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The Vision

Galaxy is anopen, Web-based platform for
accessible reproducible , andtransparent
computational biomedical research



What Is Galaxy?

GUI for genomics
for complete analyses: analyze, visualize, share, puk

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

Open source softwarethat makes integrating your
own tools and data and customizing for your own
site simple
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Galaxy Analysis Workspace

Galaxy

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
Operate on Genomic Intervals
Statistics

Graph/Display Data

Multiple regression
Multivariate Analysis

EMBOSS

NGS: QC and manipulation
NGS5 Mapping

NGS: SAM Tools

NGS: Indel Analysis

NG5: Peak Calling

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

Workflows

Analyze Data  Workflow  Shared Data  Visualization Help User

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 -

Select a reference genome:

mm9

Is this library mate-paired?:

Paired-end %

Forward FASTQ file:
1: E18 PE1 Reads

Reverse FASTQ file
1: E18 PE.1 Reads

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

1000

The upstream/downstream mate orientation for valid paired-end alignment against the
forward reference strand (= ~fr/«~rf/~~ff)

FR (for lllumina) 3

Bowtie settings to use:

Commonly used v

Suppress the header in the output SAM file:
v

Dxecute

What it does

Sowtie

Langmead and ¢ Trapn P A ad B g Il C, Po i SL. Ultrafast and
y 10:R2

m History Options ~

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

14: UCSC mm9 RefSeq Genes @ / 2

13: Variants from sample ® 7R
E18 where consensus base different
than ref. base

10: Variants from sample @ J
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

S:E18 PE1 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

L X \/ Analysis \Workspace
Selert linec 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

Subtract the intervals of two (=

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

queries b index  1%)

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

— NG R B mate.paired?:
13: Variants from sample ® 7R

r-;;;75;77~ -
- NGS: SAM Tools
. E18 where consensus base different

= Filter SAM on bitwise flag - than ref. base
| values

10: Variants from sample ® 7R
E18
Convert SAM to interval

9: Generate pileupon data8 @ ¢ &

SAM -IO-BAM converts SAM for valid paired-end alignments (-X): 8 SAM-10-BAM on data7 @ 0 8
format to BAM format

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

BAM-to-5AM converts BAM | e e e e
format to SAM format T e

Merge BAM Files merges BAM , : _ e T
files together

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

Generate pileup from BAM . , _ = 3; E18 PE] Reads Groomed
dataset 2. E18 PE2 Reads

Filter pileup on coverage and 1. E18 PE] Reads
SNPs

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




Filter and Sort

= Filter data on any column usinn
simple expressions Filter pileup

Sort data in ascending | select dataset: )ace
descendmg order 10: Variants from sample E18 _t]
_S_plprr linac that matck |\ hich contains:
‘ Operate on Genon Pileup with six columns (simple) —3—]
= Intersect the int€ | see "Types of pileup datasets” below for examples
queries

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

queries No variants with quality below this value will be reported
Merae the overla Do not report positions with coverage lower than: BErtants frum samola @ 03¢

consensus different, in RefSe

of a query 3 "

- Pileup lines with coverage lower than this value will be skipped RICSC mm9 RefSeq Genes @ J 32
(

Only report variants?: Wariants from sample ® 7R

: ‘here consensyus base different
u Fllter SAM 0 Yes :] b ref. base ‘ '

.| values See "Examples 1 and 2" below for explanation

Warlants from sample ®JRr

: 2 4
Convert SAM Convert coordinates to intervals?:

No W& ] nerate pileup on data 8 @ 7 8
SAM-to-BAR | See "Output format" below for explanation RM-10-BAMon dara 7 @ 0 3¢
format to B/

BAM-to-SAN

See "Example 3" below for explanation 48 PE2 Reads Groomed, ® ( &
format to S# e s

Print total number of differences?: p with Bowtie for ® |
" pina on data 6 and data 5
v

Print quality and base string?: | P

J—mer € BAT‘ Yes _C_] I NN e
1es mget € See "Example 4" below for explanation B o > hands Crocenad
Ge nerate Qll Execute i8 PE1 Reads Groomed
dataset

