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What we do when we do RNAseq? 

•  What	it	is?	

•  Scope	of	RNAseq	

•  Usual	approaches	for	RNAseq	library	prepara9on?	

•  Considera9ons	for	RNAseq	experiments	

•  General	methods	for	RNAseq	data	analysis.	
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What it is? 
RNA - Mid-point of the information cascade 

-	Image	credit	Khan	Academy	Open	Courses	

We identify the mRNA molecule and extrapolate the knowledge to say 
something about the proteins and DNA  




The RNA repertoire or Transcriptome   
sum total of all RNA molecules expressed from the Genome 

RNA repertoire is dynamic!

It varies in time and space.
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-	Image	credit	Khan	Academy	Open	
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RNAseq is a method for Transcriptome profiling 
Image of the transcribed genome at any point of time! 
 

• Mul0ple	full	
transcriptomes	

• cDNA	molecules	
(usually)	

• Presence/Absence	
• Quan0fica0on	
• Length/Splicing	
• Sequence	

• Mul0ple	full	
transcriptomes	

• cDNA	molecules	
• Presence/Absence	
• Quan0fica0on	

• Mul0ple	genes	
• cDNA	molecules	
• Presence/Absence	
• Quan0fica0on		

• Single	genes	
• RNA	transcripts	
• Presence/Absence	
• Quan0fica0on	
• Length	

Northern	
Blot	 RT-PCR	

RNAseq	Micro-
arrays	

How	do	we	take	this	image?	



Scope of RNAseq 
It’s always about the goals! 

At	RNA	transcript	level,	it	provides	the	ability	to:	
✓  look	at	alterna0ve	gene	spliced	transcripts,		
✓  post-transcrip0onal	modifica0ons,		
✓  gene	fusion,		
✓  muta0ons/SNPs,	
✓  changes	in	gene	expression.	

Can	look	at	different	popula0ons	of	RNA	to	include:	
✓  total	RNA,		
✓  mRNA,	
✓  small	RNA	(miRNA,	tRNA,	ribosomal	profiling,	etc.)	

Can	be	used	to:	
✓  determine	exon/intron	boundaries,	
✓  verify	or	amend	previously	annotated	5’	and	3’	gene	boundaries.	



Common main goals 

• Catalog	all	species	of	transcripts,	e.g.	messengers,	non-coding,	small,	etc.	

• Determine	the	transcrip0onal	structure	of	genes,	in	terms	of	their	star0ng	
sites,	5’	and	3’	ends,	splicing	pa[erns	and	other	post-transcrip0onal	
modifica0ons.	

• Quan0fy	the	changes	in	the	expression	levels	of	each	transcript	during	
development	and/or	in	different	condi0ons.	



Usual approaches to RNAseq 
polyA	enriched					

mRNAseq	

Oligo	dT25	selec0on	

Fragmenta0on	of	mRNA	

1st	strand	à	2nd	strand	à	
cDNA	synthesis	of	

fragments	

Adapter	liga0on	à	PCR	
amplifica0on	

Mature	mRNA	

Direc0onality	

Requires	good	quality	
total	RNA	

100ng-1ug;	8-10	samples/
lane	HiSeq4000	

Ribodepleted																	
Total	RNAseq	

Bio0nylated	ribosomal	
RNA	probes		

Bind	ribosomal	RNA	

extracted	with	
streptavidin	beads	

Fragmenta0on	à	cDNA	
synthesis	à	adapters	à	

PCR	
Mature	mRNA,	nascent	

RNA,non-coding	
transcripts	

Works	with	low-quality	
RNA,	e.g.	FFPE	samples	

Requires	high	sequencing	
depth	

100ng	to	1ug;	4-6	
samples/lane	HiSeq4000		

SMARTer/Smartseq2	
mRNAseq	

Oligo	dT	primer	used	for	
Reverse	transcrip0on	

Template	switching	by	RT	

PCR	pre-amplifica0on	of	
full-length	cDNA	

Tn5	transposase	
tagmenta0on	&	library	

prep.	

Full-length	mature	mRNA	

Pre-amplifica0on	of	low-
input	RNA	

Requires	good	quality	
total	RNA;	no	
direc0onality	

10pg	to	10ng;	10-30	
samples/lane	HiSeq4000	

Small	RNAseq		<200nt	
ncRNAseq	

3’	adapter	liga0on	

5’	adapter	liga0on	

1st	strand	cDNA	synthesis	

PCR	enrichment	à	Size	
selec0on	

Focus	on	21-25nt	miRNA/
siRNA	involved	in	gene	

regula0on	
Size	specificity,	

Direc0onal,	Low-input	
and	Low	depth	

Requires	good	quality	
total	RNA	

1ug	total	RNA;	20+	
samples/lane	HiSeq2500;		

50bp	SE		

3’	mRNAseq											
mRNAseq	

Oligo	dT25	primed	RT						
(First	strand	synthesis)	

Removal	of	RNA	template	

Random	priming	and	
second	strand	synthesis	

Bead	purifica0on	of	
tagged	cDNA	library	à	

PCR	

200-300bp	insert	libraries	
of	3’	ends	of	mRNA	

Lower	sequencing	depth;	
poor-quality	RNA	works	

Mainly	useful	for	
expression	quan0fica0on	

0.5	ng	–	2	ug;	48	samples	
per	lane	HiSeq4000;	

50-75bp	SE			

Usual approaches for RNAseq library preparation 



Typical RNAseq experiment 



Key considera-ons for  
Experimental Design




How is an experiment designed? 

