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Microbiota
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Microscopy of a human gut microbiota. Photo : Martin Oeggerli

Context
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Plant & microbiota

3 Context

Biomass accumulation

•Sugiyama et al., 2012

Flowering time

•Panke-Buisse et al., 2015

Drought tolerance

•Lau & Lennon, 2012

Resistance against pathogens

•Mendes et al., 2011

•Santhanam et al., 2015 

•Busby et al., 2016

Plant Growth Promoting Rhizobacteria & PGP Fungi

•Spaepen et al., 2009

•Trillas & Segarra, 2009

•De Vleesschauwer & Höfte, 2009
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Plant & microbiota & parasitic plant

4 Context

Phelipanche ramosa

Phelipanche ramosa. Credits: MOrDOr
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Phelipanche ramosa

• Epirhize holoparisite
(achlorophytic root parasite)

• Wide host range
• Hemp, oilseed rape, tobacco, 

tomato, cabbage …

• Yield losses from 30 to 100% on 
oilseed rape

• Seeds
• 104 à 105 / floral scape
• Diameter < 200 µm
• Viability > 10 years in soil

5 Context

Phelipanche ramosa. Credits: MOrDOr
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Phelipanche ramosa

6 Context

Phelipanche ramosa. Credits: MOrDOr

Phelipanche ramosa world distribution. From Parker, 2013
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Phelipanche ramosa
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Repartition of Phelipanche ramosa parasite in different host fields in 
France. Yellow: oilseed rape, green: hemp, brown: tobacco (not up-
‐to-‐date), orange: sunflower, purple: several crops, blue: others. 
(From Terres Inovia)

Context

Genotype Preferential 
host

Area 

G 1 Oilseed rape Western 
France 

G 2a Hemp Eastern 
France 

G 2b Tobacco Southern 
France 

From Stojanova et al., 2019

Host specialization

Hemp

Oilseed rape
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Plant & microbiota & parasitic plant

8 Context

Orobanchaceae life cycle. From Delavault , 2015

Strigolactones

Isothiocyanates

Stimulation

Production

Antibiotic 

Glucosinolates 

Myrosinase 
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Plant & microbiota & parasitic plant

9 Context

Orobanchaceae life cycle. From Delavault , 2015

Seed Microbial 
Communities

Composition?
Influencing 

factors?
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MOrdOr Project 

Sampling campaign

Genotype 

Phenotype

Microbiota

Project
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MOrdOr Project 

Sampling campaign

Genotype 

Phenotype

Microbiota

Project
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Sampling campaign
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Infested plot by P. ramosa where samples were collected

Project

Phelipanche ramosa in a tobacco field. Credits: MOrDOr

26 seed 
samples
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MOrdOr Project 

Sampling campaign

Genotype 

Phenotype

Microbiota

Project
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Genotyping 

14

Bruvo’s distance between 20 microsatellites and built by Neighbor Joining (999 bootstraps)

G2b

G2a

G1

Genotype
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MOrdOr Project 

Sampling campaign

Genotype 

Phenotype

Microbiota

Project
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Germination assay
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GR24

(4 enantiomers)
Strigolactones

2PEITCIsothiocyanate

2PEITC

Phenotype

EC50
=

Seed 
sensitivity
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Seed sensitivity to GS
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Average EC50 according to the originating host (color)

Phenotype

Oilseed rape

Hemp

Tobacco
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MOrdOr Project 

Sampling campaign

Genotype 

Phenotype

Microbiota

Project
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Microbiota profiling
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Seed
DNA 

extraction
MiSeq

sequencing
Bioinformatics

• Dada2
• Qiime2
• Phyloseq

PCRs

16S (bacteria) 

ITS (fungi) 

ASV
(Amplicon Single Variant)

Abundance

Taxonomy

Microbiota
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Seed β-diversity
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Seed samples diversity based on Bray-Curtis distances and depending on the sample originating host (color) and field (shape)

Microbiota
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Taxonomic composition - Phylum
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Taxonomic composition of the bacterial (left) and fungal (right) seed microbiota regarding the most abundant phyla

a b

Microbiota

Bacteria (16S) Fungi (ITS)

Main phyla 4 2

Total ASV 90% 84%

Total 
abundance

99% 98%
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Taxonomic composition - Genus

22

Taxonomic composition of the bacterial (up) and fungal (down) seed microbiota regarding the 
most abundant genera

a

b

Bacteria (16S) Fungi (ITS)

Main genera 7 6

Total ASV 23% 11%

Total 
abundance

63% 64%

Microbiota
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Taxonomic composition – Bacterial ASV (16S)
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Total ASV 642

In all samples 10 = 2%

In one sample 342 = 53%

Microbiota
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Taxonomic composition – Fungal ASV (ITS)
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Total ASV 359

In all samples 7 = 2%

In one sample 180 = 50%

Microbiota
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Core microbiome

25

Neighbor Joining Trees based sequence alignment (Muscle) and bootstrapped 
with 100 iterations for bacterial (left) and fungal (right) core microbiomes. 
Branch colors refer to bootstrap values (ranged from 0.3 in red to 1 in green)

Bacteria (16S) Fungi (ITS)

Core ASV 10 7

Total ASV 2% 2%

Total abundance 26% 60%

Microbiota
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MOrdOr Project 

Sampling campaign

Genotype 

Phenotype

Microbiota

Comparison

Genotype Phenotype Microbiota
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Dendrogram comparison
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Genotype

