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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

+ on the Cloud

+ tool shed/contributing tools

Galaxy 101 Exercise



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



Session Overview

What is Galaxy?

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

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

Galaxy 101 Exercise



Galaxy Analysis Workspace

Galaxy

Workflow  Shared Data  Visualization  Help  User

Options » r‘ History Options

Map with Bowtie for lllumina

Tools

Ge1 Rata

send Data
ENCODE Tools
Uft-Over

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

- |

Use a bulit~in index -

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

Select a reference genome

Filter and Sort

Join, Subtract and Group
Extract Featyres

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
NGCS: Mapping

NGS: SAM Tools

NGS: Indel Analysis

NG5: Peak Calling

SNP/WGA: Data, Filters
2NP/WCA: QC: LD; Piots

Workflows

mm9

Is this library mate-paired?;

Pared-end gl

Forward FASTQ file:
L: E18 PE 1 Reads

Reverse FASTQ file
1: ELB 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 (
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Bowtie settings 10 use:
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Filter and Sort

= Filter data on any column using
simple expressions

Sort data in ascending or
descending order

Xy Analysis Workspace

= Select lines that match an Galaxy
expression

Analyze Data Workflow  Shared Data  Visuallzation Help  User

f‘ History Options
» with Bowtie for IHlumina

Extract features from GFF file

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

e a bullt=in Index o1

Filter GFF file by attribute using
simple expressions

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

< ' —
m9 Genes

Mt a reference genome

Filter GFF file by feature count
using simple expressions

Extract Featyres
Fetch Sequences

his library mate-paired?: 14: UCSC mm9 RefSeq Genes & 7 &2

racred-end | ) 2
. 13: Variants from sample @® %5

E18 where consensus base different
than ref. base

Forward FASTQ file:

Fetch Alignments
Get Genomic Scores

Operate on Genomic Intervals

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

NGS:. QC and manipulation
NGCS: Mapping

NGS: SAM Tools

NGS: Indel Analysis

NG5: Peak Calling

SNP/WGA: Data, Filters
2NP/WCA: QC: LD; Piots

Workflows

L: E18 PE 1 Reads

Reverse FASTQ file
1: ELB 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 M)

R (for llumina) o

Bowtie settings 10 use:

Commonly used v

Suppress the header in the output SAM file:
v

Execute

What it does

Bowtie 15 a short read aligner (
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Trimmed

5: E18 PE1 Reads Croomed, @
Trimmed

{ E18 PE2 Reads Groomed
3.EI8 PE]1 Reads Groomed
2. E18 PEZ2 Reads

+E18 PE] Reads




Filter and Sort

= Filter data on any column using
simple expressions

Sort data in ascending or A I
descending order 4 y n a y
G

Select lines that match an

sis Workspace

alaxy

Analyze Data Workflow Shared Data Visualization Help User

‘ Options ~
itie for Humina

t a reference genome from your history or use a built-in index?:
index .
ence genome 15: Variants from sample N/ S

Genes

mate - paired?: 14; UCSC mm9 RefSeq Genes @ 7 &2

13: Variants from sample @ %

Q file: | E18 where consensus base different
than ref. base

10: Variants from sample @
E18

| 9: Generate pileup on daa 8 @

Sert size for valid paired -end alignments (-X): B SAM-10-BAM ondata7 @ ¢

7: Map with Bowtie for a
/downstream mate orientation for valid paired -end alignment against the | llumina on data 6 and data 5
ence strand (=~fr/=~rf/~~ff):

€ E18 PE2 Reads Groomed, @®
_' 5:E18 PE1 Reads Groomed,
Trimmed
header in the output SAM file: +£18 PE.2 Reads. Groomed
| 3; E18 PE.1 Reads Groomed
2. E18 PEZ2 Reads

LE18 PE] Reads

‘ 1 14 developed by Ben
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nt alignment of short DNA sequences to the human genome, Cenome Biology 10.R25




Filter and Sort

= Filter data on any column using
simple expressions

e M Y Analysis Workspace

Select lines that match an Galaxy

Analyze Data  Workflow Shared Data  Visualization Help User

History Options ~
itie for Humina
t a reference genome from your history or use a built-in index?:

In index ol

pRTE Senome 15 vVariants from sample @ (X
; E18, consensus different. in RefSeq
Genes

iy mate-paired?:

13: Variants from sample
El8 where consensus base different
than ref. base

10: Variants from sample @®
El18

9 Cenerate pileup on data 8§ @ |

for valid paired -end alignments (-X): B SAM-10-BAM ondata7 @ ¢
7: Map with Bowtie for a

Stream mate orlentation for valid paired -end alignment against the fliumina on data 6 and data 5
and (==fr/=~rf/~~ff)

6: E18 PE2 Reads Groomed, @ [
Trimmed

5. E18 PE.1 Reads Croomed,
Trimmed

in the output SAM file: +E18 PE2 Reads Groomed
3.EI8 PE]1 Reads Groomed
2. E18 PE2 Reads

LE18 PE] Reads
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Filter and Sort
= Filter data on any column using
simple expressions

Sort data in ascending
descending order

Select lines that maltc

Options ~

CSC mm9 RefSeq Cenes @ ¢
Wariants from sample @
‘here consensyus base diff

Wariants from sample @ ¢

nerate pileupon data 8 a ¢ 3
M-10-BAM on data 7 @ |
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Filter and Sort

= Filter data on any column using
simple expressions

Sort data in ascending

: Options «
descending order

Select lines that matc

15: Intersect to get Variants @& {J %
from sample E18, consensus different,
in RefSeq Genes

| 14: UCSC mm9 RefSeq Genes @ ) $2

13: Filter to get Variants from & {J 3¢

sample E18 where consensus base
different than ref. base

10: Filter pileup to get @ (] X
Variants from sample E18

9: Generate pileupondata8 & {J X

8: SAM-to-BAM on data 7 @ (] %

7: Map with Bowtie for @ (] %
Illumina on data 6 and data S

6: E18 PE.2 Reads Groomed, ® {J &
Trimmed

| 5: E18 PE.1 Reads Groomed, ® { %
Trimmed
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Filter and Sort
= Filter data on any col
simple expressions

