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Overview

e What is Galaxy?

e Galaxy for Experimental
Biologists

e Galaxy for Bioinformaticians



Galaxy, a web-based genome
analysis platform

e An open-source framework for integrating various
computational tools and databases into a cohesive
workspace

e A web-based service we provide, integrating many
popular tools and resources for comparative
genomics

e A completely self-contained application for
building your own Galaxy style sites
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e What is Galaxy?

e Galaxy for Experimental
Biologists

e Galaxy for Bioinformaticians



Galaxy: the one-stop shop for
Genome Analysis

e Analyze

o Retrieve data directly from popular data resources or upload
your own

e |nteractively manipulate genomic data with a comprehensive
and expanding “best-practices” toolset

e Visualize

e Send data results to external Genome Browsers

e Build reusable AJAX-based custom Genome Browsers (Trackster)
e Communicate (Publish and Share)

e Results and step-by-step analysis record (Data Libraries and
Histories)

e (Customizable pipelines (Workflows)

e Complete protocols (Pages)



alaxy’s Analysis Interface

~. Galaxy

Tools Options «

Get Data

Send Data

ENCODE Tools
Lift-Over

Text Manipulation
Convert Formats

FASTA manipulation
Filter and Sort

Join, Subtract and Group

Extract Features

Fetch Sequences
Fetch Alignments

Get Genomic Scores

Operate on Genomic Intervals

Statistics
Graph/Display Data

= Histogram of a numeric column

= Scatterplot of two numeric
columns

Plotting tool for multiple series
and graph types

= Boxplot of quality statistics
= GMA] Multiple Alignment Viewer

= Build custom track for UCSC
genome browser

= VCF to MAF Custom Track for
display at UCSC

Regional Variation

Multiple regression

Multivariate Analysis

Evolution
Metagenomic analyses
EMBOSS

NGS: QC and manipulation
NGS: Mapping

NGS: SAM Tools

NGS: Indel Analysis

NGS: Peak Calling

SNP/WGA: Data; Filters
SNP/WCGA: QC; LD; Plots
SNP/WGCA: Statistical Madels

Analyze Data  Workflow Shared Data  Visualization Admin Help User

VCF to MAF Custom Track
Custom Track Name:
Galaxy Custom Track by Population

VCF Source Source Type:
Per Population (file) +

VCF population files
VCF population file 1

VCF file:
8: Concatenate queri.. and data

Name for this population:

CEU_SRPO0003

Remove VCF population file 1

Add new VCF population file

Execute

What it does

This tool converts a Variant Call Format (VCF) file into a Multiple Alignment Format (MAF) custom track file suitable for
display at genome browsers

This file should be used for display purposes only (e.g as a UCSC Custom Track). Performing an analysis using the output
created by this tool as input is not recommended; the source VCF file should be used when performing an analysis.

Unknown nucleotides are representec as ™' as requirec to allow the display to draw properly, these include e.q. reference

bases which appear before a deletion and are not available without querying the original reference sequence.
Example

Starting with a VCF

nder the following conditions: VCF Source type: Per Population (file), Name for this population: CHB+JPT Results ir

following MAF custom track

History Options

10: VCF to MAF Custom
Track on data 8

9: VCF to MAF Custom
Track on data 8

8: Concatenate queries on
data 3 and data 7

7: Cut on data 6

6: Intersect on data S and
data 1

S: Compute on data 4

4: Compute on data 2

3: Select on data 2

2: 2010 03/pilotl g
JCEUSRP0O00031.2010 03.genotype!
1: UCSC Main on Human: @& (J
refGene (chr21:1-46944323)

3,651 regions, format: bed, database

refCene

| display at UCSC main | view in
GeneTrack | display at Ensembl May
2009

T 993227(

9936233 9936313 WM 199260 c«

9938346 XM _1992¢60




Visualize

e Send data results to external Genome
Browsers

e Build reusable and sharable custom Genome
Browsers (Trackster)



External Genome
Browsers

e UCSC
e Ensembl

e GBrowse

e Adding more is easy!

o https://bitbucket.org/galaxy/galaxy-central/
wiki/ExternalDisplayApplications/Tutorial
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Trackster

e Track/data viewer in web browser
e HTML5 Canvas, jQuery
e Renders in browser, not on server
e \VView your data from within Galaxy
e No file transfers to third party
e Use it locally, even without internet access

e Fast, responsive, interactive Ul



Wig, Bedgraph (Line Tracks)
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Regular line graph display

