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  Pourquoi faire du RNA-Seq

L’accès aux séquences d’ARN permet de :

- Annoter un génome
- Réaliser un catalogue de gènes exprimés
- Identifier des nouveaux gènes
- identifier des transcripts alternatifs
- Quantifier l’expression des gènes et comparer entre différentes 

conditions expérimentales
- Identifier des petits ARNs (Regulation de l’expression, silencing ...)

 

Le choix technologique (déplétion/enrichissement, démultiplexage, 

séquençage directionnel) dépendra de la question biologique 
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 Construction des librairies

From rnabio.org 2019

https://rnaseq.uoregon.edu/#library-prep



 Construction des librairies

From rnabio.org 2019



  Design expérimental



Experimental design

From rnabio.org 2019



Experimental design



Experimental design

collect

Sample préparation

cDNA on lane of flowcell



Experimental design



Experimental design

From rnabio.org 2019



   Sequencing depth

~ 30 millions de reads par 
réplique par échantillon



   Sequencing depth

On a besoin de 50 millions de 
reads par échantillon

Une lane de Hiseq4000 est capable 
de générer 2.5 billions des reads
(25 000 000 000 000 )

50 échantillons peuvent etre 
séquencées dans una lane => ~ 16 
échantillons X3 repliques 
biologiques



 Variability

From Abims RNAseq Training oct 2018



Experimental design

From rnabio.org 2019



 Bioinformatic strategies



  Des reads aux transcripts

From http://www.bioinformatics.nl/courses/RNAseq/1c%20Assembly.pdf



 Vision Global of RNAseq Analysis
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 File formats to RNAseq Analysis



  Format : FASTQ

From E.Corre  Abims RNAseq Training sept 2019



 Phred score 



 Read naming conventions

From rnabio.org 2019



Cleaning



 Sequencing biases

From E.Corre  Abims RNAseq Training sept 2019



 Séquences d’adaptateurs et d’amorces

From E.Corre  ABiMS  RNAseq Training sept 2019



 Poly A tails , low complexity reads

From E.Corre  ABiMS  RNAseq Training sept 2019



 Contaminations

From E.Corre  ABiMS  RNAseq Training sept 2019



Problème Pourquoi les 
éliminer?

Outils

Sequences biases Ns, mauvaise qualité 
des nucléotides, biases 
hexamères (random 
priming)

Pour éliminer des 
erreurs de sequencing.

Désastreux pour la  
plupart des assembleurs

PRINSEQ2
FASTX Toolkit
Trimmomatic

Adaptors and 
primers

Peuvent être trouvés 
dans le 3’ final d’un 
insert très court

Des ponts entre 
séquences sans relation 
aucune: Chimères

Trimmomatic,
cutadapt, far, btrim, 
SeqTrim, TagCleaner, 
solexaQA

Poly A/T tails, low 
complexity reads

Des queus poly A/T 
peuvent etre laissés 
pendant la préparation 
de la librairie

Des ponts entre 
séquences sans relation 
aucune: Chimères

PRINSEQ2

Contaminations RNA Ribosomal
RNA/DNA etrangere 
(PhiX, Bacteria, ...)

SortMeRNA, riboPicker, 
DeconSeq

 Vérification de la qualité des données NGS



 Nettoyage des reads

MultiQC MultiQC MultiQC MultiQC MultiQC



Practice

1 Go to  CLEANING PRACTICE on our github

https://southgreenplatform.github.io/trainings/ouaga-NGS/rnaseqPractice/#practice-0
https://southgreenplatform.github.io/trainings/ouaga-NGS/rnaseqPractice/#practice-1

https://southgreenplatform.github.io/trainings/ouaga-NGS/rnaseqPractice/#practice-0


 What about references ? ...



