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Introduction

Plants live in complex associations with a wide variety of microorganisms that can modulate their fitness [START_REF] Panke-Buisse | Selection on soil microbiomes reveals reproducible impacts on plant function[END_REF][START_REF] Paredes | Design of synthetic bacterial communities for predictable plant phenotypes[END_REF][START_REF] Kwak | Rhizosphere microbiome structure alters to enable wilt resistance in tomato[END_REF]. The plant microbiota is mainly acquired horizontally through different environmental sources including soil (4), air [START_REF] Abdelfattah | Revealing Cues for Fungal Interplay in the Plant-Air Interface in Vineyards[END_REF], rainfall [START_REF] Morris | Fifty years of phyllosphere microbiology]: significant contributions to research in related fields[END_REF] and insects [START_REF] Flury | Persistence of root-colonizing Pseudomonas protegens in herbivorous insects throughout different developmental stages and dispersal to new host plants[END_REF]. However, some members of the plant microbiota are also acquired vertically through vegetative propagation [START_REF] Vannier | A microorganisms' journey between plant generations[END_REF] or sexual reproduction via seeds [START_REF] Shade | Ecological patterns of seed microbiome diversity, transmission, and assembly[END_REF].

In spermatophyte, seed-associated microbial community constitutes the primary inoculum for the next plant generation [START_REF] Newcombe | A Hypothetical Bottleneck in the Plant Microbiome[END_REF]. The seed microbiota can have a crucial role for crop installation by modulating dormancy [START_REF] Mcphail | 4-Formylaminooxyvinylglycine, an Herbicidal Germination-Arrest Factor from Pseudomonas Rhizosphere Bacteria[END_REF][START_REF] Chahtane | The plant pathogen Pseudomonas aeruginosa triggers a DELLA-dependent seed germination arrest in Arabidopsis[END_REF], germination [START_REF] Pereira | Cytokinins and the bacterial symbiosis of Ardisia species[END_REF][START_REF] Goggin | A potential role for endogenous microflora in dormancy release, cytokinin metabolism and the response to fluridone in Lolium rigidum seeds[END_REF], seedling development [START_REF] Verma | Seed-vectored endophytic bacteria modulate development of rice seedlings[END_REF][START_REF] Walitang | The influence of host genotype and salt stress on the seed endophytic community of salt-sensitive and salt-tolerant rice cultivars[END_REF][START_REF] Khalaf | Bacterial Seed Endophytes of Domesticated Cucurbits Antagonize Fungal and Oomycete Pathogens Including Powdery Mildew[END_REF] and recruitment of plant symbionts [START_REF] Ridout | Priority effects of wheat seed endophytes on a rhizosphere symbiosis[END_REF]. Seed transmission of some specific plant-beneficial or phytopathogenic microbial strains is well documented [START_REF] Darrasse | Transmission of Plant-Pathogenic Bacteria by Nonhost Seeds without Induction of an Associated Defense Reaction at Emergence[END_REF][START_REF] Dutta | Acidovorax citrulli Seed Inoculum Load Affects Seedling Transmission and Spread of Bacterial Fruit Blotch of Watermelon Under Greenhouse Conditions[END_REF][START_REF] Bertolini | Transmission of 'Candidatus Liberibacter solanacearum' in carrot seeds[END_REF][START_REF] Vázquez-De-Aldana | Fungal Endophyte (Epichloë festucae) Alters the Nutrient Content of Festuca rubra Regardless of Water Availability[END_REF][START_REF] Mitter | A New Approach to Modify Plant Microbiomes and Traits by Introducing Beneficial Bacteria at Flowering into Progeny Seeds[END_REF].

However, little knowledge is available on the fraction of the plant microbiota that is acquired through seeds. Pioneer studies indicate that a fraction of seed microbiota persists during germination and emergence and actively colonizes seedlings [START_REF] Barret | Emergence Shapes the Structure of the Seed Microbiota[END_REF][START_REF] Yang | Dominant Groups of Potentially Active Bacteria Shared by Barley Seeds become Less Abundant in Root Associated Microbiome[END_REF][START_REF] Torres-Cortés | Functional Microbial Features Driving Community Assembly During Seed Germination and Emergence[END_REF]. Still, most of these studies have been carried out in gnotobiotic conditions in absence of other environmental sources, like soil.

The encounter between two microbial communities and how they then evolve together has been called community coalescence [START_REF] Rillig | Interchange of entire communities: microbial community coalescence[END_REF][START_REF] Rillig | Soil microbes and community coalescence[END_REF][START_REF] Rocca | Rare microbial taxa emerge when communities collide: freshwater and marine microbiome responses to experimental mixing[END_REF]. The outcomes of community coalescence can vary in a continuum between two categories from symmetric to asymmetric outcomes [START_REF] Castledine | Community coalescence: an ecoevolutionary perspective[END_REF]. In symmetrical outcomes, the initial communities contribute quite equally to the resultant coalesced community, whereas in asymmetrical outcomes one initial community becomes dominant if considering the prevalence of the members. In the latter case, the resident community is generally favored at the expense of the invasive community.

