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Micro-biote/biome: qu’est ce que c’est ?  

 Une communauté microbienne (ou microbiote) est un ensemble d’organismes issus de 
populations d’espèces distinctes qui cohabitent sur une même aire géographique à un 
moment donné et qui constituent un réseau d’interactions. 
 

 L’écologie des communautés étudie les patrons de diversité, d’abondance et de 
composition d’espèces au sein de ces communautés, ainsi que les processus responsables 
de ces patrons. 
 

 Utilise les processus de génétique des populations : dispersion, sélection, spéciation et 
dérive. 
 

 Ces processus d’assemblage (notament spéciation) ont été adaptés aux communautés 
microbiennes = processus de diversification (intégre diversité phénotypique et 
fonctionnelle). 
 

 Le microbiote = les individus // microbiome = microbiote dans son environnement. 
 

 Les études actuelles portant sur les interactions plante-microbiote associent des analyses 
de la diversité taxonomique et fonctionelle  (e.g. From correlations to causalities) 
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Agroecology 

 
 Societal context 

- Conception of new agricultural practices 

and reduced  environmental 

impacts 
- F - Grenelle environnement 

- F - Ecophyto II 2025 

- EU WaterFramework Directive 

(waiting for those on soil) 

Maintain 

productivity 
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Agroecology 
 

 Plant are under stesses 
 

 

Pollution: 
organic and heavy 
metals 

Nutrition: 
N, P, S 

Climate change: 
temperature, water 

Abiotic stresses Biotic stresses 

Competition: 
weeds 

Bioagressors: 
insects, nematodes, 
pathogens(viruses, 
bacteria, protist, 
fungi) 

 

Agronomic context (convential, organic, biodiversity based farming system) 
Genetic basis for Resistance (direct and indirect defenses) and Adaptation 

Cultivated plant 
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Agroecology 
 

 Scientific context 
 

 
 

 

Ecosystem 
services 

Primary production 
Biogeochimal cycles 
Biological  regulation 
and control,… 
 

- Link the microbial biodiversity and the plant ecosystem 

Communities ecology 
and landscape : 
-Taxonomic and 
functional diversity 
- Trophic network 
- Spatial heterogeneity  

Ecosystem 
processes 

Plants 
Soil microorganisms,… 

Turn over of  SOM,… 

- Better used of biodiversity and biological regulations in 

agroecosystems to reduced chemical inputs 
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Importance of biodiversity for ‘natural’ 

ecosystem functioning 

 
 High diversity 

- healthy ecosystem 

- balance 

- functional redundancy 

- resistance to perturbation 

- resilienceto damage 

 
 

 
 

 

 
 Low diversity 

- sick ecosystem 

- imbalance 

- functional disability 

- susceptibility to perturbation 

- lower resilience to damage 
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Loreau et al., Science 294:804-808 (2001) 
Tilman et al., Science 294:843-845 (2001) 

Germany, line 1; filled circles = Portugal, line 2; filled 

triangles = Switzerland, line 3; filled diamonds = Greece, 

line 4; open squares = Ireland, line 5; open circles = 

Sweden, line 6; open diamonds = Sheffield (UK), line 7 and 

Silwood Park (UK), line 8. 

Knops et al., Ecology Letters 

2:286-293 (1999) 

Adapted from Sieman et al., 

The American Naturalist  

52: 738-750 (1998) 

 High plant diversity is related to high ecosystem productivity 
 a greater herbivores species richness (generalists + specialists) but also more natural 
enemies of these herbivores 
 a greater resistance to biological invasion 

Diversity and Productivity in Long-Term 

Grassland Experiment: the lessons of the 
BIODEPTH experiment) 
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Above and belowground diversity 

relationship: back to the root, case of root 

symbiosis 

Van der Heijden et al., Nature 396:69-72 (1998) 

 High mycorhiza diversity is related to an increased of plant fitness by optimizing the 
resource utilization 
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Bonnier (1853-1922) 

Audubon (1785-1851) 

Pasteur (1822-1895) 

Ecology versus microbial ecology 

(2005-) 
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1 milliard of bacteria 

1 million species 
1 million  of fungi 

1000 species 

1.5 tons/ha 3.5 tons / ha 

1 g of soil 

Huge number for microorganisms in open 

ecosystems 
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Link community assembly and microbial 

functions in relation to plant ecosystem 

functionning  

Genes mRNA Proteins metabolites 

genomic transriptomic proteomic (meta)bolomic Meta- 
Diversity Functionality Ecosystem services 

 Diversity analysis aimed to identify who are the microbial species (bacteria, dikarya, 

oomycetes,… and viruses) present and potentially the key players. 

