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data needs biotechnology

Fluidigm CyTOF 10x Xenium

10x Chromium Burker CosMx
statning -> acoulsition -> analysis
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biology by the numbers
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multi-cellular systems & the omics era

tissues & organs single cells molecular features
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He et al. (Nature Metabolism, 2021)



from bulk to single-cell omics
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ngle-cell “maps”
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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 abouft,
on or in the surface, but without the power of rising above or sinking below it [...].




from bulk to single-cell to spatial omics
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...out if we can proteomics, why transcriptomics?

How many...

1000 protein-coding
genes in human
including

50’000 splice variants

including
post-translational

700°000  modifications

including
somatic
recombination

millions

14

20°000

5’000

380°000

billions

The size of the human proteome is a matter of debate, and
numbers in the literature range from as few as 20,000 to several
million'=. The huge discrepancy between these numbers is not a
scientific controversy, but more a matter of definition. Thanks to
the human genome project, we can now estimate the number of
protein-coding genes to be in the range of 19,587-20,245 (refs.
1,3,4). Thus, if a single representative protein from every gene is
used as the definition of the protcome, the estimated size is just
~20,000. This number may decrease somewhat, as it has been diffi-
cult to find an expressed protein encoded by some of these putative
protein-coding genes™®. However, if one considers that many genes

RNA processing
* 5" capping
» Alternative splicing

*» Alternative Translation

are transcribed with splice variants, the number of human proteins
increases to ~70,000 (per Ensembl®). In addition, many human pro-
teins undergo PTMs that can strongly influence their function or
activity. These PTMs include glycosylation, phosphorylation and
acetylation, among a few hundred others (Fig. 1a), giving rise to
many hundreds of thousands of additional protein variants’; fur-
thermore, though many proteins are unmodified, some fraction
of proteins are already annotated with multiple modifications
(Fig. 1b). Finally, selected genes for proteins like immunoglobulins

and T-cell receptors undergo somatic recombination to increase the
number of potential protein variants into the billions in certain cell
types across one’s lifetime™®.

Protein—-protein

Post-translational 'Mteractions R o
modification O ———— :
Covalent cleavages N

and modifications

polyadenylation Alternative start mzﬁti:;ﬁr

Transcription * RNA editing or stop codons

Alternative 1 [ B O .

transcription ;

startsites & A 8 ]
MAYRK — T e — C-) > (

.............. >

Genome Transcriptome Proteome Interactome Phenotype

Aebersold et al. Nat. Chem. Bio. 14, 206-214 (2018)
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spatial RNA detection

imaging/
microscropy
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spatial RNA detection

Spatial Sequencing

- ST

- Open-ST

- Slide-seq

- Stereo-seq

« Visium/HD

- Curio Seeker
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Visium

from super- to sub-cellular resolution
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spatial RNA detection

imaging/
microscropy

Barcoded FISH
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#channels * #rounds
(477 =16'384, 4"8 = 65'5306)

1000s of targets

false discoveries,
molecular crowding

barcoded FISH
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Resolvable objects

yparsity alleviates molecular crowding
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Codeluppi et al. Nature Methods (2019)
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same thing, but
barcodes are...

1.

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

(we can make mistakes
during probing & decoding)

error-robust barcoded FISH

(predefined barcode catalogue)
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from images to gene x cell counts

Imaging spot-calling decoding segmentation
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from single-cell to tissue maps
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ST data is multifaceted & finds resemblance in many fields...
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