responses, indicating that esca (and
subsequent stomatal conductance decline) does not result from decreases in water
potential and generates different gas exchange and nonstructural carbohydrate
seasonal dynamics compared to drought.
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Plant Physiology*

Model-assisted ideotyping reveals trait syndromes to
adapt viticulture to a drier climate

4,1
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The author responsible for distribution of materials integral to the findings presented in this article in accordance with the policy described in the
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Abstract

Climate change is challenging the resilience of grapevine (Vitis), one of the most important crops worldwide. Adapting viti-
culture to a hotter and drier future will require a multifaceted approach including the breeding of more drought-tolerant
genotypes. In this study, we focused on plant hydraulics as a multi-trait system that allows the plant to maintain hydraulic
integrity and gas exchange rates longer under drought. We quantified a broad range of drought-related traits within and
across Vitis species, created in silico libraries of trait combinations, and then identified drought tolerant trait syndromes. By
modeling the maintenance of hydraulic integrity of current cultivars and the drought tolerant trait syndromes, we identi-
fied elite ideotypes that increased the amount of time they could experience drought without leaf hydraulic failure.
Generally, elites exhibited a trait syndrome with lower stomatal conductance, earlier stomatal closure, and a larger hydrau-
lic safety margin. We demonstrated that, when compared with current cultivars, elite ideotypes have the potential to de-
crease the risk of hydraulic failure across wine regions under future climate scenarios. This study reveals the syndrome of
traits that can be leveraged to protect grapevine from experiencing hydraulic failure under drought and increase drought
tolerance.
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Dual domestications and origin of traits in grapevine evolu-
tion
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Origins and domestication of grapevines

Humans have extensively shaped the organisms around us through domestication. Although wine and table
grapes have been important culturally for thousands of years, their origin has been difficult to pinpoint be-
cause of uneven sampling of modern cultivars. Dong et al. analyzed genetic data from about 3500 cultivated
and wild grape varieties from around the world (see the Perspective by Allaby). The results of their analysis
reveal the effects of climate on historic population sizes, suggest concurrent domestications of wine and
table grapes, and identify variants associated with domestication traits such as berry color and palatability.
These results increase our understanding of how humans and the environment shaped this domesticated
crop. —CNS
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Deep inside the epigenetic memories of stressed plants
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Highlights

Molecular mechanisms underlying the ‘intelligence’ of plants are far from being fully understood while they are under a profound debate in{
community.

The contribution of the different types of epigenetic machinery (DNA methylation, chromatin remodeling, and RNA-mediated regulation) to ¢
storage, elaboration, and transmission needs to be elucidated.

Epigenetic modifications are inherited through mitosis and in part through meiosis, thereby contributing to the long-term adaptation of plant
climate change.
Light shed on mechanisms of plant stress memories allows to define, piece by piece, an epigenetic alphabet of plant responses to environr

The epigenetic ‘orchestra’ is played by hundreds of molecular players (writers, readers, erasers) that operate in a fine-tuned, coordinated
contribute to the symphony of plant intelligence even in the absence of a nervous system.

Abstract

Recent evidence sheds light on the peculiar type of plant intelligence. Plants have developed complex molecular networks that allow them t¢
choose, and make decisions depending on the stress stimulus, although they lack a nervous system. Being sessile, plants can exploit these
optimize their resources cost-effectively and maximize their fitness in response to multiple environmental stresses. Even more interesting is

transmit this experience to the next generation(s) through epigenetic modifications that add to the classical genetic inheritance. In this opinic
present concepts and perspectives regarding the capabilities of plants to sense, perceive, remember, re-elaborate, respond, and to some ex
their progeny information to adapt more efficiently to climate change.
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Untargeted metabolomics analyses to identify a new sweet compound
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released during post-fermentation maceration of wine.
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ARTICLE INFO

