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Transcriptome

Genome

Transcriptome

Cell-specific    expression

Stress
Environmental conditions

Metabolic state

Alternative  splicing
Set and quantity of RNAs in a 
cell, tissue or organism, for a 
specific developmental stage
or physiological condition.

Is dynamic!
It varies in time and space.



RNAseq

It’s a technology that uses the NGS capabilities to 
reveal a snapshot of the presence and quantity of 

RNA in a sample at a given moment in time.



RNAseq: it’s always about the goals!

At RNA transcript level, it provides the ability to:
✓ look at alternative gene spliced transcripts, 
✓ post-transcriptional modifications, 
✓ gene fusion, 
✓ mutations/SNPs,
✓ changes in gene expression.

Can look at different populations 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 transcriptional structure of genes, 
in terms of their starting sites, 5’ and 3’ ends, 
splicing patterns and other post-transcriptional 
modifications.

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



Practical approaches to RNAseq

Enriched	for	polyadenylated transcripts	(polyA)
PolyA enrichment	is	good	for	mature	protein	coding	transcripts	– requires	good	quality	total	RNA.

Amplified	from	low	input	material	(SMARTer)
SMARTer is	good	for	low	input	samples,	down	to	a	single	cell	– requires	good	quality	total	
RNA	or	fresh	cell	lysate.

Depleted	for	ribosomal	RNA	transcripts	(ribodepleted)
Ribodepletion is	good	for	including	all	non-polyadenylated RNA	– also	good	for	
degraded	material.

Small	RNA	species
Small	RNA	require	a	separate	preparation	but	can	be	run	in	parallel	to	polyA.

3’	mRNA
3’mRNA	is	good	to	minimise costs/maximise sequencing	lane	capacity	– some	tolerance	
to	degraded	material.



Genomics Platforms



Sequencing Outputs

Illumina	HiSeq 4000 Output	range 105	– 1500	Gb

Reads per	run 2.1	– 5	billion

Max.	read	length 2	x	150	bp

Run	time <	1	– 3.5	days

Samples	sequenced	per: Flowcell Lane
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Illumina	HiSeq 2500
Output	range 9	– 1000	Gb

Reads per	run 0.3	– 4	billion

Max.	read	length 2	x	250	bp

Run	time <	1	– 6	days

Samples	sequenced	per: Run Lane

Small	RNA 168 21



Typical RNAseq experiment



Experimental	Design



How is an experiment designed?

While a good design does not 
guarantee a successful 

experiment, a suitably bad 
design guarantees failure.



Tissue specificity



Time dependent



Replicates (technical / biological)



Coverage

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

• Estimate	expression	of	each	allele

¨ Even	for	annotation

¨ Uneven	for	DGE

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



Subjectivity of the analysis

✓ Multitude	of	algorithms	and	pipelines	available.

✓ Most	approaches	correct,	but	have	to	be	
tailored	to	the	needs	of	the	investigators	in	
order	to	better	capture	the	desired	effect.

edgeR

DESeq

DESeq2

DEGSeqSTAR hisat2



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

regulatory	functions,	etc.)



Recommendations based upon 
experimental objectives.



Typical RNAseq experiment



Typical RNAseq experiment



Data	Analysis



Stereotypical RNA-seq analysis pipeline

1. Demultiplex,	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	estimate	transcript	abundance
7. Perform	statistical	analysis	to	identify	differential	expression	(or	

differential	splicing)	among	samples	or	treatments
8. Perform	multivariate	statistical	analysis/visualization	to	assess	

transcriptome-wide	differences	among	samples



1. Read processing

For	de	novo assembly



de novo assembly or 
reference mapping?

reference
(do	know	the	
transcriptome)

(main	goal	is	to	quantify
NOT	to	discover)

de	novo
(do not know	the	
transcriptome)

(main	goal	is	to	discover
NOT	to	quantify)

When	to	use	each?



Protocol for de novo RNAseq

Functional 
annotation

Annotated transcriptome

Protocol for reference-based RNAseq



3. de novo transcriptome assembly



4. Map RNA data against genome
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6. Expression quantification

Normalization



Which isoform do this 
reads belong to?

e.g.	Cufflinks,	RSEM

6. Expression quantification

Isoforms



6. Expression quantification

Gene	expression



7. Differential expression analysis

Total	number	of	reads	are	similar

Distribution	on	the	isoforms	are	different

e.g.
CuffDiff
EdgeR
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8. Data visualization 



8. Data visualization

Spearman 
correlation 

matrix 

Hierarchical 
clustering of 

transcripts and 
samples.

Transcript clusters 
extracted from the 

hierarchical 
clustering.



8. Data visualization

Some applications:
1. Refine Transcriptomes
2. Focus on Non-Coding RNAs

spz gene Drosophila

transcripts first intron
missinterpreted as new exon

spz gene Drosophila

transcripts first intron
are from opposite strand
is a new protein
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