 

 Access to more functional markers (mRNA, metabolites, activity) remain a challenge 

for complex ‘open’ ecosystem => complementary approaches beetween naturalistic, 

simplify ecosystem with diversity manipulation and synthetic microbial 

communities. 
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Microbial diversity analysis (1/2) 

DNA/RNA 
Soil / Root 

HTS 
MiSeq 2*300 

(100000 reads) 

SOP – PCR 
Multiplexing 

Terrat  et al., Microbial Biotech 8: 131-142(2015) 
Terrat  et al., Microbial Biotech 5: 135-141 (2012) 
Plassart et al., PLOS One 7:e44279 (2012) 

Biology 

SOP - Extraction 
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Microbial diversity analysis (2/2) 

Denoising 
Trimming 

 Bioinformatic 

 Statistics (coll J. Aubert) 

Raw reads Clean reads 

Workflow GnS-PIPE Count tables 

Discriminant analysis Classification 

Derplication 
Clustering 
Alignment 
Taxonomy 

 

‘Networks’ 

Index 
 
- Richness 
- Diversity (Shanon,…) 
- Equitability 
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Diversity reservoir = soil 

van der Heijden & Hartmann PLOS Biol 2016 

 Diversification forces: pedo-climatic (pH, texture, SOM) >> agronomic practices 

Li et al. ISME Journal 2018 

Monoculture versus Rotation Soil pH Convential versus organic farming 

Fierrer et Jackson, PNAS 2006 
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Rhizosphere 

van der Heijden & Schlaeppi 2015 
http://www.pnas.org/cgi/doi/10.1073/pnas.1500709112 

NUTRITION DEFENSE 
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The rhizosphere: a spatialized habitat and a 

temporal dynamics  

A spatial effect A dynamic habitat 

Crédit : Mougel et al. New Phytol. 2006 
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Feed back loop in plant - microbiote 

interactions 
Light 

CO2 

eg Environment factors 

Rhizodeposites : signal & communication 

molecules and trophic metabolites  

Molecular Ecology 

META-’OMICS’ 

Plant effect on 
microbial communities 

ecology 
= 

Rhizosphere effect 

Microbial communities 
effect on plant growth 

and health 
= 

Extended phenotype 

Key question  : understanding the link between microbial communities structure and 
functionning  in relation to plant adaptation to biotic and abiotics factors. 

Hologenome = 
Plant genotype x 
Micobial 
metagenome 
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Feed back loop in plant - microbiote 

interactions 
Light 

CO2 

eg Environment factors 

Rhizodeposites : signal & communication 

molecules and trophic metabolites  

Molecular Ecology 

META-’OMICS’ 

Plant effect on 
microbial communities 

ecology 
= 

Rhizosphere effect 

Microbial communities 
effect on plant growth 

and health 
= 

Extended phenotype 

Hologenome = 
Plant genotype x 
Micobial 
metagenome 
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Plant-microbial communities interactions 

 

Environment 

Microbiote (bacteria) 

Rhizosphere, endophyte 

Host genetics: model plant 

< 8 genotypes + related species 

Green house experiments (2 soils) 

and field experiment 

Diversity 

Composition 

  Important factor = soil type (seed bank effect) 
 
  Spatial effect: bulk soil < soil surrounding root system (ie rhizophere) < endophytes 

 
 Dynamic effect depending of plant phenology (vegetative versus reproducive stages) 
 
 Core-microbiote  with quantitative variations 

 
Mougel et la., New Phytologist, 2006 

Lundberg et al., Nature, 2012 
Bulgarelli et al., Nature, 2012 
Schlaeppi et al., PNAS,  2013 
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P = G + E + (G x E) 

Environmental Microbiote (E) 

P = G + E + (G x E) 
Host associated Microbiote (G) 

Theis et al. mSystems 2016 

 Evolutive perspectives 
 Vertical versus horizonal transmission 
 Consequences on host phenotype = extended phenotype 

A conceptual framework: hologenome  
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Holobiont concept 

Fly/ 
parasitoid 

Aphid/ 
parasitoid 

Termite 

Bee 

Human 

Vertical transmission Vertical/horizontal transmission 

- seed (cf. travaux M 

Barret) 

- Festuca sp. / Lolium sp 

and fungi 

Neotyphodium sp. 

