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Dank u NBIC!

‣ Hailiang Lai

‣ Femke Francissen
‣ Freek de Bruijn

‣ Anita Radstaat
‣ Works at De Werelt

‣ Marc van Driel

‣ Rob Hooft
‣ Mons Barend
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Introduction to Galaxy and GCC
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The Team
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Slide Organization

Deeply Meaningful Title

Not so clear content

Person who can clarify slide for beer
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Talk Organization
The next 90 minutes

‣ History (2005 - 2010)

‣ Present (2010 - 2011)

‣ The “Vision” (2011 - 
∞)

‣ The Community

‣ Beer

Tuesday, May 31, 2011



The next 89 min & 59 seconds

‣ History (2005 - 2010)

‣ Present (2010 - 2011)

‣ The “Vision” (2011 - 
∞)

‣ The Community

‣ Beer
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Galaxy as a single Perl script (!)
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Galaxy as a single Perl script (!)
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Etymology

‣ Galaxy = Gala + XL (Bob Harris, author of 
Lastz)

‣ GALA = Genome Alignment and 
Annotation Database

‣ Brainchild of Ross Hardison

‣ Taking over the universe was not our 
original intension
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Ross Hardison
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Pythonic Age (mid 2005)
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2006
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Sometime before today
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The First Galaxy Developer Conf 
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The next 90 - x minutes

‣ History (2005 - 2010)

‣ Present (2010 - 2011)

‣ The “Vision” (2011 - 
∞)

‣ The Community

‣ Beer
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Galaxy Today

•A free (for everyone) web service 

integrating a wealth of tools, compute 

resources, terabytes of reference data 

and permanent storage

•Open source software that makes 

integrating your own tools and data and 

customizing for your own site simple
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Galaxy: accessible analysis system
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Tools
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Integrating existing tools into a uniform framework

•Defined in terms of an 

abstract interface (inputs and 

outputs) 

• In practice, mostly 

command line tools, a 

declarative XML description 

of the interface, how to 

generate a command line

•Designed to be as easy as 

possible for tool authors, 

while still allowing rigorous 

reasoning

Dan Blankenberg, Guru Ananda, Kelly Vincent, Ross Lazarus
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Dozens of tools for different NGS applications packaged with Galaxy
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The Galaxy Tool Shed allows the community to contribute, share, and 
evaluate tools

Greg Von Kuster
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For example, complete wrappers for the Mothur metagenomics suite 
from Jim Johnson (UMN)

Jim Johnson,  Konrad  Paszkiewicz, Peter Cock,  Vipin Sreedharan
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Analysis environment
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Galaxy analysis interface

•Consistent tool user 

interfaces 

automatically 

generated

•History system 

facilitates and tracks 

multistep analyses
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Automatically tracks every step of every 

Dan Blankenberg
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As well as user-generated metadata and annotation...

Jeremy Goecks
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Workflows
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Galaxy workflow system 

•Workflows can be 

constructed from 

scratch or extracted 

from existing analysis 

histories

•Facilitate reuse, as 

well as providing 

precise reproducibility 

of a complex analysis

Dannon Baker
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Example: Workflow for differential expression analysis of RNA-seq using 
Tophat/Cufflinks tools
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Data Libraries
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Greg Von Kuster
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Sharing and publishing
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Everything can be shared
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Pervasive search allows others to find published items of interest
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Galaxy Page for a recent study on mitochondrial heteroplasmy
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Actual histories and datasets directly accessible from the text
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Histories can be imported and the exact parameters inspected
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Workflows and other entities can also be embedded 
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And imported for inspection, verification, and reuse
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•Galaxy's publishing features facilitate 

access and reproducibility without any 

extra leg work

•One click grants access to the actual 

analysis you performed to generate your 

original results

•Not just data access: the full pipeline

•Annotate each step

The power of Galaxy publishing and 

Jeremy Goecks
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Galaxy deployment models
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Galaxy Main (usegalaxy.org)

‣ ~130,000 jobs a month

‣ Every month is “best ever”

‣ Approximately 1Tb in user uploads per 
week

‣ Unsustainable in the long term
Community!

Nate Coraor
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Building local Galaxy instances

•Galaxy is designed for local installation 

and customization

•Just download and run, completely 

self-contained

•Easily integrate new tools

•Easy to deploy and manage on nearly 

any (unix) system

•Run jobs on existing compute clusters

Tuesday, May 31, 2011



•Move intensive processing (tool 

execution) to other hosts

•Frees up the application server 

to serve requests and manage 

jobs

•Utilize existing resources

•Supports any scheduler that 

supports DRMAA (most of them)

Scale up on existing resources
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Cloud computing

•On-demand resource acquisition fits 

well with the irregular resource needs of 

many labs working with sequence data

•Our goal is to approach the ease of use 

of a “software as a service” solution 

while maintaining the flexibility and 

control of an infrastructure based 

solution

Enis Afgan
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Using Amazon EC2: Startup in 3 steps
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Can use like any other Galaxy instance, with 
additional compute nodes acquired and 

released (automatically) in response to usage
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Share a snapshot of this instance
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Enis Afgan
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The next 90 - x minutes

‣ History (2005 - 2010)

‣ Present (2010 - 2011)

‣ The “Vision” (2011 - 
∞)

‣ The Community

‣ Beer
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Where do we go from here

•Why do we want to change the World?