Sort data in ascendin
descending order

Select lines that matg

Options «

ect to get Variants @& {J %
nle E18, consensus different
Genes

mm9 RefSeq Genes @& {J %
to get Variants from @ {J 3¢
18 where consensus base

than ref. base

pileup to get @ (] %
rom sample E18

te pileupondata8 @ ({J %

p~BAM on data 7 @ (] X

ith Bowtie for @ (] X

pn data 6 and data S

6: E18 PE.2 Reads Groomed, ® {J &

Trimmed

S: E18 PE.1 Reads Groomed, @® { 3%

Trimmed




User Metadata
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Datasources

Upload file from your computer
+ FTP support for large datasets

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-seq

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



NGS: QC and manipulation

FASTQ Croomer convert
between various FASTQ quality
formats

FASTQ splitter on joined paired
end reads

FASTQ joiner on paired end
reads

FASTQ Summary Statistics by
column

Build base quality distribution

Select high quality segments

Combine FASTA and QUAL into
FASTQ

Convert SOLID output to fastq

Compute quality statistics for
SOLID data

Draw quality score boxplot for
SOLID data

Filter FASTQ reads by quality
score and length

FASTQ Trimmer by column

FASTQ Quality Trimmer by
sliding window

Metagenomic analyses

Human Genome Variation
EMBOSS

NGS: QC and manipulation
NGS: Mapping

Map with Bowtie for lllumina

Map with BWA for lllumina

Lastz map short reads against
reference sequence

Megablast compare short reads
against htgs, nt, and wgs
databases

Parse blast XML output

Map with Bowtie for SOLID

NGS: SAM Tools
NGS: Indel Analysis
NGS: Peak Calling
NGS: RNA Analysis

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

Workflows

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

Filter SAM on bitwise flag
values

Convert SAM to interval

SAM-to-BAM converts SAM
format to BAM format

BAM-to-SAM converts BAM
format to SAM format

Merge BAM Files merges BAM
files together

Generate pileup from BAM
dataset

Filter pileup on coverage and
SNPs

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

flagstat provides simple stats
on BAM files

NGS: Indel Analysis

NGS: Peak Calling

NGS: RNA Analysis

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

Workflows

NGS: SAM Tools

NGS: Indel Analysis

= Filter Indels for SAM

= Extract indels from SAM

= |ndel Analysis

NGS: Peak Calling

= MACS Model-based Analysis of
ChiP-Seq

CeneTrack indexer on a BED
file

Peak predictor on GeneTrack
index

NGS: RNA Analysis

Tophat Find splice junctions
using RNA-seq data

Cufflinks transcript assembly
and FPKM (RPKM) estimates for
RNA-Seq data

Cuffcompare compare
assembled transcripts to a
reference annotation and track
Cuffiinks transcripts across
multiple experiments

Cuffdiff find significant changes
in transcript expression,
splicing, and promoter use

Filter Combined Transcripts
using tracking file




VCF Tools

m [ntersect Generate the
intersection of two VCF files = Fastgc: Fastgc QC using FastQC
from Babraham
Annotate a VCF file (dbSNP,
napmap)
Filter a VCF file NGS: GATK Tools
Extract reads from a specified

region Realigner Target Creator for use
in local realignment

NGS: Picard (beta) Indel Realigner - perform local
realignment

BAM Index Statistics

Sam/bam Alignment Summary Count Covariates on BAM flies

Metrics Table Recalibration on BAM files

Sam/bam CC Bias Metrics

Analyze Covariates - perform
local realignment

Estimate Library Complexity

Insertion size metrics for

PAIRED data Unified Genotyper SNP and indel

Sam/bam Hybrid Selection caller

Metrics For (eg exome) targeted
data

Add or Replace Groups
Reorder SAM
Replace Sam Header

Paired Read Mate Fixer for
paired data

Mark Duplicate reads




Overview

What is Galaxy?

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

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

Galaxy 101 Exercise



-- (11 ”
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 File Size

| All SNPs in personal genomes V

| Alu insertions in KB1 V¥

| Alu nsunpiisny NBr ¥

| KB1 microsatellites.txt ¥

| NB1 microsatelltes.txt ¥

| amino acid differences ‘w.th functional predictions ¥V

indels in ABT ¥
indels in KB1 V

indels in MDb ¢

| indels 'n NB1 ¥
] indels inTK1 ¥
nove SNPs in ART ¥

| novel SNPsinKB1 ¥

| novel SNPs i1 P[5 '¥

| novel SNPs i1 NB1 &'

novel SNPs inTK1 V¥

sequenced exon-containing intervals V

For selected items: | Import into your current history

Summary table of SNPs in all individuals

Go

http://usegalaxy.org/bushman

Uploaded By Date

qreg@bx.psu.
areg@bx.psu.
qreg@bx.psu.
qreg@bx.psu.
qreg@bx.psu.
qreg@bx.psu.
qreg@bx.psu.
qreg@bx.psu.
qreg@bx.psu.
qreg@bx.psu.
areg@ox.)) U
qreg@bx.psu.
qreg@bx.psu.
qreg@bx.psu.
qreg@bx.psu.
qreg@bx.psu.
qreg@bx.psu.

qreg@bx.psu.

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

20 10-9.2--0H

2010-02-03

2010-02-09

2010-02-09

2010-02-09

2010-02-09

2010-02-09

2010-02-03

676.8 Mb

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

S50y Kb

123.2 Kb

9.4 Mb

16.9 Mb

594.1 Kb

4.1 Mb

722.6 Kb

3.1 Mb



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

Managing Libraries

Loading Data

+ Upload asingle 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



Overview

What is Galaxy?

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

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

Galaxy 101 Exercise



Galaxy Workflows

Calaxy

| < ' ‘ | & |89 http://main.g2.bx.psu.edu/

~. Galaxy

Tools Options

search tools

Get Data

Send Data

ENCODE Tools

Lift-Over

Text Manipulation
Convert Formats

FASTA manipulation
Fliter and Sort

Join, Subtract and Croup
Extract Features

Feich Sequences

Fewch Allgnments

Get Genomic Scores
Operate on Genomic Intervals
Statistics

Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis

olution

Metagenomic analyses
BOSS

NGS: QC and maniputation
NGS: Mapping

NGS: SAM Tools

NGS: Indel Analysis

NGS: Peak Calling

SNP/WCA: Data; Filters

e
SNP/WGA: QC LD Plots

Workflows

Analyze Data  Workflow  Shared Data  Visualization  Help

egadyte

22

S shown below

Saved Histories

Histories Shared with Me

Create New

Clone

Share or Publish
Extract Workflow
Dataset Security

Show Deleted Datasets
Show Hidden Datasets
Show structure

Delete

G K

2: Generate pileup on

8: SAM-to-BAM on data @ (

N a0
® UV =B
ata S

73,928 lines, fo it. sam,
bDase: mmY




Galaxy Workflows

8 M N Tool History items created

Ll ikl © htp:/maind [0 Erre 1: E18 PE.1 Reads

W Treat as input dataset
Tools
search tools Upload F“e 2: E18 PE.Z ReadS

Get Data

Send Data

ENCODE Tools

Lift-Over

Text Manipulation FASTQ Groomer
Convert Formats

FASTA manipulation
Fliter and Sort

Join, Subtract and Croup
Extract Features FASTQ Groomer

Feich Sequences 4: E18 PE.2 Reads Groomed
™ Include "FASTQ Groomer" in workflow

™ Treat as input dataset

3: E18 PE.1 Reads Groomed
™ Include "FASTQ Groomer" in workflow

Feich Allgnments
Get Cenomic Scores
Operate on Genomic Intervals

aatistics FASTQ Trimmer S: E18 PE.1 Reads Groomed

™ Include "FASTQ Trimmer” in workflow Trimmed
Multiple regression
Multivariate Analysis
Evolution ’
FASTR Trmme 6: E18 PE.2 Reads Groomed,

Mctagenomic analyses
EMBOSS ™ Include "FASTQ Trimmer” in workflow Trimmed

NGS: QC and maniputation - > =
NGS: Mapping Map with Bowtie for Illlumina
NGSLSAM Tools
NGS: Indel Analysis ) A
NGS: Peak Calling in workflow

