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What is Galaxy?

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

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

Vision

Galaxy is an open, Web-based platform for
accessible, reproducible, and transparent
computational biomedical research
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How’s Galaxy Doing?

e Growth
e Scaling

e Where we're headed

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

New Users per Month

Jan 2010 Jul2010 Jan 2011 Jul2011 Jan2012 Jul 2012
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Users

25,768

total users registered
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Jobs per Month
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Jan 2010 Jul2010 Jan 2011 Jul2011 Jan2012 Jul 2012
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0.3 Pb

user data at the main site
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11,442

jobs in a single day
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Mailing List Membership

® user @ dev @ announce

Jan 2011 Jul 2011 Jan 2012 Jul 2012
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STEM CELLS*
STEM CELL TE CHNOLOGY: EPIGENETICS, GENOMICS, PROTEOMICS AND
UJ.\B().\().\U(.)

Stochastic Choice of Allelic Expression in Human Neural Stem Cells
~ Aaron R Jefiries’, Leo W Perfect’, Julia Ledderose’, Leonard C Schalkwyk®, Nicholas J Bray',
Jonathan Mil l Jack Price

papers using galaxy

\F. United Kinpdom

NA Metylaton »

Responses of the Embryonic Epigenome
to Maternal Diabetes

J. Michael Salbaum ™ and Claudia Kappen®

Colt Owarh and O wwntignon (1T o

Open

Insights into p53 transcriptional function via genome-
wide chromatin occupancy and gene expression
analysis

F Nicalenicoy’, C Spinnier™®, M U™, C Tonetll", ¥ Shi°, M Turunen™, T Kivioi®~, | ignatiey’, A Ket**, J Telpake®™ and G Sellvanova*’

The tumersuppressce 53 can induce virious Biclogicel responses. Yet, It s not clesr whithee R s P53 i vivo promoter
is of genome-wide chromatin

Reorganization of the host epigenome eyl of e high-fat
by a viral oncogene of gene expressica aicwed

s one of the p&) moculators,

9.9 2 % e ax e A 9 pat STATY astago
Roberto Ferrari,'* Trent Su,"* Bing Li,' Giancarlo Bonora,'* Amit Oberai,' b v o
Yvonne Chan,’ Rajkumar Sasidharan," Amold ). Berk,*’

and Siavash K. Kurdistani'**’

(;QE SEARCH

Dynamics of enhancer chromatin signatures mark the transition
from pluripotency to cell specification during embryogenesis

Ozren Bogoanovic, Ana Femandez-Minan, JuanJ Tena, & a

2.3

Matteo Pellegrini,”

a

Ganome Res published on e May 16, 2012
AcCess the most recent version a1 doi:10.1101/gr. 134833 111
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Specialized Public Galaxy Servers
http://galaxyproject.org/wiki/PublicGalaxyServers

ChIP-chip and ChlP-seq?

v Cistrome
Statistical Analysis?

v Genomic Hyperbrowser
Sequence and tiling arrays?
Interested in: vy Ogtans
Text Mining?

v DBCLS Galaxy
Reasoning with ontologies?

v GO Galaxy
Internally symmetric protein structures?

v SymD
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http://wiki.g2.bx.psu.edu/PublicGalaxyServers
http://wiki.g2.bx.psu.edu/PublicGalaxyServers

Other Known Celestial Bodies

http://symd.nci.nih.gov/
http://galaxy.tuebingen.mpg.de/

http://preVIeW.ga|axy.dbC S.Jp/ htt -//9W|psucc|e/
http://urgi.versailles.inra.fr/galaxy

http://mgtaxa.jcvi.org/  http://cistrome.org/

http://galaxy.genenetwork.orq/
http://nebula.curie.fr/p A 7

http://www.genboree.org/galaxy/
http://galaxy.wur.nl/ http://galaxy.nmcdsp.org/

http://hyperbrowser.uio.no/hb/

http://galaxy.berkeleybop.org/ http://galaxy.nbic.nl
http://discovery.hsci.harvard.edu/galaxy