4

This resident advantage can be explained by (i) a higher population size of the resident community (i.e. mass effects) [START_REF] Shmida | Biological Determinants of Species Diversity[END_REF], (ii) prior use of resource and space (i.e. priority effects) [START_REF] Fukami | Historical Contingency in Community Assembly: Integrating Niches, Species Pools, and Priority Effects[END_REF] or (iii) local adaptation of the resident community to the reception niche (i.e. community monopolization effect) [START_REF] De Meester | Evolving Perspectives on Monopolization and Priority Effects[END_REF].

To date, seed or soil microbiota have been extensively studied in isolation but their coalescence, the assembly mechanisms at play remain broadly unexplored and their coalescence type remains to be characterized. Seed and soil coalescence present a singular situation if the seedling community is considered as the outcome community. The seed community is extremely reduced in terms of abundance compared to soil community, but its members have potentially a 'home advantage' as they have been selected by the plant. We therefore hypothesized that despite its lower microbial richness and diversity, seed microbiota being already present and more adapted to the plant environment, would benefit from priority effects over soil microbiota for the colonization of plant compartments [START_REF] Ridout | Priority effects of wheat seed endophytes on a rhizosphere symbiosis[END_REF]. Nevertheless, adaptation to seed does probably not recover all features for adaptation to a growing seedling. The initial soil microbial diversity level is probably another key driver of seedling microbiota and persistence of seed-borne microbial taxa. Indeed, we propose that a soil of high microbial diversity would induce a weaker colonization of the seed microbiota on seedlings due to stronger competition and higher functional redundancy in this soil [START_REF] Mallon | Resource pulses can alleviate the biodiversity-invasion relationship in soil microbial communities[END_REF].

In the present work, we monitored the outcome of seed and soil communities' coalescence during early seedling growth. More specifically, we investigated (i) what is the main source of microbial transmission to seedlings; (ii) does seed microbiota composition and soil diversity impact the assembly of seedling microbiota; and (iii) does the initial taxon 5 abundance in the source influence its transmission success? To answer these questions, we selected seed lots of different genotypes of the winter oilseed rape Brassica napus, which harbored contrasting seed microbiota [START_REF] Rochefort | Influence of Environment and Host Plant Genotype on the Structure and Diversity of the Brassica napus Seed Microbiota[END_REF]. We simulated a total of eight different coalescence events by sowing the four seed lots in two soils of different microbial diversities.

Bacterial and fungal community structure was characterized by amplicon sequencing of the source seed and soil communities and of the roots and stems sampled at different seedling growing stages. This study gained new insights into the soil and plant drivers that influence the coalescence of soil and seed microbiota during the first steps of seedling microbiota assembly.

Materials and Methods

Soil preparation

In 2014, soil was sampled at a depth of 10-30 cm in a 20-year wheat experimental plot (La Gruche, Pacé, France, 48°08'24.5"N 1°48'01.0"W). Soil was sterilized and recolonized with two levels of soil microbial diversity according to the experimental procedure described in Lachaise et al. [START_REF] Lachaise | Can soil microbial diversity influence plant metabolites and life history traits of a rhizophagous insect? A demonstration in oilseed rape[END_REF]. In short, a fraction of the soil sample was ground and sieved at 2 mm.

Three sub-samples (900 g each) were soaked in 8L of sterile water. The resulting soil suspensions were 1:10 serially diluted in sterile water up to the 10 -6

. Another fraction (~80 kg) of the soil sample was ground, sieved at 4 mm and mixed with 1/3 washed sand. This soil was dispatched in 2.5 kg bags and gamma-irradiated (35 kGy, Ionisos, France). Each bag was inoculated with 320 mL of undiluted or 10 

Sowing and sampling

Library construction and sequencing

Amplicon libraries were constructed with the primer sets gyrB_aF64/gyrB_aR553 (24) and ITS1F/ITS2 [START_REF] Buée | 454 Pyrosequencing analyses of forest soils reveal an unexpectedly high fungal diversity[END_REF], following the experimental procedure previously described in Rochefort et al. [START_REF] Rochefort | Influence of Environment and Host Plant Genotype on the Structure and Diversity of the Brassica napus Seed Microbiota[END_REF]. A blank extraction kit control and a PCR-negative control were included in each PCR plate. Amplicon libraries were mixed with 10% PhiX and sequenced with two MiSeq reagent kit v3 600 cycles.

Sequence processing

Primer sequences were removed with cutadapt version 1.8 [START_REF] Martin | Cutadapt removes adapter sequences from high-throughput sequencing reads[END_REF]. Fastq files were processed with DADA2 version 1.6.0 (39), using the following parameters: truncLen=c(190, 200), maxN=0, maxEE=c(1,1), truncQ=5 for gyrB reads. ITS1 reads were processed with the same parameters, except that reads were not trimmed to a fixed length and that trunQ was set to 2. Chimeric sequences were identified and removed with the removeBimeraDenovo function of DADA2. Taxonomic affiliations of amplicon sequence variants (ASV) were performed with a naive Bayesian classifier [START_REF] Wang | Naïve Bayesian Classifier for Rapid Assignment of rRNA Sequences into the New Bacterial Taxonomy[END_REF] implemented in DADA2. ASVs derived from gyrB reads were classified with an in-house gyrB database (train_set_gyrB_v4.fa.gz) available upon request.

