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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

4 #9 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 Alignments
Get Genomic Scores

Statistics
Graph/Display Data
Regional Variation
Multiple reqgression
Multivariate Analysis

EMBOSS

NGS: QC and manipulation
NGS5 Mapping

NGS: SAM Tools

NGS: Indel Analysis

NGS: Peak Calling

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

Workflows

Analyze Data  Workflow

Map with Bowtle for llumina

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

Use a bulit~in index o
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

Shared Data

Galaxy

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/

FR (for lllumina) 3

Bowtie settings to use:

Commonly used 2]

Suppress the header in the output SAM file:

v

Execute

What it does

ast and memory

Visualization Help User

m History Options ~

15: variants from sample ® (%
E18, consensus different, in RefSeq
Genes

14: UCSC mm9 RefSeq Genes @ J 22

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-BAM on data 7 @® |

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

6: E18 PE2 Reads Groomed,
Trimmed

5:E18 PE.1 Reads Groomed,
Trimmed

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

1. E18 PE] Reads




Filter and Sort

= Filter data on any column using
simple expressions

< - [ J
e L Y Analysis Workspace
_S_plprt lines that match an Galaxy
e: Operate on Genomic Intervals

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

History Options ~

itie for IHlumina

M_ [he lntervals Of t\vo t a reference genome from your history or use a built-in index?: o 1=
querleS D index |

Merge the Ovel’laDDing intervals rence genome: 15: Variants from sample @ { 8

E18, consensus different, in RefSeq

of a query ' ' Genes

14: UCSC mm9 RefSeq Genes @ J 22

- B matepaired?:
13: Variants from sample ® 7R

NGS: SAM Tools
E18 where consensus base different

= Filter SAM on bitwise flag - Shan vas-tass
| values

10: Variants from sample ® 7R
E18

Convert SAM to interval

9: Generate pileupon data8 @ ¢ &

SAM —tO—BAM converts SAM B for valid paired-end alignments (-X): 8 SAM-10-BAM on data 7 @ J 3
format to BAM format

7: Map with Bowtie for ® y B
Bstream mate orientation for valid paired-end alignment against th Hlumina on data 6 and data 5

BAM-to-SAM converts BAM Brand (--fr/ -~rf/ -~ ff) S ————
format to SAM format | e R

Merge BAM Files merges BAM , ) , e T
files together

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

Generate pileup from BAM 5. , _ 3= 3 E18 PE] Reads Groomed
dataset 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

Sort data in ascending
descending order

Selert lines that matck

e: Operate on Genon

= |ntersect the inte
queries

Subtract the inte
queries

Merge the overla
of a query

-:F NGS: SAM Too

= Filter SAM o

Filter pileup

Select dataset:

10: Variants from sample E18 4

which contains:

Pileup with six columns (simple) = ]

See "Types of pileup datasets™ below for examples

Do not consider read bases with quality lower than:
20

No variants with quality below this value will be reported
Do not report positions with coverage lower than:

3

Pileup lines with coverage lower than this value will be skipped

Only report variants?:

Yes |4

| wvalues
Convert SAN

SAM -to-BAL
format to B/

BAM-to-SAN
format to S#

Merge BAM
files togethe

Generate pil
dataset

See "Examples 1 and 2" below for explanation
Convert coordinates to intervals?:

No |44
See "Output format” below for explanation
Print total number of differences?:

No %
See "Example 3" below for explanation
Print quality and base string?:

