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Under the following conditions:

This s & human-readabie summary of the Legal Code (the ull ioence) avaiiabie in the following langusges:
‘Engish French

Laarn how 1o distribute your work using this licence.

Copy, share, adapt, or re-mix; !
@ Photograph, PIm, or broadcast; !
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You attribute the work to its author and
respect the rights and licenses associated
with its components. !
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http://www.ebi.ac.uk/training/course/embo-practical-course-analysis-high-throughput-sequencing-data-1

EMBL-EBI

Training

Training Home = Train at EBI Train outside EBI = Public events = Train Online | About Training ~Contacts

EMBO Practical Course on Analysis of High-Throughput
Sequencing Data

Venue:

European Bioinformatics Institute, Cambridge, CB10 1SD

United Kingdom

See map: Google Maps

Date: Monday, October 21, 2013 - Saturday, October 26, 2013
Organizers:

Gabriella Rustici , EMBL-EBI, UK

Admin support:

Registration Deadline: Friday, August 23, 2013
Acceptance Notification Date: Friday, September 6, 2013
Participation: Open application with selection

Sponsors

N\
EMBO

/ excellence in lfe sciences

supported by AWS in Education Grant award

5: Galaxy !
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EMBO Practical Course on Analysis of High-
Throughput Sequencing Data

Ontario Institute
for Cancer Research
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E-mail! francis@oicr.on.cal
- |@pffo!
) |@EMBOcomn
< @emblebl
=7, #usegalaxy !|

Day 5 : Galaxy ! (Enio

Disclaimer!

¥ |1 do not (and will not) probt in any way, shape or
form, from any of the brands, products or
companies | may mention. !

¥ | am on the Galaxy Scientibc Advisory Board
(GalaxyGs NIH grant), but | do that for free. !

Day 5 : Galaxy ! ((EmBO



Outline !

¥ Bioinformatics.ca!

¥ WorkRRows & an examples on using Galaxy platform
for DNA sequence manipulations.!

¥ More about interactions, networks, pathways and
visualization.!

Day 5 : Galaxy ! (Enio

Galaxy outline !

¥ Bioinformatics.cal

¥ WorkRows & an examples on using Galaxy platform
for DNA sequence manipulations.!

¥ Reproducible Science

¥ Galaxy Public server; Galaxy @home; !
Galaxy in the cloud !

¥ Putting and getting data in and out of Galaxy !
¥ Processing Data in Galaxy!
¥ Galaxy and # RNASed

¥ Lab!

Day 5 : Galaxy ! (EmBO
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< Ontario Institute
>/ for Cancer Research

\%"’7

N
(EMBO

Day 5 : Galaxy !

International Cancer Genome
Consortium: icgc.org !

Day 5 : Galaxy ! (EmBO
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ICGC data portal: dcc.icgc.or

& |CGC Data Portal

/I F, KRAS G12D, DO35108, MU7870, TCGA-D6-5858 \.‘»

P,
About Us Data Release 14 Information
The C21CGC Data Portal provides tools for visualizing September 26th, 2013 Access Raw Data
querying and downloading the data released quarterly Donor Distribution by Primary Site Vethess

by the consortium's member projects. Submitter Tools

For release 13 and earlier please see the (ZLegacy
portal

Tutorial
BuPLE QUERIES
New features will be regularly added by the DCC

development team. & Feedback Is welcome. 1. BRAF missense mutations in colorectal cancer

2. Most frequently mutated genes In stage Il
subscribe to our Twitter W feed to get updates.
malignant lymphoma
3. Brain cancer donors with frameshift mutations
Tweets A8 Bollow Slcgder) and having methylation data avallable
Amber Johns @Asmosray 600t ai
DIVWATCH THE VIDEO TUTORIAL
B The new @icgc_dcc data portal is briliant.
Even clinicians can use it #bravo Cancavproecy
#pancreaticcancer Cancer primary sites 8
3 Rtwsatsd by I0GC 0CC
iay Donors a5
Simple somatc mutations 2184526
-?‘R BF Francis Ouellette @ofio 20ct
A% Videofor the DCC ICGC data portal tutoral Mutated genes ste
“. vimeo.com/75522669 | dcc.icge.org |

#bioinformatics #cancer #genomics
3 Retwested by ICGC DCC
O Show Meda
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http:Avww.csb.utoronto.ca/