Intensity display (shades of gray)

Filled line graph display



Bed (Feature Track)
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Snippet of hg18 all_mrna feature track



3 levels of detail: automatically adjusts
based on what can ﬁt on the screen

10,000,000

2 0 FRCf 'm

59,900,000 60,000,000 60,100,000 60,200,000 60,300,000 60,400,000 60,500,000 60,600,00

Feature display with labels, intron indicators, exon indicators



BAM (Aligned Reads)
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Data Libraries

Data Library “Bushman”

Library Actions «

These are the data underlying the analyses reported in the paper "Complete Khoisan and Bantu genomes from southern Africa" by S. C. Schuster et al., published in the

journal Nature, February 18, 2010. Each data set can be downloaded and/or imported into a Galaxy history. Data will be updated as the project progresses.

Name

All SNPs in personal genomes ¥

Alu insertions in KB1 V¥

Alu insertions in NB1 ¥

KB1 microsatellites.txt ¥

NB1 microsatellites.txt ¥

amino acid differences with functional predictions ¥

gene copy nhumbers in KB1 and other personal genome ¥

indels in ABT V¥
indels inKB1 V¥

indels in MD8 V¥

indelsinNB1 ¥
indelsinTK1 V¥

novel SNPs in ABT V¥

novel SNPs in KB1 ¥

novel SNPs in MD8 ¥

novel SNPs in NB1 V¥

novel SNPs inTK1 V¥

seguenced exon-containing intervals V¥

For selected items: Import into your current history «

http://use

Information

Summary table of SNPs in all individuals

Uploaded By

greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu

greg@bx.psu.edu

/bushman

Date

2010-01-28

2010-02-10

2010-02-10

2010-02-15

2010-02-15

2010-02-05

2010-02-15

2010-02-03

2010-02-03

2010-02-03

2010-02-03

2010-02-03

2010-02-09

2010-02-09

2010-02-09

2010-02-09

2010-02-09

2010-02-03

File Size

676.8 Mb

14.9 Kb

6.5 Kb

3.5Mb

828.5 Kb

1.1 Mb

2.1 Mb

105.3 Kb

14.2 Mb

109.8 Kb

519.5Kb

123.2 Kb

9.4 Mb

16.9 Mb

594.1 Kb

4.1 Mb

722.6 Kb

3.1 Mb
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Managing Libraries

e Loading Data
e Upload asingle file
e |Import datasets from a Galaxy history
e Upload a directory of files
e Directly from Sequencer using Sample Tracking System
e Accessing Data
e Data contents on disk are not copied
e Dataset security
e Public
e Role-based access control (RBAC)
¢ Annotating Library Data: Library Templates
e Build user fillable forms

e Associate at Library, Folder or Dataset level



Tools

Get Data

Send Data

ENCODE Tools
Lift-Over

Text Manipulation
Convert Formats

FASTA manipulation
Filter and Sort

Join, Subtract and Group
Extract Features

Fetch Sequences

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
NCS: SAM Tools

NGS: Indel Analysis

NGS: Peak Calling

RGENETICS

SNP/WGA: Data; Filters
SNP/WGA: QC: LD; Plots
SNP/WGA; Statistical Models
Workflow control

Inputs

Workflows

Workflow Canvas | Clone of ‘'metagenomic analysis' shared by "anton@bx.psu.edu’ Options

Input dataset Find lowest diagnostic rank 2

utput Select high quality segments 32

Input dataset Concatenate queries 2%

Megablast ) Draw phylogeny

FASTA-to-Tabular

Join two Queries

Summarize taxonomy 2

Megablast

Fetch taxonomic representation 2

n fone

Compute sequence length

Detalls
Tool: Draw phylogeny

Draw phylogram for

Data input “input’ (taxonomy

show ranks fromrootto ¥V

Class =

select font size ¥

Normal =

maximum number of leaves ¥

0

Edit Step Actions

Assign Columns =+
out_filel 3 '[ Create |

Edit Step Attributes

Annotation / Notes:

What it does

Example 1: Fake data
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Pages

Analyze Data  Workflow  Shared Data  Visualization Admin  Help

Published Pages | aunl | Windshield Splatter About this Page

Author

Windshield splatter analysis with the Galaxy metagenomic pipeline: A live supplement

