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Diverse Cell Types, States and Interactions



Advances in Single Cell Technology

Svensson et al, 2018



Single Cell RNA-Seq Applications

• Explore which cell types are present in a tissue

• Identify unknown/rare cell types or states

• Elucidate the changes in gene expression during differentiation 
processes or across time or states

• Identify genes that are differentially expressed in particular cell types 
between conditions

• Explore changes in expression among a cell type while incorporating 
spatial, regulatory, and/or protein information



Experimental Design

• Choose the platforms/protocols based on the biological question 

you wish to address  

• How many samples and how many cells

•https://satijalab.org/howmanycells/

•Single cell vs Single nucleus

•Isolate RNA and prepare libraries at same time for all samples or 

alternate sample groups to avoid batch confounding 

• Do not confound sample groups by sex, age, or batch 



Single Cell RNA-Seq Workflow

https://en.wikipedia.org/wiki/File:RNA-Seq_workflow-5.pdf

1. Pre-processing
2. Downstream Analysis



Pre-Processing of Single Cell Raw Data

Lafzi et al, 2018



Downstream Analysis

Luecken et al, 2019



scRNA-seq Data Analysis Tools
Quality 

Control/filtering 
FASTQC, 

RSeQC,QoRTs, 
Qualimap2,sinQC

Normalization
UMI, ERCC, GRM, 

Census etc

Confounding factor 
removal

scLVM, OEFinder, 
cgCorrect

Dimension 
Reduction

PCA, ICA, t-SNE, 
ZIFA, NMF, MDS,  
probability PCA

Generic Clustering
Heatmap/Louvian

Leiden etc.

Read Alignment
STAR, HISAT, RSEM , 

Kallisto, etc

R packages: Seurat4, Monocle3, Pagoda, scater, scran
Integrated analysis: Scell, fast Project

CellRanger, 
bustools, 
Parsebio 
pipeline



10X Chromium Data and CellRanger



CellRanger Output: Summary



CellRanger Output: Analysis 



Parsebio (SPLit-Seq)



Parsebio Raw Reads



Parsebio pre-processing Output: Summary



Parsebio pre-processing Output : Analysis



Alternative Tools for pre-processing



Downstream Analysis

Luecken et al, 2019



MatrixMarket Format for Gene Count Matrix
Sparse Gene Count Matrix Gene Info Cell Info



Limitations of Single Cell Data

•Low capture rate, low depth of sequencing per cell, 3’ only

•High biological and technical variability across cells/samples 

•Missing spatial information



Useful Links

• CellRanger manual
https://support.10xgenomics.com/single-cell-gene-
expression/software/pipelines/latest/what-is-cell-ranger

• Biojhub3 on HPC3:

https://hpc3.rcic.uci.edu/biojhub3/hub/login 

• Workshop data:

/dfs6/pub/ucightf/workshop/

• Seurat manual
https://satijalab.org/seurat/

• 10x Cloud

https://www.10xgenomics.com/products/cloud-analysis


