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Overview

What is Galaxy?

What you can do in Galaxy
+ analysis interface, tools and datasources
+ data libraries
+ workflows
+ visualization
+ sharing
+ Pages

Where you can use and build Galaxy
+ public website
+ local instance
+ onthe Cloud
+ tool shed/contributing tools



The Vision

Galaxy is an open, Web-based platform for
accessible, reproducible, and transparent
computational biomedical research



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
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Galaxy Analysis Workspace

Galaxy

9 http://main.g2.bx.psu.edu/

Options

Get Data

Send Data
ENCODE Tools
Uft-Over

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
Muyltivariate Analysis
Evolution
Metagenomic analyses
EMBOSS

NGS: QC and manipulation
NCS: M in

NGS: SAM Tools

NGS: Indel Analysis

NGS: Peak Calling

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

Workflows

Analyze Data  Workflow  Shared Data  Visualization Help  User

Map with Bowtie for lllumina

Will you select a reference genome from your history or use a built-in index?:

Use a built-in Index s

Select a reference genome

mm9

Is this library mate-paired?:

Paired-end %

Forward FASTQ file:
1: E18 PE.1 Reads
Reverse FASTQ file
1: E18 PE.1 Reads

Maximum insert size for valid paired-end alignments (-X):
1000
The upstream/downstream mate orientation for valid paired-end alignment against the

forward reference strand (==fr/=~rf/ - ~ff)

R (for llumina) 15

Bowtie settings to use:

Commonly used =

Suppress the header in the output SAM file:
v

What it does

.:Zlh'.', € 1% A Short red
Langmead and Cole 1 , a ad 8, Trapnel

memory-efficient alignment of short DNA sequences to the hu

~

History Options

15: Variants from sample @® (R
E18. consensus different, in RefSeq
Genes

14: UCSC mm9 RefSeq Genes @ J 2
13: Variants from sample ® 7R
E18 where consensus base different

than ref. base

10: Variants from sample ® |
E18

9: Generate pileup on data 8 @ ¢

8. SAM-10-BAMondata7 @ {

7: Map with Bowtie for @® |
llymina on data 6 and data 5

6: E18 PE2 Reads Groomed, @ [/
Trimmed

S: E18 PE.1 Reads Groomed,
Trimmed

4. E18 PE2 Reads Groomed
3. E18 PE]1 Reads Groomed
2. E18 PE2 Reads

1: E18 PE]1 Reads




Filter and Sort

= Filter data on any column using
simple expressions

L Y Analysis Workspace

Select lines that match an Galaxy
e: Operate on Genomic Intervals

= |ntersect the intervals of two Analyze Data  Workflow  Shared Data  Visualization  Help  User
queries =

ie for llumina

M the lnte Nals Of tv{o t a reference genome from your history or use a built-in index?. -
QUEFIES In Index |

History Options

Merge the overlapping intervals prence genome Livadants from sample =~ @ 0 3

E18, consensus different, in RefSeq

of a query } . Genes

14: UCSC mm9 RefSeq Genes @ J 2

e e B mate-paired?:
13: Variants from sample ® 7R

(-,—, = . O
- NGS: SAM Tools
I E18 where consensus base differ

- FI|Ief SAM on bltWISQ flag : than ref. base
| values

10: Variants from sample ® 0 R
E18

Convert SAM to interval

9: Generate pileupon datag8 @ ¢ &

SAM-to-BAM converts SAM for valid paired-end alignments (-X): 1 8 sAM-10-BAMondata7 @ J &
format to BAM format

7: Map with Bowtie for @® J B
Stream mate orientation for valid paired-end alignment against the Nlumina on data 6 and data 5

BAM-to-SAM converts BAM rand (==fr/ ==rf/ = =ff) ————
format to SAM format | S ELLPE2 R od, ®

Merge BAM Files merges BAM » R _ e
files together

in the output SAM file: 4. E18 PE2 Reads Groomed

Generate pileup from BAM . , e et 3. E18 PE.1 Reads Groomed
da[ase[ 2. E18 PE2 Reads

Filter pileup on coverage and 1 E18 PEL Reads
SNPs

Pileup-to-Interval condenses
pileup format into ranges of
bases




Filter and Sort

= Filter data on any column usina
simple expressions Filter pileup

Sort data in ascending  select dataset:
descending order ~ 10: Variants from sample E18 T]

Select lines that matck | hich contains:
e: Operate on Genon

_ Pileup with six columns (simple) T]
= |ntersect the int€ | see "Types of pileup datasets” below for examples
queries

Do not consider read bases with quality lower than: : Options ~
Subtract the inte 20

queries No variants with quality below this value will be reported

Merge the overla po not report _positions with coverage lower than: Nariants from sample @ 0 X

consensus different, in RefSeq

of a query 3 s

Pileup lines with coverage lower than this value will be skipped UCSC mm9 RefSeq Genes @ J 8%

v

(C====t——== =-=
-| NGS' SAM Too Only report variants?: Wariants from sample ® 7R

. —] /here consensus base different
L) Flltel" SAM 0 , Yes : , ) ref. base
_| values See "Examples 1 and 2" below for explanation

Wariants from sample ® 0
Convert coordinates to intervals?:
Convert SAN
No T] nerate pileup on data 8 @® J

SAM-to-BAR See "Output format" below for explanation AM-10-BAM on data 7 @ [ &

format to B Print total number of differences?: p_with Bowtie for ® J

pina on data 6 and data S
No T]
BAM-to-SAl - —
See "Example 3" below for explanation 48 PE2 Reads Groomed, ] 3
format to S/ See "Example 3" below for explanat o
. . ——
Print quality and base string?: | rpp—

Merge BAM Yes be pmed

v

files togethe .

See "Example 4" below for explanation 18 PE2 Reads Groomed

Generate pil Execute 18 PE.1 Reads Groomed
dataset i8 PE2 Reads

Filter pileup on coverage and 1: E18 PE1 Reads
SNPs

Pileup-to-Interval condenses
pileup format into ranges of
bases




Filter and Sort

= Filter data on any column usina
simple expressions Filter pileup

descending order ~ 10: Variants from sample E18 4+

iplprt lines that matcl  hich contains:

el Operate on Genon _ Pileup with six columns (simple) T]

| = |ntersect the int€ | see "Types of pileup datasets” below for examples
queries

Do not consider read bases with quality lower than: 15: Intersect to get Variants & 0 pX4

Subtract the inte 20 from sample E18, consensus different,
queries No variants with quality below this value will be reported in RefSeq Genes

Merge the overla po not report Apositions with coverage lower than:
of a query 3 14: UCSC mm9 RefSeq Genes @& {J %
P —— Pileup lines with coverage lower than this value will be skipped
] NGS: SAM ToO| only report variants?: 13: Filter to get Variants from ® {J 3¢
= Filter SAM 0 [ Yes /4] sample E18 where consensus base
values See "Examples 1 and 2" below for explanation different than ref. base