SERCEI KOSAKOVSKY POND o V, SAMIR \'..'.'.w-\\\‘\'i‘ FRANCESCA LI‘IA’\"((J'-!(J\'IL; CURUPRASAD ,\‘.‘1\\1}.‘." WEN-YU C ‘11,“-L.: : +JAMES TAY LoR” ANTON \LxRLIL‘J\Ul 3 and THE CALAXY TEAM L
Related Pages

Rating

the exact a ~

n their name t Community
¢ ~ Yours

axy history detailing on of our pipeline to MECAN

+ Galaxy History | Galaxy vs MEGAN
Comparison of Galaxy vs. MEGAN pipeline.

axy history s ng a generic analysis o jenomic data. (This corre nds to the "A com 2 metag mic pipeline” section of the manuscript and Figure 3A

Galaxy History | metagenomic analysis

10: Concatenate queries on data 8 and data 7 ¢ Merge Megablast runs to produce a single dataset for reads compared to both WCS and NT
11: loin two Queries on data 9 and data 10 D Combine sequence length data with results from Megablast runs

12: Filter on data 11 Filter suboptimal sequence alignments using the expression (sequence_alignment_length/sequence_read_length > 0.5 ); sequences that do not
meet this criterion are filtered out

13; Fetch taxonomic representation on data 12 Cet taxonomic representation for filtered, aligned sequences
14: Find lowest diagnostic rank on data 13 D Get reads specific to ranks below Kingdom level
15: Summarize taxonomy on data 13 Tabulate list of taxonomic groups contained in reads from dataset 1

16: Draw phylogeny on data 14 D Bulld and draw phylogenetic tree from ranks in dataset 14

Galaxy workflow for generic ana f metagenomic a. (This corresponds to the “A complete meta ¢ pipeline” section of the manuscript and Figure 3B)

Galaxy Workflow | metagenomic analysis
Generic workflow for performing a metagenomic analysis on NGS data.

Supplemental Analysis

Comparison between Galaxy pipeline and Megan

nk t

Use this | o see Galaxy history

Dased meta

chnology

http://main.qg2.bx.psu.edu/u/auni/p/windshield-splatter
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Published Pages

search -, | Advanced Search
b d Workflo

Title Annotation PUD 20 alizatic Community Tags Last Updated T
bushman a = ‘{j. . { L g genomics paper nature Jul 21, 2010
mtDEMQ: Heteroplasmy Part D of the mtDNA analysis demo aunl Jul 10, 2010
&MO: Mapping Cheek Part C of the mtDNA analysis demo aunl Jul 10, 2010
mtDEMO: Estimating Error Part B of the mtDNA analysis tutorial aunl Jul 10, 2010
IIDEME: Getting Things Part A of the mtDNA Analysis tutorial aunl Jul 10, 2010
Finding Heteroplasmic Sites aunl Jul 10, 2010

Supplementary material for FASTQ manipulation

FASTQ manipulation tools tools dan May 24, 2010
: : Live supplement for Genome Research windshield -l -l

Windshield Splatter splatter paper. aunl RN paper galaxy Mar 19, 2010

pe aunl workflow pe Mar 12, 2010

screencasts ngs galaxy

NGS Analysis Service Description of Galaxy main's NGS services and tools. aunl W w Mar 06, 2010
tutorial
Screencasts aunl 8.0 0. screencasts galaxy help Feb 17, 2010
0E - c 0, F dVI10 dllC 2 Udld ed dld d COMprene 2 dPPIroOd O DPO g d C ple, reproo

and transpa omputationa 3 ome BlIol. 2010 Auo 3):RE6



Overview

e What is Galaxy?

e Galaxy for Experimental
Biologists

e Galaxy for Bioinformaticians



Galaxy: the instant web-based tool and data
resource integration platform

e Open Source downloadable package that can be
deployed in individual labs

e Zero Configuration, but highly configurable
e Painlessly

e Run your own private Galaxy Server

e Add new Tools

e Integrate new Data Sources

e Secure your private instance for working with sensitive
data

e Modularized

e Easyto pluginyour own components



The Problem

e You have written a Python script to analyze genomic
data and you want to share it with command-line
averse colleagues



The Galaxy Solution

e Solution: Integrate the script as a new Tool into your
own Galaxy server

o 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



Quick Install

1. Get the latest copy from the repository:

The latest source code can be downloaded from the anonymous Mercurial repository with this command:
1 % hg clone http://www.bx.psu.edu/hg/galaxy galaxy dist

If you don't have Mercurial, tarballs can be downloaded instead: zipped, bzipped or gzipped. However, this makes it more difficult to stay updated in
the future since there's no simple way to update your copy.