Department of Cell & Systems Biology
25 Harbord Street

Toronto, Ontario

Canada M5S 3G5

0 " phone: 416-946-3692
Cot & Eoms Bology fax: 416-978-8532

Welcome to the Department of Cell & Systems Biology

‘ Featured Hot

Paper The biology that i [z g
Chen, C.Y., Morris, Q., the life sciences in the second half of the 20th
Mitchell, J.A. century has given us an unprecedented ability to
(zmz)_' Enhancer explore the behaviour of cells - the fundamental
Identification in Mouse units of life - in terms of molecular processes
Embryonic Stem Cells within and between cells. Researchers in the

Using Integrative Modeling
of Chromatin and Genomic
Features. BMC Genomics

Department of Cell and Systems Biology, combine
many different high-throughput, cell imaging, and

13, 152. Abstract physiological methods to characterize and
o understand cellular and physiological processes in

All Publications both model (Arabidopsis, Drosophila, Mouse,
brafish and del

organisms.

‘ Job

Opportunities Latest News

David Hogg won the Society 2012

Award
David Hogg, a PhD student in the Buck Lab, has won the prestigious 2012
Scholander Award from the American Physiological Society’s Comparative and
Evolutionary Physiology Section. The award recognizes an outstanding research
presentation by a young investigator and includes the opportunity to organize a

All positions symposium for next years’ meeting. Dave's poster entitled: ROS scavenging
mimics anoxia by enhancing GABA receptor-mediated electrical suppression in
anoxia-tolerant turtle cortex, beat out 29 others.

Day 5 : Galaxy !
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http:/bioinformatics.ca/

f)  About  Workshops  Job Postings  Resources

bioinformatics.a

bioinformatics.ca is...

relevant to life sclence research today.

Read More

New Job CANADIAN BIOINFORMATICS WORKSHOPS
Postings

Front-End Web Develoer and

Quality Analyst ( n

Toronto)

Featured
Sclentific Systems i B

2 he
‘Samuel Lunenfeld Research
Institute in the laboratory of
Dr. Steven Gallinger

2-Day Workshop
on) Exploratory Analysis of Biological Data using R

Bioinformatics for

See More Jobs »

Upcoming Workshops

cent
Recent News Exploratory Analysis of Biological Data using R
September 6 - September 7, 2012

May 28, 2012 - 50th Downtown Toronto, ON

Canadian Bioinformatics

Workshop being held May L] Award Oooortunities
28-June 1, 2012 in Toronto.

Details

January 20, 2012 - New See More Workshops

1-Day Patent Informatics
workshops in collaboration
with EBI and EPO occurring

New Workshop Schedule for 2012

NEW 5-Day Workshop

‘The Canadian Bioinformatics Workshops offer hands-on, intensive
workshops to gain bioinformatics skills training In various topic areas

Cancer Genomics (BICG)

Apply now!
Application Form

Students Postdocs & Fellows:
Award Opportunities

Meet the instructors:
Faculty

Want to know more?

Workshop FAQ

Day 5 : Galaxy !

L]
About Workshops Job Postings Resources

)
bioinformatics.ca

Home » Workshops » 2013 » Bioinformatics for Cancer Genomics (BICG) (2013)

WORKSHOPS
1 Past Workshops
[+ 2012
[+] 2011

*1 2010
[+ 2009
[+1 2008

+1 2006

Course Obijectives = Target Audience ~ Course Outline

[+1 2005

[+ 2004 . .
Course Objectives
Workshop Application
Advertising poster for this workshop is here
Awards
Cancer research has rapidly embraced high throughput technologies into its.
research, using various microarray, tissue array, and next generation
sequencing platforms. The result has been a rapid increase in cancer data
output and data types. Now more than ever, having the informatic skills and
knowledge of available bioinformatic resources specific to cancer is critical.

Faculty

Testimonials

number variation. The workshop will conclude with analyzing and conducting

Bioinformatics for Cancer Genomics (BiCG) (2013)

|| May 27 - May 31,
2013

9 Downtown Toronto, ON

his workshop has

Closed | T
taken place

Lead Faculty

John McPherson
Francis Ouellette
Anna Lapuk
Jared Simpson
Sohrab Shah
Lincoln Stein
Paul Boutros

Obi Griffith

Sponsors
The CBW has developed a 5-day workshop covering the key bioinformatics Share this page
FAQ concepts and tools required to analyze cancer genomic data sets. Participants
will gain experience in genomic data visualization tools which will be applied
throughout the development of the skills required to analyze cancer -omic data
= for gene expression, genome rearrangement, somatic mutations and coj
User Lagin t P g a it

Day 5 : Galaxy !
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Workshops planned for 2014: !

http:/  bioinformatics.ca Avorkshops '

1! Exploratory Analysis of Biological Data using R !
2.! Bioinformatics for Cancer Genomics!

