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RNA-Seq Applications
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• Differential	Gene	Expression
• Differential	Transcript	Expression	
• Still	confined	to	known	transcripts	/	isoforms

• Transcript	Discovery	/	Whole	Transcriptome	Profiling
• Interest	is	in	looking	for	new	isoforms	or	unannotated genes	

• Others
• SNP/Somatic	Variant/Gene	Fusion	Detection



RNA	Sequencing

Prepare	Samples

RNA-Seq project	Overview

Experimental	Design	

Prepare	Samples

RNA	Sequencing

QC	and	Data	Analysis

Hypothesis	

- RNA	extraction	protocol
- Depth
- Library	type	SE/PE
- Nb.	Replicates
- …

Group1 Group2



Best Practices
• Factor	in	at	least	3	replicates	(absolute	minimum),	but	4	if	possible	(optimum	minimum).	
Biological	replicates	are	recommended	rather	than	technical	replicates.

• Always	process	your	RNA	extractions	at	the	same	time.	 Extractions	done	at	different	
times	lead	to	unwanted	batch	effects.

• There	are	2	major	considerations	for	RNA-Seq libraries:
• If	you	are	interested	in	coding	mRNA,	you	can	select	to	use	the	mRNA	library	prep.	 The	
recommended	sequencing	depth	is	between	10-20M	paired-end	(PE)	reads.	 Your	RNA	has	to	be	
high	quality	(RIN	>	8).

• If	you	are	interested	in	long	noncoding	RNA	as	well,	you	can	select	the	total	RNA	method,	with	
sequencing	depth	~25-60M	PE	reads.	 This	is	also	an	option	if	your	RNA	is	degraded.

• Ideally	to	avoid	lane	batch	effects,	all	samples	would	need	to	be	multiplexed	together	
and	run	on	the	same	lane.	 This	may	require	an	initial	MiSeq run	for	library	
balancing.	 Additional	lanes	can	be	run	if	more	sequencing	depth	is	needed.

• If	you	are	unable	to	process	all	your	RNA	samples	together	and	need	to	process	them	in	
batches,	make	sure	that	replicates	for	each	condition	are	in	each	batch	so	that	the	batch	
effects	can	be	measured	and	removed	bioinformatically.
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https://bioinformatics.cancer.gov/content/rna-seq
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Typical	RNA-Seq analysis	workflow
Sequencing	Facility

Raw	reads	(fastq files) QC	raw	data

Trimming

Alignment

Expression	quantification

Trimmed	reads	(fastq files)

Differential	Expression	
analysis	

Bam		files

Gene,	transcript	counts

QC	Aligned	data

QC	metrics	and	plots

Good
QC	?

QC	metrics	and	plots

Clustering	&	Visualization



Quality	control	(QC)	of	raw	data

• Detect	issues	related	to	Sample	Collection,	Library	preparation	or	
Sequencing
• Need	to	check
• Base	quality	score
• sequence	quality
• Sequence	duplication	level
• GC	content	level	
• Presence	of	contaminants	

• bacteria	or	virus	
• Adaptor	presence	



Alignment	&	quantification

HTSEQ
SUBREAD



Post-alignment	QC

• %	mapped	and	uniquely	mapped	reads:	70-90%
• uniformity	of	read	coverage	over	gene	body
• Read	distribution
• Check	for	read	strandedness
• Biotype	composition	(check	for	rRNA)



Differential	expression	analysis

• What	are	the	genes	or	transcripts	that	are	differentially	expressed	
between	two	or	more	groups?
• do	statistical	test:

• T-test
• Empirical	Bayes	(moderated	t-test)	
• Anova (>	2	groups)
• …

• adjust	for	multiple	testing	(FDR….)



Known	differentially	expression	detection	
methods

Comparison	of	software	packages	for	detecting	differential	expression	in	RNA-seq studies
Briefings	in	Bioinformatics	vol 16	N0I.	59-70



Normalization	using	scaling	methods:	overall	
gene	expression	is	same	across	all	samples
Method Description

Total	count	(TC):	 Gene	counts	are	divided	by	the	total	number	of	mapped	reads	(or	library	size)	
associated	with	their	sample	and	multiplied	by	the	mean	total	count	across	all	the	
samples	of	the	dataset	

Upper	Quartile	(UQ):	 Very	similar	in	principle	to	TC,	the	total	counts	are	replaced	by	the	upper	quartile	of	
counts	different	from	0	in	the	computation	of	the	normalization	factors

Median	(Med):	 Also	similar	to	TC,	the	total	counts	are	replaced	by	the	median	counts	different	from	
0	in	the	computation	of	the	normalization	factors	

DESeq A	scaling	factor	for	a	given sample	is	the	median	of	the	ratio,	for	each	gene,	of	its	
read	count	over	its	geometric	mean	across	all	samples

Trimmed	Mean of	M-
values	(TMM)

A	scaling	factor		is	computed	as	the	weighted	mean	of	log	ratios	between	the sample	
and	the	reference,	after	exclusion	of	the	most	expressed	genes	and	the	genes	with	
the	largest	log	ratios	



• Method	for	dimension	reduction	to	identify	patterns
(thousands	of	genes	=	thousands	of	dimensions)

The	eigenvector	with	the	largest	eigenvalue	(total	variance)		is	the	first	principal	component.	
The	second	largest	eigenvalue	will	be	the	direction	of	the	second	largest	variance.		

