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Dickeya and Pectobacterium species are necrotrophic pathogens that macerate stems (blackleg disease) and tubers (soft rot disease) of Solanum tuberosum. They proliferate by exploiting plant cell remains. They also colonize roots, even if no symptoms are observed. The genes involved in pre-symptomatic root colonization are poorly understood. Here, transposon-sequencing (Tn-seq) analysis of D. solani living in macerated tissues revealed 126 genes important for competitive colonization of tuber lesions and 207 for stem lesions, including 96 genes common to both conditions. Common genes included acr genes involved in the detoxification of plant defense phytoalexins and kduD, kduI, eda (=kdgA), gudD, garK, garL and garR genes involved in the assimilation of pectin and galactarate. In root colonization, Tnseq highlighted 83 genes, all different from those in stem and tuber lesion conditions. They encode the exploitation of organic and mineral nutrients (dpp, ddp, dctA and pst) including glucuronate (kdgK and yeiQ), and synthesis of metabolites: cellulose (celY and bcs), aryl polyene (ape) and oocydin (ooc). We constructed in-frame deletion mutants of bcsA, ddpA, apeH and pstA genes. All mutants were virulent in stem infection assays, whereas they were impaired in competitive colonization of roots. In addition, the ∆pstA mutant was impaired in its capacity to colonize progeny tubers. Overall, this work distinguished two metabolic networks supporting either an oligotrophic lifestyle on roots or a copiotrophic lifestyle in lesions. This work revealed novel traits and pathways important for understanding how the D. solani pathogen efficiently survives on roots, persists in the environment and colonizes progeny tubers.

INTRODUCTION

Dickeya solani emerged in potato tuber cultivation (Solanum tuberosum) in Europe at the beginning of the 2000s (van der [START_REF] Van Der Wolf | Dickeya solani sp. nov., a pectinolytic plant-pathogenic bacterium isolated from potato (Solanum tuberosum)[END_REF]. A retrospective analysis of potato pathogen archives revealed that some D. solani had been isolated on rare occasions in Switzerland in the 1990s [START_REF] Pédron | Early emergence of Dickeya solani revealed by analysis of Dickeya diversity of potato blackleg and soft rot causing pathogens in switzerland[END_REF]. D. solani as well as other species of Dickeya and Pectobacterium genera (order of Enterobacterales) are the causative agents of soft rot disease on tubers and blackleg disease on stems of potato plants [START_REF] Van Der Wolf | Diseases Caused by Pectobacterium and Dickeya Species Around the World[END_REF]. They also cause damage to a wide range of plants of agronomical interest worldwide [START_REF] Van Der Wolf | Diseases Caused by Pectobacterium and Dickeya Species Around the World[END_REF]. The necrotrophic pathogens Dickeya and Pectobacterium secrete plant cell wall macerating enzymes as their main virulence factors and then proliferate in lesions (macerated tissues) by exploiting plant cell remains as nutrients [START_REF] Van Gijsegem | Molecular Interactions of Pectobacterium and Dickeya with Plants[END_REF]. How these pathogens persist and disseminate in agrosystems (soil, surface waters, plant reservoirs, insect vectors, propagation via progeny-tubers…) and more specifically, how they survive by colonizing and exploiting roots of their host (underground lifestyle) remain questions under investigation.

Comparative genomics has shown little genetic variation in D. solani isolates collected in Europe consistent with a bottleneck associated with a recent spread in potato and bulb plants [START_REF] Van Der Wolf | Dickeya solani sp. nov., a pectinolytic plant-pathogenic bacterium isolated from potato (Solanum tuberosum)[END_REF][START_REF] Khayi | Population genomics reveals additive and replacing horizontal gene transfers in the emerging pathogen Dickeya solani[END_REF][START_REF] Golanowska | Comparison of highly and weakly virulent Dickeya solani strains, with a view on the pangenome and panregulon of this species[END_REF]Blin et al., 2021). The primary host(s) of D. solani remain(s) uncertain.

Horizontal gene transfer events have been observed in a few D. solani isolates, replacing some D. solani genes by their orthologous counterparts acquired from Dickeya dianthicola [START_REF] Khayi | Population genomics reveals additive and replacing horizontal gene transfers in the emerging pathogen Dickeya solani[END_REF]. These transfer events suggest ecological promiscuity between the two species. Variation in the degree of symptoms caused to the potato host was also observed among D. solani isolates: these phenotypes were tentatively associated with single nucleotide polymorphism in some genes (fliC, fliN, fhaB2 and vfmB) and the presence or absence of some other loci (arcZ, mtgA and hrpQ) [START_REF] Khayi | Population genomics reveals additive and replacing horizontal gene transfers in the emerging pathogen Dickeya solani[END_REF][START_REF] Golanowska | Comparison of highly and weakly virulent Dickeya solani strains, with a view on the pangenome and panregulon of this species[END_REF]Blin et al., 2021). The involvement of these genetic variations in virulence remains to be confirmed by reverse genetics. Several studies compared D. solani, D. dadantii and D. dianthicola, highlighting some distinctive traits in D. solani [START_REF] Potrykus | Regulators Involved in Dickeya solani Virulence, Genetic Conservation, and Functional Variability[END_REF][START_REF] Potrykus | Interplay of classic Exp and specific Vfm quorum sensing systems on the phenotypic features of Dickeya solani strains exhibiting different virulence levels[END_REF][START_REF] Des Essarts | Common and distinctive adaptive traits expressed in Dickeya dianthicola and Dickeya solani pathogens when exploiting potato plant host[END_REF]. Notably, some specific regulatory sequences trigger a higher expression of pelD and pelE genes, encoding macerating enzymes, in D. solani compared to D. dianthicola (Blin et al., 2021;[START_REF] Duprey | Transcriptional start site turnover in the evolution of bacterial paralogous genes -the pelE-pelD virulence genes in Dickeya[END_REF]. High expression of pelD and pelE would contribute to the capacity of D. solani to cause rotting at a lower bacterial inoculum than D. dianthicola (Blin et al., 2021;[START_REF] Des Essarts | Common and distinctive adaptive traits expressed in Dickeya dianthicola and Dickeya solani pathogens when exploiting potato plant host[END_REF]. A comparative analysis of metabolic capabilities showed that D. solani exploited a wider range of compounds as nitrogen source than D. dianthicola [START_REF] Des Essarts | Common and distinctive adaptive traits expressed in Dickeya dianthicola and Dickeya solani pathogens when exploiting potato plant host[END_REF]. Transcriptomics of the pathogens recovered from tuber lesions pinpointed higher expression of the glyoxylate shunt in D. solani than in D. dianthicola, a metabolic pathway that contributes to exploitation of alternative sources of carbon when sugar is limiting (Raoul des [START_REF] Des Essarts | Common and distinctive adaptive traits expressed in Dickeya dianthicola and Dickeya solani pathogens when exploiting potato plant host[END_REF]. All these traits could facilitate settlement of D. solani in the potato plant host.