2. Enable configuration files and download eggs:

Once the source code is downloaded, cd to the galaxy dist directory and run the setup.sh script. This will copy sample configuration files and
download the proper eggs for your platform:

galaxy dist

4« sh setup.sh

This step requires Internet access to download the eggs. If the system on which you are installing Galaxy does not have Internet access, please follow
the instructions for offline systems on Config/Eggs before attempting this step.

3. Start it up:

At this point Galaxy is ready to run. Simply run the following command:

This will start up the server on localhost and port 8080, so Galaxy can be accessed from your web browser at http://localhost:8080 . To stop the
Galaxy server, just hit ctri-c in the terminal from which Galaxy is running.

GetGalaxy.org http://localhost:8080



http://localhost:8080
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Cluster

Cluster intervals of:

max distance between
intervals:

min number of
intervals per cluster:

Return type: Merge clusters into single intervals

Execute

ﬂ TIP: If your query does not appear in the pulldown menu -> it is not in
interval format. Use "edit attributes" to set chromosome, start, end, and
strand columns

Scregncasts!

Maximum distance is greatest distance in base pairs allowed between
intervals that will be considered "clustered". Negative values for
distance are allowed, and are useful for clustering intervals that overlap.
Minimum intervals per cluster allow a threshold to be set on the
minimurm number of intervals to be considered a cluster. Any area with
less than this minimum will not be included in the ocuput.

Merge clusters into single intervals outputs intervals that span the
entire cluster.

Find cluster intervals; preserve comments and order filters out
non-cluster intervals while maintaining the original ordering and
comments in the file.

Find cluster intervals; output grouped by clusters filters out
non-cluster intervals, but outputs the cluster intervals so that they are
grouped together. Comments and original ordering in the file are lost.

ey

Find cClusters

Merge Clust

| cluster.xml

<tool id="gops cluster 1" name="Cluster"=
=description=[[Cluster]] the intervals of a query</description=
<command interpreter="pythonz.4">
gops_cluster.py $inputl $output -1 $inputl_chromCol, $inputl_startC
-d $distance -m $minregions -o $returntype
</ command=
<inputs=
<param format="interval® name="inputl" type="data"=
=label=Cluster intervals of=/label=
</ naram=
<param name="distance" size="5" type="integer" wvalue="1" h
=label=max distance between intervals=/label=
</ naram=
<param name="minregions” size="5" type="integer® wvalue="2":
=label>min number of intervals per cluster</label=
=/ param:
<param name="returntype® type="select" label="Return type":
=zpption value="1">Merge clusters into single intervals</option=
=pption value="2"=Find cluster intervals; preserve comments and
=pption value="3"=Find cluster intervals; output grouped by clus
=zoption value="4"=Find the smallest interval in each cluster=/op
=pption value="5"=Find the largest interval in each cluster</opt
=/ param:=
</ inputs>
<help=

class:: infomark

**TIP:** If your query does not appear in the pulldown menu -= it is n

**Screencasts | ¥+
See Galaxy Interval Operation Screencasts (right click to open this 1

_Screencasts: http://www.bx.psu.edu/cgi-bin/trac.cgi/wiki/GopsDesc

**oyntax**

*#Maximum distance** is greatest distance in base pairs allowed bet
*#¥Minimum intervals per cluster** allow a threshold to be set on the
**Merge clusters into single intervals*#* ogutputs intervals that spanjy

**Find cluster intervals; preserve comments and order** filters out
*EES Ar i : ars¥t £ilte

¥ Soft Tabs: 2 | —



Get and Add

Contributed Tools

. Galaxy Tool Shed / (beta) Tools ~ Help  User

Community

Categories

Tools search Advanced Search

= Browse by category

= Browse all tools Name Description Tools

= Login to upload Convert Formats Tools for converting data formats 4
Data Source Tools for retrieving data from external data sources 1
Fasta Manipulation Tools for manipulating fasta data 5
Next Gen Mappers Tools for the analysis and handling of Next Gen sequencing data 5
Ontology Manipulation Tools for manipulating ontologies 1
SAM Tools for manipulating alignments in the SAM format 0
Sequence Analysis Tools for performing Protein and DNA/RNA analysis 7
SNP Analysis Tools for single nucleotide polymorphism data such as WGA 1
Statistics Tools for generating statistics 1
Text Manipulation Tools for manipulating data 3
Visualization Tools for visualizing data 1

