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Qui sont-ils ? 
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Le micobiote racinaire 
 
Champignons   [105-106 .g-1] 
Bactéries   [108-109 .g-1] 
Archées   [107-108 .g-1] 
Algues    [103-106 .g-1] 
Protistes   [103-105 .g-1] 
Arthropodes   [103-105 .m-2] 
Nématodes   [101-102 .g-1] 
[virus] 
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Fig. 1. The evolution of mutualistic symbiotic associations: A possible
scenario. Land colonization by early plants started during the Mid-Ordovician,
~470 Ma. Evidence for mutualistic microbial associations with these plants
remains inconclusive. (A) Fossilizedplants fromtheRhynieChert flora (~407Ma)
were colonized by Glomeromycotina and Mucoromycotina fungi forming
intracellular structures similar to mycorrhizae of extant bryophytes and
lycophytes (18, 24). Image shows a fungal endophyte of the Glomeromycotina
type in Aglaophyton major from the Lower Devonian Rhynie Chert; scale bar,
10 mm. (B) By the Late Carboniferous, continentswere covered by large forests
of seed ferns, lycophytes, and early relatives of conifers (e.g., Cordaites); the
last two groups formed mycorrhizal symbioses with AM fungi (29, 30) similar
to extant AM symbiosis. Image shows a mature arbuscule of Funneliformis
mosseae in an extant host plant; scale bar, 10 mm. (C) Symbioses between
gymnosperms (e.g., cycads, conifers) and AM fungi evolved during this period

and dominated the land flora between the Triassic and the Cretaceous periods
(19). (D) The first ECM fungal species plausibly evolved with the earliest
Pinaceae in the Jurassic (14, 33). Image shows a section of an extant
Cenococcum-Pinus ectomycorrhiza; scale bar, 100 mm. (E) Basal angiosperms,
early monocots, and early eudicots appeared almost simultaneously during
the Early Cretaceous and later became dominant in a majority of terrestrial
habitats from the Late Cretaceous until the present day.The majority of these
nontree species establish AM symbiosis. Image shows a mature arbuscule of
F. mosseae in an extant host plant; scale bar, 10 mm. (F and G) At ~100 Ma,
angiospermswithin the rosids I (Fabidae) evolved the ability to form a symbiosis
with N-fixing rhizobial proteobacteria and Frankia actinomycetes (37, 39, 40).
Shown areMedicago-Sinorhizobium (F) and Casuarina-Frankia nodules (G);
scale bars, 100 mm. [Images, C. Strullu-Derrien (A), M. Brundrett [(B), (C), (E)],
M. de Freitas (D), F. de Billy (F), and H. Gherbi (G) with permission]
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Avantages et inconvénients 

Adapté d’après Mendes et al.  2013
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SYMBIOSIS

Ancestral alliances: Plant mutualistic
symbioses with fungi and bacteria
Francis M. Martin,*† Stéphane Uroz, David G. Barker*†

BACKGROUND: Among the extensive cortège
of plant-associated microorganisms (the so-
called plant microbiota), mutualistic fungal
and bacterial symbionts are striking examples
of soil microorganisms that have success-
fully coevolved with their hosts since plants
adapted to terrestrial ecosystems. They promote
plant growth by facilitating the acquisition of
scarce nutrients. In these associations, plant
root colonization requires complex molecular
cross-talk between symbiotic partners to ac-
tivate a variety of host developmental path-
ways and specialized symbiotic tissues and
organs. Despite the evolutionary distances that
separate mycorrhizal and nitrogen-fixing sym-
bioses, recent research has identified certain
highly conserved features associated with early
stages of root colonization. We focus on recent

and emerging areas of investigation concerning
thesemajormutualistic symbioses and discuss
some of the molecular pathways and cellular
mechanisms involved in their evolution and
development.