Keywords:
Sweetness

post-fermentation maceration
untargeted metabolomics analysis
taste

wine

UHPLC -HRMS

ABSTRACT

The sensory quality of a wine is maml) based on its aroma and flavor. Sweetness contributes in the gustatory
balance of red wines. The i of d: in this flavor was based on mell‘l(dl ubst:n-d-
tions, such as the increase in wine during yeast lysi: i to post-f cera

inred ki d bol a ach using UHPLC HRMS has been developed to discover a
new sweet molecule released during lh:s sugu Amung several markers hlghhghlu.l one cumpound was selected
to be isolated by various It was Py by NMR as N6-
succinyladenosine and is reported for the first time in wine at an average wnunu-.mun of 3.16 mg/L in 85
red wines. Furthermore, sensory analysis has highlighted its sweetness. In addition to discovering a new sweet

compound in wine, this study proposes new tools for dying taste-active ds in natural ices.
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Highlighting the varietal origin of eugenol in Armagnac wine spirits from
Baco blanc, a hybrid grape variety

Céline Franc ™ , Laurent Riquier Xavxer Hastoy *, Clémence Monsant *, Paul Noiville”,
! d Pelonni gimel , ie Marchand *, Sophie Tempére *, Marie-Claude Ségur ,
Gilles de Revel ™

* Univ. Bordeaux, INRAE, Bordeax INP, Bordeaicx Sciences Agro, UMR 1366, OENO, ISVV, Villenave d'Ornon F-33140, France
® Bureau National interprofessionnel de I'Armagnac (BNIA), Bause 32800, France

ARTICLE INFO ABSTRACT

Keywords: We report on the first evidence of a varietal origin of eugenol as a molecular marker in Baco blanc, one of the
Direct peoducer hybrid grape varieties used to produce Armagnac. Eugenol was identified and quantified by HS-SPME-GC-MS. For two
Baco 224

separate vintages, the concentrations found in monovarietal wine spirits made from Baco blanc, were, on
by average, 10 times higher than those in other Vitis varieties, ranging from 31.0 to 174.7 pg/L. Investigations were
e carried out to quantify eugenol in the wines used for distillation, in the musts and finally in several parts of the
Glycosides plant. For all matrices over both vintages, it was confirmed that eugenol is much more abundant in Baco blanc
SPME-GC-MS than in Ugni blanc and Folle blanche. Moreoves, enzymatic hydrolysis made it passible to release a significant
Chemicat compound sudied in this articie: quantity of eugenol from precursars, demonstrating that mare than 90% of eugenol is bound in the must and in
Eugenol (PubChem CID 3314) the grape berry pulp.

Tolerant variety
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Alcoholic fermentation drives the selection of Oenococcus oeni strains in B

wine but not in cider

Aitor Balmaseda ®™“ "', Marc Lorentzen >"', Lucie Dutilh *”, Rémi Bauduin “,

Hugues Guichard “, Séverine Ollivier °, Cécile Miot-Sertier “*”, Patrick M. Lucas "~
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Tarragona, Catalonia, Spain
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ARTICLE INFO ABSTRACT

Keywords: Oenococcus oeni is the predominant lactic acid bacteria species in wine and cider, where it performs the malo-
Oenococcus oeni lactic fermentation (MLF). The O. oeni strains analyzed to date form four major genetic lineages named phy-
:hyi:s'f’“l’:j . logroups A, B, C and D. Most of the strains isolated from wine, cider, or kombucha belong to phylogroups A, B +
“’,’l‘x’m ation dynamics C, and D, respectively, although B and C strains were also detected in wine. This study was performed to better

the distribution of the in wine and cider. Their were ined by
qPCR all through wine and cider productions, and the behavior of the strains was analyzed in synthetic wines and
ciders. Phylogroups A, B and C were all represented in grape must and the alcoholic

but on the transition to MLF, only phylogroup A remained at high levels in all wine productions. In the case of
cider, phylogroups A, B and C were detected in stable levels during the process. When they were tested in
synthetic wine and cider, all phylogroups performed MLF, but with different survival rates depending on the
ethanol content. In this sense, ethanol and fermentation kinetics are the main agent that drives the selection of
phylogroup A strains in wine, while B and C strains dominates in cider containing less ethanol.

