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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




Overview

What is Galaxy?

What you can do in Galaxy
analysis interfacétools and datasources
data libraries
work" ows
visualization
sharing
Pages

Galaxy 101 Exercise



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

Select lines that match an Galaxy
expression

Analyze Data  Workflow  Shared Data  Visualization  Help

m History Options ~
) with Bowtle for lllumina

Extract features from GFF file

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

Filter GFF file by attribute using = ot =
simple expressions

it a reference genome: 15: variants from sample ® (%
9 E18, consensus different, in RefSeq
i Genes

Filter GFF file by feature count ‘
using simple expressions PG M 14; UCSC mm9 RefSeq Genes @ J 32

sired d % e
Extract Features — 13: Variants from sample ® 7R

Forward FASTQ file: E18 where consensus base different
Fetch Alignments 1 E18 PE.1 Reads ) than ref. base
Get Genomic Scores
Operate on Genomic Intervals
Statistics
Graph/Display Data

10: Variants from sample ® J 3
Reverse FASTQ file E18

1: E18 PE.1 Reads
1 9: Generate pileup on data 8 @ J &

Multiple regression Maximum insert size for valid paired -end alignments (-X): 8 SAM-10-BAM on data 7 @® [

Multivariate Analysis 1000 7: Map with Bowtie for ®»
7 I wii ® i

The upstream/downstream mate orientation for valid paired-end alignment against the Hlymina on data 6 and data 5
Metagenomic analyses forward reference strand (==fr/«~rf/~~ff)

EMBOSS PR (for Nlumina) 134 6: €18 PE2 Reads Groomed,
Trimmed
Bowtie settings to use:

NGS: QC and manipulation Commonly used 1 S:E18 PE1 Reads Groomed,
NGS5 Mapping t f f v t Trimmed

NGS: SAM Tools '

NGS: Indel Analysis Suppress the header in the output SAM file:

v
NG5: Peak Calling ‘ . ) ¢ . ) = 3. E18 PE]1 Reads Groomed

4. E18 PE2 Reads Groomed

Execute 2. E18 PE2 Reads
SNP/WCA: Data; Filters
SNP/WCA: QC: LD: Plots 1; E18 PE.]1 Reads
SNP/WGA: Statistical Models .
: ¢ 2 read aligne s t ast and memory-efficient. It is developed by Ben
Workflows Langm d Trapn Please cite L d B Tra ell C, Po L. Ultrafast an

ology 10:R25




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 ~

le for Humina

M the lntervals Of tv',o t a reference genome from your history or use a built-in index?: o 1=
quer'es D index o

Merge the overlapping intervals rence genome: 15; variants from sample @ ( &

E18, consensus different, in RefSeq

of a query | ' 4 Genes

14: UCSC mm9 RefSeq Genes @ [ &2

Concatenate two queries into Qpet=Raegr

one query 13: Variants from sample ® Yy R

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

ads

Base Coverage of all intervals

10: Variants from sample ®J R
E18

Coverage of a set of intervals
on second set of intervals

9; Generate pileupon data 8 @ 7 2

Sert size for valid paired -end alignments (-X): 8 SAM-10-BAMondata7 @& 0 2

Complement intervals of a
7: Map with Bowtie for @® R

query /downstream mate orientation for valid paired-end alignment against th Hiymina on data 6 and data 5
rence strand (==fr/ «~rf/ - ~ff)

ina) 34 6: E18 PE2 Reads Groomed, @® {/ §

Cluster the intervals of a query Trimmed

gs 10 use:
oin the intervals of two queries E ¥ , . . =
side-by-side

header in the output SAM file: 4.E18 PE2 Reads Groomed ® ¢ X

Get flanks returns flanking FERR 2 v . - T T ST ey,

region/s for every gene 2. E18 PE2 Reads ® )R

Fetch closest feature for every | 1. E18 PE] Reads ® )R
interval

Profile Annotations for a set of
genomic intervals




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
HOQPFO@EEASOQFQPFEFOEQEQQFAEAFAEAPPEARFPFQOQO@EOOOESEOHQQFFFOQHEARROQDO