7: Map with Bowtie for lllumina on
™ Include "Map with Bowtie for lllumina" data 6 and data §

SNP/WCA: Data: Fllters SAM-to-BAM

SNP/WGA: QC: LD: Plots 8: SAM-to-BAM on data 7
SNP/WGA: Statistical Models I_V_‘Include "SAM -to-BAM" in workflow

_Workflows

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

Saved Histories

Histories Shared with Me

Create New

Clone

Share or Publish
Extract Workflow
Dataset Security

Show Deleted Datasets
Show Hidden Datasets
Show structure

Delete

144535084 14465085 T 7 117
\ -

erate pileupon @ J 2

1<to-BAM on data @ (7 &

Lwith Bowtle for @ { 3%
na on data 6 and data 5

928 lines, format: sam,
e mm9

equence file aligned




Lift-Oy
Text M:
Conver
FASTA |
Fliter 3
loin, Sy
Extract
Feich 5
Fetch A
Get Ger
Operaty
Statisth
Graph/
Region
Multiph
Multiva
Evolutl
Mctage
EMBOS!

(g
NGS: Ot
NGS: M
NGS: 52
NGS: Ini
NGS: Pe

SNP/W(
SNP /WL
SNP /W(

_Workfl

Galaxy Workflows

History items created

Calaxy

Analyze Data  Workflow  Shared Data  Visualization  Help  User

Workflow Canvas | SNP variant detection from paired -end reads

Input dataset

ouTput

FASTQ Groomer

File 1o groom

output file

fastgsanger fastacssanger fastgsolexa fastqillumina)

Map with Bowtie for lllumina 22
FASTQ Trimmer =

Forward FASTQ file
FASTQ File

Reverse FASTQ file

output file
DURPULT™ output (sam)

SAM -10-BAM =
SAM File to Convert
Input dataset
output

Generate pileup

FASTQ Groomer =

c

File to groom fiie for
output_file outputl (tabuiar
(fastqsanger fastqessanger fastqsolexa fasigiliumina)

FASTQ Trimmer =

FASTQ File

[ Inciude "Generate pileup” in workflow

Options -

Filter pileup
Select dataset

out filel

(tabular,interval)




Galaxy Workflows

History items created

‘ | ] . _n 4
L_L_ ANA Calaxy

| < || & | # http://main.g2.bx.psu.edu/workflow/editorid=abd94f12f42c1af8

Analyze Data  Workflow  Shared Data  Visualization
Tool: SAM-to-BAM

Workflow Canvas | SNP variant detection from paired -end reads
Choose the source for the reference list

Input dataset b Locally cached 4]

ouTout
Lift-Oy SAM File to Convert
3_-‘311—"45 Data input 'inputl’ (sam)
Conver! FASTQ Groomer
FASTA

‘”‘e”i e 10 groom
loin. 3y output_file

Extract fastgsanger fastacssanger, fastgsolexa fastqillumina)
Feich 5 — - 5
Eerch A Map with Bowtie for lllumina £2 outputl /3 | Create |
Get Ger FASTQ Trimmer 22 N —— e O
Operat
Statisth

Edit Step Actions

Assign Columns _3]

Forward FASTQ file P Ty - . e e
FASTQ Fil Add actions to this step; actions are
AT e o > 2 o y 4 s . p

> Reverse FASTQ flle applied when this workflow step

output_file romnbletac
output (sam) compiletes

SAM -10 - BAM
Edit Step Attributes

SAM File to Convert

Input dataset ; sutl (bam) Annotation / Notes:

output Convert Bowtie SAM output to BAM
cener | fOormat so that pileup can be run.

FASTQ Groomer 22 select
generz | Add an annotation or notes to this step;
e o groom fiie foi SO PP T OO ST X & P b = .
. annotations are available when a workflow

output_file output | is viewed.
(fastqsanger. fastqessanger fastqsolexa fasiqiliumina)

FASTQ Trimmer

FASTQ File

W Include "Generate pileup” in workflow




Galaxy Workflows

8 M o History items created

| o, T )
-
L—_l_ AaNnNO Calavv

Bl L2 Lk O nap//manszbxpsy | Eoie Workflow Attributes

Tool :—.
ools Galaxy Tool: SAM-to-BAM

Name:
search  workflow Canvas | SNP variant detec A : ) P
Get Dat SNP identification within annotated genes Choose the source for the reference list

Send O Input dataset 2 from NGS PE Data Locally cached e
ENCOD LIRS

Lift-Ov Tags: SAM File to Convert
Text M; Data input 'inputl’ (sam)
Conver! FASTQ Groomer Shp ngs
FASTA

Filter & e 0 Saom

loin. Sy output file - Ty 1ake e D T T bl
fastgsanger faste | APPIY [dgS 10 mMake Il edsSy [« arch for and . =
Extract Istqsanger.ia , Assign Columns $

Edit Step Actions

-

’

fetch.3 find items with the same tag 38 (craate)
.
Fetch A outputl % | Create |

Get Get Annotation / Notes:

Operat Add actions to this step; actions are

Statistis Identify variants in annotated applied when this workflow step
. completes,
genes from NGS paired-end

data. Edit Step Attributes

Annotation / Notes:

Convert Bowtie SAM ouiput to BAM
format so that pileup can be run.

Input dataset T

Add an annotation or notes 10 a workflow

output e lARE 5 T 2 WL SRSl G TAT T g .
annotations are available when a workflow is

FASTQ Groomer
enerd | Add an annotation or notes to this step:
File to groom file fo1 ST PIL P s PRI P R )=
: annotations are available when a workflow
output_file output S viewed.
(fastqsanger. fastqessanger fastqsolexa fasiqiliumina)

FASTQ Trimmer =
FASTQ File

' f

outp file

™ Include "Generate pileup” in worktflow |




Input dataset

= .
SUtpUt Tophat :
RNA - Sca FASTQ f
. ANA-Saq FASTQ f o d
Input dataset X s N SR P Cuffiinks p -
outpu! Jgncions (DegQ CAM o !\ AM e ofa ed RNA
accepted hits (ham Seq read

Reference Annotatio Cuffdiry

es expression (tabular) Cuffcompare s

( Pt
IrANSCrPIS expvession (tabular) CTF File produced by SAM or BAM lile of aligned RNA
Cufflinks C2q ds
3 L wllow oform A |
CTF File produced by SAM or BAM file of aligned RNA
_‘1“ Inks »eq reacs
Input dataset & Seasdme duiminrnpemns
glerence A 0 1 ~form oX oy
Dutput o
100".’!: ANSCHDIS 2CCuracy ¥ 1eNE X bula
RNA~Sea FASTQ file sutl nao abu'a 1TOUDS XD (taby
Input dataset 3 RNA -Seq FASTQ f outl nep (tabula ¢d xp fpkm_tracking (tabula
yutput unctions (bed s nput2 tmap (tabulas) soforms _fokm tracking (tabalar)
e " ' Cufflinks T -y oot Sl
- ' = nout? refmap (tabular) aenes fokm tra - (*ab )
acce [ an SAM or BAM file of : smed RNA S L L NAE 400 d g« c% wl ¢ *CXINng 40U
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Example: Workflow for differential expression analysis of RNA-seq using Tophat/
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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
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format: bam, database: mm9
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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




