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Microscopy of a human gut microbiota. Photo : Martin Oeggerli



Plant & microbiota

Biomass accumulation

e Sugiyama et al., 2012

Flowering time

* Panke-Buisse et al., 2015
“ Y

Drought tolerance

< 4

elau & Lennon, 2012

Resistance against pathogens

e Mendes et al., 2011
e Santhanam et al., 2015
e Busby et al., 2016

{Plant Growth Promoting Rhizobacteria & PGP Fungi

e Spaepen et al., 2009
e Trillas & Segarra, 2009
¢ De Vleesschauwer & Hofte, 2009
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Plant & microbiota & parasitic plant




Context Project Genotype Phenotype Microbiota Discussion .
Phe//panche ramosa :

* Epirhize holoparisite
(achlorophytic root parasite)

* Wide host range

 Hemp, oilseed rape, tobacco,
tomato, cabbage ...

* Yield losses from 30 to 100% on
oilseed rape

e Seeds
e 10* a3 10° / floral scape
* Diameter < 200 pum .

* Viability > 10 years in soil; “ ¥,

Phellpanche ramosa. Credits: MOrDOr



Context

he ramosa

Phelipanc

Phelipanche ramosa world distribution. From Parker, 2013

Phelipanche ramosa. Credits: MOrDOr
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Phelipanche ramosa
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From Stojanova et al., 2019

K Luxév‘mkbourg
Guernesey gl EENy N A o
rse ‘ .
Jersey o pars Genotype Preferential
. host
Renones ‘@; .
“" -, 2 o-re_NE(N G1 Oilseed rape Western Hemp
Tou e N
DO ¢ "taggus?® France
gislcs [ e G 2a Hemp Eastern
Limoges &lermont-Ferrand Lyoneneve France
opunEEy -O.G s Oilsead rape
ﬂo.e - Turin
ol G 2b Tobacco Southern
France

Montpellier
e g ‘ o z
Saint-Sébastien Marseille e
deer By oile gme

Santander
o

Bilbaoo }
Vitoria-Gasteiz
()

Google

onnées cartographiques €

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)




Plant & microbiota & parasitic plant

L oS Germinatiof®
Seed production and onCigEs stimulants B
maturation * -
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Context

Plant & microbiota & parasitic plant

i Seed Microbial

maturation

Communities

Aerial phase

Subterranean
phase

Influencing

Composition?
P factors?

Flower spike
development

Tubercle development

Orobanchaceae life cycle. From Delavault, 2015
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Project

Sampling campaign

Infested plot by P. ramosa where samples were collected

Host
@ Hemp

A Oilseed rape
# Tobacco

Phelipanche ramosa in a tobacco field. Credits: MOrDOr
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Genotype

Genotyping

Tree scale: 0.1

0 pP2s4a
k- 3 106% : P2s3
Host “3 g QV- Cc_I:'L 120% o PZSZ
|| Oilseed rape ’0% % g’j < 3% ¢ P2s1
|| Hemp %&i 1 ' 2% | ¢ P1S4 = (1
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B% ° 0.01 o Pesz
Bz 64% 0
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Bruvo’s distance between 20 microsatellites and built by Neighbor Joining (999 bootstraps)
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Germination assay

GR24
(4 enantiomers)

Phenotype

2PEITC

-
o

Q

()
)
¥
5

pzuo-ida-oey

EC50

Seed
sensitivity
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Phenotype

Seed sensitivity to GS

Average EC50 (M)

o
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Average EC50 according to the originating host (color)

racGR24

. Hemp

Oilseed rape
Tobacco



18 Context roj enotype enotype icrobiota [ [ eiﬁ“f

vegetol

N )
ZAN J
N )

Sampling campaign }
8

Genotype

N
-
N [
2N

Phenotype




19 Context Project Genotype Phenotype Microbiota Discussion
Microbiota profiling

e Dada2

Qiime2
ITS (fungi) * Phyloseq

16S (bacteria)

