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You are free to: !

Copy, share, adapt, or re-mix; !
@ Photograph, PIm, or broadcast; !
OO Blog, live-blog, or post video of; !

This presentation. Provided that: !

You attribute the work to its author and

respect the rights and licenses associated
with its components. !

Slide Concept by Cameron Neylon, who has waived all copyri ght and related or neighbouring rights. This slide only ~ ccZero.!

Social Media Icons adapted with permission from originals by Christopher Ross. Original images are available under GPL a t; !
http:Avww.thisismyurl.com/free-downloads/15-free-speech-bubble-icons

-for-popular-websites _ !
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BF Francis Ouellette
Informatics on High Throughput Sequencing
June 9-10, 2014
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E-mail! francis@oicr.on.cal

@bﬁo!

#IHTSD14!

=

=
- |#CBW2014!
=

#usegalaxy !|

Module 6!

Disclaimet

¥ |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. !

Module 6!
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Outline

¥ 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!

¥ Example of a Galaxy pipeline on RNA-Seq!

¥ Lab!

Module 6!

What biologist do: !

4 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/7sCUl! I

Module 6!
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Protein MS !

o a106n0 0550 800 gygaz010) 112 Toripe

Short reads =i

Short read is split by
intron when aligning
to reference Genome

http://goo.gl/Lye8R

Module 6!

Interaction and Pathway Space !

Module 6!
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Central Dogmad

£\

DNA

!

RNA

!

protein!

Module 6!

Central Dogmd

£

DNA

!

1 write a !
in | paper !
prOtem ] about it !

RNA \Then you!
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forward. !

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 bnd our methods !

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

Module 6!

Reagents:”
I

¥Bequenceé
¥Databased

Sequence |=—

Bioinformatics experiments: !

BLAST search
Method:"
!
Yw-p | | BLASTP
W-P ! I BLASTX
¥YP-N ! | TBLASTN
WN-N ! I BLASTN

WN (P) D N (P) | TBLASTX

Know "
your reagents !

Know"

your methods!

Alignment!

Interpretation: "

|

¥Similarity !
¥Hypothesis testing !

Do your controls'!

Module 6!
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Doing and redoing experiments !

¥ If you do something once, you usually dont 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! !

Module 6!

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

Module 6!
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Some solution$
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

Module 6!

GPLOS| sRtparro

Ten Simple Rules for Reproducible Computational
Research

Geir Kjetil Sandve?*, Anton Nekrutenko®, James Taylor®, Eivind Hovig'*®

1 Department of Informatics, University of Oslo, Blindem, Oslo, Noway, 2 Centre for Cancer Slomedicine, University of Oslo, Blinde, Osio, Noway, 3 Department of
Blochemistry and Molecular Bioiogy and The Huck Institutes for the Life Sciences, Penn State University, University Park, Pennsylvania, United States of America,
4 Department of Biology and Department of Mathematics and Computer Science, Emory University, Atianta, Georgia, United States of America, 5 Department of Tumor
Biology, Institute for Cancer Research, The Norwegian Radium Hospital, Oslo University Hospital, Montebello, Oslo, Norway, 6Institute for Medical Informatics, The
Norwegian Radium Hospital, Oslo University Hospital, Montebello, Oslo, Norway

OPEN a ACCESS Freely available online

Replication is the cornerstone of a We further note that reproducibility is than to do it while underway). We believe
cumulative science [1]. However, new  just as much about the habits that ensure that the rewards of reproducibility will
tools and technologies, massive amounts  reproducible research as the technologies  compensate for the risk of having spent
of data, interdisciplinary approaches, and that can make these processes efficient and valuable time developing an annotated

the complexity of the questions being
asked are complicating replication efforts,
as " cssures ongcicntisia

of the following ten rules  catalog of analyses that turned out as blind
pecific aspect of reproducibil-  alleys.
iccusses what is needed in terms

handling and g y

su should

ing &

http:/ goo.gl/j8kCgd!
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Ten Simple Rules for Reproducible Computational Resear  ch

Rule 1: For Every Resul, Keep Track of How It Was Prod uced!

Rule 2: Avoid Manual Data Manipulation Steps !

Rule 3: Archive the Exact Versions of All External Programs  Used

Rule 4: Version Control All Custom Scripts !

