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> Seed-assoclated microbial communities

“Endpoint and starting point for
community assembly”

(Shade et al., 2017. Curr Opin.
Microbiol.)
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> Characterization of the seed microbiota

A. Origin of seed samples

Phylum
Proteobacteria
Firmicutes

Actinobacteriota

1 Bacteroidota
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Abundance

Other

63 studies
3,190 samples 8,000 bacterial taxa (ASVs — 16Sv4)

50 plant species 2,000 fungal taxa (ASVs — ITS1)
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> Specific Features

Log CFU_seed

Small population size

D50
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Bacterial Order

" p— [l Micrococcales
I:l Streptomycetales

4 » D Acetobacterales
[] caulobacterales
[ Rnizobiales
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High variation richness One dominant taxa (75%) Several bacterial order
of variable identity
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eed : a means of spreading plant pathogens

Tillet, 1775
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> Seed : a means of spreading plant pathogens

Tillet, 1775
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Nematodes

Fungi (8~2)
(340 ~ 106) 41 hosts
474 seed-borne pests __ -
\-
~—emm /
179 “seed pathway”
Bacteria
(37~ 17)
Oomycetes 714 scientific references
Myxomycetes
(9~5) (ISTA-RPL v.14 - Jan 2025)

Viruses Insects
Viroids (1~1)
(79 ~ 48)

Accés libre
(ISTA website)

Denancé & Grimault,
EPPO Bull. (2022)
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> But also plant growth-promoting microorganisms

C2 ~ZM1
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Inoculation Control

American sweetgum Maize
Cladosporium sp. Lysinibacilllus ; Paenibacillus
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> But also plant growth-promoting microorganisms

Control +Bp+2J26

Rice +/-
Burkholderia plantarii
Sphingomonas melonis

Inhibition of tropolone
biosynthesis
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> Modulate seed microbiota to favor crop establishment
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> How to modulate seed microbiota composition ?
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> How to modulate seed microbiota composition ?

What are the routes of transmission?
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> Seed transmission pathways

Vascular (xylem) Floral (Stigma) External
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> Floral pathway : a route frequently described in the literature

Plant Pathology (2015) 64, 537-544 Dot: 10.1111/ppa.12307

Pathways of bacterial invasion and watermelon seed
infection by Acidovorax citrulli

B. Dutta®, Y. HaP, J. T. LesslI®, U. Avci9, A. C. Sparks®, K. L. Johnson® and
R. R. Walcott™

Eur J Plant Pathol (2013) 136:103-111
DOI 10.1007/510658-012-0141-z

Flower infection of Brassica oleracea with Xanthomonas
campestris pv. campestris results in high levels of seed infection

J. M. van der Wolf - P. 8. van der Zouwen -
L. van der Heijden

Bacteriology

Role of Blossom Colonization in Pepper Seed Infestation
by Xanthomonas euvesicatoria

B. Dutta, R. Gitaitis, H. Sanders, C. Booth, S. Smith, and D. B. Langston, Jr.

Department of Plant Pathology, University of Georgia, Coastal Plain Experiment Station, Tifton 31793-0748.

I N RA@ Accepted for publication 28 September 2013.
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> Floral pathway : a route frequently described in the literature

- front;ers_ ORIGINAL RESEARCH
Plant Pathology (2015) 64, 537-544 Doi: 10.1111/ppa.12307 in Microbiology o assan oty

Pathways of bacterial invasion and watermelon seed
infection by Acidovorax citrulli

A New Approach to Modify Plant

B. Dutta?, Y. Ha®, J. T. Lessl®, U. Avci®, A. C. Sparks®, K. L. Johnson® and MicrObiomeS and Traits by

R. R. Walcott® % i, 0 P
Introducing Beneficial Bacteria at
Flowering into Progeny Seeds

Eur J Plant Pathol (2013) 136:103-111

DOI 10.1007/510658-012-0141-z Birgit Mitter'*, Nikolaus Pfaffenbichler', Richard Flavell?, Stéphane Compant’,
Livio Antonielli’, Alexandra Petric', Teresa Berninger', Muhammad Naveed'",
Raheleh Sheibani-Tezerji', Geoffrey von Maltzahn? and Angela Sessitsch’

