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Core Questions

1. What is Transcriptomics?

2. Where is Transcriptomics in the Omics Universe?

3. Why is Transcriptomics so important?

4. Who can bridge Transcriptomics and biological research?

5. How to use Transcriptomics in biological research?



What is Transcriptomics?











What is Transcriptomics?
RNA Sequencing Sequencing reads alignment

transcriptomes x samples
Transcriptomic data analysis

Data analysis



Where is Transcriptomics in Omics Universe?

Molecules: DNA mRNA Protein Metamolite

PhenotypeGenotype

Genomics Epigenomics Transcriptomics Proteomics Metabolomics

Metagenomics

Toxicogenomics

Omics:



Why is Transcriptomics so important?

Genomics Epigenomics Transcriptomics Proteomics Metabolomics

Metagenomics

Toxicogenomics

Omics:

Sequencing based Mass spectrometry
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Why is Transcriptomics so important?

Genomics Epigenomics Transcriptomics Proteomics Metabolomics

Metagenomics

Toxicogenomics

Omics:

Ctrl Disease

T0 T1 T2 T3 T4 T5

Time course

Ctrl vs. Disease



Who can bridge Transcriptomics & biological research?

Transcriptomics Biological research

Computational
Analysis



How to use Transcriptomics in biological research?

• Differential Gene Expression (DGE) Analysis 
• Longitudinal/Time-Series RNA-seq 
• Pathway Enrichment & Network Analysis
• Single-cell RNA-seq (scRNA-seq or snRNA-seq)  
• Spatial Transcriptomics 
• Cross-Species Analysis 
• Multi-omics Integration Analysis
• Transcriptome-Wide Association Studies (TWAS)
• scGPT: single cell Transcriptomics with generative AI



Bulk RNA-seq data analysis



How do we get the transcriptome data?

• Microarray • RNA sequencing (RNA-seq)

intensity from microarray
(since 1981)

read counts from RNA-seq
(since 2011)



Two major parts for RNA-seq data analysis

Part 1: RNA-sequencing data processing
• File size is very big (more than 1GB for a sample)
• Hard to read by human eyes
• Computing power and memory demanding

Part 2: Transcriptome (gene expression) analysis
• Various methods for different needs 
• Many tools (R packages mostly) can run on personal computer



Hisat2 StringTie Upper-quantile 
normalization

Raw 
readsRaw 

readsRaw 
readsRaw 

reads

Reference
genome

gene
annotation

3. Align reads 
to genome

4. Quantify gene 
expression level

5. Normalization 
between samples

Gene expression profiles
(Table of Genes x Samples)

FastQC

1. Quality control 
of raw reads

Trimmomatic

2. Trim reads

gene 1
gene 2

gene x

Exp.WT
123.56 27.32
17.88 90.04

0.71 161.09

Pipeline of bulk RNA-seq data processing



Raw reads (short reads)

• Source
• Sequencing results from your own experiments
• Download from NCBI (GEO: gene expression omnibus or SRA: sequence read 

archive)

• Data format:  FASTQ = sequence + quality score
• Pair-end (mate-pair): SampleID_R1.fastq, SampleID_R2.fastq
• Single-end: SampleID.fastq

• Sample description file



Raw reads files (FASTQ format)

@SEQ_ID
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT 
+ 
!''*((((***+))%%%++)(%%%%).1***-+*''))**55CCF>>>>>>CCCCCCC65 Quality score

Sequencing letters
1
2
3
4



Quality score Definition

• Q = -10log10(e), where e is estimated probability of the base call being 
wrong (error rate).



Adapter in read sequence



FastQC + Trimmomatic

https://www.bioinformatics.babraham.ac.uk/projects/fastqc/



Aligning reads to genome with gene annotation

Trimmed RNA-seq reads

Reference genome sequence

Reference gene annotation



HISAT2 + StringTie pipeline



Alignment (mapped) rates

Report from HISAT2: mouse Pair-end reads



Control Mutant

Rep 1 Rep2 Rep3 Rep 1 Rep2 Rep3

Genes x Samples table



Filter out non-nuclear-protein-coding genes

60,617 genes from gene annotation 19,868 nuclear protein-coding genes



Gene expression quantification

• Read count
• Fragments per kilobase transcript, per million mapped reads (FPKM)