Convert coordinates to intervals?:
Convert SAN . .
= || (No ¥ 10: Filter pileup to get @ ] 8
SAM-to-BAl | See "Output format" below for explanation Variants from sample E18
format to B Print total number of differences?:
BAM-to-SAl _Ne 49 9: Generate pileupondata8 @& { X

format to S£ See "Example 3" below for explanation

Print quality and base string?: 8: SAM-to-BAM on data 7 @ ] R
Merge BAM | .5

files ter(he See "Exaﬁmle 4" below for explanation 7: Map with Bowtie for

Generate pil “Execute Illumina on data 6 and data S
dataset

Filter pileup on coverage and 6: E18 PE.2 Reads Groomed,
SNPs Trimmed

td to be ultrafast and memory-efficient. It is develo
e: Langmead 8, Trapnell C, Pop M, Salzberg SL. U

Pileup-to-Interval condenses cenome B¢ | T
pileup format into ranges of 5: E18 PE.1 Reads Groomed,




Filter and Sort This dataset is large and only the first megabyte is shown below.

) Show all | Save
= Filter data on any co ]
simple expressions

chrio 036
) ) chrlq 1424“0“‘
Sort data in ascendir k1o
descending order ehrll
chrio
Select lines that maty chri0
= chrio
Operate on Geno curio
chrio & = ?
i hri(0 1446 59"’
G " M the in ghxlii: 14465 41|_| 144:- 411
queries chri0 14465447
chrio 14465456
\ chrio 14465465
E . subtract the inf ek
: i chri0 14465
ﬂ quenes -:hrlg 144’:& )
i+ Merge the over i} isiceie
erge the over chri0 144656
Fi  ofaquery owip s
u ;iurio 14465791
C 1]
Shrio
= Filter SAM | cx1f
values et}
chrio
Convert SA cib
chrio
SAM-to-B/ Siii0
SN A O chrlo
chrio
format to | 53210
chrio
BAM-to-S# oiiis
DANMTIUTIF chrio
format to § cib
chrio
Merge BAN cixi?
files togetl cxxi0
chrio
chrio
Generate g ;.o

dataset | cif

P

Filter pileup on coverage and B ET8 PE.2 Reads Groomed, g %
SNPs ‘ Trimmed

igner designed to be ultrafast and memory-efficient. It is develo
pnell. Please cite: Langmead 8, Trapnell C, Pop M, Salzberg SL. U
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User Metadata

History Options

(=]

Tags:
snp pileup bowtie

demo sample:el8

Annotation / Notes:

Perform a variant analysis with default
parameters to identify variants in sample
E18 that lie in annotated genes.

10: Variants from @ ] R

sample E18

26,742 regions, format: interval,
database: mm9

Info:

Gl <@
Tags:
pileup sample:el8

snps

Annotation:
Find variants with

coverage >= 30 and
quality score >= 20.

| display at UCSC main | view in
GeneTrack | display at Ensembl
Current

1.Chrom 2.Start 3.End 6
882037 A A 1
-

chri0 6882036 71

chri0 14243075

chr10 14243079

chri0 14465082 K173

chrio 14465083 : K 144 :

chr10 14465034 14465085 T T 117 1
4 »

6 |




Datasources

Upload file from your computer
+ FTP support for large datasets

Files directly from a sequencer
+ Sample Tracking System

UCSC table browser
BioMart

interMine / modMine
EuPathDB server
EncodeDB at NHGRI
EpiGRAPH server



Tool Suites

Text Manipulation Regional Variation
Format Converters EMBOSS

Filtering and Sorting Evolution / Phylogeny
Join, Subtract, Group RNA-seq

Sequence Tools ChlP-seqg

Multi-species Alignment Tools  GATK
Genomic Interval Operations Picard
Summary Statistics RGenetics
Graphing / Plotting ..and more



Overview

What is Galaxy?

What you can do in Galaxy
+ analysis interface, tools and datasources
+ data libraries
+ workflows
+ visualization
+ sharing
+ Pages

Where you can use and build Galaxy
+ public website
+ local instance
+ onthe Cloud
+ tool shed/contributing tools



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 Information Uploaded By Date File Size

All SNPs in personal genomes ¥V Summary table of SNPs in all individuals greg@bx.psu.edu 2010-01-28 676.8 Mb

Alu insertions in KB1 ¥

sitnos ny vB1 ¥

KB1 microsatellites.txt ¥

B1 microsatellitcs.txt ¥

amino acid differences with functional predictions ¥

indels in ABT V
indels in KB1 V¥
indels in MDb 7
indels 'n NB1 ¥

indels inTK1 ¥

novel SNPs in KB1 ¥

novel SNPs it M,[& 'V

novel SNPs ir N31 ¥

novel SNPs inTK1 V¥

sequenced exon-containing intervals V¥

greg@bx.psu.
greg@bx.psu.
greg@bx.psu.
greg@bx.psu.
greg@bx.psu.
greg@bx.psu.
greg@bx.psu.
greg@bx.psu.
greg@bx.psu.
nreg @ ax fU.
greg@bx.psu.
greg@bx.psu.
greg@bx.psu.
greg@bx.psu.
greg@bx.psu.
greg@bx.psu.

greg@bx.psu.

edu

edu

edu

edu

edu

edu

edu

edu

edu

(74U

edu

edu

edu

edu

edu

edu

edu

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

010-92-C4

2010-02-03

2010-02-09

2010-02-09

2010-02-09

2010-02-09

2010-02-09

2010-02-03

14.9 Kb

6.5 Kb

3.5 Mb

828.5 Kb

1.1 Mb

2.1 Mb

105.3 Kb

14.2 Mb

109.8 Kb

5. Kb

123.2 Kb

9.4 Mb

16.9 Mb

594.1 Kb

4.1 Mb

722.6 Kb

3.1 Mb

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

http://usegaaxy.org/bushman




Managing Libraries

Loading Data

+ Upload a single file

+ Import datasets from a Galaxy history

+ Upload a directory of files

+ Directly from Sequencer using Sample Tracking System

Accessing Data

+ Data contents on disk are not copied
+ Dataset security: public, Role-based access control (RBAC)

Annotating Library Data: Library Templates
+ Build user fillable forms
+ Associate at Library, Folder or Dataset level
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Galaxy Workflows

- YN e

| < || & |9 http://main.g2.bx.psu.edu/

Analyze Data  Workflow  Shared Data  Visualization Help  User

Tools Options
arge and only t megabyte is shown below

> tool
search tools Saved Histories

Get Data o ) Histories Shared with Me
= 2006 6007 y ‘ : '