Malolactic fermentation
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Review Article Published: 26 March 2024
Climate change impacts and adaptations of wine

production

Cornelis van Leeuwen &9, Giovanni Sgubin, Benjamin Bois, Nathalie Ollat, Didier Swingedouw, Sébastien Zito &

Gregory A. Gambetta

Nature Reviews Earth & Environment 5, 258-275 (2024) | Cite this article

20k Accesses | 86 Citations | 1828 Altmetric | Metrics

Abstract

Climate change is affecting grape yield, composition and wine quality. As a result, the geography of
wine production is changing. In this Review, we discuss the consequences of changing temperature,
precipitation, humidity, radiation and CO; on global wine production and explore adaptation
strategies. Current winegrowing regions are primarily located at mid-latitudes (California, USA;
southern France; northern Spain and Italy; Barossa, Australia; Stellenbosch, South Africa; and
Mendoza, Argentina, among others), where the climate is warm enough to allow grape ripening, but
without excessive heat, and relatively dry to avoid strong disease pressure. About 90% of traditional
wine regions in coastal and lowland regions of Spain, Italy, Greece and southern California could be
atrisk of disappearing by the end of the century because of excessive drought and more frequent
heatwaves with climate change. Warmer temperatures might increase suitability for other regions
(Washington State, Oregon, Tasmania, northern France) and are driving the emergence of new wine
regions, like the southern United Kingdom. The degree of these changes in suitability strongly
depends on the level of temperature rise. Existing producers can adapt to a certain level of warming
by changing plant material (varieties and rootstocks), training systems and vineyard management.
However, these adaptations might not be enough to maintain economically viable wine production
inall areas. Future research should aim to assess the economic impact of climate change adaptation
strategies applied at large scale.

Adaptation au changement climatique

Received: 16 May 2022 | Revised: 13 September 2022 | Accepted: 30 September 2022

DOL: 10.1111/gcb. 16493
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Abstract

Evaluating the potential climatic suitability for premium wine production is crucial for
adaptation planning in Europe. While new wine regions may emerge out of the tra-
ditional boundaries, most of the present-day renowned winemaking regions may be
threatened by climate change. Here, we analyse the future evolution of the geography
of wine production over Europe, through the definition of a novel climatic suitability
indicator, which is calculated over the projected grapevine phenological phases to ac-
count for their possible contractions under global warming. Our approach consists in
coupling six different de-biased downscaled climate projections under two different
scenarios of global warming with four phenological models for different grapevine va-
rieties. The resulting suitability indicator is based on fuzzy logic and is calculated over
three main components measuring (i) the timing of the fruit physiological maturity, (i)
the risk of water stress and (iii) the risk of pests and diseases. The results demonstrate
that the level of global warming largely determines the distribution of future wine re-
gions. For a global temperature increase limited to 2°C above the pre-industrial level,
the suitable areas over the traditional regions are reduced by about 4%/°C rise, while
for higher levels of global warming, the rate of this loss increases up to 17%/°C. This is
compensated by a gradual emergence of new wine regions out of the traditional bound-
aries. Moreover, we show that reallocating better-suited grapevine varieties to warmer
conditions may be a viable adaptation measure to cope with the projected suitability
loss over the traditional regions. However, the effectiveness of this strategy appears to
decrease as the level of global warming increases. Overall, these findings suggest the
existence of a safe limit below 2°C of global warming for the European winemaking sec-
tor, while adaptation might become far more challenging beyond this threshold.

KEYWORDS
adaptation to dimate change, climate change, general circulation model, phenological model,
Vitis vinifera L.
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The interplay of landscape composition and
configuration: new pathways to manage functional
biodiversity and agroecosystem services across Europe
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Abstract