Rule 5: Record All Intermediate Results, When Possible i n
Standardized Formats !

Rule 6: For Analyses That Include Randomness, Note Underlying !
Random Seeds !

Rule 7: Always Store Raw Data behind Plots !

Rule 8: Generate Hierarchical Analysis Output, Allowing Layers !
of Increasing Detail to Be Inspected !

Rule 9: Connect Textual Statements to Underlying Result s!

Rule 10: Provide Public Access to Scripts, Runs, and Resuls!

Module 6!

Some solutions (2)!
¥ SeqWare : hitp:/seqware.github.io /!

o g o T T T

[X

seyqware T

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

technologles, in particular Next Generation Sequencing (NGS) platforms. It consists of a

Module 6!
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Some solutions (3)!
¥ Galaxy !

~_ Galaxy Analyze Data 3 Ve 0% ]

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 c o
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
Text Manipulation

i ooy Galaxy

FASTA manipulation A S o
Filter and Sort Community 3
join, Subtract and Group Conference
Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores Videos, slides & posters
Operate on Genomic Intervals
Statistics )
Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis
Evolution

(1 Tweets ¥ Follow @galaxyproject >

Module 6!

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

Genome Biology

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

N At Sate M PV T Ry At A ¥V T ST e RS s

http://genomebiology.com/2010/11/8/R86

Module 6!
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Using Cloud Computing Infrastructure UNIT 11.9
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

Current Protocols in Bioinformatics 11.9.1-11.9.20, June 2012

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

Module 6!

Which Galaxy?!

¥ galaxyprojectorg : Galaxy home page!

¥ usegalaxy.org: main Galaxy public server !

¥ getgalaxy.org : source for installing local Galaxy !

¥ usegalaxy.orgflcloud: use galaxy in the cloud !

¥ http:/ goo.gl/mlyOC : Other public Galaxy servers !

‘ Main 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 |2 |Yes |?
You have absolute data security requirements No |Yes |Yes |?

http://goo.gl/x3DXm

Module 6!

9+



"#$%&'()*+$"+,-./+0/%$1./213++

45615")-".+7'3'+89:;<=++

e

http:fgalaxyprojectorg/

Galaxy

Data intensive biology for everyone.

Galaxy is an open, web-based platform for data intensive biomedical research.

Whether on the free public server or your own instance, you can perform,
reproduce, and share complete analyses.

Advanced fastQ

manipulation

Search all resources

The Galaxy Team is a part of BX at Penn State, and the Biology and Mathematics and Computer
Science departments at Emory University. The Galaxy Project is supported in part by NSF, NHGRI,
The Huck Institutes of the Life Sciences, The Institute for CyberScience at Penn State, and Emory
University.

Use Galaxy Get Galaxy Learn Galaxy Get Involved

Use the free public server Install locally or in the cloud Screencasts, Galaxy 101, ... Mailing lists, Tool Shed, wiki

Module 6!

search tools

Get Data
Send Data

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

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

Module 6!

http:Asegalaxy.org .

Running Your Own

Anin-depth tutorial

Live Quickies

Advonced fasQ ing Uplosding Data Managing
manipulation [ wsingFTP accounthistores

1 - T o i ol Mg A WAINST 1 1 G v S A 1 i AT
uce, and share complete analyses. The Gal Is 2 part of BX at Penn State, and the Biology an ience departmentiat
i e ey BB T A B BT T ek AL o 1 e BB T WA o S v A
ory Universi

build: $Rev 7152:17d57db9a7c0$

¥ galaxyproject

Monday June
hours ago repy - rewee: - favore
xyorojec
S
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.
wve protected data, large data storage requirements, or short deadiines you are encouraged to setup your own local Galaxy instance or run Galaxy on

History

e
0 bytes

Gala: Analyze ata

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

l
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getgalaxy.org!