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



SNo Galaxy | Published Visualization | GCC2011-1. Viewing and Navigating

i < l | ' + f-__ht(ow' /main.g2.bx.psu.edu/u/jeremy/v/gcc2011-1-viewing-and-navigating

Analyze Data  Workflow  Shared Data  Visualization  Help

Published Visualizations | jeremy | GCC2011-1: Viewing and | carl9
N |

Display a menu




SNo Galaxy | Published Visualization | GCC2011-1. Viewing and Navigating

i < l | ' + f-__ht(ow' /main.g2.bx.psu.edu/u/jeremy/v/gcc2011-1-viewing-and-navigating

Shared Data  Visuzlization Help
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Calaxy | Published Visualization | CCC2011-1. Viewing and Navigating
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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
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Integrating Tools and Visualization

:: Galaxy Analyze Data  Workflow  Shared Data  Visualization = Admin  Help  User
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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

45



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/igoecks/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




Galaxy | Published History | Variant Analysis for Sample E18

L4 8 nttp:/ /main.g2 . bx.psu.edu/u/jgoecks/h/variant-analysis-for-sample-¢ 18
Analyze Data  Workflow Shared Data Visualization Help

Published Histories | jgoecks | Variant Analysis for Sample E18 About this History

Galaxy History ' Variant Analysis for Sample E18’ O Import history

Author
Annotation: Perform a pileup analysis with default parameters 1o (dentify variants in sample E18

jgoecks
Dataset Annotation

' . Related Histories
L ELB PE] Reads Forward reads from sample E18

All published histories
2. E1B PE2 Reads Reverse reads from sample E18 Published histories by |goecks

Rating
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S
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;
10 Solexa 1.3 Yours
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Community

6 E1B PE.2 Reads Groomed, Trimmed Trim reads from 3° to remove low-quality nts.

snp piseup DOWL e demo

7: Map with Bowtie for lllumina on data 6 and data S Map paired-end reads with default parameters

8 SAM-to-BAM on data 7 Need to convert Bowtie SAM 1o BAM so that plleup

pieup
performed v

analysis can be

sampeels
9 Cenerate plleup on data 8 Pileup analysis with default parameters

10; Filter plieup to get Variants from sample €18 Find variants with coverage >= 30

13: Filter 1o get Variants from sampie E18 where consensus base Filter plieup 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 fr amp : Lo sus dif nt, | Variants with consensus different that occur in RefSeq
RefSeq Genes genes




Analyre Data  Workflow  Shared Data  Visualization

Published Workflows | jgoecks | SNP variant detection from paired-end reads About this Workflow

Step &: FASTQ Trimmer 3 0 remove o 21ty

Author
FASTQ File

goecks
Custput dataset ‘output f from step 4 )

) -
Define Base Offsets as Related Workflows

Absolute Values
Absolute Value Al publishec workBows

Offset from 5' end

|

Offset from 3' end

0
Yy

Keep reads with zero length

Fales
'\'l’.

Step 7: Map with Bowtie for Hllumina

Will you select a reference genome from your history or use a bullt~in index?
Use a2 DUt ~in Index

Select a reference genome

salaxy/data/apiMel3 /bowtie_index/apiMels

Is this Library mate - paired?
Paired-end

Forward FASTQ file

Output dataset ‘output !

Reverse FASTQ file

Output dataset ‘output_file” from step 5

Maximum insert size for valid paired-end alignments {(~X)

1000

The upstream/downstream mate orientation for valid paired-end alignment against
the forward referance strand (= «frj««rl/~«H)

R
Bowtie settings to use
Commonly used

Suppress the header In the output SAM file

True

Convert Bowtie SAM output to 3AM form

can be run

Step 8: SAM ~to~BAM

Choose the source for the reference list

Locally cached




Calaxy | Published Histories

Workflow  Shared Data  Visualization Help

Published Histories
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galaxy
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Datasers correspond 10 our pgaper published in Science by
Peieg et al. entitled : Altered histone acetylation is
associated with age-dependent memory Impalrment
Experiment [ayout: This history comains 4 datasets In the
form of BED files of uniguely mapped reads produced after
chip-seq for histone modifications H4X12ac and H3K9ac in
mouse hippocampus of 3 months (young) and 16 months
old) mice after fear conditioning. For detailed information
please refer to supplementary materials and methods of the

respective work by peleg et al
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Sharing Trackster Visualizations

“A picture is worth a 1000 words.”

A fully-interactive visualization is worth many
more words
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Galaxy Pages

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



Galaxy Pages

Calaxy | Published Page | Variant Analysis for sample E18

L A 8 hetpl/ /main.g2 . bx.psu.edu/u/igoecks /p/variant-analysis-for-sample-e18
Workflow  Shared Data  Visualization  Help  User

Published Pages | jgoecks | Variant Analysis for sample EI8 About this Page

. . . . . Author
Variant Analysis of Embryonic Mouse Brain Tissue
J\]!'H‘f Ks
Jeremy Goecks, Anton Nekrutenko, James Taylor, and The Galaxy Team
Related Pages
Results AN mibibich
All published
3 L Published ps
O gemonstrate how Calaxy can support accessible, reprogucidie, and transparent NCS re-sequencing studies, we performed a simple variant

an

alyses periment. This experiment identifies variants from a set of 4,536,964 RNA~seq reads obtained from sequencing a sample of mm9 brain
tissue from day 18 of embryonik development

Rating

- >
/

The 3 g . > Communin
he initial analysis produced support for 27, ‘ v

42 possible variants. Of these possibie variants, there are 5,625 where (a) the consensys base--as D sakdens
’ N ',l.

determined by the MAQ model-~differs from the reference base and (b) read coverage at the base s greater. OF these potential variants,

wwn RefSeqg Genes, These potential vanants are

Galaxy Dataset | Intersect 1o get Variants from sample E18, consensus different, in RefSeq Genes el &9 (% Tags
Variants with consensus different that occur in RefSeq genes.

Community

Method b hcie

In the first step of this analysis, the reads were groomed to vert their quality scores from Solexa 1.0 to Solexa 1.3/Fastqsanger, Next, the reads
from 36Dp to 27bp 0 exclude base pairs with low guality scores, see (1) for this step’s rationale and parameter cholces, After

grooming and trimming, the reads were mapped using the short-read mapper Bowtie [2). A plleup analysis using SAMtools [3] was then performed

were trimmed

and was filtered 10 Identify variants supported by 304 reads. The compiete analysis Is contained In this history

+ Calaxy History | Variant Analysis for Sample E18
Perform a pileup analysis with default parameters to identify variants in sample EI8.

