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Omics Cascade



Why using RNA-Seq?

Use of new sequencing technologies to capture and study the transcriptome

• Identify novel transcripts

• Exon/transcript boundaries

• Splice junctions/alternative splicing

• Measure transcript abundance

• Gene expression differences across multiple samples (i.e. differential expression)



RNA-Seq: General Workflow

What is RNA-Seq?

RNA-Seq consists of a method to analyze the transcriptomics of thousands of features in a single assay and, hence, 

evaluate and compare gene expression in a genome-wide manner.

Two main stages:

RNA Extraction mRNA enrichment/rRNA depletion cDNA synthesis Library preparation Sequencing_
10-30 million reads

Mapping/Assembly Read quantification/count Filter and Normalization Statistical Comparison (DGE)



RNA-Seq vs cDNA/EST Seq vs Microarrays

Ability to detect novel transcripts

Wider dynamic range

Higher specificity and sensitivity

Simple detection of rare and low-abundance transcripts

Wang et al 2009



RNA-Seq vs Microarrays

Zhao et al 2014

The plots show that the overall dynamic

range of the 18,306 common genes

generated by the two platforms is much

broader in RNA-Seq (2.66105) than in

microarray (3.66103).



RNA-Seq vs Microarrays

Zhao et al 2014

RNA-Seq is able to detect subtle changes to the level of genes with low expression levels whereas microarrays are not

Zhao et al 2014

… Similarly RNA-Seq is able to detect expression 

level changes to highly expressed genes and 

microarrays are not (staturation).



Library Preparation

Aspects and factors to consider:

• RNA Source: Total RNA, mRNA, depletion of rRNA?

• Strand specific?

• Replicates?

– Technical (multiple libraries from the same sample)

– Biological (multiple samples from the same condition)

• Which platform?

• Multiple samples/multiplexing



Library Preparation: comparison between technologies and limitations

All long-read and short-read 

approaches require adpter ligation

Short-reads can be ambiguously 

mapped to diferente isoforms 

Stark et al 2019



Library Preparation: comparison between technologies and limitations

Stark et al 2019



Analytical Pipeline Overview

Stark et al 2019



Searching for Differentially Expressed Genes

Gene X Y

For differential expression the number of reads mapping to each gene (read count) is 

used to evaluate expression levels…

Gene Z Gene X Y Gene Z

Sample A Sample B

In which sample is Gene X overexpressed?

Raw counts cannot be used to evaluate or compare expression beween samples! And within a sample? 

Factors to consider:

• Sequencing Depth • Gene Length • RNA Composition



Normalizing Raw Read Counts: CPM/RPM, RPKM/FKPM and TPM

The answer: Normalization -  this is required for differential expression analysis vizualization, etc.

Some Normalization Methods:

CPM/RPM – Counts/Reads per 
million

TPM – Transcripts per kilobase 
million

RPKM/FPKM – Reads/fragments per 
kilobase million

𝐶𝑃𝑀 =
𝑁𝑜. 𝑟𝑒𝑎𝑑𝑠 𝑚𝑎𝑝𝑝𝑒𝑑 𝑡𝑜 𝑔𝑒𝑛𝑒 𝑥 106

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑎𝑝𝑝𝑒𝑑 𝑟𝑒𝑎𝑑𝑠

𝑅𝑃𝑀𝐾 =
𝑁𝑜. 𝑟𝑒𝑎𝑑𝑠 𝑚𝑎𝑝𝑝𝑒𝑑 𝑡𝑜 𝑔𝑒𝑛𝑒 𝑥 103 𝑥 106

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑎𝑝𝑝𝑒𝑑 𝑟𝑒𝑎𝑑𝑠 𝑥 𝑔𝑒𝑛𝑒 𝑙𝑒𝑛𝑔𝑡ℎ(𝑏𝑝)

𝑆𝑐𝑎𝑙𝑖𝑛𝑔 𝐹𝑎𝑐𝑡𝑜𝑟 (𝑆𝐹) =
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑎𝑝𝑝𝑒𝑑 𝑟𝑒𝑎𝑑𝑠

106

𝑅𝑃𝑀 =
𝑁𝑜. 𝑟𝑒𝑎𝑑𝑠 𝑚𝑎𝑝𝑝𝑒𝑑 𝑡𝑜 𝑔𝑒𝑛𝑒

𝑆𝐹

𝑅𝑃𝑀𝐾 =
𝑅𝑃𝑀

𝑔𝑒𝑛𝑒 𝑙𝑒𝑛𝑔𝑡ℎ(𝐾𝑏𝑝)

𝑅𝑃𝐾 =
𝑁𝑜. 𝑟𝑒𝑎𝑑𝑠 𝑚𝑎𝑝𝑝𝑒𝑑 𝑡𝑜 𝑔𝑒𝑛𝑒

𝑔𝑒𝑛𝑒 𝑙𝑒𝑛𝑔𝑡ℎ(𝐾𝑏𝑝)

𝑆𝑐𝑎𝑙𝑖𝑛𝑔 𝐹𝑎𝑐𝑡𝑜𝑟 (𝑆𝐹) =
σ 𝑅𝑃𝐾

106

𝑇𝑃𝑀 =
𝑅𝑃𝐾

𝑆𝐹



Normalizing Raw Read Counts: Median of Ratios (DESeq2)

DESeq2 – Median of Ratios Method Normalization

Accounts for sequencing depth and RNA composition… but not gene length

1. Starting on raw counts, calculate the geometric mean 
for each gene across all sample – pseudo-reference;

2. Calculate the ratio of each sample to the pseudo-
reference;

3. Calculate the normalization factor for each sample 
(size factor) by taking the median of all ratios;

4. Normalized counts are obtained by dividing the raw 
count of each gene by the normalization factor;

Gene Sample A Sample B Pseudo-reference

rpoB 1100 750 2
1100 𝑥 750=908,30

eis 15 10 2
15 𝑥 10=12,25

Gene Ratio Sample A Ratio Sample B

rpoB 1100/908,30=1,21 750/908,30=0,83

eis 15/12,25=1,22 10/12,25=0,82

Gene Normalized Count A Normalized Count B

rpoB 1100/1,215=905,35 750/0,825=909,09

eis 15/1,215=12,35 10/0,825=12,12

Normalization Factors:
Sample A – Median(1,21; 1,22)= 1,215
Sample B - Median(0,83; 0,82)= 0,825



Comparison of Normalization Methods

Method

Factors Accounted Applications

Sequencing 
Depth

Gene 
Length

RNA 
Composition

Within 
sample

Comparisons 
between 
samples

DE Analysis

CPM

RPKM/FPKM

TPM

Median of Ratios (DESeq2)

Trimmed Mean of M 
Values (EdgeR)



Other than bulk RNA-Seq …

Single-cell RNA-Seq Spatialomics
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