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Introduction
DoL in Microbial Communities

. ."\ sInterspecific DoL.:
Val - Different microbial species engage in mutualistic

000 - g‘:::); interactions, such as cross-feeding

(Giri et al, 2019)
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Interspecific DoL inside Biofilm

(Ramstedt and Burmglle, 2022)



Introduction

Intraspecific DoL Hypothesis :

Isogenic bacterial

@ sub-population 1 Dol between cells may exhibit
@ sub-population 2 functional specialization within a
population
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Isogenic bacterial

@ sub-population 1
@ sub-population 2
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Intraspecific DoL Hypothesis :

DoL with cells may exhibit functional
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Introduction

Pseudomonas brassicacearum R401 (PsR401)

e Root colonizer of Arabidopsis thaliana

e Products 3 costly compounds
o Phytotoxin
o Antimicrobial
o Siderophore
m  Enhances competitiveness by
sequestering iron

anr’ =
DivIDE & '3’

PsR401 a good
model to study DolL
(Getske et al, 2023)

(Getske et al, 2024)
(Chesneau et al, 2025)
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Introduction

Pseudomonas brassicacearum R401 (PsR401)

e Root colonizer of Arabidopsis thaliana
Hypothesis in pure

e Products 3 costly compounds isogenic culture :

o Phytotoxin _ _

o Antimicrobial 1 )_ no pro_ductlon of phytotoxm_and
) antimicrobial (low genes expression)

o Siderophore

L 2°) production of siderophore under low iron
condition (high genes expression)
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Materials and Methods

Use bacterial single-cell RNA-seq

Many technical challenges

o O O O O

No polyA tail on mRNA

Cell wall makes lysis difficult
Very Low RNA content per cell
High rRNA content

(Nishimura et al, 2025)
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Materials and Methods

2 Culture Medium

o
No stress: |

MOF
High glucose and iron

transfer to liquid medium

M9
Low glucose and iron
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Materials and Methods

2 Culture Medium

No stress:

3 Bio-replicates per

Culture Medium
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3 biological replicates

Rep B
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Materials and Methods

3 Bio-replicates per
2 Culture Medium Culture Medium

Rep A

No stress: |}

For each sample :
RepB | Growth was measured over time
using optical density (OD)

MOF

3 biological replicates
High glucose and iron ) b

E Stationary
2 Phase
Rep C 5
o
§ \ Death
e . a \ Phase
transfer to liquid medium 8 AN
A i )
Rep A = \
u =
|= o
Stress: | -
&
M9
3 biological replicat Rep B
Low glucose and iron QOUICa HSpueatee it
RepC
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Materials and Methods

Growth of the different PsR401 populations

Cells sampling over time to
.
follow dynamics of DoL
1.4 1
Cells sampling
sampling MOF A: |
D l ™, 72,73 a2
M9OF sampling MOF B: 1.0
High glucose and ™, 12,73
sampling MOF C: O D 0.8 1
T, T2, T3
0.6+
sampling M9 A:
P4 RN T1, T2bis, T3bis
\
N\ 0.4 -
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"l Lowglucose andiron g | 71, T2bis, Tabis
024
AN sampling M9 C: @
‘ RePC ™ 14, T2bis, Tabis g i
H
0.0 1
: : . - . . ;
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2 Culture Medium X 3 Bio-replicate X 3 sampling over time = Total . 1 8

conditions Incubation time (hours) -



Materials and Methods

Fixation Permeabilization and MRNA

cell wall digestion enrichissement

For each of 18 conditions

MicroSPLIT : Split-pool barcoding
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Materials and Methods

MicroSPLIT : Split-pool barcoding
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For each of 18 conditions

RNA transcript in fixed cells
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Materials and Methods  MijcroSPLIT : Split-pool barcoding
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Materials and Methods  MijcroSPLIT : Split-pool barcoding
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Materials and Methods  MijcroSPLIT : Split-pool barcoding
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Materials and Methods

