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GalaxyOs motivating questions

How best can data intensive methods be
accessibleto scientists?

How best to facilitateransparent
communication of computational analyses?

How best to ensure that analyses are
reproducible*?

*The state of whichfisghteningly bad, see doi:10.1038/nrg3305, doi:10.7717/pee



Galaxy: accessible analysis system

eno

Galaxy

| < [ [ | + | hetp://main.g2.bx.psu.edu/

Tools

Get Data
Send Data
ENCODE Tools

Text Manipulation
Convert Formats

FASTA manipulation
Filter and Sort

loin, Subtract and Group
Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores

Operate on Genomic Intervals

Statistics
Craph/Display Data

Multiple regression
Multivariate Analysis
Eveolution

Metagenomic analyses

NGS: QC and manipulation
NGS: Mapping

NGS: SAM Tools

NGS: Peak Calling

SNP/WGA: Data; Filters
SNP/WGA: QC; LD; Plots

Analyze Data

Workflow Data Libraries

Admin  Help

Here is what's happening..

Mapping Pipeline
for lllumina, 454,

and SOLID

Live Quickies (more after May 17 ... )

Basic fastQ
manipulation:

Advanced fastQ
manipulation:

f BX at Penn State.

This project is supported In part by NSF, NHGRI,
at Penn State

The Institute for CyberScie

Calaxy build: SRev 3885:1ab9d6b0ddfc$

454 Mapping:
Single End

The Huck Institutes of the Life Sciences,

History

Options

16: Draw phylogeny on @& {J
data 14

15: Summarize
taxonomy on data 13

14: Find lowest @
diagnostic rank on data 13

13: Fetch taxonomic >
representation on data 12

12: Filter on data 11 @

11: Join two Queries on
data 9 and data 10

10: Concatenate queries

-

on data 8 and data 7

9: Compute sequence
length on data 6

8: Megablast on data 6

7: Megablast on data 6

6: Tabular-to-FASTA on
data 5

5: Add column on data 4

4: FASTA-to~Tabular on




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

Open source softwarethat makesintegrating
your own tools and data and customizing for your
own site simple

An open extensible platform for sharing tools,
datatypes, workows, ...



| cluster.xml

gops_cluster_1* nam
<description={[Cluster]] the intervals of a query</description
thd

Cluster

gops_cluster.py $inputl
-d sdists

</comand>
<inputs>

<paran format="interval®

<label>Cluster interval =

1: UCSC Main on Huma..ne (genome) |

max distance between intervals:

Return type:
Merge clusters into single intervals
*#TIP:#+ If your query does e op—
your queny Execute
*sScreencasts |+
@ TIP: I your query does not appear in the pulldown
See Galaxy Interval Operatior menu, it mean: it format. Us
edit attributes” to set chromosome, start, end, and

. _Screencasts: http:/ /w4
strand columns.

wsyntacss
Screencasts!
- *Maximm distance** is gr
PG See Calaxy Interval Operation ncasts (right click to
i IR RboRId open this link in another window)

¢ Maximum distance is test d nce in ba:
d between intervals that will be

Describe analysis tool
behavior abstractly

000 Galaxy
< | | + | huep://main.g2.bx.psu.edu/workflow/editor?id=6ad32208c4f7fdec

=~ Galaxy

Tools Workflow Canvas | Metagenomic Analysis Options

Analyze Data  Workflow ~Datalibraries Lab  Admin  Help  User

Get Data

Send Data

El it dataset

Lift-Over Select high quality segments
Text Manipulation

Convert Formats

FASTA manipulation

Eilter and Sort Ridamser
loin, Subtract and Group
Extract Features

Eetch Sequences Megablast
Fetch Alignments

eno Galaxy

<[> [ + @ ntp://main.g2.bx.psu.edu

Analyze Data ~ Workflow  Datalibraries lab  Admin  Help  User

History Options

Megablast e e

Send Data Compare these sequences:
D!

