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Outline

• Why spatial omics

• Spatial transcriptomic technologies: Sequencing vs Imaging based

• Data analysis pipeline and applications

 Pre-processing: platform dependent

 Downstream analysis and visualization

• Pre-processing of 10x Visium data with Space Ranger

• Downstream analysis pipeline for Visium - Seurat Workflow

 Data import

 QC, filtering and feature selection

 Dimension reduction and clustering

 Data visualization and integration

• Advanced topics: cell type deconvolution, integration with scRNA data, and inter 
cellular communication



Why Spatial Biology

• Single cell sequencing reveals cellular heterogeneity

• Spatial information is important



Quy Nguyen



Imaging Based vs Sequencing Based

Moses et al, 2022
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Sequencing based Spatial Transcriptomics

Larsson et al, 2021

 10x Visium or ST

 Slide-seq, Slide-seq v2



Downstream Analysis

Larsson et al, 2021



Visium Data Analysis Work Flow



Analytical tools for ST Downstream Analysis



Primary Analysis with Space Ranger



10x Visium Data and Space Ranger Count

You can use SpaceRanger mkref command to build custom reference genome index



Space Ranger Output: Web Summary



MatrixMarket Format for Feature Count Matrix
Sparse Feature Count Matrix (matrix.mtx) Gene Info: features.tsv Spot Info (barcodes.tsv)

These are the three files in the Space Ranger omics output folder that can be input for downstream Seurat analysis



Seurat: Data Import



Seurat: QC and Filtering

plot1 <- VlnPlot(brain, features = "nCount_Spatial", pt.size = 0.1) + NoLegend()

plot2 <- SpatialFeaturePlot(brain, features = "nCount_Spatial") + 
theme(legend.position = "right")



QC

SpatialFeaturePlot(brain, 
features = 
c("nCount_Spatial", 
"nFeature_Spatial", 
"percent_mito","percent_h
b"))



Normalization, Feature Selection: SCTransform

Default  top 3000 HVGs

brain <- SCTransform(brain, assay = "Spatial", verbose = FALSE")



Linear Dimension Reduction

Matthias Scholz, 2015

• Principle Component Analysis (PCA) is a 
standard technique for visualizing high 
dimensional data and for data pre-processing. 

HVGs from SCTransform go into PCA

brain <- RunPCA(brain, assay = "SCT", verbose = FALSE)



Clustering

• Distance/similarity metrics

• Algorithm choices
• K means

• Hierarchical

• Density based

• Graph partition

• …

brain <- FindNeighbors(brain, reduction = "pca", dims = 1:30)
brain <- FindClusters(brain, verbose = FALSE)



Non Linear Dimension Reduction : UMAP

UMAP is not clustering!

brain <- RunUMAP(brain, reduction = "pca", dims = 1:30)



Seurat: Visualization of Marker Genes

SpatialFeaturePlot(brain, features = top.features, ncol = 3, alpha = c(0.1,1))



Cell Type Deconvolution

• Bulk RNA-seq deconvolution

MusiC

 SCDC

 CIBERSORTx

• Sequencing based ST deconvolution

RCTD: robust cell type decomposition

cell2location

SpatialDWLS

STdeconvolve



Data Integration

• Allows for analyzing single 
cell samples from different 
technologies and conditions 
at the same time

 Harmony

 LIGER

 Seurat  



Integrating scRNA Data with ST Data



Cell-Cell Communication Network

• Use network-based analysis and 

ligand-receptor biology to predict 

signaling between groups of cells

CellChat

SpaOTSc, CytoTalk

SpaTalk



Spatial Omics Data Analysis

Challenges:

 Wide range of protocols and data processing pipelines

 Increased data volume, run time and memory usage demands more 

hardware and staff time

 Lack of standardized metrics or benchmarks



Data Analysis Choices

• Tools choices: proprietary 
pipeline or open source?

• Local desktop, HPC or cloud 
computing? Cost, flexibility,  
capacity and ease of use. 



Hands on Session

• Either Rstudio or Jupyter notebook environment

• Path to jupyter notebook for commands and expected output 
/dfs6/pub/ucightf/workshop/Seurat4_GRTHVisiumworkshop_Sept23.
ipynb

• Use cp command to copy the notebook to your own directory

• Feel free to use your own data. Just point to the correct input 
directory


