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Galaxy Project Mission

Galaxy is a data integration and analysis platform emphasizing
accessibility, reproducibility, and transparency

Accessible: Users without programming experience can
easily specify parameters and run tools and
workflows.

Reproducible: Galaxy captures information so that any user
can repeat and understand a complete
computational analysis.

Transparent: Users share and publish analyses via the web and
create Pages, interactive, web-based documents
that describe a complete analysis.



What is Galaxy?

A data analysis and integration tool

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

There are several ways to use Galaxy



Using Galaxy - 4 ways

e Public Main Galaxy web instance: usegalaxy.org
e Local instance: getgalaxy.org
e Cloud instance: usegalaxy.org/cloud

e Other Public Galaxy web instances hosted by
various groups:

wiki.galaxyproject.org/PublicGalaxyServers

D60+
s



http://wiki.galaxyproject.org/PublicGalaxyServers

Galaxy as a Genomics WorkBench

Dataset:
Any input, output or intermediate set of data + metadata.
A record of a specific data or analysis step.

History:
A series of inputs, analysis steps, intermediate datasets,
and outputs. A record of a group of data and analysis
steps.

Tool:
An operation within Galaxy that acts upon dataset(s) as
an analysis step. May be developed by Galaxy team or a
3rd party program that has been “wrapped” for Galaxy.

Workflow:
A series of analysis steps executed as a unit.



More Galaxy Terminology

Share:
Make something available to someone else

Publish:
Make something available to everyone

Galaxy Page:
Analysis documentation within Galaxy; easy to embed
and link to any Galaxy object (histories, datasets,
workflows, visualization) or external resource (video,
graphics, publications).

Visualize:
External resources. Trackster. Galaxy Charts &

Visualizations.
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Galaxy Analysis Workspace

Analyze Data Workflow Shared Data~ Visualization~ Cloud~ Admin Help~ User~ Using 10.0 TB

X Load Data ‘ <5
e Map with BWA for lllumina (version 1.2.3) ERsLORY < &

search tools : Will you select a reference genome from your history or use a built-in index?: Galaxy 101 NGS Variant

Cet Data Use a built-in index = 313.4 M8 QW

Send Data Select a reference genome: 21: Filter on data 20

Lift-Over Human (Homo sapiens) (hg19 with mtDNA replaced with rCRS): Homo_sapiens_nuHgl9_mtrCRS
Text Manipulation 20: Filter on data 19
Is this library mate-paired?:

ired- 4 19: Variant Annotatoron @
FASTA manipulation Paired-end.. ~ data 17 =

Filter and Sort Forward FASTQ file:
Join, Subtract and Group 1: raw_child-ds-1.fq v

Convert Formats

18: FreeBayesondata 15 @
(variants)

Extract Features FASTQ with either Sanger-scaled quality values (fastgsanger) or lllumina-scaled quality values (fastgillumina)
retcn sequences 2
Fetch Sequences Reverse FASTQ file:
Fetch Alignments 2: raw_child-ds-2.fq  *

17: Naive Variant Caller &
on data 15

v

16: child-mother Merge @
BAM Files.log

Get Genomic Scores FASTQ with either Sanger-scaled quality values (fastgsanger) or lllumina-scaled quality values (fastgillumina)
Operate on Genomic Intervals

BWA settings to use:
Statistics 15: child-mother.bam

A

Commonly Used =

Graph/Display Data

For most mapping needs use Commonly Used settings. If you want full control use Full Parameter List 14: Add or Replace
Regional Variation

- - Suppress the header in the output SAM file: Groups on data 12: bam
Multiple regression with read groups replaced

Multivariate Analysis

BWA produces SAM with several lines of header information 13: Add or Replace

Groups on data 11: bam
Motif Tools m with read groups replaced
Multiple Alignments

Evolution

12: SAM-to-BAM on data @
Metagenomic analyses 10: converted BAM
What it does

Genome Diversity

BWA is a fast light-weighted tool that aligns relatively short sequences (queries) to a sequence database (large), such as the human reference genome. It is 11: SAM-to-BAM on data @
GS TC developed by Heng Li at the Sanger Insitute. Li H. and Durbin R. (2009) Fast and accurate short read alignment with Burrows-Wheeler transform. 9: converted BAM
Phenotype Association Bioinformati(s. 25, 1754‘60

NNl ROY RE
JLBO)