N-Jo oMbk
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

UCSC table browser
BioMart

interMine / modMine
EuPathDB server
EncodeDB at NHGRI
EpIGRAPH server



Tool Suites

Text Manipulation Regional Variation
Format Converters EMBOSS

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

Sequence Tools ChlP-seq

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



NGS: QC and manipulation

FASTQ Groomer convert
between various FASTQ quality
formats

FASTQ splitter on joined paired

end reads

FASTQ joiner on paired end
reads

FASTQ Summary Statistics by
column

Build base quality distribution

Select high guality segments

Combine FASTA and QUAL into
FASTQ

Convert SOLID output to fastq

Compute quality statistics for
SOLID data

Draw qguality score boxplot for
SOLID data

Filter FASTQ reads by quality
score and length

FASTQ Trimmer by column

FASTQ Quality Trimmer by
sliding window

Metagenomic analyses
Human Genome Variation
EMBOSS

NGS: QC and manipulation
NGS: Mapping

Map with Bowtie for lllumina

Map with BWA for lllumina

Lastz map short reads against
reference sequence

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

Parse blast XML output

= Map with Bowtie for SOLID

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

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

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

Filter SAM on bitwise flag
values

Convert SAM to interval

SAM -to-BAM converts SAM
format to BAM format

BAM-to-SAM converts BAM
format to SAM format

Merge BAM Files merges BAM
files together

Generate pileup from BAM
dataset

Filter pileup on coverage and
SNPs

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

flagstat provides simple stats
on BAM files

NGS: Indel Analysis

NGS: Peak Calling

NGS: RNA Analysis

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

NGS: SAM Tools

NGS: Indel Analysis

= Filter Indels for SAM
= Extract indels from SAM

= |ndel Analysis
NGS: Peak Calling

= MACS Model-based Analysis of
ChIP-Seq

GeneTrack indexer on a BED
file

= Peak predictor on GeneTrack
index

NGS: RNA Analysis

Tophat Find splice junctions
using RNA-seq data

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

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

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

Filter Combined Transcripts
using tracking file

Dozens of tools for @erent HTS applications packaged with Galaxy




VCF Tools

= [ntersect Generate the
intersection of two VCF files = Fastgc: Fastgc QC using FastQC

from Babraham
= Annotate a VCF file (dbSNP,

hapmap)
= Filter a VCF file NGS: GATK Tools

m Extract reads from a specified _
region Reahcner T;rcet Creator for use
in local realignment

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

BAM Index Statistics

Covari A f
Sam/bam Alignment Summary Count Covariates on BAM files

Metrics Table Recalibration on BAM files

r f A i :
samjbam CC Blas Meuics Analyze Covariates - perform

Estimate Library Complexity local realignment

Insertion size metrics for

PAIRED data Unified Genotyper SNP and indel

Sam/bam Hybrid Selection caller
Metrics For (eg exome) targeted
data

Add or Replace Groups
Reorder SAM
Replace Sam Header

Paired Read Mate Fixer for
paired data

Mark Duplicate reads
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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 V.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.psil.edy
greg@bx.psu.edu
greg@bx.psu.edu
greg@bx.psu.edu
L. 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

50.5 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 singletle

Import datasets from a Galaxy history

Upload a directory offles

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




Galaxy Work ows

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 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

Autput Tophat

Input dataset s fhcdai

Cufflinks

Dutput

otation Cufrdify
_ Y Cuffcompare

ANSCrIDIS exoression (tabular CTF file produced by

Cufflinks

of aligned RNA

CTF file produced by e of aligned RNA
Cufflinks
Input dataset =4

Reference Annotatio of exp oy
output .
Tophat k: ANSCripLs_accuracy (1x Je exp bula
RNA-Seq | Q file putl tmap (tabula 1SS_grouds_exp (tabular
Input dataset b= 4 RNA -Seq FASTQ file nputl refmap (tabula cds_exp fpkm_tracking (tabula
output u ons (b 2 o nput _tmap (tabular) soforms fokm tracking (tabuls
. ST Cufflinks 4 o P
accepted_its (ban AM or BAM file of ned RNA ol il - I SR .
----- as nscrip cKing D ar qroups fokm cKIng DUlar
R " r ripts combineg (gtf cds fokm cking a
g by plicing_diff (tabular
< 0 3 : mote ot L d
vled isoforms (gt 3t f
Input dataset ® assembled_isoforms (gt ds_gifT (taba