Principal	Component	Analysis



Hierarchical	Clustering

Dendrogram/tree

• branching	diagram	representing	a	
hierarchy	of	categories	based	on	
degree	of	similarity

• can	be	drawn	for	genes	and/or	
samples

root branches leaves

Algorithms	for	clustering:

Bottom-up:	agglomerative

Heatmap
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RNA-Seq Pipeline	workflow
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STEP1:	INITIAL	QC

STEP2:	COUNTING	
&	DEG



RNA-Seq:	Initial	QC	workflow	

- Trimmonatic:	just	adaptor	clipping
- STAR2	pass	mode:	for	most	sensitive	novel	

junctions	discovery



Use	case:	4	samples	from	SEQC	study

• Mixture	of	biological	sources	and	a	set	of	synthetic	RNAs	from	the	
External	Rna Control	Consortium	(ERCC)

Ø2	samples	from	group	A	:	Strategene Universal	Human	Reference	RNA	
(UHRR)	– from	10	human	cell	lines-

Ø2	samples	from	group	B:	Ambion Human	Brain	Reference	RNA	(HBRR)
ØIllumina	HiSeq2000.	-100	bp-



Base	quality	(Q	score)

Q	=	-10	log10 P,		where	P	is	the	base-calling	error	probability



Sample	QC	report



Base	quality	distribution

Warning	if	the	lower	quartile	for	any	base	is	less	than	10,	or	if	the	median	for	any	base	is	less	than	25.	
Failure	if	the	lower	quartile	for	any	base	is	less	than	5	or	if	the	median	for	any	base	is	less	than	20.	

Common	reasons	for	warnings
- General	degradation	of	

quality	over	the	duration	of	
long	runs

- Loss	quality	earlier	in	the	run	
(bubbles	in	flowcell)

- Reads	of	different	length



Tiles	issues	(bubble	,	smudge	or	debris	in	
lane)

Flowcell tile	heatmap showing	deviation	from	the	average	quality	for	each	tile

Failure	if	any	tile	shows	a	mean	Phred score	more	than	5	less	than	the	mean	for	that	base	across	all	tiles

A	good	plot	should	
be	all	blue	!



Check	proportion	of	sequences	with	low	
quality	values

Failure if	the	most	frequently	observed	mean	quality	is	below	20

For	bi-modal	or	
complex	
distribution,	should	
check	with	per	tile	
qualities



Per	base	sequence	content	should	be	uniform

Biased	
fragmentation

RNA-Seq libraries	produce	biased	sequence	composition	at	start	of	the	read	(10-12	
bp)	/	does	not	affect	downstream	analysis	



GC	content	should	be	a	normal	distribution

Contaminant	issue	(adapter	dimers=	paired	of	
ligated	adapters	with	no	insert	sequence	)
Need	to		check	overrepresented	sequences



No	call	distribution

Biased	sequence	
composition

Expected/	
check	with		
base	quality



All	sequences	should	have	the	same	length



High	duplication	level	should	be	carefully	
assessed

- Technical	duplicates	(PCR	
over	amplification)

- Biological	duplicates
- Small	RNA	library
- Over-sequence	High	

expressed	transcripts	
to	observe	low-
expressed	ones



Check	for	adapter	sequence

If	insert	sizes	are	shorter	than	the	read	length	->	need	to	remove	adapter	sequence



Check	for	contamination	in	Over-represented	
sequences:	

error	if	any	sequence	is	found	to	represent	more	than	1%	of	the	total



FastqScreen:	look	for	Bacteria/	virus	
contamination



MultiQC report



MultiQC:	Multiple	samples	report



multiQC report:	Mapping	stats	
nb.of mapped	Reads Mapping	rate	70-90%



multiQC report:	Picard	duplication	rate	by	
paired	reads



multiQC report:	Picard



multiQC report:	RNA	quality	check

Degraded	RNA	showing	3’	bias	in	coverage



multiQC report:	RSEQC



multiQC report:	Exons	coverage



multiQC report:	Count	check

Checking	unassigned	rate	for	overlapping	regions	and	multi-mapping	reads



RNA-Seq:	Differential	expression	workflow



RNA-Seq:	PCA	report



RNA-Seq:	EdgeR DEG	report	(Limma,	and	
Deseq2	also	available)



RNA-Seq:	EdgeR DEG	report





EdgeR_deg_HBRR_vs_UHRR.txt



What	is	the	method	to	use?	

DEG	Venn	diagram

No	clear	answer!		

