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High-throughput	sequencing,	or	NGS

Big	scale	sequencing
• 100,000,000s	sequences,	or	reads,	per	experiment
• sequencing	of	a	(random)	library
• low	cost	per	nucleotide

Popular	technologies:
• illumina
• ion	/	proton
• PacBio

Emerging	technologies
• Oxford	Nanopore MinION

Analysis	of	NGS	data
Big	datasets
Computationally	intensive
Dedicated	tools	and	data	types
Extensive	use	of	public	data
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Computational	resources

Public	data

Knowledge	and	skills

Tools



Galaxy:	how	does	it	look	like

Tools

Working	window

HistoryTop	menu

Upload
History	
menu

Galaxy	is	a	web-based	platform	for	analysis	of	genome-scale	data



Why	Galaxy?

4

• Simple	intuitive	platform
• Public	servers	with	pre-installed	tools	and	storage
• Built-in	public	data,	eg aligner	indices
• Direct	import	from	public	repositories
• 1000s	tools	are	available
• Data	visualisation options
• Data	sharing
• Big	community
• Easy	registration



Galaxy	is	a	workflow	engine
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Select	tool	or	
input	dataset

Add	name,	
comments

Tool	box
Noodle

Input

A	Galaxy	workflow	is	a	series	of	tools	and	dataset	actions	that	run	in	sequence	as	a	batch	operation

Email	notification



Galaxy	tool	shed
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New	tools	can	be	installed	by	Galaxy	admins	from	Galaxy	tool	sheds.

The	main	tool	shed: toolshed.g2.bx.psu.edu
Test	tool	shed:	testtoolshed.g2.bx.psu.edu



Public	Galaxy	servers
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Advantage	of	the	registration:
• access	to	histories	over	long	time
• multiple	histories
• ability	to	use	Galaxy	from	different	devices
• bigger	quotas	(on	some	servers)
• ftp

• Independent	registration	
on	every	Galaxy	server

• Different	tools,	different	
user	policy

• Data	can	be	moved	
between	Galaxy	servers

Galaxy	servers:
usegalaxy.org
usegalaxy.eu

galaxy-tut.genome.edu.au

galaxy-qld.genome.edu.au
(Galaxy	Australia)



NeCTAR
computer	
cloud	and	
storage

GVL	image

The	GVL	project	was	started	in	2012
Analysis	of	nextGen sequencing	data	is	a	bottleneck	(infrastructure,	skills)
Genomics	Virtual	Lab:	take	the	IT	out	of	Bioinformatics

- DIY	bioinformatics	environment	(advanced	users)
- web-based	resources	(biologists-friendly)
- tutorials	and	training	materials:	gvl.org.au

GVL	advantages:	
- public	resource	(no	charges	to	users)
- available	immediately	to	anyone

Afgan et	al.	Genomics	Virtual	Laboratory:	a	practical	bioinformatics	workbench	for	the	cloud.	
PLoS One.	2015	Oct	26;10(10):e0140829.	doi:	10.1371/journal.pone.0140829

Genomics	Virtual	Laboratory
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GVL	activities	in	Brisbane
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galaxy-qld.genome.edu.au

GVL	RStudio server

1000	Genomes	
Project	Mirror

1000genomes.genome.edu.au

FTP	and	SFTP	Access
Browse	Repositories

RDS	Beacon	
tutorial	server

Share	human	data	without	
sensitive	information

Blog	

genomicsvirtuallab.wordpress.com

FAQs,	‘how	to’	info	+	news

Announcements	
and	news
@GVL_QLD	

Training,	
user	support

Sponsors:

Services DataUser	engagement

gvl-rstudio.genome.edu.au rdsbeacon.genome.edu.au



Galaxy Australia

10Less	jobs	on	weekends

Jobs	per	day

Master	node	16	CPUs,	64	GB	RAM

Worker	nodes:
16	CPUs,	64	GB	RAM

49	Tb	Volume	storage	(user	data)
1	Tb	Volume	storage	for	indices

galaxy-qld.genome.edu.au



Tools

GVL	Galaxy	in	Queensland:	
galaxy-qld.genome.edu.au/galaxy
Tools:
- BWA,	bowtie2
- Velvet,	SPAdes
- Trinity
- tophat2,	RNA_STAR,	HiSAT2
- DESeq,	edgeR,	Cufflinks,	StringTie
- GATK2,	variant	detection	tools
- Metagenomics tools
- MACS2,	SPP	
- SAMtools
- Picard
- deepTools

Topics:
üRNA-Seq
üChIP-Seq
üVariant	detection
üGenome	assembly
üTranscriptome
üMetagenomics



• Registered	users:	100	Gb
• Australian	users:	600	Gb
• UQ	users:	1	Tb

Ø No	external	backup	for	user	data
Ø Download	results	as	soon	as	convenient
Ø Delete	and	purge	unneeded	datasets	and	temporary	files

We	do	not	endorse:	
• a	long	term	data	storage	on	the	server
• multiple	registrations

User	data	and	quotas



Public	data	on	Galaxy

Files	imported	from	Data	Libraries	are	not	counted	towards	user	quota.
We	add	public	data	on	demand from	users.

