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The Holobionte and the microbiome 

• Animals and plants are no longer 
viewed as autonomous entities,
but rather as "holobionts" 
composed of the host plus all of 
its symbiotic microbes

• As such, their collective genomes 
forge a "hologenome," and 
models of animal and plant 
biology that do not account for 
these intergenomic associations 
are incomplete

(Bordenstein & Theis  2015)
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The Holobionte and the microbiome 

• microbiome is the collective name 
for the ecological communities 
that live on, in or near an 
organism, including pathogenic, 
commensal and symbiotic 
partners
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The microbiome

Plants are hosts to different microbiotas on 
various tissues (roots, leaves, seeds, stems, 
flowers), which represent
specific niches characterized by distinct 
chemical and physical properties

From Chiala et al, 2022  
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The different components of the microbiome  

Khondoker et al,  2020, DOI:10.1016/j.cpb.2020.100161
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How to analyse the microbiome ? 
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How do we analyse the microbiome ? 
 The Culture dependent approach 

Adapted from Hou et al, 2019 & Fournier et al, 2024

DNA extraction + PCR

(ITS for fungi, 26S for 

yeast, 16S for bacteria)

Sanger 

sequencing

Soil washing, organ extract, 

solution of washing

Subculturing

Culturing
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Epiphytic microbiota

Soil

complete

organ

(Seed, wood, 

leave, root, 

…)

washing

How do we analyse the microbiome ? 
 The Culture independent approaches : Metabarcoding  

Endophytic microbiota

PCR on ITS 

(for fungi)

PCR on 16S 

(for bacteria)

Soil microbiota

NextSeq 2000 

sequencing

DNA 
Extraction 

PCR
Amplification  Sequencing

B
io

in
fo

rm
a
ti
c
s

Adapted from Fournier et al, 2022
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How do we analyse the microbiome ? 
 The Culture independent approaches : Metabarcoding  

NextSeq 2000 

sequencing

Bioinformatics

abundance tables of
microbial Operational 
Taxonomic Units (OTUs) or 
Amplicon Sequence
Variants (ASVs) in samples

Data analysis
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How do we analyse the microbiome ? 
 The Culture independent approaches : Metabarcoding  

NextSeq 2000 

sequencing

Bioinformatics

abundance tables of
microbial Operational 
Taxonomic Units (OTUs) or 
Amplicon Sequence
Variants (ASVs) in samples

Data analysis
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Epiphytic microbiota

Soil

complete

organ

(Seed, wood, 

leave, root, 

…)

washing

How do we analyse the microbiome ? 
 The Culture independent approaches : Shotgun Metagomics

Endophytic microbiota

Soil microbiota

Pacbio,

Nonopore

sequencing

DNA 
Extraction 

Sequencing

Adapted from Fournier et al, 2022

Bioinformatics

Alignment to reference 
genomes

=> Contigs and 
metagenome assembled 
genomes
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How do we analyse the microbiome ? 

Other studies :
 qPCR for more accurate quantification
 Metatranscriptomics
 Metabolomics  
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How do we analyse the microbiome ? 

 Comparing the different methods 

 Culture independent methods, reveal more diversity than culture dependent 
methods since a large part of the microbia cannot be cultivated 

=> development of new media culture to cultivate more micro-organisms

Grapevine leaf-
Based Agar

Malt extract
Agar

Adapted from Jaswa et al, 2023
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How do we analyse the microbiome ? 

 Comparing the different methods 

 Culture independent methods, reveal more diversity than culture dependent 
methods since a large part of the microbia cannot be cultivated 

development of new media culture to cultivate more micro-organisms

 Microbiota revealed by Culture independent methods will not always be 
further analyzed to confirm their action. 
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From Prashant Singh PHD 

Fungal relative abondance 

Bacterial relative abondance 

The microbiome diversity : Example, the phyllosphere
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Analysis of microbiomes from the 

soil, rhizosphere and 

endophytes/epiphytes from 

different organs by 

metagenomics

(from  Zarraonaindia et al, 2015)

The microbiome diversity : Differences between organs
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From diversity to function: how the microbiota
leads to an extended plant phenotype

The microbiota modulates 
regulatory networks involved
in nutrient acquisition, plant 
development, and immune
responses. 