3.! Informatics for RNA-sequence Analysis !

4.! Informatics on High Throughput Sequencing Data !
5.! Pathway and Network Analysis of - omicsData!
6.! Flow Cytometry Data Analysis using R!

7.! Microarray Data Analysis !

8.! Informatics and Statistics for Metabolomics !

Day 5 : Galaxy ! (Enio

http://bioinformatics.ca/workshops/2013

Access Past Workshops

Course Material

|
Module 1 - Reference-guided Genome Alignment (2013) (Faculty: Michae |
Stromberg)
| poF (5MB) | & poTX (3MB) | E MPa (37MB) &z

Module 2 - Small-variant calling and annotation (2013) (Faculty: Michzel
Stromber )

4] poF (14MB) | 2 poTX (11M8) | H MP4 (28M8)
olomics
Module 3 - Structural variant calling (includes CNVs) (2013) (Faculty: Aaron

Day 5 : Galaxy ! (EmBO
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E-mail: course_info@bioinformatics.ca!
|

Web: http:/bioinformatics.ca !
|

Workshop announcement mailing list: !
|

http:/ bioinformatics.ca/mailman/ listinfo /announce!

Day 5 : Galaxy ! (Enio

Bioinformatics is about
Integrating biological

themes together with the
help of computer tools and
biological databases, and
gaining new knowledge
about the system in study. !

Day 5 : Galaxy ! (EmBO
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What biologist do: !

1 Make observations!
4 Make hypothesis!
4 Test them !

4 Challenge them!

4 Conclude things!

4 Write papers !

K K K K K K

Ihttp:l goo.gl/7sCuUl! I

Day 5 : Galaxy ! (Emeo

RNA-Seq! Protein MS !

pre-mRNA

mRNA
Short reads

Short read is split by //
intron when aligning

to reference Genome "R ;J

http://goo.gl/Lye8R

Day 5 : Galaxy !

#lll



I"#$%#" %! &

Interaction and Pathway Space !

Day 5 : Galaxy !

Central Dogma !

DNA

RNA

protein!

Day 5 : Galaxy !
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Central Dogma !

A

DNA

!

RNA \Then youl

1 write a !

Al paper !
prOtem ] about it !

Day 5 : Galaxy ! (Enieo

Some of the things we do when we
try and understand the cell E !

¥ We do experiments!

¥ Some of these are bioinformatics experiments !
¥ We all want these to be reproducible !

¥ We want people to bnd our data !

¥ We want people to Pnd our methods !

¥ E and we want them to be able to rerun our
experiments, validate our work, move the science

forward. !

Day 5 : Galaxy ! (EmBO

I"#$%#" %! &



Bioinformatics experiments: !

Sequenceé |=—» | BLAST searcH | == | Alignment!

Reagents! Method:! Interpretation: !
! ! !
¥Sequencd wp-p " "BLASTP ¥Similarity !
¥Databases! W-p " "BLASTX ¥Hypothesis testing !
¥-N " "TBLASTN
W-N " "BLASTN

¥N (P) D N (P) "TBLASTX

Know ! Know! Do your controls'!
your reagents !| |your methods!

Day 5 : Galaxy ! ((EmBO

Doing and redoing experiments !

¥ If you do something once, you usually don® need a
script Do it hundreds or thousands of times, you

will want something to help you. !

¥ Want to share what you did, providing a script is
usually a good way. !

¥ Sometimes though, scripts are too complicated, and

donlx capture all that is need to do an experiment
For example: the version of a tool you used! !

Day 5 : Galaxy ! (EmBO
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Some requirements: !

¥ Open Source
¥ Solution should be useful to large community !

¥ Well supported (by community and funding agency) !
¥ Flexible!

¥ Expandable

¥ Scalable!

¥ Cloud-aware!
¥ User friendly? !

Open Source

N
(EMBO

Day 5 : Galaxy !

Some solutions!

1! R and bioconductor (# rstat )!

Statistical Applications in Genetics
and Molecular Biology

Volume 4, Issue 1 2005 Article 2

Reproducible Research: A Bioinformatics
Case Study

Robert Gentleman*

http://www.ncbi.nlm.nih.gov/pubmed/16646837

Day 5 : Galaxy ! ((EwBo)
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Some solutions (2) !
¥ SeqWare : http:/seqware.github.io /!

seyqware

Next-Generation Sequencing Analysis on
the Grid and in the Cloud

The open source SeqWare project is a portable software infrastructure designed to

e getti
d linked to below.

eq
started guide found in the docume:

open source

Day 5 : Galaxy ! (Enio

Some workshop thoughts: !