8 PE2 Reads

s - Y .
Filter pileup on coverage and 1. E18 PE Reads
SNPs

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




Filter and Sort

= Filter data on any column usinn
simple expressions Filter pileup

Sort datf_i in ascending  select dataset: History Options +
descendmg order 10: Variants from sample E18 _3]

Selert linac that matck
e; Operate on Genon

which contains:

-

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

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

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

of a query 3 14: UCSC mm9 RefSeq Genes @& {J %
Pileup lines with coverage lower than this value will be skipped

= Filter SAM o | Yes /4] sample E18 where consensus base
values See "Examples 1 and 2" below for explanation different than ref. base

Merge the overla Do not report positions with coverage lower than:

: : B
Convert SAM Convert coordinates to intervals?:

“No %) 10: Filter pileup to get @ ] R
SAM-to-BAl See "Output format" below for explanation Variants from sample E18
format to B/ Print total number of differences?:
BAM-to-SAl _N° B 9: Generate pileupondata8 ® (J ¥
m See "Example 3" below for explanation

Print quality and base string?: 8: SAM-to-BAM on data 7 @ ] R
Merge BAM Yes [4)

files togethe See "Example 4" below for explanation 7: Map with Bowtie for

Generate pil  (Execute Illumina on data 6 and data 5
dataset

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

ner designed to be ultrafast and memory-efficient. It is develo
ease cite: Langmead 8, Trapnell C, Pop M, Salzberg SL. U

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

bases Trimmed




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

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

o W
3]

._.
oo
-

J

—

._.
=
=X

Sort data in ascendir

; Options «
descending order

10

-10

10

10

-10

10

10

10 5

10 144':;.!.;-

10 14465410 14465411
10 14465447 14465448
10 144,.;4%;. 14465457
10 446! 14465466
10 14465 4"‘
10

-10

10

10

10

113

W -]
NS

R e e e e Y
ooooo

Selert linac that mat ¢
Operate on Geno .

= |ntersect the in
queries

L3 s s s s 3 e 9
o &

X~

o

st Balysis for Sample E18

o
=X
VoW Orooaaaad

OO 00 Ol B 00 00 G0 G G ()

o a

d =

. Bect to get Variants @& { %
le E18, consensus different,
Genes

oo

Subtract the im
queries

oooo

P S e o s s 0 s e Y
OO

:,[

Merge the over

of a query mm9 RefSeq Genes & (J

—
oo

E{E’E"E’E‘E’E‘E’E‘E’E‘E‘E’E‘E’E‘E’E‘E’E‘E’E‘E‘E’E‘

)OO0 000000000000000000000O00

H S
to get Variants from @ { %
18 where consensus base
than ref. base

-

hr10
l_,h.Ill_l
'ﬁ-iizl
= Filter SAM | 10
values <wkt:
chri

Convert SA 2710
-:rhrII;I

SAM-to-BJ 310
format to | cx1¢
chrio

BAM-to-S/ 5310
format to { cbxi
chrio

Merge BAN cx1?
files toget] cix1¢
chri0

chri(

Generate g c=1¢

chr
dataset ohr }};

P 9 e e s 1

oo

D BEw

OO0 O0OOOO
3 -
3 o

o

ileup to get g %
from sample E18
E
sfite pileup on data 8 g %
iE
$lo-BAM on data 7 g %
gy =
‘s fith Bowtie for g %
L;; pn data 6 and data 5

'-fl-fl

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

fligner designed to be ultrafast and memory-efficient. It is develo
pnell, Please cite: Langmead 8, Trapnell C, Pop M, Salzberg S
ent of short DNA sequences to the human genome. GCenome Bic

o

3B . s
oW 0 1]
cocoo

NN S OO O

y O
R L T

AP FOHEEEQQFFPFOARPFOQEFQFORFOQEFFOQOQEOOOEOHQHEQQFFFOQHEQEOQ
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NN oN

Pileup-to-Interval condenses .
pileup format into ranges of 5: E18 PE.1 Reads Groomed,

bases Trimmed




User Metadata

10: Variants from @ ] R

sample E18

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

Info:

History Options = Gl &
Tags:
J (=) pileup sample:el8
' snps
Tags:
snp pileup bowtie

Annotation:

Find variants with
demo sample:el8 . coverage >= 30 and
Annotation / Notes: quality score >= 20.

