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Galaxy Project Mission

Galaxy is a data integration and analysis platform emphasizing 

accessibility, reproducibility, and transparency 

!

      Accessible: Users without programming experience can  

                              easily specify parameters and run tools and  

                              workflows.  

!

      Reproducible: Galaxy captures information so that any user  

                                   can repeat and understand a complete  

                                   computational analysis.  

!

     Transparent: Users share and publish analyses via the web and  

                               create Pages, interactive, web-based documents  

                                that describe a complete analysis. 



What is Galaxy?

A data analysis and integration tool 

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 

There are several ways to use Galaxy



Using Galaxy - 4 ways

• Public Main Galaxy web instance: usegalaxy.org 

• Local instance: getgalaxy.org 

• Cloud instance: usegalaxy.org/cloud 

• Other Public Galaxy web instances hosted by 

various groups:  

wiki.galaxyproject.org/PublicGalaxyServers

http://wiki.galaxyproject.org/PublicGalaxyServers


Dataset: 
Any input, output or intermediate set of data + metadata. 

A record of a specific data or analysis step. 
History: 

A series of inputs, analysis steps, intermediate datasets, 

and outputs. A record of a group of data and analysis 

steps. 
Tool: 

An operation within Galaxy that acts upon dataset(s) as 

an analysis step. May be developed by Galaxy team or a 

3rd party program that has been “wrapped” for Galaxy. 
Workflow: 

A series of analysis steps executed as a unit.

Galaxy as a Genomics WorkBench



Share: 
Make something available to someone else 

Publish: 
Make something available to everyone 

Galaxy Page: 
Analysis documentation within Galaxy; easy to embed 

and link to any Galaxy object (histories, datasets, 

workflows, visualization) or external resource (video, 

graphics, publications). 

Visualize: 
External resources. Trackster. Galaxy Charts & 

Visualizations.  

More Galaxy Terminology
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Galaxy Analysis Workspace



Galaxy Analysis Workspace



Tool Suites

Text Manipulation 

Format Converters 

Filtering and Sorting 

Join, Subtract, Group 

Sequence Tools 

Multi-species Alignment Tools 

Genomic Interval Operations 

Statistics 

Graphing / Plotting 

RNA Structure Prediction

Regional Variation 

EMBOSS 

Evolution / Phylogeny 

RNA-seq 

ChIP-seq 

GATK 

Picard 

Metagenomics 

Motif Tools 

...and more



Datasources

Upload file from your computer 
✦ Import via URL 
✦ FTP support for large datasets 

!

UCSC table browser 

EBI SRA 

BioMart 

interMine / modMine 

GenomeSpace 

!

add more!
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Extract Workflow from History 
Create a workflow from a History that 

you created interactively. 

!

!

Run it 
!

Create Workflow Automatically



Workflow Editor
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Visualizing Genomics

Supported external browsers 

• UCSC 

• Ensembl 

• GBrowse 

• IGB 

• IGV

Traditional browser strengths:  

• Showing what is nearby 

• what else is happening here   

• highlighting correlations 

• integrating many datasets



Visualize at UCSC



Integrative Genomics Viewer (IGV)



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

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



Trackster: Galaxy’s embedded track browser



Circster



Create a visualization in Galaxy

or



Visualization inside Galaxy

• Leverages visualization to evaluate and refine analyses 

• Exposes basic analyses in visualization to make it more 

informative 

• Makes that analyze-visualize-refine loop seamless and 

fast 

• Enables learning tools and exploring their parameter 

space 

• Supports custom genome browsers, without a 

predefined reference genome
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Reproducibility:  Everybody talks about it, but ... 
!

Galaxy aims to push the goal of reproducibility from the 

bench to the bioinformatics realm 
!

All analysis in Galaxy is recorded without any extra effort 

from the user. 
!

Histories, workflows, visualizations and pages can be 

shared with others or published to the world. 

Sharing & Publishing enables Reproducibility



Sharing and Publishing



32

Sharing and Publishing









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 
✦ Anyone can import your work and immediately reproduce or 

build on it 

Galaxy Pages: A web-based, interactive medium for 

presenting all aspects of an analysis: data, methods, and 

results

The power of Galaxy publishing



!