Abundance

Taxonomy




Microbiota

-diversity

Bacteria (16S) Fungi (ITS)
0.4

Host

Hemp
@ Qilseed rape
@ Tobacco

Plot

)
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©
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X
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Axis.2 [25.9%]

. ™~ . : :
o o o

Axis.1 [32.2%] Axis.1 [46%]

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

Host

Hemp
@ Qilseed rape
@ Tobacco

Plot
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Taxonomic composition - Phylum e

Total ASV

Total
abundance

Composition within Bacteria ( 4 top Phylum ) Composition within Fungi ( 2 top Phylum )

Hemp OQilseed rape Tobacco Hemp Qilseed rape Tobacco

Phylum

Basidiomycota

 oter

an
%]
oy
[0
=

B oter

Taxonomic composition of the bacterial (left) and fungal (right) seed microbiota regarding the most abundant phyla
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Main genera

Taxonomic composition - Genus  E&S

Total
abundance

Composition within Fungi ( 7 top Genus )

Composition within Bacteria ( 7 top Genus )
Hemp Qilseed rape Tobacco

Hemp Dilseed rape Tobacco

Genus Genus

Pet
Pseudomonas

Rhizobium

niacozyma

unidentified

Other 0.25-

0.00

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



Microbiota

Taxonomic composition — Bacterial ASV (16S

o In all Salllples 10=2%
o ] In one Salllple 342 = 53%
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Total count of ASW

ASV total abundance (log10)




Microbiota

Taxonomic composition — Fungal ASV (ITS)

/2-3
20 4
18

In all samples 7=2%

In one sample 180 =50%

ASV total abundance (log10)




Microbiota

Core microbiome

Tree scale: 0.1

ASV2876 Paenibacillus unidentified Tree scale: 01—

MG607391.1 Paenibacillus kyungheensis

|MGB07389.1 Paenibacillus hordei ASV1920 Plectosphaerella cucumerina .

LM994777.1 Paenibacillus illinoisensis ASV140 Vishniacozyma victoriae
ASVT710 Pedobacter unidentified ASV1817 unidentified
MK070164.1 Pedobacter roseus MH205934 1 Alternaria infectoria
MG458428.1 Pedobacter agri — ASV2639 Mycosphaerella tassiana
MH929743.1 Pedobacter terrae | |ASV2644 Cladosporium unidentified
MH829475.1 Pedobacter humicola ; MK131039.1 Cladosporium cladosporioides
MH348783.1 Pedobacter borealis MH865597.1 Cladosporium tenuissimum

MG322215.1 Pedobacter suwonensis ASV2467 Fusarium unidentified
|IVIH14128?.1 Fusarium oxysporum .
ASV2459 unidentified
MK729617.1 Fusarium avenaceum
MK729582.1 Fusarium acuminatum .

ASV1998 unidentified
MK573790.1 Rhodobacter sp.
ASV1578 Sphingomonas unidentified
MK127543.1 Sphingomonas olei
MH929887.1 Sphingomonas faeni
ASV1971 Rhizobium unidentified
MKE40916.1 Agrobacterium tumefaciens .
LR216777.1 Rhizobium radiobacter
— ASV2261 Stenotrophomonas rhizophila
—ASV2268 Stenotrophomonas chelatiphaga
ASV2265 Stenotrophomonas unidentified
MK883204.1 Stenotrophomonas maltophilia

MK217070.1 Stenotrophomonas tumulicola CO re ASV 10 7
|ASV2956 Pseudomonas unidentified
|MK883135.1 Pseudomonas baetica 0, 0,
|LT838103.1 Pseudomonas koreensis TOta I ASV 2 A) 2 A)
'CP038438.1 Pseudomonas fluorescens
ASV2990 Pseudomonas unidentified Total abundance 26% 60%

1MK883145.1 Pseudomonas donghuensis
' MK883082.1 Pseudomonas lutea
MG972916 1 Pseudomonas viridifiava @

MH379754.1 Pseudomonas abietaniphila Neighbor Joining Trees based sequence alignment (Muscle) and bootstrapped
MK078275.1 Pseudomonas graminis with 100 iterations for bacterial (left) and fungal (right) core microbiomes.