Perform a variant analysis with default
parameters to identify variants in sample

E18 that lie in annotated genes. | display at UCSC main | view in

GeneTrack | display at Ensembl
Current

chrio 6882036

chri10 14243075

chr10 14243079

chrio 14465082 144650
chrio 14465083 14465084
chri10 14465034 14465085




Datasources

Upload #le from your computer
FTP support for large datasets

Files directly from a sequencer
Sample Tracking System

UCSC table browser
BioMart

iInterMine / modMine
EuPathDB server
EncodeDB at NHGRI
EpiIGRAPH 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
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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

Alu ns¢rniens ,n A&, ¢

] indels in ABT ¥

indels in KB1 V¥
| indels in MDb %
| indels in NB1 ¥

] indels inTK1 'V

| novel SNPs inKB1 ¥

| novel SNPs it M.CR Y

novel SNPs ir N12 ¥

] 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
qrea@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
greyans.psiedy
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
(. g@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

224(-0.-03

2010-02-03

2010-02-09

2010-02-09

2010-02-09

2010-02-09

2010-02-09

2010-02-03

File Size

676.8 Mb

14.9 Kb

6.5 Kb

3.5 Mb

828.5 Kb

1.1 Mb

2.1 Mb

105.3 Kb

14.2 Mb

109.8 Kb

5¢.5 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 #le
Import datasets from a Galaxy history
Upload a directory of #les
Directly from Sequencer using Sample Tracking System

Accessing Data

Data contents on disk are not copied
Dataset security: public, Role-based access control (RB.

Annotating Library Data: Library Templates
Build user #llable forms
Associate at Library, Folder or Dataset level
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Galaxy Work!ows

.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 14 21 1 o -~ 124 4 03 3 - Show structure
Get Genomic Scores . 659 $ '

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




Work!ows

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




Tools

search

Get Dat
Send D;
ENCOD)
Lift-Ov
Text M:
Conver!
FASTA |
Filter &
loin, Su
Extract
Feich S
Ferch A
Get Ger
Operatt
Statistis
Graph/|
Regiond
Multiph
Multiva
Evolutic
Metage

Galaxy Work!ows

History items created

Analyze Data  Workflow

Workflow Canvas | SNP variant detection from paired -end reads

Input dataset

output

FASTQ Groomer 2

File to groom

FASTQ Trimmer =
FASTQ File

output_file

Input dataset

output

FASTQ Groomer 32

File to groon

output_file
(fastqsanger fastqessanger fastqsolexa fasigillumina)

FASTQ Trimmer =
FASTQ File

output_file

M InClude "Generate pileup™ In WOrkriow |

Calaxy

Shared Data  Visualization  Help

Map with Bowtie for lllumina 22
Forward FASTQ file

Reverse FASTQ file
output (sam)
SAM -to-BAM
SAM File to Convert

outputl (bam)

Generate pileup b4

Select the BAM file 1o
generate the pileup
file for

outputl (tabular)

Options

Filter pileup

Select dataset




Tools

search

Get Dat
Send D;
ENCOD)
Lift-Ov
Text M:
Conver!
FASTA |
Filter &
loin, Su
Extract
Feich S
Ferch A
Get Ger
Operatt
Statistis
Graph/|
Regiond
Multiph
Multiva
Evolutic
Metage

Galaxy Work!ows

History items created

Analyze Data

Workflow Canvas

Input dataset

output

FASTQ Groomer 2

File to groom

stacssanger, fasigsol

FASTQ Trimmer
FASTQ File

output_file

Input dataset

output

FASTQ Groomer 3%
Fileto g

output_file

(fastqsanger fastqessanger, fastqsole

FASTQ Trimmer
FASTQ File

output_file

[ InCiude “Generate pileup”

SNP varlant detection from paired -

Calaxy

Workflow  Shared Data  Visualization

end reads

exa fastgillumina)

Map with Bowtie for lHlumina
3
® Forward FASTQ file

Reverse FASTQ file

output (sam)

SAM -to~BAM

SAM F

¢ to Convert

Gener
Select
gener:

file fo

outpu!

xa fastqillumina)

N WOTKTIOW |

Tool: SAM-to-BAM

Choose the source for the reference list
Locally cached —ﬂ

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

Edit Step Actions

Assign Columns 4]

outputl 71 |: Create :I

Add actions to this step; actions are
applied when this workflow step
completes.

