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The concept of cell-based disease interception
Rajewsky, N., Almouzni*, G. et al. LifeTime improving European healthcare through cell-based interceptive medicine. Nature (2020)

 Detect the earliest cellular and molecular signs of derailed cell fate (onset/ relapse)

 Improve diagnosis of onset, risk of progression or recurrence

 Earlier intervention



PEPR Cell-ID - Pediatric context
Brain development with a focus on pediatric brain cancers



PEPR Cell-ID - Implementation and strategy
Targeted Projects (Projets Ciblés= PC),  Open Calls, Governance and communication



PC1: Cell context
Methodological developments for others PC actions

Spatial multi-omics in neurodevelopment and pediatric cancers: 1) development of sequencing-based single-cell multi-omics and spatial

transcriptomic approaches with their application for multi-layer information on patient samples and models from SP2 and SP4, thanks to analysis and

modeling by SP3; 2) imaging-based multi-omics to access single cell biology by simultaneously profiling chromatin architecture, gene expression, and cell

history. Imaging multi-omics to focus on candidate RNAs, chromatin marks and proteins stemming from actions 1 and 3; 3) development of sc-

Proteomics, a crucial missing brick to the “omics” toolset to identify changes in protein abundance/modifications and application to pediatric cancers.



Single-cell and Spatial

isoform Transcriptomics
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• Large-scale transcriptome

• Oligonucleotide probe tilling

• Fluorochrome signal analysis

• Bulk resolution

• Whole transcriptome

• Next Generation Sequencing

• Full-transcript coverage

• Bulk resolution

• Whole transcriptome

• Microfluidics + NGS

• 3p-end gene signal (UMI)

• Sensitivity (6%)

• Single-cell / state resolution

• Up to 5,000 genes

• Imaging analysis

• Multiplexing FiSH (single molecule)

• Sensitivity (30%)

• Sub-cellular resolution

Early 2000’s: DNA microarray Late 2000’s: RNA sequencing Mid 2010’s: Single-cell 2020’s : Spatial

20 years of transcriptomics
Driven by microfluidics technological developments

Cost : 4k€

20 samples

25k genes

0,5M matrix

Cost : 4k€

20 samples

50k genes

1M matrix

Cost : 4k€

5k cells

50k genes

250M matrix

Cost : 4k€

250k cells

1k genes

250M matrix

+ Spatial dimension



Human Cell Atlas (2016)
Pascal Barbry’s lab

Mission to create comprehensive reference maps of all human cells, the fundamental units of life, 

as a basis for both understanding human health and diagnosing, monitoring, and treating disease.



Human Cell Atlas (2016)
Pascal Barbry’s lab contribution

2019

2019

2021

2021

2022

2023

500k

80k

2,4M

2020 2023



A single-cell gene-level era

 mRNA is the proxy to explore gene expression and real-time cell activity

 Over 90% of genes generate multiple isoforms, shaping protein diversity and function

 Isoform-specific roles are increasingly recognized in developmental and pathological processes

 But ~99% of single-cell studies still focus only on the gene level

Our work focuses on accessing isoforms to enable a more precise transcriptome characterization



Isoform-centric therapeutics
Act on gene isoforms expression balance



10x Genomics Chromium single cell controller (2016)

• Easy-to-set-up and robust workflow 

• Generalize UMI usage

• Shows high scalability (1,3M cells dataset)

Single-cell transcriptomics
Droplet-based approaches

Exponential scaling of single-cell RNA-seq in the past decade

Svensson et al., Nature Protocols, 2018

InDrop, Klein et al, 2015

Drop-seq, Macosko et al, 2015

10x Genomics, Zheng et al, 2016

A curated database reveals trends in single cell transcriptomics, Svensson et al., Database , 2020



Information on alternative splicing, fusion transcripts, SNV, editing, imprinting, allelic imbalance

Remain accessibleIs lost

Standard short-read sequencing Long-read full-length sequencing

Droplets-based approach short reads vs long reads

Long-read transcriptomics reveals diversity

Gene-level

matrix
Isoform-level

matrix



Single-cell long-read isoform profiling 
Lebrigand et al. 2020

E18

Mouse 

brain

https://github.com/ucagenomix/sicelore-2.1

76 isoform-switching genes 

along neuronal maturation

https://github.com/ucagenomix/sicelore-2.1


Spatial long-read isoform profiling 
Lebrigand et al. 2023

61 isoform-switching genes 

across brain anatomical regions



 Aim to integrate all necessary steps for a robust statistical analysis and 

exploratory analysis based upon scverse ecosystem

 Readers for various experiment designs

― Bulk either short (exon-level) or long-read

― Single-cell smartseq-based or long-read

― Spatial in-situ capture long-read (Visium)

 Quality control tools

 Implementation of methods for isoform differential usage calling

 Easy-to-explore toolkit, experiment and gene-level reports

 Direct linkage to isoform functional domains

 Decipher regulators of gene isoforms expression

Allos
A python statistical and explorative framework for isoform-level transcriptomics

Eamon Mcandrew, Anna Diamant et al.

In preparation

Isoform-level

matrix



In-situ capture Spatial Transcriptomics (2017-2022)
Visium is widely adopted by academics

But is not the ideal readout for spatial biology
(Akoya credit rough caricature)

• Deconvolution tools can be use to 

recover proportion of single cell type

• Visium HD single cell resolution (2µm)



Imaging-based Spatial Transcriptomics (since 2022)
The next transcriptomics revolution

• Lower gene panel targets (from whole transcriptome to maximum 5,000 genes)

• Higher sensitivity (from ~6% to 30-80%)

• Larger imaging area (42 to 236 mm2)

• Higher resolution (from 55 µm to subcellular)



Nanostring CosMx 10xGenomics XeniumVizgen Merscope

Imaging-based Spatial Transcriptomics (since 2022)
System’s detection strategies

ISH-based Multiplex Error-Robust FISH

Available (oct.2022)

Cartana ISS, padlock probes / RCA

Available (jan.2024)

Cyclic in situ Hybridization Chemistries

x4-8 / target gene

x15-50
x1-5



Xenium isoform detection  (FF adult mouse coronal brain section)
Josh Talboom, 10x genomics workshop, January 2024

Snap25a

Snap25b

Snap25b Snap25a

WHAT ?
Snap25a is the dominant transcript during embryonic and early postnatal day
in mouse brain, while in adulthood, Snap25b becomes the dominant mRNA

WHY ?
Ternary SNARE complexes containing SNAP-25b are more stable and heat
resistant than complexes with SNAP-25a. These previous findings might
suggest that the two SNAP-25 isoforms play different roles in central neurons,
with SNAP-25b being more important in the consolidation of the mature
synaptic network.

HOW ?
Isoform expression could be regulated according to cell type, anatomical
region or developmental stage, neurodevelopmental disorder, etc.... Could it
be correlated with splicing factor activity. Explore regulation and function.



Sub-cellular Isoform-level spatial transcriptomics
Focus on early brain development and synaptogenesis 

 Last 10 years : 99% academics single-cell publications relies on gene-level

 Complex outcomes of transcriptomics: 90% of genes are subjected to alternative splicing

We need methods to explore Isoform-level gene expression in space and time

 Develop expertise for Isoform-level Xenium add-on panel optimization 

 Proof-of-concept project for method transfer to Cell-ID pathological studies

10x Genomics Xenium 100 Add-on Isoform-level targets panel
46 isoform switching genes in literature

Isoform 4Isoform 3

Iso-probes

P3

P14

P1

P7

P5

P21

scale

5mm

Mouse brain development
P1-P21

Xenium run in 2 weeks
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