From Chiala et al, 2022
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The function of plant microbiome

 Therefore, Plant 
microbiome, which mostly 
belong to Bacteria and 
Fungi, are involved in major 
functions such as plant 
nutrition and plant 
resistance to biotic and 
abiotic stresses
(Vandenkoornhuyse et al 
2015), but also diseases. In 
grape, microbiome on 
berries may also have an 
impact on wine 
fermentation (Bokulich et al 
2016).

The importance of the microbiome of the plant holobiont

Vandenkoornhuysee et al, 2015
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Major factors affecting microbiome
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Major factors affecting microbiome
 Environment 

 Location (Bokulich et al, 2014, Gao et al 2019) 
 Time of the year/seasonal (Guzon et al, 2021; Marzano et al, 2016) 

 Soil composition (Ph, carbon, moisture, .. ) (Zarraonaindia et al 2015) 
 Drougth (Carbone et al 2021) 

 cultural practices
 Farming system (Castrillo et al, 2019; Vega-Avila et al, 2016) and more specifically 

coper treatments (Martins et al, 2012, depend on the formulation)
 Soil management, cover crop presence and cover crop mix, tillage (Burns et al 2016; 

Cordero-Bueso et al, 2011), effect on soil microbiome but not fruit (Chou et al, 2018)

 Watering and Tillage (Vink et al 2021, mild effect)

 Plants
 Age of the plant (Berlanas et al, 2019; Ji et al, 2018)
 Health of the plant
 Organ age (developmental stage; Martins et al, 2012

 Post-harvest treatments (Salvetti et al, 2016)
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Major factors affecting microbiome
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Major factors affecting microbiome
 And the plant genotype
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Major factors affecting microbiome
 And the plant genotype



p. 26P. This: Breeding plant holobionts: how plant microbiomes could be integrated in breeding strategies

Spring School COST T0P-AGRI-NETWORK “Rethinking plant breeding for a zero-pesticide agriculture”, Mai 14th and 15th, Bordeaux 

Major factors affecting microbiome
 And the plant genotype : not as clear for the phyllosphere
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Plant material : Vitaceae, Vitis species and Vitis vinifera cultivars  

Vitis species

Unrooted tree of 15 species of vitacea based on sequenes at 229 genes (Wen et al, 2013)
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What are the main drivers of taxa diversity in grape Phyllosphere ?

 Genetic identity of scion: we analyzed different levels of variation 
 At the intraspecies level : 15 individuals from the 3 gene pools
 Between genus and famillies : V. vinifera, Vitis riparia, Vitis pentagona, Muscadinia

rotundifolia, Parthenocissus. 

 Environment :  we analyzed the microbiome during  2 years, at 
spring and harvest and for few cultivars (CS, Ch, Gre, Sau B, Sy) 3 
regions (oceanic, continental, Mediterranean in France)

We analyzed different drivers:  
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What are the main drivers of taxa diversity in grape Phyllosphere ?

 Genetic identity of scion: we analyzed different levels of variation 
 At the intraspecies level : 15 individuals from the 3 gene pools
 Between genus and famillies : V. vinifera, Vitis riparia, Vitis pentagona, Muscadinia

rotundifolia, Parthenocissus. 