Invasion success of D. solani could also be related to its capacity to survive under stressful conditions and to compete with the microbiota of the potato host. The D. solani genome contains several polyketide synthase (PKS) and non-ribosomal peptide synthetase (NRPS) clusters coding for different secondary metabolites: arylpolyene, oocydin, zeamine and solanimycin. Aryl-polyene synthesis is encoded by the ape genes that are widespread in β-proteobacteria and γ-proteobacteria, including several Enterobacterales such as D. solani and some strains of Escherichia coli [START_REF] Schöner | Aryl Polyenes, a highly abundant class of bacterial natural products, are functionally related to antioxidative carotenoids[END_REF][START_REF] Johnston | Identification of essential genes for Escherichia coli aryl polyene biosynthesis and function in biofilm formation[END_REF]. Aryl-polyenes are pigments anchored to the outer membrane of bacterial cells that may contribute to oxidative stress response and biofilm formation [START_REF] Johnston | Identification of essential genes for Escherichia coli aryl polyene biosynthesis and function in biofilm formation[END_REF]. A recent study [START_REF] Effantin | Dickeya solani D s0432-1 produces an arsenal of secondary metabolites with anti-prokaryotic and antieukaryotic activities against bacteria, yeasts, fungi, and aphids[END_REF], highlighted three other PKS/NRPKS clusters coding for synthesis of oocydin, zeamine and solanimycin, which are present in all published genomes of D. solani, but not all three together in the other Dickeya species. The ooc cluster is highly similar to the ooc genes coding for synthesis of oocydin A, a chlorinated macrolide present in some Serratia and Dickeya strains [START_REF] Matilla | Bacterial biosynthetic gene clusters encoding the anti-cancer haterumalide class of molecules[END_REF]. In different Dickeya and Serratia strains, the zms cluster is responsible for synthesis of zeamine, a cationic polyamine-polyketide (Zhou et al., 2011). The sol cluster is present in different Dickeya species, and encodes solanimycin that is active against a broad range of micro-eukaryotes [START_REF] Effantin | Dickeya solani D s0432-1 produces an arsenal of secondary metabolites with anti-prokaryotic and antieukaryotic activities against bacteria, yeasts, fungi, and aphids[END_REF][START_REF] Matilla | Solanimycin: biosynthesis and distribution of a new antifungal antibiotic regulated by two quorum-sensing systems[END_REF].

As compared to a wild-type strain of D. solani Ds0432-1, the constructed mutants ∆solG, ∆zmsA and ∆oocL, were impaired in antibiosis against yeasts, Gram-positive bacteria and Ascomyceta, respectively [START_REF] Effantin | Dickeya solani D s0432-1 produces an arsenal of secondary metabolites with anti-prokaryotic and antieukaryotic activities against bacteria, yeasts, fungi, and aphids[END_REF]. The contribution of these secondary metabolites to plant colonization by D. solani is not known. D. solani colonizes stems, xylem vessels and leaves, as well as roots and stolons from which develop progeny-tubers [START_REF] Czajkowski | Systemic colonization of potato plants by a soilborne, green fluorescent protein-tagged strain of Dickeya sp[END_REF]. In greenhouse conditions, when inoculated into pots, D. solani rapidly colonizes the roots (two weeks post inoculation of soil) and, to a lesser extent, stems even if no symptoms (blackleg lesions) were observed [START_REF] Czajkowski | Systemic colonization of potato plants by a soilborne, green fluorescent protein-tagged strain of Dickeya sp[END_REF]. Several weeks later, blackleg symptoms develop in stems with an incidence mainly depending on pathogen abundance in the inoculum and wounding of roots; root wounding facilitates entry of pathogens [START_REF] Czajkowski | Systemic colonization of potato plants by a soilborne, green fluorescent protein-tagged strain of Dickeya sp[END_REF]Blin et al. 2021). At the end of the vegetative cycle, pathogens may cause soft rot in progeny-tubers or may colonize them without symptoms. Transcriptomics revealed differentially expressed genes in D. solani living in soft rot lesions in potato tubers [START_REF] Des Essarts | Common and distinctive adaptive traits expressed in Dickeya dianthicola and Dickeya solani pathogens when exploiting potato plant host[END_REF]. In contrast, the lifestyle of D. solani and other pectinolytic Dickeya and Pectobacterium when they colonize roots remains poorly investigated. In a recent study, 10,000 Tn5-mutants carrying a promoterless gusA gene were screened to identify D. solani genes differentially expressed in the presence of leaves, stems, roots and tubers of S. tuberosum [START_REF] Czajkowski | Genome-wide identification of Dickeya solani transcriptional units up-regulated in response to plant tissues from a crop-host Solanum tuberosum and a weed-host Solanum dulcamara[END_REF]. A single gene (pstB) was identified as expressed in the presence of either root or tuber tissues, but not stem or leaf [START_REF] Czajkowski | Genome-wide identification of Dickeya solani transcriptional units up-regulated in response to plant tissues from a crop-host Solanum tuberosum and a weed-host Solanum dulcamara[END_REF]. The pstABC genes encode a transporter involved in importing phosphate and phosphate-mediated gene regulation, including pathogeny, in different Enterobacterales [START_REF] Daigle | Identification of a mutation in the pst-phoU operon that reduces pathogenicity of an Escherichia coli strain causing septicemia in pigs[END_REF][START_REF] Runyen-Janecky | Role of the Pst system in plaque formation by the intracellular pathogen Shigella flexneri[END_REF][START_REF] Röder | Single-cell analyses reveal phosphate availability as critical factor for nutrition of Salmonella enterica within mammalian host cells[END_REF]. Whether pst genes contribute to colonization and survive of D. solani on roots is not known.

