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DAPI CD68 PanCK CD45
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→ protein abundances
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sequences

sequence alignmet

structural prediction
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graphs & trees

gene regulation drug targets

metabolites phylogenies
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geometries, patterns & shapes

mechanistic modeling

cellular

subcellular

anatomical
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images

confocal microscopy 
(fibroblast fillaments)

light sheet microscopy 
(mouse brain)

multiplexed imaging 
(single cells)

H&E staining 
(colorectal cancer)
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models

viral dynamics

cell-level Markov models

RNA velocity

cellular models
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data needs biotechnology

10x Chromium Burker CosMx

10x XeniumFluidigm CyTOF

staining acquisition analysis

CyTOF plasma torch: 7,200ºC 
> surface of the sun: 5,600ºC
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biology by the numbers

gene counts (sc/RNA-seq)

fluorescence 
intensities (FACS)

ion counts (mass cytometry)

m/z spectra (mass spectrometry)

digital representation of images



tissues & organs single cells molecular features

OMICS

proteomics 
(cytometry)

transcriptomics 
(scRNA-seq)

~40 x 1012 in 
the human body

He et al. (Nature Metabolism, 2021)9

multi-cellular systems & the omics era
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from bulk to single-cell omics
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single-cell “maps”

Crowell et al. Campo & Pascual-Reguant (2025)

DAPI

CD45


PanCK 
PanMem



Lineland 
[…] The small Lines were men and the Points Women, […] all alike confined 
in motion and eye-sight to that single Straight Line, which was their World. 

It need scarcely be added that the whole of their horizon was limited to a Point;  
nor could any one ever see anything but a Point. […] It followed that  

no Linelander could ever pass another. Once neighbours, always neighbours.

Flatland 
Imagine a vast sheet of paper on which straight Lines, Triangles,  

Squares, Pentagons, Hexagons, and other figures,  
instead of remaining fixed in their places, move freely about,  

on or in the surface, but without the power of rising above or sinking below it […]. 
Alas, a few years ago, I should have said ”my universe”;  

but now my mind has been opened to higher views of things.
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from bulk to single-cell to spatial omics
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…but if we can proteomics, why transcriptomics?

How many…


protein-coding 
genes in human


including 
splice variants 

including 
post-translational  

modifications 

including 
somatic 

recombination

2’000 20’000

50’000 5’000

millions billions

700’000 80’000

Aebersold et al. Nat. Chem. Bio. 14, 206–214 (2018)



/2915 images: Lars Borm

imaging/ 
microscropy sequencing

• HybISS 
• Xenium 
• CosMx 
• EEL-FISH 
• Mol. Cartography 
• MERFISH/MERSCOPE

• ST 
• Open-ST 
• Slide-seq 
• Stereo-seq 
• Visium/HD 
• Curio Seeker

• ISS 
• G4X 
• STARmap 
• StellarOomics

spatial RNA detection
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RNA vs. protein detection

https://www.leinco.com/codex-technology

• we do not resolve 
amino acid sequences 
(MVYWTDRPAGSQHN…) 

• antibody design is hard! 
(they may fail & specificity varies)
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imaging/ 
microscropy sequencing

• HybISS 
• Xenium 
• CosMx 
• EEL-FISH 
• Mol. Cartography 
• MERFISH/MERSCOPE

• ST 
• Open-ST 
• Slide-seq 
• Stereo-seq 
• Visium/HD 
• Curio Seeker

• ISS 
• G4X 
• STARmap 
• StellarOomics

images: Lars Borm

spatial RNA detection
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10x Genomics Visium platform

• 4x 6.5mm2 or 2x mm2 

capture area per slide 
• ~5k or ~14k spots each 

• 55um diameter 
• 100um distancing

• spots contain oligos with… 
• 16nt spatial barcode to track location 

• 12nt UMI to track individual mRNA’s 

• 30nt poly(dT) for sequencing

Visium HD

10xgenomics.org
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from super- to sub-cellular resolution

10xgenomics.org
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imaging/ 
microscropy sequencing

• HybISS 
• Xenium 
• CosMx 
• EEL-FISH 
• Mol. Cartography 
• MERFISH/MERSCOPE

• ST 
• Open-ST 
• Slide-seq 
• Stereo-seq 
• Visium/HD 
• Curio Seeker

• ISS 
• G4X 
• STARmap 
• StellarOomics

images: Lars Borm

spatial RNA detection
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cyclic FISH (= fluorescence in situ hybridization)

gene 1 gene 2 gene 3 DNA

Raj et al. (Nature Methods, 2008)

scaling: 
#rounds x  
#channels 

scalability: 
~100 targets 

limitation: 
fluorophore 
availability, 
sample 
deterioration
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imaging/ 
microscropy sequencing

• HybISS 
• Xenium 
• CosMx 
• EEL-FISH 
• Mol. Cartography 
• MERFISH/MERSCOPE

• ST 
• Open-ST 
• Slide-seq 
• Stereo-seq 
• Visium/HD 
• Curio Seeker

• ISS 
• G4X 
• STARmap 
• StellarOomics

images: Lars Borm

spatial RNA detection
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from cyclic to barcoded FISH

Lein et al. Science 358, 64-69  (2017)

scaling: 
#channels ^ #rounds  

scalability: 
1000s of targets 

limitation: 
false discoveries, 
molecular crowding

(4^7 = 16’384, 4^8 = 65’536)
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sparsity alleviates molecular crowding

Codeluppi et al. Nature Methods (2019)
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error-robust barcoded FISH

Lein et al. Science 358, 64-69  (2017)

same thing, but  
barcodes are… 
1. sparse 

(we don’t probe for 
every target, every time) 

2. disimilar 
(we can make mistakes  
during probing & decoding)

R·····G· 
··G·R··· 
R····Y·· 
···B···B

barcode

lo
c
a
tio

n
s

(predefined barcode catalogue) (observation)

He et al. bioRxiv (2021)
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from images to gene x cell counts

decoding segmentation

DAPI
reporter

spot-callingimaging
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from single-cell to tissue maps

Crowell et al. Campo & Pascual-Reguant (2025)
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ST data is multifaceted & finds resemblance in many fields…