http://regulatorygenomics.upf.edu/galaxy
http://huttenhower.sph.harvard.edu/lefse/
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http://cistrome.org/ap/root
http://cistrome.org/ap/root
http://preview.galaxy.dbcls.jp
http://preview.galaxy.dbcls.jp
http://preview.galaxy.dbcls.jp
http://galaxy.genenetwork.org
http://galaxy.genenetwork.org
http://galaxy.genenetwork.org
http://galaxy.genenetwork.org
http://www.genboree.org/galaxy/
http://www.genboree.org/galaxy/
http://www.genboree.org/galaxy/
http://www.genboree.org/galaxy/
http://hyperbrowser.uio.no/hb/
http://hyperbrowser.uio.no/hb/
http://galaxy.berkeleybop.org:8080
http://galaxy.berkeleybop.org:8080
http://gwips.ucc.ie
http://gwips.ucc.ie
http://huttenhower.sph.harvard.edu/lefse/
http://huttenhower.sph.harvard.edu/lefse/
http://urgi.versailles.inra.fr/galaxy
http://urgi.versailles.inra.fr/galaxy
http://mgtaxa.jcvi.org
http://mgtaxa.jcvi.org
http://nebula.curie.fr
http://nebula.curie.fr
http://galaxy.nmcdsp.org
http://galaxy.nmcdsp.org
http://galaxy.tuebingen.mpg.de
http://galaxy.tuebingen.mpg.de
http://galaxy.tuebingen.mpg.de
http://regulatorygenomics.upf.edu/galaxy
http://regulatorygenomics.upf.edu/galaxy
http://galaxy.nbic.nl
http://galaxy.nbic.nl
http://discovery.hsci.harvard.edu/galaxy
http://discovery.hsci.harvard.edu/galaxy
http://symd.nci.nih.gov
http://symd.nci.nih.gov
http://galaxy.wur.nl
http://galaxy.wur.nl

~250

commits from the community
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GCC attendance through the years

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 201

2010 2011 2012
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Scaling Galaxy: two distinct problems

e S0 much data, not enough infrastructure.

e Solution, encourage local Galaxy instances,
cloud Galaxy, support increasingly decentralized
model, improve access to exiting resources

e S50 many tools and workflows, not enough
manpower

e Focus on building infrastructure to allow
community to integrate and share tools,
workflows, and best practices
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2,124 Tools

Dependency
management

Intergalactic
HUB

Cite yourself




Galaxy Tool Shed

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

e \Version controlled - multiple versions installed

e Community driven - rating, annotation, comments,
review

e Integration with Galaxy instances to automate tool
installation and updates

http://usegalaxy.org/community
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http://usegalaxy.org/community
http://usegalaxy.org/community

Galaxies on Galaxies on
private clouds public clouds

E]ttp://usegalaxy.org J C—

V

private Galaxy installations

Spays |00 91eAld
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http://usegalaxy.org
http://usegalaxy.org

Galaxy Tool Shed

e Multiple versions of the same tool installed

e Cite yourself - Now, you can cite the actual tool with
the toolshed link and credit goes straight to the author

http://usegalaxy.org/community
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http://usegalaxy.org/community
http://usegalaxy.org/community

Cloud

Intelligent
parallelism

XSEDE
Object Store




Galaxy CloudMan
http://usegalaxy.org/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.

amazon
web services™

http://aws.amazon.com/education


http://usegalaxy.org/cloud
http://usegalaxy.org/cloud
http://usegalaxy.org/cloud
http://usegalaxy.org/cloud

Calaxy Cloud

eCl~-184-73-135-47.compute~1.amazonaws.com/cloud/

AWS Management Console ‘ Galaxy Cloud

Galaxy Cloudman Console

Terminate cluster Add nodes v Access Galaxy

Status

Cluster name: mes-cm-31march 5

Disk status: 181M

Worker status: Idie: 0 Available: 0 Requisted
Service status:

External Logs:

Share a snapshot of this instance
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Display a2 mena
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"

Galax

ning 1008

Terminate clust

Status

Ciuster name:
Disk status:

Worker status:
Service status:

External Logs:

Calaxy Cloud

~

Calaxy Cloud

Currently shared instances

Share-an-instance

Info: report bugs | wiki | screencast

Access Galaxy




Parallelism

® As data sizes grow, increasingly important to be
able to express within tool parallelism

e Naturally parallel (split/join) constructs can be
specified in configuration

e Parallel environments (MPI) can be used, but
management delegated to underlying resources
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Parallelism - why!?

® Take maximum advantage of available resources

® |ess costly fault recovery (spot instances)

® Overhead in splitting time

® |ncreased temporary storage requirement
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Automatic Parallelism

—

—/

input {BLAST | bwa | etc} output




Use it now

use_tasked jobs =True
Tools supported:

BLAST, BWA, Bowtie

Yours!?
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Implement for your tool

<parallelism
method = "multi”
split_inputs = "query"
split_mode = "number_of parts”

split_size = "4"

shared inputs = "subject”

merge outputs = "outputl”

