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Conference program 

Monday, January 13th 

17:00 19:00 REGISTRATIONS      

19:15 20:00 Welcome drink 

20:00 21:00 DINER      

21:10 21:20 Opening of the 17èmes Rencontres Plantes Bactéries     

21:20 22:00 Introductive SESSION  

Moderators: Marie Simonin, Benoît Alunni 

21:20 22:00 Invited speaker Olaya Rendueles-Garcia      

 The bacterial capsule as a key driver of microbial evolution   

Tuesday, January 14th  

08:45 11:50 SESSION Molecular dialog during plant-bacteria interactions: from symbiosis 

to pathogenicity 

Moderators : Adam Schikora, Axel de Zélicourt 

08:45 Invited speaker Adam Schikora Specific and general factors modulating plant response to 

bacterial N-acyl homoserine lactones 

09:25 Alicia Camuel New insights into the T3SS-triggered nodulation between Bradyrhizobium and 

Aeschynomene 

09:40 Corinne Audran Xanthomonas campestris pv. campestris Tal12a contribution to black rot 

disease and prediction of its host targets in cauliflower 

09:55 Laura Agert Function and adaptation of symbiotic receptors that activate the Nod-

independent symbiosis in the tropical legume Aeschynomene evenia 

10:10 Axelle Frantz Characterization of the role of apple agglutinins in resistance against fire blight 

 

10:25 BREAK 

 

10:50 Liam Lebeau Mechanisms by which plant and synthetic small non-coding RNAs direct gene 

silencing in bacteria 

11:05 Marvin Navarro Characterization of an adaptive mutation in a Type 6 effector that improves 

the proliferation of Ralstonia solanacearum in Mimosa pudica nodules 

11:20 Clara Blonde The role of anaerobic respiration of carbon sources in the adaptation and survival 

of Dickeya dadantii 
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11:35 Roza Mohammedi Role of the CckA-ChpT-DivL complex in the phosphorylation of the master 

regulator CtrA during the cell cycle and nitrogen-fixing symbiosis in Sinorhizobium meliloti 

11:50 MY POSTER IN 60 SECONDS odd numbers/numéros impairs posters n°1 to 49 

 

12:30 13:30 LUNCH     

        

13:30 17:00 FREE or ROUND TABLE DISCUSSION (according to weather condition) 

            

        

        

        

17:00 Alex Lheureux MilliDrop: Unlocking Insights into Plant-Bacteria Interactions 

 

17:15 19:25 SESSION Structure, function and engineering of the microbiome 

Moderators: Samuel Jacquiod, Corinne Vacher 

17:15 Invited speaker Samuel Jacquiod Artificial selection of rhizosphere microbiota altering plant 

phenotype: treating microbial communities as units of selection 

17:55 Logan Suteau Multi-Kingdom Synthetic Communities Modulate Seedling Microbiota and 

Reveal Key Bacteria-Fungi Interactions in Brassica napus  

18:10 Amélie Caddéo Population dynamics modelling of synthetic communities isolated from seed 

bean microbiota and their impact on pathogen Xanthomonas citri pv. fuscans 

18:25 Paola Fournier Revealing microbial consortia that interfere with grapevine downy mildew 

through microbiome epidemiology 

18:40 Léa Jobert Cry for help: A differential rice root-associated microbiome response to foliar 

infection by two pathogenic fungi 

18:55 Louna Colaert-Sentenac Transient Seed Microbes, Long-Term Impacts: Seed Microbiota Affect 

Seedling Phenotype and Microbiome Assembly 

19:10 Barbara Pivato Plant-microbe and plant-plant interactions favouring iron content in crop 

plants 

19:25 MY POSTER IN 60 SECONDS odd numbers/numéro impairs posters n°51 to 59 

        

19:45 20:45 DINER      

        

21:00  SESSION ODD NUMBER / CHIFFRE IMPAIR POSTERS   
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Wednesday, January 15th  

08:45 11:40 SESSION Physiology of plant-bacteria interactions: regulation, epigenetics, 

metabolites 

Moderators: Yael Helman, Mathilde Hutin 

08:45 Invited speaker Yael Helman For better or worse - the effect of interspecies microbial 

interactions on disease severity in plants 

09:25 Nicolas Burkhardt Reduction of basal levels of (p)ppGpp in experimentally evolved Ralstonia 

solanacearum as a means of adaptation to plant xylem and legume symbiosis 

09:40 Tifaine Folletti et Pascal Ratet Characterization of the pathogenic interaction between an 

atypical endophytic bacteria Ensifer adhaerens T4 and the legume Medicago truncatula 

09:55 Margaux Cheminat Molecular and physiological consequences of the Streptomyces sp. GPA1 - 

Barley relationship 

10:10 Quentin Dubois Unravelling the mechanisms of ArcZ sRNA in the virulence control of Dickeya 

solani 

 

10:25 BREAK 

 

10:55 Gabriella Houdinet Investigating leaf symbiosis: how do plants cope without their hereditary 

bacteria ? 

11:10 Ibrahim Keita Role of the long non-coding RNA SYNC1 in transcriptional reprogramming during 

nodule development 

11:25 Sara Moutacharrif Identification of a bifunctional RNA involved in the virulence of Dickeya 

dadantii 

 

11:40 MY POSTER IN 60 SECONDS Even numbers / numéros pairs posters n°2 to 48  

  

        

12:30 13:30 LUNCH 
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13:30 17:00 FREE or ROUND TABLE DISCUSSION (according to weather condition) 

          

  

  

 

17:00 19:10 SESSION Evolution, phylogeny, plant and bacterial genomics 

Moderators: Delphine Capela, Lionel Gagnevin 

17:00 Invited speaker Delphine Capela Unveiling the evolution of legume symbionts: beyond 

essential symbiotic gene acquisition 

17:40 Noé Arroyo-Velez Analysis of the diversity of prophages in Xylella fastidiosa 

17:55 Frédéric Labbé A Type 5 integrated prophage of “Candidatus Liberibacter asiaticus”, the 

destructive bacterial pathogens of Citrus Huanglongbing 

18:10 Chloé Peduzzi Evolutionary replacement of T4SS by T6SS for antibacterial killing activity in 

Xanthomonas 

18:25 Ian Quibod Population genomics of Rice Bacterial Leaf Blight in Africa 

18:40 Johan Quilbé Mechanisms governing the interaction between root and bacteria in the model 

legume L. japonicus 

18:55 Antinéa Sallen Genotypic and genomic analyses of French collection of Ralstonia 

solanacearum strains to improve knowledge of outbreak origins 

19:10 Alvaro Perez-Quintero The evolution of evolvability in Xanthomonas 

 

19:25 MY POSTER IN 60 SECONDS Even numbers / numéros pairs posters n°50 to 58 

        

20:00 21:00 DINER      

        

21:00  SESSION EVEN NUMBER/ CHIFFRE PAIR POSTERS    
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Thursday, January 16th  

 

08:45 10:25 SESSION Chemical ecology, secondary metabolites 

Moderators: Laure Weisskopf, Florence Wisniewski-Dyé 

08:45 Invited speaker Laure Weisskopf Chemical communication and its impact on the expression 

of biocontrol traits in plant-associated bacteria 

09:25 Timothée Zannis-Peyrot Phytobacteria extracellular vesicles as understimated actors in plant-

bacteria interactions 

09:40 Ségolène Bouche Ecology and mineral weathering ability of the ectomycorrhizosphere strain 

Pseudomonas sp. PML3(3) 

09:55 Eva Caly Simbou Bacteriocins of the Ralstonia solacearum species complex: Biochemical and 

genetic characterization 

10:10 Coline Amaro-Lauer Competitive colonization of the potato host by the phytopathogen 

Dickeya solani 

        

10:25 BREAK      

 

10:50 12:30 SESSION Effect of the environment, Epidemiology, Ecology 

Moderators: Edward Topp, Marie-Anne Barny 

10:50 Invited speaker Edward Topp The development and transmission of antibiotic resistance in 

crop production systems 

11:30 Léna Pesenti Exploring the xylem-sap to unravel interactions between bacterial xylem 

endophytes and two phytopathogenic bacteria, Xylella fastidiosa and Brenneria salicis in 

Salicaceae through metagenomics and in vitro studies  

11:45 Gwennaëlle Henry Impact of an introduced species of alder (Alnus cordata) on the associated 

Frankia diversity and nitrogen cycling microbial communities 

12:00 Sylvain Vicente Deciphering population dynamics of Ralstonia solanacearum inside a host 

tomato 

12:15 Mathilde Hutin Bacterial Leaf Blight of rice: an emerging threat to rice cultivation in East Africa 

 

12:30 13:30 LUNCH  
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13:30 17:00 FREE or ROUND TABLE DISCUSSION (according to weather condition) 

            

        

        

 

 

17:00 19:40 SESSION Plant immunity & Plant Health management: diagnostic, biocontrol 

Moderators: Guillaume Chesneau, Barbara Pivato 

17:00 Invited speaker Guillaume Chesneau The root microbiota: unraveling microbial multi-kingdom 

metabolic interactions and their implications for plant health 

17:40 Terriane Vanhove Diversity of molecular factors of resistance to bacterial wilt (Ralstonia 

solanacearum) in eggplant 

17:55 Annaëlle Baud Phage patrol: an effective targeted biocontrol strategy against Xanthomonas 

hortorum pv. vitians 

18:10 Soline Marty Water and immunity – using a novel plant screen to identify candidate genes 

18:25 Valérie Martin Fungal leaf communities reduce the development of grapevine downy mildew 

18:40 Michel Barbier Description of the bacterial and fungal microbiota of rice field soils with 

antagonistic effects against the rice root-knot nematode Meloidogyne graminicola in 

Cambodia 

18:55 Audrey Pécourt Towards a more sustainable agriculture, Sphingomonas sediminicola a 

potential bio-inputs to reduce chemicals inputs in a local crop rotation 

19:10 Claire Prigent-Combaret Developing biocontrol products against broomrapes: from lab to field 

        

19:45 20:45 DINER      

        

21:00  PARTY TIME !  
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Friday, January 17th  

 

09:00 09:30 SESSION Chemical ecology, secondary metabolites 

Moderators: Florence Hommais, Benoit Alunni 

09:00 Aurélie Deveau Roles of salicylates in the regulation of poplar microbiome colonization: from 

defence signalling molecule to carbon source 

09:15 Frédérique Reverchon Antifungal and plant growth promoting activity of avocado 

phyllosphere bacteria and their organic extracts 

 

09:30 10:00 SESSION Structure, function and engineering of the microbiome 

Moderators: Wafa Achouak, Frédéric Labbé 

 

09:30 Yvan Moënne-Loccoz Geographic comparison of soils suppressive to root disease 

09:45 Clara Torres-Barceló The phageome of apricot trees and its association with bacterial canker 

disease  

 

10:30 Prize distribution and closing ceremony    

        

12:00 13:00 LUNCH  
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Introductive session 
 

Invited speaker: Olaya Rendules 

Moderators: Marie Simonin, Benoît Alunni 
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The bacterial capsule as a key driver of microbial evolution 

 

Olaya RENDUELES (1)  

 

(1) Laboratoire de Microbiologie et Génétique Moléculaires (LMGM), CNRS UMR5100, Centre de Biologie Intégrative (CBI), 

Université de Toulouse, CNRS, Université Toulouse III - Paul Sabatier (UT3), Toulouse, France 

 

Surface structures are the first cellular components to interact with the environment and thus should 

have a major impact in bacterial fitness and play a prominent role in adaptation and in bacteria-host 

interactions.  One such structure, the bacterial capsule, encoded in more than half of the bacterial 

species (1), including many facultative pathogens but more surprinsingly many soil organism. Capsules 

are best known for their role in clinical settings, and are considered a major virulence factor. However, 

capsules also play an important role outside a host because they protect the cells from physical and 

chemical stresses. 

In our laboratory, we use Klebsiella pneumoniae as a model species, a gut commensal but also an 

ubiquitous bacterium, also found in the soil. We combine molecular genetics, experimental evolution 

and comparative genomics to decipher how the capsule evolves and in turn drives the adaption to 

novel environments, including the soil. 

 

References: 

(1) Rendueles, O., Garcia-Garcerà, M., Néron, B., Touchon, M. & Rocha, E. P. C. Abundance and co-occurrence of extracellular capsules 

increase environmental breadth: Implications for the emergence of pathogens. PLoS Pathog. 13, e1006525 (2017). 
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Specific and general factors modulating plant response to bacterial  

N-acyl homoserine lactones 

 

Yongming DUAN (1), Matthias CAMBEIS (1) Min HAN (1), Maja GRIMM (1) and Adam SCHIKORA (1)  

 

(1) Julius Kühn Institute (JKI) - Federal Research Centre for Cultivated Plants, Institute for Epidemiology and Pathogen Diagnostics, Messeweg 

11/12, 38104 Brunswick, Germany   

 

Plants can perceive bacterial molecules such as the quorum sensing signals N-acyl homoserine lactones 

(AHL), thus modifying their fitness in response to environmental factors. Even though the benefits 

conferred by AHL depend on various hormone signaling pathways, the understanding of AHL signaling, 

especially the response to AHL presence, remains largely unknown. To fil this gap we used weighted 

gene co-expression network analysis, multi-omics network analysis, and reverse transcription 

quantitative PCR (RT-qPCR) assays to identify key genes in AHL signaling. To obtain such comprehensive 

insights into plant AHL-signaling, we integrated available transcriptome data from Arabidopsis thaliana 

exposed to different single or multiple AHL molecules and performed a weighted gene co-expression 

network analysis. We identified several key genes regulated in plants exposed to multiple AHL 

molecules. Multi-omics network analysis and RT-qPCR assay revealed a potential role of WRKY 

transcription factors. Results presented here offer good indications for exploring the mechanism of 

plants’ response to bacterial signaling molecules, which could further support the application of AHL-

producing bacteria in sustainable agriculture, for example the cultivation of barley, a model crop plant 

used in our studies. 

 

References: 

Duan et al. (2024) Network analysis uncovers the master role of WRKY transcription factors in Arabidopsis thaliana response to N-acyl 

homoserine lactones. CABI Agriculture and Bioscience (2024) 5:6 https://doi.org/10.1186/s43170-023-00206-x 
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New insights into the T3SS-triggered nodulation between Bradyrhizobium and Aeschynomene 

 

CAMUEL Alicia, GIRAUD Eric 

 

Some Bradyrhizobia have the capacity to nodulate Aeschynomene species in the absence of Nod 

factor, thanks to their Type 3 Secretion System. It has been identified in a diversity of Bradyrhizobium 

strains that Type 3 Effectors, such as ErnA and Sup3, trigger nodule organogenesis. However, the plant 

signalling pathways they activate remain unknown. To better understand this process, we first 

investigated the mode of action of ErnA by performing transcriptomic analysis of transgenic roots 

either overexpressing or not overexpressing ernA. In parallel, we analysed the symbiotic properties of 

a selection of Bradyrhizobium strains with different sets of effectors on A. evenia mutants altered in 

various symbiotic signalling genes.  

I will present here potential genes under the control of ErnA, including the transcription factor AeNF-

YC, which emerged from the comparative transcriptomic analysis. Furthermore, I will show that 

depending on the set of effectors secreted by the bacteria, certain canonical symbiotic determinants 

(POLLUX, CCaMK and CYCLOPS) can be dispensable for the nodulation. In contrast, NIN and NSP2 are 

required for T3SS-triggered nodulation. Taken together, these results highlight the diversity of the 

nodulation process and the mechanisms by which T3SS-dependent nodulation is achieved in legumes. 
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Xanthomonas campestris pv. campestris Tal12a contribution to black rot disease and prediction of 

its host targets in cauliflower 

 

Brice CHARLEUX(1), Carine GRIS (1), Sébastien CARRERE (1), Alvaro L. PEREZ-QUINTERO (2), Aurélie Le 

Ru (3), Caroline BELLENOT (1), Ivanna FUENTES (1), Zoë E. DUBROW (4), Adam J. BOGDANOVE (4), 

Laurent D. NOEL (1) and Corinne AUDRAN (1) 

 

(1) LIPME, Université de Toulouse, INRAE, CNRS, Université Paul Sabatier, Castanet-Tolosan, France 

(2) PHIM, Université de Montpellier, IRD, CIRAD, INRAE, Institut Agro, Montpellier, France 

(3) Institut Fédératif de Recherche 3450, Plateforme Imagerie, Pôle de Biotechnologie Végétale, CNRS, Université Paul Sabatier, Castanet-

Tolosan, France 

(4) Plant Pathology and Plant-Microbe Biology Section, School of Integrative Plant Science, Cornell University, Ithaca, NY, U.S.A 

 

Xanthomonas campestris pv. campestris (Xcc) bacterial pathogen is the causal agent of black rot 

disease on Brassica crops. One of the virulence factors of Xcc is the type three Transcription Activator-

Like Effector (TALE) protein Tal12a which is prevalent in this pathogen. TALE proteins are injected 

inside plant cells and nuclei where they modulate host gene expression. In this study, we show that 

Tal12a promotes virulence and proliferation in cauliflower. Transcriptomic analysis identified 380 

cauliflower genes that were upregulated in response to Xcc strains expressing Tal12a. Among these, 

nine genes, including transcription factors, auxin-related genes and clade III SWEET genes, were 

identified as candidate targets of Tal12a. Tal12a-binding element predictions combined with 

heterologous expression assays in Nicotiana benthamiana confirmed that Tal12a directly targets 

BoCYP450, BoIAA7a/b, BoATHB-X, BoTIC, and BoERF043. Though BoSWEET13 and BoSWEET14c were 

also upregulated in presence of Tal12a, the absence of predicted TALE-binding elements suggests an 

indirect regulation which contrasts with the direct activation observed in other pathosystems. These 

findings not only evidence the complexity of Tal12a-mediated gene regulation in cauliflower but also 

identify the first candidate TALE targets in this plant. 
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Function and adaptation of symbiotic receptors that activate the Nod-independent symbiosis in 

the tropical legume Aeschynomene evenia 

 

Laura Agert1, Natasha Horta Araújo2, Marjorie Pervent1, Maëlle Rios2, Frédéric Gressent1 and Jean-

François Arrighi2 

 

1 Plant Health Institute of Montpellier (PHIM), INRAE, Campus International de Baillarguet, Montpellier, France 

2 Plant Health Institute of Montpellier (PHIM), IRD, Campus International de Baillarguet, Montpellier, France 

 

Leguminous plants form nitrogen-fixing symbiosis with rhizobia typically via Nod factor (NF) 

recognition by LysM-RLK receptors, activating their co-receptor SYMRK for signaling. However, in 

Aeschynomene evenia, some photosynthetic Bradyrhizobia nodulate without using NF, referred to as 

the Nod-independent symbiosis. A forward genetic screen using ethyl methane sulfonate (EMS) 

mutagenesis in A. evenia (1) identified nodulation mutants, several of them being mutated in receptor-

encoding genes, but not in LysM-RLK genes, which show adaptations in the A. evenia genome. This 

study revealed partial conservation of the common signalling pathway seen in model legumes, with 

the notable finding that SYMRK exists in two copies in A. evenia genome.  

Understanding the recent evolutionary history of these receptors is important to unveil the molecular 

mechanisms intricate to this Nod-independent symbiosis. To achieve this, a comparative analysis is 

underway, using A. patula, a Nod-dependent species closely related to A. evenia (2). It is hypothesized 

that NF receptor orthologs in A. evenia, AeNFP and AeLYK3, are not involved in Nod-independent 

symbiosis. Though recent preliminary results suggest a more complex outcome. NF co-receptor, 

AeSYMRK, seems to be involved in the Nod-independent process (3). Yet, its characterization is 

complexified by the actual presence of two genomic copies that are likely to be functionally redundant 

in A. evenia. Promoter-GUS studies showed that these two copies are expressed throughout 

nodulation and their overexpression induced spontaneous nodulation, as previously observed in 

model legumes (4). Together, these results suggest that both AeSYMRK copies play an important role 

in A. evenia symbiosis. 

 Ongoing CRISPR-Cas9 knock-outs of these genes will clarify their role in A. evenia symbiosis. 

Ultimately, providing key insights into the molecular mechanisms of Nod-independent symbiosis. 

 

References 

1. Quilbé, J., Lamy, L., Brottier, L. et al. (2021). Genetics of nodulation in Aeschynomene evenia uncovers mechanisms of the rhizobium–

legume symbiosis. Nat Commun, 12, 829. 

2. Brottier, L., Chaintreuil, C., Simion, P. et al.  (2018).  A phylogenetic framework of the legume genus Aeschynomene for comparative genetic 

analysis of the Nod-dependent and Nod-independent symbioses. BMC Plant Biol. 18, 333. 

3. Fabre, S., Gully, D., Poitout, A., Patrel, D., Arrighi, J. F., Giraud, E., ... & Cartieaux, F. (2015). Nod factor-independent nodulation in 

Aeschynomene evenia required the common plant-microbe symbiotic toolkit. Plant Physiology, 169(4), 2654-2664. 

4. Ried, MK., Antolín-Llovera, M., Parniske, M. (2024). Spontaneous symbiotic reprogramming of plant roots triggered by receptor-like 

kinases. eLife 3:e03891. 
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Characterization of the role of apple agglutinins in resistance against fire blight 

 

Axelle FRANTZ (1), Matthieu GAUCHER (1), Marie-Noëlle BRISSET (1), Alexandre DEGRAVE (1) 

 

(1) Univ Angers, Institut Agro, INRAE, IRHS, SFR QUASAV, 49000, Angers, France 

 

Erwinia amylovora (Ea) is responsible for fire blight, a bacterial disease that affects apple and pear 

orchards by causing necrosis that leads to the death of the tree. Despite the damage caused, apple 

defense mechanisms against this pathogen are poorly described. We identified a new family of genes 

involved in defense against Ea that encodes lectins named Malus domestica agglutinins (MdAGGs or 

apple agglutinins). We aim to understand the mode of action of these proteins with different in vivo 

and in vitro approaches and we demonstrate that the recombinant MdAGG is able to agglutinate Ea 

cells in vitro. In planta, bacteria quickly die off after being agglutinated but we show that MdAGGs do 

not have any bactericidal properties. Our studies are now driven by the hypothesis that these proteins 

interact with (an)other protein(s), which could have bactericidal properties. The latest data dedicated 

to the understanding of plant defenses toward Ea involving MdAGGs will be presented. 
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Mechanisms by which plant and synthetic small non-coding RNAs direct gene silencing in bacteria 

 

Liam LEBEAU(1), Lionel NAVARRO(1) 

 

(1) Institut de Biologie de l'Ecole Normale Supérieure (IBENS), Centre National de la Recherche Scientifique (CNRS), Institut National de la 

Santé et de la Recherche Médicale (INSERM), Université de recherche Paris, Sciences & Lettres (PSL), Paris, France. 

