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Need	help	on	RNA-Seq?	
h8p://www.rna-seqblog.com/		
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Need	help	on	RNA-Seq?	
h8ps://rnaseq.uoregon.edu/		
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Need	help	on	RNA-Seq?	
h8ps://www.ncbi.nlm.nih.gov/pubmed/26813401		
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Preparing	the	sequencing	libraries	

Source:	www.thermoscienJficbio.com	 5	



	Single-end	vs	paired-end	

INSERT	(200	–	800	pz)	A	 A	

SE	

INSERT	(200	–	800	pz)	A	 A	

PE	

PE	
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Sanger	sequencing	

Source:	seqcore.brcf.med.umich.edu	 7	



FASTQ	format	

Example	record	1:	
@SRR1586016.34 HW-ST997:228:COTA9ACXX:4:1101:1368:2342/1 
CAATTTTCTGACTATAGCCTGAGGGTGGAATTCTCGGGTGCCAAGGAAAT 
+ 
?@@DFFFDFF<<C<?<E2AFG>FFH<CG=@BG<F?FFH?F69FGGH@### 
 
 

Example	record	2:	
@SRR1747399.209 HWI-ST845:121101:C18JNACXX:5:1101:12845:2209/1 
GAGCACTGCAGGCCAAAGTCAGAGTCTCCGTGGTCGGGCTGGTCTAGG 
+ 
@@@FFFFFHGD<CFGGJGFHIIGCFECGHIJJGGGGEIGGIIGGIIEH 
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Quality	

Source:	trace.ncbi.nlm.nih.gov	 9	



Phred	quality	score	

Source:	en.wikipedia.org	

			Q	=	–10	log10(P)	

10	



Source:	commons.wikimedia.org	
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11	



RNA-Seq	Pipelines	

1.  FASTQ	à	QC	and	filtering	à	mapping	à	ab	ini&o	assembly	

2.  FASTQ	à	QC	and	filtering	à	expression	esJmaJon	à	differenJal	expression	
analysis	

3.  FASTQ	à	QC	and	filtering	à	de	novo	assembly	
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So\ware	

FastQC	–	quality	control	
h8p://www.bioinformaJcs.babraham.ac.uk/projects/fastqc/		

FASTX–Toolkit	–	reads	filterings	and	processing	(single-end	only)	
h8p://hannonlab.cshl.edu/fastx_toolkit/		
	
TrimmomaQc	–	reads	processing	and	filtering	
h8p://www.usadellab.org/cms/?page=trimmomaJc			

BBDUK2–	reads	processing	and	filtering	
h8p://jgi.doe.gov/data-and-tools/bbtools/bb-tools-user-guide/bbduk-guide/	
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FastQC	

h8p://www.bioinformaJcs.babraham.ac.uk/projects/fastqc/		 14	



FastQC	

h8p://www.bioinformaJcs.babraham.ac.uk/projects/fastqc/		 15	



Our	data	
ERR990413	
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Our	analysis	in	FastQC	
	

#	downloading	RNA-Seq	data	
wget	\p://\p.sra.ebi.ac.uk/vol1/fastq/ERR990/ERR990413/ERR990413_1.fastq.gz	
wget	\p://\p.sra.ebi.ac.uk/vol1/fastq/ERR990/ERR990413/ERR990413_2.fastq.gz	
	
Study:	RNA-Seq	of	human	embryonic	stem	cells	over	expressing	NANOS3	and	DAZL	
Instrument:	Illumina	HiSeq	2500	
	
RNA	libraries	for	sequencing	were	prepared	using	TruSeq	Stranded	mRNA	Sample	
prep	kit	
	
		
#	decompressing	and	keeping	only	the	2,500,000	first	records	
gunzip	-c	ERR990413_1.fastq.gz	|	head	-10000000	>	ERR990413_1.fastq	
gunzip	-c	ERR990413_2.fastq.gz	|	head	-10000000	>	ERR990413_2.fastq	
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Our	analysis	in	FastQC	

#	quality	control:	before	filtering	
mkdir	FASTQC_out	
mkdir	FASTQC_out/ERR990413_raw	
	
fastqc	ERR990413_1.fastq	ERR990413_2.fastq	--quiet	--noextract	--nogroup		
--outdir	FASTQC_out/ERR990413_raw	
	
	
-q --quiet      Supress all progress messages on stdout and only report errors. 
 
