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Seeds are not alone : the Holobiont
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cultivated on enriched
nutrient agar

(Thomas & Shaik, PMI 2019)
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Seeds are not alone : the Holobhiont
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Studying seed microbiota
(Informatic workflow)
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Seed: a neglected compartment for plant microbiota
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Seed: a neglected compartment for plant microbiota

Cumulated number of articles published on the
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Seed: a neglected compartment for plant microbiota

Cumulated number of articles published on the
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Why is seed microbiota important?
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Who is there? A meta-analysis on seed batches

06

Simonin et al. 2022 New Phytol
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Number of Plant Number of taxa (ASVs)
Species Detected Bacteria Fungi
20-31 species 13 16

Simonin et al. 2022 New Phytol

Core microbiota:
the fraction of microbiota found

* in a specified host regardless of the
environmental conditions, or

* in a specific environment regardless of
the host species

that is stable in terms of relative composition
and across time.

(Shade et al. 2012)
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Who is there? A meta-analysis on seed batches
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Core microbiota;

Number of taxa (ASVs)
Number of Plant the fracti £ microbiota found
Species Detected Bacteria Fungi e fraction of microbiota foun
* in a specified host regardless of the
environmental conditions, or
* in a specific environment regardless of
the host species
that is stable in terms of relative composition
and across time.
20-31 species 13 16 (Shade et al. 2012)
* Pantoea e Cladosporium perangustum
 Pseudomonas * Capnodiales
* Sphingomonas « Alternaria metachromatica
* Rhizobium * Vishniacozyma
13 most prevalent bacterial taxa 16 most prevalent fungal taxa
represent ~41% of the relative represent ~47% of the relative
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Simonin et al. 2022 New Phytol



Native microbiota: Who is there?

Seed microbiota... j,‘caa partly plant-specific

half core microbiota
(prevalent &
predominant)

Total : > 10 000 taxa
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Using seed microbiota to impact seed quality & seedling phenotype?
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Focus on eight varieties of Common bean Phaseolus vulgaris

FNAMS experimental station (South West of France)

Maine et Loire

Gers
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Does seed microbiota impact seed quality?

Seed quality: the seed ability to germinate and emerge quickly and uniformly once sown.

All germinate produce normal
: _ seedlings
germinate _ _ _ are resistant J
quickly germinate germinate in to stresses
simultaneously  various
conditions
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Seed quality differs between Common bean varieties
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Seed quality differs between Common bean varieties
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Seed quality differs between Common bean varieties

0 25 50 75 100 125 150

Imbibition duration (hours)

Germination Emergence

) )

g $100-
3 100 ?

< o

S S

Tr‘:. @ Caprice Y

; 75 @ Linex £ 751
= @ Vanilla %

< Deezer £

2 v 5

S 50 azer © 50
e Flavert 9

S @ Contender o

B @ Facila c

£ 5 S 25/
£ )

@ S

o L

o 0 ©

= c

3 i 0
=]

S

>

©]

12



Seed microbiota differs between Common bean varieties
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Seed microbiota differs between Common bean varieties
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Seed microbiota differs between Common bean varieties

) Seed lot
bacteria

Fungal community
«e 25-80 fungal taxa, 23 families

Erwinia

e Plant variety explains for 78% of the
~" fungal community variation.

I . | Bacterial community
= * 50-250 bacterial taxa, 19 families
— I Pseudomonas,
s 2 BE

Plant variety explains for 42% of the
bacterial community variation

50%
Relative Abundance
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(Single seed microbiota shows low-diversity, low-abundancy)

Single seed

« 8taxa (ASVs)/ seed
e 1 dominant taxa
« 102 CFU

Chesneau et al. 2022 mBio
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Does seed microbiota impact seed quality?
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How to test causality between seed microbiota and seedling phenotype?