ASVs derived from ITS1 reads were classified with the UNITE v7.1 fungal database [START_REF] Abarenkov | The UNITE database for molecular identification of fungi -recent updates and future perspectives[END_REF].

Microbial community analyses

Analyses of diversity were conducted with the R package Phyloseq version 1.26.0 [START_REF] Mcmurdie | phyloseq: An R Package for Reproducible Interactive Analysis and Graphics of Microbiome Census Data[END_REF]. Since the primer set gyrB_aF64/gyrB_aR553 can sometimes co-amplify parE, a paralog of gyrB, the gyrB taxonomic training data also contained parE sequences. Hence, ASV affiliated to parE or unclassified at the phylum-level were removed. Sequences were aligned with DECIPHER 2.14.0 (43) and neighbor-joining phylogenetic trees were constructed with Phangorn 2.5.5 [START_REF] Schliep | phangorn: phylogenetic analysis in R[END_REF]. Identification of sequence contaminant was assessed with decontam version 1.4 [START_REF] Davis | Simple statistical identification and removal of contaminant sequences in marker-gene and metagenomics data[END_REF] using the "prevalence" method at a threshold of 0.1. Fungal ASVs unassigned at the phylum level were removed. For the ITS1 dataset, we created a hybrid-gene phylogenetic tree (i.e.

ghost tree) [START_REF] Fouquier | ghost-tree: creating hybrid-gene phylogenetic trees for diversity analyses[END_REF] based the 18S rRNA gene sequence database (Silva 132) and ITS database (UNITE v8) in order to perform phylogenetic analyses.

Data were normalized based on sequencing depth. For soil analyses, data were rarefied at 30 000 and 25 000 reads per sample for gyrB and ITS1, respectively. For plant (root and stem) analyses, data were rarefied at 1 000 reads per sample for gyrB and ITS1

(Fig. S1), a validated choice to keep an optimal number of reliable samples. Faith's phylogenetic diversity was calculated on gyrB and ITS1 datasets with the R package picante version 1.8 [START_REF] Kembel | Picante: R tools for integrating phylogenies and ecology[END_REF]. Differences in alpha-diversity estimators were assessed with Analysis of Variance. Differences were considered as significant at a p-value < 0.05.

Changes in microbial community composition were assessed on log 10 +1 transformed values with Bray-Curtis (BC) index. Principal coordinate analysis (PCoA) was used for ordination of BC index. Homogeneity of group dispersions was assessed with betadisper function of vegan 2.5.3 [START_REF] Oksanen | Vegan: community ecology package. R package version 2[END_REF]. Difference in dispersion between groups was assessed with a Wilcoxon non-parametric test. To quantify the relative contribution of seed microbiota, soil 10 diversity, development stage and habitat in microbial community profiles, permutational multivariate analysis of variance (PERMANOVA) (49) was performed with the function adonis2 of the R package vegan 2.5.3 [START_REF] Oksanen | Vegan: community ecology package. R package version 2[END_REF]. The relative abundance of ASVs belonging to ammonia-oxidizing bacteria (AOB) and nitric-oxidizing bacteria (NOB) according to their taxonomic classification were investigated in soils of high and low microbial diversities.

These include Nitrosospira sp. and Nitrosovibrio sp. for AOB and Nitrobacter sp. and Nitrospira sp. for NOB [START_REF] Santoro | The do-it-all nitrifier[END_REF][START_REF] Wang | Comammox Nitrospira clade B contributes to nitrification in soil[END_REF]. Differences in relative abundance of AOB and NOB were considered as significant with T-test at a p-value <0.1.

Transmission analyses

A prevalence matrix of common ASVs between seeds, soils, roots and stems was constructed on non-rarefied data to have the most exhaustive presence-absence analysis of all taxa.

Owing to the microbial variability between individual seeds, an ASV was recorded as present if detected in at least one of the 3 seed sample repetitions. Visualization of bacterial and fungal ASVs shared between biological habitats or specific to one was assessed with the R package UpSetR 1.4.0 [START_REF] Lex | UpSet: Visualization of Intersecting Sets[END_REF].

The datasets supporting the conclusions of this article are available in the European Nucleotide Archive under the accession number PRJEB41004.

Results

Selected seed lots have distinct microbial communities

Harvesting year and plant genotypes are significant drivers of the diversity structure of the B.

napus seed microbiota [START_REF] Rochefort | Influence of Environment and Host Plant Genotype on the Structure and Diversity of the Brassica napus Seed Microbiota[END_REF]. Two B. napus genotypes (Boston and Major) collected during two harvest years (Y1 and Y2) were selected for this work. The most prevalent seed-borne bacterial ASVs were affiliated to Sphingomonas and Frigoribacterium genera (Fig. S2A).

Fungal communities were dominated by ASVs affiliated to Cladosporium and Alternaria genera (Fig. S2B).

Estimated bacterial richness (Chao1) was on average at least two times higher in Y2

(250 ASVs) than in Y1 (100 ASVs) for both genotypes, and phylogenetic diversity (Faith's PD)

was also significantly (p < 0.05) higher in Y2 (Fig. 1A).

