


NGS	FASTQ	file	format	

Line1:	Begins	with	‘@’	and	followed	by	a	
sequence	idenEfier	and	opEonal	descripEon	
Line2:	Raw	sequence	leIers	
Line3:	‘+’	
Line4:	Encodes	the	quality	values	for	the	
sequence	in	Line2	(see	above	figure)	
Repeat	Lines1-4	format	again	and	again	and	
again…	
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RNA-Seq	pipeline	

Trapnell	C,	Roberts	A,	Goff	L,	Pertea	G,	Kim	D,	Kelley	DR,	Pimentel	H,	Salzberg	SL,	Rinn	JL,	Pachter	L.		Differen'al	gene	and	transcript	expression	analysis	of	RNA-seq	experiments	with	TopHat	and	Cufflinks	
Nature	Protocols	7,	562-578	(2012)	doi:10.1038/nprot.2012.016	



Upload/Import	Data	
1	

2	
3a	

3b-1	

3b-2	

3b-3	

3c	

3d	

1.  Click	“Get	Data”	
2.  Click	“Upload	File”	
3.  Boxes	to	be	aware	of:	

a)  File	Format	
b)  File	to	be	uploaded:	

1)  File	from	computer	
2)  URL/text	
3)  FTP	

c)  Genome	
4.  Click	“Execute”	



Shared	Data	
1	

2	

3	

1.  Click	on	“Shared	Data”	(located	on	top	toolbar)	
2.  Drop	down	box	appears;	click	on	“Data	

Libraries”	
3.  Will	see	this	Data	Library.		Click	on	it	to	expand	

(as	shown)	



Import	Shared	Data	to	Current	History	

1.  Check	boxes	of	files	you	want	to	import	
2.  Choose	“Import	to	current	history”	and	then	

click	“Go”	
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Quality	Control	of	raw	fastq	reads	
1	

2	

3a	

3b	

1.  Click	on	“NGS:	QC	and	manipulaEon”	
2.  Click	on	“Fastqc:	Fastqc	QC	
3.  Select	opEons:	

a)  This	is	what	the	window	looks	like	when	first	opened	
b)  Choose	fastq	file	and	give	it	a	useful	name	

4.  Click	“Execute”	
5.  Do	the	exact	same	thing	for	the	other	3	fastq	files	

*	

*	
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FastQC	Output	Report	



TopHat	
3	

1.  Click	on	“NGS:	RNA	Analysis”	
2.  Click	on	“Tophat	for	Illumina	(48hrs/24G)”	
3.  Default	window	with	opEons	appears	
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TopHat	

1.  Select	forward	fastq	read	file	
2.  Select	reference	genome:	

a)  Choose	“Use	a	built-in	genome”	
b)  Select	the	reference	genome	

3.  Select	“Paired-end”	
4.  Select	reverse	fastq	read	file	
5.  Input	“110”	(ask	sequencing	center	for	this	

info)	
6.  Can	choose	“Commonly	used”	or	“Full	

parameter	list”	
7.  Click	“Execute”	
8.  Do	the	exact	same	thing	for	the	other	

sample	
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Note	about	FASTA	files	not	already	
indexed	in	Galaxy	

•  If	a	FASTA	is	not	indexed	in	Galaxy,	then	it	is	easy	to	upload	
the	appropriate	FASTA	file	into	Galaxy.	(Get	Data	->	Upload	
File)	

•  However,	it	can	take	up	to	5	hours	extra	to	run	TopHat	
because	BowEe	has	to	index	your	uploaded	FASTA	file	(best	
to	have	your	own	instance	of	Galaxy)	each	Eme	you	run	
TopHat!	

•  Where	do	I	go	to	get	a	non-model	organism	FASTA	file?	
–  NCBI:	hIp://www.ncbi.nlm.nih.gov/genome	
–  Ensembl:	hIp://useast.ensembl.org/info/data/op/index.html	
–  iGenome:	hIp://cufflinks.cbcb.umd.edu/igenomes.html	
–  Your	favorite	species	website:	hIp://www...	



TopHat	output	files	
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GTF	AnnotaEon	Files	



Cufflinks	

2	

3	

1.  Click	on	“NGS:	RNA	Analysis”	
2.  Click	on	“Cufflinks”	
3.  Default	window	with	opEons	appears	
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Cufflinks	

1.  Choose	TopHat	accepted	hits	file	
2.  Perform	quarEle	normalizaEon	

(for	this	demo	choose	“No”)	
3.  Reference	AnnotaEon:	

a)  For	genomes	in	scaffolds,	
choose	“Use	reference	
annotaEon	as	guide”	

b)  Choose	GTF	file	from	
history	

4.  Perform	Bias	CorrecEon	(for	this	
demo	choose	“No”)	

5.  Click	“Execute”	
6.  Do	the	exact	same	thing	for	the	

other	TopHat	accepted	hits	file	
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3a	

3b	
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Note	about	GTF	files	for	Cuff*	
•  If	you	use	a	GTF	file	from	Ensembl,	then	you	need	to	

convert	the	chromosome	column	(column	1)	to	include	
‘chr’	in	front	of	the	chromosome	#.		You	can	do	this	by:	
–  Using	Jeremy	Goecks’	published	workflow	“Make	Ensembl	GTF	
compaEble	with	Cufflinks”	in	Galaxy:	
hIps://main.g2.bx.psu.edu/u/jeremy/w/make-ensembl-gw-
compaEble-with-cufflinks	

–  Use	‘awk’	to	add	‘chr’	to	column	1	(if	using	Mac	or	Linux)	
•  Where	do	I	go	to	get	a	GTF	file?	