Compare	results:

- PCA
- Sample	clustering
- DEG	results



Visualization	and	enrichment	analysis

• Cluster	the	samples	based	on	the	top	ranked	genes	(sd,	mad,	IQR..)
• Pathway	enrichment	(GSEA,	IPA,	…)
• Easy	use	of	 DEG	files



Dealing	with	Batch	effect

• incorporate	batch	effect	as	co-variate	in	the	model)



Viewing	RNA-Seq data	

• Integrative	Genomics	
Viewer	(IGV)
• Read	alignments
• Splices	junctions
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CCBR	Pipeliner

•Offers	for	now	3	NGS	data	workflow:	RnaSeq,	
ExomeSEq and	GenomeSeq.	
• Each	workflow:

ü is	version-aware
ü is	modular and extensible
• Multiple options/programs can	be	selected for a	task.	

ü is	reproducible
• uses a	config file

ümaintains an	audit trail (as	a	log file)
ü runs on	NIH	cluster and use Queue	system
ü informs user,	via email,	once run is	complete 54



Data	preparation/	Input

• Pipeliner takes	in	raw	paired-end	NGS	data:	fastq.gz files
• Fastq naming	convention:	
• <samplename>.R1.fastq.gz,	
• <samplename>.R2.fastq.gz

• Pipeliner can	convert	filenames	to	the	desired	naming	convention
• labels.txt:	two-column	text	file

• SampleA_R1_001.fastq.gz TumR1_Batch1.R1.fastq.gz

• For	DEG,	you	need	to	know	the	phenotype/group	for	the	samples	and	
the	contrasts	for	differential	analysis



“groups.tab”	file	

Sample	Name group Sample label

sample1 treat treat1

sample2 treat treat2

sample3 treat treat3

sample4 control ctrl1

sample5 control ctrl2

sample6 control ctrl3

… … …

Mandatory	Fields	(without	labels)

Only	one	factor
(you	can	simulate	multifactor	variable)



“contrasts.tab”	file

Group1	 Vs.	group2

treat control

… …



CCBR	RNASEQ	Pipeline (InitialQC)
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Working	directory:
/data/<user>/…

Data	directory:
/scratch/elloumif/SEQC4/



CCBR	RNASEQ	Pipeline (DEG	Analysis)
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Working	directory:
/data/<user>/…

Data	directory:
/scratch/elloumif/SEQC4/



RNA-Seq Output:	Main	directories

• rawQC:	Fastqc results	on	raw	data
• Trim:	trimmed	data	(adaptor	cut)
• QC:	Fastqc results	on	trimmed	data
• FQscreen:		FastqScreen results	(trimmed	data)
• Reports:	contains	Multiqc report	and	main	log	file	of	the	pipeline	
(snakemake.log)
• DEG_genes:	DEG	results	based	on	gene	count	+	Html	reports
• DEG_genejunctions:	DEG	results	based	on	junction	gene	count	+	Html	
reports



DEG	directory	output	files

• Limma*	files	(txt,	png,	html)
• Deseq2*	files
• edgeR*	files



RNA-Seq Output:	Main	files	(main	working	
directory)
• Bam	files	(*.bam)
• raw	count	data	(3	methods):	

• Gene:	RawCountFile_gene.txt and	RawCountFile_genes_filtered.txt
• Gene	Normalized	data:	CPM_TMM_counts.txt
• RSEM	results:

• <sample>.rsem.genes.results
• <sample>.rsem.isoforms.results

• EBSEQ	results:
• <sample>isoform..EBSeq
• <sample>.isoform.EBSeq.normalized_data_matrix
• <sample>.isoform.EBSeq.counts.matrix

• Run.json:	configuration	file	– run	settings



Configuration	file



Setup	before	running	ccbrpipeliner

• Helix	and	Biowulf accounts
• X11	client	(Windows:	Putty,	NoMachine;		Mac:	Xquartz,	NoMachine)
• Space:
• Biowulf home	directories	have	default	of	100GB	allocation:	not	enough	to	run	
NGS	pipelines.
• Best	option:	have	a	lab-wide	/data/labname storage	allocation,	with	higher	
storage

• Basic	knowledge	of	Unix	commands	(ssh,	mkdir,	vi)



CCBR	pipeliner availability

ü https://github.com/CCBR/Pipeliner
üvia	module	“ccbrpipeliner”	at	Biowulf
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CCBR	pipeliner documentation

https://github.com/CCBR/Pipeliner/blob/master/Pipeli
nerVer1.0_documentation.pdf
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Demo



Use	case:	4	samples	from	SEQC	study

• Mixture	of	biological	sources	and	a	set	of	synthetic	RNAs	from	the	
External	Rna Control	Consortium	(ERCC)

Ø2	samples	from	group	A	:	Strategene Universal	Human	Reference	RNA	
(UHRR)	– from	10	human	cell	lines-

Ø2	samples	from	group	B:	Ambion Human	Brain	Reference	RNA	(HBRR)
ØIllumina	HiSeq2000.	-100	bp-



Input	files

• Fastq files
• Labels.txt
• Groups.tab
• Contrasts.tab



Output	files

• FASTQC	report
• MultiQC report
• Pca report
• Edge	R	report
• Rawcount files
• Normalized	data	files



Q&A