While estimated fungal richness was also higher in Y2 (~50 ASVs) than in Y1 (~35 ASVs), phylogenetic diversity was higher in Y1 (Fig. 1B). According to distance from centroid, variation in bacterial and fungal community composition (BC index) was significantly lower (p < 0.05) in Y2 in comparison to Y1 (Fig. 1C). Structure of microbial communities was significantly (p <.001) impacted by harvesting year with 24% and 62% of variance explained by this factor for bacteria and fungi, respectively (Fig. 1D). Moreover, seed genotype was also significantly (p < 0.001, 13% of variance) impacting bacterial community composition but not fungal community composition (Fig. 1D). In brief, the structure of microbial communities was different between the seed lots selected for this study and harvest year was the most important driver of these changes.

Production of soils with contrasting levels of diversity

To obtain two soils with contrasted levels of microbial diversity, gamma-irradiated soil was inoculated with undiluted and diluted soil suspensions (Materials & Methods). After 39 days of incubation, a plateau of 10 9 bacterial CFU and 10 5 fungal CFU per gram of soil was reached for each soil (Fig. S3). The acidity level of low-diversity soils significantly (p = 0.003) increased by 0.65 pH unit compared to high-diversity soil. In addition the amount of nitric nitrogen was twice as large in high-diversity soils (p < 0.001), whereas ammoniacal nitrogen significantly (p < 0.001) decreased (Table 1). Relative abundance of AOB was significantly (p < 0.1) higher in the soil of high diversity in comparison with the soil of low diversity. Moreover, no NOB was detected in the soil of low diversity while the soil of high diversity was composed on average of 0.25% NOB.

The most prevalent soil-borne bacterial ASVs were affiliated to Massilia, Nitrosospira and Sphingomonas (Fig. S2A). The most prevalent soil-borne fungal ASVs were affiliated to Mortierella, Trichoderma and Exophiala (Fig. S2B).

According to alpha-diversity indexes (Chao1 and Faith's index), high-diversity soils presented a higher (p <0.05) bacterial richness (~800 ASVs) and phylogenetic diversity compared to low-diversity soils (~500 ASVs) (Fig. 1A). With regard to fungal communities, only phylogenetic diversity was greater in high-diversity soils (Fig. 1B). Variation in microbial community composition was more important for low-diversity soils compared to highdiversity soils (Fig. 1C). The initial level of dilution employed explained 40% and 39% of the variance observed in bacterial and fungal communities, respectively (Fig. 1D). Hence, the dilution approach employed in this work resulted in two soils with contrasted levels of phylogenetic diversity and distinct community structure.

Initial level of soil diversity impacted the diversity and structure of the plant microbiota

The outcome of community coalescence between seed and soil microbiota was investigated on two plant compartments (stem and root) collected at two distinct plant developmental stages (d07 and d14). On the seedling roots and stems, the most prevalent bacterial and fungal ASVs presented abundance patterns clearly influenced by initial soil diversity (e.g.

Devosia or Fusicolla aquaeductuum, Fig. S2). Diverse bacterial (e.g. Afipia, Ensifer, Fictibacillus, Nocardiodes) and fungal genera (e.g. Peziza, Fusicolla, Metarhizium) were dominant on seedling roots. The stems were dominated by bacterial ASVs affiliated to Bacillus, Nocardioides, Devosia and Fictibacillus, while the most prevalent fungal genera were Fusarium, Fusicolla and Acremonium (Fig. S2).

Seed genotypes and harvest years did neither impact estimated richness nor phylogenetic diversity in stem and root (Fig. 2).

In contrast, the initial level of soil diversity significantly (p <0.05) influenced microbial richness (Fig. 2A and2C) and phylogenetic diversity (Fig. 2B and2D) in stems at d07 and d14, with a higher richness and diversity in stems collected from high-diversity soils. No significant change in bacterial richness and phylogenetic diversity was detected in roots between the two soils (Fig. 2A and2B) while fungal richness and phylogenetic diversity were almost two times higher in roots from soil of high diversity at each development stage (Fig. 2C and2D).

Moreover, there was a little but significant increase in bacterial richness and phylogenetic diversity in stems at stage d14 compared to stage d07. No differences were observed on fungal diversity across stages (Fig. 2).
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Composition of the plant microbiota was not influenced by the seed genotype and the harvesting year (Fig. 2E-H and Table 2). In contrast, the initial soil diversity significantly (p < 0.001) contributed to the variance observed in stem (14.6%) and root (36.8%) bacterial communities (Fig. 2I-J) as well as the variance in stem (24.1%) and root (22.1%) fungal communities (Fig. 2K-L and Table 2). Stem-and root-associated microbial community compositions were also significantly impacted by the plant developmental stage (Table 2).

Relative contribution of seed-borne and soil taxa to seedling microbiota

To describe the outcome of community coalescence between seed and soil microbiota during seedling growth, we characterized the proportion of bacterial and fungal ASVs from seed, soil or unknown origin that composed the stem and root seedling microbiota. A total of 39 bacterial ASVs and 16 fungal ASVs were shared between seeds, roots and stems (Fig. 3). Among these ASVs, 16 bacterial and 4 fungal ASVs were also found in soil samples.