Login | Search

Galaxy W

Admin/Get Galaxy

Locked History Actions

Get Galaxy: Galaxy Download and Installation

In addition to using the public Galaxy server (a.k.a. Main), you can also install your own o
instance of Galaxy (what this page is about), or create an instance of Galaxy on the cloud.
Another option is to use one of the ever-increasing number of Public Galaxy Servers hosted =D pstallly OUTIOWIY Galacyj
e 2. Installation Procedure
1. Check your Python version
See Big Picture/Choices for help on deciding which of these options may be best for your 2. Get the latest copy from the repository
situation. 3. Start it up
4. Join the Mailing List
Reasons to Install Your Own Galaxy 5. Keep your instance backed up
6. Keep your code up to date
You only need to download Galaxy if you plan to: & P e e
4. Other Help
1. Develop it further
2. Add new tools
3. Plug-in new datasources, or
4. Run a local production server for your site because you have
1. Sensitive data (e.g., clinical)
2. Large datasets or processing requirements that are too big to be processed on Main
Installation Procedure

The installation procedure is simple and is nearly identical for UNIX/Linux and Mac OS X. We are no longer supporting the Windows platform with
our distribution, so you will have to build your own Python eggs if you want to install it on Windows (see Admin/Config/Windows for some tips). Of
course, Windows users can use our public Galaxy server from their browsers.

These instructions describe the basic setup procedure for a
server can be found at the bottom of this page.

more detailed on how to deploy a production

Module 6!

et AN Attt T et et ™ s sl 10, 0 it A ot Ol

Regular registration
rates end 14 June

Use Galaxy

Use Main (about)
Use Others! « Learn
Share « Search

Communication

Support  News £
Events « Twitter
Mailing Lists (search)

Deploy Galaxy

Get Galaxy = Cloud
Admin « Tool Config
Tool Shed » Search

Contribute

Tool Shed « Share
Issues & Requests
Support

usegalaxy.org cloud!

Galaxy Wiki

CloudMan

Titles | Text

Locked History Actions

‘Cloudl\/lan

Note: There are several choices for using Galaxy. This page CloudMan
describes installing Galaxy on a cloud infrastructure using
CloudMan (see below). For other options, see Choices and

Contents
Customize
Get Started w AWS.

About Galaxy on the cloud

2. Instantiating a Galaxy instance on the Amazon cloud

3. Detailed steps Cloud. Cap;’:; :‘:"mg
4. Galaxy AMIs

5. Determining the size of your cloud cluster About Galaxy on the cloud e

6. Customizing your cloud cluster With sporadic availability of data, individuals and labs may (e

7. Notes have a need to, over a period of time, process greatly variable

8. Presentations amounts of data. Such variability in data volume imposes variable requirements on
9. Publications availability of compute resources used to process given data. Rather than having

to purchase and maintain desired compute resources or having to wait a long time

for data processing jobs to complete, the Galaxy Team has enabled Galaxy to be

instantiated on cloud computing infrastructures, primarily Amazon Elastic Compute Cloud (EC2). An instance of Galaxy on the cloud behaves just

like a local instance of Galaxy excepfyh ts of cloud computing resource availability and pa
% i

Module 6!

BALTIMORE, MD | JUNE 30 - JULY 22014

is almost here!

Use Galaxy
Servers » Learn

Main « Share » Search
Communicate

Support « Biostar
Events » Mailing Lists
News EJ « Twitter

Deploy Galaxy
Get Galaxy * Cloud

Admin « Tool Config
Tool Shed » Search

SLPsTREANME=S

9::<>?1"5>::+
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http:/  wiki.galaxyprojectorg/PublicGalaxyServers !

~_ Galaxy Wiki Login | Search:

PublicGalaxyServers Locked History Actions

i |GALAXY

BALTIMORE, MD | JUNE 30 - JULY 2.2014
is almost here!
Use Galaxy

Servers o Leam
Main » Share » Search

Public Galaxy Servers

4 Communicate
and counting Support « Biostar
Events » Mailing Lists
Publicly Accessible Galaxy Servers = News & « Twitter
The Galaxy Project's public server (UseGalaxy.org, Main) can meet many needs, but it is not sitable Deploy Galaxy

1. General Purpose Servers
for everything (see Choices for why) and cannot possibly scale to meet the entire world's needs.

1. Andromeda Get Galaxy » Cloud
Fortunately the Galaxy Community is helping out by installing Galaxy at their institutions and then 2. Biomina Admin « Tool Config
making those installations either publicly available or open to their organizations or community. 3. CBIB Galaxy Tool Shed » Search

4. DBCLS Galaxy

5. Galaxy Main SLBsTREAN ==
either just add it (hey, it's a wiki), or contact 6. Galaxy Test A
GeneNetwork

Module 6!

o Use it now!

