An Introduction to Galaxy

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




Overview

What is Galaxy?

What you can do in Galaxy

+ analysis interface, tools and datasources
+ data libraries

+ workflows

+ visualization

+ sharing

+ Pages

Galaxy 101 Exercise



The Vision

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



What is Galaxy?

GUI for genomics
+ for complete analyses: analyze, visualize, share, publish

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

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

4 #9 http://main.g2.bx.psu.edu/

Tools Options

Get Data

Send Data

ENCODE Tools
Lift-Over

Text Manipulation
Convert Formats

FASTA manipulation
Filter and Sort

Join, Subtract and Group
Extract Features

Fetch Alignments
Get Genomic Scores

Statistics
Graph/Display Data
Regional Variation
Multiple reqgression
Multivariate Analysis

EMBOSS

NGS: QC and manipulation
NGS5 Mapping

NGS: SAM Tools

NGS: Indel Analysis

NGS: Peak Calling

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

Workflows

Analyze Data  Workflow

Map with Bowtle for llumina

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

Use a bulit~in index o
Select a reference genome:

mm9

Is this library mate-paired?:

Paired-end %

Forward FASTQ file:
1: E18 PE 1 Reads

Reverse FASTQ file
1: E18 PE.1 Reads

Shared Data

Galaxy

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

1000

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

FR (for lllumina) 3

Bowtie settings to use:

Commonly used 2]

Suppress the header in the output SAM file:

v

Execute

What it does

ast and memory

Visualization Help User

m History Options ~

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

14: UCSC mm9 RefSeq Genes @ J 22

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

10: Variants from sample ®
E18

9: Generate pileup on data 8 @ ¢
8. SAM-10-BAM on data 7 @® |

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

6: E18 PE2 Reads Groomed,
Trimmed

5:E18 PE.1 Reads Groomed,
Trimmed

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

1. E18 PE] Reads




Filter and Sort

= Filter data on any column using
simple expressions

< - [ ]
B e ing y Analysis Workspace
Select lines that match an Galaxy
expression

Analyze Data  Workflow  Shared Data  Visualization Help User

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

e L Y Analysis Workspace

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

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

History Options ~

le for Humina

M the lntervals Of t\.',o t a reference genome from your history or use a built-in index?: o 1=
querles D index |

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 | i

. Vari | ® 7R
one query 13: Variants from sample g%

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 @® [

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

9s 1o use:
Join the intervals of two queries B & | - | R L S
side-by-side

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

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

region/s for every gene 2: E18 PE2 Reads ® (%

Fetch closest feature for every | 1. E18 PE] Reads ® 0%
interval

Profile Annotations for a set of
genomic intervals




Filter and Sort

= Filter data on any column using
simple expressions

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

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

History Options ~

itie for IHlumina

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

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

E18, consensus different, in RefSeq

of a query ' ' Genes

14: UCSC mm9 RefSeq Genes @ J 22

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

NGS: SAM Tools
E18 where consensus base different

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

10: Variants from sample ® 7R
E18

Convert SAM to interval

9: Generate pileupon data8 @ ¢ &

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

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

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

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

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

Generate pileup from BAM 5. , _ 3= 3 E18 PE] Reads Groomed
dataset 2. E18 PE2 Reads

Filter pileup on coverage and 1 E18 PEL Reads
SNPs

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




Filter and Sort

= Filter data on any column usina

simple expressions

Sort data in ascending
descending order

Selert lines that matck

e: Operate on Genon

= |ntersect the inte
queries

Subtract the inte
queries

Merge the overla
of a query

-:F NGS: SAM Too

= Filter SAM o

Filter pileup

Select dataset:

10: Variants from sample E18 4

which contains:

Pileup with six columns (simple) = ]

See "Types of pileup datasets™ below for examples

Do not consider read bases with quality lower than:
20

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

3

Pileup lines with coverage lower than this value will be skipped

Only report variants?:

Yes |4

| wvalues
Convert SAN

SAM -to-BAL
format to B/

BAM-to-SAN
format to S#

Merge BAM
files togethe

Generate pil
dataset

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

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

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

Yes |4

See "Example 4" below for explanation

Execute

Options ~

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

UCSC mm9 RefSeq Genes @ J 28

Wariants from sample ® 7R
‘here consensyus base different

p ref. base

Warlants from sample ®JRr

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

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

48 PE2 Reads Groomed, @ ( ¥
pmed

i8 PE1 Reads Groomed,
hmed

i8 PE2 Reads Groomed
38 PE] Reads Groomed

8 PE2 Reads

Filter pileup on coverage and

SNPs

Pileup-to-Interval condenses

pileup format into ranges of

bases

1 E18 PE] Reads




Filter and Sort

= Filter data on any column usina

simple expressions

Sort data in ascending
descending order

Select lines that matck
e; Operate on Genon

= |ntersect the inte
queries

Subtract the inte
queries

Merge the overla
of a query

{’ NGS: SAM Too

= Filter SAM o

Filter pileup

Select dataset:

4

10: Variants from sample E18

which contains:

-

_Pileup with six columns (simple) v ]

See "Types of pileup datasets™ below for examples

Do not consider read bases with quality lower than:
20

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

3

Pileup lines with coverage lower than

this value will be skipped

Only report variants?:

Yes \a4

values
Convert SAN

SAM-to-BAl
format to B/

BAM-to-SAl
format to S#

Merge BAM
files togethe

Generate pil
dataset

See "Examples 1 and 2" below for explanation

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

See "Example 4" below for explanation

Execute

Filter pileup on coverage and

SNPs

Pileup-to-Interval condenses

ner designed to be ultrafast and memory-efficient

pileup format into ranges of

bases

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

Cenome Bic

e

velo

U

History Options «

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

14: UCSC mm9 RefSeq Genes @ {7 %

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

10: Filter pileup to get @ ] R

Variants from sample E18

@ J R

9: Generate pileup on data 8

8: SAM-to-BAM on data 7

@ ] R

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

6: E18 PE.2 Reads Groomed,
Trimmed

5: E18 PE.1 Reads Groomed,
Trimmed




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

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

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

dataset | cif

P

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

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

History Options

ol

Tags:
snp pileup bowtie

demo sample:el8

Annotation / Notes:

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

10: Variants from @ ] R

sample E18

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

Info:

Gl <@
Tags:
pileup sample:el8

snps

Annotation:
Find variants with

coverage >= 30 and
quality score >= 20.

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

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

chri0 6882036 71

chri0 14243075

chr10 14243079

chri0 14465082 K173

chrio 14465083 : K 144 :

chr10 14465034 14465085 T T 117 1
4 »

6 |




Datasources

Upload file from your computer
+ FTP support for large datasets

UCSC table browser
BioMart

interMine / modMine
EuPathDB server
EncodeDB at NHGRI
EpiGRAPH server



Tool Suites

Text Manipulation Regional Variation
Format Converters EMBOSS

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

Sequence Tools ChlP-seqg

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



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 different 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




Overview

What is Galaxy?

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

Galaxy 101 Exercise



Data Library “Bushman”

Library Actions &

These are the data underlying the analyses reported in the paper "Complete Khoisan and Bantu genomes from southern Africa” by S. C. Schuster et al., published in the
journal Nature, February 18, 2010. Each data set can be downloaded and/or imported into a Galaxy history. Data will be updated as the project progresses.