1.solate microorganisms from the plant microbiota
2.Select (interesting) taxa

3. Efficiently inoculate the seed
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Design SynCom : 1/ Isolate and stock plant microorganisms

16

|
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¢ ¢

Grinding & Maceration (4°C, overnight)

Microbiota description Microorganisms isolation
and identification

v

CFBP collection (bacteria)
Mycotheque (fungi)

C. Marais, M. Simonin, M. Marchi, N. Guschinskaya, IRHS Angers (SUCSEED)



Design SynCom : 2/ Select taxa
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Betaproteobacteria
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@ strain selected for SynCom
design

Selection of 36 taxa from the collection
(1250 taxa,
73% of the relative abundance of seed microbiota)
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Design SynCom : 2/ Select taxa

Bacillus megaterium (9010) Pseudomonas coleopterorum (8977)
@® Bacillus sp (9009) Pseudomonas coleopterorum (8982)
® Bacillus thuringiensis (9014) @ Pseudomonas fluorescens subgroup (8992)
@ Chryseobacterium sp (8996) @® Pseudomonas koreensis subgroup (8003)
Curtobacterium sp (9011) Pseudomonas putida group (8984)
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. @® Frigoribacterium sp (9039 Pseudomonas viridiflava (8983)
AlphaPTOte()baCte”a L Kogakonia sp (8986§ ) Pseudomonas viridiflava (8985)
A @® Leclercia sp (8987) Rathayibacter festucae (9033)
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73% of the relative abundance of seed microbiota) 25

17 G. Arnault, C. Marais, M. Simonin, IRHS Angers
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“ * Seed microbiota is efficiently engineered by SynCom inoculation
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Seeds

Seediings

Siccibacter turicensis (8990)
Rhizobium sp (9020) 4

Rathayibacter festucae (9033) A

Lelivitia Sp (0910)
Leclercia sp (8987) 4
Kosakonia sp (8986) -
Frigoribacterium sp (9039)

Frigoribacterium sp (9030)

Samples

Curtobacterium sp (9011)
Chryseobacterium sp (8996) 1
Bacillus thuringiensis (9014) 4

Bacillus sp (9009) 1

Bacillus megaterium (9010) 4

il_ * Its transmission to the seedling depends on its composition

2B

5B

5D




SynCom effect on seedling phenotype
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SynComs effect from seed to seedling
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20 How is this effect mediated? Coming soon



SynComs effect from seed to seedling
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l1l.Synthetic microbiota: Is it transmitted to the plant? |
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SynComs monitoring: what happens later?

Relative Abundance (%)
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SynComs monitoring: what happens later?

Relative Abundance (%)
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Relative Abundance (%)
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Seed microbiota is progressively replaced:

Time-targetted action?
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Seed microbiota: the « good » and the « bad », and how to use it

Bacteria,
E A { Fungi,
@ | Archaea...

young plant

Who is there?

Does it impact seedling
phenotype?

Can we use it?

How long does it stays?



Seed microbiota: the « good » and the « bad », and how to use it
num}al
abnormal sealug Bacteria,
E A { Fungi,
@ | Archaea...

young plant

Who is there?

Does it impact seedling
phenotype?
Can we use it?

Low abundancy, low diversity
core microbiota vs plant-specific taxa\

How long does it stays?




Seed microbiota: the « good » and the « bad », and how to use it
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Low abundancy, low diversity phenotype?
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compartments

Role in emergence

How long does it stays?

mature plant




Seed microbiota: the « good » and the « bad », and how to use it

normal
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* Role in emergence

How long does it stays?
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Seed microbiota: the « good » and the « bad », and how to use it
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seedling ]
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Low abundancy, low diversity
core microbiota vs plant-specific taxa\

Primary inoculum for aboveground
compartments
Role in emergence
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Does it impact seedling
phenotype?
Can we use it?

How long does it stays?