putput

Example: WorK ow for di$erential expression analysis of RB&&q using Tophat

Cu& 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

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 ®
Select data
out (tab
Compute 2
Concatenate queries 3%
Concatenate Query
Query 1 > Select
Query 2 > Select o % Compute ®
Query 3 > Select From w column to
out filel out_filel (tabular) out_filel
Cut ® Compute 2
Concatenate queries 33 as a new column to
out_filel (tabular) o f
Concatenate Query out_filel
Query 1 > Select
Query 2 > Select S o]
R Calee as a new column to
out_filel out_filel
Compute <4
as a new column to
Compute 2 out_filel
® as a new column to
out_filel
out_filel (tabular) Concatenate queries 3%
Concatenate Query Cut
From
Join two Queries 3%
ol B e % out_filel (tabular
with to Query
out_filel out_filel

same individual

g lovifsequency heterosplasmic sites in two tissues
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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/

14: Taq Counts (bigWiq)

Info:

&l @@

Mammal Cons

Stickleback —— =

SNFs (125) |

RepeatMasker

move [ <<< )( << > ) >> ) >>> )zoomin ( 1.5x )( 3x )( 10x )( base ) zoom (f | display at UCSC main
Binary UCSC BigWig file
pOSl[lOﬂ/SCﬁI‘Ch chrl2:57,795,963-57,815,592 gene -.!H_mp,. clear ) S1Zo <o ooo ops org e
chriz (gqCi) 12gA1.1 | gA2 12¢AS 9Bl 12463 12gC1 pe=leinic il D1 D2 12003 12gE 12gF1 N=1g=
Scale S Kb} |
chri2: s730088486] s75056484l s731608488] 573158488l
Tag Counts (bigWig)
g Counts ¢higWig) I
STS Markers on Genetic and Radiation Hubrid Maps
STS Markers [ecte—=] il I
UCSC Genes Based on RefSeq, UniFrot, GenBank, CCDE and Comparative Genomics
Fax3 R P A S s S s S
1c25a21 me—m] ]
RefSeqy Genes
RefSeq Genes Iz =0 B et rera s o | o
Noh-Mouse RefSeq Genes
other RefSed [ o) g _—
Ensemb 1 Gene Fredictions
Ensemb1 Genes — sl B Ty
Human Pr*ote ms Mapped by Cha med tELASTN
FAxo o -l sLC2SA21 Fedd-
Mouse mRNAsS from GenBank
AK132404 o |
AK 834955 o HEn B e AK16753S
XS54000 o s B e AK162579 -
BCBBS794 ut . B finmm AKB4S150 mme——]—
BCBBE938 A TR - = - . AKB841694
AK 836955 mmf—{{—
EU150236 mmf—{{-
BCOS7950 m—{{-
Mouse ESTs That Have Been Spliced
Spliced ESTs B—

38-Way MUlItiz Alignment & Conservation

|TE W[ T N

IRV |1 AT i
=1l -l[llll-l--ll III[II-IIIIIIII.III
I TR | —--ﬁr —

TV O ERTT
([T I I
AN 1Y 1
110 IIIIH l

Simple Nucleotide Polgrimor*philsims (dbSNFI' build 128

p)
(1
I

Repeating Elemerltts by RTpeatMasker

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




Trackster

View your data from within Galaxy
No data transfers to external site
Use it locally, even without internet access

Supports commonr#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




1-h

Cufflinks
Max Intron Length

Min Isoform Fraction
Pre MRNA Fraction

Perform quartile normalization
Run on complete dataset Run on visible region

CUFF 132901 BB E _UFF . 148

)0, 0.05, 0.05,




1,530,000

embled transcripts - region=[all

Cufflinks

Max Intron Length 150000

Min Isoform Fraction >0.05
Pre MRNA Fraction 0.001

-

Perform quartile normalization No |49

Run on complete dataset Run on visible region

).5, 0.05, No]

1

Cufflinks - region

, parameters=|

18

0.05

I >5>5555555>

eglon=[chr19:1523098-1545232],

parameters=[1

0.05, 0.001, No]

F.4.1 BB Isss

2. R




Overview

What is Galaxy?