Transposon-sequencing (Tn-seq) identifies insertional mutations that confer an advantage or a defect under a given condition. In several plant pathogens, Tn-seq unveiled genes involved in competitive colonization of lesions caused by necrotrophic and biotrophic pathogens [START_REF] Duong | Discovery of Pantoea stewartii ssp. stewartii genes important for survival in corn xylem through a Tn-Seq analysis[END_REF][START_REF] Helmann | Genome-wide identification of Pseudomonas syringae genes required for fitness during colonization of the leaf surface and apoplast[END_REF][START_REF] Royet | Identification by Tnseq of Dickeya dadantii genes required for survival in chicory plants[END_REF][START_REF] Su | Genome-wide identification of Ralstonia solanacearum genes required for survival in tomato plants[END_REF][START_REF] Torres | Agrobacterium tumefaciens fitness genes involved in the colonization of plant tumors and roots[END_REF][START_REF] Helmann | Genome-wide identification of genes important for growth of Dickeya dadantii and Dickeya dianthicola in Potato (Solanum tuberosum) tubers[END_REF][START_REF] Luneau | Genome-wide identification of fitness determinants in the Xanthomonas campestris bacterial pathogen during early stages of plant infection[END_REF][START_REF] Morinière | A comprehensive overview of the genes and functions required for lettuce infection by the hemibiotrophic phytopathogen Xanthomonas hortorum pv[END_REF]. Tn-seq analyses revealed a large set of genes associated with colonization of lesions provoked by D. dadantii on chicory leaves and by D. dianthicola and D. dadantii on potato tubers [START_REF] Royet | Identification by Tnseq of Dickeya dadantii genes required for survival in chicory plants[END_REF][START_REF] Helmann | Genome-wide identification of genes important for growth of Dickeya dadantii and Dickeya dianthicola in Potato (Solanum tuberosum) tubers[END_REF]. Tn-seq also permitted discovery of genes associated with competitive colonization of roots in pathogenic and beneficial bacteria, under gnotobiotic conditions [START_REF] Cole | Genome-wide identification of bacterial plant colonization genes[END_REF][START_REF] Liu | A genome-wide screen identifies genes in rhizosphere-associated Pseudomonas required to evade plant defenses[END_REF][START_REF] Sivakumar | Evaluation of INSeq to identify genes essential for Pseudomonas aeruginosa PGPR2 corn root colonization[END_REF]. To our knowledge, a unique Tn-seq study explored root colonization of a plant pathogen under non-gnotobiotic conditions using a non-sterile substrate for plant growth [START_REF] Torres | Agrobacterium tumefaciens fitness genes involved in the colonization of plant tumors and roots[END_REF]. Identification of genes associated with an underground lifestyle of pathogens could be useful for preventing disease by targeting root colonization traits of pathogens.

In this work, we constructed a Tn-mutant library in the necrotroph D. solani RNS 08.23.3.1.A (=PRI3337) to identify genes involved in colonization of S. tuberosum roots under a non-gnotobiotic condition. We also searched for genes associated with the colonization of the lesions of stems (blackleg disease) and tubers (soft rot disease). In addition, we identified the D. solani genes contributing to growth on different nutrients derived from plant cell wall: pectin, galacturonate, glucoronate and galactarate, and compared them with those identified in lesions. Then, we focused on four genes bscA (cellulose synthesis), dppA (peptide transport), pstA (phosphate importation) and apeH (aryl polyene synthesis) that we identified by Tn-seq as important for competitive colonization of roots. The dppA, pstA, bcsA and apeH genes had been characterized in some Enterobacteriales, especially in E.coli and D. dadantii [START_REF] Olson | Identification and characterization of dppA, an Escherichia coli gene encoding a periplasmic dipeptide transport protein[END_REF][START_REF] Daigle | Identification of a mutation in the pst-phoU operon that reduces pathogenicity of an Escherichia coli strain causing septicemia in pigs[END_REF][START_REF] Mee-Ngan | The Erwinia chrysanthemi Type III secretion system is required for multicellular behavior[END_REF][START_REF] Runyen-Janecky | Role of the Pst system in plaque formation by the intracellular pathogen Shigella flexneri[END_REF][START_REF] Prigent-Combaret | The nucleoid-associated protein Fis directly modulates the synthesis of cellulose, an essential component of pellicle-biofilms in the phytopathogenic bacterium Dickeya dadantii[END_REF][START_REF] Schöner | Aryl Polyenes, a highly abundant class of bacterial natural products, are functionally related to antioxidative carotenoids[END_REF][START_REF] Johnston | Identification of essential genes for Escherichia coli aryl polyene biosynthesis and function in biofilm formation[END_REF][START_REF] Röder | Single-cell analyses reveal phosphate availability as critical factor for nutrition of Salmonella enterica within mammalian host cells[END_REF], but their role in root colonization is not known. We constructed in frame deletions of these genes in D. solani, and we validated their implication in the underground lifestyle of D. solani. We showed that the pstA gene is also important for colonizing progeny-tubers. Overall, this work highlights a novel landscape of genes and traits involved in D. solani-S. tuberosum interactions, especially those involved in the underground lifestyle of this plant pathogen.

MATERIAL AND METHODS

Bacteria and plant material

Bacterial strains are described in Table 1 S1). Among them, 132 173 TA sites are distributed in 99,5% of the 4,518 coding sequences. Only 22 genes do not contain any TA dinucleotide in their sequence and could not be considered in this study (listed in Table S1).

A library of Tn-mutants was constructed in a rifampicin-resistant (Rif R ) derivative of D. solani RNS 08.23.3.1A using the plasmid pSAM-Ec, which harbors a modified Himar1 mariner associated to a kanamycin (Km) resistance cassette [START_REF] Wiles | Combining quantitative genetic footprinting and trait enrichment analysis to identify fitness determinants of a bacterial pathogen[END_REF]. Five hundred conjugation mattings between E. coli MFDpir carrying pSAM-Ec and D. solani RNS 08.23.3.1A Rif R were performed as described by [START_REF] Gonzalez-Mula | The biotroph Agrobacterium tumefaciens thrives in tumors by exploiting a wide spectrum of plant host metabolites[END_REF] (experimental details in SI2). Around 1.8 10 7 independent Tn-mutant colonies were recovered on agar TY medium supplemented with Rif and Km. This corresponds to approximately 100 times the number of TA sites present in the genome of D. solani RNS 08.23.3.1A (169,132 TA sites). All the Tn-mutant colonies were collected, and the resulting Tn-mutant library was homogenized, aliquoted and stored in 25% glycerol at -80°C. Each aliquot contained 2.3 10 10 CFU (colony forming units) of Tn-mutants.

Culture and analysis of the Tn-mutant library under different conditions

An aliquot of the Tn-mutant library was thawed on ice and then incubated at 28 °C for four hours in 10 ml of TY rich medium in order to reactivate the bacterial cells. Library cells were centrifugated and washed with a solution at 0.8% NaCl, and used for inoculating M9 minimal medium and plant materials. Four revived aliquots in TY rich medium were used to analyze quality of the Tn-mutant library: these four replicates correspond to TY rich medium condition. In the in vitro culture tests, the Tn-mutant library was diluted to obtain a final OD 600nm of 0.02 in 50 ml of liquid M9 medium. M9 medium was supplemented with different carbon sources at 2g/L: sucrose (CAS 57-50-1), galacturonate (CAS 91510-62-2), glucuronate (CAS 6556-12-3), galactarate (CAS 526-99-8), which were purchased from Sigma-Aldrich (Saint-Quentin-Fallavier, France) and pectin Dipecta AG366 (Agdia EMEA, Soisy sur Seine, France). This pectin is routinely used in crystal violet pectate medium for isolating Dickeya and Pectobacterium from environmental samples [START_REF] Hélias | Two new effective semiselective crystal violet pectate media for isolation of Pectobacterium and Dickeya[END_REF]. Cultures were incubated at 28°C for 24 hours under shaking (200 rpm). Bacterial cells were centrifuged (4000 rpm, 4°C, 15 min) and stored at -20°C before DNA extraction.