–  NCBI:	hIp://www.ncbi.nlm.nih.gov/genome	
–  Ensembl:	hIp://useast.ensembl.org/info/data/op/index.html	
–  iGenome:	hIp://cufflinks.cbcb.umd.edu/igenomes.html	
–  Your	favorite	species	website:	hIp://www...	



Some	Cufflinks	opEons	to	be	aware	of	
-I/–max-intron-length	<int>	
	
The	maximum	intron	length.	Cufflinks	will	not	report	transcripts	with	introns	longer	than	this,	and	will	ignore	
SAM	alignments	with	REF_SKIP	CIGAR	operaEons	longer	than	this.	The	default	is	300,000.	

-F/–min-isoform-frac'on	<0.0-1.0>	
	
Aoer	calculaEng	isoform	abundance	for	a	gene,	Cufflinks	filters	out	transcripts	that	it	believes	are	very	low	
abundance,	because	isoforms	expressed	at	extremely	low	levels	ooen	cannot	reliably	be	assembled,	and	may	
even	be	arEfacts	of	incompletely	spliced	precursors	of	processed	transcripts.	This	parameter	is	also	used	to	
filter	out	introns	that	have	far	fewer	spliced	alignments	supporEng	them.	The	default	is	0.1,	or	10%	of	the	most	
abundant	isoform	(the	major	isoform)	of	the	gene.	

-j/–pre-mrna-frac'on	<0.0-1.0>	
	
Some	RNA-Seq	protocols	produce	a	significant	amount	of	reads	that	originate	from	incompletely	spliced	
transcripts,	and	these	reads	can	confound	the	assembly	of	fully	spliced	mRNAs.	Cufflinks	uses	this	parameter	to	
filter	out	alignments	that	lie	within	the	intronic	intervals	implied	by	the	spliced	alignments.	The	minimum	
depth	of	coverage	in	the	intronic	region	covered	by	the	alignment	is	divided	by	the	number	of	spliced	reads,	
and	if	the	result	is	lower	than	this	parameter	value,	the	intronic	alignments	are	ignored.	The	default	is	15%.	



Cufflinks	output	files	



Cuffmerge	
1	

1.  Click	on	“NGS:	RNA	Analysis”	
2.  Click	on	“Cuffmerge”	
3.  Default	window	with	opEons	appears	

2	



Cuffmerge	

1.  Choose	GTF	file	produced	by	Cufflinks	
2.  AddiEonal	GTF	Input	Files:	

a)  Click	on	“Add	new	AddiEonal	
GTF	Input	Files”	

b)  Choose	other	GTF	file	produced	
by	Cufflinks	

3.  Reference	AnnotaEon:	
a)  Select	“Yes”	to	Use	Reference	

AnnotaEon	
b)  Choose	GTF	Reference	

AnnotaEon	file	from	history	
4.  Sequence	Data:	

a)  Slect	“Yes”	to	Use	Sequence	
Data	

b)  Choose	“Locally	cached”	
5.  Click	“Excecute”	
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Cuffmerge	output	files	



Cuffdiff	
1	

2	

1.  Click	on	“NGS:	RNA	Analysis”	
2.  Click	on	“Cuffdiff”	
3.  Default	window	with	opEons	appears	



Cuffdiff	
1.  Choose	GTF	transcript	file	from	either	Cuffmerge	or	

Cuffcompare	
2.  Perform	replicate	analysis:	

a)  Choose	“Yes”	
b)  Click	“Add	new	Group”	
c)  Select	a	name	to	give	the	Group	
d)  Choose	TopHat	accepted	hits	file	associated	

with	this	Group	
e)  If	you	have	more	than	one	TopHat	accepted	

hits	file	associated	with	this	Group,	then	click	
“Add	new	Replicate”	

f)  Click	“Add	new	Group”	
g)  Select	a	name	to	give	the	Group	
h)  Choose	TopHat	accepted	hits	file	associated	

with	this	Group	
i)  If	you	have	more	than	one	TopHat	accepted	

hits	file	associated	with	this	Group,	then	click	
“Add	new	Replicate”	

j)  Click	“Add	new	Group”	if	you	have	another	
Group	you	want	to	add	

3.  Select	a	False	Discovery	Rate	cutoff	
4.  Select	the	minimum	#	of	reads	that	will	align	to	a	

locus	in	order	to	perform	significant	tesEng	
5.  Perform	quarEle	normalizaEon	(for	this	demo	

choose	“No”)	
6.  Perform	bias	correcEon	(for	this	demo	choose	“No”)	
7.  Click	“Execute”	
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Cuffdiff	output	files	



Transcript	differenEal	expression	tesEng	output	

Gene	differenEal	expression	tesEng	output	



Using	IGV	to	view	the	data	

•  hIp://www.broadinsEtute.org/igv/	
•  Several	ways	to	view	the	accepted_hits.bam	
file	from	TopHat:	
– Download	the	bam	file	to	your	computer	(don’t	
forget	to	download	the	bam_index	file	(*.bai)	and	
then	load	into	IGV	

– View	them	directly	from	Galaxy	(no	downloading	
required)	
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