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Topics covered in this unit

Seed-associated microbial life : definitions

Seed microbiota assembly processes

Metabarcoding : a method for studying seed microbiota

Example study 1 : Single bean seed microbiota

Example study 2 : Seed microbiota meta-analysis
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Seed-associated microbial life : definitions

(Rae 2018)

Overview



(Feller et al. 1995)

1 Seed-associated microbial life

Life cycle of the

common bean

(Phaseolus vulgaris)



(Hassani et al. 2019;

Feller et al. 1995)

1 Seed-associated microbial life

Life cycle of the

common bean

(Phaseolus vulgaris)

Life everywhere



Bacterium of the 

Pseudomonas genus

Fungus of the 

Aspergillus genus

And many more…

Bacteria

Fungi

Oomycetes

Protists…

(Shade et al. 2017;

Feller et al. 1995)

2 Seed-associated microbial life
Some iconic examples of 

seed-associated micro-organisms

BioRender
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With some benefits

(Shade et al. 2017;

Feller et al. 1995)

3 Seed-associated microbial life

Plant-microbe

interactions
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Holobionts

With some benefits

(Shade et al. 2017;

Feller et al. 1995)

3 Seed-associated microbial life
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At risk of losing balance

(Shade et al. 2017;

Feller et al. 1995)

4 Seed-associated microbial life

Holobionts



Seed associated microbial life | key takeaways

• Seeds are critical steps in the plant-microbe 
interaction cycle

• Microbial life is essential to plant health
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Seed microbiota assembly processes

Overview



1 Seed microbiota assembly processes

(own work, adapted from Abdelfattah et al. 2023, Feller et al. 1995, Hill 2025 and Lonicer 1582)



1 Seed microbiota assembly processes

(own work, adapted from Abdelfattah et al. 2023, Feller et al. 1995, Hill 2025 and Lonicer 1582)



2

Other animals

Pollen and 

pollinators

Precipitations

Soil

Environmental 

sources of inoculum

Neighbouring 

plants

Seed microbiota assembly processes

(own work, adapted from Abdelfattah et al. 2023, Feller et al. 1995, Hill 2025 and Lonicer 1582)



3

Selection by host plant

• Calibrated exsudation

• Immune system

➢ Host mediation of 

microbiota assembly

Seed microbiota assembly processes

(own work, adapted from Abdelfattah et al. 2023, Feller et al. 1995, Hill 2025 and Lonicer 1582)



4

Vertical transmission 

of micro-organisms

parent 

plant

➢ Interactions with seed 

physiological processes

Seed microbiota assembly processes

(own work, adapted from Abdelfattah et al. 2023, Feller et al. 1995, Hill 2025 and Lonicer 1582)



Seed microbiota assembly processes | key takeaways

• Seed quality partly relies on plant-mediated
assembly of diverse microbial communities 
from the environment

• Seeds are the main drivers of “vertical” 
micro-organism transmission 
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Metabarcoding : a method for 

studying seed microbiota

(Fruehe 2016)

Taxa DNA Barcode

Overview

(Fruehe 2016)



1. Soaking

Seeds in condition 
to be analysed

1

Metabarcoding for analysis of seed-associated microbial communities

(Feller et al. 1995)

1



2. Sampling of 
microbial 

suspension

1 2

1. Soaking

Seeds in condition 
to be analysed

Metabarcoding for analysis of seed-associated microbial communities2

(Feller et al. 1995)

2



3. DNA 
extraction

1 2 3

No absolute 
information on the 

state of the microbial 
community

Extracted DNA can 
come from dead 

organisms

No conclusion on 
quantitative dynamic1. Soaking

Seeds in condition 
to be analysed

2. Sampling of 
microbial 

suspension

Metabarcoding for analysis of seed-associated microbial communities

(Feller et al. 1995)

3



DNA

Marker 
gene

Amplifications of 
appropriate marker 

genes for target 
micro-organisms

1 2 3

4

e.g. 16S
ITS1

1. Soaking

Seeds in condition 
to be analysed

2. Sampling of 
microbial 

suspension

3. DNA 
extraction

(Feller et al. 1995)