¥ Since 1999 weOve been experimenting with servers
of one kind or another. !

¥ At 15t we had sponsorship from Sun Microsystems,
and had a 4 CPU E450.!

¥ A few of years we had a Linux laptop in the back
of the room: a web server and sharing some data. !

¥ In 2007-8 we were doing courses in same building
as OICR, and has the systems group carve us 40
cores from the cluster. !

¥ In 2010 We experimented with my MacProin my

ofpce serving up Virtual Machines for students !

(it didnCt work)!

Day 5 : Galaxy ! (EmBO
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2011
http:/ aws.amazon.coneducation/ !
amazon
webservices™
Day 5 : Galaxy ! (Enio

Genomic companies already there! |

ACGTACGT
AAGTTCGG
ATGGCGTA
GTCCCTTT

TTGGGGTG

¥ Complete GenomicsO pipelink:

E
CGCTGA

CGGAGAG, I

All of the hard !
work done here!!

Day 5 : Galaxy ! ((EmBO
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Most people already there! !

N

¥ Google docd %

¥ Dropbox! Google Docs :
¥ NetRix ! — b <
¥ Twitter !

Day 5 : Galaxy ! (Enio

Amazon Web Services (AWS) !

¥ InbPnite storage (scalable): S3 (simple storage service) !
¥ Compute per hour: EC2 (elastic cloud computing)!

¥ Ready when you are High Performance Computing!

¥ Muttiple football Pelds of HPC throughout the world !
¥ HPC are expanded at one contained at a time: !

amazon

webservices™

Day 5 : Galaxy !
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¥ Galaxy !

~_ Galaxy

Text Manipulation
Convert Formats

FASTA manipulation
Filter and Sort

join, Subtract and Group
Extract Features
Fetch Sequences
Fetch Alignments
Get Genomic Scores

Statistics
Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis

Evolution

Operate on Genomic Intervals

Some solutions (3) !

Analyze Data [ usingo% _}

TACC will be performing network maintenance on Saturday, October 26 from 9 AM to 2 PM ESTSEDT (UTC -0400). During this time, Galaxy will be unavailable.

Tools History z
Galaxy is an open source, web-based platform for data intensive biomedical
search tools © | research. If you are new to Galaxy start here or consult our help resources. Unnarmed history
Get Data Obytes
Send Data @ Your history is empty. Click ‘Get
ENCODE Tools Data' on the left pane to start
Lift-Over

Galaxy

Community
Conference

30 June

Videos, slides & posters

Tweets ¥ Follow @galaxyproject

Day 5 : Galaxy ! (Enio

Goecks et al. Genome Biology 2010, 11:R86
http://genomebiology.com/2010/11/8/R86

PSR P Py A A

SOFTWARE Open Access

Galaxy: a comprehensive approach for supporting
accessible, reproducible, and transparent
computational research in the life sciences

Jeremy Goecks', Anton Nekrutenko?’, James Taylor'", The Galaxy Team

PrI ¥V T ST e RS .

Genome Biology

Day 5 : Galaxy ! ((EwBo)

Wiy N ™

http://genomebiology.com/2010/11/8/R86
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Using Cloud Computing Infrastructure
with CloudBioLinux, ClondMan, and
Galaxy

Enis Afgan,'* Brad Chapman,? Margita Jadan,’ Vedran Franke,* and
James Taylor®

!Center for Informatics and Computing, Ruder Bokovi¢ Institute (RBI), Zagreb, Croatia
2Harvard School of Public Health, Boston, Massachusetts

3Division of Materials Chemistry, Lat y for Ichthyop y-Biological Materials,
Ruder Boskovi¢ Institute (RBI), Zagreb, Croatia

“Department of Biology, University of Zagreb, Zagreb, Croatia

“Department of Biology and Department of Mathematics and Computer Science, Emory
University, Atlanta, Georgia

ABSTRACT

Cloud computing has revolutionized availability and access to computing and storage
P 5 fire Withaarle

Publistied online June 2012 in Wiley Online Library (wileyonlinelibrary.com).
DOL: 10.1002/0471250953.bi1109538

Current Protocols in Bioinformatics 119.1-11.9.20, June 2012
Copyright © 2012 John Wiley & Sons, Inc. l

UNIT 11.9

http://fonlinelibrary.wiley.com/doi/10.1002/0471250953.bi1109s38/pdf

Day 5 : Galaxy ! (Enio

Which Galaxy? !