--noextract     Do not uncompress the output file after creating it.  You 
                should set this option if you do not wish to uncompress 
                the output when running in non-interactive mode. 
 
--nogroup       Disable grouping of bases for reads >50bp. All reports will 
                show data for every base in the read.  WARNING: Using this 
                option will cause fastqc to crash and burn if you use it on 
                really long reads, and your plots may end up a ridiculous size. 
                You have been warned! 
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Our	analysis	in	FastQC	
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TrimmomaJc	

h8p://www.usadellab.org/cms/?page=trimmomaJc		 20	



TrimmomaJc	-	funcJonaliJes	

Adapter	clipping	–	 removing	adapter	sequences	 from	the	ends	of	 the	reads	
(standard	Illumina	adapter	sequences	are	distributed	with	TrimmomaJc)	
	
Quality	trimming	–	scanning	read	ends	with	a	sliding	window	and	cugng	off	
regions	with	poor	average	quality		
	
Quality	 filtering	 –	 keeping	 or	 discarding	 reads	 based	 on	 their	 length	 a\er	
trimming.	Works	with	both	single	and	paired–end	data.			
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Adapter	sequences	

TruSeq3-SE,	 TruSeq3-PE	 –	 adapter	 sequences	 used	 by	 Illumina	
HiSeq	 and	 MiSeq	 machines	 (single–end	 and	 paired–end,	
respecJvely)	
	
TruSeq2-SE,	 TruSeq2-PE	 –	 adapter	 sequences	 used	 by	 Illumina	
GAII	machines		
	
NexteraPE-PE	 –	 adapter	 sequences	 used	 by	 Nextera	 sample	
preparaJon	protocol	
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QC	for	our	data:	paired-end	reads	

mkdir	TRIMMED	
mkdir	STATUS	
	
java	-Xms4g	-Xmx4g	-jar	trimmomaJc/trimmomaQc.jar	PE	-threads	1	-
phred33	ERR990413_1.fastq	ERR990413_2.fastq	TRIMMED/
ERR990413_trimmomaQc_R1_trimmed.fastq	/dev/null	TRIMMED/
ERR990413_trimmomaQc_R2_trimmed.fastq	/dev/null		
ILLUMINACLIP:trimmomaJc/adapters/TruSeq3-PE.fa:2:30:10	LEADING:20	
TRAILING:20	SLIDINGWINDOW:5:20	MINLEN:50	&>	STATUS/trimmomaJc.log	
					
Parameters:	
Input	file(s)	
Output	file(s)	
QC	segngs	
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QC	for	our	data:	paired-end	reads	

java	-Xms4g	-Xmx4g	-jar	trimmomaJc/trimmomaQc.jar	PE	-threads	1	-
phred33	ERR990413_1.fastq	ERR990413_2.fastq	TRIMMED/
ERR990413_trimmomaQc_R1_trimmed.fastq	/dev/null	TRIMMED/
ERR990413_trimmomaQc_R2_trimmed.fastq	/dev/null		
ILLUMINACLIP:trimmomaJc/adapters/TruSeq3-PE.fa:2:30:10	LEADING:20	
TRAILING:20	SLIDINGWINDOW:5:20	MINLEN:50	&>	STATUS/trimmomaJc.log	
					
PE:	paired-end	
Removing	adapters:TruSeq3–PE.	
Two	input	files:		

•  	ERR990413_1.fastq	
•  	ERR990413_2.fastq	
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QC	for	our	data:	paired-end	reads	

java	-Xms4g	-Xmx4g	-jar	trimmomaJc/trimmomaQc.jar	PE	-threads	1	-
phred33	ERR990413_1.fastq	ERR990413_2.fastq	TRIMMED/
ERR990413_trimmomaQc_R1_trimmed.fastq	/dev/null	TRIMMED/
ERR990413_trimmomaQc_R2_trimmed.fastq	/dev/null		
ILLUMINACLIP:trimmomaJc/adapters/TruSeq3-PE.fa:2:30:10	LEADING:20	
TRAILING:20	SLIDINGWINDOW:5:20	MINLEN:50	&>	STATUS/trimmomaJc.log	
			