Lift-Over

Text Manipulation 9: Compute sequence  ® (/

Convert Format e length on data 6

FASTA manipulation

Filter and Sort

loin, Subtract and Group

Extract Features using word

Fetch Sequences 28 %)

Fetch Alignments

Get Genomic Scores

10: Concatenate queries ® (/
on data 8 and data 7

8 Megablast on data6 @ ()

format: tabulas

opt/galaxy/mair
report hits above this identity: tmp/tmpyu)sgy
Operate on Genomic Intervals 80.0

Statistics
Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis
Evolution
Metagenomic analyses
EMBOSS Execute

set expectation value cutoff:
0.0001

Filter out low complexity regions?:
ves [4) Teipa-16
Triph-16
Triph-19

NGS: QC and manipulation

NGS: Peak Calling data 5

Workflows fls megablast (foc Add column on data 4 ®
srmance nucleotide local aligne
and colleagues FASTA-to-Tabular on
data 3
Gre error i opening th

Analysis environment automatically
and transparently tracks details

Galaxy | Published Page | Heteroplasmy pilot

= hitp://184.73.9.52/u/jxtx /p/ heteroplasmy-pilot

AWS Management Console Failed to open page |  Galaxy | Published Page | Heterop.

Analyze Data  Workflow  Data Libraries  Help

Published Pages | jxtx | Heteroplasmy pilot About this Page

Discovery of human hetfj["n' s ey e

accessible interface to ¢
Data Libraries  Help  User
Enis Afgan, Hiroki Goto, lan Paul, Francesca Chif
History Options

Datasets . Join two Queries

Text Manipulation )

Fllter and Son o

ey ke
Opeate on Genomic mterals two Queries

Get Genomic Scores

Operate on Genomic Intervals
Statistics

Graph/Display Data

Regional Variation

Multiple regression
Multivariate Analysis
Evolution
Metagenomic analyses
EMBOSS

NGS Toolbox Beta

NGS: QC and manipulation
NGS: Mapping

NGS: SAM Tools

GS: Peak Calling

Workflow control

Inputs

Compare th
FASTA-to-Tabular

out_file

Tabular-to-FASTA ¢ Megablast

imited fil pare these

Work ow system for complex analysis
constructed explicitly or automatically

Graph/Display Data data 62 and data 56

QC and manipulation
Dataset = = =

L pl-m-c-1fastq

Keep lines of first input that do n

2:pl-m-c-2fastq

Fill empty colums:

Only fill unjoined rows:
Fill Columns by
jaiues by column %]

Display 3 men for “itp /184739 52/1ool runverirerun?d=1306
B A

h second input

Keep lines of first input that are incomplet

62: Group on data 61

61: Concatenate quer
on data 57, data 60, and others

ervasive sharing, and publication

of documents with integrated analysis



—_ Galaxv Analyze Data Workflow Shared Data Visualization Admin  Help User ~_ Galaxy Analyze Data  Workflow ~ Shared Data~  Visualizationv ~ Admin  Help~  User~ Usi

Circster (hg19)
Scatterplot of 'Differential Transcript Expression’

Tophat for lllumina Find splice
Junctions using RNA-seq data

Data Controls
Tophat2 Gapped-read mapper 20,000 i

for RNA-seq data Chart Controls

Tophat Fusion Post post- 18,000
processing of Statistics
Cufflinks transcript assembly S A8, 000
and FPKM (RPKM) estimates for Chart

RNA-Seq data 14,000

assembled transcripts to a 12,000
reference annotation and track
Cufflinks transcripts across

multiple experiments

Cuffcompare compare +
10,00 ]

Cuffmerge merge together

L 8,000
several Cufflinks assemblies

Cuffdiff find significant changes 6,000
in transcript expression,

splicing, and promoter use
4,000

Filter Combined Transcripts 2,000
using tracking file

NGS: SAM Tools

NGS: Variant Detection

NGS: Peak Calling

NGS: Simulation

<

Control FPKM

-__Galaxy Analyze Data Workflow Shared Data~ Visualization~ Admin Help~ User~ Using 2.0 TB

Min Isoform Fraction ~ Pre MRNA Fraction

Cufflinks (version 0.0.5)

chr17:7569899-7591385 chr3:10182352-10196520

Y CUFF. CUFF.6.1 EE81
300000 - 5.1

E3Max Intron Length:

(=JMin Isoform Fraction:
0 -|0.1 samples: |5

CUFF.4.18
[=JPre MRNA Fraction: B

0 -10.2 samples: | S

E3Perform quartile normalization:
— CUFF.4.13
No [%])

CUFF5.18
CUFF.6.1¢

E3Use multi-read correct:
No %)

CUFF.3.13

CUFF5.1
CUFF6.1%

Visualization and visual analytics



WaitE whatE a freeweb-service for high
throughput sequence data analysis?!