¥ galaxyprojectorg: Galaxy home page !
¥ usegalaxy.org: main Galaxy public server !

‘Mlln Local

Your data sets are moderately sized Yes |Yes |Yes |?

Your computational requirements are moderate  |Yes |Yes |Yes

You want to share your Galaxy objects with others|Yes |Yes |Yes |?

All needed Tools are installed on Main. Yes |7 |ves |?
Your data sets are very large No |2 |Yes |?
Your computational requirements are very large [No |7 |ves |?
You have absolute data security requirements No |Yes |Yes |?

Day 5 : Galaxy ! ((EmBO

¥ getgalaxy.org: source for installing local Galaxy !
¥ usegalaxy.orgflcloud: use galaxy in the cloud !
¥ http:/goo.gl/imlyOC : Other public Galaxy servers !

http://goo.gl/x3DXm

I"#$%#" %! &
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http:fgalaxyprojector

Galaxy Analyze ata

Tools

search tools

Get Data
Send Data

ENCODE Tools
Lift-Over

Text Manipulation
Convert Formats
FASTA manipulation
Filter and Sort

Extract Features
Fetch Seauences

Fetch Alignments

Get Genomic Scores

Operate on Genomic Intervals

Statistics
Graph/Display Data
Realonal Variation
Multiple rearession
Multivariate Analysis
Evolution

Multiple Alignments
Metagenomic analyses
Human Genome Variation
Genome Diversity
EMBOSS

NGS TOOLBOX BETA

NGS: QC and manipulation
NGS: Mapping

NGS: SAM Tools

NGS: GATK Tools (beta)
NGS: Variant Detection

NGS: Peak Calling
NGS: RNA Analysis
NGS: Picard (beta)

RGENETICS

‘SNP/WGA: Data: Filters
W SNP/WGA: QC; LD; Plot
SNP/WGA: Statistical Models

Day 5 : Galaxy !

http:usegalaxy.org |

Running Your Own

History

CIC)
0 bytes

© Your history is empty. Click ‘Get
Data’ on the left pane to start

l

Anin-depth tutorial

Live Quickies

Basic ot 454 Mapping: Uplosding Data
manipulaton: manipul Single End wsing P

Managing
accounthistores

Is an open, web-based platform for data intensive biomedical research. Whether on this free public server or your own instance, you can perform,
uce, and share complete analyses. The Gal is a part of BX at Penn State, and the Biology and M; T ience department)
ity. The Galaxy Project is supported in part by NSF, NHGRI, The Huck In

stitutes of the Life Sciences, The Institute for CyberScience at Penn Stat

build: $Rev 7152:17d57db9a7c0$

¥ galaxyproject

Monday June
hours ago repy - rewee: - favore
yorcject uT:
15200 ey et - favorte
s 250 repy - et - favore
more

a free, public, internet accesslble resource. Data transfer and data storage are not encrypted. If there are restrictions on the way your research data
red and used, please consult your local institutional review board or the project Pl before uploading t to any public site, including this Galaxy server.
ve protected data, large data storage requirements, or short deadiines you are encouraged to setup your own local Galaxy instance or run Galaxy on fle.
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getgalaxy.org !

usegalaxy.org/cloud!
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http:Aviki.galaxyprojectorg/PublicGalaxyServers !

¥ Galaxy integrates input data sources !

¥ Galaxy allows you to use many tools that you
donAtlneed to install and maintain. !

¥ Galaxy allows you to maintain workf3ows, reuse
them, and share them. !

¥ Galaxy lets you AfublishAgxperiments. !
¥ Galaxy has fully entered the Onext-genO space. !
¥ Galaxy works in the cloud. !




¥ Galaxy strongly believes on reproducibility! !

¥ Galaxy is very good at keeping a history of what
you did, and allow you do it again when you need
to, or allow somebody else to do it again. !

¥ Galaxy makes it very to work with collaborators
down the hall, or across the ocean. !

¥ Galaxy is designed with biologists in mind, and
basically thinks like we do (most of the time!) |

¥ Galaxy has a healthy developer community, and is
very present in forums of other Open Source
initiatives. !

I"#$%#" %! &



¥ To help biologists deal with tools and data. !

¥ Funding: NIH, NSF, & Penn State University. !

¥ Development: Emory University and Penn State !
¥ http:Mviki.galaxyprojectorg/ !

¥ http:Miki.galaxyprojectorg/Learn !

|

Challenge with muttiple stes/model

¥ Not all galaxy are created the same !