Managing agricultural landscapes to support biodiversity and ecosystem
services is a key aim of a sustainable agriculture. However, how the spatial
arrangement of crop fields and other habitats in landscapes impacts
arthropods and their functions is poorly known. Synthesising data from 49
studies (1515 landscapes) across Europe, we examined effects of landscape
composition (% habitats) and configuration (edge density) on arthropods in
fields and their margins, pest control, pollination and yields. Configuration
effects interacted with the proportions of crop and non-crop habitats, and
species’ dietary, dispersal and overwintering traits led to contrasting
responses to landscape variables. Overall, however, in landscapes with high
edge density, 70% of pollinator and 44% of natural enemy species reached
highest abundances and pollination and pest control improved 1.7- and 1.4-
fold respectively. Arable-dominated landscapes with high edge densities
achieved high yields. This suggests that enhancing edge density in European
agroecosystems can promote functional biodiversity and yield-enhancing
ecosystem services.
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Article Published: 14 November 2022
The supply of multiple ecosystem services requires biodiversity
across spatial scales
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Abstract

The impact of local biodiversity loss on ecosystem functioning is well established, but the role of larger-scale

biodiversity dynamics in the delivery of ecosystem services remains poorly understood. Here we address this
using a comprehensive dataset describing the supply of 16 cultural, regulating and provisioning ecosystem se
150 European agricultural grassland plots, and detailed multi-scale data on land use and plant diversity. After

controlling for land-use and abiotic factors, we show that both plot-level and surrounding plant diversity play
important role in the supply of cultural and aboveground regulating ecosystem services. In contrast, provisiol
belowground regulating ecosystem services are more strongly driven by field-level management and abiotic f
Structural equation models revealed that surrounding plant diversity promotes ecosystem services both dired
probably by fostering the spill-over of ecosystem service providers from surrounding areas, and indirectly, by
maintaining plot-level diversity. By influencing the ecosystem services that local stakeholders prioritized, bio
atdifferent scales was also shown to positively influence a wide range of stakeholder groups. These results pro
comprehensive picture of which ecosystem services rely most strongly on biodiversity, and the respective sca
biodiversity that drive these services. This key information is required for the upscaling of blodiversity -ecosy

service rel hips, and the inf

of biodiversity within agricultural landscapes.
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Both long-term grasslands and crop diversity are needed
to limit pest and weed infestations in agricultural
landscapes
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Significance

Increasing landscape heterogeneity through crop diversity and amount of seminatural
habitats have both been suggested to improve natural pest control in arable fields.
However, despite decades of research, very little is known about the respective
contributions of the various components of landscape heterogeneity in reducing weed and
insect pest infestations in arable fields. We show that among landscape features,
grasslands rather than woody elements, and long-term grasslands rather than temporary
grasslands (hay), increased the top—down control of insect pests, especially in crops
where pest infestation was high. Conversely, weed control was best explained by crop
diversity at the landscape scale. Our findings suggest that public policies should target
landscape mosaics harboring long-term grasslands and crop diversification.

Increasing landscape heterogeneity has been suggested to be an important strategy to
strengthen natural pest control in crops, especially through enhancing the amount of
seminatural habitats. Increasing crop diversity is also a promising strategy to
complement or replace seminatural habitat when seminatural habitat is scarce.
However, their relative or possibly interactive effects on pest and weed infestation
remain poorly investigated, and the role of different types of seminatural habitats has
been understudied. Using an extensive sampling effort in 974 arable fields across 7 y,
we evaluated the separate and interactive effects of crop diversity (seven arable crop
types) and the amount of four types of inatural habitats ( d , hay, forests,
and hedgerows) in the landscape on pest and weed control. Meadows and crop
diversity, respectively, supported insect pest and weed control services in agricultural
landscapes through a complementarity effect. Crop diversity increased weed seed
predation rate (by 16%) and reduced weed infestation (by 6%), whereas long-term
grasslands (to a much higher degree than hay or woody habitats) increased insect pest
predation rates (by 23%) and reduced pest infestation (by 19%) in most arable crops.
Our results demonstrate that diversification of the agricultural landscape requires long-
term grasslands as well as improved crop diversity to ensure the delivery of efficient
pest and weed control services.
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Abstract