 

While a good design does not guarantee a 
successful experiment, a suitably bad 

design guarantees failure. 



Before we begin… 

No	

State	objec0ves	and	null	
hypothesis	

Define	research	ques0on	

Is	there	a	reference?	
Yes	Yes	Genome	reference	and	gene	

annota0ons	
Transcriptome	reference	

De	novo	or	reference	guided	
assembly	required	

Do	we	want	to	analyse	alterna0ve	
splicing?	Iden0fy	novel	isoforms?	

Type	of	sample/	Library/	
Replicates/	Coverage/	Analysis	

Pipeline	



Sample selection 



Time of sampling 



Replicates (technical / biological) 



Coverage 

•  Allele	might	not	be	detected		(not	in	the	genome/not	being	
expressed)	

•  Es0mate	expression	of	each	allele	

¨  Even	for	annota0on	

¨  Uneven	for	DGE	

¨  Target	transcript	proper0es	(low	abundant	vs	high	abundant	
transcripts)	



Randomization and Blocking 



Data management &  
Downstream analysis and interpretation of the data 
✓  Several	Gigabytes	(70-75	Gb	Avg)	
✓  Different	layers	of	interpreta0ons	have	to	be	considered	(e.g.	biological,	clinical,	regulatory	func0ons,	etc.)	



Subjectivity of the analysis 

✓  Mul0tude	of	algorithms	and	pipelines	available.	

✓  Most	approaches	correct,	but	have	to	be	tailored	to	the	needs	of	
the	inves0gators	in	order	to	be[er	capture	the	desired	effect.	

Adapter	trimming	

Alignment	

Assembly	

Differen9al	
expression	analysis	

Quan9fica9on	

Count	normaliza9on	

Alterna9ve	splicing/	
Isoform	level	analysis	



Data Analysis




Typical RNA-seq analysis pipeline 

1.  Demul0plex,	filter,	and	trim	sequencing	reads.	
2.  Normalize	sequencing	reads	(if	performing	de	novo	assembly)	
3. de	novo	assembly	of	transcripts	(if	ref.	genome	is	not	available)	
4.  Map	sequencing	reads	to	reference	genome	or	transcriptome	
5.  Annotate	transcripts	assembled	or	to	which	reads	have	been	mapped	
6.  “Count”	mapped	reads	to	es0mate	transcript	abundance	
7.  Perform	sta0s0cal	analysis	to	iden0fy	differen0al	expression	(or	
differen0al	splicing)	among	samples	or	treatments	

8.  Perform	mul0variate	sta0s0cal	analysis/visualiza0on	to	assess	
transcriptome-wide	differences	among	samples	



Basecalling,	
Demul0plexing	

Trim	FASTQ,	
Merge,	

Normalize	
reads	

Alignment	/	
Pseudo-

alignment/	
Assembly	

Quant-
ifica0on	

Normalize	
counts	

QC,	
clustering	

Differen0al	
expression/	
splicing	
analysis	

FASTQ	files	

Bcl2fastq,	
BaseSpace	

	

Requires	barcode	sequence	file,	
Adaptor	sequence	file	

Read processing 

Trimmoma0c,	
TrimGalore,	
Skewer	

khmer	



Read processing 

For	de	novo	assembly	



Read processing, alignment/assembly+alignment, 
quantification  

HISAT2,	STAR,	Subread	

Alignment	bam	files	or	direct	
quan<fica<on	in	alignment	free	

approach	

Genome;	type	of	analysis	–	
Assembly	or	just	Alignment		

Basecalling,	
Demul0plexing	

Trim	FASTQ,	
Merge,	

Normalize	
reads	

Alignment	/	
Pseudo-

alignment/	
Assembly	

Quant-
ifica0on	

Normalize	
counts	

QC,	
clustering	

Differen0al	
expression/	
splicing	
analysis	

Trinity,	StringTie,	
Cufflinks2,	STAR	

FASTQ	file	if	de	novo	assembly,	GTF	file	if	
reference-guided	assembly	

Salmon,	Kallisto	



de novo assembly or  
 reference mapping? 

reference	
(do	know	the	transcriptome)	

(main	goal	is	to	quan0fy	NOT	to	
discover)	

de	novo	
(do	not	know	the	transcriptome)	
(main	goal	is	to	discover	NOT	to	

quan0fy)	

When	to	use	each?	