Name

| All SNPs in personal genomes V

| Alu insertions in KB1 V

sitnds ny w81 ¥

] KB1 microsatellites.txt ¥

B1 microsatellitcs.txt ¥

| amino acid differences with functional predictions ¥

] indels in ABT V

indels in KB1 ¥

| indels in MDb ¢

| indels 'n NB1 ¥

] indels inTK1 'V

| novel SNPs inKB1 ¥

] novel SNPs it M,[# 'V

novel SNPs ir N31 %'

] novel SNPs inTK1 ¥

| sequenced exon-containing intervals V

For selected items: |_Import into your current history

Information

Summary table of SNPs in all individuals

Uploaded By

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

greg@bx.psu.edu

http://usegalaxy.org/bushman

Date

2010-01-28

2010-02-10

2010-02-10

2010-02-15

2010-02-15

2010-02-05

2010-02-15

2010-02-03

2010-02-03

2010-02-03

¢010-92-C+

2010-02-03

2010-02-09

2010-02-09

2010-02-09

2010-02-09

2010-02-09

2010-02-03

File Size

676.8 Mb

14.9 Kb

6.5 Kb

3.5 Mb

828.5 Kb

1.1 Mb

2.1 Mb

105.3 Kb

14.2 Mb

109.8 Kb

Sy Kb

123.2 Kb

9.4 Mb

16.9 Mb

594.1 Kb

4.1 Mb

722.6 Kb

3.1 Mb




Managing Libraries

Loading Data
+ Upload a single file
+ Import datasets from a Galaxy history
+ Upload a directory of files
+ Directly from Sequencer using Sample Tracking System

Accessing Data

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

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



Overview

What is Galaxy?

What you can do in Galaxy

+ analysis interface, tools and datasources
+ data libraries

+ workflows

+ visualization

+ sharing

+ Pages

Galaxy 101 Exercise



Galaxy Workflows

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

Tools Options

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

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

Create New

Dataset Security

Show Deleted Datasets

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

Operate on Genomic Intervals

Statistics

Graph/Display Data

Regional Variation
Multiple regression

te Analysis
9: Generate pileup on

Evolution
data 8

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

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

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

NGS: Peak Calling

quence file aligned

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

Workflows




Galaxy Workflows

a N M Tool History items created

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

™ Treat as input dataset
Tools

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

Saved Histories

Get Data

Send Data
ENCODE Tools
Lift-Over

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

Join, Subtract and Group

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

@Treat as input dataset Histories Shared with Me

Create New

FASTQ Groomer Clone
3: E18 PE.1 Reads Groomed

Dataset Security

Show Deleted Datasets

Fetch Alignments Show structure
Get Genomic Scores

Operate on Genomic Intervals

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

Regional Variation ™ Include "FASTQ Trimmer" in workflow Trimmed

Multiple regression

Multivariate Analysis

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

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

erate pileupon @ ¢/

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

i equence file aligned
NGS: Peak Calling in workflow 2

SNP/WGA: Data; Filters SAM-to-BAM
SNP/WGA: QC; LD; Plots 8: SAM-to-BAM on data 7
SNP/WGA: Statistical Models | ™ Include "SAM-to-BAM" in workflow

Workflows

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




Galaxy Workflows

History items created

Calaxy

Tools Analyze Data  Workflow  Shared Data  Visualization  Help

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

Get Dat

Send i Input dataset

ENCOD

Lift-Ov

Text M:

Conven FASTQ Groomer 3%
FASTA |

Filter a File to groom

Join, Su

Extract

Feich S

Ferch A Map with Bowtie for lllumina 22

Get Ger FASTQ Trimmer ®

output

Forward FASTQ file

Reverse FASTQ file

Operat FASTQ File
Statisti

Graph/| output_file output (sam)
Regioni

Multiph

Multiva SAM File to Convert
Evolutic
Metage

SAM -to~BAM

Input dataset outputl (bam)
output

Generate pileup b4 Filter pileup

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

File to groon file for

output_file outputl (tabular)
(fastqsanger fastqessanger fastqsolexa fasigillumina)

FASTQ Trimmer =
FASTQ File

output_file

M InClude "Generate pileup™ In WOrkriow |




Galaxy Workflows

History items created

Calaxy

Tools Analyze Data  Workflow  Shared Data  Visualization

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

File to groom 2 s

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

Assign Columns 4]

Forward FASTQ file

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

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

Regiond
Multiph
Multiva SAM File to Convert

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

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

SAM -to-BAM
Edit Step Attributes

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

output_file output S viewed.
(fastqsanger fastqessanger fastqsolexa fasigillumina)

FASTQ Trimmer

FASTQ File

output_file

M InClude "Generate pileup™ In WOrkriow |




Galaxy Workflows

History items created

Calaxv

Edit Workflow Attributes

Tools

Tool: SAM-to-BAM

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

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

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

Filter a File to groom bowtie

loin. Sy output_file

Locally cached —ﬂ

Edit Step Actions

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

Assign Columns

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

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

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

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

Add actions to this step; actions are

Edit Step Attributes

FASTQ Trimmer =
FASTQ File

output_file

M InClude "Generate pileup™ In WOrkriow |




Input dataset

utput Tophat

Input dataset S ARV A L T Cufflinks

utput il B e SAM or BAM file of aligned RNA

Reference Annotation Cutfdife

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

Input dataset

putput

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

Cufflinks tools




Map with BWA b4
FASTQ file

output (sam,

Concatenate queries 33
Concatenate Query

Query 1 > Select

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

Sel

t dataset to filter

out_filel (sam)

SAM-10-BAM b3

SAM File t

outputl (bam)

Filter SAM %

Select dataset to filter

out_filel (sam)

SAM-to-BAM &8
SAM File to Convert

outputl (bam;

Generate pileup 33

Select the BAM file to
generate the pileup
file for

output] (tabular)

Generate pileup 3¢

e BAM file to
generate the pileup

output] (tabular)

Fliter
Select

out

tabula

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

Filter

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

Fliter

Filter

out_filel

Filter ®
Join two Queries 3¢ Filter
Join out_filel
with
Join two Queries 2 O Sl
Join
with
Auciiel Compute 2
as a new column to e ®
o fiel Filter
out_filel
Group ®
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 2
From
Join two Queries 3%
ol B e % out_filel (tabular
with to Query
out_filel out_filel

Example: Diagnosing low-frequency heterosplasmic sites in two tissues from the

same individual




Overview

What is Galaxy?

What you can do in Galaxy

+ analysis interface, tools and datasources
+ data libraries

+ workflows

+ visualization

+ sharing

+ Pages
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Visualize

Send data results to external genome browsers

Trackster: Galaxy’s genome browser



External Genome Browsers

UCSC
Ensembl

GBrowse

GV



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
+ find interesting regions, features




Trackster

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

Supports common filetypes
+ BAM, BED, GFF/GTF, WIG

Unique features
+ custom genomes
+ highly interactive



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, why another genome browser

From static browsing to visual analysis

Visual feedback and experimentation needed for
complex tools with many parameters

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



Dynamic Filtering

0 1,000,000

1 _hEcr

I

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

cov [1-1248]

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

" Run on complete dataset '




Integrating Tools and Visualization

= 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 interface, tools and datasources
+ data libraries

+ workflows

+ 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

“A picture is worth a 1000 words.”

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




Overview

What is Galaxy?

What you can do in Galaxy

+ analysis interface, tools and datasources
+ data libraries

+ workflows

+ visualization

+ sharing

+ Pages

Galaxy 101 Exercise



Galaxy Pages

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



Galaxy Pages

Galaxy | Published Page | Variant Analysis for sample E18

+ 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

R m

AAAAAAMAAAAAAS

c r
A G

Tags

Community. none

O
o0

]

Yours

7]

>0
p P nC

x>
“b

‘e
AAAAAMAANAAAAALAAAA
SASASAAAARAAAAAALAA

' 4

LI GEDE X N
> x>
" 4 0

a0
Q> x

PHErO>
" O

xRP®

%

o

IO D
aow

nx




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

T Y49 A

The initial analysis produced support for

Of these po

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

Method

0 to Solexa 1.3/Fasiq
and param
g SAMtools

he complete analysis is contained thes history

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

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

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

~

About this Page

Author
Jgoecks

Related Pages

Rating

mmunity

Tags
Community

Yours




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




Creating a Page

Galaxy

Analyze Data  Workflow  Shared Data  Visualization  Help
Page Editor | Title : Variant Analysis for sample E18

B I t TSI 4 b J Paragraph type ~ Insert Unk to Galaxy Object ~ Embed Galaxy Object «

Variant Analysis of Embryonic Mouse Brain Tissue

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

Results

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

The initial analysis produced support for 27
from the reference base and (b) read coverage

42 possibie variants. Of these possible variants, there are 5,62
B )

t the base is 30x or greater. Of these potential variants, oL ( ential variants are

