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Approach

Describe how Galaxy was used to complete 

an NGS biological analysis, and highlight 

Galaxy features along the way 
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The Investigation

Understanding human XBP1 expression 

dynamics

3



Unfolded Protein Response 

4 Walter & Ron, Science 2011
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IRE1 Pathway

Walter & Ron, Science 2011



Translational Pausing

6 Ron & Ito, Science 2011



XBP1 Isoforms

very similar isoforms

frameshift between isoforms

7 Chung et al., PLoS CB 2007



Questions

Can current RNA-seq tools be used to 

identify and quantify XBP1’s highly 

similar isoforms?

Can XBP1’s translational pause point be 

identified?
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Galaxy 101 

(the really short version)

https://main.g2.bx.psu.edu/galaxy101
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Galaxy 101 Highlights

Requires only a Web browser

Integrated data sources, including UCSC

Collection of many tools that can be 

combined into complex analyses

Datasets grouped together into a history
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Computation in Science?

Scientists unfamiliar with computation

Reproducibility hindered by complexity: 

systems, scripts, tools, parameters

Collaboration and publishing difficult 

because current media do not support 

computational artifacts well
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Galaxy Project: Fundamental 

Questions

When Biology (or any science) becomes dependent on 

computational methods, how to:
✦ make tools and methods accessible to scientists?
✦ ensure that analyses are reproducible?
✦ enable transparent communication and reuse of analyses?

✦
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Vision

Galaxy is an open, Web-based platform for 

accessible, reproducible, and transparent 

computational biomedical research
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What is Galaxy?

GUI for genomics
✦ for complete analyses: analyze, visualize, share, publish

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



Amplification

Many tools available in a single place means 

that tools can be combined in novel ways

Everything is open source: framework, 

protocols, and libraries
✦ reused and extended by anyone

Users, developers, community benefit

24



Questions

Can current RNA-seq tools be used to 

identify and quantify XBP1’s highly 

similar isoforms?

Can XBP1’s translational pause point be 

identified?
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RNA-seq
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http://www.fml.tuebingen.mpg.de/raetsch/members/research/transcriptomics

next generation gene 

expression data



Illumina BodyMap 2.0

RNA-seq (Hi-Seq) data from 16 human tissues

Two datasets for each tissue
✦ 50bp paired-end
✦ 75bp single-end

~80 million reads per dataset, ~160 million reads per tissue

In a public data library on usegalaxy.org
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http://www.ensembl.info/blog/2011/05/24/human-bodymap-2-0-data-from-illumina/



Differential Expression Analysis in 

Galaxy
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Map Reads Tophat

Assemble Transcripts and 

Quantify Cufflinks

Differential Expression 

Cuffcompare/merge, Cuffdiff

1. Trapnell, C., Pachter, L. and Salzberg, S.L. TopHat: discovering splice junctions with RNA-Seq. Bioinformatics 25, 1105-1111 (2009).

2. Trapnell et al. Transcript assembly and abundance estimation from RNA-Seq reveals thousands of new transcripts and switching

    among isoforms. Nature Biotechnology doi:10.1038/nbt.1621



Differential Expression Analysis in 

Galaxy
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Map Reads Tophat

Assemble Transcripts and 

Quantify Cufflinks

Differential Expression 

Cuffcompare/merge, Cuffdiff

1. Trapnell, C., Pachter, L. and Salzberg, S.L. TopHat: discovering splice junctions with RNA-Seq. Bioinformatics 25, 1105-1111 (2009).