10: Filter SAMondata8 @

NGS: QC and manipulation

4 Know what you are doing




Galaxy Analysis Workspace

§38: A job that will surely @ { &

fail

$27: top 5 exons @ R

¢ 6: Select firstondata5 @ { %

ln\

5: Sort on data 4 @ (J K

15,310 lines
format: tabular, database: hgl9

=LOXY

uc@@3agn.2_cds_@_9_chr6_157@99238_f
uc@23ago.2_cds_@_0_chr6_157@99238_f
uc@d3agp.2_cds_0_0_chr6_157@99238_f
uc@@3hgu.2_cds_4_0@_chré_88534937_f
uc@dlvgv.2_cds_1_0_chrl3_110434389_r
uc@@lvsb.1 _cds_@_@_chrl3_112721973_f
\ Y 4 b




Tool Suites

Text Manipulation Regional Variation
Format Converters EMBOSS

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

Sequence Tools ChlP-seq
Multi-species Alignment Tools  GATK

Genomic Interval Operations Picard

Statistics Metagenomics
Graphing / Plotting Motif Tools

RNA Structure Prediction ...and more



Datasources

Upload file from your computer

+ Import via URL
+ FTP support for large datasets

UCSC table browser
EBI SRA

BioMart

interMine / modMine

GenomeSpace

add more!
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Create Workflow Automatically

History

Extract Workflow from History
Create a workflow from a History that |
you created interactively. dsta Cresevew

Copy History

21: ¢ Copy Datasets
data
diffe

Share or Publish
Extract Workflow

[ J
R u n It Running workflow "metagenomic analysis" Expand All || Collapse
Dataset Security

Generic workflow for performing a metagenomic analysis on NGS data.

Resume Paused Jobs
Step 1: Input dataset trach

454 Reads

Collapse Expanded Datasets
reads
1: 454 reads

Include Deleted Datasets

2 Include Hidden Datasets
diffe
Step 2: Input dataset
454 Quality Dataset

Unhide Hidden Datasets

8. Purge Deleted Datasets
data

FPKA

qualities

2: 454 qualities oy
Show Structure

Export to File

Step 3: Select high quality segments (version 1.0.0)
Here we select segments of reads with contiguous high quality bases above threshold phred score of 20 De |e te
Step 4: FASTA-to-Tabular (version 1.1.0) e
Convert to tabular format so that column for additional metadata can be added D e Ie te P&f rmanent { Y
Step 5: A
Add colur  Step 14: Find lowest diagnostic rank (version 1.0.1)

Cet reads specific to ranks below Kingdom level
Step 6: T
Convert b Step 15: Summarize taxonomy (version 1.0.0)

Tabulate list of taxonomic groups contained in reads from dataset 14
Step 7: M

Step 16: Draw phylogeny (version 1.0.0)
Step 8: M | Build and draw phylogenetic tree from ranks in dataset 14

Import from File
data

tracking

Send results to a new history

Run workflow



Tools

search tools
Get Data
Send Data
ENCODE Tools
Lift-Over
Text Manipulation
Convert Formats
FASTA manipulation
Filter and Sort
oin, Subtract and Group
Extract Features
Fetch Sequences
Fetch Alignments
Get Genomic Scores
Operate on Genomic Intervals
Statistics
Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis
Evolution
Motif Tools
Multiple Alignments
Metagenomic analyses
Genome Diversity
Phenotype Association
EMBOSS

NGS: QC and manipulation
NGS: Mapping

NGS: SAM Tools

NGS: GATK Tools (beta)
NGS: Variant Detection
NGS: Indel Analysis
NGS: Peak Calling

NGS: RNA Analysis
NGS: Picard (beta)
BEDTools

snpEff

TICS

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

Workflow control

Inputs

metagenomic analysis

Input dataset %

output

Input dataset x

output

Workflow Editor

Select high quality segments $%
Reads

Quality scores

outputl (fasta)

FASTA-to-Tabular  $¢

Convert these

sequences

output (tabular)

Add column

to Dataset

out_filel
Tabular-to-FASTA %

Tab-delimited file

output (fasta)

Analyze Data  Workflow

Megablast

Compare these
sequences

outputl (tabular)

Megablast

Compare these
sequences

outputl (tabular)

Compute sequence length

Compute length for these
sequences

output (tabular)

Visualizationv Cloud~v Helpv User~

Concatenate datasets $¢

Concatenate Dataset

Dataset 1 > Select

out_filel Find lowest diagnostic rank $¢

for taxonomy dataset

out_filel (taxonomy)