Galaxy allows you to do analyses you cannot do anywhere else without the need to install or download anything. You can analyze multiple alignemnts,
compare genomic annotations, profile metagenomic samples and much much more...

¥ Galaxy integrates input data sources !

¥ Galaxy allows you to use many tools that you
donAtineed 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. !

Module 6!
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) Galaxy = collaboration and reproducibility

Best of all, Galaxy’s history system provides a complete analyses record that can be shared. Every history is an analysis workflow, which can be used to
reproduce the entire experiment...

« History is an analysis record | Every step of your analyses is recorded in Galaxy's history system. You can have any number of histories
saved. This way you can go back to your analyses anytime.
* Share your analyses | Alice works at Penn State, while Bob suffers from the terrible San Diego climate. Alice wants Bob to see her analyses.

Alice clicks the “share” link and enters Bob’s e-mail address. Now Alice’s history is visible to Bob (see “Sharing history” screencast).
* Now your results are reproducible! | When publishing results, replace “the data were analyzed using a collection of in-house scripts” with
a URL pointing to Galaxy’s history. Your reviewers will have no further questions. That’s reproducible genomics!

¥ 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 easy to work with
collaborators down the hall, or across the globe. !

Module 6!

Designed for biologists and developers
Yep, sometimes you can mix water with oil...

* Biologists | Use our public site to access popular sources of data like the UCSC Table Browser. Run analyses right on the spot using a variety |
of integrated tools. Your results are never deleted and can be easily shared with others. i
* Developers | Galaxy is an easy-to-use, open-source, scalable 'k for tool and data i ion. Stop wasting time writing interfaces and i
get your tools used by biologists! Galaxy includes everything you need to get started, so download and start integrating! i

¥ 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. !

Module 6!
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€3 Why did we do it?

You are an experimental biologist. You keep watching databases fill with more and more data. You keep thinking: even if I knew how to use Excel as a
pro, it would probably not load 12,435,654 SNPs. So how do you perform analyses without calling somebody on the Computer Science side of campus?
‘ou want to find human promoters with the highest SNP density. There is no straightforward way of doing it without learning programming

Suppose
first. And this is why...

¥ To help biologists deal with tools and data. !
¥ Funding: NIH, NSF, & Penn State University. !
¥ Development: Emory University and Penn State !

¥ http:Mviki.galaxyprojectorg/ !
¥ http:Mviki.galaxyprojectorg/lLearn !

Module 6!

Challenge with multtiple sites/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! !

Module 6!
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Galaxy Toolshed: "
http:Aoolshed.g2.bx.psu.edu/ !

Module 6!

Galaxy Toolshed: SAM!

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

Module 6!
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General work3ow for Galaxy !

Get data ! é \

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

Upload

your data !

bio informatics.ca

Time for sponsor announcement!!

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

bio informaticS.ca

9::<>?1"5>::+
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¥ D$+38R*PQQ1*5.'B'EFR$%.
¥ S"A5%+3/5+3JB$1B-)V+IM5X+UBSLA+UB1*35%+

v

bio informatics.ca

| Copy and past
your Key ID and
« | Secret Key from
CBW wiki

«— Cbhw#

<« Chw#

bio informaticS.ca

9:+
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N

Click on the link

bio informatics.ca

Enter the user name and
password you used on the
first form. i.e chw#

bio informaticS.ca

9:+



"#3%&'()*+3$"+,-./+0/%3$1./213++
45615")-".+7'3'+89:;<=++

AN

Keep default
Press in Choose platform type

bio informatics.ca

bio informaticS.ca

9::<>?1"5>::+
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Press on Access Galaxy

bio informatics.ca

bio informatics.ca

9::<>?1"5>::+
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What is next? !

¥ 10m going to tell you about getting data in and out
of Galaxy !

¥ Doing operations in Galaxy!

¥ Understanding the user interface. !

¥ Linking mutiple steps into OpipelinesOl
¥ Do an RNASeq mapping experiment

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

¥ How to learn more E !

bio informatics.ca

15t thing to do before we start: !

