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Long-term effect of chito-oligosaccharide application  
on strigolactone biosynthesis  

and accommodation of arbuscular mycprrhizal fungi 
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Arbuscular mycorrhizas 
 an ancient alliance

• Glomeromycotina 

• 72% of plant species

Arbuscule-like structure 
in the rhizome of 

Aglaophyton, Rhynia 

400 MYA



Arbuscular mycorrhizal fungi 
trade soil nutrients for carbon

Mostly P, but also N, 
water, micronutrients 
present in soil...

CO2

PO4-

PO4-

Sugars

Photosynthesis

Lipids

Interest as biofertilizers



Arbuscular mycorrhizas promote growth 
boost plant resistance to
biotic and abiotic stresses 
improve nutritional quality

pathogens
stress
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A chemical dialogue

Strigolactone

CSP

Genre et al., 2020 Nat Rev Microbiol

Myc factors



A chemical dialogue

Short-chain  
chito-oligosaccharides 

(COs) 

Chitin-related molecules 
Water soluble 



Improve  
AM status 
                     forage 
                  milk       meat 
                     quality

Stimulate AM 
development in 
forage plants

Exogenous 

CO 
application

An applicative potential

Mix of short-
chain COs  

(CO3 - CO5) 
1 g/l



CO application boosts  
AM colonization

Volpe et al., 2020 Carbohydrate Polymers

In the lab in the field

Funnelliformis  
mosseae

Medicago 
truncatula



CO effects on AM development depend on DMI3

Promotion of AM colonization 
in WT M. truncatula

No change in dmi3-1 
mycorrhizal phenotype

*

+CO 28dpi



• Short chain COs effectively stimulate AM symbiosis  

•
• via CSP activation 

APPLICATIVE PERSPECTIVES IN AGRICULTURE 

previous studies on early gene regulation by Myc factors

How does CO perception promote AM? 
What are the molecular/cellular mechanisms involved? 

We observe a major effect  
several weeks after the treatment



RNAseq analysis of gene regulation in roots

10 14 21 28              
daysCTR

MYC
CTR+CO
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Total RNA extraction 
Sequencing 
Transcriptome analysis

Regulated genes
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10 dpi 14 dpi

21 dpi 28 dpi

RNAseq analysis  - GENERAL TRENDS: PCA

MYC
CTR

+CO

- CO



RNAseq analysis  - GENERAL TRENDS: DEGs

Increase in  

gene regulation

Expansion of 

colonization

CO effect over 
several weeks

Long term effect?

Reinforcement of 
early signaling?



RNAseq analysis - GENE ONTOLOGY classes

CO treatment partially mimics fungal inoculation

MYC vs CTR // CTR+CO vs CTR

CTR

MYC

CTR+CO



X
Mature 

symbiosis

Turnover / 
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RNAseq analysis - GENE ONTOLOGY classes

Signaling 

Defense

Signaling 

Defense

Proteolysis  

Transport 

AM markers 

MYC vs CTR

10 days

28 days

Pre-symbiotic 
signaling

CTR

MYC



CTR MYC+CO

MYC

MYC+CO vs MYC

10 days
Chromatin 

 remodeling 

Cytoplasm  
reorganization

Cell cycle 

RNAseq analysis - GENE ONTOLOGY classes MYC+CO vs CTR

10 days

Signaling 

 Cytoplasm  
reorganization

Protein  
synthesis 

Accommodation

COs advance fungal accommodation?

Pre-symbiotic 
signaling

Without COs…



CO-Regulated pathways - STRIGOLACTONE biosynthesis and transport

Fungus alone

Long term 
decrease in 

strigolactone 
production

COs alone

Strigolactone 
overproduction  

for weeks!

Earlier  
decrease in 

strigolactone 
production

Fungus + COs

COs boost SL signaling
An unattainable love?

Long term effect of CO treatment



CO-Regulated pathways - FUNGAL ACCOMMODATION

Cell cycle reactivation  
Russo et al (2018) 

Carotenuto et al (2019)

Prepenetration apparatus 
Genre et al (2005; 2008; 2012)

PPA

MYC+CO

MYC

Earlier time point?



CO treatment alone 

 is sufficient to induce  

markers of symbiosis 

establishment and  

fungal accommodation

Targeted treatment and sampling - 6 hour treatment with COs

Early response to COsCOs

Can COs stimulate prepenetration responses?



Root culture

AM spores

Film

Root organ cultures are 
grown in a petri dish 

inoculated with AM spores 
(Gigaspora margarita) 

covered with a few drops 
of 1mg/l CO solution and a 

translucent film 

--> Live imaging of 

hyphopodium-contacted cells 

 in confocal microscopyPPA

COs

Targeted inoculation + COs

GFP-HDEL Endoplasmic reticulum



CO treatment stimulates  

PPA-like aggregations 

 in the vicinity of hyphopodia

Targeted inoculation + COs



Long-term effect at 28 dpi

Weak but consistent 
downregulation of AM markers 
at 28 days in CO-treated plants

Increased 
frequency of 
senescent 
arbuscules

COs accelerate AM development 

(including senescence!)

More arbuscules = more turnover?

MYC+CO vs MYC



Conclusions

COs actively stimulate AM

1 SL signaling

2 fungal accommodation

Molecular and cellular  

background for  

CO-dependent AM promotion
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