ENCODE Tools

Lift-Over

Text Manipulation . e g

Convert Formats B A 1% j b1 44 Share or Publish

EASTA manipulation " e ' 1 44 5 5 ) ,: Extract Workflow

Fliter and Sort L 5 3 ) € 4 $

Join, Subtract and Group

Extract Features 48 12 4 Cur
Fetch Sequences 1 a 5 6 241 ) €0 - ¢ Show Hidden Datasets

Create New

Clone

Dataset Security

Show Deleted Datasets

Fetch Alignments ohr 14463621 14465622 : ; 124 j €0 3 ; - Show structure

Get Genomic Scores o : : : 0 : Seit T T \ ) 60 :.'t i Delete

Operate on Genomic Intervals - H : 4 3 ) €0 24 ¢ LNV T ERERIUOT N N VD
statistics : ) - A0e ‘ ‘ - ¢

Graph/Display Data

Regional Variation

Multiple regression

Multivariate Analysis

Evolution 9: Generate pileup on @ U

data 8
Metagenomic analyses

EMBOSS 2 C T 138 60 7 T 8 SAM-t0-BAM on data ® (
- N el : : 7

NGS: QC and manipulation 2073 . : ’ 3 16s pos 7: Map with Bowtie for @ J &
NGS: Mapping 2 512 2875 5 3 &0 72 lllumina on data 6 and data S
NGS: SAM Tools ¢ ; z 7 . : 9,073,928 lines, format: sam,
NGS: Indel Analysis 28 b sl - - - 4 2 $ e: mm9

NGS: Peak Calling

nfo: Sequence file aligned

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

Workflows




Galaxy Workflows

e M O Tool History items created

Lol > )@ nupeyymaing [0 0 e 1: E18 PE.1 Reads

™ Treat as input dataset
Tools

search tools Up|°ad File 2: E18 PE.2 Reads

Saved Histories

™ Treat as input dataset Histories Shared with Me

Create New

Text Manipulation FASTQ Groomer Clone
Convert Formats 3: E18 PE.1 Reads Groomed Share or Publish
. - ™ Include "FASTQ Groomer" in workflow

EASTA manipulation Extract Workflow
Fliter and Sort

Join, Subtract and Group

Extract Features FASTQ Groomer
Fetch Sequences 4: E18 PE.2 Reads Groomed Show Hidden Datasets

Fetch Alignments # Include "FASTQ Groomer" in workflow
Get Genomic Scores Delete
Operate on Genomic Intervals INLWOUFT ENEWIVOT v N AU
2“‘"’"‘*‘; o FASTQ Trimmer 5: E18 PE.1 Reads Groomed,
raph/Display Data "
;eg'fonaﬁ/znhon # Include "FASTQ Trimmer" in workflow Trimmed
Multiple regression
Multivariate Analysis

Evolut :
S FASTQ Trimmer 6: E18 PE.2 Reads Groomed,

Metagenomic analyses X
EMBOSS ™ Include "FASTQ Trimmer" in workflow Trimmed 1-10-BAM on data @® J &

Dataset Security

Show Deleted Datasets

Show structure

erate pileup on @®

NGS: QC and manipulation X ) i | with Bowtie for ® { ¥
NGS: Mapping Map with Bowtie for Illlumina - - - 12 on data 6 and data S
NGS: SAM Tools 7: Map with Bowtie for lllumina on 928 lnes, format: sam.

™ Include "Map with Bowtie for Illumina" se: mmS
NGS: Indel Analysis o Kfl P data G and data 5 ,.:,m.:?,.’h ¢ aligned
NGS: Peak Calling in workriow .

2. FLAG 3
SNP/WGA: Data; Filters SAM-to-BAM 1449:913 99
SNP/WGA: QC; LD; Plots p | 8: SAM-to-BAM on data 7
SNP/WGA: Statistical Models | ™ Include "SAM-to-BAM" in workflow

Workflows

Generate pileup
9: Generate pileup on data 8
M Include "Generate pileup" in workflow




“Ya¥a'
‘ < ""‘./\';\

€| < } | & |3 http://main.g2.bx.psu.edu/workflow/editor?id=abd 94f12f42c1af8

Tools

search

Statisti
Graph/l
Regiond
Multiph
Multiva
Evolutic
Mectage

NGS: SA
NGS: Iny
NGS: Pe

NE1
SNP/WC
SNP/WC
SNP/WC

Workfle

Galaxy Workflows

History items created

Workflow Canvas | SNP variant detection from paired -end reads Options «

Input dataset =2

output

FASTQ Groomer
File to groom

utput_file

Input dataset

output

FASTQ Groomer
File to groom

output_file

Calaxy

Analyze Data  Workflow  Shared Data  Visualization Help  User

®

fastqsanger fastgcssanger, fastgsolexa, fastqillumina)

Map with Bowtie for lllumina 22
FASTQ Trimmer =

Forward FASTQ file

FASTQ File Reverse FASTQ file

output_file .
output (sam)

SAM -to-BAM
SAM File to Convert
outputl (bam)

Generate pileup = Filter pileup

2 Select the BAM file 1o
generate the pileup
file for out_filel

Select dataset

9 (tabular,interval)
outputl (tabular

(fastqsanger, fastqcssanger, fastqsolexa fastqillumina)

FASTQ Trimmer =

FASTQ File

output_file

M InClude "Generate pileup™ In WOrkriow |




Galaxy Workflows

e M O History items created

<v (] . PN
\J_nr\/\ Calaxy

€| < | | & |9 http://main.g2.bx.psu.edu/workflow/editor?id=abd 94f12f42c1af8

Analyze Data  Workflow  Shared Data  Visualization  Help
Tool: SAM-to-BAM
Workflow Canvas | SNP variant detection from paired -end reads
Choose the source for the reference list

Input dataset b= 4 Locally cached —:]

output
. SAM File to Convert
Data input 'inputl’ (sam)
FASTQ Groomer 2
File 1o groom . .
Filter 3/ ke o Edit Step Actions
loin, Sy

Extract fas Assign Columns 4]

Fetch $ —_—
Fetch A Map with Bowtie for lllumina £ outputl 71 I\ Create )I

Get Ger FASTQ Trimmer =
Operats FASTQ File
Statisti(
Graph/| output_file output (sam) completes.
Regiond

F SAM -to-BAM
Mul 3 H
Multiph Edit Step Attributes
Multiva SAM File to Convert

Evoluti¢ Input dataset - - Annotation / Notes:
Metage .
output Convert Bowtie SAM output to BAM

format so that pileup can be run.

