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Microorganisms can promote evolutionary advantages 

to its host over generations  

1-Macro-organisms

A number of examples…

Acremonium coenophialum associated with Festuca arundinacea  

 



Festuca arundinacea, Kentucky31 (1971 by E. N. Fergus),

Poor soils,
Resistant to pest and drought.

1-Macro-organisms

→ Kentucky 31 = invasive 



Festuca arundinacea, Kentucky31 (1971 by E. N. Fergus),

Acremonium coenophialum 

Synthesis of Ergovaline + Loline → grazing resistance

        alcaloids

+ =
Grazers

-Weight loss

-Abortion

-other negative effects

1-Macro-organisms
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l Plant fitness 
l Not necessarily a consequence of plant genome itself !
l  
l Microbiota do 
l matter
l  
l  
l  
l  

2-Plant microbiota

P ≠ G
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Trifolium pratense
same growth conditions and duration

3 different mycorrhizal inocula
→ reproducible

Ricono et al, unpublished

AMF1      AMF2     AMF3

2-Plant microbiota

P ≠ G



1-Macro-organisms



l Plant fitness 
l Not necessarily a consequence of plant genome itself !
l  
l Microbiota do 
l matter
l  
l  
l  
l  

Single genotype of the clonal 
Glechoma hederacea

same growth conditions and duration
3 different mycobiota inocula

→ reproducible

Wang et al, unpublished

Control mycobiota 2

mycobiota 1 mycobiota 3

2-Plant microbiota and fitness



l Plant fitness  

Wang et al, unpublished

Control mycobiota 2

mycobiota 1 mycobiota 3

 P ≠ G  P ≠ GxE    but     P ~ M 

2-Plant microbiota and fitness



l  
l

The microorganisms functions (microbiota) extend the plant 
adaptive abilities   = add-on genetic components

e.g. Vandenkoornhuyse et al., 2015 ; Vannier et al., Frontiers in Microb 2015

2-Plant microbiota and fitness



l  
l

Microorganisms transmission 
between generations

Avoids the cost of searching for symbionts

Ensures habitat quality                                       Fitness

Constitutes a continuity of partnership

2-Plant microbiota and fitness



e.g. Guo et al., New Phytol 2022 ; Abdelfattah et al Trends in Microb 2023 ; 

Seed-borne microorganisms (i.e. vertical transmission):

2-Plant microbiota and fitness



e.g. Kandel et al., Microorganisms 2017 ; Chesneau et al., MBio 2022 ; Guo et al., New Phytol 2022 ;
       Abdelfattah et al Trends Microb 2023 ; 

 

Bacillus subtilis phytoprotection
Pseudomonas putida

Azoarcus sp growth
Gluconacetobacter diazotrophicus
Burkholderia phytofirmans
Pseudomonas fluorescens

Herbaspirillum seropedicae rooting

Acremonium coenophialum drought, grazers

And also pathogens often reported … 

Seed-borne microorganisms (i.e. vertical transmission):

Abdelfattah et al Trends Microb 2023 

2-Plant microbiota and fitness



Bacillus subtilis phytoprotection
Pseudomonas putida

Azoarcus sp growth
Gluconacetobacter diazotrophicus
Burkholderia phytofirmans
Pseudomonas fluorescens

Herbaspirillum seropedicae rooting

Acremonium coenophialum drought, grazers

And also pathogens often reported … 

Seed-borne microorganisms (i.e. vertical transmission):

Abdelfattah et al Trends Microb 2023 

2-Plant microbiota and fitness

Beside these vertically transmitted microorganisms, a large proportion of 
the microbiota is recruited from the soil microbial reservoir



e.g. Xiong et al., New Phytol 2022  

2-Plant microbiota and fitness



e.g. Xiong et al., New Phytol 2022  

2-Plant microbiota and fitness



Testing the validity of the hologenome concept 

3-Holobionts and Hologenomes

e.g. Theis et al., mSystems 2016  
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Testing the validity of the hologenome concept 

Biget, Wang et al. iScience 2023

1- Hypothesis H0 : if hologenome is just an 
intellectual concept, pattern of recruitment are 
expected only passive, stochastic differences in the 
microbiota community among plants are expected.

Hypothesis  REJECTED
Pattern of recruitment is not stochastic 
and hologenome is most likely not just an intellectual 
concept

Determinism in microbial recruitment & homeostasis
Variations mostly related to heterogenity in the soil 
microbial reservoir

3-Holobionts and Hologenomes



Hologenome concept opens opportunities to see life in a 
different way 

Hologenome / holobiont :
a new level of biological organization 
  
=A breakup paradigm in the understanding of the 
world around us, that transforms scientific methods 
and philosophical ideas

A Copernican revolution
(E Kant)

 A shift in the ideas for future agriculture : 
Rethinking what is key

(taking into account the need of a 
sustainable and productive agriculture 
→  microorganisms within agriculture)

3-Holobionts and Hologenomes



4-concerns about soil microorganisms 

Holobionts : the right way to consider plant individuals



Toward an agriculture of holobionts ?    → Key concern One 

A needed soil microorganisms reservoir for plant microbiota recruitment

Detrimental effects of current conventional agriculture on soil microbial reservoir ? 

4-concerns about soil microorganisms 



A needed soil microorganisms reservoir for plant microbiota recruitment

 

4-concerns about soil microorganisms 



A needed soil microorganisms reservoir for plant microbiota recruitment

Detrimental effects of current conventional agriculture on soil microbial 
reservoir 
 

4-concerns about soil microorganisms 



A needed soil microorganisms reservoir for plant microbiota recruitment

Detrimental effects of current conventional agriculture on soil microbial 
reservoir
→ Evolutionary effects of agriculture ? 

4-concerns about soil microorganisms 



4 long term exp (>30 yrs)
Latitudinal gradient

CAZYmes :

→ mobilisation of soil C 
difficult to breakdown
and/or soil-bounded C

Xu et al., PNAS 2024  

4-concerns about soil microorganisms 



Xu et al., PNAS 2024  

4-concerns about soil microorganisms 



Toward an agriculture of holobionts ? 

A needed soil microorganisms reservoir for plant microbiota recruitment

Detrimental effects of current conventional agriculture on soil microbial 
reservoir 

N inputs to soils and diazotrophy

 → Diazotrophs not competitive
No need for N fixation by diazotrophs
=> mitigation of selection pressure on N fixing genes 
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4-concerns about soil microorganisms 



   Wang et al., Current Biol 2012  



   Porter & Sachs Trends Ecol Evol 2020  

Disruption of the plant traits that regulate symbiosis is selectively 
neutral under agricultural conditions and related artificialization

4-concerns about soil microorganisms 



   

‘Modern’ crop more prone to be colonized by cheaters

4-concerns about soil microorganisms 



Toward an agriculture of holobionts ? 

A needed reconsideration of the plant breeding strategy 

Today, breeding for the best possible plant cultivar in the context of conventional
farming and artificialization  → not holobiont breeding 

Detrimental effect on the capacity of plant to interact and control 
interactions with microorganisms

 

5-next agriculture 



Toward an agriculture of holobionts ? 

A needed reconsideration of the plant breeding strategy 

→ breeding of holobionts NOT host only ! 

5-next agriculture 



Many thanks 

-to the organizers   
-to all the peoples that have been involved in this work in the group
-Funding bodies for past and present grants for research 
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