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Long-term effect of chito-oligosaccharide application
on strigolactone biosynthesis
and accommodation of arbuscular mycprrhizal fungi




Arbuscular mycorrhizas
an ancient alliance

* Glomeromycotina

« 72% of plant species




Arbuscular mycorrhizal fungi
trade soil nutrients for carbon

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



boost plant resistance to
biotic and abiotic stresses
improve nutritional quality









A chemical dialogue

Genre et al., 2020 Nat Rev Microbi



A chemical dialogue
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An applicative potential

Exogenous

CO

application

Stimulate AM
development in
forage plants
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Volpe et al., 2020 Carbohydrate Polymers CcO application boosts

AM colonization



CO effects on AM development depend on DMI3

Mycorrhization level (%)
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How does CO perception promote AM?
What are the molecular/cellular mechanisms involved?

previous studies on early gene regulation by Myc factors

We observe a major effect
several weeks after the treatment



RNAseq analysis of gene regulation in roots

Sampling

Total RNA extraction
e Sequencing IGATech’:

Transcriptome analysis
MYC+CO

755 1990 1676 2651

5526 4128 2462 1651

CTR+CO vs CTR 2906 1668 2236 7
MYC+CO vs MYC 3709 187 34 1468

Regulated genes




RNAseq analysis - GENERAL TRENDS: PCA




RNAseq analysis - GENERAL TRENDS: DEGs

%37 =
CO effect over Reinforcement of
several weeks early signaling?




RNAseq analysis - GENE ONTOLOGY classes MYC vs CTR // CTR+CO vs CTR

CTR+CO vs CTR - 10 dpi

protein serine/threonine kinase activity (GO:0004674) -
defense response (GO:0006952) -

signal ransducton (GO:0007165) -

transferase actvity, transferring acyl groups (GO:0016746) -
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MYC vs CTR - 10 dpi

protein serine/threonine kinase activity (GO.0004674) -
defense response (GO:0006952) -

signal transduction (GO:0007165) -

transferase actity, transferring acyl groups (GO:0016746) -
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RNAseq analysis - GENE ONTOLOGY classes MYC vs CTR

MYC vs CTR - 10 dpf

Pre-symbiotic

signal transduction (GO:0007165)
metabolic process (GO:0008152)

defense response (GO:0006952)

‘ seringthreonine kinase activity (GO:0004674)

Sh°§5°sha"’/" activity, transferring acyl groups (GO:0016746)
; acd phosphatase actvity (GO:0003993)

10 days
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Strigolactone

MYC vs CTR - 28 dpi

DNA-binding transcription factor actwity (GO:0003700)

regulation of transcription, DNA-templated (GO:0006355)

ubiquitin ligase complex (GO:0000151)

protein ubiguatination (GO:0016567)

calcium on binding (GO:0005509)

protein tyrosine kinase activity (GO:0004713)

ubiquitin-protein transferase activity (GO:0004842)

signal ransduction (GO:0007165)

defense response to fungus (GO:0050832)

defense response 1o bactenum (GO:0042742)

protein phosphorylation (GO:0006468)

protein kinase activity (GO:0004672)

transferase activity, transferring phosphorus-containing groups (GO:0016772)
response o wounding (GO:0009611)

protein sering/threonine kinase activity (GO:0004674)

serine-type carboxypeptidase activity (GO:0004185)

2 sequence-specific DNA binding (GO:0043565)
.. fatty acyd biosynthetic process (GO:0006633)
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RNAseq analysis - GENE ONTOLOGY classes

MYC+CO vs CTR

Without COs...
Pre-symbiotic

B

translation (GO:0006412) 4
ribosome (GO:0005840) ~

structural constituent of ribosome (G0:0003735) S

nucleosome assembly (GO:0006334) 4

1

nucleosome (GO:0000786) -

protein heterodimerization activity (GO:0046982) SN
microtubule associated complex (GO:0005875) =
intracellular (GO:0005622) ~

microtubule-based movement (GO:0007018)4

10 days

E

Protein
ynthesis

ytoplasm

microtubule motor activity (GO:0003777) anization

carbohydrate binding (GO:0030246)

Short-chain n
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Strigolactone

I ey

nucleosome assembly (GO:0006334) 4
nucleosome (GO:0000786) +

protein heterodimerization activity (GO:0046982)

microtubule-based movement (GO:0007018) 4

microtubule motor activity (GO:0003777)

microtubule associated complex (GO:0005875)

protein kinase binding (GO:0019901)

cychin-dependent protesn serinefthreonine kinase activity (GO:0000079)
regulation of cell cycle (GO:0051726)

nucleus (GO:0005634)

catalytic activity (GO:0003824)

lipid transport (GO:0006869)

hydrolase activity, hydrolyzing O-glycosyl compounds (GO:0004553)
carbohydrate binding (GO:0030246)
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MYC+CO vs MYC



CO-Regulated pathways - STRIGOLACTONE biosynthesis and transport
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CO-Regulated pathways - FUNGAL ACCOMMODATION

MYC+CO vs MYC - 10 dpv

. nuclkeosome assembly (GO:0006334) 4
* . nucleosome (GO:0000786) +

MYC+CO protein heterodimerization activity (GO:0046982) NG
) microtubule-based movement (GO:0007018) 4
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Prepenetration apparatus
Genre et al (2005; 2008; 2012)




Targeted treatment and sampling - 6 hour treatment with COs

Normalized relatiHguantitees (NRQ)

Early response to COs
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Targeted inoculation + COs

'GFP-HDEL Endoplasmic reticulum

Root organ cultures are
grown in a petri dish

inoculated with AM spores
(Gigaspora margarita)

covered with a few drops
of 1img/l CO solution and a
translucent film

-.-> Live imaging of
hyphopodium-contacted cells
in confocal microscopy




Targeted inoculation + COs

No ER aggregation
Cells with conspicuous ER aggregations (%)

Prominent ER aggregation i i

14

CO treatment stimulates
PPA-like aggregations

in the vicinity of hyphopodia




Long-term effect at 28 dpi

Gene 1D

Mearlg023600
Medur 72063600
Meder 12036410
Medur 12040500
Mect:ag09 1845
MedusSg011320
MedurSg0765900
MedtrSg03 1050
MeduB8g006 790

Log2 FoldChange at 28 dpi

6,87
&9
€.06
&A7
5.16
626
6,86
6,29
6,36

MYC+CO
Vs

MYC+CO vs MYC

Annotation
MePT4
MYASYS
il Weak but consistent
p—— downregulation of AM markers
MrGST at 28 days in CO-treated plants
,::!":::ﬂ
Arbuscule morphology at 28 dpi
:::E’Co _ Increased
frequency of
senescent
i arbuscules

Stage | Stage Il Stage Il Stage IV

Developing intermediate Mature Senescem



Conclusions
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