Seeds are promising vectors of microbial solutions
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Seed are not alone; SEM on melon seeds

Duter seed
coat

Inner seed
coat
Embryonic
hypocotyl-
root axis

Outer seed
Outer seed coat

coat *

10 um

O Microbe-like -
structure

Fig. 1 SEM of seed coats of the cultivated melon Cucuwmis melo reticedotus group “‘Dulee’. Within the seed sections (a) bacterial-like
siructures were detected inside the outer part of the seed coat (b-c), the inner seed coat (d-e), and nearby xvlem vessels (e)

From Glassner et al, Plant Soil 2016



Who's there? Selection criteria on seed microorganisms

* Tolerance to high osmotic pressure
* Capable of endospore formation
* Motility?



Who is there? A meta-analysis on seed batches

Bacteria (168 rRNA gene gv4)2 Cabba¢e Rapeseed Bean Oak Tomato ReltiVe:  BPIERE

ant Specles |1 i/l 11711 = M "7°V9'°"% abundance _Species
Pantoea 68.5% 16.9% 27
E Pseudomonas-1 58.9% 5.8% 27
§ Sphingomonas 44.0% 2.2% 25
'f,’ Pseudomonas-2 54.3% 1.7% 24
é Paenibacillus 40.7% 2.4% 24
] Pseudomonas-3 18.7% 0.6% 23
':: Unclassified Enterobacteriaceae 45.8% 3.2% 22
3 Allorhi i i i ararhi i i ium-1 43.2% 2.0% 22
§ Unclassified Microbacteriaceae —— temeel - - - e —_— . e e "™ 30.4% 0.7% 22
s Methvlobacterium 18.0% 0.2% 21
% Pseudomonas-S{ l l 38.7% 2.7% 20
< Pseudomonas-4 28.4% 21% 20
Allorhizobium-Neorhizobium-Pararhizobi izobium-2 17.9% 0.2% 20

Seed samples

Phylum .

Number of Plant Number of ASVs

Species Detected Bacteria Fungi

10-19 species 119 (1.5%) 47 (2.3%)
Simonin et al. 2022 New Phytol 20-31 species 13 (0.2%) 16 (0.6%)




Who is there? A meta-analysis on seed batches

ITS 1 region ; Fypgi

_______Plant Species_ IV ) I | D I |l Prevalence
Cladosporium perangustum-1 85.8%
Unclassified Capnodiales 85.1%
‘§  Alternaria metachromatica-1 ;62:;0
T 0.4%
(,‘, Filobasidium sp 65.3%
5 Vishniacozyma victoriae-1 65.0%
: SPOrobOIOMYCES FOSEUS =+ 1 s ie & il wis i i s e S p— P . - 51.7%
N Epicoccum nigrum 45.8%
£ Vishniacozyma victoriae-2 67.2%
£ Clad um p s 21.3%
§ Aureobasidium pullulans 20.8%
5 Unclassified Sclerotiniaceae 53.2%
(4 Vishniacozyma tephrensis 42.3%
5 Gibberella acuminata{ ' - o) B 50.1%
Alternaria metachromatica-2 47.4%
Alternaria h ica-3 49.2%

16 most prevalent
fungal ASVs represent
47% of reads

Simonin et al. 2022 New Phytol

Class

Seed samples

v L] o

Relative
abundance
12.0%
7.4%
8.2%
4.5%
1.1%
1.6%
1.5%
0.7%
1.5%
0.3%
0.8%
4.6%
0.1%
0.6%
0.8%
1.8%

# Plant
_Species

Number of Plant
Species Detected

Number of ASVs

Bacteria Fungi

10-19 species
20-31 species

119 (1.5%) 47 (2.3%)

13 (0.2%) 16 (0.6%)




Core and Flexible microbiota in Common bean

Bacteria | | Fungi |

Bacteria | | Fungi
500 Group Group
[ Bacteria [ Bacteria
400 M Fungi s B Fungi

w
S
S

o

°

N
(=]
(=]

N
b

Number of Taxa (ASVs)
detected across Genotypes
)
o

=

detected across Genotypes

o

12345678 12345678
12 3 4567 8 12 3 456 7 8
Humbgr-ot Oenotynes Number of Genotypes

Cumulative abundance of Taxa (ASVs)

Number of shared ASVs (left) or Cumulative abundance of AVs (right) across bean varieties, for bacteria (gyrB, red) and
fungi (ITS, blue) natural seed microbiota of the 8 common bean varieties.