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

bio informaticS.ca

o<+
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Galaxy in the cloud

bio informatics.ca

¥ Get Daa ! ¥ Multiv:?lriate Analysis !
v Send Datal ¥ Evo.lutlon!
¥ ENCODE Tools ¥ Motif Tools !
v LiftOver | ¥ Mutiple AI|gr_1ments !
¥ Text Manipulation ! N Metagenoml.cana.lyses!
v Fiter and Sort ! ¥ FASTA manlpulatlo.ri .
¥ Join, Subtract and Group ! ¥ NGS:QC and manipulatiort
¥ Convert Formats! ¥ NGS: Assembly
¥ Extract Features ! ¥ NGS: Mapping .
¥ Fetch Sequenced ¥ NGS:Indel Analys.ls!
¥ Fetch Alignments! ¥ NGS: RNAAnalysis
¥ Get Genomic Scored ¥ NGS: SAMTools
¥ Operate on Genomic Intervals ! ¥ NGS: GATK Togls
v Statistics ! ¥ NGS: Peak Calllng.
¥ Graph/Display Data ! ¥ SNP/WGA: Data; Filters !
¥ Regional Variation! ¥ SNPWGA: QC;_LP; Plots !
¥ Mutiple regression | ¥ SNPWGA: Statlstlcal. Models !
¥ Human Genome Variation
¥ VCF Tools!
bio informatics.ca

9::<>?1"5>::+
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Galaxy cloud

< NGS: Assembly

< NGS: GATK Tools

< SNP/WGA: Statistical Models !
< Human Genome Variation
<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 £ K

bio informatics.ca

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

¥ What | Pnd most useful when
| know the name of the tool
1Om looking for is to simply
using the search tool. !

¥ E.g. look for OsamQ
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usegalaxy.org!

Galaxy cloud!

bio informatics.ca

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

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

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

bio informaticS.ca
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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)!

bio informaticS.ca
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¥ Sequence (FASTA):

Examples of Data Formats for UCSC: |

bio informatics.ca

Browser Extensible Data format (BED) !

http://goo.gl/agfWu

bio informaticS.ca
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General Feature Format (GFF) !

http://goo.gl/agfWu

bio informatics.ca

Gene Transfer Format (GTF)!

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

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

bio informaticS.ca
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Get data ! é \

) Manipulate
login! you data!

Upload

your data !

Save your
output !

Save your
work3ow!

General work3ow for Galaxy !

Publish your
page!

bio informatics.ca

Pages in Galaxy!

¥ https:/ usegalaxy.orgfpage/ list_published "

bio informaticS.ca
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https:/ usegalaxy.org b/ jeremy fpigalaxy- rna-seg-analysis-exercise !

bio informatics.ca
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RNA-SeqgAnalysis Exercise!

¥ HumanBodyMap2.0 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). !

bio informatics.ca

http:/ en.wikipedia.orghwviki/ Adrenal_gland!
bio informatics.ca

KK-



I"#$5%&' () *+$"+,-./+0/%$1./213++ 9:,<>?1"5>)+
45615")-".+7'3'+89:;<=++

Getting data !

¥ Most of time, you will get from a ble on your
computer, or from a URL. !

bio informatics.ca

Get 4 bles!

¥ adrenal_1"

https:/ usegalaxy.org/dataset/ display?

dataset_id =d44d2a324474dlaa&to_ext=fastgsanger!
¥ adrenal 2"

https:/ usegalaxy.org/dataset/ display?

dataset_id =d08360alc0ffdc62&to_ext=fastgsanger !
¥ brain_1"

https:/ usegalaxy.org/dataset/ display?

dataset_id =f187ach8015d6¢c7f&to_ext=fastqsanger !
¥ brain_2"

https:/ usegalaxy.org/dataset/ display?

dataset_id =08c45996966d7ded&to_ext=fastqsanger !

bio informaticS.ca
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Load Ple(s) to Galaxy !
==  autodetect !

(== Paste URL"
from previous "

page !

<= Execute!

bio informatics.ca
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OPoke the eye®

OEdit attributeO!

ODelete®

|

ONumbers may vary with usageQ

bio informatics.ca

Opoke the eye®

bio informaticS.ca
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OEdit attributesO!

bio informatics.ca

login!

' %o,-()! =101 1#-1'() (*+4

Get data !

Upload
your data !

)

Manipulate
you data!

W/

Save your
output !

Save your Publish your
workRow! page!

bio informatics.ca
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Step 1: quality control
[INGS: QC and manipulation >] FASTQC tool !

bio informatics.ca

Adrenal 1 groomed Brain 1 groomed

Adrenal 2 groomed!