 

Small non-coding RNAs (sRNAs) involved in RNA interference can be transported between two 

interacting organisms, thereby triggering trans-species gene silencing. This cross-kingdom RNAi 

process has been extensively studied in plant-fungal interactions, and occurs in a bidirectional manner, 

as part of antifungal immune and fungal virulence responses (1-6). Intriguingly, we have recently 

demonstrated that Arabidopsis transgenic plants expressing sRNAs directed against key virulence 

factors of Pseudomonas syringae pv. tomato strain DC3000 (Pto DC3000), can trigger gene silencing 

and the dampening of pathogenesis (7). Three populations of active extracellular sRNAs were 

recovered in the apoplast of these transgenic plants. The first one is non-vesicular and associated with 

proteins, whereas the second one is located inside extracellular vesicles. The third population is 

unbound to proteins and in a dsRNA form. However, the mode of action of these sRNAs over their 

cognate targets, and the machinery responsible for gene silencing in Pto DC3000, remain unknown. To 

address this, we have established an in vitro system that recapitulates this gene silencing phenomenon 

in Pto DC3000 using chemically synthesized sRNAs. Using this approach, we found that 21 nt long 

sRNAs, in a dsRNA form, and composed of 2-nt 3’ overhangs, to mimic Dicer-Like (DCL)-dependent 

products, or that are blunt ended, were effective in AGS. This was also true with sequence 

complementary single-stranded sRNAs (ssRNAs) that were found active against stress-responsive 

virulence factors. The latter ssRNAs were also shown to be effective against essential genes, which are 

constitutively expressed and critical for bacterial fitness. I will present the results from these analyses. 

I will also report on the different approaches currently developed to identify and characterize the 

machinery responsible for sRNA-directed gene silencing in bacteria. 

 

References:  

1. Cai, Q. et al. Plants send small RNAs in extracellular vesicles to fungal pathogen to silence virulence genes. Science 360, 1126–1129 (2018).  

2. Zhang, T. et al. Cotton plants export microRNAs to inhibit virulence gene expression in a fungal pathogen. Nature Plants 2, (2016).  
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Evolution has enabled certain bacteria to establish a spectrum of associations with eukaryotes, ranging 

from parasitism to mutualism. These changes in lifestyle are the result of complex multifactorial 

mechanisms, which may require specific functions imposed by the host or by the new lifestyle. At the 

molecular level, these changes often result from the acquisition of genes by horizontal transfer, as well 

as the modulation of the expression of endogenous genes. In order to study the molecular mechanisms 

underlying the emergence of new symbiotic strains observed in nature, an evolutionary experiment 

was carried out on the plant pathogenic bacterium Ralstonia pseudosolanacearum. The aim was to 

convert its reference strain, GMI1000, into a mutualistic symbiont of the legume Mimosa pudica by 

transferring essential symbiotic genes from the natural symbiont Cupriavidus taiwanensis and evolving 

the resulting strain in contact with the plant. The first stages of symbiosis, nodulation and intracellular 

infection, were rapidly acquired and then strongly improved after a few cycles of nodulation. We then 

wondered which endogenous functions were modulated to carry out these initial stages of symbiosis. 

Throughout this adaptive process, numerous mutations occurred in various genes, with a high 

frequency in those encoding structural components and putative effectors of the type VI secretion 

system (T6SS). Among these mutations, one missense mutation that appeared in the RSp0178 gene, 

encoding a type VI effector, is responsible for a significant increase in bacterial proliferation in nodules. 

This mutation is equivalent to a loss of function but does not alter the secretion of this effector in vitro. 

Moreover, preliminary data suggest that RSp0178 is also secreted during the symbiotic interaction 

although this result needs to be confirmed. Its secretion in nodules might induce defense reactions in 

the plant, thereby blocking bacterial proliferation. 
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Plant pathogenic bacteria face many specific challenges when colonising and/or infecting plants to 

acquire nutrients. In the case of the bacterium Dickeya dadantii, which is capable of colonising different 

plants and living in the anoxic environments of the rhizosphere and plant tissues, the ability to grow in 

anoxic conditions is an adaptive trait that favours its development and dissemination. We hypothesise 

that the ability to respire anaerobically the carbon (C) compounds present in its environment is a 

physiological advantage for phytopathogenic bacteria. Our objective is to demonstrate the ability of 

Dickeya dadantii to anaerobically respire carbon compounds present in the apoplast. Among the 

terminal electron acceptors that we have identified, asparagine enabled the greatest growth in vitro. 

A metabolic model was used to predict in silico the asparagine respiration pathway. Mutants of the 

asparagine respiration pathway genes were constructed and their impact on virulence in planta was 

evaluated in order to highlight the role of anaerobic respiration in Dickeya dadantii infection.  
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Sinorhizobium meliloti is an alphaproteobacterium, which is able to live free in the soil or in symbiosis 

with legumes. During symbiosis, bacteria fix atmospheric nitrogen within symbiotic organs, called 

nodules, where they undergo cell differentiation into bacteroid. The transcription factor CtrA has been 

shown to be the master regulator of the cell cycle and bacteroid development is accompanied by a 

gradual disappearance of CtrA, suggesting that CtrA plays a crucial point for the establishment of the 

symbiosis. In the alphaproteobacterium Caulobacter crescentus, related to S. meliloti, the cell cycle is 

also regulated by CtrA. CtrA is regulated by a phosphorelay system consisting of the two histidine 

kinases DivL and CckA and the histidine phosphotransferase ChpT. Orthologs of these different 

regulators are present in S. meliloti, suggesting a conservation of this module in the regulation of CtrA 

in this bacterium.  

In this work the functions of the CckA-ChpT-DivL complex and its impact on CtrA in S. meliloti in free 

and symbiotic life have been studied. We demonstrated that divL is an essential gene involved in the 

proper functionning of the cell cycle and in the regulation of CtrA. We also purified the phosphorelay 

proteins and reconstructed a part of the phosphorylation cascade in-vitro. Finally, the DivL-depletion 

strain was not able to perform an efficient symbiotic relationship with Medicago sativa under the 

tested conditions. In conclusion, the phosphorelay system of CtrA phosphorylation plays an esential 

role in cell cycle regualtion and development of bacteroids. 
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Understanding plant-bacteria interactions is essential for advancing sustainable agriculture, improving 

crop resilience, and enhancing soil health. MilliDrop's innovative droplet-based millifluidic technology 

provides a powerful platform for studying these complex relationships with high precision and 

efficiency. 

 

MilliDrop encapsulates bacterial cells in microliter-sized droplets, creating thousands of individual 

microenvironments. These droplets act as miniaturized bioreactors, enabling the cultivation, tracking, 

and real-time analysis of bacterial growth and behavior under diverse conditions. By introducing plant-

derived compounds or mimicking rhizosphere environments, researchers can use MilliDrop to 

investigate how bacterial strains interact with plants, respond to stress, or produce beneficial 

metabolites. 

 

The system's high-throughput capabilities allow for simultaneous testing of hundreds of conditions, 

generating robust datasets with minimal sample volumes. Its precise environmental control is ideal for 

screening microbial strains for plant growth promotion or biocontrol potential. The droplet-based 

approach not only enhances reproducibility but also accelerates the discovery of novel insights into 

plant-microbe dynamics. 

 

MilliDrop's technology equips researchers with a scalable, efficient tool for exploring the microbial 

contributions to plant health and productivity. By bridging innovation with agricultural research, 

MilliDrop supports the development of sustainable solutions for global food security challenges. 
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Artificial selection of entire rhizosphere microbiota is an experimental evolution approach relying on 

the iterative selection and inoculation of microbial communities associated to plants displaying a 

phenotype of interest. Using this approach, we have selected rhizosphere microbiota of Brachypodium 

distachyon associated with high or low leaf greenness, a proxy of plant performance, in a sandy soil. 

We showed that the selection process is undergoing two phases: an initial transitory phase with no 

detectable effects, and a stabilization phase where the microbiota structure stabilized, concomitantly 

with heritability in leaf greenness. We showed a remarkable correlation between the variability in plant 

traits and selected microbiota structures, revealing distinct microbial sub-communities associated with 

high or low leaf greenness. Then, we aimed to test the reproducibility of our microbiota-induced 

effects on the greenness of different plant species grown in different soils. We thus inoculated the 

evolved microbiota on different Poaceae species (Avena strigosa, Triticum aestivum, Zea mays; 

Brachypodium distachyon was used as a positive control), either in the same sandy soil used during 

artificial selection, or in a contrasting clayey soil. We found that the effects of our selected microbiota 

are species-dependent, as we could not reproduce the effects on the three Poaceae species. However, 

we could reproduce the effects on Brachypodium distachyon in the two different soils. We identified 

the presence of a soil independent microbial sub-community that is always associated with higher 

greenness in Brachypodium distachyon. Our result show that artificial selection of rhizosphere 

microbiota can be used to rapidly obtain evolved communities able to alter the plant phenotype in the 

intended way, and under varying pedological conditions. This may have consequences for futur plant 

breeding programs, as the inclusion of microbiota in such programs may prove usefull. 
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Synthetic Communities (SynComs) are new tools used to manipulate plant microbiota to improve plant 

health or study microbial colonization processes. While the majority of research in this field has 

focused on bacterial SynComs (1), multi-kingdom communities provide new insight into community 

interactions and show great biocontrol potential (2). This study presents the impact of Brassica napus 

seed inoculation with 20 different multi-kingdom SynComs composed of bacteria, filamentous fungi 

and yeast and constructed with both a priori selection (based on abundance, growth rate...) and 

random selection. This selection resulted in a total of 24 bacterial strains (20 different genera), 10 

filamentous fungi (8 different genera) and 11 yeasts (6 different genera), each present in 2 to 11 

different SynComs. The initial stage of the process involved optimising the inoculation of seeds using 

alginate coating, which resulted in a two-log increase in the concentration of inoculated 

microorganisms. The inoculated SynComs demonstrated the capacity to modulate seedling 

microbiota, explaining 33% of the variance for bacterial community structure and 22% for fungal 

communities. Bacterial and fungal strains with high transmission rates to seedlings were identified 

(Pantoea agglomerans, Pseudomonas putida, Alternaria sp., Vishniacozyma sp.). However, the 

transmission of the majority of strains was found to be significantly influenced by the composition of 

the SynCom. The inoculation of SynComs had an impact on seedling emergence and growth rates. 

Interestingly, the phenotypic effects of some strains depended on the identity of the other SynCom 

members. For example, Pseudomonas baetica was transmitted in seedling in 4 SynComs but exerted a 

negative effect in only 3 of them. This suggests the existence of biotic interactions between the strains 

during the process of seedling colonization. This study demonstrates that seed inoculation with a multi-

kingdom SynCom results in the engineering 
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The seed microbiota plays a key role in germination and seedling emergence. Modifying its 

composition by inoculating seeds with synthetic communities (SynComs) is one strategy to improve 

crop establishment. However, microbiota's interactions complexity is a challenge encountered, which 

can be overcome by mathematical modelling and systems biology. This study proposes a modeling 

approach to understand how seed bean microbiota reduces the invasion of the plant pathogen 

Xanthomonas citri pv. fuscans (Xcf) based on trophic competition. Genome-scale metabolic models of 

Xcf and ten bacterial strains representative of the seed bean microbiota have been reconstructed with 

a semi-automatic pipeline (Peyraud et al. 2016) followed by a deep manual curation. Metabolic 

pathways were validated by comparing Biolog PM plates results with model simulations, showing 

model accuracy ranging from 70.3% to 91.8%. Moreover, a population dynamics algorithm based on 

dFBA method (Mahadevan et al. 2002) using the individual models has been constructed. To validate 

the population dynamics simulations, growth of individual strains on minimal media supplemented 

with different carbon sources were monitored. The average difference between the simulations and 

experimental data varies from 6.1 to 68.6%. Finally, trophic competition between Xcf and the selected 

strains was studied by simulating population dynamics at the community level. Preliminary simulations 

showed that some SynComs can reduce the XCF biomass until 67%, while others increase it until 20%. 

To validate these predictions, the impact of 14 SynComs, each combining 5 strains including GFP-

tagged Xcf, on Xcf growth was monitored. Then, predicted interactions were analyzed between 

SynComs and Xcf based on trophic competition mechanism. The models will be used in high-

throughput simulations to predict which SynComs best decrease the implantation of Xcf and then will 

be validated first in vitro into seed bean exudate and finally in planta. 
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Background 

Plant and soil microbiomes can interfere with pathogen life cycles, but their influence on disease 

epidemiology remains understudied. Here, we analyzed the relationships between plant and soil 

microbiomes and long-term epidemiological records of grapevine downy mildew, a major disease 

caused by the oomycete Plasmopara viticola. 

Results 

We found that certain microbial taxa were consistently more abundant in plots with lower 

susceptibility to the disease and that microbial community composition could predict disease 

susceptibility. Microbial diversity was not strongly linked to epidemiological records, suggesting that 

susceptibility is more related to the abundance of specific microbial taxa. These key taxa were 

identified in the topsoil, where the pathogen’s oospores overwinter, and in the phyllosphere, where 

zoospores infect leaves. By contrast, the leaf endosphere, where the pathogen’s mycelium develops, 

contained few taxa of interest. Surprisingly, the soil microbiota was a better predictor of downy mildew 

symptoms than the leaf microbiota, suggesting a significant role of the soil microbiome in this primarily 

aerial disease. 

Conclusion 

Our study integrates long-term epidemiological data with microbiome profiles of healthy plants to 

reveal fungi and bacteria relevant for the biocontrol of grapevine downy mildew. The resulting 

database provides a valuable resource for designing microbial consortia with potential biocontrol 

activity. The framework can be applied to other crop systems to guide the development of biocontrol 

strategies and reduce pesticide use in agriculture. 

 

  



Structure, function and engineering of the microbiome 

 

32 
 

Cry for help: A differential rice root-associated microbiome response to foliar infection by two 

pathogenic fungi 

 

Léa JOBERT (1), Lionel MOULIN (1), Gilles BENA (1) 

 

(1) PHIM Plant Health Institute, IRD, CIRAD, INRAE, Institut Agro, Univ Montpellier, Montpellier, France 

 

Increasing evidence suggests that plants may recruit beneficial microbes in their rhizosphere to 

suppress soil-borne pathogens, but the processes underlying microbiome assembly in response to 

foliar pathogen infection, as well as the functions in infected hosts, are not fully understood. The cry 

for help hypothesis suggests that plants can recruit beneficial microbiota to fight against various 

stresses through the exudation of specific root molecules1. Research on the cry for help hypothesis on 

rice is limited, but some studies have shown that rice bacterial leaf blight drives rhizosphere microbial 

assembly and revealed changes in root-associated microbial community following foliar pathogenic 

infection by Pyricularia oryzae in rice2,3. To our knowledge, no studies have focused on comparing the 

root-associated microbiota assembly following different foliar pathogenic infections. To provide a 

comprehensive view of the rice-associated microbiome following a foliar infection, we compared 

bacterial and fungal communities of root-associated microbiota in healthy rice and those one week 

after being infected with Bipolaris oryzae (Brown Spot) or two weeks after infection by Pyricularia 

oryzae (Blast) in greenhouse conditions. Detailed examination of individual taxa revealed that some of 

these taxa enriched in root-associated microbiome of diseased plants are known to promote plant 

growth or have antagonistic activities against pathogens. For example, Rhizophagus irregularis, a well 

described arbuscular mycorrhizal fungi was found enriched in brown spot diseased rice plants 

compared to healthy ones4. A biocontrol assay will be conducted to assess whether R. irregularis can 

confer brown spot resistance in the host plant. Interestingly, the enriched taxa were mostly different 

between the two pathosystems. These initial findings, derived from a single cycle of microbiome 

adaptation to pathogenic stress, are promising and suggest that there is much to be explored in this 

area. 
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Seed microbiota is highly diverse and variable across individual seeds¹,². To date, the transmission and 

impacts of this pioneer microbiota remain poorly understood. 

Using synthetic bacterial communities (SynCom) inoculation on Phaseolus vulgaris (common bean) 

seeds, we investigate the transmission of seed microbiota throughout plant development, from seed 

to seed, and their influence on key phenotypic traits, in relation to plant metabolome. 

Seeds were inoculated with five SynComs, each composed of eight bacteria selected based on their 

prevalence in seed microbiota and transmission potential as SynComs. Seeds were then sown in non-

sterile soil and sampled throughout the plant's life cycle, focusing on early developmental stages. Plant 

compartments were dissected, and microbial communities were profiled using ITS and gyrB markers. 

Simultaneously, metabolomic analysis (GC-MS) detected changes in over 345 metabolites during early 

development, and seedling phenotype was characterized. 

During germination and emergence, seed-borne bacteria were primarily transmitted to developing 

aerial compartments, making up 88%, 80.2%, and 83.2% of the microbiota in cotyledons, leaves, and 

stems at the seedling stage, respectively. The 30 inoculated strains exhibited differential colonization 

patterns, with selected Kosakonia, Siccibacter, Curtobacterium and Pantoea agglomerans displaying 

the highest colonization rates (relative abundance up to 88 %). These seed microbiota reduced the 

rate of abnormal seedlings among emerged seedlings, a criterion of plant productivity, but did not 

significantly affect most seedling morphological traits. Metabolome variations associated with 

developmental stage and SynCom inoculation were observed. Although inoculated seed-borne 

bacteria were not found after the seedling stage, they shaped adult-plant leaf microbiota structure, 

explaining 28.1% to 63.1% of the leaf microbiota composition variance. 

Overall, seed microbiota transiently colonize above-ground compartments, inducing phenotypic and 

metabolomic changes with lasting effects on plant microbiota assembly. 
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Legume crops are valuable for agroecological and food transitions. They reduce chemical inputs by 

fixing atmospheric nitrogen through symbiosis with N-fixing bacteria and provide protein-rich grains 

that can partially replace animal proteins. However, due to the risk of anemia from this shift, attention 

is now focused on the iron content in legume grains. Abiotic stresses, such as limited nutrient 

availability, particularly iron, also affect legume yield and quality. Improving iron nutrition in legume 

plants is crucial for maintaining crop yields and ensuring adequate iron levels in grains. Plant 

microbiota and practices like cereal-legume intercropping offer sustainable ways to enhance plant 

nutrition. 

Our study aimed to understand how different pea varieties and pea-wheat intercropping affect the 

microbiota involved in iron dynamics and to identify microbail groups able to boost iron content in pea 

plants. Two pea varieties with varying susceptibility to iron chlorosis were grown in three soil types, 

and root bacterial communities were analyzed for their response to iron stress. The most iron-stress-

resistant bacterial groups were then quantified in four pea varieties, grown alone or intercropped with 

wheat. Synthetic microbial communities were also tested for their impact on pea growth and nutrition. 

We identified 13 bacterial families with low susceptibility to iron stress, with their abundance varying 

by plant variety. Pea-wheat intercropping improved iron nutrition, with one bacterial family playing a 

key role in iron mobilization. Ongoing research focuses on identifying plant traits and genes that recruit 

these beneficial microbes, which could be used in breeding to improve legume iron nutrition, yield, 

and quality. 
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In disease-suppressive soils, the microbiota is efficient in controlling soil-borne pathogens infecting 

plant roots. However, the specific microbiome traits contributing to soil suppressiveness remain poorly 

understood, especially as these soils occur across diverse regions and cropping systems, hosting 

distinct microbiota. We hypothesized that disease-suppressive soils from a same pathosystem exhibit 

common bacterial communities and plant-protective functions. To test this, we cultivated tobacco in 

greenhouse experiments using soils from Switzerland and Savoie that were either suppressive or 

conducive to black root rot caused by the fungus Thielaviopsis basicola. Results showed negligible 

differences in soil mineral composition related to suppressiveness status (suppressive vs conducive), 

soil type (morainic vs sandstone cambisols), or geography (Switzerland vs Savoie). In contrast, soil 

metabolomes varied significantly between individual soils, primarily according to soil type and 

geography. Metabarcoding revealed that fungal and bacterial communities in the tobacco rhizosphere 

were influenced by individual soils, with suppressiveness status and soil type significantly affecting 

microbial composition. While several fungal and bacterial taxa were identified as indicators of 

suppressiveness in Swiss soils and in Savoie soils, only one bacterial taxon (Bosea) was common to 

both regions. Metagenomic analysis further showed differences in the microbiota between Swiss and 

Savoie soils, as well as between suppressive and conducive soils, particularly within Swiss soils. 

Tobacco shoot metabolomes also varied according to individual soils, soil type, and geography, but 

certain plant metabolites were associated to suppressiveness in both Savoie and Swiss soils. Overall, 

these results emphasize the influence of geographic and soil-specific factors on microbial communities 

and soil suppressiveness, highlighting the need for regional approaches when studying disease- 

suppressiveness. 
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While phages have been extensively studied in human and marine contexts, a huge gap exists in plant-

associated phage research (1,2). Most plant-related phage research focuses on biocontrol candidates, 

neglecting ecological and epidemiological questions. Pseudomonas syringae is a highly diverse 

complex of bacterial species found in a wide range of environments, including plants. Bacterial canker 

of apricot trees involves several strains of this species complex (3). The diversity and role of phages in 

this system remains to be elucidated. 

The aim of this study is to define the phagome in apricot trees, comparing healthy and diseased tissues. 

To this end, purification of viral particles and metagenomic analyses were conducted in soil, buds and 

twigs of apricot trees. Additionally, metabarcoding analyses estimated the diversity of P. syringae 

strains in the total DNA of these samples.  

The viral fraction in our purified samples was 30%, and 28% of complete and high quality phages were 

assigned to a bacterial host (4). The specific richness of phages in the soil was higher than that of the 

other tree niches, which were equivalent. The four niches exhibited distinct phage populations, with 

some phages being ubiquitous across all niches. Inerestingly, we detected the absence of abundant 

phages of the Actinomycetota and Bacillota phyla in symptomatic twigs, in contrast to the presence of 

these phages in the other niches. Conversely, there was a significant increase in the relative abundance 

of Pseudomonas phages  in diseased twigs relative to healthy ones.  

Buds and asymptomatic twigs had a similar P. syringae population structure, while symptomatic twigs 

have a distinct signature that sets them apart from other substrates. The soil P. syringae genetic 

richness is higher than in the other niches. The present study represents a pioneering investigation of 

the phagome in apricot trees. This could lead to advances in biocontrol and disease surveillance. 
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Bacteria have evolved a large array of signaling pathways that allow them to reprogram their motility 

in response to their neighboring colonies and the environmental conditions.  In this regard we found 

that when Paenibacillus spp. bacteria are grown on glucose their motility is inhibited, thereby 

restricting them to a favorable environment. However, when these colonies are grown in proximity to 

other bacterial species, such as the plant pathogens Xanthomonas perforans or Acidovorax citrulli, this 

inhibition is overridden and the Paenibacillus cells start migrating towards their neighbors. Notably, a 

directional swarming induction of Paenibacillus cells by neighboring colonies was observed even when 

the colonies were inoculated on media without glucose. We further show that, when inoculated on 

plants, the interaction of Paenibacillus swarms with these phytopathogens could have two opposing 

effects on plant health. The outcome could be either harmful or helpful to the plant, depending on the 

characteristics of the Paenibacillus species in the swarm. Our results suggest that in mixed populations, 

interspecies interactions can affect the community’s spatial organization and significantly influence 

disease outcomes in plants. 
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Bacteria engage in various interactions with plants, ranging from parasitism to mutualism, on a 

dynamic continuum shaped by evolutionary pressures. The plant pathogen Ralstonia solanacearum 

has been used to study evolution along this continuum through a unique combination of two long-

term evolution experiments. One experiment investigated its adaptation to novel plant hosts, while 

the other explored its ability to evolve as a legume symbiont following the horizontal gene transfer of 

nod-nif-fix genes. Despite the intuitive antagonism between these two adaptive processes, some genes 

or pathways were convergently mutated in both evolution experiments. Among these convergences, 

the spoT gene appeared mutated once in one lineage of each experiment. This gene encodes a 

bidirectional regulator of the (p)ppGpp secondary messenger, a small nucleotide involved in 

pleiotropic bacterial physiological processes. This work reveals that each mutation confers an 

enhanced adaptation to both legume symbiosis and xylem colonization for tolerant and susceptible 

hosts, in a nonspecific manner. The two spoT mutants exhibit pleiotropic phenotypes, notably 

enhanced metabolism and higher growth rate in synthetic medium. Analysis of the growth of mutants 

synthesizing various basal quantities of (p)ppGpp suggested a reduction in basal level of (p)ppGpp in 

the two spoT mutants. This result is reinforced by the discovery that lowered basal (p)ppGpp levels 

correlate with increased fitness in the xylem of tomato plants. Further characterization of other 

(p)ppGpp-dependent phenotypes, including pathogenicity, growth, metabolism, motility, stress 

resistance, and exopolysaccharide production, will allow us to understand how altered (p)ppGpp levels 

enhance in planta fitness in Ralstonia solanacearum, both for xylem colonization and legume 

symbiosis. 
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Rhizobia represent a unique group of bacteria able to establish a symbiotic interaction with plants from 

Fabaceae family. This mutualistic relationship between legume and nitrogen-fixing bacteria results in 

the formation of a specialized organ, the nodule, able to fix atmospheric nitrogen and dedicated to 

host rhizobia. These beneficial interactions lead to a decrease of an expensive use of polluting fertilizer. 