Climate change induces major changes in wine typicity due to its impact on berry composition at harvest. This is of great concern for winegrowing
regions historically renowned for their terroir and quality potential. Among different levers to adapt to climate change, the modification of grape
varieties is considered to be very effective. However, this powerful tool can have repercussions for the protection of the region of origin's wine
typicity. In Bordeaux (France), a considerable research effort addresses the physiological traits of new varieties to thrive in a climate becoming
increasingly dry and warm. Recently, a study investigating the typicity of 26 red varieties isolated five potential candidates (Fer Servadou, Duras,
Manseng noir, Vinhao and Arinarnoa) sharing similar sensorial spaces compared to classical Bordeaux varieties. Varietal mix is strictly regulated by
protected denomination of origin (PDO) rules, although these can change over time. If new varieties were to be accepted in the Bordeaux varietal
mix, it would most likely be as secondary varieties accounting for a small proportion in the final Bordeaux blend. This study aimed to assess the
impact of the five abovementioned varieties when incorporated into a classical Bordeaux blend (i.e., Cabernet-Sauvignon, Merlot, Cabernet franc
and Petit Verdot), at a proportion of 10 % and 30 % respectively. Two sensory analysis tests were conducted within a two-month period. The first
one, which included 37 professional judges, showed that Bordeaux wine typicity barely changed when these varieties were introduced at 10 % or
30 %, except for Vinhao that underwent a slight typicity decrease. The second sensory analysis test was conducted by 20 highly professional judges
with an exceptional degree of expertise (> 15 years of experience), especially in blending. Assessing the wines through both blind and non-blind
tastings (indication of the varieties present in the blend), the importance of the information on the typicity judgment was assessed. No significant
differences were recorded between non-blind and blind tastings, showing that the perceptual judgement of the highly-experienced professionals was
not influenced by the introduction of the new varieties to the classical blend. By means of ranking tests, this sensory analysis also showed that the
Bordeaux reference blend was the most typical of the wines. Duras and Arinarnoa at 10 or 30 % had a non-significant effect on the blend's typicity,
while a significant decrease of typicity was observed when Fer Servadou (at 10 % or 30 %), Manseng noir (at 30 %) or Vinhao (at 30 %) were
introduced to the Bordeaux reference blend. This shift of typicity only occurs, however, on a tight continuum of less to more typical wines.
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Keys for a resilient viticulture

Romain Darriaut!, Vincent Lai , Isabelle Masneuf- 2de?3, Elisa Marguerit!, Guilherme Martins2'3, Stéphane Compant®, Patricia Ballestra?,
Steven Upton?, Nathalie Ollat! and Virginie Lauvergeatl*

1EGFV, Univ. Bordeaux, Bordeaux Sciences Agro, INRAE, ISVV, F-33882, Villenave d'Ornon, France

2Université de Bordeaux, UMR Oenologie 1366, INRAE, Bordeaux INP, Bordeaux Sciences Agro, ISV, Villenave d'Omon, France

3Bordeaux Sciences Agro, 33170 Gradignan, France

4AIT Austrian Institute of Technology, Center for Health and Bioresources, Bioresources Unit, Konrad Lorenz Strae 24, Tulln, A-3430, Austria
*Corresponding author. E-mail: virginie lauvergeat@inrae.fr

Abstract

Soil microbiota has increasingly been shown to play an integral role in viticulture resilience. The emergence of new metagenomic and
culturomic technologies has led to significant advances in the study of microbial biodiversity. In the agricultural sector, soil and plant
microbiomes have been found to significantly improve resistance to environmental stressors and diseases, as well as influencing
crop yields and fruit quality thus improving sustainability under shifting environments. Grapevines are usually cultivated as a scion
grafted on rootstocks, which are selected according to pedoclimatic conditions and cultural practices, known as terroir. The rootstock
connects the surrounding soil to the vine’s aerial part and impacts scion growth and berry quality. Understanding rootstock and
soil microbiome dynamics is a relevant and important field of study, which may be critical to improve viticulture sustainability and
resilience. This review aims to highlight the relationship between grapevine roots and telluric microbiota diversity and activity. In
addition, this review explores the concept of core microbiome regarding potential applications of soil microbiome engineering with

the goal of enhancing grapevine adaptation to biotic and abiotic stress.

