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Why spatial 
transcriptomics?
From single cell techniques to spatial transcriptomics



Sun, X. X., & Yu, Q. Acta Pharmacologica Sinica (2015) Huang, S. Developments (2009)

Cell population shows heterogeneity

Extrinsic and intrinsic heterogeneity Bulk vs. single cell level data



Stuart, T., & Satija, R. Nature Reviews Genetics (2019)

Single-cell analysis helps reveal cellular heterogeneity



Svensson, V. et al. Nature Protocols (2018)

Scaling up single-cell RNA sequencing (scRNA-seq)



Workflow of scRNA-seq

Haque, A. et al. Genome Medicine (2017)



Sample preparation Reverse transcription and 
library construction Sequencing

https://www.10xgenomics.com/products/single-cell-gene-expression
https://hbctraining.github.io/scRNA-seq/lessons/02_SC_generation_of_count_matrix.html

P5, P7: Adaptor → Sequencing

BC: Cellular barcode

UMI: Unique molecule identifier

Poly(dT): cDNA synthesis

Workflow of scRNA-seq



Workflow of scRNA-seq

Spatial information is lost!

Luecken, M. D., & Theis, F. J. Molecular Systems Biology (2019)



https://spatialtranscriptomics.com/showcase/ Nitzan, M. et al. Nature (2019)Wang, G. et al. Scientific Reports (2018)

10μm

Wang, X. et al. Science (2018)

Spatial transcriptomics



https://spatialtranscriptomics.com/showcase/ Nitzan, M. et al. Nature (2019)Wang, G. et al. Scientific Reports (2018)

10μm

Wang, X. et al. Science (2018)

Spatial transcriptomics

Imaging-based
In situ hybridization

Imaging-based
In situ sequencing

Spatial mapping
In situ capturing

Computational
In silico reconstruction



What is spatial 
transcriptomics?
Look into four distinctive methods



Asp, M. et al. BioEssays (2020)

History timeline



Four paradigms of spatial transcriptomics

https://en.wikipedia.org/wiki/Spatial_transcriptomics#cite_note-:22-8
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Microdissection 
methods isolate 
individual areas

Asp, M. et al. BioEssays (2020)

LCM: laser capture microdissection
TIVA: transcriptome in vivo analysis

+ Cellular resolution
− Low cell throughput
− Can’t be applied to limited samples
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DNA probes hybridization localizes cellular transcripts
Probes with
fluorophores

Probes with 
secondary probes

Probes with 
branched DNA

Probes with 
chain reaction

Pichon, X. et al. Molecular Cell (2018)

smFISH RNAscope smHCRsmiFISH

+ Subcellular resolution − Low transcript throughputsm: single molecule
smi: single molecule inexpensive
HCR: hybridization chain reaction

Imaging-based methods – in situ hybridization



seqFISH realized multiplexing by multiple hybridization rounds
Imaging-based methods – in situ hybridization

Lubeck, E. et al. Nature Methods (2014)

Prof. Long Cai
Caltech, USA

+ Subcellular resolution
+ Highly multiplexed
− Optical crowding



Optical crowding problem presents a challenge to multiplexing
Imaging-based methods – in situ hybridization

3 fluorescent channels

3 hybridization rounds
27 different transcripts

Hyb 2. Blue channelHyb 2. Blue channel

12 targets (no crowding) 27 targets (crowding)



MERFISH and seqFISH+ resolved optical crowding by 
an encoding-readout labeling strategy

Imaging-based methods – in situ hybridization

Prof. Long Cai
Caltech

Prof. Xiaowei Zhuang
Harvard University



Imaging-based methods – in situ hybridization

Modified HD4 code

Multiplexed error-robust FISH

Chen, K. H. et al. Science (2015)
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Imaging-based methods – in situ sequencing

Padlock probes hybridization localizes cellular transcripts

Pichon, X. et al. Molecular Cell (2018)

1

2

Barcode

Gap filling

RCA: rolling circle amplification
RCP: RCA product

https://snipcademy.com/ngs-techniques



Imaging-based methods – in situ sequencing

Sequencing by oligonucleotide ligation and detection

https://zannanzahattusili.blogspot.com/2017/12/dna4solid.html

SOLiD sequencing



Asp, M. et al. BioEssays (2020)

Targeted or 
untargeted in situ 
sequencing

+ Subcellular resolution
− Limit quantity
− Some only applied in cultured cell

Imaging-based methods – in situ sequencing

FISSEQ:fluorescent in situ RNA sequencing
STARmap: spatially-resolved transcript
amplicon readout mapping
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Pioneers of the field

Prof. Joakim Lundeberg
KTH, Sweden

Prof. Patrik Ståhl
KTH, Sweden

Spatial mapping methods

Prof. Evan Macosko
Broad Institute, USA

Prof. Fei Chen
Broad Institute, USA

Spatial transcriptomics (ST)
Slide-seq

High-definition spatial 
transcriptomics (HDST)



Spatial mapping methods

Spatial transcriptomics (ST)

+ Whole mRNA − 100 μm resolution

Patrik L. Ståhl et al. Science (2016)



Spatial mapping methods

Workflow of spatial mapping methods

Sample preparation Stain and imaging Permeabilize and 
Library construction Sequencing

https://www.10xgenomics.com/products/spatial-gene-expression
Patrik L. Ståhl et al. Science (2016)

AmpSeq: PCR + Sequencing

UMI: Unique molecule identifier

Spatial barcode: spatial ID



500 μm

Spatial mapping methods

Slide-seq and High-definition spatial transcriptomics (HDST) 

Rodriques, S. G. et al. Science (2019)Sanja Vickovic et al. Nature Methods (2019)

+ Cellular resolution − Require scRNA-seq data− Low efficiency
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Computational methods

Reference-based or 
de novo reconstruction 

Satija, R. et al. Nature Biotechnology (2015)



Karaiskos, N. et al. Science (2017)
vISH: virtual in situ hybridization

Computational methods

DistMap reconstructed Drosophila embryo based on ISH references
+ Cellular resolution − Require ISH database − Can’t be applied to limited samples



Computational methods

CSOmap reconstructed 
cell organization based 
on ligand-receptor 
interactions

Ren, X. et al. Cell Research (2020)
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The end of introduction
Any question?
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