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What is Galaxy?

An open, web-based platform for accessible, reproducible,
and transparent computational biomedical research.

http://galaxyproject.org
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Who here has not tried Galaxy?

1T percentvVeterans < 66:
demoSuccess = attemptThreeMinutebDemo ()

1T percentvVeterans >= 66 or not demoSuccess:
handwaveOverScreenshot()

http://usegalaxy.org


http://gmod.org/wiki/Computing_Requirements
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handwaveOverScreenshot ()

-_ Galaxy

lfools

search tools

Get Data

Send Data
ENCODE Tools
Lift-Over

Text Manipulation

Convert Formats

FASTA manipulation
Filter and Sort

Join, Subtract and Group

Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores

Operate on Genomic Intervals
= Intersect the intervals of
two datasets

= Subtract the intervals of
two datasets

» Merge the overlapping
intervals of a dataset

= Concatenate two datasets
into one dataset

= Base Coverage of all
intervals

— . ”

Analyze Data Workflow Shared Datav Visualization Cloud~ Help~

Join (version 1.0.0)

Join:
[ 1: Exons ]

First dataset

a»

with:
[ 2: Repeats

“a»
\ J

Second dataset

with min overlap:
1

(bp)

Return:
[ Only records that are joined (INNER JOIN) ¢

0 TIP: If your dataset does not appear in the pulldown menu, it means
that it is not in interval format. Use "edit attributes"” to set
chromosome, start, end, and strand columns.

Screencasts!

See Calaxy Interval Operation Screencasts (right click to open this link
in another window).

Syntax

Where overlap specifies the minimum overlap between intervals that
allows them to be joined.
Return only records that are joined returns only the records of the

User~ Using 3%
History - ©
Basic Protocol 4
10.4 MB
13: Join on data 2 and ® R
data 1
267 regions
format: interval, database: hgl9

(3 7y

display at UCSC main
view in CeneTrack
display at Ensembl Current

display at RViewer main

1.Chrom 2.Start 3.End 4 .Name

chr22 17586742 17586844 NM_01433'
chr22 17600280 17602017 NM_0318%9!
chr22 1760028@ 17602017 NM_03189
chr22 17600280 17602017 NM_03189
chr22 17600280 17602017 NM_03189
chr22 17600280 17602017 NM_03189/

12: Cluster on data 2 @ R

11: Complementondata2 ® {/ %

® ] R

10: Coverage on data 2

9: Base Coverage on data ® {/ %

v

>

1



Galaxy is available as

e A free (for everyone) web service integrating a wealth of
tools, compute resources, terabytes of reference data and
permanent storage

e Open source software that makes integrating your own
tools and data and customizing for your own site simple

e Free cloud images that can be deployed by informatics
novices

http://galaxyproject.org


http://gmod.org/wiki/Computing_Requirements
http://gmod.org/wiki/Computing_Requirements

A free for everyone web-based service: usegalaxy.org

- Gal.xy Analyze Data Workflow Shared Data~ Visualization» Cloudv Help~ User~

History

Full dataaset for CPB Chip-Seq
prorocol

Get Data ‘ 6.9 C8

Send Data |

ENCODE Tools 10: FastQC Filter FASTQ on

data 7.himl

Text Manipulation ' 9: Filte

Convert Formats

8: FastQC FASTQ Groomer

on data 5.htm|

Andromeda: A cloud-based Galaxy

Filter and Sort

Join, Subtract and Group 7: FASTQ Groomer on data S @& {
Extract Features

Live Quickies = :
Fetch Sequences 6: FASTQ Groomer on data 5 ®

Eetch Alignments 5: Mouse ChIP-Seq Example @ {

Get Genomic Scores Advanced fastQ 454 Mapping: Uploading Data Experimental Data, chrl9, mm9
manipulation: Single End using FTP
Galacmc ke # 17 aac 4: Mouse ChiP-Seq example &
Control Data, ¢chrl9 mm9

Operate on Genomic Intervals

Statistics

Graph/Display Data

Regional Variation 3: FastQC FASTQ Groomer @
Multiple regression on data 1.html

Multivariate Analysis 2: FASTQ Groomer on data 1 & |
Evolution

- = bt SR http:/ /hgdownload.cse.ucsc.edu/qgol

Multiple Alignments

Metagenomic analyses Galaxy build ! n eSydhTfbs/waEncodeSydhTfbsMelCt
Genome Diversity cfDmso20lggyaleRawDataRepl.fastq