MH216679.1 Pseudomonas rhizosphaerae Branch colors refer to bootstrap values (ranged from 0.3 in red to 1 in green)
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Genotype Phenotype Microbiota

Dendrogram comparison

Genotype Bacterial community
Tree scale: 100 Tree scale: 1000000
S y
Phenotype Fungal community
Tree scale:1 — ’: Tree scale: 1000000
Host
|:| Hemp P N n, :."’F‘ ":s
[ Topacco i L Tobacco: least clustered “ v

D Qilseed rape

Hemp: intermediate

UPGMA trees based on Euclidean distance and bootstrapped with 100 iterations






Discussion

A tripartite dialogue

* QOilseed rape =2 glucosinolates
* P.ramosa G1 - oilseed rape

* Seed lots from QOilseed 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)

Myrosinase OH

s ]
\C /\/Q " o
N — d Hsr

Isothiocyanates Glucosinolates
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Four GR24 enantiomers

* Two response pathways
E/I%rr?;liﬂs%t\:)\;’a?ci:gma;52282%?39854‘l24 Da ® D 14

GR24 diastl = (£)-GR24 = GR24-5DS (2 énantiomeéres)
* KAI2

- * Two SL families
8bs, 2'R bR, 2'S ¢ St”gOI type

Réponse D14 Réponse KAI2
(Hypocotyle,) (germination ® OrO ba nChOI type

Hypocotyle, DLK2)

Molecular Formula = C;;H,4,O5

vyo-del

vzyo-1da-oey

8bSs, 2’'S

Réponse D14

(Hypocotyle,)
Strigol type

Réponse D14
(Hypocotyle,)

Orobanchol type
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ITC production

Epithionitrile Thiocyanates

H
CH;—C—C—C=N R—S—C=N
E‘sf Ha

From Vaughn and Berhow, 2005

[ Intermediate ]

Isothiocyanates

D-glucose

CHan

Oxazolidine-thione
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Germination

pient environment
Dormancy

induction () ) breaking

ABA synthesis (NCED) GA synthesis (GA3ox1)
GA degradatlon (GA20x2) ABA degradation (CYP707A2)

ABA sensntuvuty

Integratio

GA sensutnvuty

ABA S|gnalllng (ABRES) GA signalling

Dormant Cyclmg Non-dormant —» Germination
_ B

« Response

Seed sensitivity to —
germination environment Ambient environment

Overlap: Initiation of germination

From Hilhorst et al., 2010



Materials & Methods

Seed germination assay (Pouvreau et al., 2013)

" Q}IGW X Y 7
1 2 3 ! q 3 [ B 7 B Bl 0 11 12 concentratan:
: 1 0000000.0.000.¢] It
] 1000000000000 iyt ¢,
i 1000000000000 Ei=it
= 1lele/0l0/0'0/0/0/0/0/0/0] IRIRNE i uan )
(] 1
= l[e/o/e/0'0/0/0/00/00/e] IS o i
] g 10 mol L 0 ==
\5:37 G 101 mol 1! 02 /T 55
(OOOOOOCO000F| w0 mn: o i
0,16
disinfziteign and Seed distribution, stimulation, E 0,14
conditioning incubation and germination % 001:_ i
0,08
0,06
e 1 i g 1011 12 gg;
A 0
B T T T
100E-15 1E 12 10E-12 100E 12 1E 9 10E-9 100E-9 1E-6
¢ 000
o

Absorbance reading, extrapolation for dose-response analysis and EC50
determination