Method

In the first s v ( I t quall 0 to Solexa 1.3/Fastqsanger, Next, the reads were trimmeg¢ from
exclu e pairs with low quality scores; see | r this step's rationale and an 4 ) 3 an r he reads were mapped usin
Bowtie | A pileup analysis using SAMtools (3] then performed and was filtered to i« tify variants supported b ( The complete analysis is comained

Here Is a workflow for perform ng this analysis

References

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

. Ulrrafast and memory-efficient alignment of short DNA sequences to the human genome. Genome Biol

0 demonstrate how Galaxy can support essible, reproducible, and transparent NGCS re-seguencing studies, we performed a simple variant analysis experiment. This experiment

model --diff

e




Creating a Page

L XaNé Galaxy

+ s nttp: //main.g2.bx.psu.edu/page/edit_contem?id=d2523¢005elecq2?
Analyze Data  Workflow  Shared Data  Visualization Help  User
Page Editor | Title : Variant Analysis for sample E18

B I §= IT o5 < ¢ 8 X R 1type ¥ || Insert Link to Galaxy Object « || Embed Galaxy Object v @
Embed Histories

Variant Analysis of EmbE cach

Jeremy Goecks, Anton Nekrutenko, James Taylofl Name Last Updated t

Variant Analysis for Sample £ aQs 15 minutes ago

Results

Pileup analysis, sample E18 4 Tag 2 days ago ‘

To demonstrate
dentifies variants Unnamed history Sep 07, 2010

2EP

Mriant analysis experiment. This experiment
yonic cevelopment

= 3 ) 2 VX p s Unnamed history 0 Tags pc 17, 2009 : e
he initial analysis produced support for 27 ﬁ - model -~differs

from the reference base and (b) read ¢« rned
ted; Msitory with ~100

orted axy vs MECAN

Method salaxy vs MEGAN

vs MECAN
In the first st of this analysis, the reads were gnﬁl' e reads were trimmeg from 36bg bp
exclude base pairs with low quality scores, see | * PO metagenomic analysis 0 Tag Sep , 2009 were mapped using the short-read mapp

Bowtie [2]. A pileup analysis using SAMtools [3] 4 [« analysis is comained in this !

Galaxy vs MECAN 0 T3 ep 30, 2009
5
[4

Here Is a workflow for performing this analysis

Embed Cancel

References

et al. Transcriptome - ryonic ar eonatal mouse cortex by high-throughput RNA sequencing. Proceedings of the National Academy of Sciences 106, 1274

wgmead, B., Trapnell, C., Po & Salzberg, Ultrafast and memory-efficient alignment of sh ! e ces to the hun genome. Genome Biol 1f
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B I I= = o3 ¢ o 48 9 N9 B Paragraph type ~  Insert Link to Galaxy Object ~ Embed Galaxy Object v

Variant Analysis of Embryonic Mouse Brain Tissue

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

Results

onstrate

e port accessible, reproducible, and transparent NGCS re-sequencing studies, we performed a simple variant analysis experiment. This
dentifies variants from a set of 4,536,964 RNA-seq reads obtained from sequencing a sample of mm9 brain tissue from day 18 of

S experiment
8 of embryonic development

The initial analysis produced support for 27,742 pos & va " e D ble variants, there are

here (a) the consensus base--as determined the } model--differs
from the reference b h

hese potential variants, ur in known RefSeq Cenes 1ese potentia

Method

In the first step his analysis, the reads were groomed to

exclude se pairs with low quality scores; see [1] for this p's rationale and parameter choices. After grooming and tr ng, the reads were mapped using the st
¢
ere

S
Bowtie A pileup analysis using SAMtools was then performed and was filt

C t their quality scores from Solexa 1.0 to Solexa 1.3/Fastc ger, Next, the reads were trimmeg¢ from
1ep's 2

red to identify variants supported by 30+ reads. The complete analysis is comained

Embedded Galaxy History Variant Analysis for Sample E18'

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

Here is a workflow for performing this analysis

References

Transcriptome of embryonic and neonatal mouse cortex by high-throughput RNA sequencing. Proceedings of the National Academy of Science

Open # 00 this page in 3 new tad
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Page Editor | Title : Variant Analysis for sample E18

B [ ' ’o: o0 o 48 9 9T B Paragraph type Insert Link to Galaxy Object ~ Embed Galaxy Object ~

To demonstrate how Galaxy can support accessibl eproducible, and transparent NGS re~sec . fies, we performed a simple variant analysis experiment, This exper

dentifies variants from a set R q reads obtained from sequencing 3 e O 18 of embryonic development

The initial analysis produced support fo 7.742 possible varia , Of these possib 'a there are S.625 where (2) the consensus e~~as determin the MAQ

from the reference base and (b) read ¢ erag Is 3 or greater. Of t . | variants, occur In kn R Cenes, These g ntial variants are

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

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

ert their qualit m Solexa 1.0 to Solexa 1.3/F a . Next, f were trimmed from 36b
or this step's rationale and parame cholces grooming and trimming, the reads were mapped using the

fo ¢

| was then ormed and was
Embedded Galaxy History 'Varlant Plleup Analysis for Sample E18'
(Do not edit this block; Galaxy will fill it in with the annotated history when it is displayed.]
Here s a workflow fo rming this anatysis
Embedded Galaxy Workflow "SNP identification within annotated genes from NGS PE Data’

(Do not edit this block,; Galaxy will Il it in with the annotated workflow when it is displayed.]

References
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The power of Galaxy publishing

Galaxy's publishing features facilitate access and
reproducibility without any extra leg work

One click grants access to the actual analysis you

performed to generate your original results
+ Not just data access: the full pipeline
+ Annotate each step
+ Anyone can import your work and immediately
reproduce or build on it



Overview

What is Galaxy?

What you can do in Galaxy

+ analysis interface, tools and datasources
+ data libraries

+ workflows

+ visualization

+ sharing

+ Pages

Galaxy 101 Exercise
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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 Workflow
+ Share analysis Results, History, Workflow

Required Data
+ Genomic Coordinates of coding exons and SNPs



Genomic Coordinates

Genome

>chr1
taaccctaaccctaaccctaaccctaaccctaaccctaaccctaacccta

accctaaccctaaccctaaccctaaccctaaccctaaccctaaccctaac
Chromosome

Intergenic region

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

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

see also:

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

https://bitbucket.org/galaxy/galaxy-central/wiki/zero_based_coordinates.pdf
=



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

Get Genomic data from UCSC Table Browser

Determine each SNP that overlaps with a specific
coding exon

Calculate count of overlapping SNPs for each exon

Sort and select exons by greatest SNP counts



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: ChIP-seq and RNA-seq



HTS Data

From the Sequencer:
+ reads and quality scores (FASTQ)

In the Analysis Pipeline / Workflow:

+ alignments against reference genome (SAM, BAM)
+ annotations (GFF, BED)

+ genome Assemblies (FASTA)

+ quantitative tracks, e.g. conservation (WIG)



FASTQ Quality Scores

QUNIQUE SEQ ID
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT
+

'R ((((F**+))3%%++) (%%%%) . 1*x**—+%' ' )**55CCF>>>>>>CCCCCCC655

1"#$%&" ()*+,~-./0123456789: ;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]"_~abcdefghijklmnopgrstuvwxyz{|}~

59 64 73 104

Phred+33, raw reads typically (0, 40)
- Solexa Solexa+64, raw reads typically (-5, 40)
- Illumina 1.3+ Phred+64, raw reads typically (0, 40)
- Illumina 1.5+ Phred+64, raw reads typically (3, 40)
with O=unused, l=unused, 2=Read Segment Quality Control Indicator (bold)
(Note: See discussion above).