	
Four	output	files	(data	redirected	to	/dev/null	are	discarded):		
TRIMMED/ERR990413_trimmomaQc_R1_trimmed.fastq	(paired	reads,	part	1)		
/dev/null	(unpaired	reads,	part	1)		
TRIMMED/ERR990413_trimmomaQc_R2_trimmed.fastq	(paired	reads,	part	2)		
/dev/null	(unpaired	reads,	part	2)		
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TrimmomaJc	PE	-	report	

TrimmomaticPE: Started with arguments: -threads 2 -phred33 
ERR990413_1.fastq ERR990413_2.fastq TRIMMED/
ERR990413_1_trimmed.fastq /dev/null TRIMMED/
ERR990413_2_trimmed.fastq /dev/null ILLUMINACLIP: 
Trimmomatic/adapters/TruSeq3-PE.fa:2:30:10 LEADING:20 
TRAILING:20 SLIDINGWINDOW:5:20 MINLEN:50Using PrefixPair: 
'TACACTCTTTCCCTACACGACGCTCTTCCGATCT' and 
'GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT'ILLUMINACLIP: Using 1 
prefix pairs, 0 forward/reverse sequences, 0 forward only 
sequences, 0 reverse only sequencesInput  
Read Pairs: 2500000 Both Surviving: 2183039 (87.32%) 
Forward Only Surviving: 236120 (9.44%) Reverse Only 
Surviving: 36198 (1.45%) Dropped: 44643 (1.79%) 
TrimmomaticPE: Completed successfully 
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QC	for	single-end	reads	

java	-Xms4g	-Xmx4g	-jar	trimmomaJc/trimmomaQc.jar	SE	-threads	1	-phred33	
reads.fastq		reads.trimmed.fastq	ILLUMINACLIP:trimmomaJc/adapters/
TruSeq3-SE.fa:2:30:10	LEADING:20	TRAILING:20	SLIDINGWINDOW:5:20	
MINLEN:50	
			
Parameters:	
Input	file(s)	
Output	file(s)	
QC	segngs	
SE:	single-end	
There	is	one	input	file	(reads.fastq)	and	one	output	file	(reads.trimmed.fastq).		
	
		
	

27	



TrimmomaJc:	summary	

+	
All–In–One	tool		
Supports	both	single–end	and	paired–end	data	
Advanced	quality	trimming	
Built–in	adapter	sequences	

–	
Complicated	usage	
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Quality	filtering	:	BBDUK2	
(An	alternaJve	for	TrimmomaJc)	

bbmap/bbduk2.sh	-Xmx2g	threads=2	in=ERR990413_1.fastq	in2=ERR990413_2.fastq	
out=TRIMMED/ERR990413_bbduk2_R1.fastq	out2=TRIMMED/
ERR990413_bbduk2_R2.fastq	qtrim=w	trimq=20	maq=10	rref=bbmap/resources/
adapters.fa	k=23	mink=11	hdist=1	tbo	tpe	minlength=50	removeifeitherbad=t	
overwrite=t	stats=STATUS/ERR990413.bbduk2_stats.txt	2>	STATUS/
ERR990413.bbduk2_trimming.txt	
	
in=															Main	input.	in=stdin.fq	will	pipe	from	stdin.	
in2=													Input	for	2nd	read	of	pairs	in	a	different	file.	
out=												(outnonmatch)	Write	reads	here	that	do	not	contain	kmers	matching	the			
																				database.			
out2=									(outnonmatch2)	Use	this	to	write	2nd	read	of	pairs	to	a	different	file.	
qtrim=f						Trim	read	ends	to	remove	bases	with	quality	below	trimq.	Performed		
																			AFTER	looking	for	kmers.	Wybrana	opcja:	w	(sliding	window)	
trimq=6					Regions	with	average	quality	BELOW	this	will	be	trimmed.	
rref=										Comma-delimited	list	of	fasta	reference	files	for	right-trimming.	
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Quality	filtering	:	BBDUK2	
(An	alternaJve	for	TrimmomaJc)	