Each culture condition was performed in four replicates.

In the in planta assays, the Tn-mutant library was inoculated in three conditions: roots and stems of entire plants and potato tubers. Potato plants were cultivated individually in 2-Litter pots containing horticultural compost (Floragard, Oldenburg, Germany) under non-gnotobiotic conditions in a greenhouse (16 hour days and 8 hour nights at 24°C). In the root colonization assay, 1 mL at 6 units OD 600nm of the Tn-mutant library was inoculated by watering (5.5 10 9 CFU per pot). Forty plants were inoculated when the aerial part reached about 30 cm in height (four weeks after tuber planting). In the stem infection assay, 50 µL at 1 unit OD 600nm of the Tn-mutant library were injected into the stem in the axil of the 4 th leaf (5 10 7 CFU per stem).

These plants were developed from axillary buds of tubers and 140 stems were inoculated when they reached a size of about 20-30 cm in height. In the tuber infection assay, 10 µL at 1 unit OD 600nm of the Tn-mutant library was injected into the potato tubers (10 7 CFU per tuber). Forty tubers were inoculated and then placed at 24°C in the dark. Plant and tuber assays were described previously (Blin et al. 2021).

Six weeks post inoculation, the 40 root systems were collected and grouped into 8 lots that we designated as the 8 replicates of the root condition. Symptoms of maceration were not observed on root systems. Roots were crushed in 25 ml of a 0.8% NaCl solution during 1 min using a laboratory blender (Waring, Stamford, USA).

The homogenate was filtered through miracloth (Millipore, Bedford, MA, USA) and then plated onto TY agar medium supplemented with Rif, Km and cycloheximide.

After 48 hours at 28°C, the Tn-mutant colonies were collected and resuspended in 0.8% NaCl solution. For each replicate 2 mL of bacterial suspension was pelleted and frozen prior to DNA extraction.

Five days post inoculation, macerated tissues of the stems and tubers were collected and grouped into eight stem replicates (each from 15 stems) and four tuber replicates (each from 10 tubers). Each replicate was crushed in 10 ml of 0.8% NaCl solution and the Tn-mutant colonies were recovered using TY agar medium supplemented with Rif, Km and cycloheximide, following the same protocol as for the root condition.

For each replicate 2 mL bacterial suspension was centrifugated and frozen prior to DNA extraction.

Analysis of the Tn-mutant library

Overall 42 samples were analyzed. Four replicates were collected in the TY rich medium condition, in which the Tn library was constructed. Four replicates were collected in M9 medium for each of the five carbon sources: sucrose, pectin, galacturonate, glucuronate and galactarate. In addition, four replicates were collected in the macerated tuber condition, eight in the macerated stem condition and eight in the root condition.

Total DNA from each replicate was extracted and then the Tn-insertion sites were amplified (Primers in Table S3) and sequenced as described previously [START_REF] Gonzalez-Mula | The biotroph Agrobacterium tumefaciens thrives in tumors by exploiting a wide spectrum of plant host metabolites[END_REF][START_REF] Torres | Agrobacterium tumefaciens fitness genes involved in the colonization of plant tumors and roots[END_REF]. Illumina NextSeq 500 instrument (Illumina, San Diego, USA) was used in a single read 75 run at the I2BC-sequencing platform (I2BC, Gif-sur-Yvette, France). Each population generated over 3 million reads after specific cleaning of the Tn-seq data: transposon trimming with Trimmomatic [START_REF] Bolger | Trimmomatic: A flexible trimmer for Illumina sequence data[END_REF], and then barcode removal.

The reads were mapped using Bowtie-1.1.2 [START_REF] Langmead | Ultrafast and memory-efficient alignment of short DNA sequences to the human genome[END_REF] S1.

The mapping results (BAM files) were analyzed by the ARTIST pipeline [START_REF] Pritchard | ARTIST: high-resolution genome-wide assessment of fitness using transposon-insertion sequencing[END_REF] using MATLAB software (MathWorks, Natick, USA). All .bam files of the 42 compared conditions were deposited as sequence read archives (SRA) in the bioproject PRJNA939571 at the National Center for Biotechnology Information (Table S4). When a high correlation (r²≥0.80) was observed in distribution and relative abundance of Tn-insertions between the replicates of a same culture medium condition, the sequencing data were pooled for further analyses using ARTIST. Two ARTIST analyses were performed with a P-value cutoff of P<0.01 in the Mann-Whitney U test: EL-ARTIST and Con-ARTIST [START_REF] Pritchard | ARTIST: high-resolution genome-wide assessment of fitness using transposon-insertion sequencing[END_REF]. ). In this work, the Con-ARTIST class 2 'essential genes' were retained as candidate genes that are important for growth and survival in a given growth condition as compared to a reference condition. In the case of in planta culture conditions (roots and macerated stems and tubers), each replicate was analyzed separately and compared to the reference condition (TY rich medium) to provide a list of fitness genes (class 2 'essential genes'). Then, those which had been assigned

to Con-ARTIST class 2 'essential genes' in at least half of the replicates of a considered condition were retained in a final unique list of fitness genes, as described by [START_REF] Torres | Agrobacterium tumefaciens fitness genes involved in the colonization of plant tumors and roots[END_REF].

The identified genes were categorized using COG classification (Clusters of Orthologous Groups of proteins) by [START_REF] Galperin | Expanded microbial genome coverage and improved protein family annotation in the COG database[END_REF]. Antismash was used for identifying secondary metabolite biosynthetic gene clusters (https://antismash.secondarymetabolites.org; Blin et al., 2021). Some genes were manually analyzed, such as those associated with carbon metabolism according to the published data in Enterobacteriales [START_REF] Tervo | FOCAL: an experimental design tool for systematizing metabolic discoveries and model development[END_REF]Jason et al., 2019;[START_REF] Kuivanen | Microbial hexuronate catabolism in biotechnology[END_REF].

Construction of deletion mutants in D. solani by reverse genetics

In frame deletions were constructed in four genes for which Tn-seq analysis predicted a contribution to competitive fitness in root colonization: bcsA

(=DS0823_v1_2374) involved in cellulose synthesis, dppA (=DS0823_v1_2392)
involved in peptide transport, pstA (=DS0823_v1_2527) involved in phosphate transport and apeH (=DS0823_v1_2513) involved in synthesis of an unknown arylpolyene compound. The mutated genes were chosen within a cluster coding for the same function, therefore, the same behavior was expected, even in the case of a potential polar effect.