Introduction

Omics technologies have deepened our knowledge and
understanding of telluric and ecosystemic processes;
these developments underscore the importance of
soil microbiome to plant health. The microbiome has
recently been redefined as the microbiota and its
theater of activity which combine microbial structural
elements such as proteins, peptides, lipids, nucleic
acids, polysaccharides, and microbial metabolites as
signaling molecules, toxins, (in)organic molecules, and
the environmental conditions [1]. Currently, the primary
methods used to explore the taxonomic and functional
soil microbiome diversity utilize plating methods and
computed metagenomics which respectively rely on
media composition and high-throughput sequencing [2].
Through the use of these techniques, it has been
suggested that plant-associated microorganisms are
recruited from the soil microbiota, thus serving as the
microorganisms’ reservoir of rich microbial diversity [3]
In viticulture, the soil microbiome is now considered
as a terroir component that could influence grape berry
composition [4]. Studying the microbiome in vineyards,
especially fungi and bacteria, is an emerging field of sci-
ence as it holds the potential to improve grapevine adap-

tation to climate change and prevention of pathogenic
infection. Thus, the study of vineyard microorganisms
holds tremendous potential for improving vine resilience
and helping vineyards better face increasing environ-
mental stress.

The composition of the soil microbiota, and there-
fore its related biological activity, is dependent on many
factors (e.g. physicochemical characteristics of the soil,
plant species and cultivars, climatic conditions, cultural
practices ...) [5, 6]. Regardless of the microbiota already
present in the soil, the main drivers of the composition
of the microbial community associated with the root
system (epiphytic and endophytic) are the primary and
secondary metabolites exudated by the roots [7]. The
composition of the exudates vary depending on environ-
mental factors, as well as plant species and cultivars (8,
9], which collectively shape the root microbiome.

Cultivated grapevines are typically grafted plants com-
posed of a scion (Vitis vinifera L.), which produces grape
berries, and a rootstock (Vitis spp., tolerant to phyllox-
era aphids), which is selected considering pedoclimatic
conditions. Grafting is a practice widely used to improve
resistance to environmental stresses, yield and quality
of the harvested product [10]. The rootstock works as an

Received: 11 October 2021; Accepted: 17 January 2022; Published: 19 February 2022; Corrected and Typeset: 4 April 2022
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Background: Muscadine (Muscadinia rotundifolia) is known as a resistance source to many pests and diseases in

grapevine. The genetics of its resistance to two major grapevine pests, the phylloxera D. vitifoliae and the dagger
nematode X. index, vector of the Grapevine fanleaf virus (GFLV), was investigated in a backcross progeny between
the F1 resistant hybrid material VRH8771 (Vitis-Muscadinia) derived from the muscadine R source ‘NC184-4" and V.
vinifera cv. 'Cabernet-Sauvignon' (CS).

ARTICLE INFO ABSTRACT Results: In this pseudo-testcross, parental maps were constructed using simple-sequence repeats markers and single
nucleotide polymorphism markers from a GBS approach. For the VRH8771 map, 2271 SNP and 135 SSR markers were
Ié@’W"’d‘l’d In the context of climate change, temperature is a key abiotic driver of bunch microclimate, which, in order to assembled, resulting in 19 linkage groups (LG) and an average distance between markers of 0.98 cM. Phylloxera
ray mol

reduce Botrytis cinerea development, is often managed in vineyards via practices such as leaf removal. The heat-