Mere 4 a2 workflow for perform ng this analysis
Galaxy Workflow | Variant identification within annotated genes from NGS PE Data

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

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, 12746 (2009

(2] Langmead, 8., C., Pop & >al g, S.L. Ultrafast and memory-efficient alignment of short DNA sequences 10 the human genome

Cenome Biol 1




Galaxy Pages

Calaxy | Published Page | Variant Analysis for sample E18

& hetp://main.g2.bx.psu.edu/u/jgoecks/p/variant-analysis-for-sample-e 18
Analyze Data  Workflow  Shared Data  Visualization  Help  User

Published Pages | jgoecks | Variant Analysis for sample E18 About this Page
The initiad analysis produced support for 27.742 possible variants, Of these possiblie varants, there are 5.625 where (a) the consensus base

determined by the MAQ model-~differs from the reference base and () read coverage at the base Is 30x or greater. Of these potential varlants,

2796 occur In known RefSeq Cenes. These potential vanants are Author

Galaxy Dataset | Intersect to get Variants from sample €18, consensus different, In RefSeq Genes o &9 (' Jgoecks
Variants with consensus different that occur In RefSeq genes
Related Pages

All published o

Method Published o

In the Nisst step of this analysis, the reads were groomed 1o convert thelr quality scores from Solexa 1.0 1o Solexa 1.3/Fasiqgsanger. Next, the reads Rating
were trimmed e 0 &/ L iude Dase '. th low quality scores, see [1] for this step’s ra and parameter choice
grooming and trimming, > e are mapped using the short-read mapper Bowtie (2], A pileup analys sing S was then performed Community

and was filtered 1o identify variants supported by 30+ reads. The complete analysis |s contained in this histon (0 ratings

Galaxy Mistory | Variant Analysis for Sample E18
Perform a plleup analysis with default parameters to identify variants in sample E18

8 SAM-t0-BAM on data 7 @ Need to convert Bowtie SAM to BAM so that plleup analysis can be
performed

9 CGenerate plieup on data 8 Plleup analysis with default parameters

10; Filter plleup 1o get Variants from <2 Find variants with coverage >= 30,
sample £18

’
13: Filter 1o get Variants from sampie Fliter pileup to find varlants where the consensus base is different than the
E18 where consensus base different than reference base.
ref. base

14 UCSC mm9 RefSeq Genes @* UCSC mmY RefSeq genes

15: Intersect to get Variants from @ Variants with consensus different that occur in RefSeq genes
sample E18, consensus different, in RefSeq
Canas

300 ) .
a worktiow for

+ Galaxy Workflow | Variant identification within annotated genes from NGS PE Data
Identify variants in annotated genes from NGS paired -end data

References




alaxy Pages

Galaxy | Dataset | Filter to get Variants from sample £18 where consensus base different than ref. base
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Workflow  Shared Data  Visualization Help User

Dataset | Filter 10 get Variants from sample E18 where consensus base different than ref. base About this Dataset

Galaxy Dataset ' Filter to get Variants from sample E18 where consensus base different than ref. base' o § | Author

Annotation: ¥ r prieup to find variants where the consensus base is different than the reference base jgoecks
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Galaxy Pages

Calaxy | Published Page | Variant Analysis for sample E18

& hitp://main.g2.bx.psu.edu/u/jgoecks/p/variant-analysis-for-sample-¢18
Analyze Data  Workflow  Shared Data  Visualization  Help  User

Published Pages | jgoecks | Variant Analysis for sample E18

The initiad analysis produced support for 27,742 possible variants, Of these possib 625 where (a) the consensus Da

>

determined by the MAQ model--differs from the reference base and (b) read coverage base Is 30x or greater. Of these
2796 occur In known RefSeq Cenes. These potential vanants are

Galaxy Dataset | Intersect to get Variants from sample €18, consensus different, In RefSeq Genes
Variants with consensus different that occur In RefSeq genes

Method

y " t Next

In the Nest step of this analysis, the reads were groomed 1o convert their quality scores from Solexa 1.0 1o Solexa 1.3/Fasiqgsanger
¢

were trimmed frc 0 270p to exclude base pairs with low quality scores. see 1] for this step’s rationale and parameter choice

Y
grooming ang trimming, > e: were mapped JSing the short-read mapper Bowtie | £ A Dileup ana ySiS using SAMtools 3] was then performed

red by 30+ reads. The compliete analysis |s contained in this history

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 10 convert Bowtie SAM to BAM s0 that plleup analysis can be
performed

9 Cenerate plleup on data 8 Plleup analysis with default parameters

10: Filter plleup 10 get Variants from < Find variants with coverage >= 30,
sample £18

’
13: Filter to get Variants from sample @& Fliter pileup to find varlants where the consensus base is different than the
E18 where consensus base different than reference base,
ref, base

14 UCSC mm9 RefSeq Genes @* UCSC mmY RefSeq genes

15: Intersect to get Variants from L 2 Variants with consensus different that occur in RefSeq genes
sample E18, consensus different, in RefSeq

Canas

Here 1s 3 worktlow for performing this analysis

Galaxy Workflow | Variant identification within annotated genes from NGS PE Data
Identify variants in annotated genes from NCS paired -end data,

References
Opea "hitp |/ fman 92, o piu ada/history /implid=e028bA5d66 1010c27 in 3 new LAD

About this Page

Author
Jgoecks
Related Pages

All published o
Published ¢

Rating
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Calaxy

| < | ' | + |89 http://main.g2.bx.psu.edu/

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

Cet Cenomic Scores

Operate on Cenomic Intervals

Graph/Display Data
Regional Variation
Multiple reqression
Multivariate Analysis
Evolution
Metagenomic analyses
EMBOSS

NGS: QC and manipulation

Analyze Data  Workflow  Shared Data

Filter pileup

Select datasen:

9. Cenerate pileup on data 8

which contains:

Pileup with ten columns (with consensus) 15

Do not consider read bases with quality lower than:

20

Do not report positions with coverage lower than

30

Only report variants?:

Yes

Convert coordinates to Intervals?
Yes o4

Print total number of differences?;

Yes &

Print quality and base string?:

Yes vod

Execute

Visualization Help

History Options

15: Variants from ® 7R

sample E18, consensus different,

in RefSeq Genes

14: UCSC mm9 RefSeq @ §
Genes

13: Variants from @ ®
sample £18 where consensus
base different than ref. base

10: Variants from @®
sampie E18

26,742 regions, format

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

1 Chrom 2. Start 3. End 436

C 0 (3= 5 7 A A 107
14243073 14243076 G G
14243079 14243080

14465082 14465083 T

9. Generate pileup on
data B

What it does
§: SAM-to-BAM on data @® (

-
i/

S one to find sequence variants and/or sites covered by a specifed number of reads

SNP/WOA: Data; Fllters ek : i .
eSS s ) with bases above a set quality threshold »o!l works on six and ten column pileup
SNP/WOA QC LD: Plots ; produced with samtools pileyp command. However, it also allows you to specify
SNP/WGA: Statistical Models lumns in the Input file manually. The tool assumes the following @® 0
lHlumina on data 6 and data 5
ality scores follow phred33 conventio

to the Phred quality plus 3

6: E18 PE.2 Reads @ U

— P—

. W pileup dataser was produced by 1k

Open "N,/ /main.g2 bx. D5y a0 /1004_runmer/reruntid=1703758" in 2 new 1ab

& SAMIO0s pileup command




Galaxy Pages

Calaxy | Published Page | Variant Analysis for sample E18

& hetpl/ /main.g2.bx.psu.edu/u/jgoecks/p/variant-analysis-for-sample-e18

Workflow Shared Data  Visualization Help User

Published Pages | jgoecks | Variant Analysis for sample EI8 About this Page

Variant Analysis of Embryonic Mouse Brain Tissue

Author
Jeremy Goecks, Anton Nekrutenko, James Taylor, and The Calaxy Team
Jjgoec Ks