Phenotype Association
EMBOSS

¥ galaxyproject
intermineorg Take a look at our new Ve w s docs: lodocs.labs.intermine.org
1 250 - reply - retweet - Tavorit
galaxyproject Jackson Lab surveying bioinformat nputing svy.mk/X505zC Bioinfor /
S hours ago « reply - retweet - favorite

NGS: Mapping
NGS: SAM Tools
NCS: CATK Tools (beta)

NGS: Variant Detection

$

galaxyproject GCC2013 registration and abstract submission are now open bit.ly/CCC2013Reg bit.ly/gcc2013

more



http://gmod.org/wiki/Computing_Requirements
http://gmod.org/wiki/Computing_Requirements
http://gmod.org/wiki/Computing_Requirements
http://gmod.org/wiki/Computing_Requirements

However, a centralized solution cannot
scale to meet the analysis needs of the
entire world.



Open Source Software: getgalaxy.org

e Galaxy is designed for local installation and
customization

e Easily integrate new tools

e Requires a computational resource on which
to be deployed

http://getgalaxy.org


http://getgalaxy.org
http://getgalaxy.org

Galaxy is available on the cloud

e Start with a fully configured and populated
(tools and data) Galaxy instance.

e Allows you to scale up and down your compute
assets as needed.

e Someone else manages the data center

amazZon
web services™

http://usegalaxy.org/cloud


http://usegalaxy.org/cloud
http://usegalaxy.org/cloud
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CloudMan Platforms

amazZon

webservices™

—
—
-

History

sea tools Unnamed history

0 bytes
Get Data A AaNIAGTADR Gl
¢ S Welcome to Galaxy on the NeCTAR Cloud |maovo o
Fasta Manipulation €D Your history is empty. Click 'Get
[ ) Text Manipulation ‘ Data’ on the left pane to start [

Filter and Sort
Operate on Genomic Intervals

O S I FASTA manipulation
p e I I ta C NGS: QC and manipulation
NGS: Mapping
NGS: Indel Analysis

NGS: RNA Analysis
NGS: SAM Tools
NGS: GATK Tools

NGS: Variant Detection
NGS: Peak Calling
ENSEMBL

VCF Tools

NGS: Assembly

OpenNebula:
NBIC server
Andromeda

*

BiG Grid

Andromeda: A cloud-based Galaxy



CloudMan CloudL

ANS Maragement Comso Amazon Web Services = & Calaxy

main.gl.bx.psu.edu

Analyze Data  Workflow  Shared Da :
o

ENCODE Tools

U-Over The Galaxy
Text Manipslation PrOj QCt

onver: Forma

: ° Wants You!

= (&

Cala

FASTA manigulation
Fllter and Sort
Join, Sebiract and Group ANS Management Conso Amazon Web Services

Exuract Features
Eeich Sequences € C naingd.bx.psu.edu | J

- L ]

o
Fetch Alignments —_— . " : Vi<t : A rferin ‘o <ot
Cet Cenomic Scores - G"m —— ——-- . . : mUSl _30 9 CB

Operate on Cenomic Intervals

Statistics Launch a Galaxy Cloud Instance
Graph/Display Data

N a2 Lalaxy g Cluste 1 2 AWS Secret Xey

Reqlonal Yariaton A 3 . " t . ted

Muftiple reqgression

Multivariate Analyyis

Exolution . ]
Motif Tools

Multiple Alignments

Secrel Key
Metagenomic analyses

. |
Phenotype Association
Genome Diversity AW Key,
EMBOSS

Instances in your account

New Cluster

Cluster Name

Cluster Password

Key Pair
cJowdman keypair

Instance Type

Ixtra Large

Launch a cloud instance from another running Galaxy




Visualizatiion: Trackster

Initially Trackster; now a general purpose
framework for visualization




Phylogenetic Tree from 09 apaf.xml

Visualization: PhyloViz

Alt+click 1o select nodes

CED4_CAEEL
31_CAEBR
28_DROPS
Dark_DROME
29_AEDAE
30_TRICA
34_BRAFL
35_BRAFL
8_BRAFL
20_NEMVE
21_NEMVE
$_BRAFL
3_BRAFL
2_BRAFL
19_NEMVE
37_BRAFL
36_BRAFL
33_BRAFL

Search / Edit Nodes :

Search for nodes with
Name (containing) 1 None

Search!