Galaxy as a Service
Public web site that anyone can use for free

~1,200 new users, ~20 TB of user data uploaded, and
~180,000 analysis jober month

Since 2010, disk quotas (250Gb per user) and
compute limits (4 concurrent analyses)

http://usegalaxy.org



http://usegalaxy.org
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New Data per Month (TB)

usegalaxy.org data growth

120
+128 cores for NGS/multicore jok
90
0 /\\ Vr’\v

w
o

Data quotas implemented..

Nate Coraor



usegalaxy.org frustration growth

160,00( 9%

7%

120,00(
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80,00C

Total Jobs Completed (count)

2%
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Jobs Deleted Before Run (% of submitted)
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Nate Coraor



Scaling plan one: Decentralize!



Local Galaxy Deployment

Galaxy iIs designed for local installation and
customization... just download and run

Pluggable interfaces to compute resources, easily
connect to one or more existing clusters

|deally, allow users to take advantage of whatever
computational resources they already have access
(0}



More than 60 known public Galaxy servers

Ballaxy for structure based computational biology,
Cistrome for regulatory sequence analysis,
Genomic Hyperbrowser: statistical integration of genomic data,
GigaGalaxy: integrating wotlkows published in GigaScience,
Pathogen Portal:comparative analysis of host response to pathogens,

Dozens of large scale private Galaxy instances


http://cistrome.org/ap/root

® ®® /pruice =" The Gen =" Galaxy B Cloud-b =" Galaxy / =~ RNA-Se R Galaxy =" Galaxy /

& socscicompute.ss.uci.edu/root

—__ Galaxy / CoSSci Analyze Data Workflow  Shared Data Visualization Help User

gools Welcome to CoSSci History

search tools Begin an analysis by selecting one of the tools in the left-hand menu (one of EA, LRB, SCCS, or | Unnamed history
WNAI) and Execute it. You can explore these datasets further by modifying the variables used 0 bytes

for the analyses. For more information about using this gateway, including how to select
variables for the individual analyses, please visit the Visual Manual for CoSSci. € Your history is empty. Click 'Get

C Cl TOOLS
DEfO1f Dow Eff
DEf01d Dow Eff How-tos and guides

DEfO1c Dow Eff How to share histories. The screencast shows how to share histories and how to access

DEf01 Dow Eff histories shared by other user.
EA Ethnographic Atlas

Data' on the left pane to start

LRB Lewis R. Binford's forager data How to share histories

SCCS Standard Cross-Cultural P E—— —
Sample e

WNAI Western North American Anshyzs Dun

Indians ‘ Welcome to CoS
HPC Tools ; o1~

Development Tools

Related Project: G

o ~1 C

Text Manipulation
Filter and Sort

Join, Subtract and Group

Statistics

Wavelet Analysis
Graph/Display Data

Multiple regression

Multivariate Analysis Download the screencast directly

Recorded presentations

Complex Social Science Gateway: High Performance Computing for Anthropology and the
Social Sciences




® ® 0 /pruicc =~ Galaxy ER IR~ Galaxy B Cloud-b =~ Galaxy / =~ RNA-Se B Galaxy =~ Galaxy / =

C' [ https://nyperbrowser.uio.no/hb/

P00 HyperBrowser vi.s (powered by Galaxy)

Tools Options «

search tools

HYPERBROWSER ANALYSIS

Statistical analysis of tracks
= Analyze genomic tracks

Visual analysis of tracks
Specialized analysis of tracks
Text-based analysis interface

HYPERBROWSER TRACK PROCESSING

HyperBrowser track repository
Customize tracks

Generate tracks
Format and convert tracks
GTrack tools

ARTICLE/DOMAIN-SPECIFIC TOOLS

The differential disease requlome
MCFDR

Monte Carlo null models

Transcription factor analysis
Gene tools

microRNA tools

HYPERBROWSER INTERNAL TOOLS

Admin of genomes and tracks
Development tools
Assorted tools

STANDARD GALAXY TOOLS
Get Data

Analyze Data | Shared Data  Help  User

HyperBrowser

If you have a genomic track, this is the place to analyze it!