http://usegalaxy.org/community
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Galaxy on the Cloud

e Availability of Resources are not a Problem

e Virtually unlimited resources: storage,
computing, services

e No need to maintain machines or personnel
e Only pay for what you use

e Amazon Elastic Compute Cloud (EC2) and
Eucalyptus

e \Web-based Galaxy instantiation



Point, Click, Cloud

-—.Galaxy Info: report bugs | wiki | screencasts ~GC Home

Galaxy Cloud Console

n start the main Galaxy
dd and remove workers

interface (including an initial set of "worker’
while the main interface is running.

t3 Terminate Galaxy

Access Galaxy

+| Add more instances | |—| Remove idle instances

Status

i-5d065036

Cluster name: galaxy-cluster ,
State: Ready

_
Cluster status: = wi .l] =t wll Alive: 11m 19s

Disk status: 59G / 100G (599%) i Filesystems
L Permissions
JobScheduler

Instance status: Idle: 9 Available: 12 Requested: 12

Filesystems tat Scheduler

LU L L 115 dliveE 1"oUUVU0oUuUouv 1cauy

1:20:28 - Ready for us

1:20:29 - Instance 'i-59065032' ready

1:20:29 - Instance 'i-5f065034" ready

1:22:40 - Instance 'i-5b065030" ready

1:23:32 - Instance 'i-e9e8bf82' not responding, rebooting instance...

1:23:32 - Instance 'i-efe8bf84' not responding, rebooting instance...

1:23:32 - Instance 'i-ede8bf86' not responding, rebooting instance...

1:25:23 - INSTANCE_ALIVE private_dns:ip-10-243-21-219.ec2.interna
public_dns:ec2-174-129-174-158.compute-1.amazonaws.com zone:us-east-1d type:m1l.large ami:ami
ed03ed84
21:25:23 - Sent master public key to worker instance 'i-e9e8bf82".
21:25:29 - Waiting on worker instance 'i-e9e8bf82' to configure itself...

http://usegalaxy.org/cloud
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ChIP-seq Example

e Premise:
For the pilot phase of a study you received
next generation sequencing data for a ChiIP
experiment on a transcription factor

e Goal:
Using the pilot data, create a generic ChlP-seq
analysis pipeline that will be used to process
many ChIP experiments



A plan

e Interactively analyze the first set of data

e Create a reusable Workflow from the
interactive analysis

e Share analysis Results, History and Workflow



Interactive Analysis

e Prepare and Quality Check the raw sequencing reads
e Map sequencing reads to the target genome

e Call Peaks

e Provide primary results to collaborators or
community

e Visualization and secondary analysis



Prepare and Quality
Check

SOLiID lllumina 454
7

low quality
splitter
P E— 4542fastq

Groomer

SOLiD2fastq —

Quality
Statistics

|
D
\/
=
\/
=~
\
-
\/
-

Generic Box Plot
Tool

Read Trimmer

Quality Filter

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.



