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

click	“Go”
3. Will	see	the	files	in	the	right-hand	pane	of	the	

Galaxy	window
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Quality	Control	of	raw	fastq reads
1

2

3a

3b

*

*

4
1. Click	on	“NGS:	QC	and	manipulation”
2. Click	on	“Fastqc:	FastqcQC
3. Select	options:

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



FastQC Output	Report

This	data	looks	awful	
because	this	is	filtered	
data	from	a	much	larger	
fastq file.		Better	results	
when	using	entire	file!



TopHat
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1. Click	on	“NGS:	RNA	Analysis”
2. Click	on	“Tophat for	Illumina”
3. Default	window	with	options	appears

1



TopHat

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

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

3. Select	“Paired-end”
4. Select	reverse	fastq read	file
5. Input	“150”	(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	Bowtie	has	to	index	your	uploaded	FASTA	file	(best	
to	have	your	own	instance	of	Galaxy)	each	time	you	run	
TopHat!

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



TopHat output	files
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GTF	Annotation	Files



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

1. Choose	TopHat accepted	hits	file
2. Perform	quartile	normalization	

(for	this	demo	sample,	choose	
“No”)

3. Reference	Annotation:
a) For	genomes	in	scaffolds,	

choose	“Use	reference	
annotation	as	guide”

b) Choose	GTF	file	from	
history

4. Perform	Bias	Correction	 (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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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	JeremyGoecks’	published	workflow	“Make	EnsemblGTF	

compatible	with	Cufflinks”	in	Galaxy:	
https://main.g2.bx.psu.edu/u/jeremy/w/make-ensembl-gtf-
compatible-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:	http://www.ncbi.nlm.nih.gov/genome
– Ensembl:	http://useast.ensembl.org/info/data/ftp/index.html
– iGenome:	http://cufflinks.cbcb.umd.edu/igenomes.html
– Your	favorite	species	website:	http://www...



Some	Cufflinks	options	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	operations	 longer	than	this.	The	default	is	300,000.

-F/–min-isoform-fraction	<0.0-1.0>

After	calculating	isoform	abundance	for	a	gene,	Cufflinks	 filters	out	transcripts	that	it	believes	 are	very	low	
abundance,	 because	isoforms	 expressed	at	extremely	low	levels	often	cannot	reliably	be	assembled,	 and	may	
even	be	artifacts	of	incompletely	spliced	precursors	of	processed	 transcripts.	This	parameter	is	also	used	to	
filter	out	introns	that	have	far	fewer	spliced	alignments	supporting	 them.	The	default	is	0.1,	or	10%	of	the	most	
abundant	isoform	 (the	major	isoform)	 of	the	gene.

-j/–pre-mrna-fraction	<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	options	appears
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Cuffmerge

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

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

b) Choose	other	GTF	file	produced	
by	Cufflinks

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

Annotation
b) Choose	GTF	Reference	

Annotation	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
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1. Click	on	“NGS:	RNA	Analysis”
2. Click	on	“Cuffdiff”
3. Default	window	with	options	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	testing
5. Perform	quartile	normalization	(for	this	demo,	

choose	“No”)
6. Perform	bias	correction	(for	this	demo,	choose	

“No”)
7. Click	“Execute”
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Cuffdiff output	files



Transcript	differential	expression	testing	output

Gene	differential	expression	 testing	output



Using	IGV	to	view	the	data

• http://www.broadinstitute.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)



Load	aligned	BAM	files	into	IGV
1

2

1. Click	“File”
2. Choose	“Load	from	File”
3. Choose	*.bam	files	(*.bai files	need	to	be	in	the	same	folder)



chr19



NCLN



What	to	do	with	your	list	of	genes

• Apply	a	Systems	Biology	approach	to	data	
mine	and	analyze	your	data

• Tools	and	databases	available	(some	free,	
others	$$)	to	define	the	underlying	biology	
behind	different	–omics data	

• These	tools	and	databases	will	identify	and	
prioritize	the	most	relevant	pathways,	
networks	and	cellular	processes	affected	by	
your	dataset.



Pathways	&	Ontology	Analysis	Tools

Tool Link Price

Reactome http://www.reactome.org Free

IPA http://ingenuity.com/ $$$

GeneGo Metacore http://www.genego.com/ $$$

Cytoscape http://www.cytoscape.org/ Free

GenMAPP http://www.genmapp.org/ Free

InterMine http://intermine.org/ Free

KEGG http://www.genome.jp/kegg/ Free

GO http://www.geneontology.org/ Free

Panther http://www.pantherdb.org/ Free

DAVID http://david.abcc.ncifcrf.gov/ Free

And	many,	many	more!!