Genome	indices	
and	assemblies

SnpEff databases Data	libraries

BLAST	database



Support	for	Galaxy-qld

Igor	Makunin
UQ	RCC

User	support,	
training

Derek	Benson
UQ	RCC	&	IMB

System	
administrator

GVL-Qld announcements:	twitter.com/GVL_QLD
GVL-Qld blog:	genomicsvirtuallab.wordpress.com

GVL	FAQ	page	at	gvl.org.au/faq
genomicsvirtuallab.wordpress.com/getting-started 14



FASTQ	format
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@SRR3145.19	ILLUMINA-C32_FC:3:1:80:12/1
TAGCAGCACATCATGGTTTACATCGTATGC
+
IIHIDIIIIIIIIIIIIIHIHIIIIIDGIB

Name	always	starts	with	@
Sequence
Always	starts	with	+;	may	have	name
Encoded	Phred quality	score

single-end	reads paired-end	reads

Terminology: read is	a	
sequence	with	quality	
score	values	produced	by	a	
sequencing	machine

Common	output	format:	
FASTQ compressed	with	
gzip,	e.g.	SRR3145_1.fq.gz	

Multiple	reads	in	a	single	FASTQ	file
Each	read	is	described	by	four	lines



FASTQ	Phred quality	score
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Quality	+	Offset

39+33	=	72

ASCII(72):		H

Range:	~0	to	~40

Phred 10:	accuracy	90%
Phred 20:	accuracy	99%
Phred 30:	accuracy	99.9%
Phred 40:	accuracy	99.99%	

Values	are	encoded	by	characters

Advantage:	a	single	character	is	used	
instead	of	a	two-digit	number

A	Phred	quality	score	is	a	measure	of	the	quality	of	the	identification	for	every	nucleotide.	

@S391	ILLUMINA_FC:3:80:12/1
TAGCAGCACATCATGGTTTAC
+
IIHIDIIIIIIIIIIIIIHIH



ASCII	table
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Phred quality	score	encoding
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Offset	33	- Sanger
Offset	64	- old	illumina

Source:	https://en.wikipedia.org/wiki/FASTQ_format



FASTQ	quality	score	in	Galaxy
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Many	old	illumina datasets	have	a	proprietary	data	encoding	(offset	64)
Currently	most	NGS	datasets	use	the	Sanger	encoding	(offset	33)

Galaxy
By	default	Galaxy	assign	‘fastq’	data	type	to	uploaded	FASTQ	files.
In	this	case	the	offset	is	not	specified,	and	many	tools	do	not	recognize	the	
data

fastqillumina – old	illumina quality	score	encoding	(offset	64,	illumina 1.3+)
fastqsanger – new	illumina 1.8+	/	Sanger	quality	score	encoding
Some	tools	in	Galaxy	now	work	only	with	fastqsanger datatype

Solution:
- specify	fastqsanger or	fastqillumina datatype during	upload	
- change	the	format	via	Attributes	>	Datatype
- use	NGS:	QC	and	manipulation	>	FASTQ	Groomer	tool



Acknowledgments	and	useful	links

Genomics	Virtual	Lab:	gvl.org.au
Galaxy	for	tutorials:	galaxy-tut.genome.edu.au
Galaxy	Australia:	galaxy-qld.genome.edu.au

Contributors	and	participants:
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Galaxy	demo:	RNA-Seq analysis
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Import	from	a	data	library
Mapping	RNA-Seq reads	to	a	reference	genome	using	tophat2	aligner
Alignment	visualisation with	Integrative	Genomics	Viewer
Identification	of	differentially	expressed	genes	using	Cuffdiff
Data	filtering	
Galaxy	workflow	



Differential	gene	expression	analysis
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NextGen sequencing	data	can	be	used	for	analysis	of	
gene	expression	on	a	genome	scale.

Assumption: number	of	reads	mapped	to	a	gene	
correlates	with	the	transcript	abundance.

Gene	expression
Red 4
Brown 2
Green 1

read	count	
&	

stats

Reference-based	analysisLibrary

single-end
reads

mRNA



RNA-Seq with	the	Cufflinks	package
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Visualise
alignments

Filter