Forward FASTQ file
vard FASTQ fi Add actions to this step; actions are

Reverse FASTQ file applied when this workflow step

FASTQ Groomer 3%
generi | Add an annotation or notes to this step;
File to gr file fo i r mirmilabla cab o , .
NGS: SA : annotations are available when a workflow
NGS: Ini output_file outpu! S viewed.
- (fastqsanger, fastqcssanger, fastqsolexa fastqillumina)
NGS: Pe

NE1 FASTQ Trimmer 52
SNP/WC FASTQ File
SNP/WC
SNP/WC

Workfle

M InClude "Generate pileup™ In WOrkriow |




Galaxy Workflows

History items created

Calaxv

Edit Workflow Attributes

Tool: SAM-to-BAM

Name:

SNP identification within annotated genes Choose the source for the reference list
Input dataset =2 from NGS PE Data Locally cached —$]

Workflow Canvas | SNP varlant detec

output

Tags: SAM File to Convert
Data input 'inputl’ (sam)

FASTQ Groomer Snp ngs
FASTA | -
Fliter & File to groom bowtie
loin, Sy output_file
Extract fastqsanger, fastc
Fetch S find items with the same tag. —
Fetch A outputl 71 I\Create )I
Get Ger Annotation / Notes:
Operagg - c - " ’ | ) ) -
Statistis Identify variants in annotated EED'CNI“' B11 TS Workeow step
Graph/| . ympletes.

- genes from NGS paired-end

eqgiond

Multiph, data.
Multiva

Evoluti¢ Annotation / Notes:

Metagl || MPUt dataset Add an annotation or notes to a workflow
il a a aliu > L a N 14 .
Convert Bowtie SAM output to BAM
ener |fOormat so that pileup can be run.

Edit Step Actions

Apply tags to make it easy to search for and —
Py - Y Assign Columns 24

Add actions to this step; actions are

Edit Step Attributes

output Annatat c are availahle whan 2 wnrkflaw ic
outne annotations are available when a workflow is
viewed.
FASTQ Groomer elect
eneri | Add an annotation or notes to this step;
NGS: SA F% % groom file fo' | annotations are available when a workflow
NGS: output_file outpu! S viewed.
95 Iy (fastqsanger, fastqcssanger, fastqsolexa fastqillumina)
NGS: Pe :

NE1 FASTQ Trimmer 52
SNP/WC FASTQ File
SNP/WC
SNP/WC

Workfle

M InClude "Generate pileup™ In WOrkriow |




Input dataset

sutput Tophat

Input dataset e bt Jodiendobo, Lol Cufflinks

utput VIRLIONs Wee SAM or BAM file of a ed RNA

Reference Annotation Cuffdiff

Cuffcompare

CTF file produced by SAM or BAM file of aligned RNA
Cuftlinks -

CTF file produced by SAM or BAM file of aligned RNA

Cuftlinks
Input dataset

—— — v
Tophat ranscripts accuracy (ixt jenes_exp (tabular

Input dataset = RNA -Seq FASTQ file nputl refmap (tabular cds exp fpkm tracking (tabula

putput unctions (bed Cufflinks

Input dataset

output

Example: Workflow for differential expression analysis of RNA-seq using Tophat/

Cufflinks tools




Map with BWA 3
FASTQ file

output (sam

Concatenate queries 33

Concatenate Query

Query 1 > Select
out_filel
Map with BWA b4
FASTQ file
output (sam
Select ®
Select lines from
out_filel
Filter pileup
Sel dataset
out_filel
Filter SAM ® (tabular,interval)
Select dataset to filter
out_filel (sam)
Generate pileup 33
SAM-to-BAM 2] Select the BAM file to
generate the pileup
SAM File to Convert file for
output1 (bam) output] (tabular)
Filter SAM 2
Select dataset to filter
out_filel (sam)
SAM-10-BAM = Generate pileup 3¢
SAM File to Convert Select the BAM file to
generate the pileup
outputl (bam) file for
output1 (tabular)
Filter pileup ®

Select dataset
out_filel

tabular,interval)

Example: Diagnosing

Filter
Filter

out_filel

Filter

Filter ®

Join two Queries  $2

Filter 2 Join
Filter with
out_filel out filel
Filter ®
Filter

Group
out_filel

Select data

1 (tabular)

Filter b3
Filter

out_filel
Concatenate queries 3%
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Visualize

Send data results to external genome browsers

Trackster: Galaxy’s genome browser



External Genome Browsers

UCSC
Ensembl

GBrowse

GV
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1: Sample data

1.2 Gb

format: bam, database: mm9
Info: uploaded bam file

—_—
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i =
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display at Ensembl Current
display with IGV web local

Binary bam alignments file

Integrative Genomics Viewer (IGV)

® J R

requesting access to your computer.

The digital signature could not be verified.

(2) ' Show Details...

. Deny

The application “IGV 1.5" from “www.broadinstitute.org” is
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Galaxy

+ tool integration framework

+ heavy focus on usability

+ sharing, publication framework

Genome Browser

+ physical depiction of data
+ visually identify correlations
+ find interesting regions, features




Galaxy

+ tool integration framework

+ heavy focus on usability

+ sharing, publication framework

Genome Browser

+ physical depiction of data
+ visually identify correlations
+ find interesting regions, features




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
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Published Visualizations | jeremy | GCC2011-1: Viewing and | chr19

Display a menu
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But really, why another genome browser

From static browsing to visual analysis

Visual feedback and experimentation needed for
complex tools with many parameters

Leverage Galaxy strengths: a very sound model for
abstracting interfaces to analysis tools and already
integrates an enormous number



Dynamic Filtering

0 1,000,000

1 _hEcr

I

Score [387-1000]
exon_number [1-1]
frac [0-1]

cov [1-1248]

conf_lo [2227-178180]
FPKM [215-223870]
conf_hi [304-269560]

" Run on complete dataset '




Integrating Tools and Visualization

GCC3: Running Tools (hgl9)

h1-hESC
Cufflinks
Max Intron Length

Min Isoform Fraction
Pre MRNA Fraction

Perform quartile normalization
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Sharing and Publishing

Sharing and Publishing History 'Variant Analysis for Sample E18'

Making History Accessible via Link and Publishing It

This history is currently restricted so that only you and the users listed below can access it. You can:

Make History Accessible via Link

Generates a web link that you can share with other people so that they can view and import the history.
Make History Accessible and Publish

Makes the history accessible via link (see above) and publishes the history to Galaxy's Published Histories
section, where it is publicly listed and searchable.

Sharing History with Specific Users
You have not shared this history with any users.

Share with a user

Back to Histories List

40



Sharing and Publishing

Sharing and Publishing History 'Variant Analysis for Sample E18'

Making History Accessible via Link and Publishing It

This history accessible via link and published.

Anyone can view and import this history by visiting the following URL:

http://main.g2.bx.psu.edu/u/jgoecks/h/variant-analysis-for-sample-e18 .

This history is publicly listed and searchable in Galaxy's Published Histories section.

You can:

Unpublish History

Removes history from Galaxy's Published Histories section so that it is not publicly listed or searchable.