¥ Galaxy team moving to an OemptyO shell, and
cafeteria model: take only what you need. !

¥ Adding tools and updating tools causes problems
sometimes, but Galaxy team is working to make
this easier!

¥ The Toolshed is a great solution for this! !

I"#$%#" %! &



Galaxy Toolshed: !
http:Aoolshed.g2.bx.psu.edu/

Galaxy Toolshed: SAM !

http:toolshed.g2.bx.psu.edu/ !

I"#$%#" %! &



General workR3ow for Galaxy

Get data ! é \

) Manipulate Save your Save your
login! you data! output ! workRow!

Upload

your data !

Publish your
page!

Time for sponsor announcement! !

http:/  www.pmgenomics.ca! Zhibin Lu!

I"#$%#" %! &



Setup for this workshop done ahead of
time: https:/ usegalaxy.org/cloud!

http:/ usegalaxy.orgicloudlaunch !

Key ID: AKIAIQMAL3HP52I3VQZA !
Secret Key: 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 !

I"#$%#" %! &



¥ Key ID!

¥ Secret Key!

¥ ebiXX!

¥ ebixXX!

¥ Retype password!
¥ Cloudmankeypair!
¥ Extra Large !
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¥ Software on AMI; !

B java openjdk-7-jre, 1.7.0_21 !

Bl R 3.0.1 (include bioconductor, cummeRbund, ggplot2, edgeR
HMMcopy), !

Bl Bedtools 2.17.0!

Bl Hyra 0.5.3!

Bl JointSNVMix 0.8.0-b2, !

Bl PennCNV!

B! Apolloh, MATLAB runtime library v7.7, !

Bl HMMcopy 0.1.1,!

Bl MutationSeq, !

B bowtie2 2.1.0, !

B tophat2 2.0.8b !

B cuff3inks2 2.1.1!

B picard 1.9.1

Bl bwa 0.74, !

P samtools 0.1.19,!

B GATK 2.5-2, !

B vcftools 0.1.10, tabix 0.2.5, !

B ANNOVAR,!

¥ All software is located in usr/local directory !

¥ We will load publically available data sets
that reference GRCh37 (aka hgl9) !

¥ http:/ aws.amazon.compublicdatasets/ !

PlFree available S3 buckets are 1000 Genomes,
GenBank EnsEMBL and others.!

I"#$%#" %! &
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At this point E !

¥ If all is good, you have started your instance of
Galaxy on AWS, and should look some thing like: !

What is next? |

¥ IOm going to tell you about getting data in and out
of Galaxy !

¥ Doing operations in Galaxy!

¥ Understanding the user interface. !

¥ Linking multiple steps into OpipelinesO
¥ Do an RNASeq mapping experiment

¥ Sharing pipeline with colleagues, and making them
public.!

¥ How to learn more E !

I"#$%#" %! &
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15t thing to do before we start: !

¥ This is important, irrespective of which cloud you
are using: Login (1 time you need to OregisterO)!

Galaxy in the cloud .

$C'



Get Data !

Send Data!

ENCODE Tools

Lift-Over !

Text Manipulation !

Fiter and Sort !

Join, Subtract and Group !
Convert Formats!

Extract Features !

Fetch Sequenced

Fetch Alignments!

Get Genomic Scored
Operate on Genomic Intervals !
Statistics !

Graph/Display Data !
Regional Variation!
Multiple regression !

K K K K K £ K K £ £ K K K £ K £ K

Mutivariate Analysis !
Evolution!

Motif Tools !

Mutiple Alignments !
Metagenomic analyses!
FASTA manipulation

NGS: QC and manipulatior
NGS: Assembly

NGS: Mappind

NGS:Indel Analysis!

NGS: RNA Analysig

NGS: SAM Toold

NGS: GATK Tools

NGS: Peak Callind
SNP/WGA: Data; Fiters !
SNP/WGA: QC; LD; Plots !
SNP/WGA: Statistical Models !
Human Genome Variation
VCF Tools!

K K K K K K KK KKK KK KKK KKK

Galaxy cloud

< NGS: Assembly

< NGS: GATK Tools

< SNP/WGA: Statistical Models !
< Human Genome Variatior
<VCF Tools!

K K K K K

usegalaxy.org !

> Genome Diversity!

> Phenotype Association!
> EMBOSS$

> NGS Toolbox Beta

> NGS: GATK Tools (beta)
> NGS: Variant Detection !
> NGS: Picard (beta)!

> BEDTools

> snpEff!

> RGENETICS

> SNP/WGA: Statistical Models !