To analyze a track, simply:

1. Click Statistical analysis of tracks: Analyze genomic tracks in the left-hand menu.

2. Select tracks from your Galaxy history of browse our collection.

(To load a track to your history, click Get data: Upload file)

3. Select the analysis you are interested in:
o any property of a single track
o any relation between a pair of tracks

For help using the system:

1. Click i . in the left-hand menu.
2. Or, look through the following screencasts:
(further screencasts are available from the help menu)

2 B0



o000 R PublicGal: =_ Galaxy =_ The Genor =_Galaxy/ f =_ RNA-Seq R Galaxy =_ Galaxy / M

=» C' | cloudimaging.net.au

CloudBased
Image Analysis
& Processing Toolbox

Image Analysis and Processing for everyone.

The Cloud-based Image Analysis and Processing Toolbox project provides
access to existing biomedical image processing and analysis tools via remote
user-interface using the NeCTAR cloud.

Use Toolbox Project Blog

Use project's free server Watch other demos Project Blog




® ® ® /g rublicGal

=_ Galaxy

=_ The Genor R Cloud-bas =_RNA-Seq

C' [ https://galaxy.cbio.mskcc.org

""__ Galaxy / Ratsch Lab Analyze pata

Tools

search tools

Get Data

Toy Data
SVM Toolbox
KIRMES

Genomic Signals

mGene.web (v0.2)

mGene.web modules (v0.2)

mGene.web modules (v0.4)

Read Mapping
Transcript Prediction/Assembly

Differential /Quantitative Analysis

Enrichment Analysis (v0.1)

Read Alignment Filtering (v0.2)
GFF Toolkit (v0.1)

SIinBaD Tools

Multiple regression

NGS: QC and manipulation

ACC: Manminea

ogtans.org

Shared Data v Cloudv Help~

o Oqtans Moved to New Data Center

We moved oqgtans instance to our new data center in New Jersey on July 22.
Resuming the normal operations.
Rétsch Lab Galaxy Team

Galaxy/Ratsch Lab

online
quantitative
transcriptome
analysis

This is a customized version of the Galaxy framework, extended with machine learning based
tools for sequence and tiling array data analysis. It provides tools developed by members of
the Machine Learning in Biology (MLB) Group at cBio@MSKCC in New York City, USA. For
problems with any of the non-standard tools, please contact the MLB Galaxy Support Team.

=_ Galaxy / M

Using O bytes
- &

History

Unnamed history

0 bytes Q«

© mhis history is empty. You can
load your own data or get data
from an external source




® ® ® /g rublicGal =~ Galaxy =~ The Genor R Cloud-bas

C rnaseq.pathogenportal.org

RNA-Rocket

——_ Galaxy Launch Pad  Project View Shared Data~ How-To Help~ User~

. . TRIMMING DEDUPLICATION
View a list of supported genomes

from EuPathDB, PATRIC, and

VectorBase.
ALIGNMENT TRANSCRIPT DIFFERENTIAL
; & MAPPING ASSEMBLY EXPRESSION ANALYSIS
Have a question? Contact the Pathogen
Portal Team
READS QUALITY MAPPING QUALITY
CHECK CHECK

Choose an activity below

Uploads

(From your computer or a URLJ Tr————

ECII_CH01:1..138,201 Search Save Snapshot | | Load
Examples : AL590443:85000-115000, ECI_CH11:115000..135000.