Histories, workflows, visualizations and pages can be 

shared with others or published to the world. 
    http://usegalaxy.org/u/aun1/p/windshield-splatter

Sharing and Publishing Your Work

http://usegalaxy.org/u/aun1/p/windshield-splatter


!

   http://usegalaxy.org/u/aun1/p/windshield-splatter

Sharing & Publishing enables Reproducibility

http://usegalaxy.org/u/aun1/p/windshield-splatter
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Enables sharing of Galaxy Utilities: 

  tools 

  proprietary datatypes 

  exported Galaxy workflows 

Automatically install tools and tool suites, and their 

dependencies, into a Galaxy instance 

Galaxy Utilities can be created and shared by any 

member of the community

https://wiki.galaxyproject.org/ToolShed

https://wiki.galaxyproject.org/ToolShed


1 2 3 ∞

http://usegalaxy.org

http://usegalaxy.org/toolshed

Galaxy Tool  

Shed

...

Galaxies on  

private clouds

Galaxies on  

public clouds

private Galaxy installations

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


toolshed.g2.bx.psu.edu



Installing from the ToolShed

Requires Admin access on Galaxy Server 

Point and Click to Install 

Minimal additional configuration needed 

  Dependency directory 
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Basic Analysis

!

Which 5 coding exons have most 

overlapping SNPs? 

Use Human, hg19, Chromosome 22 

!

gcc2015-X.dblankenberg.org 

(where X is 1 through 3)

(~ http://usegalaxy.org/galaxy101 )

http://gcc2015-0.dblankenberg.org
http://usegalaxy.org/galaxy101


Exons & Repeats: A General Plan

• Get some data 

• Get Data → UCSC Table Browser 

• Identify which exons have SNPs 

• Count SNPs per exon 

• Visualize, save, download, ... exons with 

most SNPs

(~ http://usegalaxy.org/galaxy101 )

http://usegalaxy.org/galaxy101


(Identify which exons have SNPs) 

Exons SNPs



Operate on Genomic Intervals → Join 	



(Identify which exons have SNPs)

Exons SNPs

Exons

SNPs

Overlap pairings



Exons SNPs

1	



1	



2

Exons

SNPs

Overlap pairings

Exon overlap counts

Join, Subtract, and Group → Group  

(Count SNPs per exon)



Find Top 5

Sort by counts 

  Filter and Sort -> Sort 

Select top 5 

  Text Manipulation -> Select First



Exons

1	



1	



2

Exon overlap counts

We’ve answered our question, but we can do better. 

Incorporate the overlap count with rest of Exon information 



Exons

1	



1	



2

Exon overlap counts

1	



1	



2
Join on exon name

0	



0	



0

Join, Subtract, and Group →Join 

(Incorporate the overlap count with rest of Exon information) 



Exons

1	



1	



2

Exon overlap counts

1	



1	



2
Join on exon name

0	



0	



0

1	



1	



2

Rearrange columns w/ 
cut

Text Manipulation →Cut 

(Incorporate the overlap count with rest of Exon information) 



Visualize within a Genome Browser

Click display at UCSC link 

  Zoom, scroll, examine



Do it again on Repeats

Extract Workflow 

Edit Workflow to include input labels, rename 

outputs 

Get Genome-wide repeat and exon information 

Run Workflow 

Drink Coffee
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Dannon Baker Dan Blankenberg Dave Bouvier

http://wiki.galaxyproject.org/GalaxyTeam

Enis Afgan Marten Čech

Nate Coraor Carl Eberhard Jeremy Goecks

Ross Lazarus Anton Nekrutenko James Taylor

The Galaxy Team

Jen Jackson

Sam GuerlerDave Clements

Nick Stoler

John Chilton

Nitesh Turaga

http://wiki.galaxyproject.org/GalaxyTeam


Peter Cock 

(TJHI)

Kyle Ellrott 

(UCSC)

Eric Rasche 

(CPT)

Björn Grüning 

(Uni Freiburg)

Nicola Soranzo 

(TGAC)

Yousef Kowsar 

(VLSCI)

The Extended Galaxy Team & Contributors

Nuwan Goonasekera 

(VeRSI)

50+ More Not Pictured

Greg Von Kuster  

(PSU)

Future You?



Questions about Using Galaxy

https://biostar.usegalaxy.org/

https://biostar.usegalaxy.org/
http://www.apple.com


How to Help

Report your bugs and request Features 

  galaxyproject.org/trello 

  galaxy-bugs@lists.galaxyproject.org 

Contribute (check trello) 

  https://github.com/galaxyproject   

  write and publish tools 

  Edit wiki.galaxyproject.org 

Chat 

  

Twitter: !
@galaxyproject!
#usegalaxy



Contributing Code

All code is add via Pull Requests 

Info for contributors 

  https://github.com/galaxyproject/galaxy/blob/dev/ 

             CONTRIBUTING.md



The Intergalactic Utilities Commission (IUC)

2013

Community Group tasked with 

  Developing Tool Best Practices 

  Policing the ToolShed

http://galaxy-iuc-standards.readthedocs.org/en/latest/best_practices.html
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Creating Your Own Tools

The Problem 

You have written a Python script to analyze 

genomic data and you want to share it with 

command-line averse colleagues



The Galaxy Solution

Solution: Integrate the script as a new Tool into your 

own Galaxy server 

Steps: 
✦ Obtain and install Galaxy source code (GetGalaxy.org) 
✦ Write an XML file describing the inputs and outputs 

and how to execute the script 
✦ Instruct Galaxy to load the tool



Adding your Own

Write or download a command-line executable 

!

