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Overview

1. Introduction to single cell RNA sequencing

2. Introduction to Seurat

3. Overview of basic analysis and visualization of single cell 
RNA sequencing data in Seurat

4. Future applications: CellChat



Introduction to single cell RNA sequencing

Why perform single cell RNA sequencing?

10X Genomics



Introduction to single cell RNA sequencing

A short history of single cell RNA sequencing

PMID: 35352511

https://pubmed.ncbi.nlm.nih.gov/35352511/


Introduction to single cell RNA sequencing

How is single cell or nuclei RNA sequencing performed?

PMID: 35352511

https://pubmed.ncbi.nlm.nih.gov/35352511/


Introduction to single cell RNA sequencing

What types of technologies exist for preparing samples for single 
cell RNA sequencing?
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Introduction to single cell RNA sequencing

What data is generated from single cell RNA sequencing?

PMID: 30446749



Introduction to single cell RNA sequencing

What data is generated from single cell RNA sequencing?

counts matrix



Introduction to Seurat

What is Seurat?

•Seurat is an R toolkit designed for analysis of scRNA seq data

• In Seurat, users can perform QC metrics; and analyze, interpret, and 
explore data

•Data from the Seurat pipeline is compatible with many other scRNA 
seq analysis tools in R (like CellChat)



Overview of Seurat workflow

Loading in data



Overview of Seurat workflow

Loading in data

counts matrix



Overview of Seurat workflow

Loading in data: creating a Seurat object



Overview of Seurat workflow

What is a Seurat object?



Overview of Seurat workflow

What quality control metrics are stored in a Seurat object?

• Number of unique genes detected in each cell (nFeature)
• Low-quality cells or empty droplets will often have very few genes
• Cell doublets or multiplets may exhibit an aberrantly high gene count

• Total number of molecules detected within a cell (nCount)

• The percentage of reads that map to the mitochondrial 
genome (percent.mt)
• Low-quality / dying cells often exhibit extensive mitochondrial 

contamination



Overview of Seurat workflow

Performing quality control

Goal: remove unwanted cells



Overview of Seurat workflow

Normalize the data



Overview of Seurat workflow

Identification of highly variable features



Overview of Seurat workflow

Scaling the data



Overview of Seurat workflow

Performing dimensionality reduction



Overview of Seurat workflow

Perform linear dimensional reduction (PCA)
Goal: to reduce the 

dimensionality of large datasets 

with correlated variables while 

retaining as much variance as 

possible



Overview of Seurat workflow

Determining the dimensionality of the data

How many components 

represent robust 

compression of the 

data?



Overview of Seurat workflow

Perform batch correction or integration of data What if cells are 

clustering based off 

condition, sex, 

genotype, etc.?

Canonical Correlation Analysis



Overview of Seurat workflow

Cluster the cells: nearest neighbor



Overview of Seurat workflow

Cluster the cells: community detection

Louvain algorithm



Overview of Seurat workflow

• Cluster the cells: 
community detection

Leiden algorithm

Resolution: 0.4-1.2



Overview of Seurat workflow

Run non-linear dimension reduction (UMAP/tSNE)



Overview of Seurat workflow

Assign cell type identities to clusters

Methods:

• Manually annotate clusters based on expression of genes 
characteristic of different cell types

• Use existing datasets to map onto



Overview of Seurat workflow

Assign cell type identities to clusters

Methods:

• Manually annotate clusters based on expression of genes 
characteristic of different cell types

• Use existing datasets to map onto



Overview of Seurat workflow

• Assign cell type identities to clusters



Overview of Seurat workflow

Find cluster biomarkers



Overview of Seurat workflow

Subsetting and subclustering identified cell types



Overview of Seurat workflow

Perform gene ontology analysis



Overview of Seurat workflow

Perform gene ontology analysis



Future applications of analysis

• Spatial tissue 
reconstruction

• Label transfer with 
spatial 
transcriptomics

• Comparison/mapping 
on other datasets

• Trajectory analysis

• Cell-cell 
communication



Future applications of analysis

• Spatial tissue 
reconstruction

• Label transfer with 
spatial 
transcriptomics

• Comparison/mapping 
on other datasets

• Trajectory analysis

• Cell-cell 
communication



Future applications of analysis: CellChat

What is CellChat?



Future applications of analysis: CellChat

CellChat operates very similar to Seurat



Future applications of analysis: CellChat
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Future applications of analysis: CellChat

Identify inferred cell-cell communication pathways

Oligodendrocyte lineage
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Relevant links

• Seurat Guided Clustering Tutorial

• Single Cell RNA Sequencing Analysis Guidelines

• Online database of scRNA seq tools

• CellChat 

• PIP-seq

• Illumina single cell RNA prep kits

https://satijalab.org/seurat/articles/pbmc3k_tutorial.html
https://satijalab.org/seurat/articles/pbmc3k_tutorial.html
https://www.singlecellcourse.org/index.html
https://www.singlecellcourse.org/index.html
https://www.scrna-tools.org/
https://www.scrna-tools.org/
https://github.com/sqjin/CellChat
https://github.com/sqjin/CellChat
https://www.nature.com/articles/s41587-023-01685-z
https://www.nature.com/articles/s41587-023-01685-z
https://www.nature.com/articles/s41587-023-01685-z
https://www.nature.com/articles/s41587-023-01685-z
https://www.illumina.com/products/by-type/sequencing-kits/library-prep-kits/single-cell-rna-prep.html
https://www.illumina.com/products/by-type/sequencing-kits/library-prep-kits/single-cell-rna-prep.html
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