Between 35 and 72% of seedling-associated bacterial ASVs were detected in the soil, while 20 to 45% of seedling fungal ASVs came from the soil (Fig. 3). These soil-derived ASVs represented between 40 and 98% of the total seedling microbiota. On the contrary, few seedling-associated ASVs were detected in the seed (0.3-15%) representing less than 1% of microbial relative abundance in roots and stems (Fig. 3). Lastly, a fraction of the seedling microbiota was of undetermined origin as undetected in the initial seed and soil pools. ASVs of undetermined origin either may correspond to unsampled taxa in soil or seed compartments (i.e. rare taxa) or may derive from other environmental sources. The proportion of bacterial ASVs of undetermined origin was higher for plants grown in the highdiversity soil (approximately 45-65% of community membership and composition) than in the low-diversity soil (20-30%) (Fig. 3 and Fig. S4A). This result suggests that seedlings are primarily colonized by rare soil taxa that were initially undetected. In contrast, fungal ASVs not detected in soil and seeds represented approximately 40-60% of community membership in plants but their impacts on community (i.e. their relative abundance) was quite low with less than 20% regardless of the soil diversity (Fig. 3 and Fig. S4B).

Contrasting microbial taxonomic composition was observed between the initial soil and seed pools. Concerning bacteria, Enterobacterales and Sphingomonadales were more abundant in seeds, while Burkholderiales were more abundant in soils (Fig. 4A). Changes in bacterial order relative abundance were also detected between stem and root, especially at d07 where Bacillales dominated the bacterial fraction of the stem microbiota (Fig. 4A). The taxonomic composition of the fungal fraction of the seed and soil microbiota was highly contrasted at the order level. Seeds were mainly inhabited by Pleosporales, Capnodiales and Tremellales, when soils were principally constituted of Mortierellales and Hypocreales (Fig. 4B). This latter order was however more prevalent in low-diversity soils in comparison to high-diversity soils (Fig. 4B). As in soil, Burkholderiales remained the dominant order in roots but were in part outcompeted by an increasing proportion of Rhizobiales. Xanthomonadales were reduced in roots especially in low-diversity soil and more drastically after 14 days.

Bacillales were the transitory most dominant order at 7 days in stems before to regress at 14 days. On the opposite Pseudomonadales and Rhizobiales were transitory limited in stems especially in low-diversity soil before to increase at 14 days (Fig. 4A). For fungi, Hypocreales were highly prevalent in seedlings when Mortierellales were more or less prevalent at 7 days in roots and stems, then disappeared in roots and were not represented in stems at 14 days (Fig. 4B). These pools represented only a small proportion of transmitted ASVs from seed to seedling compared to the pools originating from soil (Fig. 3). Mainly bacterial ASVs belonging to Bacillales, Burkholderiales and Pseudomonadales and many fungal ASVs belonging to Hypocreales were transmitted from soil to seedlings.

Seedling transmission success of seed-borne and soil microbiota

The contrasted seed lots and soils employed in the experimental design enabled the investigation in the influence of the initial diversity of the colonizing pools on the transmission success to the seedling (Fig. 5).

For bacteria and fungi, we found no clear relationships between the level of diversity of the initial pool (seed or soil) and the percentage of ASVs transmission in seedlings (Fig. 5).

Soil microbiota always presented the highest rates of ASVs transmission to seedlings with 10 to 30% of the initial ASV pool. Overall, the transmission of soil-borne microbiota to seedlings was higher for the bacterial community (113-180 ASVs) than for the fungal community (3-18

ASVs, Fig. 5A,5B). For bacteria, transmission to seedlings was higher in low-diversity soil (32% + 0.84) compared to high-diversity soil (15.6% + 1.49, Fig. 5A). For fungi, the opposite pattern was observed with a higher percentage of ASVs transmitted to seedlings from highdiversity soils (19.8% + 3.24) compared to low-diversity soil (8.5% + 1.41, Fig. 5B). A low percentage of ASVs transmission from seeds to seedlings was observed for bacteria (0.8% + 0.93) and fungi (1.45% + 1.44), with no clear influence of the genotype and harvest year (Fig. 5). Finally, overall ASV transmission to seedlings was similar on roots and stems, except for the fungal pool of the high soil diversity where transmission rate in roots was higher (22.1% + 3.18) than transmission rate in stems (17.7% + 1.2, Fig. 5).

Emergence of rare and sub-dominant taxa in seedlings

We next examined the influence of the initial ASV relative abundance on its seedling transmission success and resulting abundance in roots and stems at d14. ASVs were grouped in three arbitrary abundance classes: rare (average relative abundance <0.01%), subdominant (between 0.01 and 1%) and dominant (>1%). An interesting finding was that dominant ASVs in the source pool (seed or soil) almost never became dominant in roots and stems (below 1:1 line) or were not even transmitted to seedlings (Fig. 6). The majority of transmitted seed-borne bacterial ASVs were initially rare taxa, with nine out 11 ASVs in roots and 11 out of 16 ASVs in stems (Fig. 6A,6C). Only one dominant seed ASV (out of 65 in the initial pool) was found to be transmitted to roots and stems (Afipia). One sub-dominant ASV was successfully transmitted to both roots and stems (Blastomonas) and three sub-dominant ASVs to stems solely (Pseudomonas lurida, Cutibacterium acnes, Hyphomicrobium) (Table S1). It should be noted that none of these dominant and sub-dominant transmitted seedborne bacterial ASVs became dominant in seedlings (relative abundance <0.3%).