ADVANCES: Phylogenomic analyses and di-
vergence time estimates based on symbiotic
plant fossils are shedding light on the evolu-
tion of mutualistic symbioses. The earliest
land plants [~407 million years ago (Ma)] were
associated with fungi producing mycorrhiza-
like intracellular structures similar to extant
symbioses involving Glomeromycotina and
Mucoromycotina. Arbuscular mycorrhizal endo-
symbioses then diversified by the Late Carbon-
iferous. Pinaceae species from the Late Jurassic
and Early Cretaceous (~180 Ma) formed the

first ectomycorrhizal associations involving
Dikarya. More recently, certain angiosperms
evolved a “predisposition” for the evolution of
nitrogen-fixing root nodule symbioses (~100Ma)
with bacteria.
A conserved core module of the “common

symbiotic signaling pathway” (CSSP) is shared
by all host plants that establish endosymbioses,
including arbuscularmycorrhizal, rhizobial, and ac-

tinorhizal associations. This
strikingconservationamong
widely divergent host spe-
cies underlines the shared
evolutionary origin for this
ancient symbiotic signaling
pathway.Furthermore, chitin-

based signaling molecules secreted by both
arbuscular mycorrhizal fungi and rhizobia
activate the host CSSP after perception by
related receptor-like kinases. Downstream signal
transduction pathways then lead to the apo-
plastic intracellular infectionmodes that char-
acterize themajority of these associations and,
finally, to the coordinated development of
sophisticated bidirectional symbiotic interfaces
found in both arbuscules and nitrogen-fixing
nodules. A common feature of all these mutual-
istic associations is phytohormone-associated
modifications of root development, which lead
to an increase in potential colonization sites as
well asmajor structural and functional changes
to the root during the establishment of sym-
biotic tissues.

OUTLOOK: Althoughwe are at last beginning
to understand how mutualistic microorga-
nisms communicatewith plants, howassociated
root developmental pathways are modulated,
and how plant immune responses are success-
fully circumvented,many important questions
remain. For example, little is currently known
aboutmore primitivemodes of intercellular apo-
plastic colonization, whether for ectomycorrhizal
fungi or for certain nitrogen-fixing symbioses.
Neither do we know whether the CSSP has a
key role in ectomycorrhizal associations, nor
how host plants distinguish between struc-
turally similar chitin-based “symbiotic” and
“pathogenic”microbial signals. Answering these
questions should contribute to our understand-
ing of the underlyingmechanisms that govern
the relationships betweenplants and their entire
microbiota. Onabroader level, improved under-
standing of how environmental and genetic
cues, together with plant metabolism, modu-
late microbial colonization will be crucial for
the future exploitation of themicrobiota for the
benefit of sustainable plant growth.▪
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The major root symbioses established by land plants with soil microorganisms are arbuscular
mycorrhizal, ectomycorrhizal, and nitrogen-fixing associations.Top left: Image of a mature
arbuscule of the arbuscular mycorrhizal fungus Funneliformis mosseae in a plant root cell. Top right:
Ectomycorrhizal rootlets of beech (Fagus sylvatica) in symbiosis with the ochre brittlegill fungus
(Russula ochroleuca). Bottom left: Symbiotic root N-fixing legume nodules on a fava bean
(Vicia faba) plant. Bottom right: Symbiotic N-fixing actinorhizal nodules on the root of an alder tree.C
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Read the full article
at http://dx.doi.
org/10.1126/
science.aad4501
..................................................
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nodosités fixatrice d’azote 

Effet indirect 
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bactériens 
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Intérêts pour l’agronomie 

Le microbiote, un outil d’ingérieurie écologique ? 
 

-> Objectifs : augmenter la production & limiter les 
infestations de manière durable en réduisant les intrants 
chimiques et l’usage des pesticides 
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Le microbiote, un outil d’ingérieurie écologique ? 
 

-> Objectifs : augmenter la production & limiter les 
infestations de manière durable en réduisant les intrants 
chimiques et l’usage des pesticides 
 
-> Atouts du microbiote 
•  Traits phénotypiques modulables par le microbiote 
•  Forte plasticité 
•  Dynamique rapide 
•  Forte capacité d’adaptation aux stress environnementaux 
•  Pool de gènes plus grand que celui de la plante hôte 
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Intérêts pour l’agronomie 

Des pistes à l’étude 

•  L’inoculation contrôlée de microbiotes « performants » 

•  Microbiote et sélection variétale 

•  Contrôle des traits phénotypiques par le microbiote 
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Le challenge des microbiotes de synthèse 

•  Identifier les micro-organismes d’intérêt parmi les milliers  
qui composent le microbiote 
 
•  Comment assurer la stabilité et le maintien du microbiote 

inoculé 

•  Tenir compte de la versatilité des micro-organismes 
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En conclusion 

•  Le microbiote est un élement clé de la nutrition, de la 
santé et de la résistence aux stress des plantes 

•  Une composition et un fonctionnement dynamiques, 
régulés à la fois par les plantes et l’environnement 

•  Un outil d’ingénieurie écologique prometteur 
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Merci  à vous ! 