Plant 
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A  genome wide analysis study GWAS to 

identify keys plant genes 

 

Environment 

Diversity 

Composition 

Host genotype 

192 accessions of M. truncatula (core 

collection)  

Microbiote (bacteria) 

rhizosphere 

Green house  

C/N nutrition 

Structure/function 

Nutritional 

strategies 
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Microbiote analysis 

 Proteobacteria, Acidobacteria, Actinobacteria, Bacteroidetes, Chloroflexi, Planctomycetes 
 157 OTU (core microbiote) with  different count, share a significant heritability values 

(between 0,2  and 0,6) 
 Co-occurrence between  Proteobacteria-Acidobacteria and Proteobacteria-Actinobacteria-

Bacteroidetes-Chloroflexi 
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Plant 
defense Salicylic acid 

biosynthesic 
process 

Science, 2015 
Candidates 
genes 

Global analysis of significant plant genes 

related to dominant microbial ‘species’ 

 Singular Enrichment Analysis (Classic Ficher test, 
TopGO R) : list of 2000 plant genes for 100 
dominant bacterial genus 

Candidates 
genes 
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 AS and other hormones induced genes 
(MYB transcription factors, BIR1, CRK, 
auxin signaling, IAA synthesis, glutathion 
metabolism) 

 Genes involved in iron homeostasis 
 Translocation of carbon 
 Nitrogen nutrition 
 Phenylpropanoid metabolism 
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Feed back loop in plant - microbiote 

interactions 
Light 

CO2 

eg Environment factors 

Rhizodeposites : signal & communication 

molecules and trophic metabolites  

Molecular Ecology 

META-’OMICS’ 

Plant effect on 
microbial communities 

ecology 
= 

Rhizosphere effect 

Microbial communities 
effect on plant growth 

and health 
= 

Extended phenotype 

Hologenome = 
Plant genotype x 
Microbial 
metagenome 
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Microbial diversity manipulation : 

experimental diversity reduction 

100 

10-3 

10-6 

Sterile soil 
(g-radiation) 

Inoculation 

Soil 

dilution 

dilution 
D3

 

D6
 

D0
 

3 independent replicates 

Abundance (Q-PCR) 

Diversity (MiSeq) 

Soil physico-chemical properties 

6 weeks pre-
incubation 

Sowing  

Plant biomass and metabolites 

Life history traits of bioagressors 

Microbial diversity 
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In theory: reduction of rare species and 

assembling of a new microbiote 

 Sampling effect = reduction of rare species 

 Competition between species during colonization process (more 
competitive species, R stratege, copiotrophs) 
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Microbial diversity manipulation : 

experimental diversity reduction 

MDS on distance matrix (Bray 
and Curtis distance) 
(Axis 1= 34% and axis 2 = 11%) 

Richness (OTU numbers), Diversity (Shannon 
index) and Eveness (Piélou index) 

a diversity  b diversity  

B
a

ct
er

ia
 

Fu
n

g
i 
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Holobiont – bioagressor interactions : a 

proof of concept 

Oilseed rape holobionts 

Plasmodiophora 
brassicae 

Heterodera 
schachtii  

PROTIST FUNGI NEMATODE 

Leptosphaeria 
maculans 

Delia radicum 
Brevicoryne 

brassicae 

INSECT INSECT 

Below ground Above ground Above/below ground 
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Plasmodiophora brassicaceae 

 the pathogen fitness (DNA amount) is affected by microbial diversity (on the tolerant 
plant genotype) 

Microbial diversity: 
High 
Intermediary 
Low 

CHRISTOPHE MOUGEL - Rôle des interactions plante-communautés microbiennes dans la performance des plantes: de la corrélation à la conséquence 

SÉMINAIRE UMR SAS – 13 NOV. 2017 

 3 plant genotypes 
 Ténor = sensible 
 Yudal = tolerant 
 Bristol = resistant 
 n=36  per dilution 
 eH 107 spores/plant 
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Modification of microbiote diversity 

