Spatial Transcriptomics
Technologies

Lars Borm
Lab of Computational Biology lead by Stein Aerts
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Single Cell RNA sequencing

Cellular complexity Tissue architecture
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Spatial RNA detection

Complex tissue Spatial measurement Spatial cellular atlas

®Gene 1
®Gene 2
®Gene 3
®Gene 4
®Gene 5
®Gene 6
®Gene 7
®Gene 8
®Gene 9
®Gene 10




Goal

Understanding spatial technologies

Opening the black box



Goal

Understanding spatial technologies

A Choose the right technology
A Know the limitations / biases
A Recognize technical artifacts



Spatial RNA detection

4 Main approaches

(Many other methods not discussed)

* Resolution

. Sensitivity

Number of targets

EEEEE Area



Spatial RNA detection

Microscopy Sequencing



Spatial RNA detection

Microscopy Sequencing

In situ Hybridization



Spatial RNA detection

Microscopy

Barcoded In situ Sequencing
FISH

CTCAGCGGT
ACT




Spatial RNA detection

Sequencing

ifini}

Spatial barcodes




Spatial RNA detection

Sequencing

Spatial Sequencing Spatial tagging
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RNA moves Barcodes move




Sratial RNA detection

Barcoded In situ Sequencing Spatial Sequencing Spatial tagging
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Barcoded
FISH

X
\

Too Too Too T Too T o To Do

MERFISH

Vizgen- MERFISH
segFISH

Spatial Genomics- GenePS
EEL-FISH

HybISS

10XT1 Xenium
Nanostring/Bruker T CosMx
Resolvet Mol. Cartography

What do you use?

In situ Sequencing

CTCAGCGGT

ACTA

A 1SS

A STARmap

A StellarOmics

A Singular genomicst G4X

Spatial Sequencing
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Spatial Transcriptomics
10XT Visium (HD)
Slide-seq

Curio - Seeker
Stereo-seq

BGISTOmics- Stereo-seq

Seqg-Scope, OpenST, NovaST

Spatial tagging

A DBiTFseq

A AtlasXomics
A Slide-tags

A Curio 1 Trekker



Spatial RNA detection

Microscopy

Barcoded
FISH

S G
\



Fluorescentn situHybridization (FISH)




single molecule FISH (smFISH)

Probes
Gene 1 40X o
Gene 2 40X O
Gene 3 40X O

Gene 4 40X

Feminoet al. Science 1998
Rajet al. Nature Methods 2008






Breaking the color barrier

Limited fluorophores

~20.000 genes
4-7 colors
Solution:

A Repeated staining on same sample
A Barcoding




e
Reprobing same molecule $~M$

Round 1 Stripping Round 2
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Barcoding 0\/.
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e
Barcoding ‘\/.
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Round 1 Round 2
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Lubeck et al. Nature Methods 2014



Barcoding

Scaling:
0 Wi QAQO i

43= 65,536



Barcoding

Problems:

A Optical density
A Errors

Solution:
A Sparce barcodes



Barcoding

Solution:
A Sparce barcodes
100110001

A Error robustness

MERFISH

Chen et al. 2015 Science

Readout 1 .\
Readout 4
Readout 3




30 Selected genes 2\
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Borm et al. Nat Biotech. 2023



Cell assignment 3}@’&

RNA detection Cell segmentation Cell counting

CeII 1 Cell?2
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Cell segmentation

Nuclel

Panagiotakiset al. [IEEE 2018

Membrane

B membrane probability

"4

Cell body

Stapelet al. Development 2016
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Codeluppi et al. 2018 Nature Methods



Cell segmentation
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Cell segmentation

Nuclel

Panagiotakiset al. [IEEE 2018

Membrane
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e
Segmentation challenge ﬁTWI/&

Limitations:

A Counter stains (nembrane, nuclei, organelles, cell fill
A Unclear ground truth

A Resolution



Segmentation challenge
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WWW.microns-explorer.org.



Segmentation challenge

-




Segmentation challenge




e
Segmentation challenge ﬁTWI/&

Limitations:

A Counter stains (nembrane, nuclei, organelles, cell fill
A Unclear ground truth

A Resolution

Progress:

A Counter stains

A Algorithms

A Segmentation free approaches
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Zhanget al. 2023 Nature. Full mouse brain
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& #eatures: 4,844

Xiaet al. 2019 PNAS. 10,000 plex

Cell ID: 232
#transcripts: 10,586




e
BarcodedsmFISH 3‘@1&

Methods: MERFISHseqFISH EEL FISH
Companies: Vizgen Spatial Genomics,Nanostring/Bruker, Resolve

» Resolution: Diffraction limited (150-300nm)

Detection efficiency: 70-90%

K Gene throughput:100- 19,000

Spatial throughput: several mn¥ - cm?



e
Rolling circle amplification 3@/&

Padlock probe, Targeted, Enzymatic amplification



RCA amplified barcoded FISH $m$

HybISS
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Gylborget al. 2020 Nucleic Acids Research Mattsson Langsethet al. 2021 Nature Communications Biology



Amplified barcodedmFISH ﬁ‘lﬁf&

Methods: HybISS HybRISS
Companies: 10X Xenium

» Resolution: Amplicon size ~0.51 um

Detection efficiency: 10 - ~50%

K Gene throughput:100T 1,000

Spatial throughput: cm? - several cne



spatial RNA detection

Microscopy

In situ Sequencing

CTCAGCGGT
W
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‘|




CTCAGCGGT
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IN Situ sequencing

Rolling circle amplification

Padlock probe. Targeted



CTCAGCGGT

ACTA

IN situ sequencing (I1SS)

in situ sequencing

e

cDNA/RNA

Sequencing by ligation



CTCAGCGGT

ACTA

IN situ sequencing (I1SS)

Barcode sequencing De-novo sequencing

~ ONormal tissue ~~ Canger
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Qianet al. 2020 Nature Methods

Keet al. 2013 Nature Methods

ISS is the predecessor of Xenium



TARmMap

SEDAL sequencing
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CTCAGCGGT

ACTA

Sequencingn situ o

Methods: ISS,STARmMap
Commercial: (Xenium),StellarOmics

Resolution: Amplicon size (0.5 1um)

:-. %% Detection efficiency: 10 - ~50%
K Gene throughput:10- 1,000
EEEEE
EEEEE Spatial throughput: several mn? - several cn?



spatial RNA detection

Sequencing

Spatial Sequencing Spatial tagging

11711 i

RNA moves Barcodes move




spatial RNA detection

Sequencing

Spatial Sequencing

i}

RNA moves
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Stahl et al. Science 2016

Microarray with spatial barcodes



Spatial transcriptomics

Replicate 2
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® Cluster 1:Granular cell layer Cluster 3: Outer plexiform layer ® Cluster 5: Olfactory nerve layer
® Cluster 2: Mitral cell layer Cluster 4: Glomerular layer

Stahl et al. Science 2016



10X Visium
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10X Visium 1197

pachterlab.github.io/LP_2021/

Maynardet al. 2021 Nature Neuroscience