The D. solani RNS 08.23.3.1A Rif R -Gm R strain was obtained by integration of a Gmresistance cassette at the unique attTn7 site of the D. solani genome, as described in SI3. The defective alleles were introduced in D. solani RNS 08.23.3.1A Rif R -Gm R by conjugation [START_REF] Effantin | Dickeya solani D s0432-1 produces an arsenal of secondary metabolites with anti-prokaryotic and antieukaryotic activities against bacteria, yeasts, fungi, and aphids[END_REF][START_REF] Edwards | Improved allelic exchange vectors and their use to analyze 987P fimbria gene expression[END_REF]. A detailed protocol is presented in SI4. To validate the in planta behavior of the mutants, two independent clones were retained per genotype and further analyzed in plant assays.

In planta behavior of the constructed D. solani deletion mutants

To measure the relative fitness of the four constructed deletion mutants (Rif R Gm R ), root colonization assays were performed in the presence of the ancestral strain D. The D. solani RNS 08.23.3.1A Rif R strain and its derivatives were grown overnight in TY medium. The cells were rinsed twice in a 0.8% NaCl solution then their OD 600nm was adjusted to 1 unit (10 9 CFU/mL). Each Rif R Gm R strain was mixed with the Rif R strain at a 1: 1 ratio. For each mutant construction, two independent clones were analyzed. Each clone was inoculated in 10 pots. Six weeks post-inoculation, roots of each pot were sampled and 10 g were crushed in 30 ml of 0.8% NaCl solution following the same procedure as described above for the Tn-infection assays. The homogenate was diluted and spread on TY Rif and TY Rif-Gm agar medium, both being supplemented with cycloheximide, to enumerate the total Dickeya population and the mutant population. For each replicate, a competitive index (CI) was calculated [START_REF] Macho | A competitive index assay identifies several Ralstonia solanacearum type III effector mutant strains with reduced fitness in host plants[END_REF] In addition to competition assays, each bacterial genotype was inoculated separately:

in the first assay, pathogens were injected directly in stems while in the second assay, pathogens were inoculated as described for the root colonization assay. For each mutant, two independent clones were analyzed. Each clone was inoculated on 10 plants. The strain RNS 08.23.3.1A Rif R -Gm R was used as a virulent reference and uninoculated plants as negative control. In the stem inoculation assay, the length of internal lesions was measured five days post-infection. Abundance of pathogens was quantified in lesions (CFU/g of stem fresh weight) using numerations on TY supplemented with Rif, Gm and cycloheximide. In the root inoculation assay, eight weeks post-infection, abundance of pathogens in pots was quantified by counting on TY agar medium supplemented with Rif, Gm and cycloheximide. The number of asymptomatic and symptomatic progeny-tubers was counted, and finally, pathogen acquisition in tuber progeny was evaluated by testing asymptomatic progeny-tubers for the presence of D. solani using qPCR (Blin et al., 2021).

Statistics

The correlation between the different replicates of the Tn-seq mapping results was analyzed by calculating the linear regression coefficient (r 2 ). The traits measured in plants inoculated by the different bacterial genotypes (the CI values, length of the stem symptoms in cm, abundance of pathogens in rotten tissue or pots in CFU/g and the number of symptomatic or asymptomatic plants) were compared by Kruskal-Wallis tests (α = 0.05). Then a Dunn's test was performed to compare traits of each constructed mutant with the strain RNS 08.23.3.1A Rif R -Gm R . For all statistical analyses and coefficient calculation, we used GraphPad Prism version 9.3.0, GraphPad Software (www.graphpad.com).

RESULTS

Characteristics of the Tn-library in D. solani RNS 08.23.3.1A

Using the himar1 mariner transposon (Tn), we constructed a library of Tn-mutants in a rifampicin-resistant derivative of D. solani RNS 08.23.3.1A (Table 1). To examine the distribution of Tn in the D. solani genome, we extracted total DNA from four Tnlibrary aliquots that were grown in TY rich medium. By comparing relative abundance of the Tn-insertions along the circular chromosome, a high correlation (r²>0.98) was observed between the four replicates. Sequencing data from the replicates were pooled for further analysis. In the D. solani Tn-library, more than 70% of genes have at least 80% of their TA sites with a Tn insertion (Figure 1), revealing good coverage of the genome. In the next step, the EL-ARTIST analysis [START_REF] Pritchard | ARTIST: high-resolution genome-wide assessment of fitness using transposon-insertion sequencing[END_REF] pinpointed 521 genes ('essential genes' according to the EL-ARTIST classification)

for which Tn-mutants had impaired growth in TY medium. These 521 genes represented 11.5% of the total genes of D. solani RNS 08.23.3.1A. A similar percentage had been observed in previous Tn-seq studies [START_REF] Hooven | The essential genome of Streptococcus agalactiae[END_REF][START_REF] Gonzalez-Mula | The biotroph Agrobacterium tumefaciens thrives in tumors by exploiting a wide spectrum of plant host metabolites[END_REF][START_REF] Royet | Identification by Tnseq of Dickeya dadantii genes required for survival in chicory plants[END_REF]. According to the COG classification, these 521 genes are associated with four main functional categories: bacterial metabolism (31,9%), information storage and processing (29,4%), cellular processes and signalling (25,3%) and poorly characterized genes (13,4%) (Table S2). Most of them encompass genes encoding for cell processes that are essential for bacterial viability and optimal growth: for instance, the nuo cluster (aerobic respiration), atp cluster (synthesis of ATP), rpl genes (50S ribosomal protein) and dnaE (DNA polymerase) (Figure 1). The Tn-library was thereafter challenged to several growth conditions to unveil and compare the different gene repertoires supporting the D. solani lifestyles.

Fitness genes associated with growth of D. solani on plant cell wall components

Because D. solani secretes plant cell wall macerating enzymes, we searched for genes associated with growth of D. solani on nutrients derived from plant cell walls.

The Tn-library was cultivated in M9 synthetic medium supplemented with different carbon sources: galacturonate, glucuronate, galactarate and pectin. M9 medium with sucrose was used as a reference condition in comparative analyses. On average, three million reads were obtained and analyzed per replicate to determine the relative abundance of the Tn along the chromosome. We observed a good correlation between the four replicates of each growth condition: sucrose (r 2 > 0.94), galacturonate (r 2 > 0.98), glucuronate (r 2 > 0.88), galactarate (r 2 > 0.97), and pectin (r 2 > 0.99). Hence, we pooled sequencing data for each carbon source for further comparisons.

