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

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



Spatial RNA detection

4 Main approaches

(Many other methods not discussed)

* Resolution

% Sensitivity

' Number of targets
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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

ifin}

Spatial barcodes




Spatial RNA detection

Sequencing

Spatial Sequencing Spatial tagging
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RNA moves Barcodes move




Barcoded
FISH

Spatial RNA detection

Iin situ Sequencing Spatial Sequencing Spatial tagging
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Barcoded
FISH

‘X
\ %
AL SRR {4 A

MERFISH

Vizgen - MERFISH

seqFISH

Spatial Genomics - GenePS
EEL-FISH

HybISS

10X = Xenium
Nanostring/Bruker — CosMx
Resolve — Mol. Cartography

What do you use?

in situ Sequencing

CTCAGCGGT

ACTA

1SS

STARmap

StellarOmics

Singular genomics — G4X

Spatial Sequencing

P74

* Spatial Transcriptomics

* 10X -Visium (HD)

» Slide-seq

* Curio - Seeker

* Stereo-seq

e BGISTOmics - Stereo-seq

* Seg-Scope, Open-ST, Nova-ST

Spatial tagging

 DBiT-seq
 AtlasXomics

* Slide-tags

e Curio-Trekker



Spatial RNA detection

Microscopy

Barcoded
FISH
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Fluorescent in situ Hybridization (FISH)




single molecule FISH (smFISH)

Gene 1 40X
Gene 2 40X
Gene 3 40X
Gene 4 40X

Probes

Femino et al. Science 1998
Raj et al. Nature Methods 2008






Breaking the color barrier

Limited fluorophores

~20.000 genes

4-7 colors

Solution:

* Repeated staining on same sample
 Barcoding
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Reprobing same molecule |||‘|i|/$

Round 1 Stripping A2
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Barcoding ‘\/.

Py,
O
-

® 0060600600060 0|V

1
o
@
o
o
o
©
@
o




S
Barcoding \/.
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Lubeck et al. Nature Methods 2014



Barcoding

Scaling:
targets = f"

48= 65,536






Barcoding

Solution:

* Sparce barcodes
100110001

e Errorrobustness

MERFISH

Chen et al. 2015 Science

Readout 1 .\ R
Readout 4
Readout 3




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

RNA detection Cell segmentation Cell counting
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Cell segmentation

Nuclei Membrane Cell body
B membrane probability
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Codeluppi et al. 2018 Nature Methods

Panagiotakis et al. IEEE 2018



Cell segmentation

Genes
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Cell segmentation

Nuclei Membrane Cell body
-A B membrane probability i\
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e
Segmentation challenge 3@/&

Limitations:

 Counter stains (membrane, nuclei, organelles, cell fill)
* Unclear ground truth

* Resolution



Segmentation challenge




Segmentation challenge




Segmentation challenge




e
Segmentation challenge 3@/&

Limitations:

 Counter stains (membrane, nuclei, organelles, cell fill)
* Unclear ground truth

* Resolution

Progress:

* Counter stains

* Algorithms

e Segmentation free approaches



segFISH+

GABAergic

Engetal 2019 Nature. 10,000 plex

MERFISH

Zhangetal. 2023 Nature. Full mouse brain
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e
Barcoded smFISH ﬁﬁfk

Methods: MERFISH, seqFISH, EEL FISH

Companies: Vizgen, Spatial Genomics, Nanostring/Bruker, Resolve

. Resolution: Diffraction limited (150-300nm)

Detection efficiency: 70-90%

K Gene throughput: 100 - 19,000
EEEEN
EEEEE Spatial throughput: several mm? - cm?
HEEEEN
111



e
Rolling circle amplification 3%/&

Padlock probe, Targeted, Enzymatic amplification



e
RCA amplified barcoded FISH 3@/&

HybISS
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Gylborg et al. 2020 Nucleic Acids Research Mattsson Langseth et al. 2021 Nature Communications Biology



e
Amplified barcoded smFISH ﬁ‘mk

Methods: HybISS, HybRISS
Companies: 10X Xenium

. Resolution: Amplicon size ~0.5-1 um

Detection efficiency: 10 - ~50%

K Gene throughput: 100 - 1,000
EEEEN
EEEEE Spatial throughput: cm? - several cm?
HEEEEN
111



spatial RNA detection

Microscopy

in situ Sequencing

CTCAGCGGT
« O

ACTA

‘|




CTCAGCGGT

ACTA

In situ sequencing

Rolling circle amplification

Padlock probe. Targeted



CTCAGCGGT

ACTA

in situ sequencing (ISS)

in situ sequencing

e

cDNA/RNA

Sequencing by ligation



CTCAGCGGT

ACTA

in situ sequencing (ISS)