Determine number and kind of 
✦ Input and Output Datasets 
✦ Input Parameters 

!

Construct a descriptive tool configuration XML file 
✦ Write a wrapper script, only if required



A Basic Tool





External Display Application



BAM at UCSC
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Using Galaxy to Analyze NGS Data

✦ Prepare, quality control and manipulate reads 
✦ Read Mapping 
✦ ChIP-Seq: Binding sites analysis and peak calling



Prepare and Quality Check

Blankenberg D, Gordon A, Von Kuster G, Coraor N, Taylor J, Nekrutenko A; Galaxy Team. Manipulation of FASTQ 

data with Galaxy. Bioinformatics. 2010 Jul 15;26(14):1783-5.



What is FASTQ?

• Specifies sequence (FASTA) and quality scores (PHRED) 

• Text format, 4 lines per entry 

!

!

• FASTQ is such a cool standard, there are 3 (or 5) of them!

http://en.wikipedia.org/wiki/FASTQ_format

!
SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS!

    ...............................IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII!
    ..........................XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX!
    !"#$%&'()*+,-./0123456789:;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~!
    |                         |    |        |                              |                     |!
   33                        59   64       73                            104                   126!
!
   S - Sanger       Phred+33,  93 values  (0, 93) (0 to 60 expected in raw reads)!
   I - Illumina 1.3 Phred+64,  62 values  (0, 62) (0 to 40 expected in raw reads)!
   X - Solexa       Solexa+64, 67 values (-5, 62) (-5 to 40 expected in raw reads)!

   @SEQ_ID!
   GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT!
   +!
   !''*((((***+))%%%++)(%%%%).1***-+*''))**55CCF>>>>>>CCCCCCC65!

http://usegalaxy.org/community


Combining Sequences and Qualities



Grooming --> Sanger



Quality Statistics and Box Plot Tool



FastQC



Read Trimming



Quality Filtering



Manipulate FASTQ



Using Galaxy to Analyze NGS Data

✦ Prepare, quality control and manipulate reads 
✦ Read Mapping 
✦ ChIP-Seq: Binding sites analysis and peak calling



Mapping NGS Data

Collection of interchangeable mappers 
✦ accept fastq format, produce SAM/BAM 

!

Mappers for 
✦ DNA 
✦ RNA



Mappers

DNA 
✦ short reads: Bowtie, BWA, BFAST, PerM 
✦ longer reads: LASTZ 

!

Metagenomics 
✦ Megablast 

!

RNA / gapped-reads mapper 
✦ Tophat



Commonly Used/Default Parameters



Full Parameter List

Variable Levels of Setting NGS 
✦ Default Best-Practices 
✦ Fully customizable parameters



Using Galaxy to Analyze NGS Data

✦ Prepare, quality control and manipulate reads 
✦ Read Mapping 
✦ ChIP-Seq: Binding sites analysis and peak calling



Peak Calling / ChIP-seq analysis

Punctate binding 
✦ transcription factors 

!

Diffuse binding 
✦ histone modifications 
✦ PolII



Punctate Binding --> MACS

Zhang et al. Model-based Analysis of ChIP-Seq (MACS). Genome Biol (2008) vol. 9 (9) pp. R137

Inputs 
✦ Enriched Tag file 
✦ Control / Input file 

(optional) 

Outputs 
✦ Called Peaks 
✦ Negative Peaks (when 

control provided) 
✦ Shifted Tag counts (wig, 

convert to bigWig for 

visualization)



Diffuse Binding

SICER

Zang C, Schones DE, Zeng C, Cui K, Zhao K, Peng W. A clustering approach for identification of enriched domains from histone 

modification ChIP-Seq data. Bioinformatics. 2009 Aug 1;25(15):1952-8. Epub 2009 Jun 8.



Hands on NGS: ChIP-Seq

gcc2015-X.dblankenberg.org 

(where X is 1 through 3)

This time we will be using Data from a 

Shared Data Library

http://gcc2015-0.dblankenberg.org