Flower infection of Brassica oleracea with Xanthomonas
campestris pv. campestris results in high levels of seed infection

Phytobiomes Journal « 2026 « 10:165-177 https://doi.org/10.1094/PBIOMES-08-25-0064-R

J. M. van der Wolf - P. 8. van der Zouwen -

L. van der Heijden
Phytobiomes [g
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RESEARCH

ATransdisciplinary Journal of Sustainable Plant Productivity

Bacteriology

Contribution of Floral Transmission to the Assembly and Health

Role of Blossom Colonization in Pepper Seed Infestation Impact of Bacterial Communities in Watermelon Seeds

by Xanthomonas euvesicatoria

Gillian E. Bergmann,''>) Kacie Lui,’ Carina Lopez,? Alexander Velasco,' Coralie Marais,® Matthieu Barret,® Marie Simonin,®
B. Duita, R. Gitaitis, H. Sanders, C. Booth, S. Smith, and D. B. Langston, Jr. Rachel L. Vannette,” and Johan H. J. Leveau "

Department of Plant Pathology, University of Georgia, Coastal Plain Experiment Station, Tifton 31793-0748.

I N RA@ Accepted for publication 28 September 2013.
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> Seed transmission pathways dependent of the plant species

Bud Flower Fruits Seeds
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Common bean 1% of the taxa detected in flowers and seeds Xanthomonas citri pv. fuscans
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> How to modulate seed microbiota composition ?

What are the routes of transmission?

What mechanisms are involved In
this transmission?

INRAZ
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> Molecular Interaction Between Seed and Bacteria

X. citri pv. fuscans (Xcf) Phaseolus vulgaris
500 -
1500 -
400 -
] Xcf H20
o 200 - Requlation @ 1000 - . .—"';—m
200 - Lp
500 -
100 -
—
0 e "1 | | |
D24 vs D35 D24 vs D42 D35 vs D42 bad [?;j; Dz
DAP
Upregulation T3SS Microbe p_ercep.tlon (LRR) upregulated
Defense signalling (MAPKs) downregulated
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> Genetic determinants involved In Xcf transmission

Proportion of contaminated seeds (%)
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Abolition of seed transmission
T3SS-deficient mutant (hrcV)

Decrease of seed transmission
frequency (ax21, btuB, ccmE)

Biofilm formation, iron
acquisition, ...

Chadelaud et al., unpublished P.19



> Investigate other seed-associated bacterial strains

o scale 01 s Select strains with T3SS ?

T3SS family

|:| Hrp1
. Hrp2

[] Rhizobiales

[] sPH

Colored ranges

|:| Bacillales

. Sphingobacteriales
. Micrococcales

|:| Propionibacterales
|:| Burkholderiales
|:| Sphingomonadales
. Flavobacterales
] Lysobacterales
|:| Pseudomonadales
|:| Enterobacterales
. Hyphomicrobiales

Uooppn popo
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> Investl

Tree scale: 0.1 +——

T3SS family

|:| Hrp1
. Hrp2

[] Rhizobiales

[] sPH

Colored ranges

gate other seed-associated bacterial strains

Select stra
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Bacillales
Sphingobacteriales
Micrococcales
Propionibacterales
Burkholderiales
Sphingomonadales
Flavobacterales
Lysobacterales
Pseudomonadales
Enterobacterales

Hyphomicrobiales
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Ins with T3SS ?

pousned

f;‘ frontiers
in Microbiology

ORIGINAL RESEARCH

R

A New Approach to Modify Plant
Microbiomes and Traits by
Introducing Beneficial Bacteria at
Flowering into Progeny Seeds

Birgit Mitter'*, Nikolaus Pfaffenbichler', Richard Flavell, Stéphane Compant’,

Livio Antonielli', Alexandra Petric', Teresa Berninger', Muhammad Naveed',
Raheleh Sheibani-Tezerji', Geoffrey von Maltzahn? and Angela Sessitsch’