Barcode sequencing De-novo sequencing

Normal tissue Caneer
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Qian et al. 2020 Nature Methods

Ke et al. 2013 Nature Methods

ISS is the predecessor of Xenium



TARmMap

SEDAL sequencing
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CTCAGCGGT

ACTA

Sequencing in situ esso

Methods: ISS, STARmap.
Commercial: (Xenium), StellarOmics

Resolution: Amplicon size (0.5 - Tum)

®
oo %% Detection efficiency: 10 - ~50%
o0
K Gene throughput: 10 - 1,000
EEEEN
EEEEE Spatial throughput: several mm? - several cm?



spatial RNA detection

Sequencing

Spatial Sequencing Spatial tagging

1711 i

RNA moves Barcodes move




spatial RNA detection

Sequencing

Spatial Sequencing

i)

RNA moves



Spatial transcriptomics
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Stahl et al. Science 2016

Microarray with spatial barcodes



Spatial transcriptomics

Replicate 2

TR
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°
e.9

® 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

Subject 1

_ Cortical 300 um
Posterior Anterior BA46 (DLPFC)  |ayers 1 mm
— DLPFC tissue

) 800

Number of datasets

pachterlab.github.io/LP_2021/

SNAP25

Maynard et al. 2021 Nature Neuroscience



10X Visium HD

Visium HD Slide,
6.5 mm

Fiducial frame
8x8 mm

90000000

Capture Area with
continuous lawn of oligos,
6.5x6.5 mm

8 x 8 um bin

Jme

(I
2 um

Grid of 2 x 2 um barcoded squares,
binned to 8 x 8 um

ifiah)

Read 1T Poly(dT)VN

Oligo with Spatial Barcode

10X Visium HD
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RNA probe diffuses
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Stereo-seg

DNB patterned chip CID sequencing : Stereo-seq capture chip

220 nm
J

o e 2

500/715 nm

500/ 715 nm

In situ MRNA capture : Library construction Spatially resolved
& sequencing transcriptomic profiling

Tissue

Chip
CONA

220nm DNA nanoballs Chen et al. Cell 2022



.Thymic epi

Olfactory glandular cell

Adrenal [cortex epi

Fb radi

Radial



Seqg-Scope, Open-ST, Nova-ST

Seq-Scope

A Library Structure for 15t-Seq
P7 TR1 HDMI HR1 Oligo-dT Dral P5

HDMI-1
cluster

P5 Cut
& Block

Q -~ ° o® ....0.:.
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Cho et al. 2021 Cell
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HDMI-2
cluster

HDMI-3
cluster

XY Coord.
of each
cluster are

by SBS
(1-Seq)

\

Dice
Repurpose NGS flow cell
as RNA capture areas

Schott et al. 2024 Cell Reports Methods

P5 capture
RNA capture
HDMI

P7 capture

HDMI
molecule HDMI Loading _

Poovathingal et al. 2024 Cell Reports Methods



Spatial Sequencing v‘ {\ ﬁ‘ ‘T‘

Methods: ST, Slide-seq, Stereo-seq.
Commercial: 10X Visium, Curio Seeker

. Resolution: Spot size 220nm - 100um (but RNA diffuses)
® @

°Je o Detection efficiency: 0.1 - 5%

.. ..
K Gene throughput: Full transcriptome

EEEEN

EnmEm Spatial throughput: several mm? - several cm?



spatial RNA detection

Sequencing

Spatial tagging
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Barcodes move



DBIT-seq

House vacuum to pull in the barcode solutions

Whole embryo lissue section

|

channel only
indicating the region with
both barcodes A and B

B

FITC Labelled Barcode
Flowed orthogonally
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pipet DNA barcode solutions to inlets

Liu et al. Cell 2022
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Pan-mRNA map UMI #

2500

Gene
Activity
Score

High

Low

Pan-protein map UMI #

3

Deng et al. Science 2022
Liu et al. Cell 2022



Slide-tags

Spatial
bead
barcode

Photo-
cleavable
linker

K10
%=
& 3

Apply tissue to
sequenced spatially
barcoded array

(L gL EL

Tag nuclei with
photocleaved spatial
barcodes

Neurod6 C1ql2

[— ] [— ]
0 3 0 3

Isolate nuclei

) O O

Microfluidics capture and
barcoding of mRNA and
spatial barcodes

Russel et al. Nature 2024




Scl-Space

Meningeal Cells
3-5 minutes per slide

-

A g

s £

Fresh-frozen @ Transfer Oligos and Image Tissue Section and @ Pool Barcoded
Sectioned Tissue Waypoints Fluorescent Waypoints Cells and Sequence
X