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 file larger than 2GB via Web

browser
+ Galaxy does not currently support compressed files

Use FTP client, e.q. FileZilla: http://filezilla-project.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: ChIP-seq and RNA-seq



Prepare and Quality Check

454
v

low quality

SOLiD

|

Quality
Statistics

lllumina
v
v
v
v

splitter

Generic Box Plot
Tool

Read Trimmer

Quality Filter

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

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



Combining Sequences and Qualities

'-___ Galaxy Analyze Data ~ Workflow  Shared Data  Visualization Admin  Help  User

Tools Options + 7 History Options «
Combine FASTA and QUAL =
= FASTQ splitter on joined paired s
end reads FASTA File:
= l;::;’sg joiner on paired end _1:454.fasta v 2: 454.qual ® R
Quality Score File: 52 lines
= FASTQ Summary Statistics by 2: 454.qual . format: qual454, database: ?
column - Info: uploaded qual454 file
Force Quality Score encoding: ol &
{ > s ASCII v
= Build base quality distribution >EYXX4VCO1B65GS lengtl 1
Execu(e 33 23 34 25 28 28 28 32 23 34 27 4

Select high guality segments

>EYKX4VCO1BNCSP length=187 xy=0558
Combine FASTA and QUAL into ) 27 35 26 25 37 28 37 28 25 2B 27 36
FASTQ What it does 22 9 23 19 28 28 28 2B 26 28 39 32
26 27 37 29 28 26 28 36 28 26 24 3B

This tool joins a FASTA file to a Quality Score file, creating a single FASTQ block for each read.

4 >
= Convert SOLID output to fastq Specifying a set of quality scores is optional; when not provided, the output will be fastgsanger or fastqcssanger (when a
) - csfasta is provided) with each quality score being the maximal allowed value (93).
= Compute quality statistics for 1: 454.fasta @ ] R
SOLID data Use this tool, for example, to convert 454-type output to FASTQ. 18 sequences
= Draw quality score boxplot for format: fasta, database: ?

SOLID data Info: uploaded fasta file
@EYKX4VCO01B65GS length=54 xy=0784_1754 region=1 run=R_2007_11 07_16_15 57_ -y
CCGGTATCCGGGTGCCCTGATCAGCGCCACCCGAACCAATTCGACTATGCCGAA
+

‘ BYC:===ABC<E==6=<< BB=BIE<@6==B;B9< AB=C: R S =
= Filter FASTQ reat @EYKX4VCO1BNCSP length=187 xy=0558_3831 region=1 run=R_2007_11_07_16_15_57_ R
score and length CTTACCGGTCACCACCGTGCCTTCAGGATTGATCGCCAGATCGGTCGGTGCGTCAGGCGGGETGACATCGCCCACCACGGTACTCACTGGCTGGCTCTGGTTCCCGGCGGCATCGGAG >EYKX4VCOIBNCSP length=187 xy=0558
. + CTTACCGGTCACCACCGTGCCTTCAGGATTGA
m FASTQ Trimmer «p; :Fef=:=<E<=E<==<E<?4<=E=BE<<=<<=F><;<99E<;=E=9:6=9=;C:;LET*B4 ; =HA-<E==; Fus; ===c=; E<<<E=<<==E<E=HA-D=; F> F>=E R ——
= FAST ualitv.Ti @EYKX4VCO1CD9FT length=115 xy=0865_1719 region=1 run=R_2007_11_07_16_15_57_ CACCACETTGACEETATTCCCCTCEETTTETEECT!

sliding windo GGGGGCTTTGGCCTGTCGTCCEGGCACCTCGCAAGAGCTACAGCAGGCGCGGCTGGCCATCATCGGCEGGCACGCCGGCCTATATGTCGCCGGAACACACCACCCGCACCCAACGCG
iding wi e
i# E<E F 3 E o g o s B n . o +AT7 B : o J "2 )E

EASTO Maqkprthgl*y{HB'T<E<, <==BB8F =E< E< B s F F=;=E< e E _D,<_ <E<D:A7 C:E<C:=<==E<=D> F?)B9=<<<
@EYKX4VCO1B8FW0 length=95 xy=0799_0514 region=1 run=R_2007_11_07_16_15_57_
TAAATTTCAAGGAATGCAAATCAGGCTCGTGTGTTTAGACTTCGGCTTTAGAGACCTGAATACGTCAAARACATAACTTCATGATATCTTGCAGT

+

ICOD="'<B8C9AT JC2 P2 <=F? )==<=D;<D; =F?*=< C:==A7; <LEB-"=f=<l=AB<=<==< A7
@EYKX4VCO01BCGYW length=115 xy=0434_3926 region=1 run=R_2007_11_07_16_15_57_
GGCCAGCCGGGACAGCCTTGTTGGGCTGCATCGCCGACGAGCTAAMRACTCGCCATCACCGCCCCGCCEGGTTGATGCGGCAGGCTAATGCCCATCTGCGTAAAAACTTTCTCGCCAAAC
.

';0€=F=JD2=6=86<E<9E=IC/7:=9<=F=;=<< <LE7)=;=<;/=:5=C9:IB3"4<1E=E=6<:JC17=F>; ;D<=;JCl==<=F>:LEB-" ,HA-=25==2E> (9
@EYKX4VCO1AZXC6 length=116 xy=0292_0280 region=1 run=R_2007_11_07_16_15_57_
GGGGGCCTTTGECCTCTCGTCCGGCACCTCCGCAAGACCTACAGCAGCCGCGECTCGGCCGATCATCGGCGGCACGCCGECCTATATGTCGCCGCAACACACCACCCGCACCCANCGCE

4

4 >

.
re




~. Galaxy

Tools Options «

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 guality distribution

= Select high quality segments

s Combine FASTA and QUAL into
FASTQ

= Convert SOLID output to fastg

= Compute quality statistics for
SOLID data

= Draw guality score boxplot for
SOLID data

Grooming --> Sanger

Analyze Data  Workflow  Shared Data  Visualization

FASTQ Groomer

File to groom:
3: Combine FASTA and.. and data 2 '+

Input FASTQ quality scores type:

"

Sanger H

Solexa
llumina 1.3+ —

E»,.’.Lff»d“ - " :71
Color Space Sanger
Execute

What it does
This tool offers several conversions options relating to the FA

When using Basic options, the output will be sanger formatte(
Sanger).

When converting, if a quality score falls outside of the target
the minimum or maximum).

When converting between Solexa and the other formats, quali
the equations found in Cock PJ, Fields C]. Goto N, Heuer ML, |
quality scores, and the Solexa/lllumina FASTQ variants. Nucle

When converting between color space (csSanger) and base/se

are |lost or gained; if gained, the base 'G' is used as the adapt_.:

Admin Help  User

4: FASTQ Groomer on
data 3

18 sequences

format: fastgsanger, database: ?
Info: Groomed 18 sanger reads into
sanger reads.

Based upon quality and sequence,
the input data is valid for: sanger
Input ASCII range: "1'(33) - 'L'(76)
Input decimal range: 0 - 43

® (J K

Gl

EEYXX4VCO1B65GS length=34 xy=0784 1
CCGGTATCCGGETGCCGTGATGAGCGCCACCGGAA!
BEC:===ABC<i==ffacoananmns BE=BYE<EE

EEYKX4VCO1BNCSP length=187 xy=0558 scales using
CTTACCGGTCACCACCGTGCCTTCAGGATTGATCG Ces with
- B I
adapter bases
S S —————— ¢ T- U | 4 [ (]

space

ible value (i.e.

is no adapter present in the color space sequence. Any masked or amblguous nucleotndes in base space will be converted to

'N's when determining color space encoding.

Quality Score Comparison

XXX

VAAAALANS

Sol
=0l

expected 1in
expected 1n
expected In

Diagram adapted from http://en.wikipedia.org/wiki/FASTQ format

History Options «

3: Combine FASTAand ® { X
QUAL on data 1 and data 2

18 sequences

format: fastgsanger, database: ?
Info:

Combined 18 of 18 sequences with
quality scores (100.00%).

%

EEYKX4VCO1B65GS length=54 xy=0784_1

CCGGTA

TCCGGGTGCCGTGATGAGCGCCACCGGAN!