bbmap/bbduk2.sh	-Xmx2g	threads=2	in=ERR990413_1.fastq	in2=ERR990413_2.fastq	
out=TRIMMED/ERR990413_bbduk2_R1.fastq	out2=TRIMMED/
ERR990413_bbduk2_R2.fastq	qtrim=w	trimq=20	maq=10	rref=bbmap/resources/
adapters.fa	k=23	mink=11	hdist=1	tbo	tpe	minlength=50	removeifeitherbad=t	
overwrite=t	stats=STATUS/ERR990413.bbduk2_stats.txt	2>	STATUS/
ERR990413.bbduk2_trimming.txt	
	
k=27																Kmer	length	used	for	finding	contaminants.		Contaminants	
																									shorter	than	k	will	not	be	found.		k	must	be	at	least	1.	
	
mink=0											Look	for	shorter	kmers	at	read	Jps	down	to	this	length,	when	k-trimming		
																									or	masking.		
	
hdist																Maximum	Hamming	distance	for	ref	kmers	(subs	only).	
	
tbo=f															(trimbyoverlap)	Trim	adapters	based	on	where	paired	reads	overlap.		
tpe=f															(trimpairsevenly)	When	kmer	right-trimming,	trim	both	reads	to	the		
																								minimum	length	of	either.		
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Quality	filtering	:	BBDUK2	
(An	alternaJve	for	TrimmomaJc)	

bbmap/bbduk2.sh	-Xmx2g	threads=2	in=ERR990413_1.fastq	in2=ERR990413_2.fastq	
out=TRIMMED/ERR990413_bbduk2_R1.fastq	out2=TRIMMED/
ERR990413_bbduk2_R2.fastq	qtrim=w	trimq=20	maq=10	rref=bbmap/resources/
adapters.fa	k=23	mink=11	hdist=1	tbo	tpe	minlength=50	removeifeitherbad=t	
overwrite=t	stats=STATUS/ERR990413.bbduk2_stats.txt	2>	STATUS/
ERR990413.bbduk2_trimming.txt	
	
	
	minlength=10								(ml)	Reads	shorter	than	this	a\er	trimming	will	be	discarded.		Pairs		
																																		will	be	discarded	if	both	are	shorter.		
	
removeifeitherbad=t	(rieb)	Paired	reads	get	sent	to	'outmatch'	if	either	is	match	(or			
																																							either	is	trimmed	shorter	than	minlen).	
	
overwrite=t												(ow)	Grant	permission	to	overwrite	files.	
stats=																							Write	staJsJcs	about	which	contamininants	were	detected.	
threads=auto									(t)	Set	number	of	threads	to	use;	default	is	number	of	logical		
																																	processors.	
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Quality	filtering:	BBDUK2	
(An	alternaJve	for	TrimmomaJc)	

bbmap/bbduk2.sh	-Xmx2g	threads=2	in=ERR990413_1.fastq	in2=ERR990413_2.fastq	
out=TRIMMED/ERR990413_bbduk2_R1.fastq	out2=TRIMMED/
ERR990413_bbduk2_R2.fastq	qtrim=w	trimq=20	maq=10	rref=bbmap/resources/
adapters.fa	k=23	mink=11	hdist=1	tbo	tpe	minlength=50	removeifeitherbad=t	
overwrite=t	stats=STATUS/ERR990413.bbduk2_stats.txt	2>	STATUS/
ERR990413.bbduk2_trimming.txt	
	
	
-Xmx											This	will	be	passed	to	Java	to	set	memory	usage,	overriding	
																				the	program's	automaJc	memory	detecJon.	-Xmx20g	will	
																				specify	20	gigs	of	RAM,	and	-Xmx200m	will	specify	200	megs.	
																				The	max	is	typically	85%	of	physical	memory.			
	