Results Related Pages

To demonstrate how Calaxy <an support accessible, reproducidle, and tran Ling studies performed a simple variamt
analysis experiment. This experiment identifies variants from a set of 4,.536.9 e s obtained from sequencing a sample of mm9S bralr
tissue from day 18 of embryonic development

All published pace
Published o :

The initial analysis produced support for 27,742 possible variants. Of these possible varants, there are S.6 N (a) the consensus base--as Rating
determined by the MAQ model-~differs from the reference base and (b) read coverage at the base is 30x or greater. Of these potential variants,

\ A3 T P - . ——— L2 ot em PN “ommunin
2796 occur in known RefSeqg Genes. These potential variants are Lommunity
) r2%3Ings

Galaxy Dataser | Intersect 10 get Variants from sample E18, consensus different, in RefSeq Cenes g &2 [ Yours
Variants with consensus different that occur in RefSeq genes.
Tags

MethOd LCommunity
Yours

in the first step of this analysis, the reads were groomed to convert their quality scores from Solexa 1.0 to Solexa 1.3/Fastgsanger, Next, the reads
were trimmed from 36bp to 27bp to exclude base with low quality scores; see (1] for this step’s rationale and parameter choices. After
grooming and trimming, the reads were mapped using read mapper Bowtie [2]. A plleup analysis using SAMtools [3] was then performed
and was filtered to Identify variants supporied by 3( reads. The compiete analysis Is contained in this history

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

HMere 15 2 workflow for performing This analysis

GCalaxy Workflow | Variant Identification within annotated genes from NGS PE Data
Identify variants In annotated genes from NGS paired -end data.

References

1] Han, X, et al anscriptome of embeyonic and neonatal mous by high-throughput RNA sequencing. Proceedings of the National Academy

al. Te
of Sciences 106, 127 12746 (2009)
(2] Langmead. 8., Trapne - PO Salzberg, S.L. Ulrrafast and memory-efficient alignment of short DNA sequences 10 the human genome

Cenome Blo

e Sequence Alignment/Map format and SAMtools. Bioinfor
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Variant Analysis of Embryonic Mouse Brain Tissue

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

Results

identifies variants from a set of 4 536,964 RNA-seq reads obtained from sequencing a sample of mmS brain tissue from day

gemonstirate how Calaxy Can support accessible, reproducidle, and transparent NGS re-seguencing studies, we performed a simple variant analysis experiment. This expes

8 of embryonic development

nitial analysis produced support for 27.742 possible variants, Of these possible vanants, there are 32 the consensus base--as determined

from the reference base and (b) read coverage at the base s 30x or greater. Of these potential variants, 2796 occur | own RefSeq Cenes, These potentia

Method

In the first step of this analysis, the reads were groomed to convert thelr quality scores from Solexa 1.0 to Solexa 1.3/Fastgsanger. Nex
exciude base pairs with low quality scores; see [1] for this step’s rationale and parameter choices. After grooming and trimming
Bowlie 12]. A pileup analysis using SAMrools (3]

the reads were trimmed from 36bo to 27

: , 1he reads were mapped using the short-read mappers
was then performed and was filtered to identify variants supported by 30+ reads. The complete analysis 15 contained in this history

Here is a workflow for performing this analysis
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M. & Salzberg, S.L. Ultrafast and memory-efficient alignment of short DNA sequences 1o the human genome. Cenome Biol 10, R25
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Variant Analysis of Embryonic Mouse Brain Tissue

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

To demonstirate how Calaxy ¢an support accessible, reproducidle, and transparent NGS re-seguencing studies
dentifies variants from a set of 4 536,964 RNA-seq reads obtained from sequencing a sample of mmS brain tissue from day 18 of embryonic development

we performed a simple variant analysis experimen 115 EXpes

The Initial analysis produced support for 27.742 possible variants, Of these possible vanants, there are 5,625 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 greater. Of these potential variants, 2 b O n known RefSeqg Genes. These potential varian

Method

In the first step of this analysis, the reads were groomed to convert their quality scores from Solexa 1.0 to Solexa 1.3/Fastgsanger. Next, the reads were trimmed from 3¢
(1] for this step's rationale {

E an
Bowlie 2], A pileup analysis using SAMtools [3] was then performed and wa

]
exciuge base pairs with low quality scores, se darameter choices. Aflter grooming and tris 3, 1he reads were mapped using the sho read mapper
hy

"
s filtered to identify variants supported by 30+ reads. The complete analysis 1§

\ contauned in ! nstory
Embedded Galaxy History Variant Analysis for Sample E18’

(Do nor edit this block, Galaxy will TNI it in wiath the annotated history when it is displayed.)

Here is a workfiow for performing this analysis
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riants from a set of 4,536,964 RNA-seq reads obtained from sequencing a sampie of mm9 brain tissue from day 18 of embryonic deve

nitial 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 model --differs

D
1 the reference base and (b) read coverage at the base Is 30x or greater. Of these potential variants, 2796 occur in xnown RefSeq Cenes, These potential variants are

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

Do not edit this Dlock: Galaxy will TN it in with the annotated datasat when it is dispilayed.]

Method

In the first step of this analysis, the reads were groomed to Com th cores from Solexa 1.0 1o Solexa ;.?:'.l'.'.‘;'..;-"gr'. Next, the reads were trimmed from 36bp ¢

exciude base pawrs with low quality scores. see (1] for this step’ 0 and parameter cholces, After grooming and trimming, the rea ere ed L g the short-read

L
Bowtie [2). A pileup analysis using SAMiools [3] was then performe d Wi red Lo identify variants suppor by 30+ reads. The comp

Embedded Galaxy History Variant Plleup Analysis for Sample E18°

(Do not edit this block; Galaxy will fill it in with the annotated history when it s displayed.]
Here 15 a worklilow for performing this analysis

Embedded Galaxy Workflow "SNP identification within annotated genes from NCS PE Data'

(Do nat edit this block, Galaxy will il it in with the annotated workllow when i 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
+ datalibraries
+  workflows
+  visualization
+  sharing
+  Pages

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

Galaxy 101 Exercise



How to get into Galaxy



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
+ datalibraries
+  workflows
+  visualization
+  sharing
+  Pages

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

Galaxy 101 Exercise



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

&buudugﬁ
execution) to other hosts
Frees up the application server to serve e
requests and manage jobs

ope . e 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


https://bitbucket.org/galaxy/galaxy-central/wiki/Config/ProductionServer
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
+ datalibraries
+  workflows
+  visualization
+  sharing
+  Pages

Where you can use and build Galaxy
+  public website
+ local instance
+ on the cloud
+  tool shed/contributing tools

Galaxy 101 Exercise



Cloud Computing

network accessible compute resources that can be
rapidly acquired, configured, and released on demand

Infrastructure as a service

Compute resources provided and configured on
demand (compute nodes, storage, network)

Public commercial: Amazon Web Services, Rackspace, ...
Build your own: Eucalyptus, Nimbus, OpenStack, ...