The most abundant root bacterial ASVs (>1%) originated from soil-borne ASVs classified as sub-dominant ASVs (n=26 ASVs) and dominant ASVs (5 ASVs) (Fig. 6B,6D). For the stems, most of the abundant ASVs originated from sub-dominant soil ASVs (n=24), a few dominant ASVs (n=6) and one rare ASV. When considering the entire seedling bacterial microbiota and not only the most abundant taxa, we found that 95% of the dominant soil ASVs, 40% of the sub-dominant ASVs and 28% of the rare ASVs were transmitted to roots.

For the stems, 86% of dominant ASVs, 40% of sub-dominant ASVs and 29% of rare ASVs were transmitted.

For the fungal community, four seed-borne ASVs were transmitted to both roots and stems, composed of two dominant ASVs (Alternaria infectoria, Cladosporium delicatulum), one sub-dominant (Alternaria sp.) and one rare (Gibberella avenacea). In addition to these four ASVs, three additional dominant ASVs, all affiliated to A. infectoria, were transmitted to the stems (Table S2). For soil-borne fungal ASVs, the most transmitted taxa to roots were sub-dominant ASVs (19 ASVs, 12% of initial pool) with a few dominant taxa (9 ASVs, 53% of initial pool) and seven rare ASVs (12% of initial pool) (Fig. 6E,6F). Similarly, soil-borne ASVs transmitted to stems were predominantly sub-dominant ASVs (15 ASVs, 10% of initial pool)

along with seven dominant ASVs (41% of initial pool) and six rare ASVs (11% of initial pool) (Fig. 6G,6H). It should be noted that some of these soil-borne fungal ASVs present extremely high relative abundance in seedlings (>20% relative abundance) compared to seed-borne ASVs (<2% relative abundance).

Altogether, these results indicate that seed-borne taxa transmitted to seedlings are predominantly rare taxa, while transmitted soil-borne taxa are primarily sub-dominant and dominant taxa. Moreover, this analysis shows that the transmission rates of fungi is two to four times lower than bacteria for all ASV abundance classes (dominant: 41-53% vs 86-95%;

sub-dominant: 10-12% vs 40%; rare: 11-12% vs 28-29%).

Discussion

Asymmetric outcome of seed and soil community coalescence in favor of soil microbiota Soil microbiota had a great influence on the plant microbiota composition since 70% and 30% of soil-borne bacterial and fungal taxa were detected in seedlings, respectively. In contrast, transmission of seed-borne microorganisms to roots and stems of B. napus was lower than soil with on average 2% of bacterial ASVs and 12% of fungal ASVs detected in seedlings. The remaining seedling-associated ASVs were not identified in both seed and soil habitats. It is highly plausible that most of these taxa were soil-borne and were initially not sampled due to the high heterogeneity of soil spatial structure [START_REF] Rillig | Soil microbes and community coalescence[END_REF]. Indeed, there were on average many more bacterial ASVs of undetermined origin in the seedlings growing in the soil of high diversity (> 50%) than in those from a soil of low diversity (< 30%). These data suggest that a large part of these ASVs come from the soil but that they were not sampled in high-diversity soils. Overall, these results highlighted an asymmetric outcome of the coalescence between the soil and the seed microbiota [START_REF] Castledine | Community coalescence: an ecoevolutionary perspective[END_REF], where the soil microbiota take precedence over the seed microbiota.

This asymmetric coalescence could be due the high population size of soil-borne taxa in comparison to seed-borne microbial population, a process known as mass-effect [START_REF] Shmida | Biological Determinants of Species Diversity[END_REF].

Although seed microbial taxa can be considered as plant residents that are adapted to available niches [START_REF] Morella | Successive passaging of a plant-associated microbiome reveals robust habitat and host genotypedependent selection[END_REF], the successful invasion of root and stem by soil-borne taxa is undoubtedly facilitated by their population sizes. Alternatively, the dominance of soil associated microbial communities in seedlings could be explained by the higher amount of phylogenetic diversity in soil in comparison to seeds. Higher phylogenetic diversity could indeed increase the functional capabilities of soil associated microbial communities and then limit niche overlap between microbial entities [START_REF] Martiny | Phylogenetic conservatism of functional traits in microorganisms[END_REF]. The level of diversity of the initial seed and soil pools were however not directly correlated to the number of seedling transmitted ASVs (Fig. 5). In other words, the diversity of the regional species pool (i.e. soils and seeds)

were not a good predictor of the diversity of local communities (i.e. seedlings).

Weak transmission of seed-borne microorganisms to the rhizosphere has been previously reported in Asteraceae [START_REF] Leff | Plant domestication and the assembly of bacterial and fungal communities associated with strains of the common sunflower, Helianthus annuus[END_REF], Cucurbitaceae [START_REF] Green | Succession of Bacterial Communities during Early Plant Development: Transition from Seed to Root and Effect of Compost Amendment[END_REF][START_REF] Ofek | Colonization of cucumber seeds by bacteria during germination[END_REF] and Poaceae [START_REF] Yang | Dominant Groups of Potentially Active Bacteria Shared by Barley Seeds become Less Abundant in Root Associated Microbiome[END_REF][START_REF] Normander | Bacterial Origin and Community Composition in the Barley Phytosphere as a Function of Habitat and Presowing Conditions[END_REF]. Survival on barley roots of seed-borne bacteria occurred in the non-growing part of the root system but not in emerging roots that are colonized principally by soil-borne bacteria (58). While we did not investigate the fate of seed-borne microorganisms in different parts of the root system of B. napus, the same proportion of seed-borne taxa were detected within stems or roots. Hence, the weak transmission of seed-borne taxa to seedlings was not a consequence of microhabitat heterogeneity.