Plant Pathology (2015) 64, 537-544 Doi: 10.1111/ppa.12307

and seed

Pathways of bacterial i
infection by Acidovorax citrulli

B. Dutta®, Y. Ha®, J. T. Lessl°, U. Avci?, A. C. Sparks®, K. L. Johnson® and
R. R. Walcott™

Eur J Plant Pathol (2013) 136:103-111
DOI 10.1007/510658-012-0141-z

Flower infection of Brassica oleracea with Xanthomonas
campestris pv. campestris results in high levels of seed infection

J. M. van der Wolf - P. S. van der Zouwen -
L. van der Heijden

p. 21



> Investigate other plant species

s Embryogenesis
B Seced filling
Late seed maturation

Oryza sativa (1)
Hordeum vulgare (2)
Trifolium ambiguum (3)
Cucumis melo (4)
Glycine max (5) Autogamous vs allogamous
Brassica campestris (6)
Digitalis purpurea (7)
Medicago truncatula (8)
Phaseolus vulgaris (9)
Daucus carota (10)
Ricinus communis (11)
Brachipodium distachyon (12)
Triticum aestivum (13) 1 1
o Differences in seeds developmental
Ipomea lacunosa (15)
Gossypium hirsutum (16) phases
Camelina sativa (17)
Arabidopsis thaliana (18)
Sinapis alba (19)
Brassica oleracea (20)

0 20 40 60 80 100
Developmental phases (%)
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> How to modulate seed microbiota composition ?

Microbial
Consortia
INRAZ
Seed microbiota: An important factor in crop establishment p.23
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> Seed-borne # Seed-transmitted

7 ~ Nematodes

41 hosts

Fungi
(340 ~ 106)

474 seed-borne pests

s o Accés libre
~ N (ISTA website)
Gy

179 “seed pathway”

Bacteria
(37~17)
Oomycetes 714 scientific references
Myxomycetes
(9~5) (ISTA-RPL v.14 - Jan 2025)
Denancé & Grimault,
Viruses Insects EPPO Bull. (2022)
Viroids (1~1)
(79 ~ 48)
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> Increase propagule pressure

log10(Relative abundance of ASV in seedlings (%))

Adjusted R-squared: 0.6119 , p-value = 5.94e-14
o o °

.
.
N
[ X N
N
N

//, .
b
3 -2 -1 0 1 2
log10(Relative abundance of ASV in seeds (%))
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Family

Bacillaceae
Enterobacteriaceae
Erwiniaceae
Flavobacteriaceae
Microbacteriaceae
Oxalobacteraceae
Pseudomonadaceae
Rhizobiaceae
Sphingomonadaceae
Xanthomonadaceae

Propagule pressure
y=»X

Selective process (niche) :
Taxa £ selected

Drivers of this selection ?

Arnault et al., 2024 FEMS Microb. Ecol

p.25



> Host iImmunity

Arabidopsis transcriptome +/- Alternaria brassicicola Abra43

Jasmonic Acid Ethylene Salicylic acid

TPM

3 6

No activation of “defense” response genes during germination
INRA
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> Host immunity

But a diversity of antimicrobial metabolites

Stearic acid
Petroselinic acid
Pelulic Ackd  Not annotated
Heptadecanoic acid N el iaa Bl @ Amino acids and derivatives
[ Glucosamic Acid %. g *\ﬁ} /%)vg “ @ Flavonoids
Sinapinic acid, D2 it @ Terpenoids and derivatives
‘I_E D-Aliose, ESI + 2 ‘W () Fatty acids and derivatives
D-Gluconolactone IS880904202280 0082 MI885980808080899484¢ ({b  Nudleosides and derivatives
_{ Stigmasterol @ Others
g4 . Cinnamic acids
Deoxycholic Acid P e @B
1 ™y
e A E LT Hee
Saccharic acid N 4\( 14 w@\\?\\{\ ®
— ESI - N%‘ 111111183 % ¢ ( Carbohydrates
i ‘ ’ @ Alkaloids
e @ Mycotoxins
Mgt Vitamins
Picolinic acid, D1
In seeds (plumule) Seed exudates
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P Stenotrophomonas sp (CFBP8994)
P> Kosakonia sp (CFBP8986)