BEC:===ABC<R==ff=c<
#EYKX4VCO1BNCSP ler
CTTACCGGTCACCACCGTGCCTTCAGGATTGATCG

o <»
2: 454.qual @ R
52 lines

format: qual454, database: ?
Info: uploaded qual454 file

Gl %

>EYRKX4VCO1B65GS length=34
33 23 34 25 28 28 28
>EYEKX4VCO1BNCSP ler
27 35 26 25 37 28 37




ality Statistics and Box Plot Tool

NGS: QC and manipulation

FASTQ Groomer convert
between various FASTQ quality
formats

FASTQ splitter on joined paired
end reads = Scatterplot of two numeric

columns
FASTQ joiner on paired end : : :
reads = Plotting tool for multiple series
and graph types

Graph/Display Data

m Histogram of a numeric column

FASTQ Summary Statistics by )
column = Boxplot of quality statistics

Quartiles ——
Medians ——
Outliers +

Box plot in Galaxy

Score Value

I O O

T T T T T 7T T 1T T T T T T 1T T T T T T T T T T T T T T T T T T 77T

# Ko H W WK KoK H K KoK H K S S S S E D D N D I | Ll -

1 1 1 1 1 Il 1 1 1 1 1 1 1 1 1 Il 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
9 101112 1314151617 1819202122 2324252627 2829303132 3334353637 3839404142 4344 45 46 47 48 49 50 51 52 53 54 55 56 9606 67 6869 7071727374757677
Nucleotide Position

FNWHA OO~ ®O

o




FastQC

main.g2.bx.psu.edu

Analyze Data  Workflow  Shared Data  Visualization Admin Help  User

Tools Options History Options

fastqc QFaStQC RepOI't

NGS: QC and manipulation

Mon 20 Jun 2011

bine FASTA and QUAL into 120; FastQC.himl

Kb

dataset_1 750787.dat ‘.ulm‘a.!. html, database: hgl8

Fastqc QC using FastQC

from Babraham Summary

Workflows

.
d Basic Statistic 119: Cuffdiff ondata 11, @ {
asic Statistics data 13, and data 29: transcript
’ P
8 Per base sequence quality FPK ing

118: Cuffdiff on data 11, ® J

o
Em Sequ n’:g‘gyglﬁxm_&(;gggs data 13, a'nd davm 29: imnsmpt

differential expression testing

/
(-)— Per base sequence content
117: Cuffdiff on data 11, ® § 32
Per base GC content data 13, and data 29: gene FPKM
tracking
Per sequence GC content raps
116; Cuffdiff on data 11, ® { 32
data 13, and data 29: gene
differential expression testing

()- Per base N content

a Sequence Length Distribution 115: Cuffdiff on data 11, ® § 3%
data 13, and data 29: TSS groups

Sequence Duplication Levels FPKM tracking
Qverrepresented sequences 114: Cuffdiffon data 11, ® {
data 13, and data 29: TSS groups

Kmer Content

113: Cuffdiff on data 11, ® J
data 13, and data 29: CDS FPKM
tracking

Basic Statistics 112; Cuffdiff on data 11, ® § 3%
data 13, and data 29: CDS FPKM
Filename dataset_1750787.dat 111; Cuffdiff on data 11, ® ¢

data 13, and data 29;: CDS
overloading diffential expression A
/ Illumina 1.9 testing v

FPile type Conventional base calls

Encoding Sanger




Read Trimming

.'___ Galaxy Analyze Data  Workflow  Shared Data  Visualization = Admin  Help  User
Tools Options «

FASTQ Trimmer

FASTQ File:
= Filter FASTQ reads by quality 2: imported: GM12878..ple Dataset v

score and length

m FASTQ Trimmer by column

Define Base Offsets as:
Absolute Values

>

FASTQ Quality Trimmer

= FASTQ Quality Trimmer by Use for fixed ‘ s (Il a, SOLID
lidin indow Use Percentage for variable length reads (Roche/45+¢ :
sliding wi JSe re J FASTQ File:
m FASTQ Masker by quality score Offset from 5' end: 7: FASTQ Trimmer on data 2 v
= Manipulate FASTQ reads on 0 Keep reads with zero length:
various attributes Values start at 0, increasing from the e :
= FASTQ to FASTA converter Offset from 3' end: N
16 Trim ends:
= FASTQ to Tabular converter . e
> 5'and 3'
Values start at 0, increasing from the right R ——)
= Tabular to FASTQ converter : ) )
Keep reads with zero length: Window size:
= 1
= Quality format converter (ASCII- Execute Step Size:
Numeric) 1
= Compute quality statistics This tool allows you to trim the ends of reads. Maximum number of bases to exclude from the window during agg

= Draw guality score boxplot You can specify either absolute or percent-based offs = 0

trimmed. When using the percent-based method, offs

= Draw nucleotides distribution

Aggregate action for window:

chart . .
r—— For example, if you have a read of length 36: min score .
- FASTQ to FASTA converter €Some FASTQ Sanger Read |
s g CAATATGTNCTCACTGATAAGTGGATATNAGCNCCA Trim until a regate score is:
= Filter by quality 2 - _ " oureg
I <#@,.8;D-2768>CBAE#>TE7BBCA4-46%<; ; #<B# >= |y

= Remove seguencing artifacts v

Awvod sionii -~ ot abhcanliito affrore af D) and D

Quality Score:
0.0

Execute



Filter FASTQ

FASTQ File:
7: FASTQ Trimmer on data 2

rRequires groomed gata: IT your data does not appear nere

Minimum Size:

0

Maximum Size: Quality Filter on a Range of Bases

0 Quality Filter on a Range of Bases 1
naximum size less than 1 indicates no limit

Define Base Offsets as:
Minimum Quality: Absolute Values s
0.0 '

Maximum Quality:
0.0
A maximum quality less than 1 indicates no limit

Offset from 5' end:
0

ne =onre ar N neraacinng fraom th o ft
vaiues start at O, increasing rrom tne e

Maximum number of bases allowed outside of quality range:
Offset from 3' end:

0
0
This is paired end data: Values start at 0, increasing from the righ
Aggregate read score for specified range:
Quality Filter on a Range of Bases ~min score v
Add new Quality Filter on a Range of Bases Keep read when aggregate score is:
>= 5
Execute

Quality Score:
0.0

Remove Quality Filter on a Range of Bases 1

Add new Quality Filter on a Range of Bases

Execute




Manipulate FASTQ

FASTQ File:

_7: FASTQ Trimmer on data 2

r here trv usina the FASTO a
127 LUy

Match Reads
Add new Match Reads
Manipulate Reads

Add new Manipulate Reads

Execute

Manipulate FASTQ

Manipulate FASTQ

FASTQ File:

7. FASTQ Trimmer on data 2

D {atn
R | 3G ¥ o -
neguire Qroorrie Udal

Match Reads
Match Reads 1

Match Reads by:
Sequence Content

Sequence Match Type:
Regular Expression +

Match by:
N

Remove Match Reads 1

Add new Match Reads
Manipulate Reads

Add new Manipulate Reads

Execute

Manipulate FASTQ

FASTQ File:
7. FASTQ Trimmer on data 2

JU

Match Reads
Match Reads 1

Match Reads by:
Sequence Content

Sequence Match Type:
Regular Expression ¥

Match by:
N

Remove Match Reads 1

Add new Match Reads

Manipulate Reads
Manipulate Reads 1

Manipulate Reads on:
Miscellaneous Actions +

Miscellaneous Manipulation Type:
Remove Read +

Remove Manipulate Reads 1

Add new Manipulate Reads

Execute




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: ChIP-seq and RNA-seq



Mapping HTS Data

Collection of interchangeable mappers
+ accept fastq 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

Lastz

Align sequencing reads in:

.
v

Against reference sequences that are:
_locally cached _ +

Using reference genome:

Aedes aegypti: AaeglLl

Output format:
SAMC Y

Lastz settings to use:
_Commonly used

Select mapping mode:

Roche-454 98% identity
Roche-454 95% identity
Roche-454 90% identity
Roche-454 85% identity
Roche-454 75% identity this identity (%):
lllumina 95% identity

Illumina 85% identity
Do not report matches above this identity (%):

100

ference name?:

Do not report matches that cover less than this percentage of each read:
0

Convert lowercase bases to uppercase:

Execute




Lastz

Align sequencing reads in:
53: FASTQ to FASTA on data 7 '+

Against reference sequences that are:

Full Parameter List

Aedes aegypti: AaeglLl
If your genome of interest is not listed, contact the Galaxy team
Output format:

_SAM 9

Lastz settings to use:
Full Parameter List & |
Commonly used

Full Farameter LI

set word size and

Select transition settings:
_Allow one transition in each seed hit +

~f

affects the number of allowed transition s titutions
Perform gap-free extension of seed hits to HSPs (high scoring segment pairs)?:
— Do you want to modify the reference name?:
Perform chaining of HSPs?: No +
No—iv Do not report matches below this identity (%):
Gap opening penalty: 0
400 - .
Do not report matches above this identity (%):
Gap extension penalty: 100
30 Do not report matches that cover less than this percentage of each read:
X-drop threshold: 0
910
Convert lowercase bases to uppercase:
Y-drop threshold: Yes +
9370 Execute
Set the threshold for HSPs (ungapped extensions scoring lower are discarded):
3000 What it does

Set the threshold for gapped alignments (gapped extensions scoring lower are discarded): LASTZ is a high performance pairwise sequence aligner derived from BLASTZ. It is written by Bob Harris in Webb Miller's
laboratory at Penn State University. Special scoring sets were derived to improve runtime performance and quality. This
3000 Galaxy version of LASTZ is geared towards aligning short (lllumina/Solexa, AB/SOLID) and medium (Roche/454) reads
. X against a reference sequence. There is excellent, extensive documentation on LASTZ available here.
Involve entropy when filtering HSPs?:

No =~

Input formats

Do you want to modify the reference name?: ) ) o A
LASTZ accepts reference and reads in FASTA format. However, because Galaxy supports implicit format conversion the tool

No ~ will recognize fastq and other method specific formats.
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SNPs & INDELs

SNPs from Pileup

+ Generate
+ Filter

-—._ Galaxy Analyze Data  Workflow  Shared Data  Visualization Admin  Help  User

Tools Options « indel Anatvsl
ndel Analysis
NGS: SAM Tools Fetch Alignments

Filter SAM on bitwise flag values Get Genomic Scores SERSCHARI M X0 mnatyre
Operate on Genomic Intervals 54: BAM-to-SAM on dat..nverted SAM 7
Convert SAM to interval Statistics Erequency hmshold:

Graph/Display Data 0.015
Regional Variation - £
Multiple regression
BAM-t0-SAM converts BAM MUt ALy AL

format to SAM format Evolution ,
Metagenomic analyses What it does

Merge BAM Files merges BAM Human Genome Variation Given an input sam file, this tool provides analysis of the indels. It filters out matches that do not meet the frequency
files together EMBOSS threshold. The way this frequency of occurence is calculated is different for deletions and insertions. The CIGAR string's "M
can indicate an exact match or a mismatch. For SAM containing the following bits of information (assuming the reference
"ACTGCTCCAT):

SAM-to-BAM converts SAM
format to BAM format
Execute

Generate pileup from BAM

dataset NGS: QC and manipulation
) NGS: Mapping

Filter pileup on coverage and NGS: SAM Tools

SNPs NGS: Indel Analysis

2 = Filter Indels for SAM
Pileup-to-Interval condenses

pileup format into ranges of = Extract ndels from'SAM
bases = Indel Analysis

NGS: Peak Calling
NGS: RNA Analysis

flagstat provides simple stats
on BAM files

SNP/WGA: Data; Filters




GATK Tools

Local re-alignment

NGS: GATK Tools

Ba Se rE‘Ca I i bratiO n = Realigner Target Creator for use

in local realignment

= |ndel Realigner - perform local

GenOtyping realignment

= Count Covariates on BAM files

= Table Recalibration on BAM files

= Analyze Covariates - perform
local realignment

Alpha Status = Unified Genotyper SNP and indel
+ please try, report bugs aler
+ available on test server:

http://test.g2.bx.psu.edu/




Unified Genotyper

Unified Genotyper

Choose the source for the reference list:

Locally cached 4]

I n p utS Sample BAM files

Sample BAM file 1

+ BAM files =3

_Remove Sample BAM file 1

_Add new Sample BAM file

Using reference genome:

Lots of possible

dbSNP reference ordered data (ROD):
Selection is Optional 4]

pa ra m ete rS Binding for reference-ordered datas

_Add new Binding for reference-ordered data _

The minimum phred-scaled confidence threshold at which variants not at ‘trigger’ track sites should
be called:

30.0

The minimum phred-scaled confidence threshold at which variants not at ‘trigger’ track sites should
be emitted (and filtered if less than the calling threshold):

Output o

Basic or Advanced GATK options:

+ VCF file(s) —

Basic or Advanced Analysis options:
Basic ES]

_Execute
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Peak Calling / ChIP-seq analysis

Punctate binding
+ transcription factors

Diffuse binding
+ histone modifications
+ Polll



Punctate Binding --> MACS

In P uts Peak Model

+ Enriched Tag file | — foarats

+ ContrOI / |nputﬁ|e —— shifted tags
(optional)

Outputs

Percentage

+ Called Peaks

+ Negative Peaks (when
control provided)

+ Shifted Tag counts (wig,
convert to bigWig for
visualization) -600  -400  -200

Distance to the middle

200

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




MACS --> GeneTrack

Viewing: * back

More « Chrom: chrl ~| Locus: 4132666 Zoom: 10,000 v| Plot: Both strands v Display!

4130000 4135000

Smoothing Peak predictions

Use: ¥ Sigma: 20 Function: Gaussian kernel ~| Threshold: 2 Use: Width: 147 Function: Fixed width

Show peaks 4 Run genomewide

Powered by \ * Copyright 2008, 2009 by GeneTrack team

Albert |, Wachi S, Jiang C, Pugh BF. GeneTrack--a genomic data processing and visualization framework.
Bioinformatics. 2008 May 15;24(10):1305-6. Epub 2008 Apr 3.




Diffuse Binding

Original dataset

CCAT (ContrOI—based Ch I P— Noise Rate Estimation

seq Analysis Tool)

CCAT

ChiP-Seq Tag File:
_5: Convert Genomic |..6 on data 3

ChliP-Seq Control File:
6: Convert Genomic |..6 on data 4

Advanced Options:
Hide Advanced Options

Select a pre-defined configuration file:
CCAT provided Histone Modification
ECAT provided Transcr n Factor Binding

oA AT/ N 2
\

ChIP Control
site list site list

FDR estimation and thresholding

Predicted sites

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




| have Peaks, now what?

A Intersect_{_r

E Complement

i ment

Compare to other annotations using interval operations



Secondary Analysis

A simple goal: determine number of peaks that overlap a) coding exons, b) 5-UTRs, ¢) 3-UTRs, d) 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 Data (Gene BED To Exon/Intron/Codon BED expander x4)
Create an Identifier column for each exon type (Add column x4)

Create a single file containing the 4 types (Concatenate)

Complement the exon/intron intervals

Force complemented file to match format of Gene BED expander output (convert to BED6)
Create an Identifier column for the ‘other’ type (Add column)

Concatenate the exons/introns and other files

Determine which Peaks overlap the region types (Join)

Calculate counts for each region type (Group)



~. Galaxy

Tools Options ~

Get Data

Send Data
ENCODE Tools
Lift-Over

Text Manipulation

Filter and Sort
Join, Subtract and Group
» Join two Queries side by side on

a specified field

s Compare two Queries to find
common or distinct rows

s Subtract Whole Query from
another query

s Group data by a column and
perform aggregate operation
on other columns.