Seedling microbiota assembly is driven by the level of soil diversity but not the structure of the seed microbiota

The initial level of soil diversity was the key driver in the assembly of the stem and root microbiota. Indeed, stem microbial diversity and root fungal diversity were lower in the lowdiversity soils compared to high-diversity soils (Fig. 2). Moreover, soil diversity explained between 15% to 37% of variance in microbial community composition in stem and root (Fig.

2

). The impact of soil diversity on plant microbiota composition increased over time in roots and stems therefore confirming soil resident time and plant age in root microbiota dynamics [START_REF] Dombrowski | Root microbiota dynamics of perennial Arabis alpina are dependent on soil residence time but independent of flowering time[END_REF][START_REF] Edwards | Compositional shifts in root-associated bacterial and archaeal microbiota track the plant life cycle in fieldgrown rice[END_REF].

The soil recolonization approach employed in this work did result in two soils with contrasted levels of bacterial and fungal diversity. This modification of soil microbial diversity also impacts the functional diversity and ultimately the soil physicochemical parameters.

Changes in NH 4 + and NO 3 concentrations and pH between low and high-diversity soils were indeed monitored. A similar drastic switch in the net balance between mineral nitrogen forms, from dominant nitrate forms in the high diversity soil to an altered N-cycle with dominant ammonium forms in the low diversity soil is reported in another soil dilution experiment [START_REF] Calderón | Effectiveness of ecological rescue for altered soil microbial communities and functions[END_REF]. A lower NO 3 amount is consistent with a reduced abundance of bacterial and archaeal ammonia oxidizers.

A higher NO 3 amount is linked with a decrease in the abundance of denitrifiers that can reduce NO 3 into N 2 . Nitrification process is associated with pH reduction prior to NO 2 accumulation period, with a potential decrease of 0.75 pH unit [START_REF] Venterea | Nitric and nitrous oxide emissions following fertilizer application to agricultural soil: Biotic and abiotic mechanisms and kinetics[END_REF]. Hence, the impact of soil diversity on seedling microbiota structure could not be solely due to the level of microbial diversity but to local changes of physicochemical parameters.

Contrary to what has been observed in the soil, we did not detect any significant impact of the initial seed microbiota composition on the overall structure of the stem and root microbiota. This observation reflected not only a low transmission of seed-borne taxa to roots and stems of B. napus but also a weak, if not an absence, of historical contingency.

Historical contingency is mediated by priority effects that correspond to the impact of species on one another depending on its order of arrival within the local community [START_REF] Fukami | Historical Contingency in Community Assembly: Integrating Niches, Species Pools, and Priority Effects[END_REF].

Importance of historical contingency in assembly of the plant microbiota was recently highlighted in wheat, where the identity of seed-transmitted fungal taxa can modify colonization of roots by dark septate endophytes, three weeks following germination [START_REF] Ridout | Priority effects of wheat seed endophytes on a rhizosphere symbiosis[END_REF].

While we cannot conclude there is an absence of priority effects between microbial species within the root and stem microbial communities of B. napus, historical contingency is not promoted during seedling community assembly.

Seedling microbiota is primarily composed of initially rare and sub-dominant taxa in source communities

The initial abundance of microbial taxa in the regional species pool was not positively correlated to their seedling transmission. This was particularly marked for bacterial ASV where rare seed-borne taxa and sub-dominant soil-borne taxa were mostly transmitted to the seedling (Fig. 6, Fig. S5). An increase in the abundance of rare taxa in seedlings could be explained by several attributes including more favorable environmental conditions for their growth and awakening from dormancy [START_REF] Shade | Conditionally Rare Taxa Disproportionately Contribute to Temporal Changes in Microbial Diversity[END_REF]. Many seed-borne bacteria enter a viable but non-culturable (VBNC) state [START_REF] Ghezzi Null | Induction of the viable but non-culturable condition in Xanthomonas campestris pv. campestris in liquid microcosms and sterile soil[END_REF][START_REF] Del Campo | Xanthomonas axonopodis pv. citri enters the VBNC state after copper treatment and retains its virulence[END_REF][START_REF] Jiang | Induction of the viable but nonculturable state in Clavibacter michiganensis subsp. michiganensis and in planta resuscitation of the cells on tomato seedlings[END_REF]. Nutrient-rich environment, such as the spermosphere [START_REF] Nelson | Microbial dynamics and interactions in the spermosphere[END_REF], can elicit the resuscitation of VBNC cells [START_REF] Pinto | Thirty years of viable but nonculturable state research: Unsolved molecular mechanisms[END_REF]. In any case, the rare taxa that are selected on seedlings must carry specific genetic determinants that are responsible for their higher fitness that deserve to be investigated further. The emergence of rare taxa seems to be a shared coalescence outcome between different ecosystems, i.e. for the mixing of freshwater and marine microbiome [START_REF] Rocca | Rare microbial taxa emerge when communities collide: freshwater and marine microbiome responses to experimental mixing[END_REF], the unequal mixing of two soils with different physicochemical and microbial compositions [START_REF] Wu | Non-synchronous Structural and Functional Dynamics During the Coalescence of Two Distinct Soil Bacterial Communities[END_REF] or the mixing of soils for the outcome of rhizobial communities on rooibos nodules [START_REF] Ramoneda | Coalescence of rhizobial communities in soil interacts with fertilization and determines the assembly of rhizobia in root nodules[END_REF]. Rare taxa becoming dominant can provide essential or new functions in nutrient cycling or plant growth, which replace or compensate for the function deficiency of abundant species (71).