Network	Example



Variant	Pathway	Tools
Tool Link Price

Ingenuity Variant	
Analysis http://ingenuity.com/ $$$

Clinical Genomics	
Toolkit

http://lsresearch.thomsonreute
rs.com/pages/solutions/21/clini

cal-genomics-toolkit
$$$

Cartagenia http://www.cartagenia.com/ $$$

Tute Genomics http://tutegenomics.com/ $$$

VariantStudio

http://www.illumina.com/infor
matics/research/biological-

data-
interpretation/variantstudio.ht

ml

$$$



REACTOME
Demo



Reactome
• Open-source,	open	access.
• Manually	curated.
• Peer-reviewed	pathway	database	(pathway	
annotations	are	authored	by	“expert”	biologists).

• Some	of	the	tools	they	have:
– Browse	pathways
– Map	IDs	to	pathways
– Overrepresentation	analysis
– Compare	species
– Analyze	expression	data



Other	
useful	
tools

Quick	links	
to	tools	
most	
commonly	
used.

Manual	&	
tutorials



Browse	Pathways

This	beginning	 screen	says	it	all	on	how	to	
browse	pathways

Helpful	 tutorial



Analyze	Data

1. Upload	data	to	Reactome:
a. Paste,	or
b. Choose	file	from	computer	(tab-delimited),	 or	
c. For	demo	purposes,	 click	“Example”

2. Click	“Analyse”

1b 2

1a

1c

2



Analyze	Data	Results

Clicking	any	of	the	
pathway	names	will	
show	the	respective	
pathway

Table	can	be	
downloaded	 in	
various	formats





Compare	species

This	tool	will	allow	you	to	compare	human	pathways	to	
any	other	species	pathways	they	have	in	their	database



Compare	species

Here,	I	chose	mouse	
and	as	before,	clicking	
on	the	pathway	name	
will	open	 the	pathway	
map,	and	the	
table/results	can	be	
downloaded.



Browse	pathways

Search	for	your	favorite	
pathways	by	following	 their	
instructions.



PANTHER
Demo



Panther

• Tools	and	data	on	the	PANTHER	site	can	be	used	to:
– Get	information	about	a	gene	of	interest
– Explore	protein	families,	molecular	functions,	biological	
processes,	cellular	components	and	pathways	

– Generate	lists	of	genes	that	belong	to	a	given	protein	
family	or	subfamily,	have	a	given	molecular	function	or	
participate	in	a	given	biological	process	or	pathway,	e.g.	
generate	a	candidate	gene	list	for	a	disease	

– Analyze	lists	of	genes,	proteins	or	transcripts	according	to	
categories	based	on	family,	molecular	function,	biological	
process,	cellular	component	or	pathway,	e.g.	analyze	
mRNA	microarray	data

http://pantherdb.org/





Upload	multiple	gene	IDs

1. Upload	data	to	Panther:
a. Paste	your	 IDs,	or
b. Choose	a	file	(tab-

delimited)
2. Select	Genome(s)
3. Select	Analysis	type
4. Click	“submit”

1a

1b

2

3

4



• Table	listing	all	the	genes	in	your	dataset	(scroll	to	the	right	to	
see	all	the	columns

• Table	can	be	downloaded	 by	the	“Send	list	to:”	dropdown	 box
• Click	the	pie	chart	icon	to	view	the	GO	categories	in	pie	charts



• Pie	charts	of	the	3	GO	
categories:
• Molecular	Function
• Biological	Process
• Cellular	Component

• Each	“wedge”	can	be	
clicked	on	to	drill	 further	
down	into	the	cateogry

• Clicking	on	any	category	
name	link	will	list	a	table	of	
molecules	from	your	
dataset	found	 in	that	
particular	category



DAVID
Demo



DAVID

• Database	for	Annotation,	Visualization	and	Integrated	Discovery	
(DAVID)

• Provides	a	comprehensive	set	of	functional	annotation	tools	to	
better	understand	the	biological	meaning	behind	large	datasets.

• Tools:
– GO
– Pathways
– Gene-disease	associations
– Protein	functional	domains	and	motifs
– And	much,	much	more!

• Systematic	and	integrative	analysis	of	large	gene	lists	using	DAVID	
bioinformatics	resources.	Nature	Protocols	4,	44-57	(2009).

http://david.abcc.ncifcrf.gov/
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Thanks!		Questions?

Contact	info:
David	K.	Crossman,	Ph.D.
Bioinformatics	Director
Heflin	Center	for	Genomic	Science
University	of	Alabama	at	Birmingham
http://www.heflingenetics.uab.edu
dkcrossm@uab.edu