Edit Step Attributes

Annotation / Notes:

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

Add an annotation or notes to this step;
annotations are available when a workflow
s viewed.




Galaxy Work!ows

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

sutput Tophat

Input dataset S AR A e T Cufflinks

Dutput SAM or BAM file of aligned RNA

on Cuffdirf
_ Y Cuffcompare =

anscripts
Lranscnpls_expression (tabular GTF file produced by of aligned RNA
Cufflinks
assemblec oforn f
GTF file produced by

Luftiinks
Input dataset =4

Referend A olato
output z » "
Tophat p: ANSCripLs _accuracy (1x J€ exp bula
RNA-Seq F/ Q file putl tmap (tabula 15S_grouds_exp (tabular
Input dataset b= 4 RNA -Seq FASTQ file nputl_refmap (tabular cds_exp fpkm_tracking (tabula
output unctions (b o o nput _tmap (tabular) sofe s f tabula
. ST Cufflinks 4 o P
accepted_its (ban AM or BAM file of ed RNA it o PRI P EE S
----- ids nscrip cking (tabular groups_fpkm _tracking (tabular
Re " r ripts combineg gt cds fokm cking a
ge by plicing diff (tabular
3 DIS eXx 3 bula promote oiff L ar
vled isoforms (gt 3t f
Input dataset ® assembled_isoforms (gt ds_gifT (taba

putput

Example: Work"ow for di$erential expression analysis of RNA%seq using To

Cué&inks 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;

Example: Diagnosin

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 2 Filter ®
ter Join two Queries 3¢ Filter
oot filel Join out_filel
with
out_filel
Join two Queries 2 —
® Join
with
out_filel o f
out_filel
Compute 2
as a new column to
Filter ®
out_filel =
Filter -4 Fliter
Filter out_filel
Group ®
out_filel
Select data
out (tab
Filter 2
Filter
Compute 2
out_filel
Concatenate queries 3%
Concatenate Query
Query 1 > Select
N Cut ®
Query 2 > Select Compute %
; From
Query 3 > Select w column to
tfilel out_filel (tabular)
out_filel out_filel
Cut
% Compute 2
Concatenate queries 33 as a new column to
out_filel (tabular) =
Concatenate Query out_filel
Query 1 > Select
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Visualize

Send data results to external genome browsers

Trackster: GalaxyOs genome browser




External Genome Browsers

UCSC
Ensembl

GBrowse

IGV



UCSC Genome Browser on Mouse July 2007 (NCBI37/
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2.4 Gb, format: bigwig, database: mm9




Integrative Genomics Viewer (IGV)

1: Sample data @ ] %

1.2 Gb
format: bam, database: mm9

Info: uploaded bam file

. —
I'D -
L Cui} =g —

display at UCSC main test
display at Ensembl Current
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

" Deny ) [ Allow

Show Details...

Mouse mm9 C chrl ¢! chrl:98,582,224-98,597,370 Go Tt @ [ R ERIARRNARAAN IARNAAN
I 1 I T T N | 0N I
qA2 qA4 qB qCl.1 qC1.3 qC3 qC4 qD qEl.1 qE2.2 qE3 qF qG1 qHl qH2.3 qH4 qH6
wi] [ 15 kb -
= -
w :_; ’:( kb 98,584 kb 98586 kb 98588 kb 98590 kb 98592 kb 98594 kb 98596 kb
Zhk | I | [ | | I | [ I

galaxy_f2979achfb2c63
75.bam Coverage

galaxy_f2979achfb2c63
75.bam

I |/ =

chr1:98589793 I 113M of 268M




Galaxy

. tool integration framework

. heavy focus on usability

. sharing, publication framework

Genome Browser

. physical depiction of data

. visually identify correlations

. #nd interesting regions, features




Galaxy

. tool integration framework

. heavy focus on usability

. sharing, publication framework

Genome Browser

. physical depiction of data

. visually identify correlations

. #nd 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 #letypes
BAM, BED, GFF/GTF, WIG