Yes |4

See "Example 4" below for explanation

Execute

Options ~

Wariants from sample ® (%
consensus different, in RefSe
s

UCSC mm9 RefSeq Genes @ J 28

Wariants from sample ® 7R
‘here consensyus base different

p ref. base

Warlants from sample ®JRr

nerate pileup on data8 @ 7 8
AM-10-BAM on data 7 @® J "]

p with Bowtie for @® |
pina on data 6 and data 5

48 PE2 Reads Groomed, @ ( ¥
pmed

i8 PE1 Reads Groomed,
hmed

i8 PE2 Reads Groomed
38 PE] Reads Groomed

8 PE2 Reads

Filter pileup on coverage and

SNPs

Pileup-to-Interval condenses

pileup format into ranges of

bases

1 E18 PE] Reads




Filter and Sort

= Filter data on any column usina

simple expressions

Sort data in ascending
descending order

Select lines that matck
e; Operate on Genon

= |ntersect the inte
queries

Subtract the inte
queries

Merge the overla
of a query

{’ NGS: SAM Too

= Filter SAM o

Filter pileup

Select dataset:

4

10: Variants from sample E18

which contains:

-

_Pileup with six columns (simple) v ]

See "Types of pileup datasets™ below for examples

Do not consider read bases with quality lower than:
20

No variants with quality below this value will be reported
Do not report positions with coverage lower than:

3

Pileup lines with coverage lower than

this value will be skipped

Only report variants?:

Yes \a4

values
Convert SAN

SAM-to-BAl
format to B/

BAM-to-SAl
format to S#

Merge BAM
files togethe

Generate pil
dataset

See "Examples 1 and 2" below for explanation

Convert coordinates to intervals?:
No s
See "Output format" below for explanation
Print total number of differences?:
“No /% |
See "Example 3" below for explanation
Print quality and base string?:
Yes 4]

See "Example 4" below for explanation

Execute

Filter pileup on coverage and

SNPs

Pileup-to-Interval condenses

ner designed to be ultrafast and memory-efficient

pileup format into ranges of

bases

nis
ease cite: Langmead 8, Trapnell C, Pop M, Salzberg SL

Cenome Bic

e

velo

U

History Options «

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

14: UCSC mm9 RefSeq Genes @ {7 %

13: Filter to get Variants from & { 3¢
sample E18 where consensus base
different than ref. base

10: Filter pileup to get @ ] R

Variants from sample E18

@ J R

9: Generate pileup on data 8

8: SAM-to-BAM on data 7

@ ] R

7: Map with Bowtie for
Illumina on data 6 and data S

6: E18 PE.2 Reads Groomed,
Trimmed

5: E18 PE.1 Reads Groomed,
Trimmed




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

: Show all | Save
= Filter data on any co show all |
simple expressions

chrio 036
: _ | chri0 1424“0”‘
Sort data in ascendir s 1?0
descending order chr10
chri0
Selert lines that maty chrio
c. o chrio
Operate on Geno curio
chri0 6 65367
= lnter_sect the in chrid 14465371 133552;;
queries chri0 14465447
chri0 14465456
2 chri0 14465465
subtract the inf cbx1?
i chri0 14465
e chrlg 1443%_ 1
chrii 1446562
g chri0 14465658
Mer & the over chrio 144656
ofaquery ot e
c U 465772
chrio 14465791
e chr10
NGS: SAM To cbr10
= Filter SAM | o1t
values ek 1
chrio
Convert SA :=10
chrii
SAM-to-BJ 1310
SN S SN chrl0
chrio
format to | oi¥i0
chrio
chrio
BAM—IO—S/ chrin
hri0
format to ! giur.l};
chri0
Merge BAN 515
files togeti o210
chrio
chrio
Generate g :1: 1

dataset | cif

P

Filter pileup on coverage and 6 ET8 PE.2 Reads Groomed, g %
SNPs : Trimmed

fligner designed to be ultrafast and memory-efficient. It is develo
pnell, Please cite: Langmead B, Trapnell C, Pop M, Salzberg SL. U
ent of short DNA sequences to the human genome. GCenome Bic
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User Metadata

History Options

ol

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

| All SNPs in personal genomes V

| Alu insertions in KB1 V

sitnds ny w81 ¥

] KB1 microsatellites.txt ¥

B1 microsatellitcs.txt ¥

| amino acid differences with functional predictions ¥

] indels in ABT V

indels in KB1 ¥

| indels in MDb 7

| indels 'n NB1 ¥

] indels inTK1 'V

| novel SNPs inKB1 ¥

] novel SNPs it M,[& 'V

novel SNPs ir N31 %'