Inter sample normalization (upper quantile 
normalization)
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Basic transcriptome analysis

• Check the overall similarity among samples 
• Principal component analysis (PCA) plot

• Identify the differentially expressed genes (DEGs)
• MA-plot for showing the up- or down-regulated DEGs
• Volcano plot for narrow down the number of candidate genes

• Overrepresentation analysis (ORA)
• Enriched GO terms
• Enriched KEGG pathways

• Identify genes with co-expression patterns
• Heatmap with clustering 



RNA-sequencing

expression

RNA library

gene 1
gene 2

gene x

VI-A549A549
123.56 27.32
17.88 90.04

0.71 161.09

A549-ACE2 VI-A549-ACE2

Principle component analysis (PCA)

Data from Dr. Chia-Wei Li’s lab, IBMS, AS



DEGs identification (volcano-plot)
A549 vs. VI-A549 ACE2 vs. VI-ACE2





DEGs enriched in a pathway



Clustering genes in modules
WT Cond1 Cond2 Condn

gene 1
gene 2

gene x

C1WT
123.56 27.32
17.88 90.04

0.71 161.09

C2
Cn

20.06 5.99
96.29 331.36

509.41 1.85

C0 C1 C2 Cn

expression
level

Module A

Module B

Module C

Module A

Module B

Module C

WT





Web-based bulk RNA-seq data analysis tool

Differentially 
expressed genes 

(DEGs) identification

Grouping genes 
by clustering

Inferring gene relationships by 
co-expression network (GCN)

Ge et al., BMC Bioinformmatics, 2018





















Single cell RNA-seq data analysis



Contents

• Basic concept of single cell RNA sequencing (scRNA-seq)
• Bulk vs. single cell RNA-seq
• Why scRNA-seq?
• Droplet based scRNA-seq data
• What dose scRNA-seq data look like?
• What do we expect to get from the scRNA-seq data?

• Standard analysis workflow
• Import  QC  dimensionality reduction  data correction  clustering 

marker genes  cell type annotation  functional enrichment  gene 
expression dynamics (trajectory prediction)





RNARNA

RNA



Why consider performing scRNA-seq?

• scRNA-seq permits comparison of the transcriptomes of individual 
cells. Therefore, a major use of scRNA-seq has been to assess 
transcriptional similarities and differences within a population of 
cells, with early reports revealing previously unappreciated levels of 
heterogeneity, for example in embryonic and immune cells



FACS (fluorescence activated cell sorting)



Laser capture microdissection (LCM)



Droplet based single cell RNA sequencing



Droplet based single cell RNA sequencing



doi:10.1126/science.abl4896



However, there are limitations in scRNA-seq:

• low capture efficiency (~8% mRNAs in a cell were captured)

• higher level of technical noise than bulk RNA-seq data

• multi-cells in a droplet (doublet)

• Cell stress and bias: dead cells (high proportion of 
mitochondrial RNAs), not every cell type can use droplet based 
scRNA-seq

• Cost and throughput



Standard scRNA-seq data analysis



reference

Read alignment (similar to bulk RNA-seq)



Pereira et al., bioRxiv, 2021

Asc-Seurat – Analytical single-cell Seurat-based web application

v2.1 May 26, 2021





Web-based scRNA-seq data analysis tool

Tool name Published on Journal name Data Need registration

SingleCAnalyzer 23 May 2022 Frontiers in Bioinformatics FASTQ yes

ICARUS 10 May 2022 Nucleic Acids Research gene-cell 
count matrix no

SC1 5 Aug 2021 Journal of Computational Biology gene-cell 
count matrix no









Processed data from 10X cellranger
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Download gene-cell matrix from database

Single Cell DB











Droplet based single cell RNA sequencing



Doublet
Singlet

3% of doublets 10% of doublets

Doublet
Singlet





Dimensionality reduction

• PCA (principal component analysis)

Visualization:
• tSNE (t-distributed Stochastic Neighbor Embedding)

#2008 #old #slow

• UMAP (Uniform Manifold Approximation and Projection)
#2018 #new #fast





















Georges Pierre Seurat (1859 – 1891)

A Sunday Afternoon on the Island of La Grande Jatte (1884–1886) The Seine and la Grande Jatte (Springtime 1888)

Pointillism and Divisionism 點彩畫派
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