SynComs use

Organismic, genomic, or
environmental perturbation

Reconstitution

Applications in

Vorholt et al. (2017)



Design SynCom : 2/ Select taxa

80%{ Strain selected A

* No D

® Yes |:|

Core taxa within the collection *
O .no -
O 60%1 @ No P
S A Yes . u
© . A
3 |
}
o ®.
= 40% . N
gt) * 2 [
\‘; (1) hd ) ¢ "’”I 5 ) -
G * e ; *% y 0
© . . 4 e
 20% . . i3 AL

o L %t . v.’ll,:’.ﬂj, E ;\K‘&“\ S
.1 &, @
%o S ..0;.-..:.0 o‘ .. ® .
00 006ED 6O )...ac-.:..‘. ... 3 ... ... ’
0% [ ] o GO ® o0. o0 ) [N ] ’

0.001% 0.010% 0.100% 1.000% 10.000%
Mean Taxa (ASV) Relative Abundance

e 36 selected bacterial strains
 Prevalence & Relative abundance
* No functional screening a priori

Alphaproteobacteria
Betaproteobacteria
Gammaproteobacteria
Flavobacteriia
Sphingobacteriia
Actinobacteria

Bacilli

Chitinophagia
Cytophagia

@ strain selected for SynCom design

14 Gontran Arnault, Coralie Marais, Marie Simonin



Relative abundance

Relative abundance

Relative abundance
g

SynCom choice

[ 1A
Seeds Seediings
100 I II
el II I
Inoculated strains
M Kosakonia sp (8986)
\ Lelliottia sp (8978)
B Pantoea agglomerans (3989)
50 B Pseudomonas cnleoplemmm (8982)
Rathayibacter festucae (9033) [ 5B
Siccibacter turicensis (8990) -
W Stenotrophomonas rhizophila (9006) ]l Seeds [ Seediings
W Stenotrophomonas sp (8994) 100
25
Inoculated strains 75
Bacilus thuringienss (0014)
o - H_mmm_ B o)
\ZB | | F rigoribacterium sp (9039)
Massilia sp (9012)
[ Seeds [ Seedlings. Mlcvobac(enum sp (9023)
100 B Pseudomonas koreensis subgi 3

3

I |I| il

Samples

Siccibacter turicensis (8990)
W Stenotrophomonas sp (agao)

Relative abundance
a
g

Inoculated strains

1 Bacillus megaterium (9010)
I Curtobacterium sp (9011)
B Frigoribacterium sp (9030)
Frigoribacterium sp (3039) 0
Micopacterum sp (9034

Pedobacter sp (9
Rathayibacter lestucae (9033)
(9020;

W Rhizobium sp (¢ Samples

Seeds

] Seedlings

J
N
0

[ Seeds [ Seedlings ]

Samples

~
3

@
g

N
3

Relafive abundance
o
Q

)

SD
[
(o]
Inoculated strains
Bacillus megaterium (3¢
ium sp (901
LecEercra sp (8987)
Pantoea agglomerans (:
Pedobacter sp (9032)
Pseudomonas fluoresce
Sphingomonas sp (901¢
Stenotrophomonas sp (:
=2
Inoculated strains o

Bacillus sp (9009)
Bacillus thuringiensis (9014)
| | anonhaclenum sp (903 9)
Microbacterium sp (9034
Rathayibacter festucae (9033)
M Rhizobium sp (9020)
phingomonas sp (9021)
B Stenotrophomonas rhizophila (9006)
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SynCom effect on seedling phenotype

Inoculation Sowing

Inocula
(5 SynComs)
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B
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