] novel SNPs inTK1 ¥

| sequenced exon-containing intervals V

For selected items: |_Import into your current history

Information

Summary table of SNPs in all individuals

Uploaded By

greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
nveg @ ax D u.aU
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu

greg@bx.psu.edu

http://usegalaxy.org/bushman

Date

2010-01-28

2010-02-10

2010-02-10

2010-02-15

2010-02-15

2010-02-05

2010-02-15

2010-02-03

2010-02-03

2010-02-03

¢010-92-C+

2010-02-03

2010-02-09

2010-02-09

2010-02-09

2010-02-09

2010-02-09

2010-02-03

File Size

676.8 Mb

14.9 Kb

6.5 Kb

3.5 Mb

828.5 Kb

1.1 Mb

2.1 Mb

105.3 Kb

14.2 Mb

109.8 Kb

Sy Kb

123.2 Kb

9.4 Mb

16.9 Mb

594.1 Kb

4.1 Mb

722.6 Kb

3.1 Mb




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

.i”"no //main.g2.bx.psu.edu/
Analyze Data  Workflow  Shared Data  Visualization Help  User

Tools Options

X s large and only the first megabyte is shown below
search tools Show all | Save 2 |# Saved Historles
Get Data o ‘ o > Histories Shared with Me
Send Data b 1424307 1424307 , 5 2 1 -
ENCODE Tools 14465062 =3 ; E 173 176 &0 10:8
Lift-Over r10 14455004 14465051 : : 117 0 ‘. = sardg
Text Manipulation 10 14eesesy Sos 4 ¢ Ny bt 26, Clone
Convert Formats : 4 13 0 60 4 datd8 Share or Publish
FASTA manipulation 1446538 &7 A 101 %0 3 % l  Extract Workflow
Fliter and Sort 1 0 1 ! : 18 &0 €2 s =
Join, Subtract and Group

Extract Features : 8 2 ) o~ § C
Fetch Sequences 3 4 : 3 5 241 4 Y Show Hidden Datasets

Create New

Dataset Security

Show Deleted Datasets

Fetch Alignments b 14465621 14465622 ¢ 134 0 €0 15 : . Show structure
Get Genomic Scores < £y it 4 ‘ 0 : ;

Operate on Genomic Intervals

Statistics

Graph/Display Data

Regional Variation
Multiple regression

te Analysis
9: Generate pileup on

Evolution
data 8

Metagenomic analyses z
EMBOSS ¢ Y 133 6! 7 2 8 SAM-t0-BAM on data @ (
3 - P A g Il

PR A D : ‘ s A o &0 7: Map with Bowtie for @ J 3%
NGS: Mapping 2 2 2578 3 3 = IHumina on data 6 and data 5
NGS; SAM Tools a5 z , : : = 9,073,928 lines, format: sam

NGS: Indel Analysis ob : z : T T 234 ) 2 3 fatat mm9

NGS: Peak Calling

quence file aligned

SNP/WGA: Data; Filters 0 2373079 2375075 g 120 A4 : 1:1449:913
SNP/WGA: QC: LD; Plots 75 00x e : 111449913 147
SNP/WGA: Statistical Models 25750860 Za7508e 5 101 ) 5 3 o3
o 2575067 23750874 : : 23 ) ) 2 g 1
1

Workflows




Galaxy Workflows

a N M Tool History items created

| <[> ] | & |3 http://main. Upload File 1: E18 PE.1 Reads

™ Treat as input dataset
Tools

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

Saved Histories

Get Data

Send Data
ENCODE Tools
Lift-Over

Text Manipulation
Convers Formats # Include "FASTQ Groomer" in workflow SHARS G VRS
FASTA manipulation Extract Workflow
Filter and Sort

Join, Subtract and Group

Extract Features FASTQ Groomer
Fetch Sequences 4: E18 PE.2 Reads Groomed Show Hidden Datasets
@Include "FASTQ Groomer" in workflow

@Treat as input dataset Histories Shared with Me

Create New

FASTQ Groomer Clone
3: E18 PE.1 Reads Groomed

Dataset Security

Show Deleted Datasets

Fetch Alignments Show structure
Get Genomic Scores

Operate on Genomic Intervals

Salisxica FASTQ Trimmer 5: E18 PE.1 Reads Groomed,
Graph/Display Data .