Disable Access to History via Link and Unpublish

Disables history's link so that it is not accessible and removes history from Galaxy's Published Histories
section so that it is not publicly listed or searchable.

Sharing History with Specific Users
You have not shared this history with any users.

Share with a user

Back to Histories List
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jgoecks
Dataset Annotation
' _ ) Related Histories
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demo sampleel8
9: Generate pileup on data 8 Pileup analysis with default parameters

10: Filter plleup to get Varlants from sample €18 Find variants with coverage >= 30

13: Filter to get Variants from sample E18 where consensus base Filter plleup to find variants where the consensus base
different than ref. base s different than the reference base

14: UCSC mm9 RefSeq Genes UCSC mm9 RefSeq genes

15: Intersect to get Variants from sample E18, consensus different, in Variants with consensus different that occur in RefSeg
RQ'SQQ Genes genes
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Analyze Data  Workflow Shared Data Visuakzation

Published Workflows | jgoecks | SNP variant detection from paired-end reads About this Workflow
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FASTQ File soecks
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Absolute Values All published workfio

Published workfiows by igoecks
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Offset from 3' end
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Keep reads with zero length
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Map reads using default parameter values

Step 7: Map with Bowtie for lllumina
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Use 2 It=in index

Select a reference genome
galaxy/data/apiMel3 /bowtie_index/apiMel3

Is this library mate - paired?
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Forward FASTQ file
Output dataset "output file” from step 6

Reverse FASTQ file

Output dataset ‘output_file” from step 5

Maximum insert size for valid paired -~end alignments (~X)
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The upstream/downstream mate orientation for valid paired-end alignment against

the forward reference strand (- ~fr/ i) - ~ff)
R (for Blymina)

Bowtie settings to use

Commonly used

Suppress the header in the output SAM file
True

1 format o that pile
Step 8: SAM ~to~BAM ormat 5o that pileup

Choose the source for the reference list
Locally cached
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Galaxy Pages

A web-based, interactive medium for presenting all
aspects of an analysis: data, methods, and results



Galaxy Pages

Galaxy | Published Page | Variant Analysis for sample E18

=+ |63 http://main.g2.bx.psu.edu/u/jgoecks/p/variant-analysis-for-sample-e18
Workflow  Shared Data  Visualization  Help User

Published Pages | jaoecks | Variant Analysis for sample E18

Variant Analysis of Embryonic Mouse Brain Tissue

Jeremy Goecks, Anton Nekrutenko, James Taylor, and The Galaxy Team

Results

nstrate v Calaxy can support accessible, reproducible, and transparent NGCS re-seguencing studies, we performed a simple variant
analysis experiment. This experiment $ . Q s obtained from sequencing a sample of mm9
tissue from day 18 of embryonic development
The initial analysis produced support for 27,742 possible variants. Of these possible variants, there are 525 where (a) the consensus base--as
determined by the MAQ model-~differs from the reference base and (b) read coverage at the base is 30x or ¢ pr. Of these potential variants,
2796 occur In known RefSeq Genes. These potential variants are

+ Galaxy Dataset | Intersect 1o get Variants from sample E18, consensus different, in RefSeq Genes

Variants with consensus different that occur in RefSeq genes.

Method

In the first step of this analysis, the reads were groomed to convert thel lity scores from Solexa 1.0 to Solexa 1.3/Fastqsanger. Next, the reads
were trimmed from 36bp to 27bp to exclude base pairs with low quality scores,; s for this step’s rationale and parameter choices. After
grooming and trimming, the reads were mapped usin t short-read mapper Bowtie . A pileup analysis using SAMtools [3] was then performed
and was filtered to Identify variants supported by 30+ reac e complete analysis Is contained in this history

+ Galaxy History | Variant Analysis for Sample E18
Perform a pileup analysis with default parameters to identify variants in sample E18.

Here is a workflow for performing this analysis

+ Galaxy Workflow | Variant identification within annotated genes from NGS PE Data

Identify variants in annotated genes from NGS paired -end data.
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Galaxy | Published Page | Variant Analysis for sample E18
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About this Page
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Variants with consensus different that occur in RefSeq genes.
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performed.
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9: Generate pileup on data 8 Plleup analysis with default parameters

10: Filter plleup to get Varlants from @ Find variants with coverage >= 30,
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~
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Here Is a workflow for performing this analysis

+ Galaxy Workflow | Variant identification within annotated genes from NGS PE Data
Identify variants in annotated genes from NGS paired -end data.
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Galaxy Mistory | Variant Analysis for Sample E18
Perform a plleup analysis with default parameters to identify variants In sample E18.

8 SAM-to-BAM on data 7 @® Need to convert Bowtie SAM to BAM so that plleup analysis can be
performed.

9: Generate pileup on data 8 Plleup analysis with default parameters

10: Filter plleup to get Variants from @ Find variants with coverage >= 30,
sample E18

13: Filter to get Variants from sample @® Fliter pileup to find variants where the consensus base Is different than the
E18 where consensus base different than reference base.
ref. base

14: UCSC mm9 RefSeq Genes UCSC mm$ RefSeq genes
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Here Is a workflow for performing this analysis
Galaxy Workflow | Variant identification within annotated genes from NGS PE Data

Identify variants in annotated genes from NGS paired -end data.
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Published Pages | jgoecks | Variant Analysis for sample E18

Variant Analysis of Embryonic Mouse Brain Tissue

Jeremy Goecks, Anton Nekrutenko, James Taylor, and The Galaxy Team

Results

nonstrate how Galaxy can support accessible, reproducible, and transparent NGS re-seguencing studies, we performed a simple variamt
analysis experiment. This experiment ide INA

reads obtained from sequencing a sample of mm9 brain
tissue from day 18 of embryonic development

The initial analysis produced support for 27,742 possible variants. Of these possible variants, there are 5,625 where (a) the consensus base--as
determined by the MAQ mode differs from the reference base and () read coverage at ¢ base is 30x or greater. O ese potential variants,
det i by the MAQ jel-~diff f f b . i g th ) greater. Of th

2796 occur In known RefSeq Genes. These potential variants are

+ Galaxy Dataset | Intersect 1o get Variants from sample E18, consensus different, in RefSeq Genes
Variants with consensus different that occur in RefSeq genes.

Method

In the first ste t ysis, the reads were groomed to convert their quality scores from Solexa 1.0 Solexa 1.3/Fastqsanger. Next, the reads

were trimmed | 27bp to exclude base pairs with low quality scores, see [1] for this step’s r 1ale and parameter ch s. After

grooming and trimming, t s were mapped using the short-read mapper Bowtie [2). A pileup analysis using SAMtools [3] was then performed
and was filtered to Identify variants supported by 30+ reads. The complete analysis Is contained in this history

+ Galaxy History | Variant Analysis for Sample E18
Perform a pileup analysis with default parameters to identify variants in sample E18.