When to use the cloud?

Limited informatics expertise or infrastructure
Extended or particular resource needs
Cannot upload data to a shared resource
Need for customization

Have oscillating data volume



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


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

2. Start an EC2 Instance

amazon
webservices

AWS Producta Oevelapery Commursty

aws.amazon.com

Amazon S3 Amazon EC2

Region: |

Instances

Spot Requests

» AMIs

» Bundle Tasks

Introduc 19 Amazon Relational Database Sel

» Volumes

Snapshots

» Elastic IPs
» Security Groups
» Key Pairs

» Load Balancers

Arcoune

Amazon
CloudFront

Amazon Elastic

MapReduce Amazon RDS

TJo start using Amazon EC2 you will want to
aunch a virtual server, known as an Amazon EC2
nstance.

Launch Instance

Current Status
Amazon EC2 (US East
Virginia)

<

Security Group(s):

AMI:

Number of Instances:
Availability Zone:
Monitoring:

Instance Type:
Instance Class:

Kernel ID:
Ramdisk ID:
User Data:

Key Pair Name:

Welcome, Enis Afgan

You are using the following Amazon
EC2 resources in the US East (Virginia)
region:

3 0O Running Instances

#» 6 EBS Volumes »

Request Instances Wizard

Kk Launch
".-\ Other Linux AMI ID ami-ed03ed84 (x86_64)

No Preference
Disabled

Large (ml.large)
On Demand

Use Default
Use Default
testGC1|AKIAJKQI3RT...

galaxy_keypair

default, galaxyWeb

Launch

Refresh

0 Elastic IPs

12 EBS Snapshots

Edit AMI

Edit Instance Details

Edit Advanced Details
Edit Key Pair

Edit Firewall




3. Configure Your Cluster

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

- Galaxy Cloudman Info: report bugs | wiki | screencast

Galaxy Clor |

Welcome toGaiaxy Initial Cluster Configuration rovided
within. If this is ya le data

store is configured | as
‘worker’ nodes on

Terminal

Status

Cluster name
1000

Disk status:
Show more startup options

Worker statu|

Service statuj Start Cluster

External Logs




Calaxy Cloud

(S 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: fttt Pending

Disk status: 0 /0 (0%) Starting

o

Worker status: Idle: 0 Available: 0 Requested: 0 Ready

Service status: Applications @ Data @ Error




101-213-19.compute-l.amazonaws.com/

Analyze Data  Workflow  Data Librarles Help  User

Options
Get Data

Welcome to Galaxy on the Cloud B By [ O e

Operate on Genomic Intervals

Graph/Display Data

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




l.amazonaws.C
calu.xy“ﬂnud
- Galaxy Analyze Data  Workfl Data Lib Help  User

Tools . N History Options
Saved Histories

Get Data

Text Manipulation search
Filter and Sort

reate | !
Datasets (by state) Tags Sharing (, eated Galaxy Cloud

Jec2 01.co e-1.amaz

AWS Manasgement Console Galaxy Cloud Galaxy

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

Workflows

from PCR

3 Terminate Galaxy

Rename Delete Undelete

+| Add more instances -| Remove idle instances

Status

Cluster name: j s-galaxy-cluster y 10 . . . .

Cluster status:

Instance status: Idle: 0 Available: 4 Requested: 4

Access Galaxy

Display a menu

Can use like any other Galaxy instance, with
additional compute nodes acquired and released

automatically) in response to usage



SO0 Calaxy Cloud

| < ] || + (5T http://ec2-184-73-135-47.compute-1.amazonaws.com/cloud/

AWS Management Console ] Galaxy Cloud

- Galaxy Cloudman

Galaxy Cloudman Console

Welcome to Galaxy Cloudman, This application allows you to manage this instance of Galaxy CloudMan. Your previous
data store has been reconnected. Once the cluster has Initiaiized, use the controls below to add and remove 'worker’
nodes for running Jobs.,

Terminate cluster Add nodes v Access Galaxy

Status

Cluster name: iz -cm-31imarch B3

Disk status: 181IM /100G (1%) (& Autoscaling is off,
. . X . Turn on?
Worker status: Idle: 0 Available: 0 Requested: 0
Service status: Applications @ Data @

External Logs: Ggalaxy Log




Calaxy Cloud

S~47.compute-1.amazonaws.com/cloud/

AWS Management Console Galaxy Cloud

-. Galaxy Cloudman

Galaxy Cloudmar fanecala

v
X

Welcome to Galaxy Cloudn loudMan, Your previous
gata store has been reconl  Currently shared instances 4 and remove 'worker’
nodes for running jobs.
Share-an-instance
Terminate clust Access Galaxy

Status

Cluster name:
Disk status:

Worker status:
Service status:

External Logs:

Display a menuy




Automation

Cloud instances include all tools available in main
Galaxy and more

Tool installation and configuration, image creation,
etc, all completely automated and extensible

Same automation approach can be used for
configuring tool dependencies for a local Galaxy

VM image with tools (not data) also available,
currently at
http://s3.amazonaws.com/usegalaxy/UseGalaxy.ova


http://s3.amazonaws.com/usegalaxy/UseGalaxy.ova
http://s3.amazonaws.com/usegalaxy/UseGalaxy.ova

Overview

What is Galaxy?

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

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

Galaxy 101 Exercise



The Problem

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



The Galaxy Solution

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

Steps:
+ Obtain and install Galaxy source code (GetGalaxy.org)
+ Write an XML file describing the inputs and outputs
and how to execute the script
+ Instruct Galaxy to load the tool



Adding your Own

Write or download a command-line executable

Determine number and kind of

+ Input and Output Datasets
+ Input Parameters

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



Tool Configuration

Tool Action - Default tool action should be adequate
(Upload tool uses custom tool action)

Tool Command

Inputs

+ Action - Used by datasource tools
+ Parameters

Outputs
Help

Tests



A Basic Tool

<outputs>
<data for:

</outputs>

Tools

Get Data

MyTools

s Compute CC content for each
sequence in a file

Send Data

Compute CC content

Source file:
1: Uploaded FASTA File

Execute tool_conf.xml

This tool computes CC content from a FASTA file.