resistance was assessed by monitoring root nodosity number in an in planta experiment and larval development in a
Heat stress dependent mechanisms of pathogen resistance in grapevines nevertheless remain to be fully elucidated. In this o Y . 9 ; Y R P P ) P
Ripening . . S : root in vitro assay. Nematode resistance was studied using 10-12 month long tests for the selection of durable
Cuticle study, the effect of heat stress (HS) applied specifically to green bunches on infections caused by B. cinerea on X X o X X .
e ripe berries inoculated 23 days later was assessed for two years in a greenhouse. Bunches of the Cabernet resistance and ratlng qwtena based on nematode reprodgct\on factor and ggH mdgx. A major QTL for.phylloxera larval
stilbenes Sauvignon (CS) and Merlot (M) cultivars were heated 6 days 8 h daily with a 10 °C increased temperature. In vitro development, explaining more than 70% of the total variance and co-localizing with a QTL for nodosity number, was
Metabolomics bio tests highlighted a significant heat-enhanced resistance only in CS berries, whereas a stable constitutive identified on LG 7 and designated RDV6. Additional QTLs were detected on LG 3 (RDV7) and LG 10 (RDV8), depending
resistance characterized the M berries. Bunch veraison and total sugar content were not affected by HS, rejecting on the in planta or in vitro experiments, suggesting that various loci may influence or modulate nodosity formation
its effect on maturation dynamics. Therefore, berry preformed barriers at the time of inoculation, which can and larval development. Using a Bulked Segregant Analysis approach and a proportion test, markers clustered in three
hinder fungal colonization, were investigated. While HS had nearly no effect on waxes, it significantly affected . . . .
. . - - . L L . X regions on LG 9, LG 10 and LG 18 were shown to be associated to the nematode resistant phenotype. QTL analysis
the cutin content in both varieties, and more significantly its composition in CS. Similarly, the antifungal skin § . X X X §
condensed tannins overaccumulated following HS in both cultivars, and their basal level was greater in CS than c.onﬂr.med the results and QTLs vverg thus designated respectively XiR2, XiR3 and XiR4, although a LOD-score below the
in M. Otherwise, M accumulated more stilbene and flavonoid compounds, which may have contributed to the significant threshold value was obtained for the QTL on LG 18.
observed varietal resistance. Finally, untargeted metabolomic data revealed a range of compounds modulated by (Continued on next page)
HS in CS as potential candidates involved in resistance.
Introduction determinant of gray mold incidence and severity in grapevine bunches * Correspondence: nathalie.ollat@inrae.fr

notably because the floral organs are highly susceptible and can serve as In memory of Dr Alain Bouquet
INRAE, UMR EGFV, 33883 Villenave d'Ornon, France

The necrotrophic cosmopolite fungus Botrytis cinerea is responsible
for gray mold disease in grapevine (Vitis vinifera L.) bunches, and un-
controlled outbreaks lead to severe yield losses (Rahman et al., 2024).
The onset of gray mold disease occurs on bunches after veraison (Elmer
and Michailides, 2007), with symptoms subsequently increasing with
fruit ripening (Deytieux-Belleau et al., 2009; Kretschmer et al., 2007).
Early infection of floral tissues by B. cinerea are known as a major
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entry points for quiescent infections (Elmer and Michailides, 2007; Viret
et al., 2004). Furthermore, the efficacy of fungicidal and/or biological
treatments applied during full-bloom highlights the importance of this
early stage (Calvo-Garrido et al., 2014; Fedele et al., 2020; Wang et al.,
2023). Alternatively, infection may also accur directly by conidia or
hyphae deposition on the fruit surface after veraison stage (Elmer and
Michailides, 2007). Once the skin has been crossed, the underlying

Full list of author information is available at the end of the article
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Three Types of Elicitors Induce Grapevine Resistance against Downy Mildew via
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Abstract

Three recognized plant defense stimulators (PDS), methyl jasmonate
(MeJA), benzothiadiazole (BTH) and phosphonates (PHOS), were

© Analyses

Show r < e e . . i
e R als sprayed on grapevine Vitis vinifera cuttings and conferred resistance to © Elicitation et i I o
+ Add to Mendeley o& Share 99 Cite the biotrophic pathogen Plasmopara viticola. The effects on molecular : 6 dpt » I I ‘
‘ : ” defense-related genes and polyphenol content (stilbenes and 7 — Sk ! .
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flavanols) were revealed at 6 and 8 days post-elicitation. The transcript » " I POA
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accumulation was consistent with the signaling pathway specific to - ¢ i
the elicitor, salicylic acid for BTH, and jasmonic acid for MeJA, with MolA o, s IR 8 dpt-2dpi ';ol —
iy —_— "
Highlights some cross-talks. PHOS tended to modulate the defense responses Triton < =

Enzymatic parameters of laccase of B. cinerea in presence of
oenological tannins were determined.