DO
QO
QO
QO
QO
QO
QO

00000000
50000000|
©0000000|

9000
OOOOOOO0OO
MTT reduction and solubilization
of formazan salts
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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:
* [B-subunit of DNA gyrase

dnak:
e 70kDa heat shock protein (HSP70)

dsrAB:
* o and B subunits of an enzyme catalyzing the
six-electron reduction of sulfite to sulfide
amoA and amoB:
«  Ammonia monooxygenase subunits
 oxidation of ammonium (NH,) to nitrite (NO,)

Table 1. List of Curated Databases for Fungal Species Identification (Adapted from Yahr et al.)”* “

name of the database

Barcode of Life Database, BOLD
CBS-KNAW

FUSARIUM-ID
Fungal Barcoding
Fungal MLST database Q-Bank

ISHAM, The International Society for Human and Animal Mycology

Naive Bayesian Classifier

RefSeq Target Loci (RTL)

International Subcommision on Hypocrea and Trichoderma (ISHT) TrichoKey
and TrichoBLAST (Trichodcrm);'S

UNITE, User-friendly Nordic ITS Ectomycorrhiza Database

“For an exhaustive list, see Robert et al.'"’

From Raja et al., 2017

http:/

URL

rw.boldsystems.org/index.php/
enldEngine

:/ /www.cbs.knaw.nl/Collections/

CSSequences.aspx
ate.fusariumdb.org

www.fungalbarcoding.org

://www.q-bank.eu/Fungi/
1 g

mycologylab.org

:/ /rdp.cme.msu.edu/classifier/classifier.

://www.ncbi.nlm.nih.gov/refseq/

0c1/

/www.isth.info/tools/blast/

https://unite.ut.ee/

region utilized
ITS

ITS

ITS, tefl, RPB1, RPB2, tub2
ITS

partial actin, tub2, RPBI1. RPB2, tefl
among others

ITS
288, ITS

ITS, 18S, 28S
ITS and tefl, RPB2

ITS
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Qiime2 workflow

multice

import

cutadapt
dada2
phylogenetic_tree

alpha_rarefaction diversity summarize table

taxonomy




40 Context Project Materials & Methods Phenotype

Microbiota Discussion

Microbiota profiling

16S (bacteria)
ITS (fungi)

Sampling campaign

Genotype

Phenotype

DESEPA
Qiime2
Phyloseq




MOrdOr Project

Results

Sampling campaign

Genotype

Global diversity

o

e
o
N

Category
© Stimulated seed

D Seed
@ Soil

=)
o

o

<

Axis.2 [17.2%]

)
N
et
w
-
Bl
o
8

>
<

N = , . S
S = S
Axis.1 [24.9%] Axis.1 [21.1%]

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




Main phyla 4 2

Ta ) {@)AI Total ASV 90.50% 84.68%

Total abundance 99.76% 98.24%

Acidobacteria Actinobacteria Bacteroidetes BRC1 Ascomycota Basidiomycota Chytridiomycota
&

©

-d
o

OO O
ONOI~NO
1O W,

o
o O

Chlorofiexi Cyanobacteria Firmicutes

'Y
o

» n

N
0

Samples]
5 2

o
e en onlonianwnen o

g -9 o 0.00- %
Patescibacteria Planctomycetes Mortierellomycota unidentified

1.00-

>
~

o
(8]
1

~r
1

-~
»
o
£
®©
w
o)
©
.~
.
—
®
o
=
o
©
g
®
—
o

Prevalence [Fra

Proteobacteria
1.00-
0.75-

0.50 -

10000

Total Abundance

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.




43

Host core

Specific host

16S Oilseed rape

ITS

hemp

tobacco

Oilseed rape

ASV id

ASV668 Sphingobacterium sp. MIMdw12
ASV3317_Nannocystis_unidentified

ASV718 Pedobacter_unidentified

ASV638 Sphingobacterium sp. 23D10-4-9
ASV2965 Pseudomonas_unidentified

ASV1153 unidentified
ASV1708 Leptosphaeria_maculans
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