Regional Variation ™ Include "FASTQ Trimmer" in workflow Trimmed

Multiple regression

Multivariate Analysis

Kian FASTQ Trimmer 6: E18 PE.2 Reads Groomed,

Metagenomic analyses X
EMBOSS # Include "FASTQ Trimmer” in workflow Trimmed RN s data @0

erate pileupon @ ¢/

NGS: QC and manipulation ) ) i | with Bowtie for @ {0
NGS: Mapping Map with Bowtie for lllumina - - - 1a on data 6 and data §
NGS: SAM Tools 7: Map with Bowtie for lllumina on 038 Bhes. foarats dara
NGS: indel Analvsis #™ Include "Map with Bowtie for Illumina" data 6 and data 5 se: mm9

i equence file aligned
NGS: Peak Calling in workflow 2

SNP/WGA: Data; Filters SAM-to-BAM
SNP/WGA: QC; LD; Plots 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




Galaxy Workflows

History items created

Calaxy

Tools Analyze Data  Workflow  Shared Data  Visualization  Help

search | workflow Canvas | SNP varlant detection from paired-end reads Options

Get Dat

Send i Input dataset

ENCOD

Lift-Ov

Text M:

Conven FASTQ Groomer 3%
FASTA |

Filter a File to groom

Join, Su

Extract

Feich S

Ferch A Map with Bowtie for lllumina 22

Get Ger FASTQ Trimmer ®

output

Forward FASTQ file

Reverse FASTQ file

Operat FASTQ File
Statisti

Graph/| output_file output (sam)
Regioni

Multiph

Multiva SAM File to Convert
Evolutic
Metage

SAM -to~BAM

Input dataset outputl (bam)
output

Generate pileup b4 Filter pileup

FASTQ Groomer 3% Select the BAM file to Select dataset
generate the pileup

File to groon file for

output_file outputl (tabular)
(fastqsanger fastqessanger fastqsolexa fasigillumina)

FASTQ Trimmer =
FASTQ File

output_file

M InClude "Generate pileup™ In WOrkriow |




Galaxy Workflows

History items created

Calaxy

Tools Analyze Data  Workflow  Shared Data  Visualization

- Tool: SAM-to-BAM
search | workflow Canvas | SNP varlant detection from paired-end reads
Get Dat Choose the source for the reference list
Send i Input dataset 5 Locally cached —ﬂ
ENCOD RAPREH
Lift-Ov S SAM File to Convert
Text Mi Data input 'inputl’ (sam)
Convert FASTQ Groomer 32
EASTA

File to groom 2 s

Eilter &) o ” Edit Step Actions
loin. Sy outpUL_
Extract ang astgcssanger fastgsolexa, fastgillumina)
Feich S —_—
Ferch A Map with Bowtie for llumina outputl 71 I\ Create )I
Get Ger FASTQ Trimmer 3%

Assign Columns 4]

Forward FASTQ file

Operats EASTO Fil Add actions to this step; actions are
a8 FA ru ¢ EACT la

Statisti( = k‘ ¢ Reverse FASTQ file appl wd \i\«""eﬂ this workflow step
Graph/| T woe output (sam) completes.

Regiond
Multiph
Multiva SAM File to Convert

Evolutic i .
ou Input dataset outoutl (barm Annotation / Notes:

Metage -
output Convert Bowtie SAM output to BAM
cener |fOrmat so that pileup can be run.