We isolated from Medicago truncatula nodules such a rhizobia which harbors an atypical behavior : 

The T4 strain. Whole genome sequencing of this strain reveals that it belongs to the non-symbiotic 

Ensifer adhaerens group. This bacterium shows contrasted interactions with its host depending on the 

developmental stage of the plant. It is pathogenic and kills the host when inoculated on germinating 

seeds but only triggers the formation of non-functional nodules on older seedlings. To our knowledge 

this kind of bacterium with pathogenic and symbiotic-like behaviors on the same plant species has 

never been described before and its characterization can lead to better understand the frontier 

between plant-pathogenic and plant-mutualistic interactions.  

Our aim is to characterize the pathogenic behavior of the strain and the molecular mechanisms 

underlying this interaction. We first determined when the switch occurred between the pathogenic 

and symbiotic interaction. Using a GFP tagged strain, we characterized the T4 infection process and 

observed that the strain invades the intercellular space of the cortex to reach and colonize the plant 

vasculature and then accumulates in cotyledons. T4 inoculated plants keep cotyledons closed and 

showed no morphological changes at the root level. To determine the molecular mechanisms involved 

in the pathogenic behavior, we identified T4 candidate genes on the basis of comparative proteomic 

and BIOLOG data. We constructed mutants altered in these genes and performed pathogenicity assays. 
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Plants are in interaction with several microorganisms [1], including bacteria of the Streptomyces genus. 

Streptomyces are a widely distributed genus of soil bacteria which have several Plant Growth 

Promoting capacities [2]. Plants select those bacteria in part via their root exudates [3] but the 

molecular mechanisms involved in this selection aren’t well known. We hypothesized that 

brassinosteroids (BRs), a class of terpenic phytohormones could be involved in barley-Streptomyces 

selection. We isolated several Streptomyces from barley, among them Streptomyces sp. GPA1 

belonging to a new species. This bacterium increased root growth in Wild-type barley (WT) and 

modified its proteome. We have studied the physiologic and molecular effects of this interaction on 

both partners and the role of BRs in this relation. For that, we have worked on WT and mutant barley 

named BW312. This plant had a mutation in the bri1 gene and is deficient in the signaling process 

mediated by BRs, which is causing an increased production of BRs [4]. Several observations revealed 

that BRs are involved during GPA1-barley interaction. i) In the presence of the bacterium, the length 

of WT roots is increased which is not the case for mutant seedlings. ii) Quantitative changes in sterol 

content of the WT barley were demonstrated, with significantly reduced amounts of stigmasterol, 

sitosterol and campesterol in the presence of GPA1. This was not the case for BW312 barley. iv) By 

culturing GPA1 directly in WT or BW312 root exudates, we observed that GPA1 produced biofilm. This 

biofilm production was different when grown in WT or mutant exudates. Differences in the bacterial 

proteome were also observed after culture in WT or BW312 exudates, suggesting that the bri1 

mutation may have altered the overall composition of exudates. All these data highlighted a new 

function of BRs in plant-bacteria interaction. 
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Dickeya solani is a phytopathogenic bacterium that causes significant agricultural losses, particularly 

in potato crops. To infect plants, this bacterium produces Plant Cell Wall-Degrading Enzymes (PCWDE). 

Because the timing of secretion of these enzymes is crucial to avoid triggering the plant's immune 

system, it is thus tightly regulated. Additionally, motility is essential for host colonization, requiring 

precise regulation of flagella synthesis at the transcriptional and post-transcriptional levels. In addition 

to the aforementioned virulence factors, D. solani possesses three polyketide synthase/non-ribosomal 

peptide synthetase (PKS/NRPS) gene clusters: ooc, zms, and sol, which are responsible for producing 

oocydin, zeamine, and solanimycin, respectively (1, 2). The sol and zms gene clusters are regulated by 

ArcZ, a trans-acting non-coding small RNA (sRNA) (2).  

ArcZ is a sRNA that requires binding to Hfq and cleavage by RNase E to form a short active processed 

form. Once active, ArcZ can bind to mRNA targets, regulating them either positively or negatively post-

transcriptionally. In Enterobacterales, ArcZ is known for its pleiotropic role, regulating virulence, 

osmotic stress, acid stress resistance, motility. ArcZ achieves this by binding to numerous mRNAs, 

including those encoding major regulators such as the sigma factor RpoS of the general stress response 

and the repressor of virulence PecT (3) .  

The objective of this study is to elucidate the role of ArcZ in regulating the virulence of D. solani. To 

this end, we performed a series of experiments on WT and ∆arcZ D. solani strains, including plant 

virulence assays, acid stress resistance, motility, PCWDE production and a proteomic analysis 

comparing proteins produced in ∆arcZ versus WT.  Our findings revealed the multifaceted role of ArcZ 

and its important role in regulating D. solani virulence. 
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Some plants host highly specific associations with bacteria in the phyllosphere. These bacteria can be 

found in specialized structures but remain extracellular, which are sometimes visible on the leaf 

surface. The evolution of these associations and the mechanisms that sustain their specificity remain 

poorly understood. Dioscorea sansibarensis is a true yam specie and forms leaf glands at the tip of the 

leaves which contains a high density of its symbiont, Orrella dioscoreae. This interaction is hereditary 

and in their natural environment, the symbiont is always present, raising questions about the role of 

this symbiosis and its specificity. In laboratory conditions, we were able to produce aposymbiotic 

plants (symbiont-free) that can be re-inoculated by wild-type or genetically modified bacteria. Here, 

we present data comparing aposymbiotic and symbiotic plants to better understand this leaf 

symbiosis. Interestingly, plants without symbiont do not have any morphological or phenotypic 

difference compared to symbiotic plants. This prompted us to investigate further, even if it appeared 

to have no effect on the plant's overall physiology. We looked at the transcriptomic level. To do so, we 

also take in account two different organs in the plant: the lamina and the acumen where bacteria 

gather. Surprisingly, we find no difference at lamina level between symbiotic and aposymbiotic plants, 

and only a few genes are deregulated at acumen level between these two conditions. These genes 

seems to be mainly involved in local plant defense in response to the presence of bacteria. In contrast, 

thousands of genes are differentially regultated in the lamina versus the leaf acumen, suggesting that 

the leaf gland is indeed a specialized organ. Hence, our main hypothesis is that the acumen is not 

anymore related to leaf physiology but its main function would be to host and contain their symbiont. 

 

References: 

1. Acar et al. ,2022. mBio13:e01033-22.https://doi.org/10.1128/mbio.01033-22  

2. Acar et al. PLoS One. 2024 Apr 22;19(4):e0302377. doi: 10.1371/journal.pone.0302377 

 

  



Physiology of plant-bacteria interactions: regulation, epigenetics, metabolites 

44 
 

Role of the long non-coding RNA SYNC1 in transcriptional reprogramming  

during nodule development 

 

Ibrahim KEITA (1), Arnaud BIASOTTO-CARRERE (1), Sébastien CARRERE (1), Agnès LEPAGE (1), Andreas 

NIEBEL (1), Matthias BENOIT (1). 

 

(1) Laboratoire des Interactions Plantes Microbes environnement, Auzeville-Tolosane, France 

 

Legumes can form symbiotic root associations with soil bacteria to acquire essential nutrients like 

nitrogen. In this symbiotic interaction, specialized root organs termed nodules host nitrogen-fixing 

bacteria, benefiting plant growth1. Nodules form through coordinated symbiotic programs that enable 

root cell reprogramming and bacterial accommodation1. Transcriptomic studies in Medicago 

truncatula revealed that thousands of genes are upregulated during nodule development2,3. These 

symbiotic genes exhibit distinct epigenetic signatures that undergo significant remodeling during the 

transition from root to nodule3,4. However, the mechanisms driving this transcriptional and epigenetic 

reprogramming remain unclear. Interestingly, several thousands of long non-coding RNAs (lncRNAs) 

are transcriptionally activated during nodulation. lncRNAs are emerging as important regulators of 

gene expression through interactions with transcription factors and chromatin remodeling 

complexes5. We have identified one lncRNA, named SYNC1, that shows nodule-specific expression and 

is located in the vicinity of the gene MtRSD, a key symbiosis regulator. MtRSD undergoes dramatic 

epigenetic changes to unlock its expression in nodules, potentially mediated by SYNC1. We present 

here data supporting the regulatory role of SYNC1 in the transcriptional and epigenetic reprogramming 

of MtRSD during nodule formation. Understanding the molecular mechanisms behind nitrogen-fixing 

symbiosis could lead to novel strategies for promoting sustainable agriculture through enhanced 

nutrient acquisition in legumes. 
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Dickeya is a genus of enterobacterial plant pathogens that cause soft rot disease in a wide range of 

plant species, including economically important crops. The infection process consists of two main 

phases: the asymptomatic phase, during which early virulence factors are produced to colonize plant 

tissue, and the symptomatic phase, where plant cell wall degrading enzymes macerate the tissue, 

leading to visible symptoms. Throughout the infection process, D. dadantii encounters environmental 

changes that require a tight spatial and temporal control of virulence factor production. Numerous 

transcription factors and nucleoid-associated proteins regulate this process. Additionally, the 

transcriptional landscape of D. dadantii revealed RNA-mediated regulation as an another layer of 

control. We found that transcripts of virulence regulators overlap with mRNAs of neighboring genes, 

and our focus was on the transcriptional repressor PecS. The pecS gene is located adjacent to the argG 

gene, and the transcriptomic data indicate that their transcripts overlap at the terminator region. We 

hypothesize that the two transcripts may regulate each other  through mRNA-mRNA interaction. Since 

argG is expressed in the absence of arginine and PecS represses virulence factors, the level of arginine 

may affect the virulence of D. dadantii. Our results show that the amount of the PecS protein is 

significantly decreased in the absence of arginine and that it is not due to a regulation of transcription 

initiation. To assess whether increased production of one transcript can titrate the convergent 

transcript, we overexpressed one of the transcripts and analyzed the effect on the other transcript by 

quantifying the protein level. The results suggest that the pecS and argG transcripts are bifunctional 

RNAs that play the role of both mRNAs and antisense RNAs. Finally, in planta experiments are also 

carried out to evaluate the impact of apoplastic arginine on the infection process of D. dadantii. 
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To gain insight into the evolutionary mechanisms that have driven the diversification of nitrogen-fixing 

legume symbionts, we simulated the emergence of novel rhizobia under laboratory conditions. 

Specifically, we transferred the symbiotic plasmid of Cupriavidus taiwanensis, the symbiont of Mimosa 

pudica, into Ralstonia solanacearum and subjected this chimera to a series of inoculation-nodulation 

cycles on M. pudica. These cycles selected for microbial variants with enhanced symbiotic capabilities. 

In particular, the initial stages of symbiosis, nodulation and nodule cell infection, were rapidly 

established and significantly improved within the first few cycles. During this adaptive process, the 

bacteria have accumulated many mutations, among which we identified several highly adaptive ones. 

Nodulation was acquired through the inactivation of R. solanacearum T3SS, while intracellular 

infection was achieved and further enhanced by the inactivation or modulation of virulence and 

metabolic regulators, including HrpG, PhcA, and EfpR. However, despite 60 nodulation cycles, 

mutualistic nitrogen fixation was not achieved in this experiment. This was partly due to the fact that 

bacteria do not persist for long in nodule cells. Only low and transient levels of nitrogenase activity 

were observed in several lineages due to mutations that inactivated the export of putrescine, a 

polyamine abundantly produced by R. solanacearum. We hypothesize that key genes required for long-

term persistence and mutualistic nitrogen fixation, which are present in natural Mimosa symbionts, 

may be absent in R. solanacearum, thereby preventing the evolution of these traits. Interestingly, we 

have identified Mimosa-specific genes encoding small secreted proteins whose expression is 

associated with the intracellular release and persistence of symbionts. Whether these small proteins 

play a role in the limited persistence of evolved Ralstonia remains to be determined. 

 

References: 

1. Libourel C, Keller J, Brichet L, Cazalé AC, Carrère S, Vernié T, Couzigou JM, Callot C, Dufau I, Cauet S, Marande W, Bulach T, Suin A, Masson-

Boivin C, Remigi P, Delaux PM, Capela D. 2023. Comparative phylotranscriptomics reveals ancestral and derived root nodule symbiosis 

programmes. Nat Plants 9:1067-1080. 

2. Doin de Moura GG, Mouffok S, Gaudu N, Cazalé AC, Milhes M, Bulach T, Valière S, Roche D, Ferdy JB, Masson-Boivin C, Capela D, Remigi 

P. 2023. A Selective Bottleneck During Host Entry Drives the Evolution of New Legume Symbionts. Mol Biol Evol 40. 

3. Tang M, Bouchez O, Cruveiller S, Masson-Boivin C, Capela D. 2020. Modulation of Quorum Sensing as an Adaptation to Nodule Cell Infection 

during Experimental Evolution of Legume Symbionts. mBio 11. 

4. Capela D, Marchetti M, Clérissi C, Perrier A, Guetta D, Gris C, Valls M, Jauneau A, Cruveiller S, Rocha EPC, Masson-Boivin C. 2017. 

Recruitment of a Lineage-Specific Virulence Regulatory Pathway Promotes Intracellular Infection by a Plant Pathogen Experimentally Evolved 

into a Legume Symbiont. Mol Biol Evol 34:2503-2521. 

5. Marchetti M, Capela D, Glew M, Cruveiller S, Chane-Woon-Ming B, Gris C, Timmers T, Poinsot V, Gilbert LB, Heeb P, Medigue C, Batut J, 

Masson-Boivin C. 2010. Experimental Evolution of a Plant Pathogen into a Legume Symbiont. Plos Biology 8. 

  



Evolution, phylogeny, plant and bacterial genomics  

49 
 

Analysis of the diversity of prophages in Xylella fastidiosa. 

 

Noe ARROYO-VELEZ (1), Jessica DITTMER (1), Marie-Agnès JACQUES(1) 

 

(1) IRHS, INRAE-Pays de la Loire 

 

Xylella fastidiosa is a gram-negative bacterium of the Xanthomonadace family that colonizes the xylem 

of a wide range of plant species. It is transmitted by insect vectors that feed on xylem sap and is the 

causal agent of serious diseases in important crops such as Pierce’s disease in grapevine, olive quick 

decline syndrome, etc. [1]. Xylella fastidiosa originated in the Americas and was subsequently 

introduced into Europe, where it was first recorded in the Apulia region of Italy in 2013. Since then, it 

has successfully spread to other European countries, including France, Spain, and Portugal [2]. To date, 

four subspecies (fastidiosa, multiplex, pauca, and sandyi) have been recorded on the continent, with 

more than 174 reported hosts [3].The extraordinary adaptability of Xylella fastidiosa to diverse hosts 

is potentially driven by the high genetic diversity within the species [4]. Multiple studies indicate that 

horizontal gene transfer through prophage-mediated transformation is a major evolutionary pathway 

by which bacteria acquire novel traits, enhancing their fitness and expanding their niche [5],[6]. For 

these reasons, in this work, we used bioinformatics to analyze the repertoire of putative prophages in 

over 100 genomes of Xylella fastidiosa strains. The analysis revealed a significant number of prophage-

derived inserts (with a median of 7), representing a substantial proportion of the bacterial genomes, 

reaching up to 20% in some strains. Additionally, prophage diversity appeared to be dependent on 

geographic location, as strains isolated in the same region exhibited similar prophage patterns. Finally, 

the annotation of the genes encoded in the prophage-inserts revealed their putative roles in various 

cellular functions, including adaptation under stress conditions which might be relevant for Xylella 

fastidiosa survival in different host environments. 
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Citrus Huanglongbing (HLB) is a bacterial disease that affects citrus trees and is considered the most 

severe citrus plant disease in the world [1]. Despite their major impact on agronomy, the epidemiology, 

ecology, and evolution of the three Gram-negative phloem-restricted Candidatus Liberibacter species 

associated with the disease remain largely unknown due to their non-culturable nature. Among them, 

“Ca. Liberibacter asiaticus” (CLas) and “Ca. Liberibacter africanus” (CLaf) are the two epidemiologically 

active species distributed in the citrus-growing regions [2]. These phytopathogenic bacteria are known 

to have a plastic genome with several phages’s genes incorporations which can influence their 

pathogenicity and adaptability to their host plants and insect vectors [3-5]. The aim of this study was 

to investigate the integrated prophage-like sequence of CLas by assembling and exploring its first de 

novo genome assembly from Réunion (V1R1). Two prophages were identified into this 1,271,573 bp 

single contig de novo assembly, including one prophage that belonged to a new Type 5 CLas prophage 

(P-V1R1-5) which is highly similar to one prophage previously identified in several CLaf genomes. PCR 

amplifications specifically targeting this prophage suggested that most CLas strains from Réunion and 

all CLaf strains from Madagascar and Réunion have incorporated at least parts of this prophage. The 

identification of this first interspecies variable prophage not only expanded our knowledge of CLas 

genomic diversity in Réunion, but also provided new insights into the potential role of horizontally 

transferred elements in the evolution and biology of the sympatric HLB-causing Ca. Liberibacter 

species. 
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Bacteria have evolved diverse antibacterial strategies throughout evolution, enabling them to 

eliminate competing organisms from their environment. Two distinct contact-dependent antagonistic 

strategies have been identified within the Xanthomonas genus, the type IV (X-T4SS) and the type VI 

(T6SS) secretion systems [1,2]. Both systems inject toxic effectors to neighboring bacterial cells, either 

killing or inhibiting their growth. However, their differing structural origins and distinct toxin 

repertoires suggest that each system confers fitness advantages to bacteria. Yet it remains unclear why 

certain bacteria favor one strategy over the other. In this study, the evolution and function of X-T4SS 

and T6SS in xanthomonads including the Bacterial Leaf Streak pathogen, Xanthomonas translucens (Xt) 

was investigated. By taking advantage of the natural heterogeneous distribution of both systems in 

this species and using a combination of genetic and fluorescence-based methods, we demonstrate 

that X-T4SS and T6SS clade i4 are crucial for inter-bacterial competition in Xt. Antibacterial T6SS-i4 

activity was also demonstrated by real-time confocal microscopy imaging. Additionally, comparative 

genetics and phylogenetic analyses revealed functional replacement of one competition strategy by 

the other in several xanthomonads lineages. Altogether, these findings expand our current 

understanding on how closely related bacteria can adapt their competition strategies to survive and 

succeed in competitive environments. 
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 Crop domestication has a significant effect on the evolutionary trajectory of plant pathogens by 

providing new ecological niches and abundant resources. The history of cultivated rice in Africa offers 

an interesting framework to study this, one specie (Oryza glaberrima) was domesticated  around 

~3000 years ago in West Africa, and another (Oryza sativa) was introduced around the 16th century 

by European settlers. Both events likely affected plant-associated microbes. In this study, we used 

population genomics to understand the diversity and evolution of the bacterial blight pathogen 

populations in Africa, specifically, Xanthomonas oryzae pv. oryzae (AfXoo). We identified four genetic 

groups, one recombining and three clonal that seemed to emerge during the introduction of O. sativa. 

We also observed a strict conservation of transcription activator like-effector (TALE) families among 

isolates, but with some variations in the repeat regions. Transcriptomics revealed either identical or 

dissimilar targets of different TALE families. Overall, our study provides the evolutionary history and 

expansion of AfXoo as well as the potential adaptation of TALEs in rice. 
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Lotus japonicus is a model legume widely used for studying Root Nodule Symbiosis (RNS). Recently, it 

has also been employed to investigate interactions with more complex microbial communities. By 

using a synthetic bacterial community (SynCom), we can precisely control bacterial inputs and study 

host responses at different levels: population-level genomics through GWAS and single-cell expression 

responses through SingleCell RNAseq. In the GWAS project, we uncovered significant signals leading 

to the discovery of a novel gene called “ROOMIE1” (ROOT MICROBIOME ESTABLISHMENT 1) and 

demonstrated the role of microbiomes in shaping plant genome evolution, revealing contrasting 

signatures between adaptations to climate compared to adaptations to microbes. This highlights the 

impact of root microbiomes as a selective force in plant natural populations. Conversely, in the 

SingleCell project, we focused on molecular mechanisms and identified surprising commonalities 

between RNS pathways and commensal signaling. These findings provide new insights into the overlap 

between symbiotic and commensal interactions at the single-cell level. Together, these studies deepen 

our understanding of how Lotus japonicus recruits and interacts with soil bacteria, offering broader 

implications for plant-microbiome interactions in natural and agricultural settings 
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The Ralstonia solanacearum species complex (RSSC), one of the most damaging pests worldwide, 

includes three distinct species: R. solanacearum (phylotype II), R. pseudosolanacearum (phylotypes I 

and III) and R. syzygii (phylotype IV). Reports of R. solanacearum have been made in several European 

countries since 1990 and, more recently, outbreaks of R. pseudosolanacearum as well. Despite all 

species of the RSSC being classified as quarantine pests in the European Union, few studies have 

focused on the genotypic diversity of European RSSC strains, and more specifically French ones. 

Surveys conducted between 1994 and 2023 in the framework of territory surveillance allowed the 

collection of more than 360 RSSC strains from mainland France. Phylotype and sequevar 

characterization revealed that all of them belonged to phylotype II, sequevar 1. In this study, we 

investigated the genotypic and genomic diversity of those strains, which could help us understand the 

origin of French outbreaks. 

In particular, we explored the potential of Multiple Loci VNTR Analysis (MLVA), widely used to monitor 

diversity among bacterial populations, to discriminate closely related R. solanacearum strains. A novel 

MLVA scheme was therefore specifically designed for French R. solanacearum strains. Nearly 30 

different VNTR profiles were discriminated among the near-clonal French strains and were analyzed in 

relation to isolation year, host, etc. In order to estimate the diversity of French strains at the European 

level, 29 European strains of R. solanacearum phylotype II, sequevar 1 were included in the MLVA study 

as well. 