Unique features
custom genomes
highly interactive



e®no Galaxy | Published Visualization | GCC2011-1: Viewing and Navigating

| < I {| + [=C http://main.g2.bx.psu.edu/u/jeremy/v/gcc2011-1-viewing-and-navigating

Analyze Data Workflow  Shared Data  Visualization

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

Display a menu




e®no Galaxy | Published Visualization | GCC2011-1: Viewing and Navigating

| < ] {| + [=C http://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 | chr19

Display a menu




eno Galaxy | Published Visualization | GCC2011-1: Viewing and Navigating
L<_| > | L-LJ-‘»'_‘ http://main.g2.bx.psu.edu/u/jeremy/v/gcc2011-1-viewing-and-navigating

Analyze Data Workflow Shared Data Visualization

Published Visualizations | jeremy | GCC2011~1: Viewing and | chr19 . 663,032 - 663,110 >~
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But really, whyanother genome browser

From static browsing tovzisual analysis

Visual feedback and experimentationeeded for
complex tools with many parameters

Leverage Galaxy strengtha very sound model for
abstracting interfaces to analysis tools and alread
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

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

chrl9 1,523,098 - 1,545,232
1,530,000 1,540,000

h1-hESC mbled trar pts - r all], parameters=[150000, 0.5,
Cufflinks
Max Intron Length 150000

Min Isoform Fraction >0.5

Pre MRNA Fraction 0.05

Perform quartile normalization No |49

Run on complete dataset _Run on visible region

2. 1 - | ) B 1
CUFF.1329.1 EEEEEEsrss CUFF .148
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Cufflinks
Max Intron Length

Min Isoform Fraction
Pre MRNA Fraction

Perform quartile normalization
Run on complete dataset Run on visible region
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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




- Yala Galaxy | Published Histories

[ <] {1 4 3 http://main.g2.bx.psu.edu/history/list_published

Workflow  Shared Data  Visualization  Help

Published Histories

search .

Community Community
Annotation Rating 1 Tags

't‘t‘ld‘.}t‘"i:"l S
Calaxy vs MECAN Comparison of Galaxy vs. MEGAN pipeline iy Ao megan

galaxy

metagen

ANalysis galaxy

Datasets correspond 10 our paper published in Science by
Peleg et al. entitied : Altered histone acetylation is
assockated with age-dependent memory impalrment
Experiment layout: This history comains 4 datasets in the
form of BED files of uniquely mapped reads duced after
chip-seq for histone modifications H4K1Z2ac< and H3K9ac in
mouse hippocampus of 3 ths (young) and 16 months
old) mice after fear conditioning. For detailed information
se refer to supplementary materials and methods of the

fischeriab

respective work by peleg et al

variant Analysis Perform a pileup analysis with default parameters to identify goecks ? minutes ago
for Sample E18 variants in sample E18 S < (A huglng s o

sample

chr22
ongest
get longest exon Mare
numan

WOorkshop
Aug 26, 2010

yzcl09 Aug 24, 2010

Open “hete / /main g2 b psu.edu/history/list_published?son=ratingh! -tags = All” in 2 new 1ab
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Galaxy Pages

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



Galaxy Pages

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.

References

1] X. et ran ptome of embryonic and neonatal mouse cortex by high-throughput RNA sequencing. Proceedings of the National Aci

of Sciences 106, 12741-12746 (2009)

, C., Pop, M. & Salzberg, S.L. Ultrafast and memory-efficient alignment of short DN equUen 0 the human g

About this Page

Author

Jgoecks

Related Pages

All published

Published
Rating

Community

) rat

Tags
Community

Yours

none

¢ jJgoecks




Galaxy Pages

Galaxy | Published Page | Variant Analysis for sample E18

4 #9 http: //main.g2.bx.psu.edu/u/jgoecks/p/variant-analysis-for-sample-e 18

Workflow  Shared Data  Visualization Help  User

Published Pages | jgoecks | Variant Analysis for sample E18 About this Page
al analysis produced support 27,742 ¢ ble variants, Of t ¢ possible v there are 5,625 where (a) the conse 0
r greater. Of these
Author
Galaxy Dataset | Intersect to get Variants from sample E18, consensus different, in RefSeq Cenes JORCKS
Variants with consensus different that occur in RefSeq genes.
Related Pages

Nished
he reads were g ved to o t their quality scores fro ot 1 Fastqsanger. Next Rating
4 < 4 { 5

xclude b

munity

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

Tags

Community

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.