SAM -to-BAM
Edit Step Attributes

FASTQ Groomer = Select
generi | Add an annotation or notes to this step;
F {i file fo ~ ~ ) ~ ) )
b - annotations are available when a workflow

output_file output S viewed.
(fastqsanger fastqessanger fastqsolexa fasigillumina)

FASTQ Trimmer

FASTQ File

output_file

M InClude "Generate pileup™ In WOrkriow |




Galaxy Workflows

History items created

Calaxv

Edit Workflow Attributes

Tools

Tool: SAM-to-BAM

: Name:
search ' workflow Canvas | SNP varlant detec ) > . o
Get Dat SNP |dent|f|cat|on within annotated genes Choose the source for the reference list

Send D; Input dataset 4 from NGS PE Data
mgQ‘Q output
uf-oy | | VP Tags: SAM File to Convert

Text Mi i Data input 'inputl’ (sam)
Conver| FASTQ Groomer Snp ngs
EASTA ;

Filter a File to groom bowtie

loin. Sy output_file

Locally cached —ﬂ

Edit Step Actions

Extract fastqsanger.fasec | APPly tags to make it easy to search for and =

Assign Columns

Fetch § find items with the same tag. = I’f\|
Fetch A outputl |§ | \ reate}
Get Ger Annotation / Notes:
Operatt

Statistif |dent|fy variants in annotated applied when this workflow step

. completes.
s | genes from NGS paired-end :
eqglond
Multiph data.
Multiva
Evolutic S et Annotation / Notes:

Metage Add an annotation or notes to a workflow -
output o mnratinme ara auailahle whan 2 winrbfl e ic Convert Bowtie SAM output to BAM
annotations are available when a workflow is .
iewed ener | |format so that pileup can be run.
FASTQ Groomer elect
: eneri | Add an annotation or notes to this step;
Fie%0 groom file fo | annotations are available when a workflow
output_file outpu! S viewed.
(fastqsanger fastqessanger fastqsolexa fasigillumina)

Add actions to this step; actions are

Edit Step Attributes

FASTQ Trimmer =
FASTQ File

output_file

M InClude "Generate pileup™ In WOrkriow |




Input dataset

utput Tophat

Input dataset S ARV A L T Cufflinks

utput il B e SAM or BAM file of aligned RNA

Reference Annotation Cutfdife

A,’v Cuffcompare
an GTF file produced by f a ed RNA
Cufflinks
Y Y gtf
GTF fhile produced by SAM or BAM file of aligned RNA
Cufflinks 2q read
Input dataset
".
utput .
Topha Uracy |
NA FASTQ f 2 nap (tabuy
Input dataset b= 4 RNA -Seq FASTQ file nputl_refmap (tabular) cds_exp fpkm_tracking (tabula
sutout netions (hed nout? ¢ ” P
il M Cufflinks x o '
¢p 1 ' f f ut2 v genc ack 2
"""" r ups_fpkm 2
r of Trac a
£ 2 11

Input dataset

putput

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

Cufflinks tools




Map with BWA b4
FASTQ file

output (sam,

Concatenate queries 33
Concatenate Query

Query 1 > Select

out_filel
Map with BWA 2
FASTQ f
output (sam
Select
Select lines from
Filter SAM b4

Sel

t dataset to filter

out_filel (sam)

SAM-10-BAM b3

SAM File t

outputl (bam)

Filter SAM %

Select dataset to filter

out_filel (sam)

SAM-to-BAM &8
SAM File to Convert

outputl (bam;

Generate pileup 33

Select the BAM file to
generate the pileup
file for

output] (tabular)

Generate pileup 3¢

e BAM file to
generate the pileup

output] (tabular)

Fliter
Select

out

tabula

Filter
Filter
out_filel
Filter pileup b4
dataset
val)
pileup 2
dataset
el
arinterval)
Fiiter

Filter

out_filel
Filter
Filter
out_filel
Filter
Filter
out_file
Filter
Fil!
out_filel
Fllter
Filter
out_filel
Filter
Filter

Fliter

Filter

out_filel

Filter ®
Join two Queries 3¢ Filter
Join out_filel
with
Join two Queries 2 O Sl
Join
with
Auciiel Compute 2
as a new column to e ®
o fiel Filter
out_filel
Group ®
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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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Integrative Genomics Viewer (IGV)

1: Sample data @ ] %

1.2 Gb
format: bam, database: mm9

Info: uploaded bam file
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display with IGV web local

The application “IGV 1.5" from “www.broadinstitute.org” is
requesting access to your computer.