In addition, the genomes of 235 French R. solanacearum strains were sequenced to further investigate 

their genomic diversity. Previously available worlwide public genomes of R. solanacearum were 

considered as well. These genomic data complement the genotypic ones obtained by MLVA and 

provide evidence for the origins and dates of introduction of R. solanacearum in mainland France. 
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All living beings evolve but they don’t do so at the same speed. The “evolvability” of an organism, this 

is, their capacity to generate and tolerate/select variation, is a trait that can be coded in the genome 

and can be selected for. Certain genomic features including the presence of mobile elements and 

repetitive regions can accelerate the speed at which variants appear in a population; under highly 

variable environments having a more evolvable genome can be advantageous and will thus be selected 

for. We propose this is the case for arms-races between certain Xanthomonas species and their plant 

hosts, where pressure given by resistance in the plant has lead to highly evolvable bacterial genomes. 

Furthermore, particular genes like the repeat-containing TAL effectors, might have been selected in 

certain groups due to their high evolvability. TAL effectors, as a result of their repetitive character,  are 

prone to recombinaton, which leads to variation in repeat number and order, which allows 

diversification of virulence functions and evasion of recognition by the host. I will present examples 

and hypotheses on how TALEs evolve in populations, and how in general, high rates of  recombination 

between repetitive regions is a feature that has been selected for high evolvability in Xanthomonas. 
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Plants are colonized by a diverse microflora both at the root and at the shoot level. This contributes to 

plant health, e.g. by secreting antimicrobial compounds, by inducing the plant immune defenses or by 

depriving pathogens of important resources such as iron. We are interested in understanding how the 

microbiome contributes to plant health and use crops of agronomical relevance such as potato and 

grapevine to answer this question.  We have recently discovered that plant-associated bacteria and 

fungi can detect the presence of competing microbes via their volatile emission and react by 

upregulating antimicrobial volatile emission and/or siderophore production. In turn, some of the 

volatile chemical signals emitted by beneficial root-associated Pseudomonas can remotely influence 

the behavior of other rhizosphere inhabitants, leading to diminished siderophore production, reduced 

motility and increased biofilm formation. These modulated traits are of relevance for both the ability 

of the microbes to successfully colonize their host plant and to competitively inhibit plant pathogens. 

These new findings lift the veil on the complex chemical communication taking place within the plant 

microbiota, which can be mediated by both volatile and non-volatile signaling compounds. 

Understanding the basis of this communication and identifying the chemical signals leading to up- or 

downregulation of biocontrol-relevant traits such as siderophore production or emission of 

antimicrobial volatiles in plant-associated bacteria will open significant avenues for improved microbe-

mediated crop protection in the future. 
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Bacterial extracellular vesicles (BEVs) are lipidic shuttles that facilitate the export of cellular materials 

over long distances from the cell. BEVs can transport lipids, proteins, nucleic acids, and metabolites. 

They play roles in virulence, inter-species competition, and the induction of the host immune response. 

While they have primarily been investigated in animal-bacteria interactions, knowledge regarding 

phytobacterial BEVs remains limited. Recent findings revealed that various biotic factors can regulate 

BEVs production, as demonstrated in Pseudomonas putida where lignin derivatives influence BEVs size 

and cargo (1). Hydroxycinnamic acids, such as ferulic acid, are lignin components abundantly released 

in the plant environment, where they impact the ecology of numerous phytobacteria. Azospirillum sp. 

B510, a phytobeneficial bacteria, induces the accumulation of hydroxycinnamic acids derivatives in the 

plant and can use them as carbon sources (2). We hypothesized that the presence of ferulic acid (FA) 

in the environment of Azospirillum sp. B510 would influence its BEVs production in terms of size, 

quantity, and cargo. Conversely, we also proposed that BEVs from this phytobacterium would 

influence plant metabolites and enhance protection against pathogens. We assessed the effect of FA 

on the BEVs production by Azospirillum sp. B510 using electron microscopy and NTA. Through LC-MS² 

analyses, we characterized the influence of FA on the composition of BEVs cargo. Finally, after an 

exposure to BEVs, we compared Solanum lycopersicum specialized metabolite profiles and the defense 

gene expression. Our results indicate that FA (plant environment) affects the production of BEVs by 

Azospirillum sp. B510 and its BEVs also impacts plant physiology depending on their cargos. This 

research provides the first evidence of a global effect of BEVs on the plant and highlights the dynamic 

nature of plant-bacteria interactions mediated by BEVs. 
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The forests of temperate regions are often developed on acidic and rocky soils characterized by low 

nutrient availability. To cope with such conditions trees have developed associations in their root 

system (the mycorrhizosphere) with symbiotic fungi and bacteria. Through their ability to weather 

minerals and transfer nutrients, these microorganisms participate to the nutrition and health of trees. 

Noticeably, the enrichment of effective mineral weathering (MWe) bacteria is considered to be linked 

to the carbon sources contained in fungal and tree root exudates. In such acidic soil, culturable 

representatives of the genus Pseudomonas are quite rare and only few strains have been isolated from 

the mycorrhizosphere and analyzed for their MWe ability. The characterization of the molecular 

mechanisms and genes involved remains to be deepened regarding this genus. To do it, we considered 

the model strain Pseudomonas sp. PML3(3) isolated from the oak- Scleroderma citrinum 

ectomycorrhizosphere.  

The objectives were i) to characterize the functional properties of the model strain ii) to assess its MWe 

ability and the genes and/or clusters potentially involved, and iii) to study the effect of the type of 

carbon source consumed. To achieve this, the genome of the strain PML3(3) was sequenced, 

assembled and analyzed to identify genes of interest and particularly those related to mineral 

weathering. Moreover, MWe assays were conducted using different biotests and culture conditions to 

determine the relative effect of 11 carbon sources, often found in root exudates. Our first results 

revealed that the genome of strain PML3(3) contains genes encoding the canonical GDH-PQQ system 

and two clusters responsible for siderophores production. The bioassays performed confirmed that 

PML3(3) produces at least one siderophore and can strongly acidify the solution with different carbon 

substrates. The weathering experiments highlighted that strain PML3(3) is effective at weathering 

biotite. 
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Bacteriocins are antimicrobial peptides produced by numerous bacterial species, and generally have a 

narrow spectrum of inhibition (targeting closely related strains or species).1. Already used in various 

fields, including agri-food, health and agriculture 2, bacteriocins are intended to constitute an 

alternative to antibiotics and an effective strategy to control multidrug-resistant bacteria. 

The phytopathogenic bacteria belonging to the Ralstonia solanacearum species complex (Rssc) are 

responsible for bacterial wilt, the second most damaging phytobacterial disease in the world, reported 

on every continent, with a high prevalence in tropical and subtropical regions 5. By obstructing the 

xylem of host plants, Rssc strains can induce irreversible wilting in over 450 plant species, including 

important hosts such as bananas, cassava, potato, tomato6. 

The Rssc is classified into four phylotypes reflecting their geographical origin : Asia (Phylotype I), 

America (II), Africa (III) or Indonesia (IV). These phylotypes are further classified into around 70 

sequevars based on the endoglucanase (egl) partial gene sequence. 6. In the south-western Indian 

ocean (SWIO), strains of phylotype I sequevar 31 (I-31) predominates in small islands (Reunion, 

Mayotte, Comoros, Seychelles), whereas in Madagascar, I-18 strains are  mainly found.. Although no 

bacteriocins have yet been characterized in Rssc, we have recently shown that these two epidemic 

lines display bacteriocin-like antibacterial activity targeting less prevalent strains in the SWIO. This 

result, which underlines the importance of bacteriocins in intraspecific competitions, also offers new 

perspectives in the development of innovative biocontrol tools. In this context, we have set up a 

pipeline to biochemically characterize these bacteriocins and evaluate their use to control bacterial 

wilt in solanaceous crops. 
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In emergence in Europe since the 2000’s, Dickeya solani is a pectinolytic bacterium targeting the potato 

plant. D. solani induces the blackleg and soft-rot diseases on potato stems and tubers, diseases 

representing millions of euros of loss per year for the potato plant sector. Explorations of D. solani 

genome have shown the presence of NRPS/PKS gene clusters coding for antimicrobial metabolites 

[1,2]. These metabolites could play a major role in the competition against the resident microbiota, 

especially in a context of an emergent pathogen colonizing a new host. This research project aims to 

better understand the role of these antimicrobial metabolites in the colonization of the potato plant 

by D. solani. To evaluate the impact of the production of antimicrobial metabolites, deletion mutants 

for each biosynthesis pathway have been constructed. Their activity has been compared to the wild 

type strain. Thanks to a mutant/wild type screening, sensitive microbial targets for each metabolite 

were identified in a collection composed of potato-specific pathogens, soil isolates and biocontrol 

agents. These growth inhibition tests supplemented with chemical analysis demonstrated the mutants 

impairments in their ability to produce the corresponding metabolite and to inhibit growth of other 

microbes. Inoculation assays in planta were also performed with all strains on potato plants and shown 

impairments in the mutants ability to colonize the host and to induce symptoms. Metabarcoding 

analyses are on-going and we expect differences in root microbiota diversity between mutants and 

wild type conditions. Moreover, metabolomic and transcriptomic assays in presence of sensitive 

targets and of D. solani are planned to understand the interplay occurring during the colonization of 

the potato host between pathogen and resident root microbiota.  Overall, this work revealed the 

importance of the production of secondary metabolites in a plant-microbiota-pathogen ecological 

system.     
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The initial assembly of the tree microbiota from root to shoot, and its link to root exudates and tissue 

metabolites, is not fully understood. Poplar serves as a model for studying these processes, as it can 

be clonally propagated in sterile conditions and genetically modified. Using a mesocosm device in 

which sterile poplar cuttings can be cultivated on sterile gamma irradiated or microbially colonized 

soils, we demonstrated by combining metabarcoding and confocal microscopy approaches that root 

microbial colonisation exhibited a dynamic response, initially involving saprophytic microorganisms 

and later transitioning to endophytes and symbionts (1,2). We further characterised how fungal and 

bacterial communities are altering root exudates as well as root and shoot metabolomes by gas 

chromatography-mass spectrometry. Microbial colonisation triggered rapid and substantial alterations 

in both the composition and quantity of root exudates, with over 70 metabolites exclusively identified 

in remarkably high abundances in the absence of microorganisms, including defence compounds of 

the salicylate family. Those later were strongly depleted in the roots exudates in the presence of 

microorganisms, suggesting the rewiring of root metabolism and/or a metabolization by the 

microorganisms. On this basis, we hypothesized that salicylates play a role in structuring of the 

colonization of poplar roots by microorganisms and that some  saprophytic microorganisms which are 

early colonizers of the rhizosphere could metabolize salicylates  and by doing so allow the growth of 

sensitive late comers. To test this hypothesis, we measured the sensitivity of a collection of bacteria 

and of fungi isolated from the rhizosphere of poplars and we tested their ability to metabolize 

salicylates. Results indicate that these abilities differ depending on compounds and microbial strains 

suggesting that different salicylates play distinct roles in shaping poplar microbial communities. 
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Crop-associated bacteria represent a promising source of microorganisms with biotechnological 

potential. However, most research has been directed at rhizosphere bacteria and the beneficial 

properties of phyllosphere bacteria have been largely overlooked. Here, we investigated the antifungal 

and plant growth-promoting properties of avocado phyllosphere bacteria and their organic extracts. 

In vitro assays were performed to assess the antagonistic activity of phyllosphere bacteria against two 

avocado pathogens, Fusarium sp. and Colletotrichum gloeosporioides, leading to the selection of 10 

bacterial strains identified as belonging to the genera Pandoraea, Kocuria, Robertmurraya, 

Calidifontibacillus, Bacillus and Erwinia. These bacteria were then tested in vitro for plant growth-

promoting traits such as biofilm formation, nutrient solubilization, production of indole acetic-acid and 

siderophores, and stimulation of Arabidopsis thaliana development. In particular, four strains were 

able to enhance the biomass and lateral root growth of A. thaliana, most likely through an activation 

of the auxin pathway. The obtained results allowed the selection of two strains, Robertmurraya sp. B4 

and Pandoraea B1, for the obtention of bacterial organic extracts (EtOAc and n-BuOH) and subsequent 

chemical profiling through UPLC–HRMS. Bacterial organic extracts displayed antifungal activity against 

the two fungal pathogens, the strongest inhibition being induced by Robertmurraya n-BuOH extract. 

Tentative identification of distintive compounds showed the presence of metabolites involved in 

tryptophan and biotin metabolism and in antibiotic secretion, which sheds a light on the possible 

mechanisms underlying the beneficial properties displayed by these phyllosphere strains.  
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The development and transmission of antibiotic resistance in crop production systems. 
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A common and important farming practice is to fertilize crop ground with fecal material of animal or 

human origin. In many parts of the world now the use of reclaimed sewage effluent for irrigation is 

becoming an increasingly important practice as precipitation declines due to climate change. 

Generally, not in Europe, but elsewhere antibiotics are used as pesticides to control bacterial crop 

diseases. These practices entrain antibiotic-resistant bacteria, antibiotics, and other potentially co-

selective chemicals into crop ground. This presentation will discuss what is known and some 

knowledge gaps regarding antibiotic-resistance in these systems, the potential for contamination of 

crops and potential risk to human health. 
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Exploring the xylem-sap to unravel interactions between bacterial xylem endophytes and two 

phytoathogenic bacteria, Xylella fastidiosa Brenneria salicis in Salicaceae through metagenomics 

and in vitro studies. 
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Xylella fastidiosa and Brenneria salicis, two xylem-specialist phytopathogenic bacteria, often cause 

severe decline in their host plants. However, some infected plants show no symptoms, and the factors 

behind this dual symptomatology remain unknown (1,2). Recent studies suggest that interactions 

between pathogenic bacteria and the endophytic microbiota within the xylem could play a role. 

Endophytes are known to contribute to plant health, but the protection mechanisms  are still not fully 

understood (3). This project explores how endophytes interfere with the colonization of 

phytopathogenic bacteria in the xylem. Based on the knowledge of interactions between Salicaceae 

plants and both pathogens, more than 350 bacterial endophytes were isolated, with several identified 

as potential biocontrol agents. Simple confrontation assays were used to study their interactions with 

X. fastidiosa KLN59.3 and B. salicis LMG2698. Endophytes that inhibited one or both pathogens were 

further analyzed for traits like siderophore and indole production, phosphate solubilization, motility, 

and biofilm formation.  Genome of 15 promising strains (Bacillus velezensis, B. subtilis, B. 

pseudomycoides, B. mycoides, B. cereus, Pseudomonas graminis, P. coleopterorum, Erwinia 

rhapontici) were sequenced and are/will be transformed to express fluorescent protein. This allows 

tracking their growth, propagation, and interaction with the pathogens in xylem vessels, using both 

Salicaceae hosts and Nicotiana tabacum as test species. 
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The Alnus genus, consisting of actinorhizal trees, can establish a nitrogen-fixing symbiosis with Frankia, 

a genus of soil gram-positive actinobacteria able to convert atmospheric nitrogen into ammonia. This 

symbiosis allows Alnus species to thrive in nitrogen depleted environments and act as pioneer 

species(1). The Dombes region is a continental wetland in which rainfall decrease has been observed 

in recent years. With climate change, there is a risk of increased drought periods that would affect 

general water supply of the ecosystem(2). The indigenous alder tree species Alnus glutinosa is 

dependent on water supply and contributes to atmospheric nitrogen entry in the N-cycle via its 

symbiosis with Frankia. Alnus cordata, a Mediterranean alder species known to be more drought 

resistant(3), was introduced in the Dombes and lives sympatrically with Alnus glutinosa. If A. glutinosa 

population decreases due to climate change, using A. cordata as a replacement could be considered, 

provided it could occupy the same ecological niche. We assessed the impact of A. cordata introduction 

on soil nitrogen content and N-cycle related enzyme activities. We also compared Frankia strains 

associated with roots of both alder species and nitrogen fixation activities within symbiotic root 

nodules. Results showed that A. cordata did not modify accumulation of soil organic matter, organic 

carbon and nitrogen in comparison with A. glutinosa and that microbial enzymatic activities were 

identical under both species. Both alder species were colonized by two distinct phylogenetic clades of 

Frankia strains and nodule N-fixing activities did not differ between species. Looking into abundances 

and diversity of N-cycle microbial communities is the next step to assess the effect of A. cordata 

introduction. Ongoing analysis of qPCR and sequencing data from rhizospheric soils of both alder 

species will contribute to further evaluate if A. cordata could occupy the same ecological niche as A. 

glutinosa 
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Bacterial wilt is a devastating plant disease that affects globally important crops such as tomatoes, 

potatoes, and bananas. The disease is caused by Ralstonia solanacearum, a soil-borne phytopathogen. 

This bacterium infects the roots of susceptible plants and rapidly colonises the xylem, leading to 

vascular occlusion, wilting, and eventually plant death. While significant research has been dedicated 

to understanding bacterial virulence and plant immune responses, a quantitative understanding of the 

infection cycle remains lacking. 

In this presentation, I will introduce a novel approach that integrates microbiology, ecology, population 

genetics, and mathematical modelling to track pathogen population dynamics at the level of individual 

plant compartments. We employ a method called STAMP (Sequence Tag-base Analysis of Microbial 

Population), in which plants are infected with populations of 120 isogenic R. solanacearum strains, 

each tagged with a unique artificial genetic marker at a neutral locus. By comparing the loss of diversity 

in the pathogen population within plant tissues to that in the initial inoculum, we can identify 

population bottlenecks imposed by plant defences during infection. 

I will describe how we combine Nanopore next-generation sequencing with a mathematical framework 

designed to analyse neutral diversity, addressing the following question: What are the spatio-temporal 

population dynamics of R. solanacearum in susceptible versus tolerant tomato plants? This 

presentation will highlight our latest results on quantifying the physical and immune barriers that 

influence infection success in both susceptible and tolerant plant genotypes under varying infection 

conditions. In particular, I will discuss several key metrics (including infection founding population size, 

subpopulation identification, and genetic diversity analysis) that offer a deeper understanding of how 

pathogenic bacteria infect and spread within plants. 
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Xanthomonas oryzae pv. oryzae (Xoo), the causal agent of Bacterial Leaf Blight (BLB) of rice, leads to 

yield losses of up to 70% and threatens rice production. In 2019, we reported the first identification of 

BLB in Madagascar, a country where 90% of agricultural activity relies on rice production, and the 

emergence of the disease in Tanzania, one of the largest rice-producing countries in East Africa. Since 

then, annual surveys have shown a rapid and worrying spread of BLB in these countries, as well as in 

others (e.g. Kenya and Uganda), leading to the establishment of a collection of over 450 Xoo strains. 

Microsatellite genotyping of these strains revealed that they all belong to the same clonal complex in 

Madagascar and to another in continental East Africa. This finding suggests that Xoo was introduced 

to these two countries independently and recently. Moreover, our data indicate that pathogen 

haplotypes are maintained across farming seasons and that new haplotypes emerge annually. This 

suggests that the pathogen population has diversified over the past five years. Whole genome 

sequencing of 9 strains from these two countries indicates a possible introduction of Xoo from two 

different Asian countries. The recent introduction of Xoo in Madagascar, and the rapid spread of a few 

haplotypes belonging to the same clonal complex strongly suggest a role for infected seeds in BLB 

epidemiology. This is also supported by the molecular epidemiology study that we have conducted in 

Tanzania, Uganda and Kenya. We have also genotyped strains collected from different weed species 

growing in or around rice fields to better understand their role as reservoirs. Understanding disease 

epidemiology is critical to preventing new introductions, and reducing pathogen transmission is key to 

controlling disease spread and limiting its impact in the absence of resistant host varieties. 
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In the Multitrophic Plant-Microbe Interactions group, we investigate the mechanisms governing 

microbial communities in plant roots. By integrating microbial community profiling from Arabidopsis 

thaliana with culture collections and gnotobiotic plant systems, we explore how host-microbe and 

microbe-microbe interactions shape root microbiota and influence plant health. In recent years, our 

extensive genomic analyses have identified key multi-kingdom genetic factors driving microbial root 

colonization, including fungal PL1_7 CAZymes and bacterial genes such as typA, pstABCS, and exbD1, 

alongside plant-driven mechanisms like tryptophan secretion. 

 

Currently, one focus of our research is on understanding the metabolic interactions among microbial 

members and their impact on plant phenotype. We highlight that competition among microbial 

members is essential for establishing root microbiota, preventing fungal dysbiosis, and promoting 

plant health. We have identified biocontrol strains from the Pseudomonadaceae family, particularly 

two Pseudomonas isolates (R401 and R569), which exhibit broad inhibitory activity against fungi and 

bacteria. Notably, we identified three R401’s biosynthetic gene clusters, involved in the production of 

exometabolites such as DAPG, pyoverdine, and brassicapeptin as important for microbial competition 

and plant protection. While competitive interactions are common, beneficial collaborations among 

microbes are less frequent. However, our studies of carbon utilization dynamics in synthetic 

communities reveal 3-O-methyl-glucose (3OMG) as a crucial resource utilized by Pseudomonas R329, 

with its by-products promoting Plectosphaerella growth. Beyond the importance of 3OMG in 

promoting bacterial-fungal homeostasis, we have identified its role in enhancing plant phenotype by 

reprogramming pathogenic fungi to a neutral state through the downregulation of carbohydrate-

active enzymes. 

 

In conclusion, our findings elucidate the intricate interplay of negative and positive interactions within 

plant-associated microbial communities, highlighting dependencies on exometabolites that carry 

significant ecological implications for plant health. This comprehensive understanding of microbial 

dynamics provides valuable insights for advancing plant-microbe research and enhancing agricultural 

practices. 

 

Key words : Microbe-microbe interactions, synthetic community, multi-kingdom, exometabolites,  

carbon reallocation, root microbiota. 
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The Ralstonia solanacearum species complex (RSSC) causes the bacterial wilt (BW) on a wide range of 

hosts including Solanaceae crops such as eggplant. BW is a major disease in tropical and subtropical 

areas. Varietal resistance is considered the most effective way to sustainably control the BW at a 

reasonable cost. We studied a double haploid (DH) population of 207 lines, obtained from F1 hybrids 

[MM1800 x MM738]. The parent S.melongena MM1800 is a resistant S. melongena line created by the 

AVRDC (Asian Vegetable Research Development Center, Taiwan). MM1800 is resistant to a large range 

of RSSC strains in particular to phylotype I and IIB-1 strains (Lebeau et al., 2011) . The parent MM738 

(susceptible), is a French S. melongena line created by INRAe (Institut National de Recherche pour 

l'Agriculture, l'alimentation et l'Environnement, France).The DH population and controls were infected 

with the most prevalent strains of RSSC, phylotype I-31 in summer and II-B1 in winter, using the 

irrigation inoculation method.  Genetic data from an DH population were analyzed using Stacks and  a 

high-density map was developed with 2,846 genotyping-by-sequencing (GBS)-generated single 

nucleotide polymorphism (SNP) markers using 187 DH progenies from F1 hybrids [MM1800 x MM738]. 

