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Types of Coding and non-coding RNA
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Analyzing RNA-Seq Data: What can gene expression 
tell us?

• Which genes are over/under-expressed in patients vs healthy controls?

• Which genes are correlated to disease progression? 

• Can markers of hidden disease be found by sequencing plasma?

• Gene expression signatures for disease? 



Workflow of (m)RNA-seq



Acquiring Relevant RNA-Seq Data

• In-house generated datasets

• Public resources: NCBI SRA, ENA, AMP-AD Knowledge Portal, GEO

• Combining public data with in-house datasets for meta-analysis



The ARISTOTLE HPC environment

Large-scale data Local Computer

Large-scale data cannot be analyzed in a 
conventional personal PC

Benefits of the HPC:

• Secure and Extensive Data Storage – Easily accessible by the infrastructure's computing resources
• Enhanced Computational Power – Significantly faster data processing and analysis
• Parallel Processing – Efficient handling of large-scale datasets through parallel computing
• Broad Software Availability – Access to a wide range of tools and environments (R, Python, both 

command-line and graphical interfaces)
• Comprehensive Documentation & Technical Support
• Active User Community – Share knowledge, troubleshoot, and collaborate



Case study – Study Design



The importance of control groups in biological 
experiments

• Establish a Baseline: Provide a reference point to compare the effects of the 
experimental treatment.

• Isolate Variables: Help ensure that observed effects are due to the variable being 
tested, not external factors.

• Increase Reliability: Enhance the credibility and reproducibility of experimental 
results.

• Identify Background Noise: Help distinguish true biological effects from random 
fluctuations or technical artifacts.

• Validate Experimental Setup: Confirm that the methodology and reagents are 
working as expected.

• Support Statistical Analysis: Enable meaningful comparisons and robust statistical 
conclusions.



Why do we need replicates?



Differential Gene Expression Analysis - Workflow

Fastqc  Quality control check

TrimGalore  Trimming low quality bases & adaptors

Hisat2  Read alignments to reference 
genome

Samtools  Sort and convert (SAM to BAM) 

FeatureCounts  Gene-level read quantification

DESeq2  Differential gene expression analysis



Details on the FASTQ format



Details on the FASTQ format



Sequence Quality: Phred Scores



Assessing Read Quality: FASTQC



What is a good read?



Improving Read Quality – Trimming & Filtering



TrimGalore

trim_galore --length 50 --fastqc --cores 4 --quality 25 --output_dir ${Output_Dir} ${RAW_READS}/SRR4447302.fastq 

https://github.com/FelixKrueger/TrimGalore/blob/master/Docs/Trim_Galore_User_Guide.md

https://github.com/FelixKrueger/TrimGalore/blob/master/Docs/Trim_Galore_User_Guide.md


Read Alignment: Hisat2
HISAT2 is a fast and sensitive alignment program for mapping next-generation sequencing reads to a 

population of human genomes as well as to a single reference genome.

USAGE:
hisat2 [options] –x <hisat2-idx> {-1 <m1> -2 <m2> | -U <r> | --sra-acc <SRA accession number>} [-S <hit>]

Main arguments: 
-x <hisat2-idx>: The basename of the index for the reference genome.
-1 <m1>: Comma-separated list of files containing mate 1s (filename usually includes _1).
-2 <m2>: Comma-separated list of files containing mate 2s (filename usually includes _2).
-U <r>: Comma-separated list of files containing unpaired reads to be aligned.
--sra-acc <SRA accession number>: Comma-separated list of SRA accession numbers.
-S <hit>: File to write SAM alignments to.

hisat2 -x ${Reference_Genome} -U ${TRIMMED_READS}/SRR4447292.fq  -S SRR4447292.sam

https://daehwankimlab.github.io/hisat2/manual/

https://daehwankimlab.github.io/hisat2/manual/


Samtools
Samtools is a suite of programs for interacting and processing next-generation sequencing data.

Utilities for

Dara manipulation: Efficiently handles large sequencing datasets. 

Data Analysis: Provides tools for alignment, sorting, indexing, and variant calling.

Integration: Works seamlessly with other bioinformatics tools and pipelines.

Samtools supports various file formats essential for sequence data analysis:

• SAM (Sequence Alignment/Map): A text-based format for storing sequence alignment data.

• BAM (Binary Alignment/Map): A binary format that is more efficient and compact than SAM.

• CRAM (Compressed Reference-oriented Alignment/Map): A highly compressed format for storing alignment 
data).



Samtools
Samtools is a suite of programs for interacting and processing next-generation sequencing data.

USAGE (sort and convert SAM files to BAM):
samtools sort -o sorted_output.bam input.sam

Main arguments: 
sort: Sort alignments by leftmost coordinates.
-o: specifies the file name of the BAM output file.
-@: specifies the number (n) of threads to be used.

samtools sort -@ 8 -o ${OUTPUT_OF_SAMTOOLS}/SRR4447292.bam ${OUTPUT_OF_HISAT}/SRR4447292.sam

https://www.htslib.org/doc/samtools.html

https://www.htslib.org/doc/samtools.html


Gene-level Quantification: FeatureCounts

FeatureCounts is a highly efficient general-purpose read summarization program that counts mapped reads 
for genomic features such as genes, exons, promoter, gene bodies, genomic bins and chromosomal 

locations.

USAGE:
featureCounts -O -T n -a example_genome_annotation.gtf -o example_featureCounts_output.txt 

sorted_example_alignment.bam
Main arguments: .
-O: assigns reads to all their overlapping meta-features.
-T: specifies the number (n) of threads to be used.
-a: genome annotation file (in gtf format).
-o: specifies the name of the output file, which includes the read counts.
sorted_example_alignment.bam: the reads we want to count are aligned to the same genome as the annotation file.

featureCounts -O -T 4 -a ${GTF_FILE} -o SRR4447292_featurecounts.txt ${OUTPUT_OF_SAMTOOLS}/SRR4447292.bam

https://subread.sourceforge.net/SubreadUsersGuide.pdf

https://subread.sourceforge.net/SubreadUsersGuide.pdf


Differential Expression: DESeq2

🔬🔬What does DESeq2 do? 
It helps you identify which genes are significantly upregulated or downregulated between different 
experimental conditions (e.g., treated vs. untreated, control vs. disease). 

⚙ How DESeq2 works?
1. Takes raw counts (not normalized) as input.
2. Normalizes the data to correct for sequencing depth and RNA composition.
3. Estimates dispersion (biological variability).
4. Fits a model (negative binomial GLM) for each gene.
5. Performs statistical tests to compare conditions.
6. Returns results, including Log2 fold changes (expression difference), p-values and adjusted p-values (FDR).

M. I. Love, W. Huber, and S. Anders, “Moderated estimation of fold change and dispersion for RNA-seq data with DESeq2,” Genome Biol., vol. 15, no. 12, p. 550, Dec. 2014

DESeq2 is a widely used R/Bioconductor package for analyzing differential gene expression from 
RNA sequencing data.



DESeq2 Results



Differential Expression: DESeq2

What are the key features of DESeq2?
1. Handles biological replicates
2. Adjusts for multiple testing (Benjamini-Hochberg)
3. Supports complex experimental designs
4. Offers tools for visualization (e.g., PCA, MA-plots, heatmaps)

M. I. Love, W. Huber, and S. Anders, “Moderated estimation of fold change and dispersion for RNA-seq data with DESeq2,” Genome Biol., vol. 15, no. 12, p. 550, Dec. 2014

DESeq2 is a widely used R/Bioconductor package for analyzing differential gene expression from 
RNA sequencing data.
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