Using EL-ARTIST, we analyzed the sequencing data obtained under sucrose growth condition and then we used Con-ARTIST to compare distribution of the Tn-insertions in sucrose versus other conditions (Table S2). We focused on the 'conditionally essential genes' (class 2) according to the Con-ARTIST analysis and we retained them as fitness genes. We identified 98 genes important for growth on pectin, 89 for growth on galacturonate, 96 for growth on glucoronate and 87 for growth on galactarate (Table S2). Our Tn-seq experiments revealed some common and some nutrient-specific genes, which are important for competitive growth of D. solani in the presence of plant cell wall components (Figure 2). Some common genes are involved in the pentose phosphate pathway and upper glycolysis/gluconeogenesis (tpiA, fbp, pgi, zwf, pgl, gnd). Some nutrient-specific genes are associated to importation and degradation of distinctive plant compounds: pectin (kduI, kduD), glucuronate (one unnamed MSF-transporter = DS0823_v1_1165, yeiQ, uxuA), galacturonate (exuT, uxaB, uxaA), and galactarate (gudP, gudD, gudX, garL). The genes kdgK and eda (=kdgA) were important for fitness in growth on pectin, glucuronate and galacturonate, but not galactarate. These genes reflect the metabolic pattern of D.

solani in each of the tested growth conditions. Their identification was useful to interpret the fitness genes in complex environments such as roots and macerated stems and tubers.

Fitness genes associated with colonization of macerated stems, tubers and roots

To identifiy the D. solani genes involved in proliferation in macerated plant tissues, we inoculated 10 7 CFU of the Tn-library on 40 tubers and 120 stems. After a 5-day incubation, D. solani reached 2.3 10 10 ± 3.6 10 10 CFU/g of lesions in tubers and 2.0 10 9 ± 5.5 10 8 CFU/g of lesions in stems. The macerated tubers and stems were assembled in four lots (each from 10 tubers) and eight lots (each from 15 stems), respectively. Each lot of macerated tissue is considered as a replicate. After DNA extraction and sequencing of Tn-insertion sites, Con-ARTIST analysis was performed using TY medium as a reference condition. We identified 126 fitness genes important for competitive colonization of tuber lesions and 207 for stem lesions, including 96 genes common to both conditions (Table S2). Most of these 237 genes are involved in metabolism (40%) and cellular processes and signalling (32%) categories according to the COG classification (Table S2). These genes are scattered along the D. solani genome (Figure 3). A noticeable exception is a large cluster of 39 genes coding for motility (fli, flg and flh) and chemotaxis (che and chp), which were important for competitive fitness in stem lesions (Figure 3 and table S2). Additional operons associated to fitness in stem lesions are involved in the synthesis of purines (purCDEHLM) and different amino acids such arginine (argABCEG), histidine (hisABCDFGHI), leucine (leuABCD), valine and isoleucine (ilvCYDEM). Some remarkable genes were important for fitness in both conditions, tuber and stem lesions: this category includes genes involved in upper glycolysis/gluconeogenesis (fbp, zwf, gnd), and assimilation of pectin (kduI, kduD, eda) or galactarate (gudD, garL, garR, garK) (Table S2).. Other common genes between macerated tuber and stem conditions were associated with detoxification (acrAB genes coding for an efflux system) and aerobic respiration (cyoABCD encoding the cytochrome o ubiquinol oxidase).

In the root colonization condition, no symptoms on roots were observed: pathogens reached 1.9 10 5 ± 1.6 10 5 CFU/g of roots. Forty root systems were grouped into eight lots that represent eight replicates. Tn-seq analysis revealed 83 genes (Table S2), which are clustered in four genomic regions (Figure 3). None of them was in common with those identified in the macerated stem and tuber conditions (Figures 3 and4). In the first identified cluster, 11 of 13 adjacent genes were predicted to be involved in the synthesis of oocydin (oocJKLMNRSTUVW). In the second cluster, 31 adjacent genes code for C4-dicarboxylic acid transporter (dctA), cellulose biosynthesis (celY-bcsABCDQO), a putative dipeptide ABC-transporter (dppABCDF), conversion of 2keto-3-deoxy-gluconate (kdgK) and some other less characterized functions. In the third cluster (21 adjacent genes), some genes are associated with biosynthesis of an aryl polyene (apeDEFGHIJKLMNOPQR) and a phosphate ABC-transporter (pstABCS). In the fourth cluster, 18 adjacent genes code for another putative dipeptide ABC-transporter (ddpABC), conversion of fructuronate (yeiQ) and some other poorly characterized functions. Among the genes pinpointed by Tn-seq in the root condition, two genes (kdgK and yeiQ) were also important in M9 medium supplemented with glucuronate as a carbon source (Figure 2).

In planta behavior of the Dickeya solani mutants ∆bcsA, ∆ddpA, ∆apeH, ∆pstA

To analyze further some fitness genes associated with root colonization, we constructed in-frame deletion mutants of four genes: dppA (=DS0823_v1_2392) encoding an oligopeptide transporter, pstA (= DS0823_v1_2527) a phosphate transporter, bcsA (=DS0823_v1_2374) involved in cellulose synthesis and apeH (=DS0823_v1_2513) involved in synthesis of an aryl-polyene.

We evaluated the capability of the constructed mutants in D. solani to provoke blackleg symptoms when injected directly in the stem of the potato plant. The mutants caused similar lesions to those of the wild-type strain (Figure 5A). Moreover, mutants and wild-type strains colonized stem lesions at a similar abundance (Figure 5B). Thus, a deletion of these genes did not abolish the virulence program of D.

solani when injected directly in plant tissues.

Then, we evaluated the competitive fitness of these mutants in root colonization when they were challenged by their ancestor (RNS 08. 6). This fitness variability suggests that multiple environmental parameters could influence the behavior of the ΔbcsA mutant during root colonization.

We further investigated how a deletion in the bcsA, ddpA, apeH and pstA genes could modify the underground behavior of D. solani. Each pathogen (the four mutants and strain RNS 08.23.3.1A Rif R Gm R used as a reference) was inoculated separately by watering the roots with 10 10 CFU per pot. Eight weeks later, when tuber progeny had developed, we observed that potato plants produced a similar number of progeny-tubers (mean value 10.0 tubers ± 0.4) when inoculated by the mutants and RNS 08.23.3.1A Rif R Gm R or not inoculated (Kruskal-Walis test, statistic 7.635, p-value= 0.1775). However, the plants inoculated by ∆bcsA, ∆apeH and ∆pstA mutants exhibited a lower soft-rot disease incidence (% of rotted progeny-tubers) when compared to those inoculated by the RNS 08.23.3.1A Rif R Gm R strain (Dunn test, pvalues <0.05; Figure 7A). In the same experiment, the ∆pstA mutant was significantly impaired in its capacity to colonize asymptomatic progeny-tubers as compared to RNS 08.23.3.1A Rif R Gm R strain (Dunn test, p-values <0.0005; Figure 7B) while the three other mutants did not show a difference compared to the parental strain.