Here is a workflow for performing this analysis
+ Galaxy Workflow | Variant identification within annotated genes from NGCS PE Data

Identify variants in annotated genes from NGS paired-end data.

References

] Han, X al. Transcriptom ic and neonatal mouse cortex by high-throughput RNA sequencing. Proceedings of the National Academy

ences 106, 12741~

(2] Langmead, B., Tr » G, & Salzberg, S Jitrafast an / ent alignment of short DNA sequences to the human genome

Cenome Biol 10,

t al. The Sequence Alignment/Map format and SAMtoo Soinfor 078 <2079 (2009)
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Page Editor | Title : Variant Analysis for sample E18

B 7 H bes 40t o e d Paragraph type v  Insert Uink to Galaxy Object ¥ Embed Galaxy Object »

Variant Analysis of Embryonic Mouse Brain Tissue

Jeremy Coecks, Anton Nekrutenko, James Taylor, and The Calaxy Team

Results

Save

0 demonstrate | Calaxy can DpOrt accessible, reproducible, and transparent NGS re-sequencing studies, we performed a simple variant analysis experiment. This exper

dentifies variants from a set of 4,536,964 RNA-seq reads obtained from sequencing a sample of mm9 ain tissue from day 18 of embryonic development

The initial analysis produced support for 27,742 pos e variants. Of these possible variants, there are
from the reference base and (b) read coverage at the base is 30x or greater. Of these potential variants, 2 ccur in known RefSeq Genes. These tential variants are

Method

In the first step of this analysis, the reads were groomed to convert their qual scores from Solexa 1.0 to Solexa 1.3/F gsanger, Next, the reads were trimmed fro
exclude base pairs with low quality scores; see [1] for this step’s rationale and parameter choices. After grooming ming, the reads were mapped using the sh
Bowtie [2]). A pileup analysis using SAMtools (3] was then performed and was filtered to id fy variants supported by 30+ 1 $. The complete analysis is contained

Here Is a workflow for performing this analysis

References

(1] Han, X. et al. Transcriptome of embryonic and neonatal mouse cortex by high-throughput RNA sequencing. Proceedings of the National Academy of Sciences 106, 12741
(2

Langmead, B., Trapnell, C., Pop, M. & Salzberg, S.L. Ultrafast and memory-efficient alignment of short DNA sequences to the human genome. Cenome Biol 10, R25 (2009

25 where (a) the consensus base--as determined by the MAQ model--differs
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9 http://main.g2.bx.psu.edu/page/edit_content?id=d2523e005elecd2?
Analyze Data  Workflow  Shared Data  Visualization Help  User

Page Editor | Title : Variant Analysis for sample E18 Save | Close

B I T, P W 4Tl parsgraph type vl

5 Embed Histories

Variant Analysis of EmbE e

Jeremy Coecks, Anton Nekrutenko, James Taylofy Name Tags Last Updated t

Variant Analysis for Sample €18 aQs 15 minutes ago

Results
Pileup analysis, sample E18 4 T3 2 days ago

To demonstrate how Galaxy can support accessiblgg BRriant analysis experiment. This exper
dentifies variants from a set of 4,536,964 RNA-sef Unnamed history aQ Sep 07, 2010 Bvonic development
- . Jnnamed history 0 T3 Dec 17, 4
he initial analysis produced support for 27,742 ¢ - N ‘k-.:c—-‘n determined t } model--differs
from the reference base and (b) read coverage at il o _ nes. These entia
N Hsitory with ~100 items . Dec
Calaxy vs MECAN

Method orted: Galaxy vs MEGAN

xy vs MECAN 09

In the first ste ere g ‘ I.. the reads were trimmeg from
exclude base p th lox 3 S [ ¢ metagenomic analysis 0 Tag p 30, 2009 s were mapped using t
Bowtie | A pileup analysis v g s [3) gamplete analysis is conta

MECAN

| Show all histories on one ¢
Here Is a workflow for performing this analysis For 1 selected histories

i Make the selected histories accessible so that they can viewed by everyone

Embed Cancel

References

| Han, X. et al. Transcriptom f embryonic and neonatal mouse cortex by high-throughput RNA sequencing. Proceedings of the National Acader

[2] Langmead, B., Trapnell, C., Pop, M berg, S.L. Ultrafast and memory-efficient alignment of short DNA sequences to the human genome. Genome Biol 10
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Variant Analysis of Embryonic Mouse Brain Tissue

Jeremy Coecks, Anton Nekrutenko, James Taylor, and The Calaxy Team
Results

onstrate how Calaxy can support accessible, reproducible, and transparent NGS re-seguencing studies, we performed a simple variant analysis experiment. (periment
s variants from a set of 4,536,964 RNA-seq reads obtained from sequencing a sample of mm9 brain tissue from day 18 of embryonic development

The initial analysis produced support for 27,742 possible varia . Of these possible variants, there are 5,625 where (a) the consensus

from the reference base and (b) read coverage at the base is ¢ © reater. Of these potential variants, 3 ur in known RefSeq G

Method

ert their quality scores from Solexa 1.0 to Solexa 1.3/Fastqsanger. Next, the reads were trimmed from 36bp t0
| for this step's rationale and parameter choices. After grooming and trimming, the reads were mapped using the sh

A pileup analysis using SAMtools was then performed and was filtered to identify variants supported by 30+ reads. The complete analysis is comained

Embedded Galaxy History Variant Analysis for Sample E18"

(Do not edit this block; Galaxy will fill it in with the annotated history when it is displayed.]

Here is a workflow for performing this analysis
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jemonstrate how Galaxy can support accessit reproducible, and transparent NGS re-se g studies, we performed a simple variant analysis experiment, This experiment

dentifies variants from a set of 4,536,964 RNA-seq reads obtained from sequencing a sample of mm9 brain tissue from day 18 of embryonic development

The initial analysis produced support for 27,742 possible variants
from the reference base and (b) read ¢ erage at the base Is 30x or gre Of these tent variants, £ ) OCCur In known Re These ntial variants are

Of these possible variants, there are S.625 where (a) the cons as determined by the MAQ

Embedded Galaxy Dataset Variants from sample E18, consensus different, in RefSeq Genes'

[Do not edit this block, Galaxy will fill it in with the annotated dataset when it is displayed.)

In th step of this analysis, the 0 pre r m Solexa 1.0 to Solexa 1.3/F anger. N the reads were trimmed from 36 27bp
exclude base ow quality sco 5@ | fo 'S ons d parameter cholces. After grooming and trimming, the reads were mapped using the short-read mapper

Bowtie [2). pileup analysis using SAM100 ] ormed and was f

tered to identify variants supported by 3( reac The complete analysis is conained in this history

Embedded Galaxy History 'Varlant Plleup Analysis for Sample E18'

Do not edit this block; Galaxy will fill it in with the annotated history when it is displayed.]