2. Trapnell et al. Transcript assembly and abundance estimation from RNA-Seq reveals thousands of new transcripts and switching

    among isoforms. Nature Biotechnology doi:10.1038/nbt.1621
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Map Reads Tophat

Assemble Transcripts and 

Quantify Cufflinks

Differential Expression 

Cuffcompare/merge, Cuffdiff

Visualize

Visualize
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Map Reads Tophat

Assemble Transcripts and 

Quantify Cufflinks

Differential Expression 

Cuffcompare/merge, Cuffdiff

Visualize

Visualize

Quality Control, 

Preprocessing

Filter for XBP1 transcripts

Downstream Analyses



Working with NGS Tools

Often challenging
✦ many parameters
✦ time intensive
✦ evaluating results difficult

Three ways Galaxy can help:
✦ experimentation: can rerun tools, workflows
✦ visualization: Trackster, display applications
✦ reproducibility: parameters tracked, workflows 

available
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Genome Browser
✦ physical depiction of data
✦ visually identify correlations
✦ find interesting regions, features

Galaxy
✦ tool integration framework
✦ heavy focus on usability
✦ sharing, publication framework

Trackster



Trackster

Web-based visualization of your NGS data
✦ requires only a Web browser
✦ dynamic and customizable
✦ supports BAM, BED, GFF/GTF, WIG, VCF

Platform for visual analysis
✦ tools integrated with visualization

Can share & publish fully-functional visualizations
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No reads spanning small intron



38 experimentation



39 experimentation



40 success
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Map Reads Tophat

Assemble Transcripts and 

Quantify Cufflinks

Differential Expression 

Cuffcompare/merge, Cuffdiff

Visualize

Visualize

Quality Control, 

Preprocessing

Filter for XBP1 transcripts

More Analyses



42



43



Waypoint

Found good parameter values via 

experimentation
✦ can map and assemble RNA-seq reads 

from a single dataset

But there are 16 tissues, each with 3 

RNA-seq datasets
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Map Reads Tophat

Assemble Transcripts and 

Quantify Cufflinks

Differential Expression 

Cuffcompare/merge, Cuffdiff

Visualize

Visualize

Quality Control, 

Preprocessing

Filter for XBP1 transcripts

More Analyses

Map Reads Tophat

Assemble Transcripts and 

Quantify Cufflinks

Map Reads Tophat

Assemble Transcripts and 

Quantify Cufflinks ...

...



Workflows can be constructed 

from scratch or extracted from 

existing analysis histories

Facilitate reuse and provide 

precise reproducibility of a 

complex analysis

Galaxy Workflow System



Galaxy Workflows
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Quantification

Read to transcript mapping difficult because 

read can map to multiple transcripts

FPKM = fragments per kilobase of exon per 

millions of reads
✦ normalize by exon length and sample size

1 FPKM ~ 1 transcript per cell in mouse
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Results

Can assemble XBP1 isoforms and quantify expression
✦ Quick check: XBP1u > XBP1s in all tissues

Pervasive transcription of both XBP1u and XBP1s in 15 
(16?) tissues

✦ very high in some tissues, lower in others

UPR is a continuous process rather than a discreet event
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Questions

Can current RNA-seq tools be used to 

identify and quantify XBP1’s highly 

similar isoforms?

Can XBP1’s translational pause point be 

identified?
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Ribosome Profiling

Sequence RNA 

undergoing translation
✦ ~35bp

In this work, data is 

colorspace

54

Ingolia et al., Cell 2011
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Everything can be Shared
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Exact Reproduction Possible







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 + annotations
✦ anyone can import your work and immediately 

reproduce or build on it

The Power of Galaxy Publishing



Three Ways to Use Galaxy

1. Public Website (http://usegalaxy.org)

2. Download and run locally

3. Run on the cloud

63



Galaxy main site

(http://usegalaxy.org)

Public Website, anybody can use

~500 new users per month, ~100 TB of user data, 

~130,000 analysis jobs per month, every month is 

our busiest month ever...

Will continue to be maintained and enhanced, but 

with limits and quotas

Centralized solution cannot scale to meet data 

analysis demands



Galaxy on the Cloud

For extended or particular resource needs
✦ customization necessary
✦ oscillating data volume

For when informatics expertise or 

infrastructure is limited
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http://galaxyproject.org

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

Galaxy is hiring! http://galaxyproject.org/wiki/GalaxyisHiring

jeremy.goecks@emory.edu
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Thanks! Questions?


