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● Measure relative gene expression

● Discover and annotate complete transcripts

● Characterize alternative splicing and polyadenylation

Aims of RNAseq



  

Experimental design

RNA preparation

libraries preparation

Sequencing

Analysis

conditions?
replicates?
...

RNA extraction 
and purification

cDNA preparation
add adapters

RNAseq experiment

paired-end?
stranded?



  

VS

Sequencing

fastq files

.sam .bam files

fastQC
Quality check

count matrix

differentially expressed genes

bowtie2, HISAT2 ...
samtools

htseq count, Stringtie...

EdgeR, DeSeq2, ballgown

kallisto, salmon ...

+ genome

+ transcriptome

IGV 
Visualization

RNAseq Analysis pipeline with reference genome

Reads filtering

Alignment

Count reads

Find differences

Pseudoalignment
and count reads + genome annotation

Cutadapt 



  

https://usegalaxy.eu/

https://galaxyproject.github.io/trainingmaterial/topics/introduction/slides/introduction.html#1

Use Galaxy to perform RNAseq analysis



  

https://usegalaxy.eu/

● Create an account
● Import history: https://usegalaxy.eu:/u/fborne/h/clubbioinfo

Use Galaxy to perform RNAseq analysis



  

https://github.com/griffithlab/rnaseq_tutorial/wiki

Data source



  

Files:
- 12 fastq files breast cancer cell line VS lymphoblastoid line (tumor vs normal)
- genome file chr22_with_ERCC92.fa
- annotation file chr22_with_ERCC92.gtf

What you need

VS

fastq files

.sam .bam files

fastQC
Quality check

count matrix

differentially expressed genes

HISAT2

htseq count

DeSeq2

+ genomeAlignment

Count reads

Find differences

+ genome annotation



  

fastq files

1
2
3
4

1 @ followed by name of the reads and sequencing information
2 Sequence of the read
3 + followed by additional information
4 Quality score of each base



  

Check quality with FastQC



  

Check quality with FastQC



  

Check quality with FastQC

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



  

https://galaxyproject.github.io/training-material/topics/sequence-analysis/tutorials/quality-control/tutorial.html

Quality and filtering reads



  

Align reads using HISAT2 

Use a genome from history
chr22_with_ERCC92.fa

Paired-end

#1
hcc1395_tumor_rep1_r1.fastq.gz
#2
hcc1395_tumor_rep1_r2.fastq.gz

Summary Options: Print alignment summary to a file -> Yes
 

Execute

Rename BAM file: hcc1395_tumor_rep1.bam

http://ccb.jhu.edu/software/hisat2/manual.shtml



  

Align reads using HISAT2 



  

Count reads per transcript using htseq-count

BAM file
hcc1395_tumor_rep1.bam

GFF File
chr22_with_ERCC92.gtf

Stranded
No

ID Attribute
gene_id

Execute
 

https://htseq.readthedocs.io/en/release_0.11.1/



  

Count reads per transcript using htseq-count



  

Find differentially expressed genes using DESeq2
https://www.bioconductor.org/packages/release/bioc/manuals/DESeq2/man/DESeq2.pdf



  

Find differentially expressed genes using DESeq2



  

Find differentially expressed genes using DESeq2

● Normalize counts for (estimate size factor)
sequencing depth 

gene_ID Sample1 Sample2

geneA 4 8

geneB 105 210

geneC 86 172

geneD 205 410

total reads 400 800

gene_ID Sample1 Sample2

geneA 4 16

geneB 105 430

geneC 86 354

geneD 605 0

total reads 800 800

library composition



  

Find differentially expressed genes using DESeq2

● Estimation of dispersion
● Modelize data with Negative Binomial 
● Wald statistics



  

DESeq2 outputs

Principal component analysis on normalized counts



  

MA plot
 

DESeq2 outputs

p<0.1

log2(FC) = log2(normalize_counts_normal / normalized_count_tumor)
log2(FC) > 0 up in normal
log2(FC) < 0 up in tumor



  

DeSeq2 results

differentially 
expressed?

significant?



  

Tutorial on galaxy
https://galaxyproject.github.io/training-material/topics/transcriptomics/tutorials/ref-based/tutorial.html

Tutorial about DESeq2
https://hbctraining.github.io/DGE_workshop/lessons/04_DGE_DESeq2_analysis.html
https://hbctraining.github.io/DGE_workshop/lessons/05_DGE_DESeq2_analysis2.html

Documentation



  

Thank you!
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