Join two Datasets 3%
Join
with

out_filel

Filter

out_filel

Fetch taxonomic representation $%

Show taxonomic representation for

out_filel (taxonomy)

Using 3%

Details

Tool: Megablast

Version: 1.2.0

Compare these sequences
Data input 'input_query’ (fasta)
against target database: ¥

") htgs 28-Jan-2013

_nt 28-Jan-2013

“)wgs 28-Jan-2013

O phix174
using word size: ¥

28 ¢
report hits above this identity
(-perc_identity): ¥

80.0
set expectation value cutoff
(-evalue): ¥

0.0001
Filter out low complexity
regions? (-dust): ¥

Draw phylogeny b4 Y 2
es &

Draw phylogram for
out_filel (pdf) Edit Step Actions
Rename Dataset &

outputl 5
Summarize taxonomy 23

Summarize taxonomic representation
for

out_filel (tabular)
Edit Step Attributes

Annotation / Notes:

Note. Database searches may take
substantial amount of time. For
large input datasets it is advisable
to allow overnight processing.

What it does

This tool runs megablast function of
BLAST+ blastn tool - a high
performance nucleotide local aligner
developed by Webb Miller and
colleagues.

Output format

Output of this tool contains 13
columns delimited by Tabs:

1. Id of your sequence
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Visualizing Genomics

Supported external browsers

« UCSC
e Ensemb| .

Traditional browser strengths:
« GBrowse , ,

» Showing what is nearby
e |GB

« what else is happening here
e IGV

» highlighting correlations

 integrating many datasets



14: Tag Counts (bigWiq) @ (] %
2.4 Gb, format: bigwig, database: mm9
Info:

UCSC Genome Browser on Mouse July 2007 (NCBI37/] .o

move [ <<< ) << J[ < : ) >>> Jzoomin { 1.5x )( 3x ){ 10x base ) ZOOM | |d|SplaYat UCSC main

Binary UCSC BigWig file

position/search chr12:57,795,963-57,815,592 gene jump ) clear ) SiZ8 —qoco o

chri2 (gci) 120A1 . 1 | EGERYCGEEEGWEEREE 12901 129C3 EEIEREREE 12qE  FEREW oF2

Scale s kb{ :
chri2: s57580666] 57585666 s7516666] 57515686
Tag Counts (bigWia)

a Counts (biglig)

ETS Markers oh Genetic and Radiation Hubrid Maps
STS Markers g

UCSC Genes Based on UniFrot, GenBank, CCDS and Comparat i Genomics

rRefSeq Genes
RefsSeq Gen - -
Non-Mouse RefSed Genes

Oother RefsSed | B b4 D Y S S DR i G Rl N
Ensemb1 Gene Fredictions
Ensemb 1 Genes

Human Froteins Mapped by Chained TELASTh
e e e e 333 sSLCcasA21 -

Mouse mRNAS from GenBank

AK1324064

W= s rvze mucal
AKB34335 o = AK1E67S3S m———{{—
XS4008 Peessssms AK162379 el

BCBAS794 B AKB4S150 mm———
BCABEA3H gt AKB41694 m——{—
AKB36955 mm—{{—

EU156236 mmf—{{-

BCAS7950 mf—{{—

Mouse ESTs That Have Been Spliced
Spliced ESTs

Sa-MWay MUlItiz Alignment & Conservation
Mammal Cons

Fozt 01 TR N T A | O 1 || _I-_l_ll-lm — _I— |HW| IE N
Human TR . Illl | . . (R TR NRUOE DO TN e
oranautan IR = 1D BRI - ey
Dog !IY-‘II 15l - 1 TERSHINE [ DREN BERECN W e,

RN ' —— 1 1 Ilkri SR RRICORN B0 B omilioes )0 nE

opossun — i EE— N nllll lell Il.]t .‘f : 1l = ——————— AT W . .- IIIH l”:-[ L 1 i |

Chicken — = —— | — e || —— = ] . " =

Stickleback ——— = f——————— l ————————-
Simple Nucleotide Foldmorphisms (dbSNHF build 1235)
SNFs (1238) I I I 1 I | I A {1 B 1 | B l I | - (T
Repeating Elements by RepeatMasker
RepeatMasker | | 1] | | ] [1] |




1: Sample data

1.2 Gb

format: bam, database: mm9
Info: uploaded bam file

-—
-

.
v ilr)
o ’

— —_—

display at UCSC main test

display at Ensembl Current
display with IGV web local

Binary bam alignments file

Integrative Genomics Viewer (IGV)

@ (] ¥

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

The digital signature could not be verified.