= Column Join

Convert Formats
Extract Features
Fetch Segquences

Fetch Alignments
Get Genomic Scores

Operate on Genomic Intervals

Statistics

Wavelet Analysis
Graph/Display Data
Regional Variation

Multiple regression

Multivariate Analysis

Fvolution

3 UTR 803

5 UTR 574
coding exons
introns 13746
other 12499

Secondary Analysis

Analyze Data = Workflow

Shared Data  Admin

Help

User

History Options -

(CUGUI UL U Gae X

2: MACS peak calls (broadPeak) @ { 3%

21,728 regions, format: interval, database:
mm9
Info:

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

chrl 4132666 4133002 . 0 . 16.04 14.366 O.
1 4322446 0 27.07 26.185
chrl 0 23.06 18.736
chrl e 16.20 23.794
1 0 20.30 21.868
chrl 0 24.01 30.691

1: UCSC Main on Mouse: refGene @& { 32

(genome)
28,108 regions, format: bed, database: mm9

Info: UCSC Main on Mouse: refGene (genome)

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




Annotation Profiler

Profile Annotations

Choose Intervals:
34: UCSC Main on Mous..na (genome) +

One CI iCk tO dete rm i ne ba = KeDGi::C:redgio:n/Table Pairs with 0 Coverage:
coverage of the interval (or set of  |REEEa

Per Region

intervals) by a set of features Choose Tables to Use;
. +] ¥ Comparative Genomics
(ta bIeS) ava I Ia ble from UCSC % genes and Geie Prediction Tracks

Mapping and Sequencing Tracks
|1 Phenotype and Allele

ga IGa I 3, m m8, pa nTrOZ, rn4’ | Expression and Regulation

mRNA and EST Tracks
CanFamZ, hg 1 8, hg 1 9’ mm9’ - Va\;'i::grr;:;ilifseats
rheMac2

I Uncategorized Tables
will result in using all tables

Execute
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Transcriptome Analysis
(with a reference genome)

NGS: RNA Analysis

Tophat Find splice junctions
using RNA-seq data

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

TopHat

Cuffcompare compare
assembled transcripts to a

reference annotation and track

Cufflinks/compare/diff g Coaiiae:

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

Filter Combined Transcripts
using tracking file

1. Trapnell, C., Pachter, L. and Salzberg, S.L. TopHat: discovering splice junctions with RNA-Seq. Bioinformatics 25, 1105-1111 (2009).
2. Trapnell et al. Transcript assembly and abundance estimation from RNA-Seq reveals thousands of new transcripts and switching
among isoforms. Nature Biotechnology doi:10.1038/nbt.1621



TopHat

Tophat

Will you select a reference genome from your history or use a built-in index?:
Ma P RNA (FA STQ) toa Useabuilt-inindex %
rEference Genome Select a reference genome:

Human (Homo sapiens): hgl8 Canonical

+ gapped mapper

Is this library mate-paired?:
Single-end

RNA-Seq FASTQ file:
Outputs L impor,t{e_d: h1-hESC..ple D.artaset_ v B -
+ BAMfile of accepted hits R

Execute




Cufflinks

Cufflinks

Goal: transcript assembly and |t

Max Intron Length:

quantitation

Min Isoform Fraction:
0.05

Input: alighed RNA-Seq reads,

usually from TopHat e

Use Reference Annotation:

Outputs =1

Perform Bias Correction:

+ assembled transcripts (GTF)

+ genes’'and transcripts’ iy e 19

Set Parameters for Paired-end Reads? (not recommended):

coordinates, expression levels - 8]

( Execute




Cuffcompare

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

Inputs: assembled transcripts
from Cufflinks

Outputs:
+ Transcripts Combined File
+ Transcripts Accuracy File
+ Transcripts Tracking Files

Cuffcompare

GTF file produced by Cufflinks:
72717: Qufflmk; on ”criartra..trgnscrrirpts
Additional GTF Input Files
Additional GTF Input Files 1

GTF file produced by Cufflinks:
18: Cufflinks on data..transcripts |4

(Remove Additional GTF Input Files 1

 Add new Additional GTF Input Files |

Use Reference Annotation:
No &4

Use Sequence Data:

Yes |5

Choose the source for the reference list:
Locally cached | 377]

( Execute )



Cuffdiff

Cuffdiff

Transcripts:

29: Cuffcompare on da..transcripts v

Goals
Perform replicate analysis:
+ differential expression testing e e i each croms
. transcrlpt quantltatlon SAM or BAM file of aligned RNA-Seq reads:

11: Tophat on data 9:..cepted_hits | 3]

SAM or BAM file of aligned RNA-Seq reads:

I n p utS 13: Tophat on data 1:..cepted_hits -3_|

False Discovery Rate:

+ Combined set of transcripts T A
+ mapped reads from 2+ samples AR A

1000

Perform quartile normalization:

Outputs o |
+ differential expression tests for g' o |
transcripts’ genesl SpliCing’ Reference sequence data:
promoters, CDS S

Set Parameters for Paired-end Reads? (not recommended):

+ quantitation values for most o)
elements Erecne)




Next Steps

Filtering
+ for differentially expressed
elements
+ combined transcripts (e.q.
for those differentially
expressed between samples)

Extract transcript sequences
and profile sequences for
function

Filter Combined Transcripts

Cufflinks assembled transcripts:

130: Cuffcompare on da..transcripts 'y |

Cuffcompare tracking file:
130: Cuffcompare on da..transcripts

Sample Number:

1 5o

Execute

Filter

Filter:
130: Cuffcompare on da..transcripts

With following condition:
cl4=="yes'

(Execute )

Extract Genomic DNA

Fetch sequences for intervals in:

130: Cuffcompare on da..transcripts 5 |

Interpret features when possible:
Yes |+

Source for Genomic Data:
Locally cached | % ]

Output data type:
FASTA %]

Execute




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




Working to add GATK Unified Genotyper (and
morel!) to Trackster as well



Working with HTS Tools

Often challenging

+ many parameters

+ time intensive

+ evaluating results difficult

Good options
+ filter early, filter often: easier to understand fewer results
+ experimentation: can rerun tools, workflows
+ 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 Mailing Lists

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




ChiP-seq and RNA-seq exercises

Chip-seq

+ http://usegalaxy.org/u/james/p/exercise-chip-seq

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

start Tophat mapping first (second section), then look at QC (first section)
+ Add various outputs to a Trackster visualization and play with filtering and
reruning tools



Variant Detection

Phase 1: NGS data processing Phase 2: Variant discovery and genotyping Phase 3: Integrative analysis

—— Typically by lane ——Typically multiple samples simultaneously but can be single sample alone

- Sample 1 — Sample N sl 'Raw Raw Raw
reads reads indels SNPs SVs
L ) \ /

Input [ Raw reads )

[ External data
\ I

[Pedigrees] [ K”_OV.V” j
variation

1\ I I

Population Known
structure genotypes

Mapping

Y

Local
realignment

l : Indels

Duplicate
marking

'

Base quality
recalibration

Variant quality
recalibration

Structural l T

variation (SV) Genotype
refinement

[Raw variants } [Analys_is-ready]
variants

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.

Output [Analysis-ready} sl
reads




Running and Enhancing your own
Galaxy

Daniel Blankenberg
The Galaxy Team
http://UseGalaxy.org
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+ local instance
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+ tool shed/contributing tools

Exercise: Installing Galaxy and adding Tools



Overview

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

Exercise: Installing Galaxy and adding Tools



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

Public web site, anybody can use

~500 new users per month, ~100 TB of user data,
~130,000 analysis jobs per month, every month is
our busiest month ever...

Will continue to be maintained and enhanced, but
with limits and quotas

Centralized solution cannot scale to meet data
analysis demands
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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) system
+ Run jobs on existing compute clusters

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



Scale up on existing resources

Move intensive processing (tool
execution) to other hosts

Frees up the application server to serve
requests and manage jobs

GRIDE cineE?

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

DRMAA (most of them)




Running a Production Server

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

Load balancing; proxy support

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



Lack IT knowledge or resources?

No problem, just use the Cloud
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Cloud Computing

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

Infrastructure as a service

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

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



When to use the cloud?

