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• Large-scale transcriptome
• Oligonucleotide probe tilling
• Fluorochromesignal 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

• 500-1000 gene targets
• Imaging analysis
• Multiplexing FiSH(single molecule)
• Sensitivity (30-80%)
• 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






Spatial Transcriptomics approaches
Historical timeline

• Spatial transcriptomics aims at directly visualize gene expression in their original environment
• Tackle the main limitation of single cell experiment missing the spatial organization
• A lot of developments in the last years thanks to recent advances in different fields

Spatially Resolved Transcriptomes Next Generation Tools for Tissue Exploration 
Asp et al., BioEssays, 2020

Merscope
Cosmx
Xenium

Slide-seq-v2
Stereo-seq
DBiT-seq



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

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

• Deconvolution tools can be use to 
recover proportion of single cell type

• Visium HD single cell resolution (2µm)



Imaging -based Spatial Transcriptomics (2022)
No more sequencing for direct single-cell resolution

• Lower gene panel targets (from whole transcriptome to ~1,000 genes)
• Higher sensitivity (from ~6% to 30-80%)
• Larger imaging area(42 to 236 mm2)
• Higher resolution (from 55 µm to subcellular)



• 400 - 6,000 targets
• Sensitivity : 5-30% (++)
• Imaging area: 236 mm2 (4 days)
• Resolution: 200 nm

• 960 targets (panel 20k, AGBT24)
• Sensitivity : << 30-80% (+)
• Imaging area: 16 mm2 (2 days)
• Resolution: 200 nm

• 1.000 targets
• Sensitivity : 30-80% (+++)
• Imaging area: 100 mm2  (2 days)
• Resolution: 100 nm

Nanostring CosMx 10xGenomics XeniumVizgen Merscope

Imaging -based Spatial Transcriptomics (2022)
No more sequencing for direct single -cell resolution



Nanostring CosMx 10xGenomics XeniumVizgen Merscope

Imaging -based Spatial Transcriptomics (2022)
No more sequencing for direct single-cell resolution

ISH-based Multiplex Error-Robust FISH
Available (oct.2022)

Cartana ISS, padlock probes / RCA
Available (jan.2024)

Cyclic in situHybridization Chemistries

x4-8 / target gene

x15-50
x1-5



Imaging -based Spatial Transcriptomics platforms comparison
2 recent bioRxivcomparative studies

• CosMx is much less sensitive (high FPR)
• Merscope / Xeniumfor Fresh frozen slice
• Xeniumoptimal for FFPE slice



Gene targets panel design
Depending on the biological question !

https://portal.vizgen.com/
https://cloud.10xgenomics.com/xenium-panel-designer

Depending of your specific scientific focus
• Identify all major cell types, resolve cell subtypes
• Explore functional information 
• Investigate interactions between cell types
• Ligand-receptors analysis
• Explore canonical signaling pathways 
• Profile immune checkpoint molecules 
• …

Satisfy technological system limitations
• Number of targets available
• Range of gene targets expression
• Total gene targets expression 
• Budget around 15 k€ for 10 reactions

https://portal.vizgen.com/
https://cloud.10xgenomics.com/xenium-panel-designer


Experimental design 
Take advantage of the large imaging area

Each slide cost around 5 k€
multiplexing to remove batch effect and increase replicates for robust statistical analysis



Data acquisition
DAPI and cell boundaries staining for cell segmentation

DAPIchanel
Cell boundarieschanel

Nose

Eye

Tongue

Eye

Humanfetal head section (PCW9)



Data acquisition
Cell segmentation

Eye

Cell segmentation 
is crucial to ensure 

cell x gene matrix 
purity for good 

subsequent biology 

Z
0
1
2
3
4
5
6

10 µm

3D segmentation required, actually not
used, 2D segmentation per Z then
harmonizingand summing the detected
transcripts for all Z into the harmonized
segmentationmask (nucleiof full cell)



Raw data
Cell x gene matrix

Gene-level matrix

1.000 Genes

100k’s cells

…



Statistical data analysis
Standardized workflows + packages development

Dries’slab, Dana-FarberCancer Institute 
Satija’slab, NYGC

Theis’slab, helmholtz-munich Immunitastherapeutics

Scverseecosystem, Oliver Stegle& Fabian J. Theis



Single -cell data analysis
Scanpyand Squidpytoolkits

Cell type correlation 

Gene marker detection, manual or automatic cell type identification

Differential expression analysis
Gene set functional enrichment

Transcription Regulatory Network

Batch effect correction, sample integration, cell type 
labeling transfer from single-cell references dataset



Test if cells belonging to 2 clusters are close to each other
more often than expected (co-occurrence probability)

• Need to be in gene panel or inferred
• CellPhoneDB [Efremova et al., 2020] 
• Omnipath [Türei et al., 2016].

Bento is a Python toolkit for performing
subcellular analysis of spatial transcriptomics

for each cell, we count the number
of neighbors that are of each cell
type thus forming a “neighborhood
profile” vector of length C, where C
is the number of cell types. We then
cluster all neighborhood profiles
and call each cluster a “niche”.

Neighbors enrichment analysis

Cell-cell communication 
Ligand-Receptor analysis

Sub-cellular exploration

Cellular niches analysis

Single -cell data analysis including spatial resolution
New vast area for computational biologists (just like single -cell 5 years ago)
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PAH : Pulmonary Arterial Hypertension
A rare vascular disorder



HuDeCa project 
human fetal nose from 7 to 12 post-conceptionalweeks (PCW) at single-cell resolution



MERSCOPE raw data
Standard Merscope output files 

0,5-2 Tb
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