" | Allow all applications from “www.broadinstitute.org” with this signature

Show Details... Deny Allow

Mouse mm9 C chrl +!  chrl:98,582,224-98,597,370 Go Tt @ [0 EREIRRRATRARTAN! INRRRAIN
| 1 | I I T T 1 1
qA2 qA4 qB qC1.1 qC1.3 qC3 qC4 qD qEl.1 qE2.2 qE3 qF qG1 qH1l qH23 qH4 qH6
w i [ 15 kb -
-
wor | 98584 kb 98586 kb 98588 kb 98,590 kb 98592 kb 98,594 kb 98,596 kb
Zk | | | | | | | | 1 | |
galaxy_f2979achfb2c63 10
75.bham Coverage . o ,
galaxy_f2979achfb2ct3
75.bam
1 [ 1T =

chr1:98589793

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



Trackster: Galaxy’s embedded track browser
Help~  User~

Analyze Data Workflow Shared Data~ Visualizationy Admin

-_ Galaxy /
3,221,594 - 3,301,240

RNA-Seq Example (hg19)
260,000 3.270,000

=
- '».'J'-l

=TT

3,250,000 3,270,000




Circster

- Galaxy Analyze Data Workflow Shared Data ~ Visualizationv Admin Help~  User~ Using 1.7 GB

Circster Demo (hgl9)




Create a visualization in Galaxy

28: Brain: assembled @ (] %

transcripts from Cufflinks

211 lines

format: gtf, database: hgl9

Info: cufflinks v2.0.2

cufflinks -q --no-update-check -|

300000 -F 0.100000 -j 0.150000 -
——————

r  Visualization~v Admin

Or ' '- ermbl Current

Saved Visualizations

1.Seqgname 2.Source 3.Feature 4.

chrlg Cufflinks transcript 3348

chrl9 Cufflinks exon 3348
chrly Cufflinks transcript 3349.
chrlg Cufflinks exon 3349,
chrlg links transcript 33511

chrlg "flinks exon 33511

« 9 -




Visualization inside Galaxy

Leverages visualization to evaluate and refine analyses

Exposes basic analyses in visualization to make it more
informative

Makes that analyze-visualize-refine loop seamless and
fast

Enables learning tools and exploring their parameter
space

Supports custom genome browsers, without a
predefined reference genome



kKnownGene v

aln on Human:

1,530,000

»C assembled transcrip
Cufflinks

Max Intron Length
Min Isoform Fraction 0.05

0.001
No o]

Pre MRNA Fraction

Perform quartile normalization

0.5, 0.05, No]

150000

" Run on complete dataset '

Run on visible region

7

Cufflinks - region=

]

Cufflinks -

reglon=

, parameters=[15

50000

0.001, No]

0.05

| Ry

CUFF 4.1 By,

F.o. By

0

GM12878 Cufflinks assembled transcripts BEST

h1-hESC Cufflinks assembled transcripts BEST

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

1,000,000

i EENIE . e C T T 1 TR LR R TR
IoweE el m . R w e e
L [ . [ ' CEE T
LT [
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Sharing & Publishing enables Reproducibility

Reproducibility: Everybody talks about it, but ...

Galaxy aims to push the goal of reproducibility from the
bench to the bioinformatics realm

All analysis in Galaxy is recorded without any extra effort
from the user.

Histories, workflows, visualizations and pages can be
shared with others or published to the world.



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




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.eduj/u/iqoecks/h/variant-analysis-for-sample-el8 .

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




aNe Galaxy | Published History | Variant Analysis for Sample E18

+ M http://main.g2.bx.psu.edu/u/jgoecks/h/varant-analysis-for-sample-¢18
Analyze Data  Workflow  Shared Data  Visualization  Help

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

Galaxy History ' Variant Analysis for Sample E18’ & Import history
Author
Annotation: Perform a pileup analysis with default parameters to Identify variants in sample E18
jQoecks
Dataset Annotation
Related Histories

L ELS PE] Reads Forward reads from sample E18

. All published histories
2. E18 PE.2 Reads Reverse reads from sample E18 Published histories by iqoecks

. Rating
2 E18 PE. ] Reads Groomed Groom reads 10 convert quality scores from Solexa 1.0
to Solexa 1.3 Community

1 rating, 4.0 average
4: E18 PE.2 Reads Groomed Groom reads 10 convert quality scores from Solexa 1.0 7
10 Solexa 1.3 Yours