What you can do in Galaxy
analysis interfacétpols and datasources
data libraries
work" ows
visualization
sharing
Pages

Galaxy 101 Exercise



Sharing and Publishing

Sharing and Publishing History 'Variant Analysis for Sample E18'

Making History Accessible via Link and Publishing It

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

Make History Accessible via Link

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

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

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

Share with a user

Back to Histories List

45



Sharing and Publishing

Sharing and Publishing History 'Variant Analysis for Sample E18'

Making History Accessible via Link and Publishing It

This history accessible via link and published.

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

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




Sharing Trackster Visualizations

OA picture is worth a 1000 words.O

A fully-interactive visualization is worth many
more words



-_' Galaxy | Published Visua
main.g2.bx.psu.eduy

Analyze Data Workflow Shared Data Visualization Admin Help

About this Visualization

Author

jeremy

Related Visualizations

ished visyali
lished visyalizations Dy jeremy

Rating

Community 2 8.8 &
1 rating, 5.0 average

Yours

Tags

Community

cool

Yours
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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
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Creating a Page
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Creating a Page

62



Creating a Page
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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 101
http://usegalaxy.org/galaxy101

A simple question...
Which coding exons have highest number of single nucleotide
polymorphisms?



Galaxy 101
http://usegalaxy.org/galaxy101

Overview

Interactively Analyze Data
Create reusable generic Wdrkw
Share analysis Results, History, Wank

Required Data
Genomic Coordinates of coding exons and SNPs



Genomic Coordinates

>chrl
taaccctaaccctaaccctaaccctaaccctaaccctaaccctaacccta
accctaaccctaaccctaaccctaaccctaaccctaaccctaaccctaac

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

chrom start end name score strand
chrl 0 10#rst_ten_bases 0 +

see also:

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

https://bitbucket.org/galaxy/galaxy-central/wiki/zero _based_coordinates.pdf
e



Galaxy 101: Basic Steps
http://usegalaxy.org/galaxy101

Get Genomic data from UCSC Table Browser

Determine each SNP that overlaps with a sp#ci
coding exon

Calculate count of overlapping SNPs for each exc

Sort and select exons by greatest SNP counts



Using Galaxy for High-throughput
Sequencing (HTS) Analysis and
Visualization

Dan Blankenberg
The Galaxy Team
http://UseGalaxy.org



Overview

High-throughput Sequencing (HTS) Data

Using Galaxy to Analyze HTS Data
. Prepare, quality control and manipulate reads

Read Mapping

SNP & INDEL analysis

Binding sites analysis and peak calling
Transcriptome analysis

Galaxy exercises: ChlP-seqg and RNA-seq



HTS Data

From the Sequencer:
reads and quality scores (FASTQ)

In the Analysis Pipeline / Workw:
alignments against reference genome (SAM, BAM)
annotations (GFF, BED)
genome Assemblies (FASTA)
guantitative tracks, e.g. conservation (WIG)



FASTQ Quality Scores

@UNIQUE_SEQ_ID
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCAC!
+

R ((((744)) %%%++) (%%%%). 17+%-++")*E5CCF>>>>>>CCCCCCCH55

.

http://en.wikipedia.org/wiki/FASTQ _format

Galaxy tools generally use Sanger format
Need to convert quality scores to Sanger using Groomer tool



Getting Your Data into Galaxy

Cannot upload any le larger than 2GB via Web

browser
Galaxy does not currently support compressetes

Use FTP client, e.g. FileZilla: httplézilla-project.org/
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Prepare and Quality Check

Blankenberg D, Gordon A, Von Kuster G, Coraor N, Taylor J, Nekrutenko A; Galaxy Team. Manipulation

data with Galaxy. Bioinformatics. 2010 Jul 15;26(14):1783-5.
5



Combining Sequences and Qualities



Grooming --> Sanger



Quality Statistics and Box Plot Tool



FastQC



Read Trimming



Quality Filtering



Manipulate FASTQ
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Mapping HTS Data

Collection of interchangeable mappers
. accept fastg format, produce SAM/BAM

Mappers for
DNA
RNA
Local realignment



Mappers

DNA

short reads: Bowtie, BWA, BFAST, PerM
longer reads: LASTZ

Metagenomics
Megablast

RNA / gapped-reads mapper
Tophat



Commonly Used/Default Parameters



Full Parameter List

Variable Levels of SettiHTS

Default Best-Practices
Fully customizable parameters
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SNPs & INDELSs