Interestingly, dominant taxa in the source pool (seed or soil) almost never became dominant in roots and stems. None of the dominant seed taxa (e.g. P. agglomerans) is transmitted maybe because these taxa are well adapted to ripe seed and low osmotic seed environment and not to growing seedling in competition with soil microbiota. Conversely, the better transmission of dominant and sub-dominant soil-borne taxa likely combines soil microbiota mass effect and a plant selective process among soil bacteria that are more adapted to root and stem habitats.

Conclusion

In conclusion, we highlighted that the outcome of seed and soil microbiota coalescence was strongly asymmetrical with a clear dominance of soil microbiota. The level of soil diversity was an important driver of the structure of the seedling microbiota. Our approach enabled us to quantify the relative contribution of seed-borne and soil-borne taxa to seedling microbiota assembly and provided an estimation of transmission rates of each source microbiota. Out of all soil taxa detected, only 8 to 32% were able to colonize seedlings, while the proportion was of 0.8 to 1.4% for seed-borne taxa, which indicates a strong selection during seedling microbiota assembly. We demonstrate a high transmission of rare seed-borne and sub-dominant soil-borne taxa to seedlings, which is also a key feature of this coalescence (Fig. S5). These results provide an important foundation for the development of plant microbiome engineering through the modification of native seed or soil microbiota.

Particularly, we encourage future work using natural or synthetic communities to integrate rare microbial taxa, as we showed that focusing only on dominant taxa in the source-communities is not informative to understand future seedling microbiota composition.

The community coalescence framework just started to emerge in the field of microbial ecology and we show here that this approach accelerates discoveries related to plant microbiota assembly and microbiome engineering. In this dynamic, further studies are needed to understand the ecological processes involved in this coalescence between seed and soil and how direct inoculation of microorganisms or modification of environmental conditions might alter its outcome. 
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 61 soil suspensions, therefore resulting in soil with high and low microbial diversity, respectively. The soil recolonization was repeated 3 times (A, B, C). The bags were mixed and aerated in sterile conditions twice a week during the 39 incubation days at 20°C, to homogenize gaseous exchanges and recolonization.Microbial recolonization dynamics of soil was monitored by sampling 30g of soil at several times. For bacteria, each sample was serial diluted and plated on 1/10 strength Tryptic Soy Agar the number of colonyforming units was measured after 3 days of incubation at 27°C. For fungi, following the pourplate method, serial diluted samples were mixed with molten Acid Malt Agar (10 gand the number of colony-forming units was measured after 7 days of incubation at 20°C. After 39 days of incubation, a portion of each soil (high and low diversity) in three independent repetitions (A, B, C) was collected and stored at -80°C until DNA extraction. Organic and mineral composition and pH of these samples were analyzed (INRAE, Arras, France). Differences between soil composition were considered as significant with T-test at a p-value <0.1.
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 3 Figure 3 Origin of microbial taxa within stem and root assemblages. Bacterial (A) and fungal
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Table 1 :

 1 Soil physicochemical analyses and relative abundance of bacterial nitrifiers. Values for high and low soil microbial diversities are the average of the 3 replicates ± standard errors. T-test was performed on data, and significant p-values are indicated with an asterisk. AOB = Ammonia-oxidizing bacteria. NOB = Nitrite-oxidizing bacteria.

	Soil diversity	pH	Organic carbone (C) g/kg	Total nitrogen (N) g/kg	Organic material g/kg	C/N ratio	Total calcium carbonate (CaCO3) g/kg	Nitric nitrogen (N of NO3) on extract mg/kg 1/10	Ammoniacal 1/10 mg/kg nitrogen (N of NH4) on extract	AOB (%)	NOB (%)
	High	6.24 ± 0.03	7.30 ± 0.32	0.84 ± 0.04	12.6 ± 0.56	8.65 ± 0.20	<1	72.2 ± 0.44	1.96 ± 0.42	5.7 ± 2.7	0.25 ± 0.03
	Low	6.89 ± 0.09	7.26 ± 0.17	0.84 ± 0.02	12.6 ± 0.31	8.61 ± 0.05	<1	29.03 ± 1.68	32.57 ± 0.93	0.5 ± 0.11	0
	T-test 0.003*	0.87	1	0.93	0.73	1	0.0002 * 2.97.10 -5 * 0.08* 0.005*
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