( From ENA/SRAJ Data Source Scroll/Zoom: << <

MicrosporidiaDB GBrowse v2.48
B Overview

Quality Control m results directly
_t0oaBRC




Welcome toGalaxyon the Cloud(s)




CloudMan a general
purpose deployment
manager forANY cloud

CloudMan

NS
if amazon “*g
N webservices® ® nectar
7~ iPlant
G )()‘%[L ©) Collaborative"
Cloud Platform Atmosphere

Enis Afgan, Dannon Bake
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Enis Afgan, Dannon Bake



That was a great plan!

Ebut users still want one easy to use gateway



Scaling plan two: beg, borrow, steal!



*CC Wi
¥ SUPERCOMPUTING
CENTER

TEXAS ADVANCED COMPUTING CENTER

XSEDE @)iPIant

Collaborative

Extreme Science and Engineering
Discovery Environment



Best place to build this robust entry point is clearly a
national supercomputing center

The Texas Advanced Computing Center (TACC) has
already built substantial infrastructure in the context
of the iIPlant project

(Including multi petabyte online storage, cloud infrastructure,
collocated with some of the worlds largest HPC machines)

However, the IPlant and TACC cyber-infrastructure
was underused; thus we established a collaboration

Since October 2013 Galaxy Main has run from TACC



Total Jobs Completed (count)

usegalaxy.org frustration growth
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PU|SarZGalaxyjob runner that can run almost anywhere. No
shared" lesystem, stages all necessary Galaxy components

( Messaging Server)
Job control (AMQP)

Data transfer (HTTPS) Data transfer (HTXPS)

7~/ Blacklight (PSC) 7~ " Stampede (TACC

|
|
Pulsar ‘ :
J

John Chilton



! Dedicated ! Shared resources
resources

Galaxy Cluster

@ PSC, Pittsburgh

I 256 cores

! 2TB memory Blacklight
Rodeo Stampede I 4,096 cores
| 128 cores I 462,462 cores | 32 TB memory
. I 205 TB memory
' 1TB memory
Corral/Stockyard
I 20 PB disk

SDSC, San Diego
®

Trestles
I 10,368 cores
I 20.7 TB memory

Nate Coraor



Nate Coraor



Result: No waiting for jobs
to run on usegalaxy.org!

(for nowE)



Bringing it all together: automate all the things!
Uni" ed ansible playbook for Galaxy main, cloud, and local deployment



The Galaxy Team

Enis Afgan Dannon Baker Dan Blankenberg Dave Bouvier Marten#ech
John Chilton Dave Clements Nate Coraor Carl Eberhard Jeremy Goecks
Sam Guerler Jen Jackson Ross Lazarus Anton Nekrutenko James Taylor

http://wiki.galaxyproject.org/GalaxyTeam



Computational Biology, Genomics, and Bioinformatics at Johns Hopkins University

Biomedical Engineering Oncology Biostatistics Biology
Joel Bader Elana Fertig Kasper Hansen James Taylor
Mike Beer Luigi Marchionni Hongkai Ji

Rachel Karchin Robert Scharpf Jeb Leek
Steven Salzberg Sarah Wheelan Ingo Ruczinski
Cristian Tomasetti
Computer Science Medicine
Alexis Battle Lilian Florea
Ben Langmead Mihaela Pertea
Suchi Saria Jiang Qian
Applied Math
Don Geman

http://ccb.jhu.edu



Tenure-Track Faculty Position in Data Intensive Biolody

The Department oBiology seeks to hire a tenure-track Assistant Professor who applies
data intensive approaches to investigate biological problems in creative and innovative
waysE Candidates who applycomputational, quantitative, or data intensive methods

in any area of Biologywill be consideredE

Bloomberg Distinguished Professorship in Evolutionary Genomics

The Johns Hopkins University is searching for an outstanding senior scientist in the arec
of Evolutionary Genomicsfor an endowed chair as a Bloomberg Distinguished Professor
This position will be held jointly between the Department &fology (Krieger School of
Arts and Sciences) and tHastitute for Genetic Medicine (JHU School of Medicine).

More Info: http://www.bio.jhu.edu/Events/Jobs/Default.aspx
Or contact me:james@taylorlab.org



John Chilton