SNPs from Pileup
Generate
Filter



GATK Tools

Local re-alignment
Base re-calibration

Genotyping

Alpha status
please try, report bugs
available on test server:
http://test.g2.bx.psu.edu/




Uni! ed Genotyper

Inputs
BAM! |es

Lotsof possible
parameters

Output
VCRH le(s)
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Peak Calling / ChlP-seq analysis

Punctate binding
transcription factors

Di! use binding
histone modi' cations
Polll



Punctate Binding --> MACS

Inputs
Enriched Tad le
Control / Input! le
(optional)

Outputs

.~ Called Peaks
Negative Peaks (when
control provided)
Shifted Tag counts (wig,
convert to bigWig for
visualization)

Zhang et al. Model-based Analysis of ChIP-Seq (MACS). Genome Biol (2008) vol. 9 (9) pp. R137



MACS --> GeneTrack

Albert I, Wachi S, Jiang C, Pugh BF. GeneTrack--a genomic data processing and visualization framework.

Bioinformatics. 2008 Maz 15;24‘10;:1305-6. Eﬁub 2008 Aﬁr 3.



Di! use Binding

CCAT (Control-based Chll
seq Analysis Tool)

Xu H, Handoko L, Wei X, Ye C, Sheng J, Wei CL, Lin F, Sung WK. A signal-noise modetdocsignialysis of ChlP-seq with negativ
control. Bioinformatics. 2010 May 1;26(9):1199-204.



| have Peaks, now what?

Compare to other annotations using interval operations



Secondary Analysis

A simple goal: determine number of peaks that overlapcaging exons b)5-UTRsc)3-UTRsd)introns and d)
other regions

Get Data

Import Peak Call data

Retrieve Gene location data from external data resource

Extract exon and intron data from Gene Datagne BED To Exon/Intron/Codon BED expandgr
Create an Identier column for each exon typeAdd columnx4)

Create a singléle containing the 4 typesGoncatenate

Complementthe exon/intron intervals

Force complemented le to match format of Gene BED expander outpabfivert to BEDH
Create an Identier column for the OotherO typed column)

Concatenatethe exons/introns and othet les

Determine which Peaks overlap the region typekin)

Calculate counts for each region typ&(oup)



Secondary Analysis



Annotation Pro! ler

One click to determine base
coverage of the interval (or set of
Intervals) by a set of features
(tables) available from UCSC

galGal3, mm8, panTro2, rn4,
canFam2, hgl8, hgl9, mm9,
rheMac?2
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Transcriptome Analysis
(with a reference genome)

TopHat

Cu inks/compare/dt’

1. Trapnell, C., Pachter, L. and Salzberg, S.L. TopHat: discovering splice junctions with RNA-Seq. Bioinformatics 25, 1105-111
2. Trapnell et al. Transcript assembly and abundance estimation from RNA-Seq reveals thousands of new transcripts and swit
among isoforms. Nature Biotechnology doi:10.1038/nbt.1621



Top

Map RNA (FASTQ) to a

reference Genome
gapped mapper

Outputs

BAM! le of accepted hits
BED! le of splice junctions

at



Cu

Goal: transcript assembly and
guantitation

Input: aligned RNA-Seq reads,

usually from TopHat

Outputs
assembled transcripts (GTF)
genesO and transcriptsO
coordinates, expression levels

Inks



Cul compare

Goals
generate complete list of
transcripts for a set of transcrip
compare assembled transcripts
to a reference annotation

Inputs: assembled transcripts
from CU inks

Outputs:
Transcripts Combined File
Transcripts Accuracy File
Transcripts Tracking Files



Cu di!