Sequencing Four sub-libraries :

e =3000cells
e depth: 1.5 billion reads
o Illumina NovaSeq™ X plus

GenoA

Genomics Atlantic
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Materials and Methods

Input Samples

Pipeline for microSPLIT data processing

BC_0076 FASTQ
R1 + R2 files

BC_0077 FASTQ BC_0078 FASTQ
R1 + R2 files R1 + R2 files

BC_0079 FASTQ
R1 + R2 files

800 000
barcodes

Quality Control
FastQC and MultiQC

Trimming
Cutadapt and Fastp

| Post-trimming QC |

| Merge R1 and R2 Files |

2 merged FASTQ
1R1+1R2

A

STARsolo
Alighment + Barcode Reading
+ Cell-Gene Matrix

A 4

Data Conversion
Seurat / AnnData objects

\ 4
add metadata

A 4

Quality Control
Cell and Gene filtering

\ 4
Single-cell

\ 4

Sub/population clustering

v
Differential Expression
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Input Samples
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Results

Genome of PsR401

NA
|
other’
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Results

Raw Data STARsolo

Genome of PsR401

r—

tRNA |
I

other

Does microSPLiT scRNA-seq work effectively to

uncover transcriptional heterogeneity in bacteria?

Transcriptome of PsR401

other
tRNA

36,565,214
UMis

57,1%
MRNAs
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Materials and Methods

Input Samples

Pipeline for microSPLIT data processing

BC_0076 FASTQ
R1 + R2 files

BC_0077 FASTQ
R1 + R2 files

BC_0078 FASTQ
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Quality Cont
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- =3000 cells
- only mRNAs
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Results

PC2
(0.02%)

PCA Analysis

Strgss T2’ and T3’

No stress +
stress T1

PC1
(0.06%)

Sampling :

@ Stress T2’
@ Stress T3’

No stress T1
No stress T2

No stress T3

Stress T1
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Results Heatmap of the top 20 contributing genes to
the first principal components (PC1)

PCA Analysis

QLH64-12135

htpG

Hp : production of siderophore
under low iron condition (high
genes expression)

QLH64-26960
QLH64-18830

rpIN

rpsA
Q617135 Iron related genes :
QLH64-04125
QLH64-18400 ® h em B_ 1
1.0 oy
QLH64-15575 (@) PorphOblllnogen
secG 0.8 Synthase

QLH64-22375

06 e QLH64-16040
o TonB-dependent
siderophore receptors

QLH64-26275

hslu 0.4

QLH64-13705
0.2

QLH64-22540

QLH64-13710
0.0

1 l 1 - |
T4 T2 T3 T T2 T Fujita et al, 2019)
\ - A v / (Moeck et al, 1998)
No stress Stress

Culture Medium
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Results

UMAP Analysis (PC1-5)

Leiden Clustering
resolution 0.1

Cluster n°1

UMAP2

Cluster n°2

Only 2 clusters
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Results
UMAP Analysis (PC1-5)
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Two clusters were detected,
without distinct
condition-specific / or population
grouping within them
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Results

UMAP Analysis (PC1-5)

Total UMis per Cell

e T
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Materials and Methods

Input Samples

Pipeline for microSPLIT data processing
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R1 + R2 files
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+ Cell-Gene Matrix
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Quality Control
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. . RplA : 30S ribosomal protein L1
Example of differentially expressed gene

between the 2 Clusters (K-w and FDR<0.05)

Results

1.0

0.8

0.6

0.4
0.0

0.2

Cluster n°2

No stress +
stress T1

rplA

Cluster n°1

Stress T2’ and T3’

| Iy LX)  hagss >
- 3. .-0 o n'-“ 3

WIS

.. .