Electrophoretic characterization of laccase of B. cinerea in presence
of oenological tannin was investigated.

Bentonite, contrary to oenological tannins, did not reduce laccase

activity.

Gallotannin, skin and seed tannins were the greatest to reduce
laccase activity.

Oenological tannins seem to be great tool to prevent laccase effects
and reduce use of SO,.

like BTH. Moreover, in response to a downy mildew inoculation, the
leaves pre-treated with PHOS and BTH overproduced pterostilbene,
and after MeJA treatment, piceids and e-viniferin, compared to
uninoculated elicitor-treated leaves. These results provide evidence of
the different modes of action of PDS and their role in sustainable
viticulture.

Copyright © 2021 American Chemical Society
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Identifying early metabolite markers of successful graft
union formation in grapevine
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Abstract

Grafting is an important horticultural technique used for many crop species. However, some scion/rootstock combinations are
considered as incompatible due to poor graft union formation and subsequently high plant mortality. The early identification of graft
incompatibility could allow the selection of non-viable plants before planting and would have a beneficial impact on research and
development in the nursery sector. In general, visible phenotypes of grafted plants (size, root number, etc.) are poorly correlated with
grafting success, but some studies have suggested that some polyphenols could be used as markers of graft incompatibility several
months or years after grafting. However, much of the previous studies into metabolite markers of grafting success have not included
all the controls necessary to unequivocally validate the markers proposed. In this study, we quantified 73 primary and secondary
metabolites in nine hetero-grafts and six homo-grafted controls 33 days after grafting at the graft interface and in both the scion
and rootstock woody tissues. Certain biomarker metabolites typical of a high stress status (such as proline, GABA and pallidol) were
particularly accumulated at the graft interface of the incompatible scion/rootstock combination. We then used correlation analysis
and generalized linear models to identify potential metabolite markers of grafting success measured one year after grafting. Here we
present the first attempt to quantitatively predict graft compatibility and identify marker metabolites (especially asparagine, trans-
resveratrol, trans-piceatannol and «-viniferin) 33 days after grafting, which was found to be particularly informative for homo-graft
combinations.

Introduction only in the appearance of incompatibility symptoms that
have been progressing, unobserved, since shortly after
the grafting was performed). These incompatibilities can
be due to the presence of a pathogen or to genetic dis-
tance, but poor grafting success can be also due to graft
quality or climatic conditions during the growth [2]. The
significant delay in the appearance of incompatibility
symptoms renders the evaluation and transfer of new

In horticulture, grafting is a common vegetative propa-
gation technique, allowing us to combine two different
genotypes together to generate one plant. The mech-
anisms involved in graft union formation are complex
and include the formation of a callus and new vascular
tissues between the two genotypes. However, despite

many studies and use of grafting for millennia, the mech-
anisms underlying the cohabitation of the two genotypes
of grafted plants are still poorly understood [1].

The commercial use of grafting depends upon the
degree of graft compatibility, i.e. the ability of the assem-
bled scion/rootstock to form and sustain a successful
graft union. Graft incompatibility is often characterized
by anatomical irregularities at the graft interface, which
induce mechanical weakness and subsequently death of
plants. Graft incompatibility can occur soon after graft-
ing, reducing grafting success in nurseries, or can appear
several years after planting in the field (this delay may be

genotypes to industry time-consuming, expensive, and
laborious.

In viticulture, after grafting, the grafts produced are
planted in the nursery for one year, and then up-rooted
and marketable grafts are selected. Many plants will not
be considered marketable due to too insufficient root
and/or shoot growth and/or problems with the devel-
opment of callus at the graft interface; the proportion
of marketable versus non-marketable plants gives an
indication of grafting success. Graft incompatibility is
relatively rare once grapevines have been planted in the
vineyard, but of the 233.5 million plants grafted in France
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Highligths

MeSA can be assayed in wines at concentrations over its olfactory
detection threshold.

MeSA is extracted during alcoholic fermentation from V.vinifera
grape skins and stems.

MeSA in wines can be related to grapevine alteration level by several
pathogens.
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