[>
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yoplait@gizmo ~/work/mountpoint is

yoplait@gizmo ~/work/mountpoint 1s all.seqs/
@ 113 129 144 16 175 190 205 220 236 251 31 47 62 78 93
van Ce 1 114 13 145 160 176 191 206 221 237 252 32 48 63 79 94
10 115 130 146 161 177 192 207 222 238 253 33 49 64 8 95
100 116 131 147 162 178 193 208 223 239 254 34 5 65 80 96
101 117 132 148 163 179 194 209 224 24 255 35 50 66 81 97
S I d d 162 118 133 149 164 18 195 21 225 240 256 36 51 67 82 98
Ittl n 163 119 134 15 165 180 196 210 226 241 257 37 52 68 83 99
104 12 135 150 166 181 197 211 227 242 258 38 53 69 84
105 126 136 151 167 182 198 212 228 243 259 39 54 7 85
106 121 137 152 168 183 199 213 229 244 26 4 55 70 86
1607 122 138 153 169 184 2 214 23 245 260 49 56 71 87
° FUSE 108 123 139 154 17 185 20 215 230 246 261 41 57 72 88
109 124 14 155 170 186 200 216 231 247 27 42 58 73 89

11 125 140 156 171 187 201 217 232 248 28 43 59 74 9
110 126 141 157 172 188 202 218 233 249 29 44 6 75 96

. . 111 127 142 158 173 189 203 219 234 25 3 45 60 76 91
® NO CIISI( write 112 128 143 159 174 19 204 22 235 250 30 46 61 77 92
. yoplait@gizmo ~/work/mountpoint cat all.seqs/99
required 8
CGCAGGCCGCAATCTGGTGTGGATTATCTGCGTGCCCATCGTGCTCCTGTACTTCTTCTTCGGCC

GCTTCCTGCTGCTGCTGTTCATGAATGACCCGCAGGGTCCGGCCATCGACACCGGTATGCTGTTC
Lo . CTGCGCATCCTGTCTCCCTTCTATTTGTGGTGTCGCTCAAGCTGGTCACTGACGGCATCCTGCGC
® But it is slightly slower sscrececaraarcerecec
d CAGCATCAGGCAGCCAACCAGGATGGCGGCATCGGGCAGGGTGAGGGAAACGATGATGGTAACAA
to rea TGATCGGGAAGAGGATCTTCTCAGTCTTGGAAACCTTGCGCGGGCTTTCCATCACGATTTGACGE
TCTTTTIGTTGGTG
>10
. CAAGTACAGCAGATGCAGAAACAGCATGATACGCAAATCCACAATCTCAGAGAAATGCACAGGCA
® More SPI Itte I’S/ CI ata GGAACTTGACATGAAAGAAAAAGAACTGTCACGGCTCGCCAGAATCATAGACAAGGCTTTCAGGT
. GGTTTCCGGTATGTTCAGGGAAA
providers: >11
GTTGTTTGCCTATTTACAACATTCTATATTATGGTTGGATACCTGTAAGATTAGTTTTGCTAATT
TCCATCTGGTATTTCTTGATGCGTCTTTCTACGCTTTTTGGGTTCGTGTTACCCCAAACCCCTAC
° C h b d’ GGACGGAATT
>12
romosome based: GTAATTGACATGGTTCGTGTGGCAACTTACGTGCACCAGATGCCTGCTGCAATCGAAATGATTGA
AGATGCCAAGGCACACAGGGGATAGG
>13
TGCGTCTGTCACCTTTGCGGAATTTGGCTGCGTACTCCTTGATATACTTGTCGAACTTGTCAAGG
TAGATGTTAGCCAATATGGGGCTGATTATTCCACCTTGCGGAGTTCCTGAGTACGTCTTGTTGTA
CTTCCAGTCCTCCACATACCCTGCATTGAAGAATTTACGGATAAGTCTTAGGAAGCGTTCGTCTG
ATATGCGTTCACGAAGAATGCTAATCAGTACGTTGTGGTCTATGTTGTCAAAGAA
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Object Store

e All Galaxy history and library datasets are assigned an ID and
stored in galaxy-dist/database/files/

e Single directory = single massive filesystem

e Galaxy now has a dataset abstraction layer to decouple from a
single local filesystem: Object Store

e Disk backend: single filesystem
e Distributed backend: multiple filesystems

° Amazon S3 backend - EBS as cache
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ChiP:seq

RNA-seq
Proteomics

Genotyping




Search parameter
spage

Works for any
tool

Share & Publish




Galaxy

+ tool integration framework

+ heavy focus on usability

+ sharing, publication framework

Genome Browser

+ physical depiction of data

+ visually identify correlations

+ find interesting regions, features
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Galaxy

+ tool integration framework

+ heavy focus on usability

+ sharing, publication framework

Genome Browser

+ physical depiction of data

+ visually identify correlations

+ find interesting regions, features
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Trackster

View your data from within Galaxy

+ No data transfers to external site
+ Use it locally, even without internet access