 Format : FASTA 
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 Format : GFF/GTF 

From rnabio.org 2019



  gtf/gff Format

source: Abims RNAseq formation 2018
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 Format : GFF/GTF 

From rnabio.org 2019



 Indexation  

From rnabio.org 2019

Index” has many different meanings : 
• Indexes can refer to unique barcodes used for multiplexing DNA 
before sequencing



Indexation
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Indexation
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Practice

2 Go to  INDEXING PRACTICE on our github

https://southgreenplatform.github.io/trainings/ouaga-NGS/rnaseqPractice/#practice-2.1



Trois stratégies d’analyse 



From rnabio.org 2019



 Stratégies

From rnabio.org 2019



From rnabio.org 2019

https://southgreenplatform.github.io/trainings/trinity/

 De novo Assembly



Pseudoalign to transcriptome



  Pseudoalignement

Quantifying abundances of transcripts by 
pseudoalignment for rapidly determining the 
compatibility of reads with targets, without the need 
for alignment. 
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From rnabio.org 2019



Practice

3.1 Go to  KALLISTO PRACTICE on our github

https://southgreenplatform.github.io/trainings/ouaga-NGS/rnaseqPractice/#practice-3.1



  Correlation analysis : PtR Perl-to-R



Practice

3.2 Go to  Examine data before DE PRACTICE 
on our github

https://southgreenplatform.github.io/trainings/ouaga-NGS/rnaseqPractice/#practice-3.2



Align to reference genome 
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Mapping sur référence génomique

- Permet la mise en évidence d’isoformes
- Aide à l’annotation structurale du génome



From rnabio.org 2019



  SAM format

htpp://samtools.sourceforge.net/SAMv1.pdf



From rnabio.org 2019

  Introduction to the SAM/BAM format



From rnabio.org 2019

   SAM/BAM header section 



From rnabio.org 2019

   SAM/BAM alignment section 



From rnabio.org 2019

   SAM/BAM Flags explained



From rnabio.org 2019

   CIGAR strings explained



  Mapping Quality Check  : Flagstats

https://broadinstitute.github.io/picard/explain-flags.htm
source: Abims RNAseq formation 2018



New Tuxedo Workflow

Mapping

Assemblage des nouveau transcrits

Comparaison avec l’annotation

Obtention des tableaux de 
comptages



  StringTie

From rnabio.org 2019



  StringTie -merge

Pertea et al. Nature Protocols, 2016



  StringTie



 Workflow RNAseq with with Reference

Adapted from  rnabio.org 2019



Practice

4.1 Go to  TOGGLe RNASEQ PRACTICE on our 
github

https://southgreenplatform.github.io/trainings/ouaga-NGS/rnaseqPractice/#practice-4.1



  StringTie -e -B

Pertea et al. Nature Protocols, 2016

Estimate transcript abundances (-e) and generate read coverage tables (-B)



Practice

4.2 Go to  STRINGTIE -e -B PRACTICE on our 
github

https://southgreenplatform.github.io/trainings/ouaga-NGS/rnaseqPractice/#practice-4.2



  gffcompare

source: Abims RNAseq formation 2018
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  gff compare

source: Abims RNAseq formation 2018



Practice

4.3 Go to  GFFCOMPARE PRACTICE on our 
github

https://southgreenplatform.github.io/trainings/ouaga-NGS/rnaseqPractice/#practice-4.3



Practice

4.4 Go to  Obtainig Counts PRACTICE on our 
github

https://southgreenplatform.github.io/trainings/ouaga-NGS/rnaseqPractice/#practice-4.4



  Visualization



  Local Genome Browser (IGV) 

source: Abims RNAseq formation 2018



 IGV
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From rnabio.org 2019



Local Genome Browser (IGV) 

Transcrits non annotés

RLK



Practice

5 Go to  IGV VISUALIZATION PRACTICE on 
our github



 

     

    Differential Expression Chapter 



Normalisation des données



 Quantifying expression levels 

Factors need to be taken into account before making 
comparisons

- Library size (i.e. sequencing depth) varies between samples coming from 
different lanes of the flow cell of the sequencing machine.

- Longer genes will have higher number of reads.