7 cluster.xml
Cluster r—

i '-'—'"Q-C-,'_"E 'CI. I-t'-\'l- !-- I.:I.:_-._..___ul i".i_l_lf te o

i oo e ———— —— : <descripti [[Cluster]] the intervals of a querys=
Cluster intervals of: [F, qur“ Main on Human: knownGene __I 3 T o r="py thon? . 4%

max distance between [7 gops_ r_luster p*_.r slnputl Soutput -1 $inputl chromCol,$inputl_startC
i e : 5 -d $distance -m $minregions -o $returntype
2 : (bp) E . =
min number of i2
intervals per cluster: ' E -;.'.-:'::": n format="interval -'-'.-.*:--"m':u“ type="data"=>
' =Lluster intervals of=/label=

Return type: Merge clusters into single intervals

Execute i <param name="distance" size="5" type="integer"

dlstaru:e between 1r|tar'u'als flabel>

) TIP: If your query does not appe ar in the pulldown menu -> it is not in <param name="minregions® size="5" type="integer’
interval format. Use "edit attributes" to set chromosome, start, end, and 15 =label>min number of intervals per cluster=/label:
strand columns L A& i
"returntype® type="select" label="Return type"=
. value="1"=Merge clusters into single intervals</option=
Screencasts! 19 tion value="2"=Find cluster intervals; preserve comments and

_ _ _ R a option value="3"=Find cluster intervals; output grouped by clus
Galaxy Interval Operation Screencasts (right click to open this link in 51 IR, Val e

=Find the smallest interval in each cluster=/op
other window).

pe="5"=Find the largest interval in each cluster</opt

Maximum distance is greatest distance in base pairs allowed between £
intervals that will be considered "clustered". Negative values for B .. class:: infomark
distance are allowed, and are useful for clustering intervals that overlap.
Minimum intervals per cluster allow a threshold to be set on the R **TIP:** If your query does not appear in the pulldown menu -» it is n
minimum number of intervals to be considered a cluster. Any area with 38
ess than this minimum will not be included in the cuput.
Merge clusters into single intervals outputs intervals that span the 3
entire cluster. ERl **Screencasts | ¥
Find cluster intervals; preserve comments and order filters out 34
non-cluster intervals while maintaining the original ordering and ERl See Galaxy Interval Operation Screencasts (right click to open this 1
comments in the file. 36
Find cluster intervals; output grouped by clusters filters out BN .. Screencasts: http://www.bx.psu.edu/cgi-bin/trac.cgi/wiki/GopsDesc
non-cluster intervals, but outputs the cluster intervals so that they are 3R
grouped together. Comments and original ordering in the file are lost.

**Cyntax**

BLEry 43 *#Maximum distance** is greatest distance in base pairs allowed betw

W Y - **Minimum intervals per cluster** allow a threshold to be set on the
= &l - **Merge clusters into single intervals** outputs intervals that spanjy

Merge Clusters **Flnd cluster 1n1:e rva'i.s, preserve comments and order*# ‘fﬂters out

Line: BF Column: o]



Input Parameter types

Basic
e * Genome e Grouping
Integer build N

e Conditional

Float e Data column
Select e Data e Repeat
e Static e Hidden e Config Files
e Dynamic e Base URL
Boolean e File

e Drilldown



Datasets and Datatypes

All datasets are associated with a Datatype
+ File format
+ Type of Data: genomic intervals, sequence, alignment
+ Hierarchical structure useful for inputs
+ Automatic conversion possible
+ Metadata

datatypes_conf.xml and lib/galaxy/datatypes

https://bitbucket.org/galaxy/galaxy-central/wiki/AddingDatatypes



https://bitbucket.org/galaxy/galaxy-central/wiki/AddingDatatypes
https://bitbucket.org/galaxy/galaxy-central/wiki/AddingDatatypes

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.org/galaxy/galaxy-central/wiki/ExternalDisplayApplications/Tutorial



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

Static External Display Application

display 1ic¢= . name=
Link 1d= names=
curl=http://genome.
param type= 3" name=
param type= ' names=

param types= name=

am_file.dbkey) }&amp;hgt. cus
1p_https= >
metacata=
strip_https=

name="${bam_

gisplay_in_uploac=

2: SAM-to~-BAM on data 1

660.5 Mb. format: bam

mmYy




BAM at UCSC

LCSC Genome Browser on Mouse J uly 2007 (NCBI37/mm9) Asscmblv

mo < - . > > v>> JZoOMin [ 1.5x ) 3x ) 10x ) base ) Zoom out | 1.5x ) 3x J{ 10x

position/search cnr12:57,.795.9 815,592 Cne ymp ) clear | size 19,630 bp

AK 1675
Pumm—— k152
A pac 1.':-—- i

mu4vu— (-‘

2 | DN L S s

itz A JAT 101

JL u._ JM .l Al h...lln l.lmllle lx

111 . -l--
R LY l-

COLSF DU 1Y 126

T T AR T
| T |
move start Click on a feature for details. Click or drag in the base position track to zoom in move end
0 . Click gray/blue bars on left for track options and descriptions
default tracks de all manage custom tracks configure everse
Use drop-down controls below and press refresh to alter tracks displayed
[racks with lots of items will automatically be displayed in more compact modes.




Dynamic External Display Application

inks from

cynamicC_
=Cynamic
cynamicC_

filter>%$1: 1n SAPP.config.ucsc_a

_G15p
=filter=s -C'<cy in $builds}</filt

la
o

url=${ucsc_ n\}cb-’ qp'éba*_flie.cbkey}}.vva.hc-.gu::o*Tex':”{qo $t:a K. u:L } url
param t,DU' ames url= strip_https:

param type= names urls metadata= strip_https=

param type="t name= viewable= i
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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
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Get and Contribute 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 WGCA 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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Using Galaxy

Use public Galaxy server: UseGalaxy.org
Download Galaxy source: GetGalaxy.org
Galaxy Wiki: GalaxyProject.org
Screencasts: GalaxyCast.org

Public Mailing Lists

+ galaxy-bugs@bx.psu.edu
+ galaxy-user@bx.psu.edu
+ galaxy-dev@bx.psu.edu



mailto:galaxy-dev@bx.psu.edu
mailto:galaxy-dev@bx.psu.edu

PENNSTATE.
EMORY

Kanwei Li James Taylor

Kelly Vincent Anton Nekrutenko

Supported by the NHGRI (HG005542, HG004909, HG005133), NSF (DBI-0850103), Penn State
University, Emory University, and the Pennsylvania Department of Public Health



Overview

What is Galaxy?

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

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

Galaxy 101 Exercise



Galaxy 101
http://usegalaxy.org/galaxy101

http://ec2-50-16-165-27.compute-1.amazonaws.com/

A simple question...

+ Which coding exons have highest number of single nucleotide
polymorphisms?
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Galaxy 101
http://usegalaxy.org/galaxy101

Overview

+ Interactively Analyze Data
+ Create reusable generic Workflow
+ Share analysis Results, History, Workflow

Required Data
+ Genomic Coordinates of coding exons and SNPs
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Genomic Coordinates

Genome

>chr1
taaccctaaccctaaccctaaccctaaccctaaccctaaccctaacccta

accctaaccctaaccctaaccctaaccctaaccctaaccctaaccctaac
Chromosome

Intergenic region

http://library.kiwix.org:4201/A/Human_genome.html|

chrom start end name score strand
chr1 0] 10 first_ten_bases 0 +

see also:
https://bitbucket.org/galaxy/galaxy-central/wiki/GopsDesc
https://bitbucket.org/galaxy/galaxy-central/wiki/zero_based_coordinates.pdf
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Galaxy 101: Basic Steps
http://usegalaxy.org/galaxy101

Get Genomic data from UCSC Table Browser

Determine each SNP that overlaps with a specific
coding exon

Calculate count of overlapping SNPs for each exon

Sort and select exons by greatest SNP counts
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