Here is a workflow for performing this analysis

Embedded Galaxy Workflow "SNP identification within annotated genes from NGS PE Data’

(Do not edit this block; Galaxy will fill it in with the annotated workflow when it is displayed.]
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The power of Galaxy 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



Overview

What is Galaxy?

What you can do in Galaxy
+ analysis interface, tools and datasources
+ data libraries
+ workflows
+ visualization
+ sharing
+ Pages

Where you can use and build Galaxy
+ public website
+ local instance
+ onthe Cloud
+ tool shed/contributing tools



Galaxy main site
(http://usegalaxy.org)

Public web site, 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



Overview

What is Galaxy?

What you can do in Galaxy
+ analysis interface, tools and datasources
+ data libraries
+ workflows
+ visualization
+ sharing
+ Pages

Where you can use and build Galaxy
+ public website
+ local instance
+ onthe Cloud
+ tool shed/contributing tools



Local Galaxy instances
(http://getgalaxy.org)

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

Especially useful for sensitive data
+ can secure data and abide by regulations



Scale up on existing resources

Move intensive processing (tool -
execution) to other hosts

Frees up the application server to serve
requests and manage jobs

GRIDE cineE?

.l . - Platform
Utilize existing resources {Computlng
Supports any scheduler that supports RMAA

DRMAA (most of them)




Running a Production Server

Use a real database server: PostgreSQL, MySQL
Run on compute cluster resources
External Authentication: LDAP, Kerberos, OpenlD

Load balancing; proxy support

https://bitbucket.org/galaxy/galaxy-central/wiki/Config/ProductionServer
=



Lack IT knowledge or resources?

No problem, just use the Cloud



Overview

What is Galaxy?

What you can do in Galaxy
+ analysis interface, tools and datasources
+ data libraries
+ workflows
+ visualization
+ sharing
+ Pages

Where you can use and build Galaxy
+ public website
+ local instance
+ onthe Cloud
+ tool shed/contributing tools



Deploying Galaxy on the AWS Cloud
http://usegalaxy.org/cloud

1. Open an AWS account (only once)

2. Use the AWS Management Console to start a master
EC2 instance

3. Use the Galaxy CloudMan web interface on the
master instance to manage the cluster




2. Start an EC2 Instance

amazon
web services

AWS Products Developers Community Accourt

aws.amazon.com Welcome, Enis Afgan

Amazon Elastic Amazon

MapReduce CloudFront Amazon RDS

Amazon S3 Amazon EC2

Region:

- X _ . You are using the following Amazon
o start using Amazon -_‘CZ you will want to _ EC2 resources in the US East (Virginia) Refresh
aunch a virtual server, known as an Amazon EC2 region:

Instances instance.

Spot Requests g 0 Running Instances 0 Elastic IPs

Launch Instance
# 6 EBS Volumes 12 EBS Snapshots
AMIs

Bundle Tasks Request Instances Wizard

Introduc g Amazon Relational Database Sei

Volumes

Snapshots ck Launch
Current Status

» Amazon EC2 (US East : (} Other Linux AMI ID ami-ed03ed84 (x86_64) Edit AMI
. VY \ircinia)
Elastic IPs virginia)

Security Groups Number of Instances:

Key Pairs

Load Balancers

Availability Zone:
Monitoring:
Instance Type:
Instance Class:

Kernel ID:
Ramdisk ID:
User Data:

Key Pair Name:

Security Group(s):

No Preference
Disabled

Large (m1l.large)
On Demand

Use Default
Use Default

testGC1|AKIAJKQI3RT...

galaxy_keypair

default, galaxyWeb

Launch

Edit Instance Details

Edit Advanced Details
Edit Key Pair

Edit Firewall




3. Configure Your Cluster

ec2-50-16-1-149.compute-1.amazonaws.com/cle

- Galaxy Cloudman Info: report bugs | wiki | screencast

Galaxy Clor

Welcome to Galaxi Initial Cluster Configuration rovided
within. If this is ya le data
store is configured | as
‘worker' nodes on |

Termlnail

Status

Cluster name
1000

Disk status:
Show more startup options

Worker statu!

Service statu| Start Cluster

External Logs




®O o Galaxy Cloud
[ - | ] | + ’ﬁ http://ec2—174—129—103—83.compute—l.amazonaws.com/cloud

Info: report bugs | wiki | screencasts

Galaxy Cloudman Console

Welcome to Galaxy Cloudman. This application will allow you to manage this cloud and the services provided within. If
this is your first time running this cluster, you will need to select an initial data volume size. Once the data store is
configured, default services will start and you will be add and remove additional services as well as 'worker' nodes on
which jobs are run.

Terminate cluster Add nodes v

Status

Cluster name: ttt Pending
Disk status: 0/0(0%) % Starting
Worker status: Idle: 0 Available: 0 Requested: 0 Ready
Service status: Applications ® Data @ @ error




<_http://ec2-75-101-213-19.compute-1l.amazonaws.com/

Analyze Data  Workflow  Data Libraries Help  User

Tools History Options
Get Data
Text Manipulation

e s S Welcome to Galaxy on the Cloud O e Ok e

: Jata' on the left par t:
Join, Subtract and Group Data’ on the left pane to start

Operate on Genomic Intervals

Graph/Display Data

NGS: QC and manipulation
NGS: Mapping
NGS: SAM Tools




Galaxy
1.amazona

Galaxy Cloud Galaxy

=~ Galaxy Analyze Data  Workflow  Data Libraries  Help  User

Tools . s History Options
Saved Histories

Get Data

Text Manipulation search

Filter and Sort

Join, Subtract and Group - -

Operate on Genomic Intervals Datasets (by state) Tags Sharing g'e;uea Las! Galaxy Cloud

Graph/Display Data

Statist o

Info: report bugs | wiki | screencasts  GC Home
NGS: QC and manipulation

NGS: Mapping
NGS: SAM Tools

Workflows

threshold from P

£3 Terminate Galaxy

+| Add more instances Remove idle instances

Status

Cluster name: mes-g ster-9M 1 . . . .

Cluster status:

Instance status: Idle: 0 Available: 4

Access Galaxy

Display a meny

Can use like any other Galaxy instance, with
additional compute nodes acquired and release
automatically) in response to usage



Overview

What is Galaxy?

What you can do in Galaxy
+ analysis interface, tools and datasources
+ data libraries
+ workflows
+ visualization
+ sharing
+ Pages

Where you can use and build Galaxy
+ public website
+ local instance
+ onthe Cloud
+ tool shed/contributing tools



The Problem

You have written a Perl 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




Cluster

Cluster intervals of: | §: UCSC Main on Human: knownGene |

max distance between |1

int Is: f
intervals (bp)

o

| 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

min number of
intervals per cluster:

Return type:

Screencasts!