Finally, we decided to evaluate the ability of the mutants to survive in the compost at the vicinity of the roots: all four mutants were impaired in this trait, as compared to strain RNS 08.23.3.1A Rif R Gm R (Figure 7C).

DISCUSSION

In the pathogen D. solani, our Tn-seq anlyses highlighted four genomic regions, grouping 13, 18, 21 and 31 adjacent genes, respectively, which may contribute to the pathogen's capacity to colonize roots of potato plants grown under non-gnotobiotic conditions. These root colonization genes differed from those involved in the competitive proliferation in lesions of tubers (soft-rot disease) and stems (blackleg disease). Hence, this study revealed two contrasting lifestyles of D. solani colonizing a potato plant host: an oligotroph lifestyle on roots where it survived at 10 5 CFU/g of roots; a copiotroph lifestyle in lesions where D. solani proliferation reached 10 9 to 10 10 CFU/g of macerated tissues. D. solani used different gene repertoires to survive and proliferate under these contrasting conditions: roots and lesions. Because of some limitations in the Tn-seq approach, which we discussed in [START_REF] Torres | Agrobacterium tumefaciens fitness genes involved in the colonization of plant tumors and roots[END_REF], we could not exclude that additional genes contribute to an efficient colonization of roots and lesions.

In stem and tuber lesions, carbon metabolism of D. solani is oriented towards exploitation of plant cell debris. Comparison of the Tn-seq data acquired in planta and in culture media showed that carbon metabolism in planta resembled but was not identical to that observed in the presence of pectin and galactarate (Figure 2).

Notably, kduD, involved in the degradation of pectin, was also identified by Tn-seq as a fitness gene in D. dianthicola and D. dadantii colonizing potato tubers [START_REF] Helmann | Genome-wide identification of genes important for growth of Dickeya dadantii and Dickeya dianthicola in Potato (Solanum tuberosum) tubers[END_REF]. Catabolism of these cell wall derivatives is connected to the upper part of glycolysis/gluconeogenesis (connecting glucose and glyceraldehyde-3P) and to the pentose phosphate pathway (Figure 2). In the lower part of glycolysis, the Pta-AckA pathway was also important under maceration conditions (Table S2). In E. coli, this pathway is involved in ATP production from acetyl-CoA with acetate as a by-product [START_REF] Schütze | The impact of ackA, pta, and ackApta mutations on growth, gene expression and protein acetylation in Escherichia coli K-12[END_REF]. This pathway was also pinpointed in a Tn-seq analysis of D.

dadantii macerating chicory leaves [START_REF] Royet | Identification by Tnseq of Dickeya dadantii genes required for survival in chicory plants[END_REF]. We observed that survival of D. solani in lesions is also dependent on its capacity to detoxify plant compounds using the Acr and Sap systems. The Sap transporter is involved in resistance to snakin-1, which is the most abundant antimicrobial peptide in potato tubers [START_REF] López-Solanilla | Inactivation of the sapA to sapF locus of Erwinia chrysanthemi reveals common features in plant and animal bacterial pathogenesis[END_REF]. In Erwinia amylovora, acr genes are involved in the resistance to several plant phytoalexins and antibiotics [START_REF] Al-Karablieh | The outer membrane protein TolC is required for phytoalexin resistance and virulence of the fire blight pathogen Erwinia amylovora[END_REF]. The Acr efflux pump is also important for colonization of chicory leaves by D. dadantii [START_REF] Royet | Identification by Tnseq of Dickeya dadantii genes required for survival in chicory plants[END_REF]. In D. dadantii, this efflux system is involved in resistance to a wide spectrum of toxic compounds including the plant antimicrobial peptide thionin [START_REF] Valecillos | The role of several multidrug resistance systems in Erwinia chrysanthemi pathogensis[END_REF]. Two important characteristics of the D. solani behavior in stem lesions are motility and synthesis of several amino acids (Fig. 4). Motility may be connected to propagation of the pathogen in plant vessels causing a progressive lesion along the stem. Requirement of amino acid synthesis would reflect an imbalance of carbon and nitrogen resources in cell wall remains. Motility and amino acid synthesis were also highlighted in Tn-seq analyses of D. dadantii and D. dianthicola proliferating in progressive lesions of chicory leaves and in tubers [START_REF] Royet | Identification by Tnseq of Dickeya dadantii genes required for survival in chicory plants[END_REF][START_REF] Helmann | Genome-wide identification of genes important for growth of Dickeya dadantii and Dickeya dianthicola in Potato (Solanum tuberosum) tubers[END_REF].

In the root colonization condition, Tn-seq data revealed that D. solani coped with another pattern of environmental constraints. Some oligopeptides, organic acids and mineral phosphate constitute important resources for nutrients that could be imported by the dpp, ddp, dctA and pst transporters (Figures 3 and4). Some sugars (glucoronate and its by-products) would also be assimilated (Figure 2). S. tuberosum exudates contain a wide variety of molecules, among which glucuronate represents around 20% of total sugars [START_REF] Koroney | Root exudate of Solanum tuberosum is enriched in galactose-containing molecules and impacts the growth of Pectobacterium atrosepticum[END_REF]. D. solani reallocated part of its resources to synthesize carbon-rich molecules: cellulose (celY and bcs genes), antibiotic oocydin A (ooc genes) and an aryl polyene (ape genes). This suggests a trade-off between proliferation and response to biotic and abiotic stresses. In D.

dadantii, cellulose synthesis is associated with formation of biofilm at the air-liquid interface in carbon-rich culture medium [START_REF] Mee-Ngan | The Erwinia chrysanthemi Type III secretion system is required for multicellular behavior[END_REF]. On roots, the formation of a cellulose biofilm, hence the fitness associated to bcs genes, would strongly depend on the abundance of carbon resources and moisture. Variations in these environmental parameters could explain heterogeneity in CI values that we observed when the ΔbcsA mutant challenged a wild type strain (Figure 6). In D.

solani Ds0432.1, ooc genes are involved in antibiosis against several Ascomyceta:

