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Introduction



• 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,
• It tackles 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



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 ?



Spatial imaging -based trancriptomics (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)



• Available(jan.24)
• 400 targets (panel 6k)
• Sensitivity : 5-30% (++)
• Imaging area: 236 mm2 (4 days)
• Resolution: 200 nm

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

• Available(oct.22)
• 1.000 targets
• Sensitivity : 30-80% (+++)
• Imaging area: 100 mm2  (2 days)
• Resolution: 100 nm

Nanostring CosMx 10xGenomics XeniumVizgen Merscope

Spatial imaging -based trancriptomics (2022)
No more sequencing for direct s ingle -cell resolution



Nanostring CosMx 10xGenomics XeniumVizgen Merscope

Spatial imaging -based trancriptomics (2022)
No more sequencing for direct single-cell resolution

ISH-based Multiplex Error-Robust FISH Cartana ISS, padlock probes / RCA

Cyclic in situ Hybridization Chemis tries

x4-8 / target gene

x15-50
x1-5



• XiaoweiZhuang’slab merfishpublications
― Chen et al., Science (2015)
― Moffitt et al., PNAS (2016), Science (2018)
― Emanuel G et al., Nature Methods (2017)
― Xia C. et al., PNAS (2019, Scientific Reports (2019)
― Zhang M. et al., Nature (2021) 

• Internal data release program
― Human Immuno-oncology (breast, colon, lung, liver, 

skin, prostate, uterine and ovarian) 500 genes, >4 
billion transcripts, 9 million cells 

― Mouse Liver Map (347genes)
― Mouse brain Receptor Map (483 genes)

Vizgen Merscope

Spatial imaging -based technologies comparison
Compare available datasets

• Release date: 11/2021
• FFPE Human NSCLC (Lung)
• 960 gene targets
• 8 sections for 800k cells
• Imaging area: 8 x 16  mm2

• 259,604,214 transcripts
• Mean transcripts/cell: 265

Nanostring CosMx

• Release date: 10/2022
• FFPE Human Breast cancer
• 313 gene targets
• 167,885 cells, 
• 36,944,521 transcripts
• Imaging area: 40 mm2

• Mean transcripts/cell: 193

10xGenomics Xenium



Spatial imaging technologies comparison
Compare available datasets: Lung and Breast cancer samples

FFPE Human Lung Cancer Merscope CosMx

Total cells 353 k  (x4) 92 k

Detected transcripts 107 M (x4) 26 M

Gene targets 500 960

Total RPKM 9,204 61,680 (x6)

Mean transcripts/cell 302 284

FFPE Human BreastCancer Merscope Xenium

Total cells 713 k  (x4) 168 k

Detected transcripts 353 M (x10) 32 M

Gene targets 500 313

Total RPKM 9,909 7,912

Mean transcripts/cell 495 193

https://vizgen.com/wp-content/uploads/2022/12/Vizgen-Spatial-
Genomics-Data-Quality-eBook-1.pdf

295 common genes

Merscope CosMx Single-cell
CosMx

Merscope S100A9
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Spatial imaging technologies comparison
Recent biorxivcomparative studies



MERSCOPE @ UCAGenomiX (Nice-Sophia -Antipolis)
October 2022

• Human Lung Cell Atlas (CZI)
Discovering the Cellular Landscape of the Airways and Lung Tissue

- 12 control / 2 IPF / 10 COPD patients
- 415,764 cells (117 samples)
- 48 cell types

• Epileptic encephalopathy DravetSynd. (Mouse brain, M. Mantegazza, Nice)
• Human embryo olfactory epithelium exploration (Paolo Giacobini, Lille)
• Pulmonary Arterial Hypertension (Christophe Guignabert, Paris-Saclay)

- 7 control / 7 PAH patients
- 69,949 cells
- 39 cell types
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Data acquisition and statistical analysis



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 
• Have a nice budget to spend (~15 k€)
• …

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


Experimental design 
Take advantage of the large imaging area

Each run is around 5 k€
multiplexing helps removing batch effect and increase replicates for a robust statistical analysis



MERSCOPE data acquisition (7 z -stack )
Staining for cell segmentation

DAPIchanel
Cell boundarieschanel

Nose

Eye

Tongue

Eye



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)

Cell segmentation is crucial
Cell x gene matrix purity and good subsequent biology 



Vizgen Postprocessing tool
Run on Merscope standard analysis output folder



MERSCOPE raw data
Cell x gene matrix

Gene-level matrix

1.000 Genes

100k’s cells

…



MERSCOPE raw data
Standard Merscope output files 

0,5-2 Tb



MERSCOPE data analysis
Data analysis workflows

Dries’slab, Dana-Farber Cancer Institute 
Satija’slab, NYGC

Theis’slab, helmholtz-munich Immunitastherapeutics

https://github.com/cobioda/scispy/Scverse ecosys tem, Oliver Stegle & Fabian J . Theis



spatialdata data architecture
Scverseecosystem

spatialdata-plot



Cell type labeling
Directly from your target gene panel statistical analysis

Mouse coronal brain section
135 merfishgene panel



Cell type labeling using annotation transfer
Based on a reference single-cell dataset using SCANVI

Medial Habenula: 
Cholinergic System in 
Addiction and Emotion-
Associated Behaviors

Transfer based on 132 genes

Dentate gyrus



Standard single -cell data analysis
Scanpypackage

Gene markers

Cell type correlation

Gene markers



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

• Need to be in gene panel !!
• CellPhoneDB[Efremovaet al., 2020] 
• Omnipath[Türeiet al., 2016].

Bento is a Python toolkit for performing
subcellularanalysisof spatialtranscriptomics
data.

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

Neighbors enrichment analysis

Ligand-Receptor analysis

Sub-cellular exploration

Cellular niches analysis

Standard single -cell spatial data analysis
New vas t area for computational biologis ts  (jus t like s ingle -cell 5 years  ago !)
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Ongoing projects



• Defined by a mean pulmonary arterial pressure >20 mmHg
• More frequent in women to men (2:1 to 4:1)
• Different origins:

― IPAH (idiopathic or sporadic cases ),
―HPAH (heritable case family his tory) 6-10%

monogenic autosomal-dominant - 14%    ,42%
―APAH (associated forms), anorexigens / liver / congenital 

heart / connective tis sue disease

Characterized by the presence of occluded pulmonary arterioles  resulting from the proliferation of pulmonary artery 
endothelial cells  (PAECs), pulmonary artery smooth muscle cells  (PASMCs) and fibroblas ts , which leads  to right heart 
hypertrophy and eventual cardiac failure

PAH : Pulmonary Arterial Hypertension
A rare vascular disorder



PAH : Pulmonary Arterial Hypertension
A rare vascular disorder



PAH : Pulmonary Arterial Hypertension
A rare vascular disorder

EndothelialsSMC

GLUL up in PAH artEC SMC
BMP6 up in PAH artEC

APLNR down in PAH artEC Artery Endothelial Cells  
pseudo-bulk analys is



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



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

Posterior versus Anterior Olfactory epithelium comparison

Posterior

Anterior



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

Posterior Olfactory epithelium Week9 versus week11 comparison



Spatial transcriptomics explorer

XeniumexplorerMERSCOPE Vizualizersoftware

https://github.com/quentinblampey/spatialdata_xenium_explorer

https://github.com/quentinblampey/spatialdata_xenium_explorer
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