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Schedule

1:00 PM – 1:10 PM Introduction and overview

Min Gao, Ph.D., Bioinformatics Scientist, Informatics Institute

1:10 PM – 1:40 PM Introduction of single-cell analysis

Shanrun Liu, Ph.D., CFCC single cell core manager,

Department of Biochemistry and Molecular Genetics

1:40 PM – 2:20 PM Computational techniques for single-cell data analysis

Jake Chen, Ph.D., Associate Director, Informatics Institute 

Professor of Genetics and Computer Science

2:20 PM – 2:30 PM Break

2:30 PM – 3:00 PM Single-cell RNA sequencing in immunology

Christopher Fucile, MS, Scientist, Informatics Institute

3:00 PM – 4:00 PM Single-cell RNAseq data analysis – Case Study (hands-on)

Min Gao, Ph.D., Bioinformatics Scientist, Informatics Institute

Single-cell data analysis tutorial 



Single-cell analysis reveals heterogeneity J Hematol Oncol. 2017 Jan 21;10(1):27 

Why single-cell analysis?



Wang Y.; Navin N. E. Mol. Cell 2015

Single cell analysis affects diverse areas of biological research 



Trends Genet. 2015 Oct; 31(10): 576–586.

Single cell analysis in cancer genomics



Single cell analysis in immunology

Trends Immunol. 2017 February ; 38(2): 140–149 



Challenges in processing single-cell data

Variety in and of data is a classic biological problem pertaining also to big data. While there are clear 
opportunities in bigger volumes of data, there are technical, statistical and interpretative challenges 
rising alongside.

 Basic programming needed to interpret data

 The information contained in single-cell data needs to be transformed into relevant biological 
knowledge 
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Single-cell RNAseq data analysis – Case Study 
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Outline

 Single-cell RNA-seq analysis work flow

 Dataset and tools

 Functions in Seurat

 Hands-on single-cell RNAseq data analysis using Seurat 

 Steps for single-cell RNAseq data analysis 



Flowchart of the single-cell RNA-seq analysis

Cell Ranger 

Seurat



Raw reads was downloaded from https://support.10xgenomics.com/single-cell-gene-expression/datasets

1. Dataset: 3k PBMCs(Peripheral Blood Mononuclear Cells) from a Healthy Donor

2. tools:

Cell Ranger Pipeline (Runs on Linux, easy to download and run)
https://support.10xgenomics.com/single-cell-gene-expression/software/pipelines/latest/what-is-cell-ranger

Cell Ranger is a set of analysis pipelines that process Chromium single-cell RNA-seq output to align reads, generate 
feature-barcode matrices and perform clustering and gene expression analysis.

The single-cell gene expression matrix was generated from this step. We will use this matrix for further analysis

Seurat (Runs on R) https://satijalab.org/seurat/

Seurat is an R package designed for QC, analysis, and exploration of single cell RNA-seq data. Seurat aims to enable 
users to identify and interpret sources of heterogeneity from single cell transcriptomic measurements, and to 
integrate diverse types of single cell data.

Dataset and tools

https://support.10xgenomics.com/single-cell-gene-expression/software/pipelines/latest/what-is-cell-ranger
https://satijalab.org/seurat/


Functions in Seurat – load data to Seurat



Functions in Seurat – Cell QC and filter cells



Functions in Seurat – Data Normalization



Functions in Seurat – Detection of highly variable genes



Functions in Seurat – Scaling the data and removing uninteresting 
sources of variation



Functions in Seurat – Perform linear dimensional reduction(PCA)



Functions in Seurat – Cell clustering



Functions in Seurat – Run Non-linear dimensional reduction (tSNE)



Functions in Seurat – Finding differentially expressed genes (cluster biomarkers)



Name Description

VlnPlot Single cell violin plot

GenePlot Scatter plot of single cell data

VizPCA Visualize PCA genes

PCAPlot Plot PCA map

PCHeatmap Principal component heatmap

TSNEPlot Plot tSNE map

FeaturePlot Visualize 'features' on a dimensional reduction plot

DotPlot Dot plot visualization

DoHeatmap Gene expression heatmap

Other functions in Seurat 



Hands-on single-cell RNAseq data analysis using Seurat 

 Prerequisites: 
Install R version 3.3 or later (R).

Install.packages('Seurat')

 Single cell tutorial GitLab:
Please search “MCBIOS19” on Chrome web browser, go to “program”-- “Tutorial/Workshop”— “Tutorial 1” 

Single-cell RNAseq data analysis – Case Study (hands-on)

 U-BRITE Binder link :(Tested on Chrome web browser. IE might have some issues)

 UAB OnDemand : (It provides an integrated, single access point for all of your HPC resources. 
Login in using your Cheaha account.) https://rc.uab.edu/

https://www.r-project.org/
https://gitlab.rc.uab.edu/mcbios19_single_cell/single_cell_rnaseq_hands-on_1
https://rc.uab.edu/


Load Seurat package



Load PBMC data to Seurat 



Cell QC



Cell QC



Cell QC – filter cells



Data normalization



Detection of highly variable genes



Scaling the data and removing uninteresting sources of variation



Perform linear dimensional reduction(PCA)



Visualizing both cells and genes that define the PCA



Visualizing both cells and genes that define the PCA



Visualizing both cells and genes that define the PCA



Cell clustering



Run Non-linear dimensional reduction (tSNE)



Finding differentially expressed genes (cluster biomarkers)



Visualizing marker genes



Visualizing marker genes



Visualizing marker genes



Assigning cell type identity to clusters



Further subdivisions within cell types



Find discriminating markers



Visualizing marker genes



Hands-on single-cell RNAseq data analysis using Seurat 

 Prerequisites: 
Install R version 3.3 or later (R).

Install.packages('Seurat')

 Single cell tutorial GitLab: https://gitlab.rc.uab.edu/mcbios19_single_cell/single_cell_rnaseq_hands-on_1

Please search “MCBIOS19” on Chrome web browser, go to “program”-- “Tutorial/Workshop”— “Tutorial 1”– gitlab link 

 U-BRITE Binder link :(Tested on Chrome web browser. IE might have some issues)

https://mybinder.org/v2/git/https%3A%2F%2Fgitlab.rc.uab.edu%2Fmcbios19_single_cell%2Fsingle_cell_rnaseq_hands-on_1.git/a20f707fc0b67f6eb4f9bf85a5daacc52c125df6

 UAB OnDemand : (It provides an integrated, single access point for all of your HPC resources. 
Login in using your Cheaha account.) https://rc.uab.edu/

https://www.r-project.org/
https://gitlab.rc.uab.edu/mcbios19_single_cell/single_cell_rnaseq_hands-on_1
https://mybinder.org/v2/git/https:/gitlab.rc.uab.edu/mcbios19_single_cell/single_cell_rnaseq_hands-on_1.git/a20f707fc0b67f6eb4f9bf85a5daacc52c125df6
https://rc.uab.edu/
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