•How are we going to do this?
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Why Changing the World?
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•~25 GB per day

•$16k-$20k per 

run

•> 1Mb per dollar

•Can multiplex 192 

samples per run

•as little as $100 

per sample!

The workhorse: Illumina

HiSeq 2000
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454 GS / Junior: 
40-400Mb runs, but 
read lengths pushing 
1kb

Ion Torrent PGM: 
10Mb-1Gb runs, 
200-400bp reads, 2 
hour runtime, $500!

PacBio RS: Direct 
single molecule 
sequencing, only 35k 
reads, but long read 
lengths, 30 minute 
runs!

(plus nanopore and other single molecule 
techniques on the horizon)
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Sequence data production capability 
is 

widely distributed
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(http://pathogenomics.bham.ac.uk/
hts/)
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Sequencing applications
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Genome sequencing

•Direct sequencing of genomic DNA to resolve 

new genome sequences

•Direct deep sequencing + de novo assembly 

for novel genomes

•Re-sequencing to identify variations with 

respect to a reference

•Single-end resequencing for SNP, copy 

number variation
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RNA-seq for transcriptomics

•The diversity of (known) functional RNAs is 

enormous

•Even the best understood units (protein coding 

transcripts) are processed in myriad ways 

including alternative splicing

•In RNA-seq, capture a class of RNA, sequence 

(directly or through a cDNA clone)

•Reconstruct (possibly overlapping) RNA 

sequences and quantify the level at which they 
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Sequencing for functional annotation

•We can turn many functional annotation 

problems into sequencing problems (this is only 

a sample)

•The genome is relatively static within an 

individual, sequence it once and you are done

•Transcript levels, epigenomic modifications, and 

chromatin structure vary based on cell type, 

time, condition, ...

•Enormous potential for data generation
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“Democratization of sequencing”

•Because of the diverse utility of sequencing based assays, 

investigators across all of biology seek to take advantage 

of these techniques

•Large community data production projects have become 

relatively rare, data production is increasingly investigator 

driven

•Democratization of sequencing has not yet been matched 

by democratization of analysis infrastructure, burden is 

largely on the investigator

•Use of these techniques requires sophisticated and 

computationally intensive approaches
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Most biologists don’t write code

•High throughput data is very new to Biology, 

programming is not part of the training (this is 

not Astronomy...)

•Efforts like Bioperl and Bioconductor (R) have 

enabled some to pick it up, too often just 

enough to be dangerous
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Much bioinformatics software is 
“research quality”

•Most software is written for a specific publication

•Poor performance and scalability, not designed with 

reuse in mind

•The rate with which underlying technologies and 

methods change makes it pointless to invest in 

improving

•Difficult to publish purely software papers in good 

journals, publish updates or improvements to existing 

software

•Pressure to use only software that is published 

Tuesday, May 31, 2011



Commercial Bioinformatics Software is 
sustained by ignorance
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Key Reproducibility Problems

•Datasets: not all available, difficult to 

access

•Tools: inaccessible, hard to record details

•Publication: results, data, methods 

separate
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Microarray Experiment Reproducibility

•18  Nat. Genetics microarray gene 
expression experiments 

•Less than 50% reproducible

•Problems

•missing data (38%)

•missing software, hardware details 
(50%) 

•missing method, processing details 

Ioannidis, J.P.A. et al. Repeatability of published microarray gene 
expression analyses. Nat Genet 41, 149-155 (2009)
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NGS Re-sequencing Experiment Reproducibility

•14 re-sequencing experiments in Nat. 
Genetics, Nature, and Science (2010)

•0% reproducible?

•Problems

•limited access to primary data (50%) 

•some or all tools unavailable (50%)

•settings & versions not provided 
(100%)
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Going Forward

•Development of best practices

•Simplifying deployment of Galaxy and 
dependencies

•Tool Shed as the HUB

•Transparent publishing of analyses for 
reproducible research

•Tight Integration with NGS instruments
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1 2 3 ∞

http://usegalaxy.org

http://usegalaxy.org/
community

Galaxy Tool 
Shed

...

Galaxies on 
private clouds

Galaxies on 
public clouds

...

private Galaxy 
installations
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Sample tracking and instrument 
integration

(work in progress)
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Greg Von Kuster, Dannon Baker
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Consumer creating sequencing requests in Galaxy interface, and 
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Simplest scenario, lab manager manually imports run data and 
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Within instrument integration plugins, data acquired automatically and 
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Sample tracking is completely 

•Track manually, with barcodes, or 

integrate with an existing LIMS

•Everything is configuration driven, 

capture whatever data and support 

whatever workflow you want

•Interaction with sequence instruments 

and secondary analysis is completely 

pluggable

•For services that provide a web / REST 
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ONLY AS A COMMUNITY WE CAN 
ACHIEVE THESE GOALS!
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