73um spots, 222um between spots, 2.2% of nuclei sampled Srivatsan et al. Science 2022



Spatial Tagging

Methods: DBIiT-seq, Slide-tags, sci-Space
Commercial: DBiT-seq, Curio Trecker

Resolution: 10— 100pum

Detection efficiency: 1 - 30%

Gene throughput: Full transcriptome

Spatial throughput: several mm?-cm?




spatial RNA detection

Microscopy Sequencing

Barcoded in situ Sequencing Spatial Sequencing Spatial tagging
FISH
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RNA moves Barcodes move




Further reading

REVIEW ARTICLE nature methods

https:/doi.org/10.1038,/541592-022-01409-2

"'.':- Chack for updatas

Museum of spatial transcriptomics

Lambda Moses "' and Lior Pachter °**%

The function of many biological systems, such as embryos, liver lobules, intestinal villi, and tumors, depends on the spatial
organization of their cells. In the past decade, high-throughput technologies have been developed to quantify gene expression
in space, and computational methods have been developed that leverage spatial gene expression data to identify genes with
spatial patterns and to delineate neighborhoods within tissues. To comprehensively document spatial gene expression tech-
nologies and data-analysis methods, we present a curated review of literature on spatial transcriptomics dating back to 1987,
along with a thorough analysis of trends in the field, such as usage of experimental technigues, species, tissues studied, and
computational approaches used. Our Review places current methods in a historical context, and we derive insights about the
field that can guide current research strategies. A companion supplement offers a more detailed look at the technologies and
methods analyzed: https://pachterlab.github.io/LP_2021/.

https://pachterlab.github.io/LP_2021/



	Slide 1
	Slide 2: Single Cell RNA sequencing
	Slide 4: Spatial RNA detection
	Slide 5: Goal
	Slide 6: Goal
	Slide 7: Spatial RNA detection
	Slide 8: Spatial RNA detection
	Slide 9: Spatial RNA detection
	Slide 10: Spatial RNA detection
	Slide 11: Spatial RNA detection
	Slide 12: Spatial RNA detection
	Slide 14: Spatial RNA detection
	Slide 15: What do you use?
	Slide 16: Spatial RNA detection
	Slide 17: Fluorescent in situ Hybridization (FISH)
	Slide 18: single molecule FISH (smFISH)
	Slide 19: single molecule FISH (smFISH)
	Slide 20: Breaking the color barrier
	Slide 21: Reprobing same molecule
	Slide 22: Barcoding
	Slide 23: Barcoding
	Slide 24: Barcoding
	Slide 25: Barcoding
	Slide 26: Barcoding
	Slide 27
	Slide 28: Cell assignment
	Slide 29: Cell segmentation
	Slide 30: Cell segmentation
	Slide 31: Cell segmentation
	Slide 32: Segmentation challenge
	Slide 33: Segmentation challenge
	Slide 34: Segmentation challenge
	Slide 35: Segmentation challenge
	Slide 36: Segmentation challenge
	Slide 37
	Slide 38: Barcoded smFISH
	Slide 39: Rolling circle amplification
	Slide 40: RCA amplified barcoded FISH
	Slide 41: Amplified barcoded smFISH
	Slide 42: spatial RNA detection
	Slide 43: in situ sequencing
	Slide 44: in situ sequencing (ISS)
	Slide 46: in situ sequencing (ISS)
	Slide 47: STARmap
	Slide 48: Sequencing in situ
	Slide 49: spatial RNA detection
	Slide 50: spatial RNA detection
	Slide 51: Spatial transcriptomics
	Slide 52: Spatial transcriptomics
	Slide 53: 10X Visium
	Slide 54: 10X Visium
	Slide 55: 10X Visium HD
	Slide 56: 10X Visium HD
	Slide 57: 10X CytAssist
	Slide 58: Stereo-seq
	Slide 59: Stereo-seq
	Slide 60: Seq-Scope, Open-ST, Nova-ST
	Slide 61: Spatial Sequencing
	Slide 62: spatial RNA detection
	Slide 63: DBiT-seq
	Slide 64: DBiT-seq
	Slide 65: Slide-tags
	Slide 66: sci-Space
	Slide 67: Spatial Tagging
	Slide 68: spatial RNA detection
	Slide 69: Further reading