minavgquality=0					(maq)	Reads	with	average	quality	(a\er	trimming)	below	
																																			this	will	be	discarded.		
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BBDUK2:	Summary	

+	
All–In–One	tool		
Supports	both	single–end	and	paired–end	data	
Advanced	quality	trimming	opJons	
Built–in	adapter	sequences	

–	
Complicated	usage	
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TrimmomaQc	
mkdir	FASTQC_out/ERR990413_filtered_trimmomaJc	
	
fastqc	TRIMMED/ERR990413_trimmomaQc_R1_trimmed.fastq	TRIMMED/
ERR990413_trimmomaJc_R2_trimmed.fastq	--quiet	--noextract	--nogroup	--outdir	
FASTQC_out/ERR990413_filtered_trimmomaQc	
		
	
bbduk2	
mkdir	FASTQC_out/ERR990413_filtered_bbduk2	
	
fastqc	TRIMMED/ERR990413_bbduk2_R1.fastq	TRIMMED/
ERR990413_bbduk2_R2.fastq	--quiet	--noextract	--nogroup	--outdir	FASTQC_out/
ERR990413_filtered_bbduk2	

Quality	control:	a\er	filtering	
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Filtering	and	processing	of	
smallRNA-Seq	data	



FASTX–Toolkit		

h8p://hannonlab.cshl.edu/fastx_toolkit/		 36	



Quality	control:	FASTX-Toolkit	

Adapter	clipping	–	removing	adapter	sequences	from	the	ends	of	the	reads	
	
Quality	trimming	–	removing	low–quality	regions	from	the	ends	of	the	reads	
	
Quality	filtering	–	keeping	or	discarding	reads	based	on	quality	criteria		
	
	
Warning:	paired–end	reads	must	be	analyzed	together	in	order	to	preserve	the	order	
of	reads	in	both	FASTQ	files.	
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Our	data	

#	Data	download	
wget	\p://\p.sra.ebi.ac.uk/vol1/fastq/SRR158/006/SRR1586016/SRR1586016.fastq.gz	
	
Study:	microRNA	sequencing	of	HEK293	and	H9c2	cells	
Sample:	HEK293_microRNAs	
Instrument:	Illumina	HiSeq	2000	
Small	RNA	sequencing	libraries	were	prepared	using	Illumina	TruSeq	Small	RNA	
Sequencing	kits	
	
gunzip	SRR1586016.fastq.gz	
	
#	quality	control:	before	filtering	
mkdir	FASTQC_out/SRR1586016_raw	
	
fastqc	SRR1586016.fastq	--quiet	--noextract	--nogroup	--outdir	FASTQC_out/
SRR1586016_raw	
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FastQC:	report	
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Adapter	clipping	

fastx_clipper	-Q33	-v	-l	17	-a	TGGAATTCTCGGGTGCCAAGG	-c		
-i	SRR1586016.fastq	-o	SRR1586016_clipped.fastq	

Input	and	output	file	are	specified	using	-i	and	-o	flags	
	
Print	clipping	report	(-v)	
	
Only	reads	that	have	at	least	17	bp	a\er	clipping	(-l		17)	are	kept	
	
Adapter	sequence	is	specified	using	-a	flag	
	
Discarded	are	sequences	without	adapter(-c)	
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Adapter	clipping	-	report	

Clipping	Adapter:	TGGAATTCTCGGGTGCCAAGG	
Min.	Length:	17	
Non-Clipped	reads	-	discarded.	
Input:	3713258	reads.	
Output:	2812780	reads.	
discarded	825861	too-short	reads.	
discarded	47338	adapter-only	reads.	
discarded	19604	non-clipped	reads.	
discarded	7675	N	reads.	
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Quality	filtering	

fastq_quality_filter	-Q33	-v	-q	20	-p	95	-i	SRR1586016_clipped.fastq		
-o	SRR1586016_QC.fastq	
			
Input	and	output	file	are	specified	using	-i	and	-o	flags	
	
Print	filtering	report	(-v)	
	