P> Curtobacterium sp (CFBP9011)

»> Stenotrophomonas rhizophila (CFBP9006)

> Rhizobium sp (CFBP9020)

P Stenotrophomonas sp (CFBP8980)

> Pseudomonas koreensis subgroup (CFBP9003)
P> Pantoea agglomerans (CFBP9000)
Chryseobacterium sp (CFBP8996)

P Lelliottia sp (CFBP8978)

Pedobacter sp (CFBP9032)
Rathayibacter festucae (CFBP9033)-
Frigoribacterium sp (CFBP9030)

- Microbacterium sp (CFBP9023)
© P> Siccibacter turicensis (CFBP8990)-
- Microbacterium sp (CFBP9034)
72 Sphingomonas sp (CFBP9019)
P> Pseudomonas fluorescens subgroup (CFBP8992)
P> Leclercia sp (CFBP8987)

P> Pantoea agglomerans (CFBP8989)

Bacillus megaterium (CFBP9010)
P> Bacillus thuringiensis (CFBP9014)
» Sphingomonas sp (CFBP9021)
P> Pseudomonas coleopterorum (CFBP8977)
P Massilia sp (CFBP9012)

P> Frigoribacterium sp (CFBP9029)-

P Bacillus sp (CFBP9009)

P> Pseudomonas coleopterorum (CFBP8982)-

P> Massilia sp (CFBP9026)

P Pseudomonas putida group (CFBP8984)
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> Microbial interactions drive seedling colonization
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> Exploitative competition

Intracellular trafficing*
secretion

Transcription*

Carbohydrate*
metabolism

Post-translational*
modification

Signal*
transduction

Replication*
and repair

Translation

Amino Acid*
metabolism

|
-
;
-u—El
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=ik
&
i
!
'I}-
‘l
*
. —{&
2 3 4 5

Read Abundance (%)

# Seed
® Garminating
® Seedling

Selection of copiotrophic taxa
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> Exploitative competition

& Seed
® Germinating B
® Seedling
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> Interference competition (T6SS)

Order

[] Pseudomonadales
[ Enterobacterales
] Hyphomicrobiales
[ Burkholderiales
[] Lysobacterales
Sphingomonadales
[ ] Propionibacterales
[] Micrococcales

Caryophanales
. Flavobacteriales

Number of T6SS T6SS

- 1 ® i
e 2 @ i2
® 3 @ i3
© ida
® i4b
® i5
@ i
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T6SS clusters highly prevalent in
seed-borne bacterial strains

Garin et al., 2024 Mol. Plant. Pathol; Garin et al., 2025 mSystems p. 31



Bacterial population - Log{(UFC/mL)
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> Interference competition (T6SS)

Microbacterium 8790

o W 3 W0
P T
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T6SS clusters highly prevalent in

seed-borne bacterial strains
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> Interference competition (T6SS)

Bacterial population
logyg (CFU/individual)

-]

(s2]
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Seeds Germinated seeds Aerial parts Root parts
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T6SS clusters highly prevalent in
seed-borne bacterial strains

T6SS of Stenotrophomonas
rhizophila CFBP13503 inhibits the
growth of a wide range of bacterial
strains

T6SS of CFBP13503 decrease

transmission of the plant pathogen
X. campestris pv. campestris

Garin et al., 2024 Mol. Plant. Pathol; Garin et al., 2025 mSystems p. 33
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> Take-home

Seed microbiota Is not a contamination

Seed transmission pathway is different between plant species

T3SS is a key determinant of seed colonization by bacteria

Seed to seedling transmission Is governed by plant exudates
(antimicrobial and resource competition)

INRAZ
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> Perspectives

Seed microbiota is a resource to engineer
As a quality indicator
Design of microbial seed treatments (consortia)

Modulate through seed priming technologies
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> Thank you for your attention
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