Using 35.1 M8

PhyloViz from Google Summer of Code student Tomithy Too




Visualization: Circster

Circster: Circos style visualizations



Visualization

Scatterplot of 'Select first on data 1’ Scatterplot of 'Cuffdiff on data 13, data 17, and data 26 gene FPKM tracking'
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column 10
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Data column for X:| MAPQ Data column for X:| column 10

Data column for Y:| POS Data column for Y:| column 14

Draw Draw

Scatter plots




Analyze Data Workflow SharedData  Visualization Admin Melp  User

9,854,347 - 11,471,164

= Galaxy / james@tachylite0l

Visualizations: Enhancer / Promotor Loops & Chromatin Interaction



Visual Analytics

Analyze Data  Workflow  Shared Data  Visualization Help  User

Score [68-1000)
exon_number [1-1]
frac [0-1)

cov [1-1658)

conf_lo [0-178180]
FPKM [B602-223870)
conf_hi [304-269560]

Run on comolete catase!

Dynamic filtering on element properties (here, FPKM for putative transcripts)




isual Analytics

""'|iiiiii|“|“ |||lllllllllllll||
TR I AT

Cufflinks

Max Intron Length 300000

Min I1soform Fraction 0.0

Pre MRNA Fraction Q.01

Min SAM Map Quality 0

Perform quartile normalization No o4

Modifying Cufflinks parameters and locally reassembling



Big Data: Supporting Analysis on a Massive Scale

Common request: run tools / workflows on many samples

Run each of a few dozen (paired) samples
through a workflow of several dozen steps,
and aggregate the results in some way

A simple analysis quickly results in dozens of workflow
invocations and hundred of individual tool runs



Big Data: Plans

Rewrite default workflow engine

Histories will be able to contain pending workflows, dataset groups, other
entities - not just datasets

Rather than scheduling all at once, monitor workflow progress, allow pausing
in response to failure or user intervention, decision nodes, streaming data
and intermediate datasets, ...

Make workflow scheduling engine pluggable
Once it is a background process, can afford the time to delegate



Pluggability / Extensibility / APls

e Workflow rewrite
e Vizualization framework

e ObjectStore storage api

e Galaxy API

e Make everything pluggable; start using those
interfaces internally.
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Release Cycle

Experimented with 2-3 week release cycle
Now settled on 2 month release cycle

Less thrashing for us and users
Better testing and doc



=== SPHINX Code Doc IE Read the Docs

Galaxy Code documentation » Illb » galaxyPackage » webapps Package » galaxy Package »

IEIeCE SN Galaxy API Documentation

RTD Search Background

In addition to being accessible through a web interface, Galaxy can now also be accessed programmatically,
through shell scripts and other programs. The web interface is appropnate for things like exploratory analysis,
visualization, construction of workflows, and rerunning workflows on new datasets

Table Of Contents
Galaxy APl Documentation
Background

Quickstart

The web interface is less suitable for things like
o Connecting a Galaxy instance directly to your sequencer and running workflows whenever data is ready
» Running a workflow against multiple datasets (which can be done with the web interface, but is tedious)
AP| Controllers  When the analysis involves complex control, such as looping and branching.
datasets Module

folder_contents Modul ' _ v .
The Galaxy AP| addresses these and other situations by exposing Galaxy internals through an additional interface,

folders Module et .
known as an Application Programming Interface, or API

forms Module
genomes Module

group_roles Module .
Quickstart

group_users Module

. \Anriile
groups Module Log in as your user, navigate to the AP| Keys page in the User menu, and generate a new AP| key. Make a note of
histories Module the AP key, and then pull up a terminal. Now we'll use the display.py script in your galaxy/scripts/api directory for a
history contents Modu short example

item_tags Module
libraries Module % ./display.py my key http://localhost:4896/api/histories
library_contents Modu Collection Members
issi Module S
permissions Module 1: /api/histories/8c49bed48cfe29bc
quotas Module name: Unnamed history
=5 p-

request_types Module id: 8C49?°4‘8C'ongc

Module #2: /api/histories/33b43b4e7093¢91f
S name: output test v
roles Module id: 33b43b4e7893c91f




Galaxy toolshed vision

e Allow users to share “suites” containing tools,
datatypes, workflows, sample data, and automated
installation scripts for tool dependencies

e Version controlled
e Community annotation, rating, comments, review
e Dependency resolution

e Integration with Galaxy instances to automate tool
installation and updates

e A key to intergalactic unification

e Lots and lots of progress in past 12 months



Trello

Members

BEAY0 = o= \A P
F g

Inbox Developer ideas Bug Reports Issues from Bitbucket

‘ o add cards, use the Anonymous use of Issues with workflow : Option to disable

xyproject.org/tr workflows/visualizations step hiding not persisting automatic history

Filter and Sort. "Select
100! NOt gealing with
special characters right

Reference genome
request: GATK-ordered

"']*u'
313

reature request: manually

hide datasets

Feature Request: the
ability to restart a failed
workflow from the point
of faillure;

8 Drive / Dropbox /

ntegration

Bug report: always
import deleted datasets

Standalone web
application(s) for

sualizations

Modify data library
upload compiletion
message

&

Workfiow View Broken in

lTooished?