- Library composition (i.e. relative size of the studied transcriptome) can be 
different in two different biological conditions.

- GC content biases across different samples may lead to a biased sampling of 
genes (Risso et al. 2011).

- Read coverage of a transcript can be biased and non-uniformly distributed along 
the transcript (Mortazavi et al. 2008).



Normalisation des données

● Identifier et corriger les biais techniques dus au 
séquençage, pour les  rendre comparable

● Types de Normalisation : intra-echantillons (meme 
sequençage) et inter-echantillons (deux sequençages)

Taille de la banque 
Longueur de gènes
Composition en GC des gènes



Normalisation des données

http://compgenomr.github.io/book/gene-expression-analysis-using-high-throughput-sequencing-technologies.html#ref-risso_gc-content_2011
http://compgenomr.github.io/book/gene-expression-analysis-using-high-throughput-sequencing-technologies.html#ref-mortazavi_mapping_2008


Normalisation des données



Normalisation des données

From E.Corre  ABiMS  RNAseq Training sept 2019



Counts per million CPM

- The most basic normalization approaches address the sequencing 
depth bias. Such procedures normalize the read counts per gene by 
dividing each gene’s read count by a certain value and multiplying it by 
10^6. These normalized values are usually referred to as CPM (counts 
per million reads):

- Total Counts Normalization (divide counts by the sum of all counts)
Upper Quartile Normalization (divide counts by the upper quartile value of the 
counts)
Median Normalization (divide counts by the median of all counts)



TPM

Popular metrics that improve upon CPM are RPKM/FPKM (reads/fragments per 
kilobase of million reads) and TPM (transcripts per million).

-  RPKM is obtained by dividing the CPM value by another factor, which is the 
length of the gene per kilobases. FPKM is the same as RPKM, but is used for 
paired-end reads. Thus, RPKM/FPKM methods account for, firstly the library 
size, and secondly the gene lengths.

- TPM also controls for both the library size and the gene lengths, however, with 
the TPM method, the read counts are first normalized by the gene length (per 
kilobase), and then gene-length normalized values are divided by the sum of 
the gene-length normalized values and multiplied by 10^6. Thus, the sum of 
normalized values for TPM will always be equal to 10^6 for each library, while the 
sum of RPKM/FPKM values do not sum to 10^6.

- Therefore, it is easier to interpret TPM values than RPKM/FPKM values.



From rnabio.org 2019

FPKM (RPKM)



From rnabio.org 2019

 Quantifying expression levels 



Normalisation des données



Méthodes basées sur les normalisations interbanques

From E.Corre  ABiMS  RNAseq Training sept 2019



From Julie AUBERT, CNRS

Dillies et al. 2013.

Normalisation des données



From E.Corre  ABiMS  RNAseq Training sept 2019

Statistical Model



Statistical Model



From E.Corre  ABiMS  RNAseq Training sept 2019

Statistical Model



From E.Corre  ABiMS  RNAseq Training sept 2019

 Statistics Models 



From E.Corre  ABiMS  RNAseq Training sept 2019

Statistical Model : filtering by p-value and FDR



 Statistics tools 

From E.Corre  ABiMS  RNAseq Training sept 2019



Smear plot



Volcano plot



Hierarchical clustering / Heatmap



Practice

6 Go to  DE PRACTICE on our github



Practice

7 Go to  PIVOT on our github



Christine Tranchant-Dubreuil

Alexis Dereeper 

Sebastien Ravel 

Sebastien Cunnac

Gautier Sarah 

Julie Orjuela-Bouniol

Catherine Breton

  Contributeurs pour cette formation

Aurore Compte

Erwan Corre



Merci pour votre attention !

   

Le matériel pédagogique utilisé pour ces enseignements est mis à 
disposition selon les termes de la licence Creative Commons 
Attribution - Pas d’Utilisation Commerciale - Partage dans les Mêmes 
Conditions (BY-NC-SA) 4.0 International:
http://creativecommons.org/licenses/by-nc-sa/4.0/
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