This analysis will allow us to identify QTLs associated with resistance. This study should provide a useful 

resource for marker-assisted selection already in place for two Reunion Island eggplant varieties. 
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The use of bacteriophages as biocontrol agents of phytopathogenic bacteria at different stages of the 

agricultural supply chain has shown promising results in recent years (1), notably on Xanthomonas spp 

(2). Bacterial leaf spot of lettuce caused by Xanthomonas hortorum pv. vitians (Xhv) is a major threat 

for lettuce producers worldwide due to the lack of effective disease control strategies (3) (4). In order 

to explore the potential of phages to reduce the severity and incidence of this plant disease, we 

isolated a collection of twenty-eight phages on a panel of strains representative of the genetic diversity 

of the pathovar. Based on host range, ease of production, liquid activity, genome analysis, and 

morphology, six promising phages were selected to formulate the cocktail. The cocktail’s inhibitory 

activity was validated against a broader range of Xanthomonas strains to assess its efficacy and 

specificity. The phage cocktail inhibited 84% of the Xhv strains tested and had no lytic activity on the 

phylogenetically closest species. The selected phages’ stability was tested under various physico-

chemical conditions, including UV radiation, temperature, and pH. These remained stable at 45-70°C 

and at extreme pH levels, but the quantity decreased drastically after a short exposure to UV light. To 

improve their stability in field conditions, agricultural adjuvants and UV-blocking agents were tested 

as phagic cocktail formulations. The efficacy of the phagic cocktail was evaluated in the field with 

different application frequencies. Importantly, the formulated phage cocktail application did not 

adversely affect key enzymatic activities associated with the nitrogen cycle, suggesting that phage-

based biocontrol can be integrated into agricultural practices without negative impacts on soil health. 

These results highlight the potential of phages for controlling Xhv, though further optimization is 

required. 
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Plants set up complex immune responses capable of controlling the proliferation of most microbes 

which they encounter. For pathogenic microbes, disease symptoms are often associated with the 

development of water-soaked lesions visible by the accumulation of water in the apoplasm. Though it 

is well described that humidity is one of the factors favoring the development of plant diseases, the 

underlying molecular mechanisms are hypothetical. Recent work evidenced the manipulation of water 

availability in apoplasm by the pathogenic bacterium Pseudomonas syringae (Badel et al., 2007). This 

raises the question of water being a direct effector of plant immunity itself. 

In this study, we identified mutant Arabidopsis plants with increased amounts of apoplastic water and 

showed increased proliferation of this vascular bacterium Xanthomonas campestris pv campestris 

(Xcc) in the mesophyll. This raises key questions such as: “Can the plant regulate its water flow to 

combat bacterial infection?”, “Does Xcc enhance high-humidity conditions to promote its 

proliferation?” or “What genes are involved in water flow regulation in both the plant and pathogen?” 

In order to identify plant genes that promote the accumulation of water in the apoplast we are 

performing a forward genetic screen using a compact fully-sequenced Arabidopsis mutant library, 

comprising around 900 near-homozygous lines (Capilla-Perez et al., 2018; Carrère et al., 2024). We will 

present our progress in the search for water-related immunity genes. 
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The wine industry is an essential sector of French agriculture, generating 14% of production by value 

(1). Unfortunately, viticulture uses a large amount of pesticides, with vineyards receiving an average 

of 16 treatments per year, 82% of which are intensive fungicide treatments used to control downy 

mildew (Plasmopara viticola) and powdery mildew (Erysiphe necator) (2). To reduce costs and preserve 

human and environmental health, reducing pesticide use in grapevine is now a major goal of France. 

Rapidly achieving zero-pesticide viticulture requires a redesign of cropping systems to enhance disease 

prevention, including by diversifying biocontrol strategies (3). Current microbial biocontrol methods 

consist of single microbial strains applied in high concentrations to plant tissues. However, plant-

inhabiting microbial communities harbor dozens to hundreds of microbial strains (4). Furthermore, 

recent studies have shown that microbial communities with higher taxonomic and phylogenetic 

diversity exhibit increased resistance to invasion by new species, such as a pathogen (5). We set out to 

test whether growth and asexual reproduction by Plasmopara viticola, the oomycete pathogen that 

causes grapevine downy mildew (6), is inhibited by taxonomically or phylogenetically diverse synthetic 

communities of leaf-dwelling bacteria and fungi. We created synthetic microbial communities 

(SynComs; (7)) differing in taxonomic and phylogenetic diversity, investigated whether these SynComs 

can colonize foliar disks of grapevine, and assessed the effects of SynComs on downy mildew 

development using in vitro assays. Our preliminary results suggest that fungi are the most involved in 

disease reduction and that the phylogenetic diversity of fungal communities, but not that of bacteria, 

hinders sporangial development. These findings contribute to a growing understanding of pathogen-

microbiome interactions and to the development of new biocontrol strategies for grapevine downy 

mildew. 
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Meloidogyne graminicola is a plant-parasitic nematode widespread in Southeast Asian rice fields, 

where it can cause yield losses of around 80% of production, making it a threat to rice cultivation. To 

control Meloidogyne spp., synthetic nematicidal molecules such as methyl bromide have long been 

used, but their use and commercialisation is increasingly restricted due to their harmful effects on 

health and the environment. It's therefore necessary to develop new alternative methods of 

controlling plant-parasitic nematodes for sustainable agriculture.  

In Cambodia, there are rice fields under conservation agriculture where rice yields are better than 

neighbouring fields and where rice has significantly lower M. graminicola infestation despite its 

presence in the soil. These soils are probably suppressive, meaning that they are naturally able to 

reduce the impact of the disease in the field. The question is whether this specific activity is carried by 

microorganisms or not, and if so, which microorganisms are responsible. Studying these soils could 

lead to the discovery of new biological control agents.  

During my PhD, we sampled soils in these suppressive rice fields and in two other Cambodian provinces 

and then developed a method to detect in vitro antagonistic effects against M. graminicola. We 

characterised the soil bacterial and fungal microbiota using a metabarcoding approach to identify 

microorganisms correlated with soil suppressive activity. Two sampled sites showed antagonistic 

activities, in which we identified the nematode-trapping fungi genus Arthrobotrys sp. and the 

hyperparasitic bacteria Pasteuria sp. known to control plant-parasitic nematodes. These activities were 

also correlated with an enrichment of the genus Lysinibacillus, described as nematicidal against 

Meloidogyne spp.. A culturomic approach should allow us to isolate these microorganisms to assess 

their biocontrol capacities in planta, with a view to using them in fields in the future. 
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Current agricultural practices rely heavily on chemical inputs such as synthetic fertilizers, pesticides, 

and fungicides. While the overuse of mineral fertilizers has boosted yields, it has also disrupted 

ecological balance and degraded soils (Barros-Rodríguez et al., 2021). A promising alternative is the 

use of bacterial bio-inputs, which can reduce dependence on mineral inputs without compromising 

crop performance. 

In the INITIATED project, the bacterial bio-input Sphingomonas sediminicola was tested in a wheat-

flax-potato rotation system with cover crops between the main crops. This presentation will focus on 

the wheat cycle, where S. sediminicola was applied with or without reduced fertilization. The primary 

objective was to assess whether this bacterial bio-input could maintain wheat yields despite reduced 

fertilization, influence plant physiology, and affect soil microbial biodiversity. Plant development and 

physiology were monitored through phenotypic measurements, chlorophyll content analysis, and 

untargeted metabolomics, with yield parameters evaluated at harvest. 

Additionally, the project tracks the long-term persistence of S. sediminicola in the soil using qPCR and 

analyzes shifts in soil microbial communities through metabarcoding. This presentation will explore 

the results from the wheat cycle, highlighting the potential of bacterial bio-inputs in sustainable 

farming. 
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Broomrapes are obligate root holoparasitic plants belonging to Orobanche and Phelipanche genera in 

the Orobanchaceae family. They cause significant damage in Europe, particularly in Eastern Europe 

and in the Mediterranean region, leading to important yield and economical losses on a wide range of 

crops worldwide (rapeseed, sunflower, tobacco, tomato, etc). There is currently no effective way to 

control this weed. Crop protection strategies against parasitic weeds are mostly based on the use of 

non-selective chemical pesticides in combination with peculiar plant genotypes ‘with good behavior’ 

(tolerant) or of non-host plants in rotation to induce Orobanche seed suicidal germination. In soil, the 

rhizosphere community plants harbours bacteria that may be able to interfere with the molecular 

dialogue established between the parasite and its host prior to the penetration of the parasite inside 

host tissues. We thus explored, in the WeedsBiocontrol project (ANR ECOM-2019-0002), the use of 

biocontrol rhizobacteria of the Pseudomonas genus as a biological weapon to limit broomrape 

infestation. We identified candidate strains with Orobanche Germination Inhibition (OGI) activity. By 

combining comparative genomics and metabolomic profiling, several OGI metabolites were identified. 

Biocontrol strains with the greatest OGI activity were then produced first in lab-scale fermenters, 

followed by scaling up to a 100L production pilot. Various growth conditions were tested to optimize 

cell biomass. Subsequently, greenhouse assays evaluated the protective effects on rapeseed against 

P. ramosa and on sunflower against O. cumana, allowing the selection of the most effective strain for 

optimized pilot production. Practical application methods (product quantity, number of applications, 

optimal plant stage) were defined. Then, field experiments were conducted in Western (rapeseed) and 

Southwest France (sunflower), for assessing the efficacy of the product in naturally contaminated fields 
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Zucchini vein clearing (VCZ) disease affects plantlets grown in nurseries and includes symptoms such as 

necrosis, vein clearing, growth delays and stunting, but no epidemics has been reported in France on 

adult plants. This seed-borne disease is caused by bacteria belonging to different genetic lineages 

(clusters A to E) of the Pseudomonas syringae species complex (Pssc). Cluster-A strains have narrow and 

others (B-E) wide host ranges within Cucurbitaceae, in line with their type III effector repertoires. 

Frequency of contaminated seed lots has been increasing in the last 20 years and knowledge about VCZ 

epidemiology remains limited. The aim of this study was to understand how P. syringae strains 

contaminate seeds. Different seed transmission routes were tested for two strains having contrasting 

host ranges (clusters A and E). Floral and vascular routes were used by both strains, but only the cluster 

E strain was able to transmit by contact. An epidemiological survey in zucchini seed multiplication plots 

was performed in association with testing initial and harvested seed lots. No bacteria from cluster A to E 

were recovered in the initial lots by qPCR detection tests after an enrichment phase on culture medium. 

However, DNA from strains with a wide host range was detected in some initial lots, and bacteria of the 

same type were found in the corresponding harvested lots. However, surveys of the plots revealed the 

presence of other bacteria belonging to the Pssc, but no VCZ strains. The origin of cluster-A strains, 

predominant in seed lots, could not be determined. These results are discussed in relation to seed 

production areas, control methods and thresholds of detection tools. 
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Grapevine downy mildew, caused by the oomycete Plasmopara viticola, is responsible for significant 

economic losses each year, which can lead to yield losses of up to 90% (Toffolatti et al., 2018). In order 

to limit the use of pesticides that are incompatible with the development of sustainable viticulture, but 

still very widely used, biocontrol solutions based on the creation of synthetic communities of 

microorganisms (SynComs) are gradually emerging (Marín et al ., 2021).  

In the present study, we designed a synthetic microbial community using a collection of microorganisms 

isolated from grapevine leaves by a culturomic approach. This synthetic community is made of 43 

microbial taxa (including bacteria, yeasts and filamentous fungi) that are either known to have a 

biocontrol role against plant pathogens, or known to be abundant on grapevine leaves.  

In order to monitor the establishment of this community on grapevine leaves, a quantitative PCR 

(Polymerase Chain Reaction) microfluidic chip was developed. Primers specific to each of the 43 

microbial taxa have been designed in single copy housekeeping genes. Microfluidics offers the advantage 

of carrying out a large number of reactions quickly and at lower cost compared to a classic quantitative 

PCR system (Kleyer et al., 2017). 

In this talk, I will present the first results obtained using the microfluidic chip, opportunities of 

improvement and perspectives of application to the field. We envision using this tool to monitor vineyard 

health, as some of the microorganisms targeted by the chip have been found to be related with low 

susceptibility to downy mildew(Fournier et al., submitted). 
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Grapevine trunk diseases (GTDs) are a major concern in viticulture. Since the ban  of sodium arsenate in 

2001, the development of alternative biocontrol methods has become a major challenge. The oomycete 

Pythium oligandrum is among the most promising biocontrol agents, as it is known to improve vine 

health by strengthening natural defenses and can reduce diseases by up to 40% (Gerbore et al, 2014; 

Yacoub et al, 2016 and 2020).  In the present study, we evaluated the efficiency of a biosolution 

formulated from P. oligandrum on GTDs. We evaluated efficiency at different scales, from the nursery to 

vineyards, and we assessed the environmental impact of the biosolution to ensure its safety. As part of 

this environmental impact assessment, we performed a three-month experiment in semi-controlled 

conditions to assess the impact of the biosolution on rhizosphere bacterial and fungal  communities using 

a high-throughput sequencing approach. Vines were treated with the biosolution and were inoculated 

with two fungi involved in GTDs: Neofusicoccum parvum (involved in Botryosphaeria Dieback) and 

Phaeomoniella chlamydospora (involved in Esca). Our results confirmed that P. oligandrum has little 

impact on the composition of rhizosphere  microbial communities (Vallance et al, 2012). However, the 

treatment increased the abundance of some specific taxa, that are known to act as plant growth 

promoting rhizobacteria (PGPR) or biocontrol agents. This could explain the decrease in necroses 

triggered by the two pathogens N. parvum and P. chlamydospora after application of the biosolution. 

 

References: 

Gerbore J., Benhamou N., Vallance J., Le Floch G., Grizard D., … Rey P., 2014. Biological control of plant pathogens: advantages and limitations 

seen through the case study of Pythium oligandrum. Environmental Science and Pollution Research 21: 4847–4860. DOI: 10.1007/s11356-013-

1807-6. 

Vallance J., Déniel F., Barbier G., Guerin-Dubrana L., Benhamou N., Rey P., 2012. Influence of Pythium oligandrum on the bacterial communities 

that colonize the nutrient solutions and the rhizosphere of tomato plants. Canadian Journal of Microbiology 58: 1124–1134. DOI: 

10.1139/w2012-092. 

Yacoub A., Gerbore J., Magnin N., Chambon P., Dufour M.-C., … Rey P., 2016. Ability of Pythium oligandrum strains to protect Vitis vinifera L., 

by inducing plant resistance against Phaeomoniella chlamydospora, a pathogen involved in Esca, a grapevine trunk disease. Biological Control 

92: 7–16. DOI: 10.1016/j.biocontrol.2015.08.005. 

Yacoub A., Haidar R., Gerbore J., Masson C., Dufour M.-C., … Rey P., 2020. Pythium oligandrum induces grapevine defence mechanisms against 

the trunk pathogen Neofusicoccum parvum. Phytopathologia Mediterranea 59: 565–580. DOI: 10.14601/Phyto-11270. 

 

 

  



POSTER  
 

 
 

P 4 

Development of real-time LAMP assays for in-field detection of three bacterial vascular banana 

diseases 

 

Isabelle ROBENE (1,2), V. MAILLOT-LEBON (1), Samuel ROZSASI (1,2), Diane MOSTERT (2), Altus VILJOEN 

(2), Yolande CHILIN-CHARLES (3), Sheryl BOTHMA (2), Camilo GIANINAZZI (4),Emmanuel WICKER (5), 

Mikel ARRIETA-SALGADO (5) 

 

1CIRAD, UMR PVBMT, F-97410 Saint-Pierre, Réunion Island, France. 

2Department of Plant Pathology, Stellenbosch University, Stellenbosch 7602, South Africa.  

3CIRAD, UMR PHIM, F-97130 Capesterre-Belle-Eau, Guadeloupe, France.  

4 Qualiplante SAS, Cap Alpha,34830 Clapiers, France.  

5CIRAD, UMR PHIM, F-34398 Montpellier, France. 

 

Bacterial diseases of banana are becoming increasingly significant globally, resulting in reduced yields 

and higher disease management costs. The most important bacterial diseases include Moko and banana 

blood disease (BDB), caused by Ralstonia solanacearum and R. syzygii subsp. celebesensis, respectively, 

and banana Xanthomonas wilt (BXW), caused by Xanthomonas vasicola pv. musacearum. Effective 

surveillance and disease management require available Point-of-Care (POC) diagnostics for on-site 

operation. Pathogen-specific DNA targets were designed using in silico comparative genomic analysis of 

target and non-target genomes. Simplex real-time LAMP (Loop-mediated isothermal amplification) 

assays were successfully developed for Xanthomonas vasicola pv. musacearum and R. syzygii subsp. 

celebesensis. Due to the high genetic diversity within the bacterium causing Moko disease, a duplex 

LAMP assay targeting two DNA regions was developed to detect all sequevars of the pathogen. Each 

LAMP assay demonstrated 100% specificity when tested against a wide range of target and non-target 

strains, including closely related taxa. High sensitivity was demonstrated for all LAMP assays when 

assayed on spiked banana tissue, with a limit of detection (100% positive) of 10^4 CFU/ml (50 target 

copies per reaction). Each LAMP assay successfully detected the target bacteria from banana plants 

inoculated under controlled conditions. A simplified DNA extraction method and the different LAMP 

assays were also validated in the field, demonstrating the portability of this technology. Moreover, highly 

reliable results were achieved during inter-laboratory testing. All-inclusive commercial kits are currently 

manufactured. The availability of rapid POC diagnostic tools will enable quick identification of banana 

wilt diseases in the field, improving disease management strategies. 
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Banana (Musa spp.), a major crop providing food security to millions of people, is highly threatened by 

many pests and pathogens. A particularly devastating soil-borne pathogen is Fusarium oxysporum f. sp. 

cubense (Foc), responsible of the banana Fusarium wilt (Panama disease).  

Against this destructive pathogen, the importance of the phytomicrobiome in supporting plant health is 

increasingly acknowledged. Banana associated microorganisms, and in particular endophytes, have 

become the focus for developing disease protection strategies. Recently, the presence of a core 

microbiome closely associated with Musa spp., where keystone species could play major roles for 

pathogen control, was suggested.  

Control strategies based on such keystone species are highly promising. Yet, many challenges remain to 

fully decipher the functioning of banana endophytic microbiome. How do endophytes mitigate disease 

? Can they provide a sustainable and effective control against Foc ? 

To address these questions, two local banana cultivars in Benin, sensitive and resistance to Foc race 1 

respectively, are studied. Samples were collected from several infested sites for DNA extraction and 

endophytes isolation.  Taking advantage of new sequencing technologies, bacterial and fungal core 

endophytic microbiomes are being investigated. The dysbiosis resulting from Foc infection is being 

evaluated, to identify of keystone species that could be related to resistance against the pathogen.  

This will open doors to improve understanding on the underlying interactions involved in pathogen 

suppression. The role of these keystone species will be further investigated, first with a culture-

dependent approach using confocal microscopy. A complementary and innovative culture-independent 

approach, involving plant grafting and metagenomics, will also be explored.  

This research will pave the way towards the development of effective phytomicrobiome-based control. 
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As part of the collaborative European phytosanitary research network “Euphresco”, a test performance 

study (TPS) was conducted in 2023 to evaluate the performance of several molecular methods for the 

detection of Xylella fastidiosa and the identification of subspecies in naturally infected dormant plant 

samples.  

The TPS was organized by Anses and a total of 14 laboratories from 10 countries participated. The panels 

sent to participants contained samples of dormant woody twigs naturally infected with different 

subspecies and sequence types of X. fastidiosa and healthy twigs. Twigs come from almond and plum 

trees, and vines, and were collected in France, Italy, Spain or Israel. A common protocol for Xf detection 

(CTAB DNA extraction / Harper PCR) was proposed by the organizer and it was possible for participants 

to test other DNA extraction and PCR protocols to detect X. fastidiosa and identify the subspecies. In 

addition, some laboratories tested MLST to determine the sequence types and digital PCR to detect and 

quantify X. fastidiosa.  

After verifying the homogeneity and stability of the samples, the performance criteria (diagnostic 

sensitivity, diagnostic specificity, accuracy, repeatability and reproducibility) for each protocol were 

calculated. The “Harper simplex” PCR method was validated for the detection of X. fastidiosa and the 

“Hodgetts simplex” and the “Dupas teraplex” PCR methods were validated for the identification of 

subspecies in dormant plant samples. Other methods are usable to detect Xf and identify the subspecies 

reliably in dormant plants but they were tested by only 1 or 2 laboratories. The results of this 

collaborative work lead to common standards for the detection of X. fastidiosa in dormant plants; which 

will be proposed for the next versions of the EPPO PM7/24 and ICPP DP25 diagnostic protocols for X. 

fastidiosa. 
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Plant elicitors (PE) have the ability to activate pattern triggered immunity (PTI), via there recognition by 

pattern recognition receptors (PRRs). Early transcriptional responses to distinct PAMPs are mostly 

overlapping, regardless of the elicitor being used. However, it remains poorly known if the same patterns 

are observed for metabolites and proteins produced later during PTI. In addition, little is known about 

the impact of a combination of elicitors on PTI and the level of induced resistance to pathogens. 

Here, we evaluated how the combination of a bacterial and a fungal elicitor, perceived by different PRRs, 

affect A. thaliana PTI activation. We monitored A. thaliana resistance to the bacterial pathogen 

Pseudomonas syringae pv. tomato DC3000 following application of flg22 and chitosan elicitors, used 

individually or in combination. We also investigated the effect of these treatments on the metabolome 

by using an untargeted analysis. We found that elicitors combination impacts a highest number of 

metabolites and deregulates specific metabolites pathway, when compared to the elicitors used alone. 

This highlights the interest to use a combination of elicitors in crop protection strategies. 
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Plant defense protein-encoding genes, such as Pathenogenesis-Related (PR) genes are extensively used 

as molecular markers to dissect the signaling cascades leading to plant defense responses. However, 

studies focusing on the biochemical or biological properties of the encoded proteins remain rare. We 

identified a class of apple (Malus domestica) genes, named M. domestica AGGLUTININS (MdAGGs), that 

is highly expressed upon defense elicitation by the plant resistance inducer acibenzolar S-methyl 

(Chavonet et al., 2022). These 17 highly-conserved MdAGG genes encode proteins of the amaranthin-

like lectin family, glycan-binding proteins that are widely distributed in plants but whose function remain 

unknown. Previous studies showed that Erwinia amylovora (Ea), the fire blight pathogen, actively 

represses MdAGGs gene expression thanks to its type 3 secretion system. Moreover, recombinant 

MdAGG proteins were shown to agglutinate bacterial cells in vitro, and that the bacterial 

exopolysaccharide amylovoran could prevent this aggregation, leading to the hypothesis that MdAGGs 

are key component of apple’s resistance response toward Ea. Functional validation by loss of function 

using CRISPR-Cas9 edition combined to gain of function approaches using cisgenesis were undertaken in 

apple to determine if these sticky proteins could modulate the outcome of the fire blight disease. 
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The Pectobacterium and Dickeya bacterial species cause blackleg and soft-rot diseases on potato plants 

and tubers. Prophylactic approaches like biocontrol are important to conserve a high quality of seed 

potato tubers but difficult to implement in the face of pathogen diversity [1].  

In this study, we present the identification and characterization of new biocontrol agents. Successive 

screenings of 10,000 bacterial isolates resulted in the selection of 17 strains with growth-inhibiting 

properties against the 4 tested Dickeya and Pectobacterium species. In vitro assays revealed a fitness 

decrease of these pathogens in the presence of 6 strains namely Pseudomonas fluorescens PA4C2, 

Pseudomonas fluorescens PA3G8, Pseudomonas sp. PA14H7, Bacillus simplex BA2H3 and Pseudomonas 

brassicacearum PA1G7 and PP1-210F.  