NGS: QC and manipulation

m FASTQ Groomer convert
between various FASTQ quality
formats

= FASTQ splitter on joined paired
end reads

= FASTQ joiner on paired end e c
reads

s FASTQ Summary Statistics by
column

Prepare and Quality

Quartiles ——
Hedians 3
Outliers *

= Build base quality distribution

Sequencing Quality Scores

m Select high quality segments T T T T T T T T T T T T T T T T T T T T T T T

= Combine FASTA and QUAL into | | | | | | | | | | | | | | | | | | | | | | | .
FASTQ ]
= Convert SOLiID output to fastq i
= Compute quality statistics for i
SOLID data .
= Draw quality score boxplot for * f * * i * ! ]
» * - 3 - 3 - 3 - 3 * * —
SOLID data #* # ¥ #* #* #* #* #* # ¥ # ¥ #* #* # —
* * + + + # + # s + + # + * —
4 4 : 4 ¢ 4 4 03 4 ¢ 4 4 e 4 —
¥ - ¥ -+ ¥ ¥ ¥ # ¥ ¥ ¥ ¥ ¥ ¥ - ¥ - ¥ ¥ ¥ —_— —
* * * * * * * * * * * * * * * * * * * * -
= Filter FASTQ reads by quality + * X * . + * * * X * * + . * * * * * * + .
score and Iength £ 4+ ¥ 4 #* & 4+ £ 4 #* 4+ ¥ B #* £ # + 4 # #* & 4+ —
@ * ¥ # #* @ ¥ #* $# #* 4 ¥ #*: #* ¢ #* BS $# @& ¥ —
s FASTQ Trimmer by column * * * * * * * * * * * * * * * * * * * * * * 7
= = s + 4 & = @ = + + & & = s+ = 4+ & = —
2 - ¥ ¥ ¥ - ¥ ¥ ¥ # ¥ ¥ ¥ ¥ ¥ # - ¥ #* ¥ ¥ ¥ ¥ ¥ —
. FASTQ anllty Trlmmer by # #¥ ¥ # #* p 3 # #* ¥ #* # * # #* ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ -
S“d'ng WlndOW #* #* ¥ # #* #* #* #* # ¥ # ¥ #* #* #* ¥ #* # #* #* #* # —
¥ - ¥ - ¥ -+ - # - ¥ ¥ ¥ - # - ¥ - - ¥ #* - - —
= FASTQ Masker by quality score * * * * * * * * * * * * * * * * * * * * * * .
¥ ¥ ¥ - * ¥ # * ¥ # ¥ ¥ ¥ * ¥ # ¥ ¥ * * ¥ ¥ —
= Manipulate FASTQ reads on * * * * X * * * * * * X * X * * * * * X * * .
various attributes 7
* * ¥ ¥ ¥ ¥ ¥ ¥ * * —
| | | | | | | | | | | | | | | | | | | | | | |
u FASTQtO FASTA Con\/er[er 3 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

Read Position

= FASTQ to Tabular converter

Tabular to FASTQ converter




Mapping

e Collection of interchangeable mappers

() BOWtie 6: Mapped Tags
24,993,861 lines, format: sam, database: mm9
Info: Sequence file aligned.

e BWA

o BFAST

o LASTZ

e SAM output

e convert to BAM, BED (interval), etc NGS: OC and manipulation

. NGS: Mapping
e Peak calling NGS: SAM Tools

. . NGS: Indel Analysis
¢ SNP/IndeI Calllng m Filter Indels for SAM

e NGS: Indel Analysis

m Extract indels from SAM

m Indel Analysis
e Generate and filter Pileup NGS: Peak Calling




Percentage

Peak Calling

Peak Model

GeneTrack

< forward tags A A A
S —— reverse tags [\ \/i\
— shifted tags Ham
o ! Viewing: * back
d | h
Chrom: chrl ~| Locus: 4132666 Zoom: 10,000 v | Plot: Both strands v Display!
N 4
o
30000 4135000
=
53
O —
o I
-600 -400 -200 0 200 400 600

Distance to the middle

*CCAT on test
server and Smoothing Peak predictions
more coming

Use: \j Sigma: 20 Function: Caussian kernel ~| Threshold: 2 Use: | | Width: 147

Show peaks . Run genomewide

Powered by : * Copyright 2008, 2008 by GeneTrack team

Function: Fixed width



Primary Results Rea

Data Library “Transcription Factor ChIP-seq” Library Actions +

Name Information Uploaded By Date File Size

ChiIP-seq TFBS - ChlP-seq (Transcription Factor Binding Sites)

b L Controls
7 [ Enriched

v [ CTCF ChlIP-seq

vy [ CH12 Cells

— Replicate 1

01Feb2010 In7 CTCF CH12 groomed reads ¥ None dan@bx.psu.edu 2010-09-16 2.0Gb

MACS peak calls (broadPeak) ¥ None dan@bx.psu.edu 2010-09-16 932.6 Kb

| Mapped Tags (BAM) ¥ None dan@bx.psu.edu 2010-09-16 493.4 Mb

Tag Counts (bigWiq) ¥ None dan@bx.psu.edu 2010-09-16 1.8 Gb

b L Replicate 2

b L G1E Cells

b MEL Yale Cells

For selected items: | Import into your current history + [ Go




® ®
ISUaliZze ErmrrEEE
2.4 Gb, format: bigwig, database: mm9

Info:

UCSC Genome Browser on Mouse J uly 2007 (N CBI37/ Lo

move (<<< ) << )(<)(>)(>> )(>>>)zoomin ( 1.5x )( 3x ) 10x )( base ) zoom (| | display at UCSC main
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Secondary Analysis

A simple goal: determine number of peaks that overlap a) coding exons, b) 5-UTRs,
c) 3-UTRs, d) introns and d) other regions

Get Data
e Import Peak Call data
e Retrieve Gene location data from external data resource

Extract exon and intron data from Gene Data (Gene BED To Exon/Intron/Codon BED
expander x4)

Create an Identifier column for each exon type (Add column x4)
Create a single file containing the 4 types (Concatenate)
Complement the exon/intron intervals

Force complemented file to match format of Gene BED expander output (convert to
BED6)

Create an Identifier column for the‘other’type (Add column)
Concatenate the exons/introns and other files
Determine which Peaks overlap the region types (Join)

Calculate counts for each region type (Group)



Secondary Analysis

- Galaxy Analyze Data  Workflow Shared Data Admin  Help  User

Tools Options - 3 UTR 803 History Options
b U'I‘R '3'.,'4 (S UUUI UL U Ul L

Get Data coding exons 2743 :
Send Data introns 13746 2: MACS peak calls (broadPeak) ® (J 8
- _ other 124898 n : e )
ENCODE Tools 21,728 regions, format: interval, database:
Lift-Over n‘:nQ

A S S B Info:

Text Manipulation

Filter and Sort | display at UCSC main test | view in

Join, Subtract and Group GeneTrack | display at Ensembl Current
» Join two Queries side by side on

= 1.Chrom 2.Start 3.End 4 5 6 7 [ 9
a specified field
shr 4132666 4133002 . 0 . 16.04 14.366 O.
s Compare two Queries to find chrl 4322446 4323079 . 0 . 27.07 26.185 O.
common or distinct rows shrl 4336241 4336651 . 0 . 23.06 18.736 0.
shrl 4406740 4407268 . 0 . 16.20 23.794 0
s Subtract Whole Query from e o eme
chrl dS0EES55 4507162 e 20.30 21.868 0.
another query _ . ] o
shrl 4758431 4758873 . 0 . 24.01 30.691 0.
s Group data by a column and 4 >

perform aggregate operation
on other columns.
1: UCSC Main on Mouse: refGene @& {J 3%

= Column Join

(genome)
Convert Formats 28,108 regions, format: bed, database: mm9
Extract Features Info: UCSC Main on Mouse: refGene (genome)

Fetch Sequences

Fetch Alignments | display at UCSC main test | view in
GeneTrack | display at Ensembl Current

Get Genomic Scores

Operate on Genomic Intervals 1.Chrom 2.8tart 3.End &.Name 5 6.

e Tatcs chrl 134212701 134230065 Ny _028776 0 4
chrl 134212701 134230065 N¥_001195025 0 4
Wavelet Analysis chrl 33510655 33726603 Ny 008922 O
Graph/Display Data chrl 58714963 58752833 Ny 175370 0
Regional Variation chrl 25124320 25886552 Ny 175642 O
ORI Teirettion 160945,326960,353082,363947, 364951, 389516, 393;
4 »

Multivariate Analysis s —

Fvolution



Create Reusable Workflow

- Galaxy Analyze Data  Workflow  Shared Data  Visualization Admin  Help  User

Tools Options

Get Data

Send Data
ENCODE Tools
Lift-Over

Text Manipulation

Convert Formats

FASTA manipulation
Filter and Sort

Join, Subtract and Group
Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores

Operate on Genomic Intervals

Statistics
Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis
Evolution

Metagenomic analyses
EMBOSS

NGS: QC and manipulation
NGS: Mapping

NGS: SAM Tools

NGS: Indel Analysis

NGS: Peak Calling

SNP/WCA: Data: Filters
SNP/WGA: QC: LD; Plots
SNP/WGA: Statistical Models

Workflows

Workflow name

Workflow constructed from history 'ChiP-seq

Create Workflow Check all Uncheck all

Tool

FASTQ Groomer

™ Include “FASTQ Groomer” in workflow

FASTQ Groomer

W Include “FASTQ Groomer” in workflow

FASTQ Groomer

# Include "FASTQ Groomer” in workflow

FASTQ Groomer

# Include "FASTQ Groomer” in workflow

Map with Bowtie for lllumina

™ Include "Map with Bowtie for lllumina” in workflow

Map with Bowtie for lllumina

# Include Map with Bowtie for lllumina™ in workfiow

Convert Genomic Intervals To Strict BED6

# Include "Convert Genomic Intervals To Strict BED6

Convert BED to GeneTrack Index

# Include "Convert BED to GeneTrack Index” in workflow

MACS

>

History items created

1: 01Feb2010_In8 CH12 input groomed reads

:22Jun2010_In7 CTCF CH12 groomed reads

: FASTQ Groomer on data 1

: FASTQ Groomer on data 2

: Mapped Control

: Mapped Tags

: Mapped Peaks mm9 (BED)

: Mapped Peaks mm9 (BED)

: Mapped Peaks mm9 (BED)
: MACS on data 5 and data 6

: MACS on data 5 and data 6

Saved Histories

Histories Shared with Me

p T
! w

)

.

-

Create New

3
R I

Clone

v
-~
W

Share or Publish

Al

Extract Workflow

5
B

Dataset Security

Show Deleted Datasets

)
»
2

Tl

Show Hidden Datasets

EIE

N
—

Show structure

g

Delete

[OF
w
-
é“
o~

3
3
o

| View in CeneTrack

binary data

16: Mapped Tags (BAM) @® { 8

14: Tag Counts (bigWig) ® ¢ 32
2.4 Gb, format: bigwig, database
rn’n(:,

n

nfo
| display at UCSC main

Binary UCSC BlgWig flle

12: MACSondataSand ® (/ %
data 6

11: MACSondataSand @ ( 32
data 6

10: MACS ondata Sand ® ¢ 32
data 6

9: MACSondataSand @® {
data 6

8: MACSondataSand @& { 82




Run new Workflow on
additional data

Running workflow "Mapping and Peak Calling - mm9, 1 bp resolution”

Step 1: Input dataset

Control File
2:22Jun2010_In7 CTC..oomed reads

Step 2: Input dataset

Tag File
1: 01Feb2010_In8 CH1..0omed reads

Step 3: FASTQ Groomer
File to groom
Output dataset 'output’ from step 1

Input FASTQ quality scores type
Sanger

Advanced Options
Hide Advanced Options

Step 4: FASTQ Groomer

File to groom
Output dataset ‘output’ from step 2

Input FASTQ quality scores type
Sanger

Advanced Options
Hide Advanced Options




Scale-up and Share

Analyze Data  Workflow  Shared Data  Visualization Admin  Help  User

Private Page | Transcription Factor ChiP-seq About this Page

Here, one can access histories for the ChIP-seq datasets that have been subjected to this workflow:

Author
+ Galaxy Workflow | Mapping and Peak Calling - mm9, 1 bp resolution )
Related Pages
Histories:
— e s 2 - pme All published pages
CATA 1 - G1E-ER4+E2 Published pages by dan
Replicate
Rating
- Galaxy History | 12May2009 Ind4 15]un2009 In4 In8 CATA1 C1E-ER4+E2 combined groomed reads 4 e
- - essssssee 000 e e s ss et Eeeesse ettt aeeeseeEE Nttt ettt eteeEeEmetttlttemettttteeemaTeseeeen essssssee S —— \"J ‘.'
Jra rage
3: FASTQ Groomer on data 2 @
‘our
4: FASTQ Groomer on data 1 & Tags
Community: none
5: Mapped Control @&
Qurs
* 6: Map with Bowtie for lllumina on data 4 ®

Job is currently running

7: MACS on data 5 and data 6 ®
Job is waiting to run

8: MACS on data S and data 6 @
A
9: MACS on data S and data 6 @® X
CTCF
ClE
+ Galaxy History | 12Nov2009 In4 CTCF G1E groomed reads 4
ClE-ER4+E2
- Calaxy History | 12Nov20089 In3 CTCF G1E-ER4+E2 groomed reads 4
MEL Yale
- Galaxy History | 22Jun2010 In4 CTCF MEL groomed reads -+

CH12
CH1Z



Using Galaxy

Use public Galaxy server: UseGalaxy.org
Download Galaxy source: GetGalaxy.org
Screencasts: GalaxyCast.org
Public Mailing Lists
e (alaxy-bugs@bx.psu.edu
e galaxy-user@bx.psu.edu

e (alaxy-dev@bx.psu.edu
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