Protocol for de novo RNAseq 

Functional 
annotation 

Annotated transcriptome 

Protocol for reference-based RNAseq 



Read processing, alignment/assembly+alignment, 
quantification  

HISAT2,	STAR,	
Subread,	Salmon	

FeatureCounts,	
Htseq-counts	

Alignment	bam	files,Gene	count	(txt	
files)	

Genome;	type	of	analysis	–	
Assembly	or	just	Alignment		

Basecalling,	
Demul0plexing	

Trim	FASTQ,	
Merge,	

Normalize	
reads	

Alignment	/	
Pseudo-

alignment/	
Assembly	

Quant-
ifica0on	

Normalize	
counts	

QC,	
clustering	

Differen0al	
expression/	
splicing	
analysis	

Trinity,	StringTie,	
Cufflinks2,	STAR	

FASTQ	file	if	de	novo	assembly,	GTF	file	if	
reference-guided	assembly	

eXpress,	RSEM/	
Salmon,	Kallisto	



Which	isoform	do	this	reads	
belong	to?	

Genome	guided:	Cufflinks2,	StringTie	
	

Expression quantification 

Trancriptome	guided:	RSEM,	eXpress,	
Salmon,	Kallisto	



Normalization, Expression quantification 

Basecalling,	
Demul0plexing	

Trim	FASTQ,	
Merge,	

Normalize	
sequencing	

data	

Alignment	/	
Pseudo-

alignment/	
Assembly	

Quant-
ifica0on	

Normalize	
counts	

QC,	
clustering	

Differen0al	
expression/	
splicing	
analysis	

CPM,	RPKM,	FPKM,	
TPM,	Upper	

Quar0le,	TMM,	
SizeFactor	

Empirical	analysis,	
Hierarchical	

clustering,	PCA,	
MDS		

normalized	counts	(txt	file)	

Samplegroups;	Pairing;	Candidate	
genes;	Other	technical	variables	

PCA/tSNE	plot,	heatmap,		
QC	metrics	



Count normalization 



Count normalization 

Counts	 CPM	 RPKM/FPKM	 TPM	

Value	 Integer	 Frac0on	 Frac0on	 Frac0on	

Depth-bias	 ✗	 ✔	 ✔	 ✔	

Length-bias	 ✗	 ✗	 ✔	 ✔	

Compare	same	genes	across	
samples	

✗	
	

✔	
	

✔  	
(but	may	have	bias)	

✔	
	

Compare	different	genes	in	
sample	

✗	
	

✗	
	

✔	
	

✔	
	

Compare	different	genes	across	
samples	and	across	experiments	

✗	
	

✗	
	

✗	
	

✔	
	

Can	be	used	for	barplots/
boxplots	of	single	genes	

✗	
	

✔	 ✔  	
(but	may	have	bias)	

✔	

Can	be	used	for	heatmaps	with	
mul0ple	genes	(log	transformed)	

✗	 ✔
(as	long	as	we	don’t	
compare	the	colour	of	
different	genes	)	

✔  	
(but	may	have	bias)	

✔	



Differential expression analysis 

Basecalling,	
Demul0plexing	

Trim	FASTQ,	
Merge,	

Normalize	
sequencing	

data	

Alignment	/	
Pseudo-

alignment/	
Assembly	

Quant-
ifica0on	

Normalize	
counts	

QC,	
clustering	

Differen0al	
expression/	
splicing	
analysis	

Types	of	
comparisons	

Gene-lists,	
Differen<al	

splicing;	Pathway	
analysis	(txt	files)	

edgeR,	DESeq2,	
CuffDiff2,	Limma/voom	

rMATS,	DEXSeq,	
ballgown	



Our assumptions and comparison 

h[p://www.slideshare.net/joachimjacob/1rna-seqpart1working-tothegoal?related=2	
	



Statistical testing for Differential expression 

h[p://www.slideshare.net/joachimjacob/1rna-seqpart1working-tothegoal?related=2	
	

Read	in	raw	count	data	

Remove	genes	with	low-
expression	(<10	reads	per	
sample	across	group)	

Normalize	subset	count	
tables	using	size	factors	(e.g.	

TMM	normaliza0on	in	
edgeR)	

Unsupervised	clustering	to	
iden0fy	technical	effects	and	

biological	effects	

Create	design	matrix	with	
comparison	of	interest	and	

technical/biological	
variability		

Fit	normalized	expression	
matrix	to	linear	models	to	
iden0fy	coefficients	for	each	

gene	

Iden0fy	DE	genes	with	pre-
defined	sta0s0cal	criteria	

(~FDR	<	0.05)	

Statistical testing for Differential expression 



What we do when we do RNAseq? 

•  What	it	is?	

•  Scope	of	RNAseq	

•  Usual	approaches	for	RNAseq	library	prepara9on?	

•  Considera9ons	for	RNAseq	experiments	

•  General	methods	for	RNAseq	data	analysis.	
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