To represent the pathogen species diversity, we evaluated the efficiency of these 6 biocontrol agents 

against a wider range of recently collected pathogens. A total of 41 isolates from 11 pathogen species, 

including 4 classically isolated in fields, were tested. Among the biocontrol agents tested, the 

Pseudomonas sp. PA14H7 strain was the most active [2].  

In view of these results, formulating the biocontrol agent to be directly applied in fields could be 

interesting. In vitro, we evaluated the viability of Pseudomonas sp. PA14H7 formulation and its biological 

activity against pathogens. In addition, a strain-specific qPCR molecular tool was designed to be able to 

detect and quantify the biocontrol agent in greenhouse and field assays over time. The persistence of 

Pseudomonas sp. PA14H7 in an inoculated soil was analyzed. 

Eventually, the Pseudomonas-formulated biocontrol agent PA14H7 could be used as a strategy to limit 

soft-rot and blackleg diseases caused by the Pectobacterium and Dickeya on potato fields. 
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Rising temperatures, shifting rainfall patterns, and increasing extreme weather events are projected to 

significantly impact wheat production by the middle and end of the century (Challinor et al., 2014; Zhao 

et al., 2017). These climate change drivers can directly or indirectly influence soil microbial communities. 

Bacterial bio-inputs, however, represent a promising adaptation strategy for mitigating the effects of 

global warming on plants (De Vries & Griffiths, 2018; Jansson & Hofmockel, 2020). 

Our study explores the potential of two bacterial bio-inputs, Sphingomonas sediminicola and 

Sphingomonas daechungensis, applied to wheat under water deficit conditions. The primary objective 

was to evaluate their capacity to promote wheat growth and modulate plant physiology. The second goal 

was to assess their potential to protect wheat from drought-induced stress. Plant development and 

physiology were monitored using a high-throughput phenotyping platform (PlantScreenTM), 

complemented by measurements of stress metabolite levels and transcriptomic analyses. This research 

underscores the promising role of bacterial bio-inputs in enhancing wheat’s resilience to climate change, 

offering insights into sustainable agricultural practices for future climatic challenges.  
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Bacterial leaf spot of lettuce, caused by Xanthomonas hortorum pv. vitians, represents a significant 

threat to agriculture economy leading to substantial economic losses (Sahin et al., 2002 ; Ozyilmaz et al., 

2018). The lack of effective treatments to eliminate the bacterium has led to the search for new 

sustainable control strategies (Silva et al., 2021). Bacteriophages, viruses that specifically infect and kill 

bacteria, present a potential biocontrol strategy against this pathogen (Buttimer et al., 2017). The aim of 

the project was to develop pathotest to study the Xanthomonas hortorum disease. Disease symptoms 

were reproduced in a greenhouse using Lactuca sativa KIRINIA, inoculated with Xanthomonas hortorum 

pv. vitians from the collection of INRAE Pays de la Loire UMR IRHS. Necrotic brown spots were observed 

in the inoculated group. Following the observation of disease symptoms in a controlled environment, the 

next step was to investigate wild strains of the pathogen. Samples were collected from agricultural fields 

in Normandy, leading to the isolation of several bacterial strains. Two strains of Xanthomonas were 

characterized through genomic analysis. Simultaneously, bacteriophages were isolated from plant 

samples, and their bacteriolytic activity was tested against the wild-type Xanthomonas strains. These 

preliminary results demonstrate the potential of this test for screening the effectiveness of phage 

solutions against the disease. 
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Bacteriophages (commonly called phages) are natural viruses that target bacteria with, generally, an 

infection capacity restricted to several strains within a bacterial species (Miroshnikov et al., 2021). 

Considered as the most abundant living entity on Earth (approximately 10 31), phages are virtually 

present in all ecological niches harboring bacteria. The pectinolytic genus Dickeya is one of the top ten 

most damaging plant pathogens based on economic negative impact (Mansfield et al., 2012), and stands 

as a model for dozens of research teams throughout the world. 

Dickeya bacteria are somehow reluctant to transformation by conventional techniques like conjugation 

or electroporation. Interestingly, generalized phage transduction appears as an effective mechanism to 

transfer DNA from one Dickeya strain to another. Indeed, in some of our recent studies, we successfully 

used the generalized transduction technique using the temperate phage Phi-EC2 that was identified forty 

years ago in Dickeya (Résibois et al., 1984). Intriguingly, the phage Phi-EC2 has been used in several 

studies of generalized transduction or genome mapping (Schoonejans et al., 1987 ; Hugouvieux-Cotte-

Pattat et al., 1989 ; Franza et al., 1991), but nothing more than the scarce content of the 1984 original 

publication is available to describe this phage. 

Here, for the first time, we provide many new data on Dickeya bacteriophage Phi-EC2. We sequenced the 

phage genome as well as a Dickeya dadantii 3937 lysogenic strain harboring the corresponding prophage. 

Among other techniques, sequence analyses and electron microscopy allowed us to unravel many 

features of the Phi-EC2 phage. 
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Dickeya solani is a highly aggressive pathogen of potato crops. The type strain IPO 2222, originally isolated 

from a diseased potato plant in the Netherlands, was the first strain to be sequenced and has been widely 

used as a model in research laboratories across Europe. Despite its importance as a reference strain, IPO 

2222 is not the most virulent strain. Other strains isolated from different countries exhibit significantly 

higher pathogenicity. For a long time, the reason for this weaker pathogenic potential in IPO 2222 

remained unclear, as all known virulence genes are present. The variation between strains appears to 

result from differences in gene expression regulation. 

Recently, two European laboratories published contradictory findings on a new phenotypic trait of IPO 

2222. These conflicting results prompted us to investigate further. We discovered that two distinct IPO 

2222 strains are circulating in European laboratories, differing by a single point mutation in a regulatory 

gene. Our findings demonstrate that this mutation leads to the inactivation of the gene, explaining the 

phenotypic differences between the two strains. We have accordingly renamed them IPO 2222a and IPO 

2222b. 

Our study highlights the critical importance of sequencing laboratory model strains and comparing the 

obtained genomes with those available in public databases to ensure experimental consistency and 

accuracy.  
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Natural products (NPs) are a diverse group of bioactive compounds with important roles in medicine and 

agriculture, often produced by microorganisms such as bacteria and fungi. These NPs are typically 

synthesized by specialized gene clusters, known as Biosynthetic Gene Clusters (BGCs), which are often 

tightly regulated, leading to challenges in fully exploiting their potential. In Dioscorea sansibarensis, a 

unique symbiosis exists with the bacterium Orrella dioscoreae, where the bacterium inhabits the plant’s 

leaf glands and is inherited through aerial bulbils. Recent genomic studies revealed three key BGCs in O. 

dioscoreae (smp1, smp2, and opk), with the opk clusters showing homology to genes involved in 

bioactive compound production. Furthermore the genes belonging to these clusters are among  the most 

highly expressed in the leaf gland. Transcripts of smp and opk have make up about 30% of all mRNA 

reads. 

Our findings indicate that quorum sensing (QS) plays a central role in regulating the smp cluster. This 

tight regulation suggests that QS may serve to finely tune the production of bioactive compounds, 

ensuring their expression occurs only under specific conditions that likely reflect ecological pressures. 

Understanding the molecular mechanisms driving this regulation is essential for deciphering how 

microbial secondary metabolism is orchestrated in symbiotic relationships, and what functions it might 

play. These insights could have broader implications for the discovery of new NPs and for understanding 

the evolutionary advantages of maintaining strict control over BGC expression in microbial symbioses. 
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Bacterial adaptation to environmental changes requires a rapid reorganization of expression pattern of 

their genome. This adaptive response, which is critical for both bacterial survival and pathogenicity, is 

mediated by specific transcription factors, DNA supercoiling and global regulators represented by 

abundant nucleoid-associated-proteins (NAPs) (Reverchon et al., 2021; Nasser et al., 2001; Lioy et al., 

2018). 

Our group demonstrated the correlation between gene expression and the subcellular localization of loci 

in response to environmental changes in the necrotrophic plant pathogen Dickeya. Loci located in 

domains activated by a specific stress are specifically repositioned from the center to the periphery of 

the nucleoid while loci in domains repressed by the same stress move from the periphery to the center 

of the nucleoid. These relocations align with increased RNA polymerase accessibility at the nucleoid 

surface when a locus is activated (Stracy et al., 2015). We aim to further investigate the molecular 

mechanisms involved in the differential chromosome folding under changing environmental conditions 

and the repercussion on gene-expression profiles. Our recent HiC and transcriptomic data showed a clear 

link between gene expression and the spatial organization of the genome of Dickeya dadantii. Under 

osmotic stress conditions, a strongly repressed domain is indeed correlated with the appearance of a 

region with high physical contacts, which likely reflects a particular folding of this region, making it less 

accessible to RNA polymerase or suggesting a specific NAP occupancy. 

Dickeya is a major pathogen causing soft-rot disease in a wide range of plant hosts, including 

economically important vegetables such as potatoes, maize, and rice (Reverchon and Nasser, 2013; Blin 

et al., 2021). In this context, our work aims to capture a comprehensive view of bacterial chromosome 

dynamics and its impact on the coordination of adaptive processes and virulence functions. 
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Nitrogen (N) is an essential yet often limited nutrient for plants. Insufficient N availability negatively 

impacts plant growth and crop yield, typically mitigated by the widespread use of N-fertilizers. However, 

synthetic N-fertilizer application threatens agricultural sustainability, contributing to water pollution and 

global climate change. Thus, finding new ways to improve or maintain crop yields under low N conditions 

is crucial. We are studying how Enterobacter sp. SA187 (SA187), a bacterium promoting abiotic stress 

tolerance (de Zélicourt et al., 2018; Shekawat et al., 2021), affects Arabidopsis thaliana growth under 

varying N concentrations (0.2-10 mM) and sources (NO3- or NH4NO3-). SA187 consistently improved 

plant biomass and root architecture under all low N conditions tested, regardless of the N source. 

Interestingly, the beneficial effect of SA187 increased with decreasing N concentration. Our ongoing 

research employs plant transcriptomics, metabolomics, 15N-labeling, elemental analyses, enzymatic 

activities, and assessments of plant nitrate and ammonium levels, as well as N allocation, to elucidate 

the mechanisms involved. Transcriptomics analyses revealed the possible involvement of the ethylene 

signaling pathway and specific nitrate transporters in SA187-mediated growth promotion. Ethylene-

insensitive (ein2-1) and high-affinity nitrate transporter (nrt2.5 x nrt2.6) mutants indicated that ethylene 

signaling and nitrate transport are involved in the observed beneficial effect. These preliminary findings 

suggest that establishing an SA187-plant interaction could be a promising strategy to maintain plant 

growth and development under limited N conditions, thus reducing N-fertilizer use. By unraveling the 

physiological and molecular mechanisms of this interaction, we aim to provide novel insights into the 

role of non-N fixing bacteria in plant nutrition and productivity under low N conditions, ultimately 

contributing to sustainable agricultural practices. 
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The Arabidopsis microRNA (miRNA) pathway is crutial for basal immunity against Pseudomonas 

syringae pv. tomato strain DC3000 (Pto DC3000). As a counter-defense strategy, Pto DC3000 has evolved 

type III effectors that suppress different steps of the miRNA pathway to enable disease. We have shown 

that the HopT1-1 effector suppresses both miRNA activity and Pattern-Triggered Immunity (PTI). HopT1-

1 is additionally sensed by host cells, which results in Effector-Triggered Immunity (ETI). Both HopT1-1-

triggered RNA silencing/PTI suppression and ETI activation are dependent on the ability of HopT1-1 to 

physically interact with the central miRNA factor Argonaute 1 (AGO1) through conserved 

glycine/tryptophan motifs. In order to further understand how HopT1-1 suppresses miRNA activity and 

cause disease, we have conducted a forward genetic screen at the level of stomata. So far, 11 

independent mutants were isolated and are currently under characterization. These Arabidopsis mutants 

restore miRNA activity in the presence of HopT1-1. I will report on the characterization of Repressor of 

Bacterial Silencing suppressor 1 (RBS1), which encodes a novel host susceptibility factor whose 

inactivation impairs the ability of HopT1-1 to suppress miRNA activity/PTI and to mount ETI. Our findings 

suggest that HopT1-1 has evolved to hijack RBS1 function at the level of stomata to suppress miRNA 

activity and cause disease. Given the fact that RBS1 represents a functionnaly relevant target of HopT1-

1, we will determine whether HopT1-1 could physically interact with RBS1. Moreover, our in silico 

analyses revealed that RBS1 exhibits a high probality to undergo liquid-liquid phase separation. Therefore 

we will  determine whether it could form condensates in in vitro and in vivo conditions and if this feature 

is revelant for AGO1-dependent PTI and RNA silencing functions. Overall, these analyses should provide 

novel insights into the mechanisms by which RBS1 functions at the AGO1-miRISC level. 
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Under low-nitrogen (N) conditions, legume plants associate with soil bacteria referred to as rhizobia, to 

form symbiotic root nodules in which atmospheric N2 is fixed and assimilated by the plant. To achieve 

maximum gains, nodule number and N2-fixation activity are precisely controlled by the host plant 

through a combination of local and systemic regulatory pathways that integrate shoot and root signals. 

Among them, CEP signaling peptides systemically promote nodulation under low-N through the CRA2 

receptor acting in shoots. The molecular effectors and targets of the CEP/CRA2 pathway remain however 

poorly documented despite its tremendous impact on the adaptation of root system architecture to low-

N. Among the CRA2 systemic targets identified in the model legume Medicago truncatula using 

transcriptomic analyses, two histone-modifying enzymes were retrieved: the histone deacetylase 

MtHDT2 (HISTONE DEACETYLASE 2) and the histone methyltransferase MtATX3.1 (ARABIDOPSIS 

TRITHORAX 3.1). We showed that MtHDT2 and MtATX3.1 regulate the establishment of nodulation by 

controlling bacterial infection during the early stages of nodulation. In addition, we showed that both 

MtHDT2 and MtATX3.1 regulate the transcription of key genes involved in the regulation of N-responses 

and symbiotic nodulation. More precisely, we identified two MtHDT2 direct target genes acting in roots 

downstream CRA2 and involved in root development and/or nodulation in M. truncatula, namely NIN-

LIKE PROTEIN 1 (NLP1) and basic helix-loop-helix-658 (bHLH-658). 
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The root growth adaption to drought is an essential trait for plants to achieve their full developmental 

program. To better understand the underlying mechanisms, many studies have been conducted on 

Arabidopsis thaliana plantlets grown in vitro (1). They show that root developpment is modified as soon 

as drought is percieved (2) and that this process involves the ABA signalling pathway (3). But there are 

other stresses that alter Arabidopsis root development included the presence of beneficial microbes in 

the rhizosphere (3). It opens an important question : are biotic and abiotic related signalling pathways 

interacting with each other when they are simultaneously triggered ? 

To explore that question, we grew Arabidosis plants in vitro under a drought stress or not and, in 

presence or in absence of different beneficial bacteria strains. Eight days after the treatment, we 

measured the root growth.  

We confirm that drought and the colonisation of the root by some of the selected strains do 

independently inhibit root growth. Yet, when the two stresses are combined, some strains do aleviate 

drought-dependent root growth inhibition while others not.  

We also explored the involvement of the ABA signalling pathway using a plant specific reporter line. As 

expected, drought activates the ABA signalling pathway in the root, but remain activated in presence of 

beneficial microbes that restore root growth. Under drought condition, root growth restoration by some 

beneficial microbes would be a process independent from the ABA signalling pathway.  
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Plant interacts with multiple microbial players, together constituting the plant holobiont. At the level of 

the plant roots, a specific rhizospheric microbiota is shaped mostly under the influence of exudates. 

Some bacteria within this rhizomicrobiota promote plant growth and protect it against abiotic and biotic 

stresses. However, most molecular studies on plant-microbe cooperation are performed on one plant 

inoculated by one bacterium, and despite the wealth of knowledge brought by these studies, they failed 

to predict how a strain would protect a plant grown in the field. This limitation likely arises because we 

do not know how plant-beneficial bacteria may interplay with other rhizomicrobiota members and the 

plant itself. To explore the adaptive mechanisms involved in plant-bacteria cooperation, our group has 

developed an experimental evolution approach, carried out on a synthetic community (SynCom), made 

up of 10 cooperative bacteria belonging to distinct Pseudomonas species, evolving for 400 generations 

in presence and absence of plants. Through metabarcoding analysis, we tracked changes in the SynCom, 

observing rapid shifts in community composition and a strong plant influence in directing the assembly 

of Pseudomonas populations. We are currently investigating the genomic and phenotypic changes in 

these evolved populations, and how both the evolved and ancestral SynComs may impact plant 

physiology.   
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DNA methylation is an epigenetic mark that silences transposable elements (TEs) and some genes 

carrying repeats in their vicinity. DNA methylation machineries negatively regulate resistance against Pto 

DC3000. By contrast, DNA demethylation by ROS1 positively regulates plant defense against this 

bacterium. Arabidopsis immune-responsive genes that are positively controlled by ROS1 during 

elicitation with flg22 were identified and, among them, we retrieved immune receptors such as the 

surface receptors RLP43 and RLP53, and the NLR RMG1. Importantly, siRNA-directed remethylation at 

RLP43, RLP53 and RMG1 promoter regions abolishes flg22-triggered induction of these genes and reduce 

antibacterial resistance. It suggests that demethylation at the promoters of these genes is required for 

their proper transcriptional activation during plant immunity. We found the WRKY TF family to be over-

represented at ROS1-targeted promoter regions. Specific DAP-qPCR at RLP43 promoter demonstrated 

that erasure of methylation by ROS1 is required for WRKYs binding. Using crystal structure of WRKY40 

and DAP-seq dataset, we show that methylation of a single cytosine inside the W-box is sufficient to 

inhibit WRKY-binding onto DNA. Finally, we investigated natural DNA methylation variation at ROS1-

regulated regions and showed that epialleles at these regions, including at the promoter of RLP43 and 

RLP53, are widespread in nature. Interestingly, flg22-induced transcriptional activation was impaired in 

accessions carrying hypermethylated epialleles of RLP43 and RLP53, mimicking ros1 mutants. Overall, 

these studies supports a direct role for active demethylation in facilitating WRKY TF DNA binding at the 

promoter of defense genes, thereby ensuring their pervasive induction upon pathogen detection. We 

provide evidence that ROS1 activity can vary at specific loci during evolution to fine-tune gene 

expression, responsiveness, and possibly promote adaptation to specific environment. 
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The soil, and in particular the rhizosphere, are ecological hotspots marked by nutrient scarcity. There, 

most carbon originates from plants that secrete root exudates and synthesize complex polysaccharides 

such as cellulose, hemicelluloses, starch, pectin or callose which contribute to the soil organic matter. In 

this nutrient-limited environment, the saprophytic streptomycetes have evolved an extensive 

extracellular biology to grow on such complex polysaccharides. For instance, the model organism 

Streptomyces coelicolor encodes in its genome 819 predicted secreted protein, including dozens of 

predicted glycosyl hydrolases and 10 polysaccharide lyases1. 

The intracellular regulation mechanisms governing the degradation of complex polysaccharides in 

Streptomyces appear central for its development and ecology. For instance, the regulation of 

chitin/chitosan degradation is linked to antibiotic production and programmed cell death via 

DasR2. Meanwhile, the cellobiose responsive regulator CebR plays a central role in controlling the 

pathogenicity of Streptomyces scabies, the causative agent of the potato scab disease3. Thus, beyond 

simple nutrient acquisition, Streptomyces’ ability to degrade complex polysaccharides – and the involved 

regulation- may also support additional ecological roles, such as facilitating interactions with plant roots 

and promoting mutualistic or associative relationships within the rhizosphere, as reported in other root-

associated genera4–7. However, beyond these examples, the regulation of complex polysaccharides 

degradation remains poorly understood. 

In this study, we aim to iron out the regulation of the main polysaccharides present in soil. We generated 

in silico predictions of the transcription factors (TFs) likely controlling the degradation and uptake of these 

polysaccharides. This uncovered numerous LacI-type regulators dedicated to the degradation of complex 

sugars. Specifically, we propose the TFs responsible for the breakdown of pectin, callose (a plant defense 

polysaccharide), alginate, agar and mannan and fungal mannan-like polysaccharides, and we untangled 

the intricated regulation of arabino-galactan degradation. We are currently running experiment to test 

those predictions. 
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As long-distance traveling of human beings and movement of goods drastically increase over time in 

relation to globalization of trade and exchanges, and so is the spread of bacterial pathogens and 

associated infectious diseases across the globe. Key for improved disease control lies into acquiring a 

thorough knowledge on factors shaping pathogen populations at fine scales and how they interact with 

their environment. 

In order to show much more clearly how infectious agents are spreading and evolving other than genetic 

drift alone, phylogenetic and epidemiological techniques are often use. Bacterial lineage-centered 

molecular genotyping techniques, such as multilocus variable number of tandem repeats analysis (MLVA). 

They are of interest especially when they provide high throughput, a sound phylogenetic signal, and a 

resolution fitting the spatiotemporal scale investigated. In the case of complex plant pathogens, such as 

the Ralstonia solanacearum species complex (RSSC), several studies achieved molecular characterization 

of outbreak strains during the last decade, and brought light on its epidemiology. 

Nevertheless, selecting proper genetic marker and analytical algorithm is vital to apply molecular genetics 

in a given biological population. Because phylogenetic analysis is inexpensive, especially when sequence 

data are already available, it is important for molecular epidemiologists to understand, to correctly apply, 

and to correctly interpret phylogenies and phylogenetic methods. We will present last epidemiological 

results produced within the framework of the phylotype I of the Ralstonia solanacearum species complex, 

which revealed the need for a curated phylogenetic database, deep sampling for discovering 

epidemiological impacting lineages, and the adoption of complementary multiscale analyses from gene to 

genome in order to apprehend the evolution complexity as a whole. 
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 The wealth of data on clinical antibiotics, the evolution of associated resistance mechanisms and their 

spread through mobile genetic elements, contrasts with the lack of knowledge about the role of antibiotic 

in microbial ecosystems in the absence of clinical antibiotic pressure. The soft rot Pectobacteriaceae (SRP) 

species complex, comprise more than 40 different bacterial species and is responsible for severe plant 

rotting in many plant species. Within this complex, most Pectobacterium versatile strains harbor a β-

lactamase, called BlaPEC1. The aim of the present work was to analyze the role of BlaPEC1 in the context 

of plant infection in the absence of clinical antibiotic pressure. To this end, we constructed blaPEC1-

deleted strains in two different P. versatile strains and compared them with their wild-type counterparts 

in vitro and in potato tuber mono-infection or mixed infection with different SRP species and strains. In 

vitro, BlaPEC1 enables P. versatile to resist ampicillin or the carbapenem produced by Pectobacterium 

brasiliense. In potato tuber mono-infections, blaPEC1-deleted strains are unaffected in virulence and 

fitness. However, BlaPEC1 was found to be required for the coexistence of P. versatile with carbapenem-

producing P. brasiliense. Furthermore, the P. versatile strains producing BlaPEC1 allow the coexistence of 

Pectobacterium strains sensitive to P. brasiliense produced carbapenem, both in vitro and in planta. This 

effect is spatially dependent and is observed even when the BlaPEC1-expressing strain is a minority within 

the symptom. These results indicate that Blapec1 exerts a true β-lactamase function that is efficient during 

the infection process. Blapec1 can therefore be considered a public good of the SRP species complex, 

allowing the maintenance of strain diversity within this species complex. 
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Bacterial leaf blight (BLB), caused by the bacterium Xanthomonas oryzae pv. oryzae (Xoo), is a devastating 

disease of rice crops in many countries, causing yield losses of 20-30% and up to 50% (Mew 1987). BLB 

was first reported in Japan in 1884 and is now prevalent in most of the rice-producing countries in Asia 

and West African countries.  