Metabarcoding for analysis of seed-associated microbial communities4



5
Amplified marker gene DNA 

segments "library"
5. Sequencing

Metabarcoding for analysis of seed-associated microbial communities5



6. Cleaning

5

(…)

Amplified marker gene DNA 
segments "library"

5. Sequencing

here from sequencing of a gyrB (bacterial marker gene) reads library

Metabarcoding for analysis of seed-associated microbial communities6

Amplicon
Sequence
Variants



7. Taxonomic 
attribution

5

(…)

(…)

6. Cleaning

5. Sequencing

Amplified marker gene DNA 
segments "library"

here from sequencing of a gyrB (bacterial marker gene) reads library

Metabarcoding for analysis of seed-associated microbial communities7

Amplicon
Sequence
Variants



8. Formatting as table of abundances

(…)

(…)

S
a
m
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s

Taxa

Number of reads

=> Taxon abundance in sample

Metabarcoding for analysis of seed-associated microbial communities8

Xanthomonas 
citri

Pseudomonas 
amygdali

Pantoea
agglomerans

Kosakonia
cowanii

Klebsiella 
cf.

Xanthomonas
citri

Assigned

species



Samples

Bacterial order
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9.  Visualisation and quantification

Samples

Example data from a 2022 experiment as part of the ITAB/Biau Germe research project SemAVie on microbial life for bean seed health

Metabarcoding for analysis of seed-associated microbial communities9



Metabarcoding on seed microbiota | key takeaways

• Metabarcoding analysis can extrapolate 
information on microbial community 
structure from soaked seed samples

• Taking its biases into account is essential for 
reliable interpretations of results
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What kind of bacterial communities do 

individual bean seeds host ?

Common bean cv. Flavert

Collected 50 days after pollination

Guillaume Chesneau et al. 2022 

Example



Bean seed microbiota : Individual bacterial assemblies

Individual seeds

R
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 a
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Unknown

Unattributed

n = 144 seeds

Bacterial 

taxonomic

orders

1

(Chesneau et al. 2022)



Graines individuelles
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(Chesneau et al. 2022)

Bacterial 

taxonomic

orders

Each individual seed hosts 

1 main bacterial taxon

n = 144 seeds

R
e
la

ti
v
e
 a

b
u

n
d

a
n

c
e

Top 10 ranked ASVs

Bean seed microbiota : Individual bacterial assemblies2

Unknown

Unattributed



Single bean seed microbiota | key takeaways

• The bacterial communities of individual bean 
seeds are characterised by highly variable 
low-richness communities, with 1 main taxon 
making up most of the composition
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What patterns can be observed at a 

statistical level in the seed microbiota of 

different plant species?

Marie Simonin et al. 2021

Example
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4
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)

n = 1125 samples 

seeds

n = 1531 samplesBacteria (16S marker) Fungi (ITS marker)

Relative abundance

Bacterial phyla

Fungal class

Relative abundance

Seed microbiota : Patterns across plant host species1

(Simonin et al. 2021)



(Simonin et al. 2021)

• Seed microbiota are diverse and 

extremely variable in structure

• Significant influence of the host plant

is noted on the diversity and structure 

of seed microbiota

• Seeds are selective habitats :

▪ A single taxon tends to make up 

most of their observed composition

Bacteria (16S marker)

Fungi (ITS marker)

Seed microbiota : Patterns across plant host species
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Closing messages

Plants can be viewed as holobionts, defined in association 
with the micro-organisms inhabiting their compartments

Seeds are an essential step in these holobionts’ life cycles

Metabarcoding analyses allow for the study of seed 
microbial life but come with inherent precautions

Seed bacterial and fungal communities are highly specific

Plant breeding and seed multiplication may gain robustness
by considering associated microbial life
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Sister project on 

organic fruit breeding: 

www.InnOBreed.eu

LiveSeeding

@LiveSeeding

LiveSeeding

www.liveseeding.eu
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Thanks for your attention !
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