Brain 2 groomed!

bio informaticS.ca
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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

bio informatics.ca

ﬁC‘)Numbers may vary with usage®
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[INGS: RNA Analysis >] Tophat tool !

¥Stepl!

¥ 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.!

bio informatics.ca
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This takes about !
~ 30 minutes E !

bio informatics.ca
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sharind
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¥ Share history with
colleagues!

¥ Extract work3ow !

bio informatics.ca
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Remember, lots of tutorials, videos,
mailing list, twitter etc B

¥ https:/ vimeo.comfalaxyproject !

bio informaticS.ca
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https:/ vimeo.comgalaxyproject !

bio informatics.ca
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https:/ usegalaxy.org b/ jeremy plinteractive- rna-seq-with- trackster !

bio informatics.ca

http:/ genomespace.org/
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ArrayExpress: Thttp:/ www.ebi.ac.uk/arrayexpress/!
Cystrome: Thitp:AMvww.cistrome.org !

Cytoscape: Thttp:/ www.cytoscape.org/ !

Galaxy: ! ! http:/ usegalaxy.org!

GenePattern: Thttp:/ www.broadinstitute.org /cancer/softwarefgenepattern/ !
Genomica: Thttp:/ genomica.weizmann.ac.il !
geWorkbench:  'http:/ www.geworkbench.org!

Gitools: ! !'hitp:/  www.gitools.org/ !

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

InSilico DB: Thttps :/ insilico.ulb.ac.be/ !

ISACreator Thttp:/ isatab.sourceforge.net tools.html !
MSigDB! I http:/ www.broadinstitute.org fgsea/msigdb/ !
UCSC GB: Thttp:lgenome.ucsc.edu/ !

bio informatics.ca

Useful Resourced

¥ Galaxy!
Plusegalaxy.org and usegalaxy.org/cloud!
P Twitter: @ galaxyproject # usegalaxy!

PlUserCs mailing list:"
http:/lists.bx.psu.edullistinfolgalaxy-user !

¥ BioStaR!
Bl biostars.org!

Pl Twitter: @ biostarquestion!
!

bio informaticS.ca
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Useful Resourced

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

¥ UCSC
B http:lgenome.ucsc.edu/ !
B Twitter: @ GenomeBrowser!
P More tutorials: http:/genome.ucsc.edutraining.html !

¥ SEQanswers

Bl Forum for NGS technologies'
http:/seqanswers.com/ !

bio informatics.ca

Papers of interest: !

¥ Robert Gentleman, 2005, Reproducible research: a bioinforma tics case Source,
Stat Appl Genet Mol Biol. 2005;4:Article2. !
http:/  www.ncbi.nlm.nih.gov/pubmed?term=16646837!

¥ GoecksJ, Nekrutenko A, Taylor J; Galaxy Team. (2010) Galaxy: a comp rehensive
approach for supporting accessible, reproducible, a nd transparent computational
research in the life sciences. Genome Biology 2010, 11:R86!
http:/  www.ncbi.nlm.nih.gov/jpubmed?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.bhi1109s38!
http:Avww.nchi.nlm.nih.govippubmedR22700313 !

¥ Goecks J1, Eberhard C,TooT, Galaxy Team, Nekrutenko A, Taylor J. (2013) "
Web-based visual analysis for high-throughput genomi cs. "
BMC Genomics. 2013 Jun 13;14:397
http:Avww.ncbi.nim.nih.govibubmed23758618 !
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Before Coffee Break !

¥ Go to page 20 (or there about) and do:
Log onto Galaxy !

¥ Login info will be on wiki (at that time)!
¥ Once you have this image, you can go on break:!

bio informatics.ca

After Break we will be doing lab !

¥ Want to acknowledge Florence Cavalli and Zhibin
Lu for great work they have doneto help me with
the cloud, some of the slidesand with the
accuracy of the slides. !

¥ That said, all errors, mistakes, old URLsetc are
my faul, entirely ! !

@bffo !

bio informaticS.ca
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We are on a Coffee Break &
Networking Sessioh
!
¥ For those of you not here, watching

video, maybe you want to register for
workshop? !

¥ More details at http:/bioinformatics.ca !
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