Recently, BLB also appears to be spreading in East Africa with reports in Tanzania in 2019 (Schepler-Luu 

et al., 2023). Several sampling surveys carried out in last years have demonstrated the spread of this 

disease in various regions of Tanzania, right up to the crossing of Tanzania’s frontiers with Kenya and in 

Uganda. 

The Xoo strains isolated from these surveys have been characterized by genotyping using multiple locus 

VNTR analysis (MLVA), and representative strains have been sequenced using nanopore technology. Our 

results suggest that Xoo has been introduced once in the region of Morogoro, potentially owed to the 

import of contaminated seed material originating from Asia. With the aim of searching for resistance 

sources, NILs with anti-Xoo Xa resistance genes were screened, resulting in the identification of three 

genes of interest. This work will serve as a basis for future rice breeding for BLB resistance efforts in East-

African countries. 
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Blackleg causes high economic losses for the seed potato industry worldwide. The disease is caused by 

bacteria belonging to the genera Pectobacterium or Dickeya. The number of species belonging to these 

two genera has increased from 12 to 33 described species since 2016. P. brasiliense is one of this species. 

Absent around ten years ago, P. brasiliense has become predominant in the blackleg symptoms collected 

from potato fields.  

Furthermore, this species is able to infect a lot of vegetable hosts in differents environments, possibly 

explained by a high genetic diversity level among P. brasiliense genomes. However, the link between 

detection in seed potato before planting and expression in field has not been established. The objective 

of the study is to identify which genetic cluster of P. brasiliense are present in potato environment and 

which ones have an impact on potato production. 

In this goal, 60 strains isolated between 2007 and 2023 were selected regarding their dnaX barcod 

diversity and the genomes of 12 of them were sequenced with nanopore oxford technology to compare 

the genomes and identify the different clusters. Moreover, tuber maceration test and greenhouse assay 

were carried out to characterize the aggressiveness of each strains and each clusters. The results showed 

3 differents genomic clusters and a significative difference of aggressiveness between clusters. Specific 

tools will be designed for the most impacting clusters. 
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Numerous bacterial pathogens infecting the plant vasculature are transmitted by insect vectors, 

necessitating adaptations to two very different hosts. This bi-phasic lifestyle has evolved in diverse taxa 

via distinct ecological routes, i.e. among initially plant-associated (“plant-first”) or insect-associated 

(“insect-first”) bacteria. The genus Arsenophonus is an example for the latter, since the phloem pathogens 

‘Candidatus Arsenophonus phytopathogenicus’ (Ap) and ‘Ca. Phlomobacter fragariae’ (Pf) have recently 

evolved from insect endosymbionts. However, the genetic mechanisms underlying this transition have not 

yet been elucidated. To fill this gap, we assembled the genomes of both strains from insect metagenomes. 

Functional and phylogenomic analyses indicate that Ap and Pf are similar in size and functional repertoire, 

despite belonging to different species. Strikingly, we identified a set of orthologous genes present only in 

Ap and Pf and absent from all other Arsenophonus strains. In particular, both strains share putative plant 

cell-wall degrading enzymes as well as a set of cysteine peptidases related to xylellain, a papain-like 

peptidase first described in Xylella fastidiosa which has close homologs in diverse Pseudomonadota 

infecting the plant vasculature. High expression in planta or in insecta was demonstrated for several of 

these shared orthologs, further supporting specific roles during phloem or insect colonization. Hence, this 

work provides evidence that phytopathogenicity emerged twice in Arsenophonus via a limited number of 

horizontal gene transfer (HGT) events. This work opens new questions regarding the role of xylellain-like 

peptidases in bacteria-plant interactions and the potential routes for HGT between bacteria with different 

ecological niches.  

 

References: 

Mahillon et al. (2024). From insect endosymbiont to phloem colonizer: comparative genomics unveils the lifestyle transition of phytopathogenic 

Arsenophonus strains. bioRxiv. DOI: https://doi.org/10.1101/2024.08.06.606843   

 

 

 

  



POSTER  
 

 
 

P 28 

 

 

 

 

 
POSTER 28 cancelled  



POSTER  
 

 
 

P 29 

Unraveling multitrophic interactions of floral nectar microorganisms: their above- to belowground 

influence 

 

Claudia Marina LÓPEZ-GARCÍA (1), Indira Aranza RODRÍGUEZ-GÓMEZ (1), Ken Oyama Nakagawa (1), 

Frédérique REVERCHON (2,3), Alfonso MÉNDEZ-BRAVO (1,3) 

 

1 Escuela Nacional de Estudios Superiores Unidad-Morelia, Universidad Autónoma de México, Mexico 
2 Red de Diversidad Biológica del Occidente Mexicano, Centro Regional del Bajío, Instituto de Ecología, A.C., Mexico 
3 UMR Interactions Arbres-Microorganismes, INRAE Grand-Est Nancy, France 

 

Floral nectar represents the most important reward for pollinators and provide a restrictive habitat for 

specialized yeasts and bacteria. The nectar inhabiting microbiota contributes to flower protection and can 

influence mutualistic relationships between plants and pollinators, ultimately affecting pollination 

success. Unlike most floral nectars, avocado nectar does not contain high amounts of glucose but is almost 

exclusively constituted by sucrose and perseitol. The influence of nectar microbes on belowground 

interactions, particularly with the plant root system have been scarcely studied, and if we consider that 

more than 99% of the flowers produced at anthesis in avocado are not able to set fruits, falling to the 

ground, the ability of this microbiota to interact with the roots of their hosts results as an obligated 

ecological phenomenon to study. Our objectives were to screen nectar culturable microorganisms for 

beneficial properties in the avocado-honey bees pollination system by evaluating their antagonistic 

activity against the avocado pathogens Phytophthora cinnamomi and Colletotrichum gloeosporioides, and 

against the most devastating honey bee pathogens Ascosphaera apis and Paenibacillus larvae; as well as 

their ability to promote plant development in Arabidopsis thaliana. From the 43 evaluated microbial 

morphotypes, at least 20, belonging to bacteria genera Pseudomonas, Dietzia, Nocardioides, 

Streptomyces, Klebsiella, Curtobacterium and Paenibacillus, and the yeast-like fungi Aureobasidium and 

Filobasidium showed differentially antagonistic activity against the pathogens and growth promoting 

properties in Arabidopsis, by inducing hormonal signaling pathways involved in development and defense 

responses. Collectively, our findings highlight the selectivity of avocado floral nectar over its inhabiting 

microorganisms, evidencing their potential beneficial effects in the avocado-honeybees pollination 

system and the influence on the belowground interactions. 

 

References: 

Martin et al., 2021. Phil.Trans. R. Soc. B. 

Mueller et al., 2022. Environ. Microbiol. 

 

 

 

  



POSTER  
 

 
 

P 30 

Breaking the TALE: How Xanthomonas phaseoli pv. manihotis rewrites the script with SWEET genes 

 

Carlos ZARATE-CHAVES (1), Francisco SANCHEZ (2), Martin DOMINGUEZ (3), Chloé COSSIN (1), Sarah 

DELAFOSSE (1), Zoé ROUX (1), Jeniffer YANEZ (4), Emilie THOMAS (1), Florence AUGUY (1), Alexis 

DEREEPER (1), Sébastien CUNNAC (1), Ralf KOEBNIK (1), Paula DIAZ-TATIS (5), Paul CHAVARRIAGA (2), 

Adriana BERNAL (6), Boris SZUREK (1) 

 

1- PHIM, Univ Montpellier, IRD, CIRAD, INRAe, Institut Agro, Montpellier, France 
2- Alliance Bioversity Internaonal and CIAT, Palmira, Colombia  
3- Instituto Nacional deTecnología Agropecuaria, Cerro Azul, Argentina 
4- Pontificia Universidad Catolica del Ecuador, Ciencias naturales y exactas, Quito, Ecuador 
5- Manihot Biotec, Dpto de Biología, Universidad Nacional de Colombia, Bogotá, Colombia 
6-  LIMMA, Universidad de los Andes, Bogotá, Colombia 

 

Sugars Will Eventually be Exported Transporters (SWEETs) are key susceptibility (S) factors that 

Xanthomonas species exploit in crops like rice [1], cotton [2], and cassava [3]. In Cassava Bacterial Blight, 

Xanthomonas phaseoli pv. manihotis (Xpm) uses cassava MeSWEET10a as an S gene, activating it through 

Transcription Activator-Like Effectors (TALEs), specifically TAL20 [3] and TAL22 [4]. So far, this is the only 

S gene identified for the Xpm-cassava interaction [3-5]. However, some pathogenic Xpm strains lack the 

MeSWEET10a-activating TALE variants. Comparative genomics and pathogenicity tests on a global 

collection of Xpm strains revealed that some isolates can alternatively activate MeSWEET10e, another 

clade-III SWEET transporter in cassava. In this study, we confirmed MeSWEET10e as an S gene and 

developed cassava edited lines showing increased resistance to Xpm strains that activate MeSWEET10e. 

We found that activation of MeSWEET10e is independent of TALEs, but relies on a type-three effector 

(Xop). Comparative genomics pointed to a plasmid-borne Xop with a unique architecture resembling 

TALEs, though its role is still being investigated. A recent survey of Xpm strains from Argentinian fields 

confirmed that this molecular mechanism and the S gene described here are currently used by Xpm 

populations to cause disease. This is the first reported case of TALE-independent SWEET activation in the 

Xanthomonas genus, which implies that Xops could act as key pathogenicity factors to the same extent 

of TALEs.      
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Plants are constantly interacting with their surrounding environment. These interactions, whether biotic 

or abiotic, can be favorable or unfavorable for the plant. Among biotic interactions, some may involve 

symbiotic microorganisms or pathogens. Faced with the multitude of these interactions, plants have 

developed mechanisms for recognizing microorganisms in order to establish symbiosis, in the case of 

beneficial microorganisms, or to develop defense mechanisms to counter pathogens. To understand the 

plant immune response to a symbiont or a pathogen, we set up an experiment involving the inoculation 

of Alnus glutinosa with a symbiont (Frankia alni) or a pathogen (Phytophthora alni sp alni) and analyzed 

the molecular response of the plant after 1 and 3 days post inoculation. Our results revealed that after 1 

dpi, plants activated same the biological processes against the symbiont and pathogen, notably via the 

induction of genetic markers putatively invovled in oxidative stress . Conversely, after 3 days of 

inoculation, more specific responses seem to emerge in reaction to each microbial interaction.   

Finally, when the plant is co-inoculated with both microorganisms at the same time, the responses of the 

plant are turned towards defence against the pathogen, which prevents the establishment of symbiosis.  
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Seeds are a habitat for a vast array of bacteria, some of which are beneficial, commensal, and 

pathogenic for host plants. According to the available literature, three main routes of seed 

transmission have been identified for plant pathogen. These include external transmission by contact, 

floral transmission and internal transmission via the xylem (Maude, 1996). Nevertheless, the relative 

importance of each of these routes in the seed transmission of bacterial members of the microbiota is 

poorly understood. The objective of this work was to detail these transmission routes to bean seeds 

(Phaseolus vulgaris var. Flavert) for a diversity of bacterial strains representative of the populations 

most frequently detected within the microbiota. 

The relative contribution of each route was estimated for thirteen strains from five distinct bacterial 

families following inoculation into bean stems, flowers and pods. As controls, we used the wild-type 

strain Xanthomonas citri pv. fuscans CFBP7767, a pathogenic bacterium frequently transmitted to 

bean seeds (Darrasse et al., 2018) and its ∆hrcV mutant, impaired in the type III secretion system. 

Although X. citri pv. fuscans can be transmitted via all three routes, the internal route was the most 

efficient. In contrast the other bacterial strains selected in this work were neither transmitted to 

mature seeds by the internal nor the floral routes. These initial results raise questions about the 

pathways used by these bacteria to colonize bean seeds. New experiments are currently in progress 

to assess the ability of the strains to vascularise and disseminate through the xylem. 
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The symbiosis between the alphaproteobacterium Sinorhizobium meliloti and Medicago sativa, is a 

well-studied model (Jones et al., 2007). This symbiosis leads to the production of a symbiotic organ 

called nodule, which is colonized by nitrogen fixing bacteria. Several studies have showed that during 

this symbiosis process the bacteria undergo a terminal differentiation into bacteroids, characterized 

by elongated cells, higher permeability and an endoreduplication of the genome, which reaches up to 

32 copies against 2 maximum copies in free living conditions (Mergaert et al., 2006). Since the DNA 

genome topology may be linked to the transcription profile, we hypothesize that the highly polyploid 

genome should be compacted in the nodule thus, therefore affecting the unique transcriptional 

program of bacteroids. We recently demonstrated by Hi-C experiments that this differentiation 

involves also a massive reorganization of the genome architecture, controlled in bacteria by a plethora 

of proteins never studied in S. meliloti, such as the Smc complex (Song and Loparo, 2015). Here, by the 

use of mutants of genes of the Smc complex, we studied its role in free living conditions and during 

the terminal differentiation.  In order to do that, we carried out a combination of molecular analysis, 

including RNAseq and HiC. A deep understanding of the mechanism underlying the symbiosis 

establishment process, will allow us in the future to use strains with an enhanced symbiosis efficiency. 
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Xanthomonads, including Xanthomonas and Xylella species, constitute a large and significant group of 

economically and ecologically important plant pathogens. Up-to-date knowledge of these pathogens and 

their hosts is essential for the development of suitable control measures. Traditional review articles or 

book chapters have inherent limitations, including static content and rapid obsolescence. To address 

these challenges, we have developed a Web-based knowledge platform dedicated to xanthomonads, 

inspired by the concept of living systematic reviews (1). This platform offers a dynamic resource that 

encompasses bacterial virulence factors, plant resistance genes, and tools for diagnostics and genetic 

diversity studies. Our goal is to facilitate access for newcomers to the field, provide continuing education 

opportunities for students, assist plant protection services with diagnostics, provide valuable information 

to breeders on sources of resistance and breeding targets, and offer comprehensive expert knowledge 

to other stakeholders interested in plant-pathogenic xanthomonads. This resource is available for 

queries and updates at https://euroxanth.ipn.pt.  
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Agrobacterium fabrum (a species of the Agrobacterium tumefaciens species complex) exhibits diverse 

lifestyles. It is capable of establishing commensal relationships with the plant, but is also, under specific 

conditions (presence of a tumor inducing plasmid (pTi) and induction of virulence via plant compounds) 

a phytopathogenic bacteria responsible for Crown Gall disease (1,2). Recently, our team and other 

studies have demonstrated that the growth conditions of phytobacteria is a key factor modulating the 

production and content of bacterial extracellular vesicles (BEVs). Bacterial extracellular vesicles are 

lipidic shuttles that facilitate the export of cellular materials over considerable distances from the cell. 

BEVs can transport lipids, proteins, nucleic acids, and metabolites. BEVs, through their molecular cargos, 

are thought to play roles in host colonization and immune response induction during plant-bacteria 

interactions (3, 4). In the present study, we aimed to respond to three questions considering 

Agrobacterium fabrum C58 BEVs : i) How does the environment (such as plant metabolites) and/or 

bacterial lifestyle modify the BEVs cargo? ii) How can these BEVs modulate the plant physiology? iii) Does 

the plant respond in the same way when exposed to either bacteria or only BEVs? A. fabrum C58 BEVs 

were visualized using electron microscopy and the effect of virulence conditions on BEVs cargos was 

characterized using LC-MS² analyses. Finally, after an exposure to the roots to either BEVs or A. fabrum 

C58 cells, we compared the specialized metabolite profiles of aerial parts and roots of Solanum 

lycopersicum. Our results indicate that virulence conditions affect the molecular content of BEVs 

produced by A. fabrum C58 and that A. fabrum C58 BEVs also impacts S. lycopersicum specialized 

metabolites profiles in a different manner than the bacterium itself. 
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Xanthomonas campestris pv. campestris (Xcc), the agent of black rot, usually significantly affects cabbage 

and other cruciferous vegetables. Typical v-shaped necrotic lesions caused by Xcc have also been 

observed in fields on winter oilseed rape (WOSR), Brassica napus L, in Serbia (Popovic et al, 2013) and 

more recently in western France (Cesbron et al, 2024).  Therefore, we ask questions related to the 

possible emergence of the disease on WOSR: i) is it a dispersal of Xcc from other Brassicacea reservoirs 

or areas, ii) is it caused by new Xcc strains, iii) is it the consequence of selection by new WOSR hosts? We 

first studied the search for new characteristics by comparing the high-quality genomic sequences (using 

long-read technology) of a set of strains recently isolated from WOSR (n= 18) and of all the Xc strains 

(n=115) available on the databases. An initial phylogenetic MLST analysis based on 100 common genes 

revealed a grouping of WOSR strains in 2 clades that differ significantly from Xcc strains isolated from 

other Brassicacea. Although novel Transcription Activator-Like Effectors (TALEs) were described, the 

WOSR strains in these clades did not differ from other Xcc in their repertoire of type III–secreted effectors 

or in their plasmid content. All the WOSR isolated strains were very aggressive on all the genotypes of a 

collection representative of B. napus genetic diversity. Seed lots that led to outbreaks in the field were 

contaminated by Xcc. This observation leads to the hypothesis of seed-to-seed transmission and is now 

being tested. Altogether these data suggest a zonal shift, do not provide sufficient evidence for the 

selection of new traits but clade specificity and probable dispersal of Xcc through the global seed trade. 

The risk of spread of the disease to WOSR and other brassica crops in France will be discussed. 
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Xylella fastidiosa is a plant-pathogenic bacterium that is native to the Americas. It has a wide host range 

and causes significant diseases in economically important crops, including grapevine, citrus, and olive 

trees. X. fastidiosa has been identified in Europe over the past few decades, with the detection of several 

subspecies (multiplex, fastidiosa and pauca) and sequence types (ST) in various plant species across Italy, 

France, the Balearic Islands, Spain and Portugal since 2013. 

Whole genome sequencing data are essential for comparative genomics, epidemiology and for 

determining the origin of introductions. Nevertheless, the isolation of X. fastidiosa from contaminated 

plant material is not always successful, which makes it impossible to obtain a complete genome 

sequence. 

A SureSelect targeted enrichment method was developed and the enrichment process was found to be 

highly effective in recovering the entire genome sequence, with significantly improved genome 

coverage, regardless of the plant species or level of contamination (Boutigny et al., 2023). 

This novel approach was applied to two distinct plant samples contaminated with the subspecies pauca 

(ST53), which were identified on two occasions (in 2015 and in 2019) in a limited geographical area in 

the PACA region in Menton (Denancé et al., 2017; Cunty et al., 2020). Phylogenetic and genomic 

comparisons were conducted using the two bacterial genome sequences captured and a range of X. 

fastidiosa subspecies pauca genomic sequences from a public database, including ST53 from Italy and 

Costa Rica. The results obtained from these different approaches revealed a link between the Italian and 

French strains. A tip-dating analysis was performed on these data, which allowed the most probable 

scenario of introduction of these strains into France to be inferred. 
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Xylella fastidiosa is a plant pathogen responsible for numerous crop diseases worldwide. It specifically 

colonizes the xylem and is naturally transmitted exclusively by sap-feeding insects. X. fastidiosa has a 

significant adaptive capacity, as evidenced by its high genetic diversity and frequent recombination 

events between subspecies. Originating from the Americas, X. fastidiosa is now present in several 

European countries due to accidental introductions of infected plant material. This situation calls for a 

better understanding of the evolutionary dynamics of the pathogen in its new areas of distribution. 

Herein, we present a comparative genomics analysis of 75 strains belonging to the subspecies multiplex 

associated with various host plants in France since the first detection of the pathogen in 2015. High-

quality genome sequences were obtained using both PacBio and Oxford Nanopore sequencing 

technologies. Phylogenomics and comparative genomics analyses were used to determine the 

phylogenetic position of the French strains within the subspecies multiplex and to analyse differences in 

functional gene content within and between different sequence types (ST) present in France. Our results 

revealed that ST6 strains are more genetically diverse than ST7 strains, along with regional differences 

in gene content between ST6 strains from Occitanie compared to ST6 strains from Corsica and PACA. This 

suggests multiple independent introductions of ST6 strains to France and different evolutionary 

dynamics between ST6 and ST7. In addition, we identified numerous ST6-specific genes involved in 

microbial interactions with bacteria and phages and several strains harboured a conjugative plasmid, in 

contrast to American strains of this subspecies which rarely possess plasmids. We will discuss the 

putative functions and acquisition routes of these genes and plasmids as well as their potential role in 

the adaptation to new host plants after pathogen introduction. 
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Xanthomonas arboricola pv. juglandis (Xaj) is the causal agent of walnut blight, a disease in continuous 

expansion and with major economic impacts on walnut production. Xaj represent an epidemic clone that 

was first described in the USA at the beginning of the twentieth century. It is phylogenetically related to 

pathovar pruni and pathovar corylina which attack Prunus spp. and hazelnut respectively. It has been 

shown that the centre of origin of cultivated crops could play an important role in pathogen emergence. 

Juglans regia L. and Prunus share the same cradle in Central Asia. The concomitant presence of 

Juglans regia L. and wild apricot trees in the forests of the Tian-Shan mountains in Central Asia has 

reinforced our concern about the role of Xanthomonas populations from the centre of origin in the 

evolutionary history of these pathogens. A survey was conducted in 2019 in Kazakhstan and kyrgyzstan 

to get preliminary data about the presence of Xanthomonas in wild walnut and Prunus populations. No 

Xanthomonas strains were isolated from Prunus trees despite the presence of typical shot hole 

symptoms. Fifteen strains of Xanthomonas were isolated from walnut trees showing typical symptoms 

of walnut blight. Isolates were further identified by multilocus sequence analysis. No Xaj strains were 

identified from wild population of Juglans regia L. The few Xanthomonas strains isolated from natural 

populations of walnut trees belonged respectively to X. hortorum, X. euroxantheae and a genomospecies 

in the vicinity of X. arboricola. The isolates were further characterized by genome sequencing and 

phenotypic tests. 
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Xanthomonas campestris pv. campestris (Xcc) bacteria, the causal agent of black rot disease on brassica 

crops (such as cauliflower), belong to a growing number of vascular pathogens entering leaf through 

hydathodes. Hydathodes are organs found at the leaf margins of all vascular plants which release xylem-

derived droplets to avoid detrimental leaf water flooding. Below the hydathode pores lies a loosely 

connected tissue soaked in guttation fluid that offers a favourable environment for microbial growth 

(Routaboul et al., 2024; Bellenot et al., 2022) and a direct connection to the xylem vessels (Cerutti et al., 

2017). To study the plant immune responses that take place in hydathode during the early stages of 

infection, we studied the transcriptome of cauliflower hydathodes infected with a virulent or an avirulent 

Xcc strain. We found that the basal immune response at one day post infection (dpi) was similar in both 

Xcc strains. At 3dpi, the number of differentially expressed genes (DEGs) was lower compared to 1dpi 

but still 415 DEGs (FDR<0.001) were detected comparing the virulent to the avirulent Xcc strain. Those 

include some plant cell wall modification (Pectin Methyl Esterases and inhibitors) and degradation 

(Pectin Lyases) related genes that are also differentially expressed in hydathodes (Routaboul et al., 

2024). Immunofluorescence labelling of cell wall polysaccharides in healthy and infected hydathodes 

showed that hydathode contains partially methyl-esterified pectins that are the first cell wall component 

degraded following Xcc infection. These transcriptomic and topochemical atlas provide molecular cues 

to hydathode identity and specificities under attack by a pathogen.  
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Among the various essential nutrients in an agricultural context, silicon holds a special place by playing 

several important roles. This element, considered beneficial, notably helps to enhance plant resistance 

to environmental stresses, improve their growth, and promote the efficient absorption of nutrients by 

the plant. Although silica is very abundant in the soil, it is primarily found in mineral and organic forms 

and is therefore not directly available to plants. Thus, to make it bioavailable and enable its absorption 

at the root level, it is essential to promote the activity of some microorganisms present in the soil called 

Silicon Solubilizing Microbes (SSM). The objective of this work was: i) to isolate and quantify the 

proportion of the SSM pool from agricultural soil samples taken from the field; ii) to test and develop a 

technological solution with prebiotic properties specifically aimed at promoting SSM activity; and iii) to 

validate the effectiveness of this technology on yield in the field. After sampling, isolation, purification, 

and sequencing, the initial results confirm the presence of SSM and a moderate microbial diversity in 

fields with conventional fertilization and agricultural practices. The prebiotic action of a technological 

agent promoting SSMs was evaluated in the laboratory on reference SSM strains. The results showed a 

significant increase (up to +53% in vitro) in the growth of these strains and their ability to solubilize 

silica. Finally, field trials conducted on a barley crop confirmed the effectiveness of this technology on 

plant growth and yield, resulting in an increase of +8% and a gain of +5 quintals compared to the control. 