Supports common filetypes
+  BAM, BED, GFF/GTF, WIG

Unique features

+ custom genomes
+ highly interactive
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Calaxy | Published Visualization | CCC2011-1: Viewing and Navigating

p.//main.g2.bx.psu.edu/u/leremy/v/gcc201 ]~ 1-viewing-and-navigating

Shared Data  Visualization Help  User

CCC2011 -1 Viewing and | ¢carl9 1,290 - 4168475
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Calaxy | Published Visuahzation | CCC2011-1: Viewing and Navigating

p.//main.g2.bx.psu.edu/u/jeremy/v/gcc201 1 - 1-viewing-and-navigating

Analyze Data  Workflow  Shared Data  Visualization Help  User

Published Visualizations | jeremy | CCC2011~1: Viewing and | ¢awrl9 . 625,719 - 682,581
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But really, why another genome browser

From static browsing to visual analysis

Visual feedback and experimentation needed for
complex tools with many parameters

Leverage Galaxy strengths: a very sound model for
abstracting interfaces to analysis tools and already
integrates an enormous number
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Dynamic Filtering

1,000,000

IKS 3SSEMDie

Score [387-1000]
exon_number [1-1]
frac [0-1]
cov[1-1248]

conf_lo [2227-178180]
FPKM [215-223870]
conf_hi [304-269560]

Run on complete dataset

I A W e e
LA . '
. L)
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Integrating Tools and Visualization

?_ Galaxy Analyze Data  Workflow  Shared Data  Visualization  Admin  Help  User

GCC3: Running Tools (hgl9)

Cufflinks
Max Intron Length

Min Isoform Fraction
Pre MRNA Fraction
Perform quartile normalization

Run on complete dataset Run on visible region

(2222222200,
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5C data in Trackster

=_ Galaxy / james@tachylite01

PUNE COUSENEEE 3 IO EEOEECE S mEm ] EOECED s B TN SISO O Sl S
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5C data in Trackster

&7 Galaxy | Published Visuall:

tachyliteOl.bx.mathcs.emory.edu
Analyze Data  Workflow  Shared Data  Visualization  Admin  Help  User

Fly 5¢ Ecdysone (dm3) : 9,854,347 - 11,471,164
10,000,000

ey o~

D I _Ja_nL PO -L_ ...L..ln 4 Lo -_-|lh-|..;J_ I o J_I-ILL_I_AJ.I.-__. T .- -L..Lu.l- P L.LL‘-L IR | PR TS vn sl o
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Circster

Circos-like visualization that provides
genome-wide views

Complements Trackster

Very much a work in progress
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Sweepster

Visualization for
+ tool parameter space
+ outputs from different settings

Can easily find good settings by visual inspection
+ for many settings, across multiple regions

Can explore parameter space systematically or
ad-hoc
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Architecture

Web
browser

Galaxy
HTML Ul

Galaxy f '

Tools
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Datasets
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Architecture
WEb Visualizations

d3.js (SVG)
browser HTML5: Canvas, CSS

Galaxy
HTML Ul

~ Data Managers

p—
)44

3
Galaxy f S
5

Datasets

Q)
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Technical Highlights

Rough pluggable support for generic JavaScript visualizations + data providers

Data providers = fast, random access to data in Python, JS
API: run tools, run them on data subsets

Backbone + HTML5 objects for Web-based genomic visualizations
+  e.g.data managers, linear and circular views

JS binding to Galaxy API (blendJS?)

+  visualizations, tools, datasets
+  custom Galaxy Uls
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// — Viz set up.

var genome - new Genome(JSON.parse('${ h.to_json_string( genome ) }'))
visualization - new GenomeVisualization(JSON.parse('${ h.to_json_string( viz_config ) }')),
viz_view = new CircsterView({
width: 6080,

height: 600,

// Gap is difficult to set because it very dependent on chromosome size
total_gap: 2 * Math.PI * 0.2,

genome: genome,

model: visualization,

radius_start: 100,

dataset_arc_height: 15

| organization.

});
// — Render viz.

viz_view.render();
$('#vis').append(viz_view.$el);
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Display
applications

Datatypes
Datasources

Auxiliary data




Customization extends beyond tools

e Everything in the Galaxy framework is either
configuration driven or pluggable (or both)

e Tools conventionally extended through
configuration, but new tool types can be added

e Datatypes added through configuration, or plugin
classes for advanced functionality

e Nothing inherently specific to genomics!
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Galaxy Wants You!

(and your pull requests)
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mailto:jobs@galaxyproject.org
mailto:jobs@galaxyproject.org

Thanks! Questions?

http://galaxyproject.org

Data intensive biology for everyone.

Galaxy publications: http://galaxyproject.org/wiki/Citing

dannon.baker@emory.edu
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