Phenotype

Bacterial community

Fungal community

Oilseed rape: most clustered

Tobacco: least clustered

Hemp: intermediate

UPGMA trees based on Euclidean distance and bootstrapped with 100 iterations

Genotype Phenotype Microbiota
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Conclusion

28

Seed microbial community

Composition

Overview 

4 bacterial 
phyla

7 bacterial 
genera

2 fungal phyla

6 fungal 
genera

Core microbiota

10 bacterial 
ASV

7 fungal ASV

Influencing factors

Originating 
host

+ Bacteria

- Fungi

Originating 
field

- Bacteria

+ Fungi

Link with 
Genotype & 
Phenotype

Similar 
clustering

Discussion

Oilseed rape 
specialization
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Isothiocyanates

A tripartite dialogue

29 Discussion

Myrosinase 

• Oilseed rape → glucosinolates

• P. ramosa G1 → oilseed rape

• Seed lots from Oilseed rape 
• More sensitive to 2PEITC

• 4 specific ASV (2 bacterial & 2 
fungal)

• Sphingobacterium 

• Myrosinase activity 
(Meulenbeld & Hartmans et 
al., 2001)

• Leptosphaeria maculans 

• Sensitive to ITC (Andreasson 
et al., 2001)

• Induce glucosinolate 
production in Brassica sp. 
(Robin et al., 2017)

Glucosinolates 
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Thanks to
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Thanks for your attention !

Alexandre Degraves
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Four GR24 enantiomers

• Two response pathways
• D14

• KAI2

• Two SL families
• Strigol type

• Orobanchol type

33
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ITC production
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From Vaughn and Berhow, 2005
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Germination 
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From Hilhorst et al., 2010
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Seed germination assay (Pouvreau et al., 2013)

36 Materials & Methods

1 2

3

4

Seed 
disinfection and 

conditioning

Seed distribution, stimulation, 
incubation and germination

MTT reduction and solubilization 
of formazan salts

Absorbance reading, extrapolation for dose-response analysis and EC50 
determination
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Marker genes
Bacteria (from Liu et al., 2012)

• 16S rRNA: 
• ribosomal subunit

• 23S rRNA: 
• component of the large prokaryotic 

ribosomal subunit (50S)

• 16S-23S rDNA ISR: 
• intergenic spacer region between the 16S 

rDNA and 23S rDNA loci in the rDNA operon

• rpoB: 
• subunit of DNA-dependent RNA polymerase

• gyrB: 
• β-subunit of DNA gyrase

• dnaK: 
• 70kDa heat shock protein (HSP70)

• dsrAB: 
• α and β subunits of an enzyme catalyzing the 

six-electron reduction of sulfite to sulfide

• amoA and amoB: 
• Ammonia monooxygenase subunits
• oxidation of ammonium (NH4) to nitrite (NO2) 

37

From Raja et al., 2017
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MiSeq sequencing
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From Illumina

From Metzker, 2009
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Qiime2 workflow
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Microbiota profiling

40 Materials & Methods

Soil

Seed

Stimulated 
seed

DNA 
extraction

MiSeq
sequencing

Bioinformatics

• Dada2
• Qiime2
• Phyloseq

PCRs

16S (bacteria) 

ITS (fungi) 

MOrdOr Project 

Sampling campaign

Genotype 

Phenotype

Microbiota
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Global diversity
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Samples diversity based on Bray-Curstis distances and depending on the sample categories (color)

Results MOrdOr Project 

Sampling campaign

Genotype 

Phenotype

Microbiota
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Taxonomic composition - Phylum

42

Taxonomic composition of the bacterial (left) and fungal (right) seed microbiota regarding the most abundant and prevalent phyla. Each dot represents a ASV and each color represents a 
genus.

a b

MicrobiotaBacteria (16S) Fungi (ITS)

Main phyla 4 2

Total ASV 90.50% 84.68%

Total abundance 99.76% 98.24%
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Host core

43

Specific host ASV id

16S Oilseed rape ASV668_Sphingobacterium sp. MIMdw12
ASV3317_Nannocystis_unidentified

hemp ASV718_Pedobacter_unidentified

tobacco ASV638_Sphingobacterium sp. 23D10-4-9
ASV2965_Pseudomonas_unidentified

ITS Oilseed rape ASV1153_unidentified
ASV1708_Leptosphaeria_maculans
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Genotyping
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Phenotyping

45 Results
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Bacterial community profiling
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Fungal community profiling

47 Results
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Perspectives

48 Discussion

G2b

Tobacco

G1

Oilseed 
rape

G2a

Hemp

Phenotyping
Microbiota profile

H20
+GR24

N+1 seeds

18 samples
156 samples
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Perspectives

49 Discussion

G2b

G1

Oilseed 
rape

G2a

Phenotyping
Microbiota profile

Microbial 
suspension

G1

Disinfection
Imbibition 

9 samples
78 samples
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Perspectives

50 Discussion

G2b

Tobacco

G1

Oilseed 
rape

G2a

Hemp

Phenotyping
Microbiota profile

No disinfection
H2O

GR24

Disinfection
H2O

GR24
Microbial suspension

63 samples

Microbial 
suspension

Microbial 
suspension

Microbial 
suspension