Reads	 are	only	 kept	 if	 at	 least	 95%	of	 their	 bases	have	 the	quality	 score	of	
min.	20	(-q	20	-p	95)	
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Quality	filtering	–	report	

Quality	cut-off:	20	
Minimum	percentage:	95	
Input:	2812780	reads.	
Output:	2667324	reads.	
discarded	145456	(5%)	low-quality	reads.	
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QC	pipeline	

fastx_clipper	-Q33	-v	-l	17	-a	TGGAATTCTCGGGTGCCAAGG	-c		
-i	SRR1586016.fastq	|	fastq_quality_filter	-Q33	-v	-q	20	-p	95	-o	
SRR1586016_QC.fastq	
			
Input	and	output	file	are	specified	using	-i	and	-o	flags	
	
Different	FASTX–Toolkit	commands	are	chained	using	Unix	pipes	–	the	output	
of	one	command	becomes	the	input	data	for	the	next	one	
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QC	pipeline	-	report	
Clipping	Adapter:	TGGAATTCTCGGGTGCCAAGG	
Min.	Length:	17	
Non-Clipped	reads	-	discarded.	
Input:	3713258	reads.	
Output:	2812780	reads.	
discarded	825861	too-short	reads.	
discarded	47338	adapter-only	reads.	
discarded	19604	non-clipped	reads.	
discarded	7675	N	reads.	
Quality	cut-off:	20	
Minimum	percentage:	95	
Input:	2812780	reads.	
Output:	2667324	reads.	
discarded	145456	(5%)	low-quality	reads.	

Adapter	clipping	

Quality	filtering	
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AddiJonal	steps	

FASTA	conversion	–	converJng	data	from	FASTQ	to	FASTA	format	
	

Sequence	collapsing	–	removing	redundant	sequences	from	a	FASTQ	or	FASTA	file	
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FASTA	conversion	

fastq_to_fasta	-i	SRR1586016.fastq	-o	SRR1586016.fasta	-v	
			
Input	and	output	file	are	specified	using	-i	and	-o	flags	
	
Print	conversion	report	(-v)	
	
Reads	that	contain	N	characters	are	discarded	
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Sequence	collapsing	

fastx_collapser	-i	SRR1586016.fastq	-o	
SRR1586016_collapsed.fasta	-v	
			
Input	and	output	file	are	specified	using	-i	and	-o	flags	
	
Print	sequence	collapsing	report	(-v)	
	
Redundant	 sequences	 are	 discarded	 but	 the	 informaJon	 about	 their	
abundance	is	preserved	
	
OperaJon	can	be	reversed	by	the	'fastx_uncollapser'	command	
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fastx_collapser:	results	
Input:	2675102	sequences	(represenJng	2675102	reads)	
Output:	219894	sequences	(represenJng	2675102	reads)	
	
>1-199647	
TATTGCACTTGTCCCGGCCTGT	 	 	#	hsa-miR-92a-3p	
>2-161038	
TACCCTGTAGATCCGAATTTGT	 	 	#	hsa-miR-10a-5p	
>3-121255	
TACCCTGTAGAACCGAATTTGT 	 	 	#	hsa-miR-10b-5p	
>4-88112	
TACCCTGTAGATCCGAATTTGTG 	 	#	hsa-miR-10a-5p	
>5-58922	
ACCCTGTAGATCCGAATTTGTG 	 	 	#	hsa-miR-10a-5p	
>6-45673	
TATTGCACTTGTCCCGGCCTGTAA 	 	#	hsa-miR-92a-3p	
>7-44625	
AGCTACATCTGGCTACTGGGTCTC 	 	#	hsa-miR-222-3p	
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FASTX–Toolkit:	summary	

+	
Detailed	control	over	QC	steps	and	their	order	
	
Best	suited	for	relaJvely	short,	single–end	reads	e.g.	short	RNAs,	
degradome	sequencing	or	CLIP–Seq	data	

–	
Cannot	process	paired–end	data	
	
Inflexible	quality	trimming	
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Thank you for  
your attention	