The digital signature could not be verified.

Binary bam allgnments file 1 Allow all applications from “www.broadinstitute.org” with this signature
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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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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
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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




Galaxy | Published History | Variant Analysis for Sample E18

< .‘*'1::;1 [/main.g2.bx.psu.edu/u/jgoecks/h/variant-analysis-for-sample-e 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’ & Import history
Author
Annotation: Perform a pileup analysis with default parameters to Identify variants in sample E18
jgoecks
Dataset Annotation
! Related Histories
L E18 PE ] Reads Forward reads from sample E18
. All published histories
2 E18 PE2 Reads Reverse reads from sample E18 Published histories by jqoecks

] Rating
3 E18 PE] Reads Groomed Groom reads 10 convert quality scores from Solexa 1.0
' to Solexa 1.3 Community
] ing, 4.0 average
4. E18 PE2 Reads Groomed Groom reads 10 convert quality scores from Solexa 1.0 7
‘ 10 Solexa 1.3 Yours

Trim reads from 3" end to remove low-quality nts. Tags
& E18 PE2 Reads Groomed, Trimmed rim reads from 3" to Ve oW -quality nis Lommunity
‘ snp piteup oowte demo

7: Map with Bowtie for lllumina on data 6 and data 5 Map palred-end reads with default parameters

Need to convert Bowtie SAM to BAM so that pil
M pieup
analysis can be performed s

sampleels

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

10: Fliter pileup to get Variants 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

A5: Intersect to get Variants from sample E18, consensus different, in Variants with consensus different that occur
RefSeq Genes genes




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

Step &: FASTQ Trimmer Trim reads to remove low-qualiity bases
Author
FASTQ File

Mgoecks
Output dataset ‘output file” from step 4

Define Base Offsets as Related Workflows

Absolute Values
Dsoke V published workflows

Offset from 5' end Published workliows by igoecks

Offset from 3' end

G

Keep reads with zero length

False

i parameter vaiues

Step 7: Map with Bowtie for lllumina

you select a reference genome from your history or use a bulit~in index?
2 h
2 bu

it=in index

Select a reference genome
galaxy/data/apiMel3 /bowtie _index/apil

Is this library mate - paired?
Paired-end

Forward FASTQ file

Output dataset ‘output_file

Reverse FASTQ file
Output dataset ‘output_file

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

The upstream/downstream mate orientation for valid paired-end alignment against
the forward reference strand (- ~fr/ i/ ~~ff)
FR (for Blumina)

Bowtie settings to use
Commonly used

Suppress the header in the output SAM file
True

Step 8: SAM ~to-BAM

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
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Galaxy | Published Page | Variant Analysis for sample E18

+ 4‘*1:(:1 [/main.g2.bx.psu.edu/u/jgoecks/p/variant-analysis-for-sample-el8
Analyze Data  Workflow  Shared Data  Visualization  Help  User

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

ow Calaxy can support accessible, r ble, AnSparen CSr q ¢ med a simple varia
analys nt. This experiment ntifies vari e 3 1 R seq s d fr QL ¢ing a sample of mm
tissue from day 18 of embryonic development
The initial analysis produced support for 27,742 possible variants. Of these possible variants, th are 5,625 where (a) the consensus base--as
determined by the MAQ model-~differs from the reference base and (D) read coverage at base is 30x or greater. Of these potential variants,
2796 occur In known RefSeq Genes ential variants are

+ Galaxy Dataset | Intersect 10 get Variants from sample E18, consensus different, in RefSeq Genes
Variants with consensus different that occur in RefSeq genes.