See Galaxy Interval Operation Screencasts (right click to open this link in
another window).

Syntax

+ 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
minimum number of intervals to be considered a cluster. Any area with
less than this minimum will not be included in the ouput.

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.

Guery

Find cClusters

Marge Clusters

_| cluster.xml

cluster 1* name="Cluster"=
_ [[Cluster]] the intervals of a query=/
ind interpreter="python2.4"=

gops_cluster.py $inputl $output -1 $inputl_chromCol, $inputl_startC

-d $distance -m $minregions -o $returntype

at="interval® nanm
luster intervals of
="distance" size="5" type

distance between intér‘uals--._. lab

="minregions® size="5" type="inte
number of intervals per cluster=/l
returntype® type="sel * label="Return type®=
Merge clusters into single intervals )
Find cluster intervals; preserve comments and
Find cluster intervals; output grouped by clus
Find the smallest interval in each cluster=/op
=Find the largest interval in each cluster=

class:: infomark

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

**Screencasts | #*

See Galaxy Interval Operation Screencasts_ (right click to open this 1

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

**ECyntax**

*#Maximum distance** is greatest distance in base pairs allowed bet
*¥Minimum intervals per cluster** allow a threshold to be set on the
**Marge clusters into single intervals*#* putputs intervals that span iy
**Find cluster intervals; preserve comments and order** filters out

[ Ll L] L] L] LS L] * % i Ll

Line:

87 Column: ¥ | Soft Tabs: 2




Adding your Own Display Application

Define An XML configuration which describes how
and where to present the data to the External Web
Application

+ Static
+ Dynamic - display options can be loaded from a file

Inform Galaxy about the new display by adding to
the appropriate datatype in datatypes_conf.xml

https://bitbucket.orqg/qgalaxy/qgalaxy-central/wiki/ExternalDisplayApplications/Tutorial
e —




Static External Display Application

display 1id= name=
Link 1d= -
<url=http://gcenome. cu/cgi-bin/heTracks?cdb=%{qgp! ' vamp;hgt.customText=s{qgp(sStrack.url)}</url=
<param ty r url= >
param type= r = url= et = strip_htips=
param type= viewable= strip_https=
track type=bam name="${bam_file.name}" bigDataUrl=${bam_file.url} db=${bam_file.dbkey}
param
Link
display=>

catatype extension=
mimetype=
display file=
datatype

2: SAM-t0-BAM on data 1
660.5 Mb, format: bam
mm9

Info

| display at UCSC main




BAM at UCSC

Home Genomes Blat Tables GeneSorter PCR DNA Convert Ensembl Session Help
UCSC Genome Browser on Mouse July 2007 (NCBI37/mm9) Asscmblv

move | <<« < « . > > > »>> Z200M 1IN 1.5x 3x 10x base | ZOOmM OUl | 1.5x Ix 10x

position/search

= HEahs qb1 [ 12a85

Mapped by Chasned

mi B
HaEiraam
e

MP1e NUCTISOT e FOoIumorpn s

I | x
AT 1 1 Clenenry Repeati o
| | 1| I J
move start Click on a feature for details. Click or drag in the base position track to zoom in. move end
Click gray/blue bars on left for track options and descriptions
vide all manage custom tracks configure everse refresh
Use drop-down controls below and press refresh to alter tracks displayed.
Tracks with lots of items will automatically be displayed in more compact modes.




Dynamic External Display Application

_Llinks from_file=

<dynamic_param name= va lue=
<dynamic_param name= value=
dynamic_param name= value= split= separator=

ite_id in SAPP.config.ucsc_display_sites}</filter
dataset.dbkey in $builds}</filter=

url>¢${ucsc_Llink}db=¢{gp(sbam_file.dbkey) }&amp;hat.customText=8{qp(s$track.url)}</url

param types=

url strip_https=

nam
param type= name= url= metadata= strip_https=

param type= name= viewable= strip_https=

track type=bam name="${bam_file.namel}" bigDatalUrl=${bam_file.url} db=%{bam_file.cbkey}

params=

dynamic_Llinks>
display

#Harvested from http://genome.ucsc.edu/cgli-bin/das/dsn

maln http://genome.ucsc.edu/cgli-bin/hgoTracks? anoCarl,ceb,ced,cez,rn3, |
#Harvested from http://archaea.ucsc.edu/cgi~-bin/das/asn

archaea http://archaea.ucsc.edu/cgi-bin/haTracks? therSibil,symbTher_IAM148
f#Harvested from http://main.genome-browser.bx.psu.ecu/cgi~-bin/das/dsn

bx-main http://main.genome-browser.bx.psu.edu/coi-bin/hgTracks? oviAril,eriEu

2: SAM-to-BAMondatal ® (J

660.5 Mb, format: bam, database
mm9
Info:

| display at UCSC main bx-main




You added a tool, now what?

Share it with the community!

Galaxy Tool Shed

+ Upload and Download contributed tools
+ Rate and provide comments and feedback



Galaxies on Galaxies on
private clouds public clouds

{ http://usegalaxy .org }(_)

vV

| M/{f1 \[ |
1 2 3 00

V
private Galaxy installations

Spays |00] 1eAud



Get and Contribute Tools

~_ Galaxy Tool Shed / (beta)

Community

Tools
= Browse by category

= Browse all tools

= Login to upload

Categories

search

Name +

Convert Formats

Data Source

Fasta Manipulation

Next Gen Mappers

Ontology Manipulation

Tools Help User

Advanced Search

SAM

Seguence Analysis

SNP Analysis
Statistics

Text Manipulation

Visualization

Description

Tools for converting data formats

Tools for retrieving data from external data sources

Tools for manipulating fasta data

Tools for the analysis and handling of Next Gen sequencing data
Tools for manipulating ontologies

Tools for manipulating alignments in the SAM format

Tools for performing Protein and DNA/RNA analysis

Tools for single nucleotide polymorphism data such as WCA
Tools for generating statistics

Tools for manipulating data

Tools for visualizing data

http://usegalaxy.org/community

Tools



Some future challenges

e Capturing and automatically deploying tool
dependencies, automatic tool acquisition in Galaxy
instances

e Better interfaces for highly parallel analysis (e.qg.
running the same workflow across 192 individuals)

e Various workflow engine improvements, partial data
streaming, combined experimental/computational
workflows



Try it now: Develop and deploy:
http://usegalaxy.org http://getgalaxy.org

http://galaxyproject.org

Come do cool stuff, contact us at:

http://wiki.g2.bx.psu.edu/News/Galaxy is Hiring

Opportunities for collaboration, positions for
postdocs, researchers, software engineers
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