Goals

- di! erential expression testing
transcript quantitation

Inputs

.~ Combined set of transcripts
mapped reads from 2+ samples

Outputs
-~ di! erential expression tests for
transcripts, genes, splicing,
promoters, CDS
guantitation values for most
elements



Next Steps

Filtering

- for di! erentially expressed
elements
combined transcripts (e.g.
for those dl erentially
expressed between sample

Extract transcript sequence:
and pro'le sequences for
function



Integrating Tools and Visualization









Working to add GATK Uried Genotyper (and
more!) to Trackster as well



Working with HTS Tools

Often challenging
many parameters

. time intensive
evaluating results di cult

Good options

-~ "lter early," Iter often: easier to understand fewer result
experimentation: can rerun tools, wotows

- visualization: use tools in Trackster when possible
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Using Galaxy

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

Public Malling Lists

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




ChlP-seq and RNA-seq exercises

Chip-seq
- http://lusegalaxy.org/u/james/p/exercise-chip-seq

RNA-seq
- http://usegalaxy.org/u/jeremy/p/galaxy-rna-seg-analysis-
exercise

start Tophat mappind rst (second section), then look at QO gt section)
Add various outputs to a Trackster visualization and play wittering and
reruning tools



Variant Detection

Depristo MA, Banks E, Poplin R, Garimella KV, Maguire JR, Hartl C, Philippakis AA, Del Angel G, Rivas MA, Hanna M, McKenna A, Fennell TJ,
Kernytsky AM, Sivachenko AY, Cibulskis K, Gabriel SB, Altshuler D, Daly MJ. A framework for variation discovery and genotyping using next-
generation DNA sequencing data. Nat Genet. 2011 May;43(5):491-8.



Running and Enhancing your own
Galaxy

Daniel Blankenberg
The Galaxy Team
http://UseGalaxy.org
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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 a Production 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/Cothg/ProductionServer
e



Lack IT knowledge or resources?

No problem, just use the Cloud
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Cloud Computing

network accessible compute resources that can be
rapidly acquired, cohgured, and released on demar

Infrastructure as a service

Compute resources provided and chgured on
demand "compute nodes, storage, netwokk

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




When to use the cloud?

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

Have oscillating data volume



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

1.0Open 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. Cor gure Your Cluster









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




Share a snapshot of this instance







Automation

Cloud instances include all tools available in mair
Galaxy and more

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

Same automation approach can be used for
con! guring tool dependencies for a local Galaxy

VM image with tools (not data) also available,
currently athttp://usegalaxy.org/vm
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The Problem

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



The Galaxy Solution

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

Steps:
Obtain and install Galaxy source code (GetGalaxy.ol
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 cdrguration XML! le
Write a wrapper script, only if required




Tool Con guration

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

Tool Command

Inputs

Action - Used by datasource tools
Parameters

Outputs
Help

Tests




A Basic Tool






Input Parameter types



Datasets and Datatypes

All datasets are associated with a Datatype

File format

Type of Data: genomic intervals, sequence, alignmel
Hierarchical structure useful for inputs

Automatic conversion possible

Metadata

datatypes conf.xml and lib/galaxy/datatypes

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




Adding your Own Display Application

Del ne An XML cohguration which describes how
and where to present the data to the External Wel

Application

Static
Dynamic - display options can be loaded fronl ke

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 community!

Galaxy Tool Shed

Upload and Download contributed tools
Rate and provide comments and feedback



Galaxies on

private clouds

x(

{ http://usegalaxy.org } (—)

Galaxy Tool

Shed

http://usegalaxy.org/commun

ity

!

12 s

|

Galaxies on
public clouds

vV

V

private Galaxy installations

Spays |00] areALd



Get and Contribute Tools

http://usegalaxy.org/community



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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Download and Install

GetGalaxy.org

Requirements:
Linux / Mac OS
Python 2.5 - 2.7
Mercurial (hg) for downloading (preferred), tar.gz
available
Internet connectivity for setup of dependencies

Follow directionshttp://GetGalaxy.org




Adding a Tool

GetGalaxy.org/wiki

Requirements:
Have or write a Command Line executable
Determine inputs and outputs of tool
Write XML description of tool
Instruct Galaxy to load tool

Follow directionshttp://wiki.g2.bx.psu.edu/Admin/
Tools/Add Tool Tutorial




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




Second Half: Running Your Own Instance

You Need a Mac or Linux machine

If you have windows, you can use a virtual machine setup, such as
virtualbox with Ubuntu

VirtualBox: https://www.virtualbox.org/

Ubuntu: http://www.ubuntu.conv/

A preconl gured VM is available (less preferred for learning setup):
http://usegalaxy.org/vm

WIFI: OICR Guest
Username: setup

password: oicrguest



The Vision

Galaxy is anopen, Web-based platform for
accessible reproducible , and transparent
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