 Move from correlation to causation : functional analysis thanks to metatranscriptomics 
analysis of  the holobiont in relation with pathogen (genomic data available) 

Bristol Tenor Yudal

D0

D3

D6

Ch Mougel Genetic basis of plant-microbiote interactions 

Séminaire Math For Genomics - Evry  29 mai 2019 



.032 

Heterodera schachtii 

 female cysts hatching rate were affected  by microbial diversity 
 perspective : effect of holobiont root exudates (quantitative and qualitative analysis) 
on the cysts hatching kinetic (Coll Personeni & Cliquet EVA Caen) 

Number of larvae in parental cyst (n=8 cysts/plant) 

 1 plant genotype = Ténor 
 n=36  per dilution 
 8 cysts/plant 

Microbial diversity: 
High 
Intermediary 
Low 
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Heterodera schachtii 

 Heterodera schachtii fitness is affected by microbial diversity 
High diversity -> low hatching = low plant signals (exudates) perception 
Low diversity -> high hatching but low cyst number = antogonism or competition 
with microbiota 

Number of cysts formed Number of larvae / cyst (n=10 cysts/plant) 
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Delia radicum - plant metabolites 
(primary and specific Brassica metabolites) 

(Statistic test= Wilcoxon & Kruskal-Wallis) 

Glucosinolates 
= Generalist/Specialist 

Amino acid 

Arginine 
=  proteins involved in 
brassica defense 

(Test statistique = PLS-DA) 

 the microbial diversity modified plant metabolites before insect infestation 
 

 in progress : metatranscriptomics analysis of the different holobiont 
 

 perspectives : D. radicum behaviours 
 

Ch Mougel Genetic basis of plant-microbiote interactions 

Séminaire Math For Genomics - Evry  29 mai 2019 



.035 

Delia radicum 

 Emergence rate and the fitness of the root fly emergent  were affected by microbial 
diversity (antagonism and/or competition) 

 Plant genotype : Ténor 
 n= 18 per dilution 
 8 eggs/plant  

Emergence rate Tibia length 

(Statistic test= Wilcoxon & Kruskal-Wallis) 

Lachaise et al., Insect Sciences 2017 

Ch Mougel Genetic basis of plant-microbiote interactions 

Séminaire Math For Genomics - Evry  29 mai 2019 



.036 

Summary 
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NS 

NS 

Lachaise et al., 2017 
Ourry et al, 2018 

Mougel et al. in preparation 

 Plant resistance extended phenotype related 
to microbiote context 

Lebreton et al. 2019 
Sarniguet et al. in preparation 



.037 

Pieterse CMJ et al., 2016 

Schematic view 
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Next step (1/3): the triptic analysis   

 Move from structure to functions (meta-transcriptomics, metatabolomics)  

Importance of microbial interaction = go to the network 

Data integration (system ecology) 
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Next step (2/3): Networks: co-occurrence, 

ecological,… 

 Better understanding of microbiote assembling, plant-microbiote interactions 

prediction,  rule in plant performance, key members 

Data available 
Counting tables 

(OTU, genes) 
(and co-variables) 

Discrimant analysis 

Diversity Index 
 

Classification 

Network metrics/index 
Co-occurrence networks 

Genes network 

Ecological networks 
(link structure-functions) 

 

Interactions 

Hartman et al., 2015; 
Vacher et al., 2016) 
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Next step (3/3): Communities reconstitution 

experiments: synthetic microbial communities 
 Classical approach for food.artificial digester ecosystems = selected ecosystem as 

starter in industrial processing (controlled inoculum) 

 

 Need of cultivable microorganisms with genomic data 

 

 Approach followed in complex environement (rhizosphere/phyllosphere): move to 

correlation to causation = system ecology/biology 
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A collaborative work ! Need of Math ! 

Thanks for your attention ! 

Plant Health and Environment division 
Microbial Ecosystem  and Meta’Omics Metaprogram 
ANR and Plant2Pro 

Alves-Carvalo S., Aubert J., Bousset L., Cortesero A.M., Daval S., Delourme R., Ermel M., Fournet 
S., Gazengel K., Gravot A., Guillerm-Erckelboudt A.Y., Lachaise T., Lebreton L., Linglin J., Luquet 
M., Manzanares-Dauleux M., Montarry J. , Poinsot D., Porte C., Sarniguet A., Simon J.C. 
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