References




Galaxy Pages

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

| 4 |8 htp://main.g2.bx.psu.edu/u/jgoecks/d/fdcdbefd 1207 fbd?2 ¢ HQ

Analyze Data  Workflow  Shared Data  Visualization  Help User

Dataset | Filter 1o 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' : Author

Fllter pileup to find variants where the consensus base Is different than the reference base JQOec

This dataset Is large and only the first megabyte Is shown below. | Show all
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Galaxy Pages

Galaxy | Published Page | Variant Analysis for sample E18

9 http://main.g2.bx.psu.edu/u/jgoecks/p/variant-analysis-for-sample-e18
Shared Data  Visualization  Help  User

Published Pages | jgoecks | Variant Analysis for sample E18 About this Page

T Y49 A

The initial analysis produced support for

Of these po
Author

Galaxy Dataset | Intersect to get Variants from sample E18, consensus different, in RefSeq Genes O O jgoecks
Variants with consensus different that occur in RefSeq genes,
Related Pages

Method

0 10 Solexa 1.3/Fasiqsanger. Next, the reads Rating
r and param 3

: g SAMtools mmunity
he complete analysis is contained thes history ng

GCalaxy History | Variant Analysis for Sample E18
Perform a plleup analysis with default parameters to identify variants in sample E18.

Tags

8 SAM-10-BAM on data 7 @ Need to convert Bowtle SAM 1o BAM so that plleup analysis can be Community

performed
Yours
9. Generate pileup on data 8 Plleup analysis with default parameters

Find variants with coverage >= 30,
sample E18

-
13: Filter to get Variants from sample @® Fllter pileup to find varlants where the consensus base is different than the
E18 where consensus base different than reference base.

ref. base

14: DCSC mm9 RefSeq Genes UCSC mm9S RefSeq genes

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

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.

References
Open “heto /[ /main 2 b psu.edu/history /impBid = e0DBLISISE1L10C2" in 3 new tabd




Analyze Data  Workflow  Shared Data  Visualization Help  User

Tools Options ~ \ History Options «
Filter pileup

Cet Data
Send Data Select dataset: =

ENCODE Tools 9: Cenerate pileup on data 8 > 15: Variants from @R
Lift-Over sample E18, consensus different,
which comains: in RefSeq Genes

Text Manipulation P~ -
Pileup with ten columns (with consensus) 5|

Convert Formats
FASTA manipulation
Filter and Sort

loin, Subtract and Group 20 13: Variants from ® J

14;: UCSC mm9 RefSeq @ J 2

Ln
Do not consider read bases with quality lower than: Cenes

Extract Features
base different than ref. base
Fetch Sequences Do not report positions with coverage lower than
30 10: Variants from
i es W y W ' \ e sk sample E18
Operate on Genomic Intervals 26,742 regions, format: interval,
/ t variants?:
Statisti Only report variants
Graph/Displ Data Yes &4
Regional Variation ; Loe
at UCSC main | view in

. : ” ¢ main
Multiple regression comer; coordinates to intervals?: seneTrack | display at Ensembl

Multivariate Analysis Yes 'y
Evolution !
Metagenomic analyses Print total number of differences?; ek 0
EMBOSS Yes o4 cxri0 14

14243079

1. Chros 2. Start 3 End 456

NGS: QC and manipulation Print q;.yah(y and base string?:

Yes &

NGS: Indel Analysis Execute

NGS: Peak Calling 9: Generate pileup on

I T data 8

What it does

- M-10-BAM @®

SNP/WCGA: Data; Fllters Allows one to find sequence variants and/or sites covered by a spec td number of reads t; 3A to-BAM on data ® ¢
NN A e with bases above a set quality th old. The to ) ] column pileup

mf;w_ﬁ&_‘q(.._LQAf_lQli formats produced with san s ¢ Jp command. However, it ¢ £ to specify

SNP/WCA: Statistical Models columns in the input file manually. The tool assumes the following @® J ¥

llumina on data 6 and data S

¢ the quality scores follow phred33 convention, where input qualities are ASCI
characters equa ”n