Method

cores f alo Solexa 1.3/Fastgsanger, Next, the reads
were trimmed from 36bp to 2 to exclude base pairs with low quality scores; see (1) for this step’s rat ale and parameter choices. After
grooming and trimmin reads were mapped using short-read mapper Bowtie [2]. A pileup analysis using SAMtools [3] was then performed
and was flltered to Identify varlants supported by 30+ reads. The complete analysis Is cont: d in this history

In the first step of this analysis, the reads were groomed to convert their qu Y S
S

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

Mere 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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Nished
he reads were g ved to o t their quality scores fro ot 1 Fastqsanger. Next Rating
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Galaxy History | Variant Analysis for Sample E18
Perform a plleup analysis with default parameters to identify variants in sample E18.

Tags
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8 SAM-10-BAM on data 7 @ Need to convert Bowtle SAM to BAM so that pileup analysis can be
performed

Yours

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 @® Fllter 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$S RefSeq genes

15; Intersect to get Variants from ® Variants with consensus different that occur in RefSeq genes.
sample E18, consensus different, in RefSeq

Cansc

Here is a workflow for performing this analysis

Calaxy Workflow | Variant identification within annotated genes from NGS PE Data
Identify variants in annotated genes from NGS paired -end data.
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The initial analysis produced support for
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Method
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GCalaxy History | Variant Analysis for Sample E18
Perform a plleup analysis with default parameters to identify variants in sample E18.
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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 History | Variant Analysis for Sample E18

Perform a pileup analysis with default parameters to identify variants in sample E18.
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Identify variants in annotated genes from NGS paired-end data.
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Results
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Results
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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

S experiment
8 of embryonic development
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hese potential variants, ur in known RefSeq Cenes 1ese potentia
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In the first step his analysis, the reads were groomed to
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Bowtie A pileup analysis using SAMtools was then performed and was filt
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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 Developers Communrity Account
aws.amazon.com S | Products ' Developers ommunity Support Account Welcome, Enis Afgan

= e Amazon Elastic Amazon -
Amazon S3 = Amazon EC2 MapReduce CloudFront Amazon RDS

Region: |

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

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

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 Please review the informati ick Launch
Current Status
AML: O giner Linux AMI ID ami-ed03ed84 (x86_64) Edit AMI
Elastic IPs
Security Groups i Number of Instances:

Key Pairs Availability Zone: No Preference

Load Balancers Monitoring: Disabled

Instance Type: Large (ml.large)

Instance Class: On Demand Edit Instance Details

Kernel ID: Use Default
Ramdisk ID: Use Default
User Data: testGC1|AKIAJKQI3RT... Edit Advanced Details

Key Pair Name: galaxy_keypair Edit Key Pair

Security Group(s): default, galaxyWeb Edit Firewall

Launch




3. Configure Your Cluster

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

-. Galaxy Cloudman Info: report bugs | wiki | screencast

Galaxy Clor

Welcometo Galaxi  Initial Cluster Configuration rovided
within. If this is ya je data
store is configured | as
'worker’ nodes on |

Terminal

Status

Cluster name
1000

Disk status: hg is off.
Show more startup options on?
Worker statu;

Service statu; Start Cluster

External Logs




LN NG) Galaxy Cloud
| <[> [ +16 hup://ec2-174-129-103-83.compute-1.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%) g Starting
Worker status: Idle: 0 Available: 0 Requested: 0 Ready

)
Service status: Applications @ Data @ . Error




Galaxy

|7 nttp:/ fec2-75-101-213-19.compute-~ 1.amazonaws.com/

Analyze Data  Workflow  Data Librarles Help  User

Tools History Options
Get Data
Text Manipulation

Welcome to Galaxy on the Cloud pedridl e ndd

Yata' the lef E 0 Stz
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
=2 hitp://ec2-184-73 pute-1.amazonaws
AWS Management Console Galaxy Cloud Galaxy

=~ Galaxy Analyze Data  Workflow  Data Libraries  Help  User

Tools - . 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
aph/Display Data

Statistics I p ; g a = s

Galaxy Cloud

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

Workflows
3 Terminate Galaxy
Delete
+| Add more instances Remove idle instances

Status

Cluster name: " galaxy r-9M 10-1 . . . .