K K K K K K K £ K £ K
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¥ E and each item, when you
click on it expands to lots
more choices!

¥ What | bnd most useful when
| know the name of the tool
IOm looking for is to simply
using the search tool. !

¥ E.g. look for OsamQ

usegalaxy.org !

Galaxy cloud!
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UCSC Genome Browser: source of
data for Galaxy !

¥ Browse many Eukaryotic genomes (yeast to human)!
¥ Most annotations are there !

¥ Important evolutionary and variation data
representation. !

¥ Very Rexible and conbgurable views !
¥ Graphical and table views (Galaxy uses this) !

¥ Upload your data into custom tracks and share
with colleagues'!

¥ Client/server application with itCs issues, but a
great app!!

"http:/ genome.ucsc.edu/ !
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Other Examples of Data !
Format outputs from UCSC: !

¥ Tab-separated!

¥ Sequence (FASTA)

¥ Browser Extensible Data format (BED) !
¥ General Feature Format (GFF)!

¥ Gene Transfer Format (GTF)!
!

Examples of Data Formats for UCSC: !
¥ Sequence (FASTA):




Browser Extensible Data format (BED) !

http://goo.gl/agfWu

General Feature Format (GFF) !

http://goo.gl/agfWu

I"#$%#" %! &

C#'



Gene Transfer Format (GTF) !

¥ Like GFF, but specibc to exon and CDS features,
and has one extra beld: !

#gene_id "Em:U62317.C22.6. mRNA"transcript_id "Em:U62317.C22.6.mRNA"; exon_numberl!

General workRRBow for Galaxy

)

Get data !
i Manipulate
login! Upload you data!
your data !

W/

Save your
output !

Save your
workRow!

Publish your
page!
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¥ https:/ usegalaxy.orgfpage/ list_published!

Pages in Galaxy !
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https:/ usegalaxy.org b/ jeremy jpfgalaxy- rna-seg-analysis-exercise !

RNA-SeqgAnalysis Exercise !

¥ HumanBodyMap?2.0 data from Illumina.!

¥ paired-end 50bp reads from adrenal and brain
tissues. The sampled reads map mostly to a 500Kb
region of chromosome 19, positions 3-3.5 million
(chr19:3000000-3500000). !

ccC



http:/ en.wikipedia.orghwiki/ Adrenal_gland!

Getting data !

¥ Most of time, you will get from a bPle on your
computer, or from a URL. !
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| adrenal_1! Get 5 bles !

https:/ usegalaxy.org/dataset/ display?
dataset_id =d44d2a324474dlaa&to_ext=fastgsanger!

I adrenal_2!
https:/ usegalaxy.org/dataset/ display?
dataset_id =d08360alcOffdc62&to_ext=fastgsanger !

I brain_1!
https:/ usegalaxy.org/dataset/ display?
dataset_id =f187ach8015d6¢c7f&to_ext=fastqgsanger !

I brain_2!

https:usegalaxy.org/datasetdisplay?
dataset_id=08c45996966d7ded&to_ext=fastgsanger !
I Annotations from this part of Chr 19!

https:/ usegalaxy.org/dataset/ display?

dataset_id =f09f4a0bd8al9fd6&to_ext= gtf !

Load ble(s) to Galaxy !

% &3 autodetect !
Paste URL!
from previous !
page !

<= Execute!
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|

OPoke the eye®

OEdit attributeO!

ODelete®

ONumbers may vary with usageQ®
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Opoke the eyeQ!

OEdit attributesO !

CF



login!

"HEHY&'1()%*+)(1,)%!"& &)

Get data ! é \

Manipulate Save your Save your
you data! output ! work3ow!

W/

Upload
your data !

Publish your
page!

97!
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Step 1: quality control !
[INGS: QC and manipulation >] FASTQC tool

I"#$%#" %! &



Adrenal 1 groomed Brain 1 groomed

Adrenal 2 groomed!

Brain 2 groomed!

Need to remove bad bases in
reads?!

¥ Assume a median quality score of below 20 to be
unusable. !

¥ Given this criterion, is trimming needed for the
datasets? !

¥ If so, which base pairs should be trimmed? !
¥ [NGS: QC and manipulation >] FASTQ Trimmet
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ﬁ(‘)Numbers may vary with usageQ®

INGS: RNA Analysis >] Tophat tool !

¥ Step 1!

¥ Use the [NGS: RNA Analysis >] Tophat tool !

¥ To map RNA-seq reads to the hgl9 Canonical
Female build. !