Unable to run jobs
user job limits are

Fix tool tip FASTQ
Summary Statistics

Bug when using
gata_column

Velvet wrapper broken
when real user jobs are
used

apport.fileutis

Bug: Running functio
tests fr: migratedq or

creation

Option to require that

6.
histories have names

8. More flexible output
handlers

10: Allow overriding
parameters when

running a workflow

20: Suggestion: new tag
n XC(,'I S X-v f

24: Add ability to
password secure toois

Add Members...

Board

Options

Add List

Filter Cards

Activity
‘ Dannon Baker added API:

Library Content
Developer ideas and
e sentto the board
¢ joined

g2roboto on Feature
request: manually hide
datasets

Submitted by

. N Y
s

@nickstoler

g2roboto added Feature
request: manually hide
datasets 10 Inbox.

g2roboto on Reference
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2012 and 2013 Meetings

Galaxy

salax Community
Ry Conference 48

Communlty S
Conference _ BUUZACENIDEOL
2012

L e Al UIC ------ 1 .

\(, ! UiO ¢ University of Oslo

GCC2013 o
Trainiri
Day

GCC2013 Registration & abstract submission open
http://galaxyproject.org/GCC2013
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GCC attendance over time




New Communities
GalaxyAdmins

Administrators of large Galaxy Instances
Started by Ulowa in 2012

Galaxy-France

French language and France-centric Galaxy community mailing list
Launched after Galaxy Tour de France in 2012

Galaxy-Public-Servers

Mailing list for those hosting public Galaxy servers
Just launched



Mailing Lists
http://wiki.galaxyproject.org/MailingLists

Galaxy-Announce

Project announcements, low volume, moderated
Low volume (2012: 42 posts, 1600 members)

Galaxy-User

Questions about using Galaxy and usegalaxy.org
High volume (2012: 2900 posts, 2700 members)

Galaxy-Dev

Questions about developing for and deploying Galaxy
High volume (2012: 4500 posts, 850 members)


http://wiki.galaxyproject.org/MailingLists
http://wiki.galaxyproject.org/MailingLists

January

2 Events
245 People
717 Participant hrs
Czech Rep, CA

(N

-

6 Events
291 People
882 Participant hrs

@ France, NC

September

\/

2 Events
45 People
585 Participant hrs
South Africa

Training
Workshops offered by Galaxy Team in 2012

February

0 Events
People

Participant hrs

3 Events
274 People
822 Participant hrs
France

October

PURDUE

4 Events
102 People
449 Participant hrs
IL, IN

ql INDHANA UNIVERSITY

March

| Event
50 People
200 Participant hrs

2 Events
230 People
1330 Participant hrs
" France, IL (GCC)

November

3 Events
4.| | 440 People

E 720 Participant hrs

CA

GME0

fr

or lowa

= r MG 1

&

April

7 Events
225 People
I 125 Participant hrs
DC,MD, IA

The UnNrversary

| Events

w\,:” 20 People

80 Participant hrs
NC

December

| Event
50 People
750 Participant hrs
PR



2012

29 Training Events All workshops hands-on. Almost all of

17 Universities these used CloudMan based servers.

7 Meetlngs Almost all supported by an AWS in
4 Countries . .

Education Grant for Galaxy Training
8 States

3 Continents
1,677 People
6,193 Participant hours

Plus at least 13 other seminars / talks by Galaxy Team
members, and talks and workshops by community
members, and ...

just too much stuff to count:
http://wiki.galaxyproject.org/Events/Archive
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The Galaxy Team
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Dan Blankenberg Dave Bouvier Dave Clements
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Greg von Kuster

http://wiki.galaxyproject.org/GalaxyTeam



Galaxy is hiring post-docs and software engineers
at both Emory and Penn State.

enroduciblediology ~0ala
sclenceE 5

resea[ch
acoessinle

= balaxy

S Niring

Please help.

http://wiki.galaxyproject.org/GalaxylsHiring
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