6: E18 PE2 Reads /]

o the pileup dataset was produced by the samrools pileup command (although you

Open “hito://main. g2, bx.psu.e0u/100l_runmer)rerun?id=1703758" in a new tab




Galaxy Pages

AN Galaxy | Published Page | Variant Analysis for sample E18

i4‘>

+ |9 http: //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 E18

Variant Analysis of Embryonic Mouse Brain Tissue

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

About this Page

Author

Jgoecks

Results Related Pages

encing studies, we performed a simple variamt

y CaNn SUpport accessible, and transparent NGS re-s
periment identifies variants from a set of 4,536,964 RNA-seq s obta

t rd from sequencing a sample of mm$ brain
tissue from da p ryonic development

0

The initial analysis produced support for 27,742 possible variants. Of these possible variants, where (a) the consensus base--as Rating
determined by the MAQ model-~differs from the reference base and (D) read coverage at the base 30x or greater. Of these potential variants, x
2796 occur in known RefSeq Genes. These potential variants are Lommunity
+ Galaxy Dataset | Intersect 1o get Variants from sample E18, consensus different, in RefSeq Genes

Variants with consensus different that occur in RefSeq genes.

Method

Community: none

f this analysis reads were groomed to Co helr qual score om S xa 1.0 N the reads
g rimmed ! 36bp to 27 10 exciude base pairs with ¢ quality scores 1ale and parameter ¢ - After
read mapper Bow A plleup analy using SAMtools [3] was then

rted by 30+ reads. The complete analysis contained in this history

3 and trimm r / pped using the short performed

+ Galaxy History | Variant Analysis for Sample E18

Perform a pileup analysis with default parameters to identify variants in sample E18.

Here 15 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.

References

X. et al. Transcriptc of embryonic and neonatal mouse cortex by high-throughput RNA sequencing. Proceedings of the National Acadermy

Genome Biol 1I(

| Langmead, B rapt C., Pop & Salzberg, 5.L. Ultrafast and memory-efficient alignment of short DNA sequences to the human genc

The Sequence Alignment/Map format and SAMtools. 8loinf

AMtools \nformatics

Open “he1o / /main g2 b psu.edulworkllow/imp?id=58d 1684552799007 in 2 mew 1ad
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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 tlaetual analysiyou

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
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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...

Wil continue to be maintained and enhanced, but
with limits and guotas

Centralized solution cannot scale to meet data
analysis demands
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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) sys
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 sen
requests and manage jobs

Utilize existing resources

Supports any scheduler that supports
DRMAA (most of them)




Running aProduction Server

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

Load balancing; proxy support

https://bitbucket.org/galaxy/galaxy-central/wiki/Con#g/ProductionServer
e



Lack IT knowledge or resources?

No problem, just use th€loud
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Deploying Galaxy on the AWS Cloud
http://usegalaxy.org/cloud

1.0Open an AWS accourfbnly once)

2. Use the AWS Management Consolestart a mastel
EC2 instance

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




2. Start an EC2 Instance




3. Con"gure Your Cluster

68









Can use like any other Galaxy instance, with
additional compute nodes acquired and released
(automatically) in response to usage
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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 yc
own Galaxy server

Steps:
Obtain and install Galaxy source codedtGalaxy.ory
Write an XML #le 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 con#guration XML #le
Write a wrapper script, only if required







Adding your Own Display Application

De#ne An XML con#guration which describes hoy
and where to present the data to the External Wel

Application

Static
Dynamic - display options can be loaded from a #le

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




Static External Display Application



BAM at UCSC



Dynamic External Display Application



You added a tool, now what?

Share it with the communy!

Galaxy Tool Shed

Upload and Download contributed tools
Rate and provide comments and feedback
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Get and Contribute Tools

http://usegalaxy.orgcommunity



Some future challenges

%apturing and automatically deploying tool
dependencies, automatic tool acquisition in Galaxy
Instances

¥3etter Interfaces for highly parallel analysis (e.qg.
running the same work"ow across 192 individuals)

¥\/arious work"ow engine improvements, partial data
streaming, combined experimental/computational
work"ows




Try it now: Develop and deploy:

http://usegalaxy.org http://getgalaxy.org
http://galaxyproject.org

Come do cool stu$, 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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