0 oo
LS4 -vc

link to dormancy

mechanism

37



. . RplA : 30S ribosomal protein L1
Example of differentially expressed gene

between the 2 Clusters (K-w and FDR<0.05)
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Results

Example of differentially expressed gene
between the 2 Clusters (K-w and FDR<0.05)

Cluster n°2

Cluster n°1 rpIA
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RplA : 30S ribosomal protein L1

1.0

=> gpecialization? or # conditions
=> need more investigations 39



Discussion and perspective

non-stressed conditions

siderophore -
= |

Does microSPLiT scRNA-seq work effectively to % s, mRNas e’
uncover transcriptional heterogeneity in bacteria?

@ | DoL with cells may exhibit functional

0. [} (] [ ] (] (] [ ] L]
S specialization within a population ?
Plesrinreo iammirniiog @ Two clusters were detected, without
subpopulation specialization distinct condition-specific / or

population grouping within them

=> Further investigations are needed
- Exclude stressed T2’ and T3’ samples from the analysis to reduce variance
- Check for clustering within each condition individually

40



Discussion and perspective

Bioinformatics perspectives
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Discussion and perspective
Bioinformatics perspectives

- implementation of other quality QC tools

- for contaminants detection : FastQ Screen, Recentrifuge...
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Discussion and perspective
Bioinformatics perspectives

- implementation of other quality QC tools
- for contaminants detection : FastQ Screen, Recentrifuge...

- for barcoding : BarQC (preprint : Rossello et al, 2025)

- for better Single Cell analysis finish to test BacSC pipeline

(preprint: Ostner et al, 2024)
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Discussion and perspective
Bioinformatics perspectives

- implementation of other quality QC tools
- for contaminants detection : FastQ Screen, Recentrifuge...

- for barcoding : BarQC (preprint : Rossello et al, 2025)

- for better Single Cell analysis finish to test BacSC pipeline

(preprint: Ostner et al, 2024)

- Gene Ontology enrichment, cell trajectory inference, metabolomic
pathway analysis, and pseudobulk analysis...

45



Thank you for your attention
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https://vgoupille.github.io/Rapport_stage/chapters/01-Introduction.html
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Introduction

Intraspecific DoL Hypothesis :

9) @)
OOOOOOO
oOOO o0 ©
OOOOOOOO
0 o Oooo O
o 0 °
0 o oo
o O 0) OO
0
0 o)

Theoretical expectations from
transcriptomic analysis with
Noisy genes expression

hp n°2 : Dol through noisy gene expression
(stochastic expression) (Lopez and Wingreen, 2022)

Each cell expresses only a subset of the genes

e increase growth rate by exchanging
metabolites within a clonal
community

e regulation at population level

48



Results

M9F_sampling_t1 M9F_sampling_t2 MSF_sampling_t3

K
g

(n =163} {n = 163)

:

g

(n = 164) n o) (n = 164)

&

&

Number of mMRNA Genes per Cell Barcode
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RepBio RepBia Peplio

Control (M9F) : high iron



Results

M9_sampling_t1 M9 _sampling_t2 M9 _sampling_t3
12004 |
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Results

M9F_sampling_t1

Control (M9F) : high iron

Stress (M9) low iron

MOF_sampling_t2 M9F_sampling_t3 M9_sampling_t1 M9 _sampling t2

M9_sampling_t3

2
WERETS. .
44

Number of mRNA Genes per Cell Barcode

S T

e A
w0
5 % B s -
b ro,
200 B 5 ‘3
& £ B
M9F_A MoF B M9F_A M9F B MoF_C MF_A M9F B M9F_C A oo mw.c oA Mo.8 ™9 Mo_A M98 ms_C
RepBio Repbia Replic fepsia k. L)

N

Very few genes are expressed at T2 and T3 in M9F, suggesting a dormancy mechanism —
possibly entering a VBNC state, with slight transcriptional reactivation at T3.
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Materials and Methods

Growth of the different PsR401 populations

e Cells sampling over time to —
follow dynamics of DoL g e
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Results

Filtering transcriptome (not detailed here)

e only mRNAs are conserved
e 800000 barcodes => = 3000 cells (160 cells / per condition)
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