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1. Introduction

Why single cell?

• Cell: the smallest unit that can live on its own and 

that makes up all living organisms and the tissues of 

the body

• Identification of cell types and state in a 

heterogeneous sample

• Assess differences between and within cell types

Jovic, D, Liang, X, Zeng, H, Lin, L, Xu, F, Luo, Y Single-cell RNA sequencing technologies and applications: A 
brief overview. Clin Transl Med. 2022; 12:e694. https://doi.org/10.1002/ctm2.694

Challenges:

• Huge amount of data to handle

• Low read depth

• High variability between cells/samples

• Data processing, analysis, presentation and 

interpretation

https://doi.org/10.1002/ctm2.694


1 .  Introduction

scRNA-seq data can answer multiple 

biological questions  

• Cell populations

• Expression differences cell clusters 

and conditions

• Time-series gene expression 

development

But…

• Low number of transcripts can be detected

• Some cell types may not be compatible for some 

scRNA-seq techniques

• Low expressed transcript may not be detected



1. Introduction

Single cell RNA-seq technologies

Svensson, V., Vento-Tormo, R. & Teichmann, S. Exponential scaling of single-cell RNA-seq in the past decade. Nat Protoc 13, 599–604 (2018). 

https://doi.org/10.1038/nprot.2017.149
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Single cell RNA-seq technologies



SMART-seq technology

• Cell separation through FACS

• Library preparation by cell

• Poor depth

• Whole gene sequencing (isoforms identification)

Bagnoli, J.W., Ziegenhain, C., Janjic, A. et al. Sensitive and powerful single-cell RNA sequencing using mcSCRB-

seq. Nat Commun 9, 2937 (2018).

1. Introduction



1. Introduction

10X Genomics technology

• High Sensitivity

• Lower technical noise

• High price

• Simpler data processing steps

Zheng, G., Terry, J., Belgrader, P. et al. Massively parallel digital transcriptional profiling of single cells. Nat Commun 8, 14049 (2017). 
https://doi.org/10.1038/ncomms14049



2. Analysis tools

Zappia, L., Theis, F.J. Over 1000 tools reveal trends in the single-cell RNA-seq analysis landscape. Genome Biol 22, 

301 (2021). https://doi.org/10.1186/s13059-021-02519-4

Platforms:

• Seurat (R)

• Scanpy (Python)

• Galaxy (webtool)

• Scater + scran (R, 

Bioconductor)

• Monocle3 and psupertime 

(R) 



3. Seurat



3. Seurat

▪ Easy to use

▪ Very popular, supported and updated 

▪ Deep documentation and good data model 

▪ Several built-in functionalities 

▪ Easy to extend with your own functionality 

▪ Seurat objects extend to other packages

Why Seurat?

Adapted from https://satijalab.org/seurat/articles/pbmc3k_tutorial.html



4. Data Analysis Workflow

Experimental Design

• Replication and randomization
• Be aware of potential biases that can affect the results
• Record any factor for downstream correction

Baran-Gale J, Chandra T, Kirschner K. Experimental design for single-cell RNA sequencing. Brief Funct Genomics. 

2018 Jul 1;17(4):233-239. doi: 10.1093/bfgp/elx035.



4. Data Analysis Workflow

Data Analysis Overview

Counting

Cell filtering and QC 

Normalization

Feature selection

Scaling

Dimensional Reduction

Clustering, Annotation, DGE, pseudotime analysis

Cellranger

Cellranger, Seurat

Seurat

Seurat::FindVariableFeatures()

Seurat::ScaleData()

Seurat

Seurat, SingleR, monocle3, psupertime, 

ClusterProfiler



4. Data Analysis Workflow

Counting



4. Data Analysis Workflow

Quality Control

Differences among samples in:

• nFeatures and nCounts 

• Eventual apoptotic cells 

• Ceck for ribosomal genes and 

blood related genes



4. Data Analysis Workflow

Quality Control



4. Data Analysis Workflow

Data Normalization and Scaling

There are different ways to normalize data:

Logaritmic normalization:

CPM, TPM, RPKM (old but gold)

Work well under the assumption that 

the amount of RNA is the same in all 

cells and a uniform scaling factor is 

applicable for all genes

Sctransform: Normalization and variation control in one step
Provides an excellent tool to not only 

normalize data, but also stabilize 

variance and regress unwanted 

variation



4. Data Analysis Workflow

Feature selection

• Identify several genes that exhibit

high variability between cells

• Simple mathematical model to detect

the most variable genes

• These most variable genes represent

the features to prioritize for the

downstream analysis

Adapted from https://satijalab.org/seurat/articles/pbmc3k_tutorial.html



4. Data Analysis Workflow

Linear Dimensional Reduction

PCA is a statistical technique for reducing the 

dimensionality of the dataset by linearly 

transforming the data into a new coordinate 

system where most of the variation in the data 

can be described



4. Data Analysis Workflow

Linear Dimensional Reduction



4. Data Analysis Workflow

Non - Linear Dimensional Reduction

First we need to cluster cells!

Clustering groups a set of objects in a way that objects in the same 

group (cluster) are more similar to each other than to those in other 

groups

Adapted from https://satijalab.org/seurat/articles/pbmc3k_tutorial.html



4. Data Analysis Workflow

Non - Linear Dimensional Reduction

We can take advantage of these methods to identify potential bath effects

Clusters are driven

by samples

Batch correction



4. Data Analysis Workflow

Finding Differentially Expressed Features

Adapted from https://satijalab.org/seurat/articles/pbmc3k_tutorial.html
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Finding Differentially Expressed Features

Adapted from https://satijalab.org/seurat/articles/pbmc3k_tutorial.html



4. Data Analysis Workflow

Finding Differentially Expressed Features

Adapted from https://satijalab.org/seurat/articles/pbmc3k_tutorial.html



4. Data Analysis Workflow

Assigning Cell Identities to Clusters

How to assign cell identities:

• Manually

• SingleR

• Using Machine Learning techniques

Adapted from https://satijalab.org/seurat/articles/pbmc3k_tutorial.html



4. Data Analysis Workflow

Assigning Cell Identities to Clusters

How to assign cell identities:

• Manually

• SingleR

• Using Machine Learning techniques

Adapted from https://satijalab.org/seurat/articles/pbmc3k_tutorial.html



4. Data Analysis Workflow

Pseudotime Analysis

Melania Franchini and others, Single-cell gene set enrichment analysis and transfer learning for functional annotation of scRNA-seq data, NAR Genomics and Bioinformatics, Volume 5, Issue 1, March 2023,
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