¥ Because the reads are paired, you'll need to set
mean inner distance between pairs; this is the
average distance in base pairs between reads, not
the total insertfragment size. !

¥ Use a mean inner distance of 110 for BodyMap
data. !
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Day 5 : Galaxy !

Day 5 : Galaxy !
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[INGS: RNA Analysis >] Cuf3inks !

¥ Remember to !
include reference !
annotations!

¥ Do Adrenal 1st, |
then Brain!

INGS: RNA Analysis >]| Cuffdiff !

[INGS: RNA Analysis >] Cuffcompare !
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sharing!

¥ Share history with
neighbor!

¥ Extract workRow !

&D'
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Remember, lots of tutorials, videos,
mailing list, twitter etc E!

¥ https:/ vimeo.comfalaxyproject !

https:/ vimeo.comalaxyproject
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https:/ usegalaxy.org U/ jeremy plinteractive-

rna-seq-with- trackster !

I"#$%#" %! &

&G



http:/ genomespace.org/

ArrayExpress:

Cystrome:
Cytoscape:
Galaxy: "
GenePattern:
Genomica:

geWorkbench:

Gitools: "
IGV: "
InSilico DB:
ISACreator
MSigDB"
UCSC GB:
|

]

"http:/ www.ebi.ac.uk/arrayexpress/ !
"http:Mvww.cistrome.org !

"http:/ www.cytoscape.org/ !

"http:/ usegalaxy.org!

"http:/ www.broadinstitute.org /cancer/softwarelgenepattern/
"http:/ genomica.weizmann.ac.il!

"http:/  www.geworkbench.org!

"http:/ www.gitools.org/ !

"http:/ www.broadinstitute.org /igv/ !

"https :/ insilico.ulb.ac.be/ !

"http:/ isatab.sourceforge.net tools.html !
"http:/  www.broadinstitute.org fgsea/msigdb/ !
"http:lgenome.ucsc.edu/ !
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Useful Resources!

¥ Galaxy!
Blusegalaxy.org and usegalaxy.org/icloud!
Bl Twitter: @ galaxyproject # usegalaxy!
Pl UserGs mailing list:!
http:/lists.bx.psu.edullistinfolgalaxy-user

¥ BioStaR!

Pl biostars.org!

B Twitter: @ biostarquestion!
!

Useful Resources!

¥ OpenHelix
Bl http:AMvww.openhelix.com/ !
B Twitter: @openhelix !
Bl Blog: http:/blog.openhelix.com/ !

¥ UCSC
Bl http:lgenome.ucsc.edu/ !
Bl Twitter: @GenomeBrowser!
Bl More tutorials: http:fgenome.ucsc.edutraining.html

¥ SEQanswers

B Forum for NGS technologied
http:/seqanswers.com/ !
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Papers that should be of interest !

¥ Robert Gentleman, 2005, Reproducible research: a bioinforma tics case,
Stat Appl Genet Mol Biol. 2005;4:Article2. !

http:/  www.ncbi.nlm.nih.govipubmed?term=16646837!

¥ GoecksJ, Nekrutenko A, Taylor J; Galaxy Team. (2010) Galaxy: a
comprehensive approach for supporting accessible, repro ducible, and
transparent computational research in the life sciences. = Genome Biology
2010, 11:R86

http:/  www.ncbi.nim.nih.gov/pubmed?term=20738864 !

¥ Afgan E, Chapman B,Jadan M, FrankeV, Taylor J. (2012) Using cloud
computing infrastructure with  CloudBioLinux CloudMan and Galaxy.
Curr Protoc Bioinformatics. Chapter 11:Unit11.9. doi:
10.1002/0471250953.bi1109s38.

http:/  www.ncbi.nim.nih.govijpubmed22700313!

¥ Center for Informatics and Computing, Ruder Bao?kovi$ Institut !

From @bffo on twitter; !
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In the news E

¥ As of December 2013, | will be the new PLOS
Comp Biology Education Editor, and be sure | will
be adding Galaxy tutorials and quick guides to the

roster! !
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In the news E !

¥ FGED: Functional Genomics Data Society
¥ fged.org!

¥ Gabry and | !
are Oofbcers®
of this society !
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Time for sponsor announcement! !

http:/ www.pmgenomics.cé! Zhibin Lu!

Informatics and Biocomputing at the OICR
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Maya et Pascale

If you have time E !

¥ Import your DmMRNA, and repeat experiments
(from Monday) E !

¥ Do JeremyCdrackster lab:!

https:/ usegalaxy.orgu/ jeremypl/interactive- rna-
seg-with- trackster !
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