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What is spatial transcriptomics?

Spatial transcriptomics, or spatially resolved gene expression, is a quantitative 

readout of either whole transcriptome or targeted gene expression mapped to specific 

locations in a tissue section, and a proven powerful method to understand cellular 

composition and activity in the native tissue context. —10X  Genomics
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Spatial Biology Technologies
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How can mRNA be seen? 

Method 1: Sequencing

• Captured all types of mRNAs (all genes) 

• Lost spatial information 

Slide From Fangming Xie



How can mRNA be seen? 

Method 2: Staining and Imaging 

Slide From Fangming Xie

• Captured one types of mRNA (1 gene)

• Preserved spatial information 



Two major branches of technologies: 

sequencing-based vs imaging-based assays 

• Imaging-based: 
seqFISH (sequential Fluorescence In Situ Hybridization)

MERFISH (Multiplexed Error-Robust FISH)

STARmap (Spatially Resolved Transcript Amplicon Readout Mapping)

CosMx (NanoString CosMx Spatial Molecular Imager) 

10x Genomics Xenium → despite being from 10x, this is actually imaging-based, not sequencing-based. 

It uses in situ hybridization and imaging (similar to CosMx)

… 

• Sequencing-based: 
Slide-seq → uses barcoded beads on a surface to capture RNAs

10X Visium→ Sequencing-based, array of barcoded capture spots on slides; whole-transcriptome coverage at 

spot resolution.

…
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Summarized by GPT-5



Slide-seq 

Slide-seq: A scalable technology 

for measuring genome-wide 

expression at high spatial 

resolution (Rodriques et al. 2019 

Science )



MERFISH

Spatially resolved, highly 

multiplexed RNA profiling in single 

cells (Chen et al. 2015 Science) 





10x Genomics and 10x in Spatial Transcriptomics

• Founded in 2012, headquartered in Pleasanton, California.

• A leading biotechnology company specializing in single-cell and spatial technologies.

• Known for creating the Chromium platform (single-cell RNA-seq, ATAC-seq, 

immune profiling).

• Leveraged its success in single-cell genomics to expand into spatial biology.

• Visium (launched ~2019): sequencing-based platform for spatial transcriptomics at 

mesoscale resolution (~55 µm spots).  10x Genomics Visium Page

• How it works | Visium Spatial Gene Expression Solution (2mins video)

https://www.10xgenomics.com/spatial-transcriptomics
https://www.youtube.com/watch?v=VwNk4d-0RJc
https://www.youtube.com/watch?v=VwNk4d-0RJc


10x Genomics and 10x in Spatial Transcriptomics

• Founded in 2012, headquartered in Pleasanton, California.

• A leading biotechnology company specializing in single-cell and spatial technologies.

• Known for creating the Chromium platform (single-cell RNA-seq, ATAC-seq, 

immune profiling).

• Leveraged its success in single-cell genomics to expand into spatial biology.

• Xenium (released ~2022): imaging-based platform for in situ detection of RNA at 

subcellular resolution with targeted panels.  10x Genomics Xenium Page

https://www.10xgenomics.com/xenium




Part 2 Spatial Transcriptomics Analysis

https://lmweber.org/OSTA/

https://lmweber.org/OSTA/


Data Structure

thousands of cells
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Typical Spatial transcriptomics analysis workflows

Data 

import

Quality 

control

Normalization / 

transformation

Feature 

selection

Dimensionality 

reduction Clustering
Differential 

expression

Preprocessing steps Downstream analyses

Seurat tutorial: https://satijalab.org/seurat/articles/seurat5_spatial_vignette_2

Seurat tutorial: https://satijalab.org/seurat/articles/seurat5_spatial_vignette_2

https://satijalab.org/seurat/articles/seurat5_spatial_vignette_2


Feature selection: Highly variable genes (HVGs)

It also just makes the computation a lot easier

Cuts down on multiple testing

Adapted from Kelly Street’s slide



Feature selection: Spatially variable genes (SVGs)
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Spatially Variable Genes

nnSVG: Lukas, etc., 2023, Nat Comm 



Dimensionality Reduction
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Dimensionality Reduction
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PCA

Slide from Kelly Street



Shang, L., Zhou, X. Spatially aware dimension reduction for spatial transcriptomics. Nature Communications, 2022.



Projected Spatial Factor Model

analytically tractable, explainable, scalable, UQ



STAGATE

Caption

Caption



GraphST



Clustering / Domain Detection
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Clustering / Domain Detection



Deconvolution
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Attraction/Avoidance
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Neighborhood Analysis

Slide from Kelly Street



Neighborhood Analysis
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Downstream Analysis

Slide from Kelly Streethttps://lmweber.org/OSTA/

https://lmweber.org/OSTA/
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