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Symbiotic nodulation: a plant microbe interaction 



Symbiotic nodulation: an infection and a developmental process 
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Symbiotic nodulation: a metabolic process 
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Initiation of symbiotic nodulation: a cross-talk between 
bacterial and plant signals 
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Gonzalez-Rizzo et al., 2006; Plet et al., 2011 

Nodule initiation is blocked in mutants affecting the CRE1 
cytokinin receptor   
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Plet et al., 2011 

The cytokinin response is activated in nodule primordia 
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Unpublished results 

Constitutive activation of the cytokinin/CRE1 pathway: 
spontaneous nodulation in the absence of rhizobium 
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Gonzalez-Rizzo et al., 2006, Plant Cell; Plet et al., 2011, Plant J. 



cre1 WT 

Auxin carriers (PINs) immunolocalisation in root tips 

Plet et al., 2011 

The rhizobium-induced regulation of polar auxin transport 
relies on the cytokinin/CRE1 pathway 

Measure of polar auxin transport in root tips 

Rhizobium 
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Rhizobium:       -              +             -              + 

Plet et al., 2011 

The rhizobium-induced regulation of polar auxin transport 
relies on the cytokinin/CRE1 pathway 
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Gonzalez-Rizzo et al., 2006, Plant Cell; Plet et al., 2011, Plant J; Ng et al., 2015, Plant Cell 



The MtRRB3 cytokinin signaling transcription factor promotes 
nodulation by regulating the NSP2 early nodulation gene 

Tan et al., 2020 



The MtRRB3 cytokinin signaling transcription factor promotes 
nodulation by regulating the NSP2 early nodulation gene 
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RRB binding sites in the promoter of the early nodulation gene 
NSP2 are required for cytokinin and symbiotic responses 

Ariel et al., 2012 
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Gonzalez-Rizzo et al., 2006, Plant Cell; Plet et al., 2011, Plant J.; Ariel et al., 2012, Plant Cell 

Ng et al., 2015, Plant Cell; Tan et al., 2020, Plant Phys. 
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Gonzalez-Rizzo et al., 2006, Plant Cell; Plet et al., 2011, Plant J.; Ariel et al., 2012, Plant Cell 

Ng et al., 2015, Plant Cell; Tan et al., Plant Phys.; 

Fonouni-Farde et al., 2016, Nat. Commun.; Trends Plant Sci.; and 2017, Plant Physiol.; 

Tan et al., 2020, Plant Physiol. 
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Local regulatory pathways acting 
in symbiotic nodule initiation 



Integration of local and systemic regulations 
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Huault et al., 2014; Laffont et al., 2019 

 
The cra2 mutant:  

compact root architecture and low nodulation 
 



WT cra2 

Huault et al., 2014; Laffont et al., 2019 
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A systemic function of CRA2 to regulate nodulation from shoots 
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The CEP1 signaling peptide requires the CRA2 receptor  

to promote nodulation 
 

Mohd-Radzman et al., 2016; Laffont et al., 2019 
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Systemic pathways regulating lateral root and nodule 
formation are mediated by different signaling peptides 



cytokinin  

NF  

The symbiotic regulation of the production of MtCEP7 peptides 
relies on the CRE1 cytokinin receptor 

Laffont et al., 2020 
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The symbiotic regulation of the production of MtCEP7 peptides 
relies on the CRE1 cytokinin receptor 



Symbiotic nodulation is tightly controlled by the integration of 
cytokinin-dependent systemic and local regulatory pathways 
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Symbiotic nodulation is tightly controlled by the integration of 
cytokinin-dependent systemic and local regulatory pathways 
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Symbiotic nodulation is tightly controlled by the integration of 
cytokinin-dependent systemic and local regulatory pathways 
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