Cluster status:

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

Display a meny

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

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

t Is: P
intervals (bp)

o

min number of
intervals per cluster:

Return type:

| Merge clusters into single intervals

Execute i

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

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

Merge Cclusters

_ | cluster.xml

="Cluster'=
[[Eluster]] ‘l‘.hf intervals of a
|._.:r'n||._ 4"=
gops_ cluster py $inputl $output -1 $inputl chromCol, $inputl_startC
-d $distance -m $minregions -o $returnt:,rpe

a query=/d

uster intervals of=

-":IJ._.L.:"l.:*' 5ize=

Herge c'l.usters intao smgle m‘tenfals ]
Find cluster intervals; preserve cnmrrhents and
Find cluster intervals; output grouped by clus
Find the smallest interval in each cluster=/op
"=Find the largest interval in each cluster=/opt

class:: infomark

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

See Galaxy Interval Operation Screencasts_

el **Screencasts|®*

(right click to open this 1

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

**Cyntax**

*#Maximum distance** is greatest distance in base pairs allowed bet
*¥Minimum intervals per cluster** allow a threshold to be set on the
**Merge clusters into single intervals*#* gutputs intervals that spanfy
**Flnd {luster 1nterva'l.5, preserve comments and nrder** fllters out

Line:

87 Column:




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/qalaxy/qgalaxy-central/wiki/ExternalDisplayApplications/Tutorial
e —




Static External Display Application

display 1a= = names=
Link 1d= name= -

<url=http://genome. sc.edu/cgi-bin/hgTracks?db=%${qp(sbam_file.dbkey) }&amp;hgt.customText=S{qp(Strack.url)}</url>

<param type= url= strip_https= >

param type= ne= url= metacata= strip_https=

param viewable= strip_https=
track type=bam name="${bam_file.name}" bigDataUrl=${bam_file.url} db=${bam_file.dbkey}

param

display

datatype extension=
mimetype= display_in_upload=
display file=
datatype




BAM at UCSC

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

zoom in | 1.5x Ix 10x base | ZOOM OUL | 1.5x Ix

Human P

il L e

T .
§ F7) " w4 e | T |
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

ide all manage custom tracks configure everse refresh
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

gynamic_Llinks from_file=

~CynamlicC_param name=
<CynamicC_param name=

dynamic_param name= v = split= separator=

Tllfﬁr'g{flfP_AC in $APP.config.ucsc_
filter>${dataset.dbkey in $builds}</f1

url>${ucsc_Llink}db=¢{qp(sbam_file.dbkey) }&amp;hat.customText ’{qp“”ra e urL }</url
param type= name url strip_https
param type= name= url= metadata= strip_https=
param type= name= viewable= strip_https=
track type=bam name="${bam_file.name}" bigDatalrl=${bam_file.url} db=${bam_file.dbkey}
param

dynamic_Llinks

isplay

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

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

malin http://genome.ucsc.edu/cgi-bin/haTracks? anoCarl,ceb,ced4,ce2, rn3, L info
#Harvested from http://archaea.ucsc.edu/cgi-bin/das/dsn e

archaea http://archaea.ucsc.edcu/cgi-bin/hgTracks? therS5ibil,symbTher_IAM148

#Harvested from http://main.genom C—DFOW'CF.DK psu.edu/cgi-bin/das/dsn S « e :
bx-main htt :ff*a;n?g enome~browser.bx.psu.edu/cgi-bin/hgTracks? oviAril,eriEu | 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

= Loqgin to upload

Categories

search

Name 4

Convert Formats

Data Source

Fasta Manipulation

Next Gen Mappers

Ontology Manipulation

Tools Help User

Advanced Search

SAM

Sequence Analysis

SNP Analysis
Statistics

Text Manipulation

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.g.
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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