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

Have oscillating data volume



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

1. Open an AWS account (only once)

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

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




2. Start an EC2 Instance

amazon
web services

AWS Developers Communrity Account
aws.amazon.com S | Products ' Developers ommunity Support Account Welcome, Enis Afgan

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

Region: |

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

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

Spot Requests g 0 Running Instances 0 Elastic IPs
Launch Instance

# 6 EBS Volumes » 12 EBS Snapshots
» AMIs

Bundle Tasks ) ’ Request Instances Wizard

Introduc g Amazon Relational Database Sei

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

Key Pairs Availability Zone: No Preference

Load Balancers Monitoring: Disabled

Instance Type: Large (ml.large)

Instance Class: On Demand Edit Instance Details

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

Key Pair Name: galaxy_keypair Edit Key Pair

Security Group(s): default, galaxyWeb Edit Firewall

Launch




3. Configure Your Cluster

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

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

Galaxy Clor

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

Terminal

Status

Cluster name
1000

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

Service statu; Start Cluster

External Logs




LN NG) Galaxy Cloud
| <[> [ +16 hup://ec2-174-129-103-83.compute-1.amazonaws.com/cloud

Info: report bugs | wiki | screencasts

Galaxy Cloudman Console

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

Terminate cluster Add nodes v

Status

Cluster name: fttt Pending
Disk status: 0 /0 (0%) g Starting
Worker status: Idle: 0 Available: 0 Requested: 0 Ready

)
Service status: Applications @ Data @ . Error




Galaxy

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

Analyze Data  Workflow  Data Librarles Help  User

Tools History Options
Get Data
Text Manipulation

Welcome to Galaxy on the Cloud pedridl e ndd

Yata' the lef E 0 Stz
Join, Subtract and Group Data’ on the left pane to start

Operate on Genomic Intervals

Graph/Display Data

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




Galaxy
=2 hitp://ec2-184-73 pute-1.amazonaws
AWS Management Console Galaxy Cloud Galaxy

=~ Galaxy Analyze Data  Workflow  Data Libraries  Help  User

Tools - . History Options
Saved Histories

Get Data

Text Manipulation search

Filter and Sort

Join, Subtract and Group

Operate on Genomic Intervals Datasets (by state) Tags  Sharing
aph/Display Data

Statistics I p ; g a = s

Galaxy Cloud

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

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

Status

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

Cluster status:

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

Display a meny

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

automatically) in response to usage



eSOO Galaxy Cloud

| - | [ + |S_ http://ec2-184-73-135-47.compute~1.amazonaws.com/cloud/

AWS Management Console ] Galaxy Cloud

-_Galaxy Cloudman

Galaxy Cloudman Console

Welcome to Galaxy Cloudman. This application allows you to manage this instance

data store has been reconnected. Once the cluster has Initialized, use the controls b

nodes for running jobs.

Terminate cluster Add nodes v

Status

Cluster name: james-cm-31imarch 8

Disk status: 181M / 100G (19%) (4
Worker status: Idle: 0 Available: 0 Requested: 0
Service status: Applications @ Data @

External Logs: Galaxy Log

Access Galaxy

Autoscaling is off

Turn on?




Calaxy Cloud

-

G http://ec2-184-73-135-47.compute~1.amazonaws.com/cloud/

AWS Management Console Galaxy Cloud

- Galaxy Cloudman Info: report bugs | wiki | screencast

Galaxy Cloudmapr Caneanla %
@

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

Status

Cluster name: jame¢

Disk status: 1811 Autoscaling is off.
Turn on?

Worker status: Idle

Service status: Appli

External Logs: Ggala

Display a menu




Automation

Cloud instances include all tools available in main
Galaxy and more

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

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

VM image with tools (not data) also available,
currently at http://usegalaxy.org/vm




Overview

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

Exercise: Installing Galaxy and adding Tools



The Problem

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



The Galaxy Solution

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

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



Adding your Own

Write or download a command-line executable

Determine number and kind of

+ Input and Output Datasets
+ Input Parameters

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




Tool Configuration

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

Tool Command

Inputs

+ Action - Used by datasource tools
+ Parameters

Outputs
Help

Tests



A Basic Tool

<0ou '.I:".] Ls>

<data

Tools

Get Data

MyTools

s Compute GC content for each
sequence in a file

Send Data

Compute GC content

Source file:
1: Uploaded FASTA File

Executq

tool_conf.xml

This tool computes GC content from a FASTA file




Cluster

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

max distance between !1

t Is: P
intervals (bp)

o

min number of
intervals per cluster:

Return type:

| Merge clusters into single intervals

Execute i

ﬂ TIP: If your query does not appear in the pulldown menu -= it is not in
interval format. Use "edit attributes" to set chromosome, start, end, and
strand columns

Screencasts!

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

Syntax

+ Maximum distance is greatest distance in base pairs allowed between
intervals that will be considered "clustered". Negative values for

distance are allowed, and are useful for clustering intervals that overlap.

Minimum intervals per cluster allow a threshold to be set on the
minimum number of intervals to be considered a cluster. Any area with
less than this minimum will not be included in the ouput.

Merge clusters into single intervals outputs intervals that span the
entire cluster.

Find cluster intervals; preserve comments and order filters out
non-cluster intervals while maintaining the original ordering and
comments in the file.

Find cluster intervals; output grouped by clusters filters out
non-cluster intervals, but outputs the cluster intervals so that they are
grouped together. Comments and original ordering in the file are lost.

Guery

Find cClusters

Merge Cclusters

_ | cluster.xml

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

a query=/d

uster intervals of=

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

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

class:: infomark

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

See Galaxy Interval Operation Screencasts_

el **Screencasts|®*

(right click to open this 1

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

**Cyntax**

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

Line:

87 Column:




Text
Integer
Float
Select
e Static
e Dynamic

Boolean

Input Parameter types

e

Genome ® Grou in
build PIng

e Conditional
Data column
Data e Repeat
Hidden e Config Files
Base URL
File

Drill down



Datasets and Datatypes

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

datatypes_conf.xml and lib/galaxy/datatypes

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




Adding your Own Display Application

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

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

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

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




Static External Display Application

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

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

<param type= url= strip_https= >

param type= ne= url= metacata= strip_https=

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

param

display

datatype extension=
mimetype= display_in_upload=
display file=
datatype




BAM at UCSC

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

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

Human P

il L e

T .
§ F7) " w4 e | T |
move start Click on a feature for details. Click or drag in the base position track to zoom in. move end
Click gray/blue bars on left for track options and descriptions

ide all manage custom tracks configure everse refresh
Use drop-down controls below and press refresh to alter tracks displayed
[racks with lots of items will automatically be displayed in more compact modes.




Dynamic External Display Application

gynamic_Llinks from_file=

~CynamlicC_param name=
<CynamicC_param name=

dynamic_param name= v = split= separator=

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

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

dynamic_Llinks

isplay

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

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

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

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

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




You added a tool, now what?

Share it with the community!

Galaxy Tool Shed

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



Galaxies on Galaxies on
private clouds public clouds

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

vV

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

V
private Galaxy installations

Spays |00] 1eAud



Get and Contribute Tools

~. Galaxy Tool Shed / (beta)

Community

Tools
= Browse by category

= Browse all tools

= Loqgin to upload

Categories

search

Name 4

Convert Formats

Data Source

Fasta Manipulation

Next Gen Mappers

Ontology Manipulation

Tools Help User

Advanced Search

SAM

Sequence Analysis

SNP Analysis
Statistics

Text Manipulation

Description

Tools for converting data formats

Tools for retrieving data from external data sources

Tools for manipulating fasta data

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

Tools for manipulating alignments in the SAM format

Tools for performing Protein and DNA/RNA analysis

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

Tools for manipulating data

Tools for visualizing data

http://usegalaxy.org/community

Tools



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

http://galaxyproject.org

Come do cool stuff, contact us at:

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

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




Overview

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

Exercise: Installing Galaxy and adding Tools
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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 directions: http://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 directions: http://wiki.g2.bx.psu.edu/Admin/
Tools/Add Tool Tutorial




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

1. Open an AWS account (only once)

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

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




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.com/

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

WIFI: OICR Guest
Username: setup

password: oicrguest



The Vision

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



What is Galaxy?

GUI for genomics
+ for complete analyses: analyze, visualize, share, publish

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

Open source software that makes integrating your
own tools and data and customizing for your own
site simple