Botrytis cinerea, Magnaporthe oryzae and Sclerotinia sclerotiorum [START_REF] Effantin | Dickeya solani D s0432-1 produces an arsenal of secondary metabolites with anti-prokaryotic and antieukaryotic activities against bacteria, yeasts, fungi, and aphids[END_REF]. Aryl polyenes are present in numerous bacterial genera throughout the Proteobacteria and Bacteroidetes, often in host-associated bacteria [START_REF] Schöner | Aryl Polyenes, a highly abundant class of bacterial natural products, are functionally related to antioxidative carotenoids[END_REF]. Aryl polyenes share a remarkably similar chemical scaffold, consisting of an aryl head group conjugated to a polyene carboxylic acid tail. The biosynthetic pathway is well characterized in several genera, including Escherichia, Vibrio and Xenorhabdus [START_REF] Schöner | Aryl Polyenes, a highly abundant class of bacterial natural products, are functionally related to antioxidative carotenoids[END_REF][START_REF] Johnston | Identification of essential genes for Escherichia coli aryl polyene biosynthesis and function in biofilm formation[END_REF]. This pigment molecule is exported to the outer membrane. In E. coli, it contributes to oxidative stress resistance (H 2 O 2 ) and biofilm formation. Log 10 of number of Tn insertions per TA site for each gene in black; EL-ARTIST analysis that classified genes in three categories: 'non-essential genes' in red, 'genes with an essential domain' in yellow and 'essential genes' in green. In the center, circle chart shows the total number of 'non-essential genes' (3,829), 'essential genes' (521) and 'genes with an essential domain' (146). Examples of 'essential genes' are indicated. This scheme exemplifies fitness genes pinpointed by Tn-seq (a complete list is available in Table S2) when the D. solani Tn-library was grown in M9 minimal medium with distinctive plant cell wall components as carbon and energy sources. In the schematic pathways, enzymes encoded by the identified genes are indicated in red; in the red box, crosses indicate for each enzyme in which growth condition they were identified using Tn-seq: pectin, glucuronate, galacturonate and galactarate in M9 minimal medium, as well as in planta conditions: roots and rotted tubers and stems. DGHD: 3-deoxy-D-glycero-hexo-2,5 diulosonate; KDPG: 2-keto-3-deoxy-6phosphogluconate; KDG: 2-keto-3-deoxy-gluconate. From the outside to the inside, the tracks represent: forward and reverse coding sequence (in blue) and fitness genes (complete lists available in table S2) when D. solani grew in macerated stems (green circle), in macerated tubers (yellow circle) and on roots (orange circle). The Venn diagram represents a comparison of fitness genes between the three in planta conditions. Some examples of fitness genes are indicated, such as a large cluster of motility genes that are important under macerated stem conditions, arcAB and cyoABCDE genes under macerated stem and tuber conditions, and the four clusters associated to fitness in roots condition, including ddp, ape, pst, bcs, dpp and ooc genes. From left to right, pictures and arrows indicate the plant tissues that are colonized by D. solani and analyzed by Tn-seq. For each condition, some genes and pathways are indicated (complete lists of fitness genes are available in Table S2). NA indicates that genes were not associated with a variation of fitness in a given condition according to Tn-seq analyses. 
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	France). Correspondence between the Genoscope annotation and NCBI annotation
	(released	in	April	2022	https://www.ncbi.nlm.nih.gov/data-

hub/genome/GCA_000511285.2/) is provided in Table

  solani RNS 08.23.3.1A Rif R . Competition between the ancestor D. solani RNS 08.23.3.1A Rif R and its derivative D. solani RNS 08.23.3.1A Rif R -Gm R was used as control to evaluate the potential bias caused by the Gm R -cassette.

  following the formula presented in SI5. A CI value equal to one indicated an equal fitness between D. solani RNS 08.23.3.1A Rif R and D. solani RNS 08.23.3.1A Rif R -Gm R (mutant strains), CI values greater than one

indicated a fitness advantage of the RNS 08.23.3.1A Rif R -Gm R mutant strain, and CI values below one indicated a fitness advantage of RNS 08.23.3.1A Rif R .

  23.3.1A Rif R ). A control competition between RNS 08.23.3.1A Rif R -Gm R and RNS 08.23.3.1A Rif R was performed to evaluate a potential bias caused by the presence of a Gm-resistance cassette (strains are described in Table1). Eight weeks post-inoculation, the pathogens living on roots were enumerated on selective media and a competitive index (CI) value was calculated for each replicate. CI values of the competitions between RNS 08.23.3.1A Rif R and RNS 08.23.3.1A Rif R -Gm R did not differ from one (Dunn test, p-value >0.9999). By contrast, median CI of the ∆dppA, ∆apeH and ∆pstA mutants was below one (0.002, 0.01 and 0.01, respectively), revealing a decrease in the competitive fitness of the constructed mutants (Figure6). These CI values significantly differed from CI values of the reference competition (RNS 08.23.3.1A Rif R -Gm R versus RNS 08.23.3.1A Rif R ). In the case of the ΔbcsA mutant, the median CI was also below one (0.19), but the heterogeneity of the CI values between replicates compromised statistical significance (p-value=0.503) when CI values were compared to those of the reference competition RNS 08.23.3.1A Rif R -Gm R versus RNS 08.23.3.1A Rif R (Figure
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The role of pst genes is remarkable. In D. solani, we observed that a ΔapeH mutant was impaired in competitive colonization of roots and persistence in horticultural compost (Figures 6 and7). In addition, we observed that this locus was important for colonization of progeny-tubers, hence vertical transmission of the pathogens from plant host to its progeny (Figure 7). In different pathogens, pst genes are involved in phosphate importation as well as in several phosphate-regulated processes including virulence and adherence to surfaces [START_REF] Daigle | Identification of a mutation in the pst-phoU operon that reduces pathogenicity of an Escherichia coli strain causing septicemia in pigs[END_REF][START_REF] Runyen-Janecky | Role of the Pst system in plaque formation by the intracellular pathogen Shigella flexneri[END_REF][START_REF] Röder | Single-cell analyses reveal phosphate availability as critical factor for nutrition of Salmonella enterica within mammalian host cells[END_REF]. In D. solani IPO2222, pstB was shown to be expressed in the presence of pieces of roots and tubers [START_REF] Czajkowski | Genome-wide identification of Dickeya solani transcriptional units up-regulated in response to plant tissues from a crop-host Solanum tuberosum and a weed-host Solanum dulcamara[END_REF], in agreement with an important role in the underground lifestyle of this pathogen.

Overall, this work highlights the versatile lifestyle of D. solani through its interaction with the potato host plant: a copiotrophic lifestyle in plant lesions exploits abundant carbon sources and faces plant defense compounds while an oligotrophic lifestyle on roots exploits less abundant, but more diverse carbon resources and competes with microbiota. Several traits and genes related to the underground behavior and proliferation in lesions remain to be investigated further (using complementation of mutants, gene expression monitoring or structure-function analysis of the encoded proteins) to understand how D. solani pathogens efficiently survive on roots, persist in the environment and colonize progeny-tubers. Supporting information S1 
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