 Environment :  we analyzed the microbiome during  2 years, at 
spring and harvest and for few cultivars (CS, Ch, Gre, Sau B, Sy) 3 
regions (oceanic, continental, Mediterranean in France)

We analyzed different drivers:  

Colmar , continental

Montpellier, 
mediterranean

Bordeaux , oceanic
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Results: taxonomic data

Singh et al, 2018 Frontiers Life Sci. , 11 : 1, 35-46
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Results: prevalence of taxa

Singh et al, 2018 Frontiers Life Sci. , 11 : 1, 35-46
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Results:  environment is a stronger driver than genetics 

Singh et al, 2019, Sci. Reports, 9 : 142941
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Results:  environment is a stronger driver than genetics 

Singh et al, 2019, Sci. Reports, 9 : 142941
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Results:  environment is a stronger driver than genetics 

Singh et al, 2018, microorganisms, 6: 96 
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Results:  environment is a stronger driver than genetics 

Singh et al, 2018, microorganisms, 6: 96 
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Results:  environment is a stronger driver than genetics 

Singh et al, 2018, microorganisms, 6 : 96 

Singh et al, 2019, Sci. Reports, 9 : 142941
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Environment is a strong determinant of leaves and berries 
endosphere as well
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What does this mean in term of breeding ? 
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What does this mean in term of breeding ? 

 For many crops, the mains targets for breeding are related to production, 
quality and tolerance/resistance to biotic and abiotic stresses  

 Example: breeding cultivars resistant to plant disease by intorduction of 
resistance genes from related wild species



p. 40P. This: Breeding plant holobionts: how plant microbiomes could be integrated in breeding strategies

Spring School COST T0P-AGRI-NETWORK “Rethinking plant breeding for a zero-pesticide agriculture”, Mai 14th and 15th, Bordeaux 

Development of new resistant Varieties : 
INRA program-Resdur (1, 2 et 3)

Initiated in 2000

12 to 25 varieties between 2018 & 2025

Inscription in  2018:

100 hectares in 2019
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What does this mean in term of breeding ? 

 For many crops, the mains targets for breeding are related to production, 
quality and tolerance/resistance to biotic and abiotic stresses  

 Until very recently, the selection schemes only took into account the plant and 
not the holobionte

 Controlling the microbiota would offer unique opportunities to affect all the 
traits they have an effect on

 Considering that the plant microbiome is more genetically plastic than the
host plant genome, we can built more plastic plants

 but this will require building our understanding of how plant genotypes impact 
colonization of specific microorganisms that might help to fix beneficial microbiota-
related traits. 
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The niches theory 



p. 43P. This: Breeding plant holobionts: how plant microbiomes could be integrated in breeding strategies

Spring School COST T0P-AGRI-NETWORK “Rethinking plant breeding for a zero-pesticide agriculture”, Mai 14th and 15th, Bordeaux 

The niches theory 

The plant holobiont
harbors dynamic
niches, with host genes 
determining the space and 
primary resources 
available in each niche 
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The niches theory 

In plants, alteration of 
nutrient availability is likely 
to be an important 
mechanism by which 
microbes alter niches
in the nutrient-poor plant 
intercellular spaces 
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The niches theory 

Host genes underlying 
niche formation represent 
targets for plant breeding 
to control the microbiota
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An example

The application of the flagellar 
peptide flg22 or that of the 
bacterial to the foliar system of 
Arabidopsis induced the 
expression of the malic acid 
transporter ALMT1,
leading to an increased malic acid 
concentration in the rhizosphere
of the plants. 

2016
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An example

Remarkably, this increased concentration of 
malic acid beneficiated the PGPR Bacillus 
subtilis strain FB1A7,
the titer of which increased, by 10-fold, 
causing an induced systemic resistance 
response in
plants against P. syringae pv. Tomato. 