This study enabled the evaluation and development of a technical solution of interest for agriculture, 

which promotes, through a prebiotic effect, the existing SSM pool in the soil, thus enhancing the 

beneficial effect of silicon for plants.   
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Bacterial blight of grapevine, also known as "maladie d’Oléron" in France, is caused by the slow-growing 

bacterium Xylophilus ampelinus (Willems et al., 1987), formerly known as Bacillus vitivorus 

(Baccarini, 1893), Erwinia vitivora (Du Plessis, 1940) and Xanthomonas ampelina (Panagopoulos, 1969). 

Symptoms include discoloration of young shoots, necrotic spots on leaves, reddish-brown streaks on 

shoots, cracks, cankers, wilting and dieback (1). Disease severity depends on cultivar susceptibility and 

environmental conditions (2). The bacterium is reported as vascular pathogen colonising the xylem, 

forming biofilms. Later, also phloem and cambial tissues were found to be infected (3). To shed light into 

the biology of this pathogen, we scrutinized all available genomes of the genus for the presence of type 

III secretion systems (4), predicted type III effectors using a machine-learning technique (5) and 

confirmed two of them to contain a funtional type III secretion signal using an AvrBs1 reporter approach 

(6). The presence of type III effectors suggests that effector-triggered immunity may exist in grapevine 

or non-host plants and that strategies targeting type III effectors for resistance engineering may 

contribute to suitable control measures. 
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Microorganisms living in symbiosis with plants can provide beneficial functions to their host via 

production of natural products (NP) including biocontrol activities. However, regulation of microbial NP 

biosynthesis in response to plant signals is understudied. Coumarins are a well-described class of plant 

metabolites. These compounds play multiple roles to support plant fitness including iron solubilization 

and antimicrobial activity against phytopathogens (1). Several studies describe the roles of coumarins as 

agents controlling microbiome recruitment (2,3); however, the roles of coumarins as signals perceived 

by plant-associated microbes remains elusive. We sought to investigate the effect of the abundant 

coumarin scopoletin on NP biosynthesis by endophytic Streptomycetes, a genus of Actinobacteria 

renowned for its biosynthetic talents. We discovered that scopoletin alters the production of bioactive 

compounds by Streptomyces sp. ATMOS53 isolated from Arabidopsis roots. Using multi-omics 

approaches combining metabolomics, proteomics, and genomics, we showed that scopoletin interferes 

with the biosynthesis of anthracyclines, which are cytotoxic compounds produced by type II polyketide 

synthases. Scopoletin interrupts cyclization steps of the polyketide backbone, resulting in the 

accumulation of the shunt products UWM7 and decreased overall production of the final products of the 

pathway. Conversely, scopoletin stimulated the production of bohemamines, a class of bacterial 

pyrrolizidine alkaloids synthesized by non-ribosomal peptide synthases. This was correlated to enhanced 

levels of the biosynthetic enzymes. The effect of scopoletin treatment resulted in a lowered toxicity of 

ATMOS53 crude extract against plant associated Bacillus species. Taken together, our results highlights 

the importance of accounting the ecological chemistry of plant-microbe interaction studies to fully 

unravel the capabilities of microbes considered to be used as bio-control agents. 
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The duckweed microbiome plays a central role in several key processes, including bioremediation, 

nitrogen fixation, and essential biomolecule production. Despite its importance, the composition and 

dynamics of the duckweed microbiome remains poorly understood. The most common method to 

address these microbial communities is amplicon sequencing of the bacterial 16S ribosomal RNA (rRNA) 

gene. 

However, methodological choices can affect the accuracy of microbial community assessment, the most 

prominent ones being i) the DNA extraction method, ii) the targeted hypervariable region of 16S rRNA 

gene, and iii) the primers used for amplification. Moreover, one of the biggest challenges is obtaining 

high-quality bacterial DNA from plant matrices that are predominantly composed of chloroplast and 

mitochondrial DNA. 

This study aimed to evaluate the impact of these factors on DNA extraction and amplification to achieve 

the most accurate representation of the duckweed microbiome. Focusing on the model duckweed 

Spirodela polyrhiza, we compared three DNA extraction methods: two commercially available kits and 

the standard phenol-chloroform extraction. We tested DNA amplification both with and without blocking 

agents (PNA and LNA) using four different primer sets targeting various regions of the 16S rRNA encoding 

gene (V3-V4, V4, and V5-V6).  

Our results showed that the most accurate assessment of the duckweed microbiome was obtained using 

one of the commercially available kit, targeting the V3-V4 region with a primer set that excluded the 

chloroplast 16S rRNA. Under these optimized conditions, the use of blocking agents was unnecessary, 

significantly reducing the cost and complexity of the analysis. Further work is currently being conducted 

to generalize this approach to other Duckweed species, and potentially other water plant species, for 

assessing their phylosphere. 
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Plant microbiota modulates on host health and growth. Community profiling approaches revealed that 

Pantoea agglomerans is the most frequent and abundant bacterial species associated with seeds. We 

developed an absolute and targeted qPCR tool for quantification of P. agglomerans as an alternative of 

metabarcoding based on sequencing of gyrB. An analysis of the genomic diversity of this species has 

identified specific k-mers of P. agglomerans, which have been used to define a set of primers. The 

specificity of the primers has been initially checked in silico and further validated with strains 

representatives of the main bacterial populations associated with seeds. This qPCR assay allowed 

quantification of P. agglomerans on seeds, germinating seeds and seedlings of bean and radish. 

Furthermore, the quantification of this bacterial species can be normalized by the size of the total 

bacterial community using the qPCR primer pair Com1-769R (Samart Dorn-In, 2015) that target a portion 

of 16S rRNA gene. 
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Seed germination and seedling emergence are two key stages in the assembly of plant microbiota. During 

these early stages of plant development, many soil- and seed-borne taxa  compete for seedling 

colonisation. To date, the functional traits associated with seedling primo-colonist are still unknown. In 

the course of this work we monitored the dynamics of bacterial communities during germination and 

emergence in two distinct plant species, bean and radish. We showed that the bacterial taxonomic and 

functional profiles were distinct between the aerial and root parts of young seedlings, as early as 3 days 

after germination. Non-targeted metabolomics approaches have identified metabolites specific to these 

two compartments. The links between these plant metabolites and the predicted bacterial functions will 

be discussed. 
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Seeds are a dispersal vector of many plant-associated micro-organisms. Although seeds can be 

considered as the starting point for the assembly of the plant microbiota, the percentage of micro-

organisms transmitted to seedlings varies from 2% to 50%. These variations of transmission rate are 

mainly explained by competition with soil-borne taxa. This competition is mostly driven by exudation of 

numerous molecules during seed imbibition. My thesis project aims to explore the bacterial genetic 

determinants involved in successful seedling colonization. More specifically, I will address the following 

research questions: Q1: What is the nature of the bacterial traits involved in primo-colonisation of 

seedlings? Are these traits mainly associated with primary metabolism (exploitative competition) or 

with specialized metabolism (interference competition)? Q2: Are these traits modulated by the biotic 

context in which the targeted micro-organism evolves? In other words, do changes in (i) the host 

genotype or (ii) the initial composition of the microbial communities in the seeds modify the nature of 

the bacterial genetic determinants? The experimental strategy for answering these two questions will be 

detailed in this poster. 
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Plant-associated microbiota are complex heterogeneous communities, including non-cultivable strains. 

Preservation of heterogeneous community will lead to heterogenous survival, altering the taxonomic 

composition which in turn can alter the functionalities of the microbiota. 

The preservation processes mastered by Biological Resource Centers (BRC), like deep freezing at -80°C 

or at -196°C in liquid nitrogen, or lyophilisation, are well adapted to isolated strains and we lack insights 

to understand what happens to microbiota during preservation. To overcome these limitations, the 

MICORBE project (https://www.microbeproject.eu/) aims at developping protocols and a framework 

permitting BRCs to preserve viable microbiota, in order to have these available for the future.  

At CIRM-CFBP, the French Collection for Plant-associated Bacteria (https://cirm-cfbp.fr), as part of the 

MICROBE project, we focus on the use-case seed.  

What methodology will be the most efficient and suitable for preserving the micro-organisms of seed 

microbiota, over the long term? All this, of course, while minimising the effects of preservation and 

guaranteeing viability, metabolic functions and the less altered possible taxonomic composition after 

preservation.  

We chose to assess the taxonomic composition using metabarcoding, the metabolic profile with Biolog 

Ecoplates and the cultivable bacterial and fungal fraction independently of each other. All of this before 

and after 9 different preservation conditions in liquid nitrogen. 

The first results are encouraging showing that it’s possible to preserve a complex community. More 

analyses are necessary to finely determine how the microbiota are altered during preservation. These 

experiments will enable us to refine the process to ultimately propose the best suited option for long 

term plant-microbiota preservation, from seeds or other plant parts. 
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Plants and their microbiome will be exposed to several stress factors in the coming years, either abiotic 

such as drought and heat, and/or biotic including new plant pathogens. Current agricultural practices in 

Europe depend on agrochemicals and large amounts of water and will therefore not be sufficient to cope 

with the coming stresses. The COST Action MiCropBiomes (CA22158) builds on the urgent need for a 

transition to sustainable agriculture to ensure food security and safety by coordinating research and 

developing knowledge on crop microbiomes (and holobiomes) for application in sustainable precision 

agriculture. First, we will compile the available knowledge and datasets on microbiome assemblies and 

will decipher the phytobiome functional and molecular signaling through metagenomics techniques. 

Second, the Action will evaluate the available knowledge and datasets on the microbiome dynamics and 

the relation under specific environments with a focus on abiotic stress (drought and/or heat) and growing 

media (soil versus soilless systems). Third, we aim to understand the ecological processes that govern 

plant microbiome assembly and functions and how these are disrupted by pathogens. Finally, the Action 

will explore the plant microbiome as a source of beneficial associations of microorganisms, in which we 

make the transition from current mirobial inoculants to synthetic communities in relation to resilience 

against biotic and abiotic stresses in agriculture. 
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Xylella fastidiosa (Xf) is a phytopathogenic bacterium native to the Americas, which was first detected in 

natural settings in Europe in 2013 [1]. This bacterium is transmitted exclusively by hemipteran insect 

vectors (biting-sucking), notably Cercopidae and Cicadellidae [2]. Currently, around 700 plant species are 

reported to host Xf  [3], and this list includes plants of major socio-economic interest such as olive trees, 

citrus or grapevine, for which important losses have been observed [4]. Due to its direct and indirect 

economic impact on the plant sector and threat it represents for the environment, it is currently a priority 

quarantine pest in Europe. Xf can be found in Italy, Spain, Portugal, and in France since 2015 [1,5,6].   

At present, very little is known about the interactions between Xf and other microorganisms (bacteria, 

fungi) colonizing the same niches (i.e. the plant xylem and insect foregut). Therefore, investigating the 

impact of microbial interactions on the adaptation and evolution of Xf is an important research avenue 

in order to better control Xf diseases. It is within this framework that the interactions between the 

phytopathogenic bacterium Xf and the microbiomes present in its two habitats are studied in this project: 

the plant xylem and the foregut of its insect vector. The main objectives of this study are to examine 

whether infection with Xf induces a restructuring of the microbiome colonizing the same habitats 

(dysbiosis), whether the different subspecies and genotypes of Xf differ in their interactions with the 

host-associated microbiota and to investigate the potential impact of the xylem microbiota on the 

success of Xf infection. 

 

Keywords : Xylella fastidiosa, interaction, microbiome, xylem, insect  
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Stenotrophomonas rhizophila is a seed-associated bacterium that uses its metabolic and protective 

abilities to support seed germination and seedling growth. S. rhizophila notably uses the type 6 secretion 

system (T6SS) to compete with other seed microbiota members by injecting deadly toxins (1). The T6SS 

is a contractile machinery that delivers toxic effectors (T6E) direclty to a target strain. S. rhizophila T6SS 

carries 9 putative T6E and several immunities that suppose a broad range activity and a great resistance 

to other T6SSs (2). In our study, we questioned the regulation and the role of each T6E in the T6SS use 

against seed-associated bacteria. Using fluorescence microscopy, we were able to observe the unique, 

polar, short and highly dynamic T6SS-4 of S. rhizophila. At the populational level, the T6SS is 

homogeneously expressed with always 17% of cells simultaneously firing and up to 70% of cells that has 

fired over 5 min, underlying its highly efficient use. We identified by RT-PCR that each of the operons of 

the T6SS genetic cluster is controlled by its own promoter. Among all T6Es, 6 are co-regulated with the 

T6SS core components and 3 are inactive or expressed in unknown conditions. Simple deletion mutants 

of T6E showed that not a single effector but the coupled action of two amidases Tde2 and Tde5 is 

responsible for the major antibacterial effect of the T6SS. We also observed that the T6SS-mediated 

toxicity is different depending on the target strain. Specifically, some of the T6Es are target-specific such 

as PAAR1-Tde DNase more effective on another Stenotrophomonas strain, or the two amidases 

necessary to overpass an Oxalobacteracea strain resistance. This study is the first description of the T6SS 

dynamic and regulation in S. rhizophila and illustrates how powerful the T6SS is to shape the plant 

microbiota notably through its diversified T6E repertoire. 
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Biological resource centers are repository were scientists can deposit their resources and make them 

available for future research. These often proved to be invaluable for plant health. Thus, the collections 

are the memory of our past and key for future research (Broders et al., 2022).  

CIRM-CFBP, the French collection for Plant-associated Bacteria holds biological resources strategic for 

plant health. For now 50 years, the collection helps scientists to conduct their researches permitting 

them access to reliable and available resources, permitting the realisation of many research projects. 

Over time the type of deposited resources has evolved and shifted according to the needs and projects 

of the plant-pathologists community. The competences and goals of the collection have evolved too, to 

better fit the user’s needs.  

However, many gaps still exist and we observe a decrease in the deposits over time. A gap in the records 

may hamper identification and response to a pathogen and can have important consequences for disease 

management or trade.  

Deposit resources in a collection have a lot of personal and community benefits. This results in sharing 

the necessary efforts, facilities, competences and expertise, permitting to enhance the overall quality of 

the preservation and to invest for the future. 

CIRM-CFBP has designed an on-line questionnaire: https://tinyurl.com/yc6ww38d 

The researchers interested in the plant health field are invited to share theyr inputs.  
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Seed is the vector of dispersion of many micro-organisms including a variety of plant pathogens such as 

Xanthomonas campestris pv. campestris (Xcc) and Alternaria brassicicola on a range of Brassicaceae. 

Seed transmission of plant pathogen can result in disease emergence in new geographical areas. No 

efficient treatment is currently available for limiting the incidence of bacterial plant pathogen in seeds. 

Some seed-borne nonpathogenic isolates can however compete for resources and space in the seed 

habitat. A screening of seed-borne bacterial strains possessing antibacterial activity against the 

phytopathogen Xcc identified one Pseudomonas fluorescens strain (CFBP13502). Increase in generation 

time of Xcc was specifically induced during co-culture of Xcc with CFBP13502. A biosynthetic gene cluster 

induced during Xcc-CFBP13502 co-culture was identified through RNAseq. According to AntiSMASH 

analysis, this biosynthetic gene cluster is a non-ribosomal peptide synthase potentially involved in 

synthesis of a lipopeptide siderophore. Reverse-genetics approach performed on a gene encoding an 

acetyltransferase resulted in abolition of the antibacterial activity of the cell-free supernatant of 

CFBP13502. Isolation and structural identification of the metabolite produced in this interaction revealed 

a new lipopeptide siderophore with hydroxamate binding units. 
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Pseudomonas syringae pv. actinidiae (Psa) is the eziological agent of the bacterial canker of kiwifruit 

(Actinidia spp.). The most aggressive biovar Psa3 is characterized by the presence of a plasmid containing 

a gene encoding for a LuxR solo protein, PsaR3. Although a role of PsaR3 in Psa virulence has been 

proposed, the autoinducer signal(s) and the targets are still unknown.  

To elucidate the function(s) of PsaR3, we conducted a transcriptomic analysis of Psa overexpressing 

PsaR3 in an inducible manner, which revealed the upregulation of genes associated with the type III 

secretion system, flagellum-related motility, together with a plasmid-borne gene cluster including psaR3 

itself. Interestingly, the intergenic region (IR) separating the two operons of the cluster is a functional 

promoter positively regulated by PsaR3, as demonstrated with a reporter system. Since no inducer 

molecule was included in our experimental medium, it suggested that i) the signal(s) may be produced 

by Psa or, alternatively, ii) the overexpression may lead to an autoactivation of the regulator. To allow a 

«controlled» post-translational activation of PsaR3, we thus designed and constitutively expressed a 

chimera protein consisting of the DNA-binding domain of PsaR3 and the autoinducer-binding domain of 

the LuxR protein CviR of Chromobacterium violaceum that is activated by known AHLs. Preliminary data 

indicate that the chimera is not responsive to AHLs, thus supporting the hypothesis of sensor auto-

activation. Moreover, first results suggest that the constitutive autoactivation may lead to a negative 

feedback on PsaR3 function, likely to avoid a constant virulence induction.  
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Pathogens transmitted through seeds can cause significant damage to crops and result in major 

economic losses. In tomatoes (Solanum lycopersicum) and peppers (Capsicum annuum), several bacteria 

are damaging such as Clavibacter michiganensis (Cm), which affects tomatoes, and Xanthomonas species 

(X. spp.: X. euvesicatoria, X. gardneri, X. perforans, X. vesicatoria), which impact both crops. Controlling 

the quality of seeds and detecting these european regulated pathogens is essential to limit their spread 

across regions. 

The current French official method for detecting Cm in tomato seeds involves bacterial isolation followed 

by molecular confirmation (qPCR) and pathogenicity test. A method based on the same principles can be 

used to detect X spp. on tomato and pepper seeds. This process is labor-intensive, requiring up to 12 

days for results. Internationally, the ISHI-Veg method (ISF) incorporates as a pre-screen a qPCR directly 

on seed-extract without isolation (SE-qPCR), allowing faster results for negative samples (2 days). 

However, this method can yield false negatives on hypochlorite-treated seeds. Nowadays, the majority 

of tomato and pepper seeds are treated with hypochlorite before being imported into France. 

Consequently, seed lots imported into France cannot be tested by the SE-qPCR method.   

The aim of this collaborative project is to develop an improved SE-qPCR pre-screening test for detecting 

Cm and X. spp., which can be applied to hypochlorite-treated seeds with the same reliability as to 

untreated seeds. An additional goal is to harmonize the maceration and DNA extraction steps to detect 

all five pathogens from a single seed extract.  

Approximately 95% of seed samples are negative for these pathogens (GEVES data 2022-2023). The 

application of SE-qPCR would significantly reduce testing time while maintaining reliability. All the work 

accomplished will enable SE-qPCR to be included in the official French method for controlling bacterial 

diseases. 
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Pseudomonas syringae species are responsible for diseases that are a significant threat to cucurbit crops 

worldwide, like Vein Clearing on Zucchini (VCZ) caused by several lineages of P. syringae (Manceau et al., 

2011; Lacault et al., 2020) and Angular Leaf Spot (ALS) caused by P. syringae pv. lachrymans and infecting 

all cucurbit crops (Olczakwoltman et al., 2009; Bhat et al., 2010). These are seed-borne pests, for which 

detection in seed samples is essential to limit their spread. Current GEVES tests are based on isolation of 

suspect colonies on a nutrient medium, followed by identity confirmation by end-point PCR and/or 

pathogenicity assay. All these tests are completed in 36 days, including around 20 to confirm identity. A 

faster and still accurate identification method would therefore be appropriate for the effective 

management of these diseases. We present here a real-time PCR method to confirm the identity of VCZ 

and ALS strains in just around a week with a single analysis. Strains representing the genetic diversity of 

targeted and closely related species were characterised by biochemical and pathogenicity tests, PCRs 

(Manceau et al., 2011; Lacault et al., 2023), and phylogenetic analyses. Primers and probe designed for 

ALS strains and 4Ba primers and probe for VCZ strains (Lacault et al., 2023) were tested on the 

characterised strains to validate the method&apos;s analytical specificity and additional analyses were 

carried out to validate the repeatability and reproducibility of the method. In conclusion, we can use this 

real-time PCR method to confirm the identity of suspect colonies in alternative to the end-point PCR and 

pathogenicity test. Moreover, these validated primers and probes could be used for the development of 

a new SE-qPCR pre-screening method to detect sequences of VCZ and ALS strains directly from seed 

macerates without isolation on media. 
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PROPHYLE is an experimental and analytical platform attached to UR0407 Plant Pathology INRAE in 

Avignon, which focuses on emerging crop problems in order to better characterize the associated plant 

pathogens. It comprises three technology divisions: experimental facilities, etiology and microscopy. It 

supports the unit's thematic areas within the framework of research projects. 

PROPHYLE is also open to the scientific community as a whole, and to all public or private partners 

wishing to benefit from its technologies and facilities, via services. 
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It is commonly established that competition for resources drives microbiome assemblage and could be 

harnessed to limit pathogen invasion. However interference competition mediated by toxic compounds 

is another driver but based on diffusible molecules and high cell density. Alternative contact-dependant 

antibiosis like Type VI Secretion System (T6SS) provides efficient killing of competitors at low cell density. 

We ask how T6SS is complementary to exploitative competition and drives seed microbiome. For this we 

described the range of targets of the T6SS of Stenotrophomonas rhizophila (1) within bacterial 

communities in vitro and in planta. We demonstrated that T6SS shaped seed bacterial communities and 

their transmission to seedlings. We also observed that the most competitive bacteria for resources were 

also the most sensitive to the T6SS of S. rhizophila. We conclude to a strong synergy of exploitative and 

contact-dependant interference competitions (2). 
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