2016

=> Malic acid biosynthesis pathway can be a target 
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How to identify genes involved in recruting microbiome  
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Another example: how to identify genes involved in recruting
microbiome  

Use the information obtained from the rhizoplane microbiota of the 827 foxtail millet 
cultivars, coupled with the genome-wide-association summary statistics for millet growth 
and yield traits.
=>  most of the variations top second leaf width (TSLW), panicle diameter of the main stem 
(MSPD), main stem panicle weight (MSPW) traits were predicted by rhizoplane
microbiota alone, suggesting the important effects of rhizoplane microbiota on host 
phenotypes.
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Another example: how to identify genes involved in recruting
microbiome  
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Another example: how to identify genes involved in recruting
microbiome  

• Thus, it will be important to consider MWAS in studies aiming to improve crop 
agronomic desirable traits since MWAS can be used to discover rhizobacteria that 
modulate plant growth. 

• In addition, the genes induced by growth promoting bacteria varied among marker 
strains, indicating that plants have customized responses to different bacteria
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Another example: how to identify genes involved in recruting
microbiome  

• Host genetics might shape the composition of the root microbiota which in turn shapes 
the agronomic traits of foxtail millet, similar to the Mendelian randomization 
relationships among the gut microbiome, short-chain fatty acids and metabolic
diseases 
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What does this mean in term of breeding ? 

Ethylene-regulating genes  encoded in microbial and plant genomes can have comparable  
effects on plant growth and stress tolerance (Ravanbakhsh et al., 2019)
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What does this mean in term of breeding ? 

Using a minimal holobiont model, they track ethylene production and plant 
nutritional value in response to alterations in plant ethylene synthesis (KO mutation in 
ETO1), which induces 1-aminocyclopropane-1-carboxylic acid (ACC) synthase 5 (ACS5), 
or microbial degradation of ACC (KO mutation in microbial acdS), preventing the 
breakdown of the plant ACC pool, the product of ACS5
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What does this mean in term of breeding ? 

Similar plant phenotypes can be generated by either specific mutations of plant-
associated microbes or alterations in the plant genome.
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What does this mean in term of breeding ? 

Plant and bacterial genes build an integrated plant–microbe regulatory network 
amenable to genetic improvement from both the plant and microbial sides.
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What does this mean in term of breeding ? 
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What does this mean in term of breeding ? 

Endoendophytic microbes in the flowers, can modify the timing of flowering in wheat

By inoculating flowers with specific microbiota, the team of B. Mitter was able to transfer
them reliably into seed material, passing them to the next plant generation 
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What does this mean in term of breeding ? 

The microbes could 
survive both as 
endophytes within the 
plants and from there 
grow in the rhizosphere. 
=> usefulness of
this approach by 
transmitting vertically
beneficial microbes that 
speed up flowering. 
material, passing them to 
the next plant generation 

From Wei & Jousset, Trends in Plant Science, 2017, 22 ,7
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What does this mean in term of breeding ? 

By introducing
specific endophytic 
microbes through
the flowers, the timing of 
flowering in
wheat could be optimized 
without manipulating the 
plant genotype. 

From Wei & Jousset, Trends in Plant Science, 2017, 22 ,7
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Take Home messages 

 Holobiont should be considered in breeding, instead of just the plant 
partner

Microbiome are involved in many major fonctions of plant nutrition 
and plant resistance to biotic and abiotic stresses 

Microbiome diversity is important,  dependant of the plant organ, 
affected by many factors (cultivation, environment), genotype notably
for rhizosphere

 Since microbiome is involved in major traits, modifing microbiome in 
plant may have an effect on the phenotype

 This will require building our understanding of how plant genotypes 
impact colonization of specific microorganisms that might help to fix 
beneficial microbiota-related traits
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Take Home messages  (2) 

 Host genes underlying niche formation represent targets for plant 
breeding to control the microbiota

MWAS (microbiome association genetics) enables to identify targets
in the plant with an effect on specific microorganism

 Modifiyng baterial gene by gene editing have similar affect than
modifiyng plant genes

 Finally, by introducing specific endophytic microbes through
the flowers, the timing of flowering in wheat could be optimized 
without manipulating the plant genotype. 
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Take Home message

Thanks for your attention 