Trim reads from 3" end 10 remove low-quality nts. Tags

& E18 PE.2 Reads Groomed, Trimmed rim reads from 3' to remove low-quality nts Community

snp piieup oowtie demo

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

onvert Bowtie SAM 1o BAM so that pile

iS can be performed

| 8 SAM-t0-BAM on data 7

pieup DOWwWthie

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

10: Filter pileup to get Varlants from sample E18 ind 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 VCSC mm9 RefSeq genes

15: Intersect to get Variants from sample E18, consensus different, in Variants with consensus different that occur in RefSeg

s AT b

RefSeq Genes genes




Analyze Data Workflow  Shared Data  Visualzation Help User

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

Trim reads to remove low-quaiity base

Step 6: FASTQ Trimmer
Author

goecks
output file from step 4 X
Define Base Offsets as Related Workflows

A b« i_j,- ‘3_..
ADSOIULe Values All publizhed workflows

Offset from 5' end Published worklows by igoecks
['.

Rating

Offset from 3' end .
9 Community
- D ratengs, 0.0 average

Keep reads with zero length
False

Map reads using default parameter values

Step 7: Map with Bowtie for lllumina

Wil you select a reference genome from your history or use a bulit~in index?

Use 2 byt ~in Index

Select a reference genome
galaxy/data/apiMel3 /bowtie_index/apiMel3
Is this library mate - paired?

Paired-end

Forward FASTQ file

Output dataset ‘output file” froe

Reverse FASTQ file

Output dataset ‘'output _file” from step 5

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

The upstream/downstream mate oriemtation for valid paired-end alignment against
the forward reference strand (- ~fr} i/ ~~1f)

R (for Blumina)

Bowtie settings to use
Commonly used

Suppress the header in the output SAM file
True

Convert Bowtie SAM output to &
Step 8: SAM -to-BAM S T s oy

Choose the source for the reference list

Locally cached




Galaxy | Published Histories

Workfiow Shared Data Visualization Help

Published Histories

search 5

. Community Community
Annotation Rating 1 Tags

metagenomics
Calaxy vs MECAN Comparison of Galaxy vs. MEGAN pipelin "2 R e R megan Mar 19. 2010

galaxy

metlagenomic metagenomics
dnaivsis galaxy

Datasets correspond 10 our paper publisheg in Science by

Peleg et al. entitied : Altered histone acetylation

assocated with age-dependent memory Impa

Experiment layout: This history comains 4 da

form of BED files of uniquely mapped reads produced after _ s, s A 4 4
chip-seq for histone 'm::d:' <.ar.u:msr H4K12ac< and H3K9ac in RIChenan AR Rw
mouse hippocampus of 3 months (young) and 16 months

(0ld) mice after fear conditioning. For detailed information

please refer to supplementary materials and methods of the

respective work by peleg et al

i,

’\"\D
Variant Analysis Perform a pileup analysis with default parameters to identify oowiie

18 — goecks Z minutes ago
for Sample E18 variants in sample E18. 19 . .8

demo

Ssampie

chr22
ongest
Tare
numan
WOrksnop

FAST

Ao Tabular
Test

EXLF
Open “hetg / fman g2 b psuedu/history /st _published?so=ratingh!-tags~All" in 3 new 1ab




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

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



Sharing and Publishing Your Work

(&EEQIECIQ\EA n il illuming’ rSrES

HOME | ABOUT | ARCHIVE | SUBMIT | SUBSCRIBE | ADVERTISE | AUTHOR INFO | CONTACT | HELP

Institution: PENN STATE UNIV Sign In via User Name/Password _ -

Advanced Search

- a . o OPEN ACCESS ARTICLE
Windshield splatter analysis with the Current Issue

Galaxy metagenomic pipeline This Article October 2010, 20 (10)

Published in Advance October (L ENOM
9, 2009, doi: RESEARCH
. ’ 10.1101/gr.094508.109
Sergei Kosakovsky Pond!:2:6:9, Samir Wadhawan3:657 -
e Yy » S ~ Copyright ® 2009 by Cold

[Supplemental material is available online at http:/ /www.genome.org. All data
and tools described in this manuscript can be downloaded or used directly at
http:/ /galaxyproject.org. Exact analyses and workflows used in this paper are
available at http:/ /usegalaxy.org/u/aunl/p/windshield-splatter.]

Histories, workflows, visualizations and pages can be
shared with others or published to the world.

http://usegalaxy.org/u/auni1/p/windshield-splatter



http://usegalaxy.org/u/aun1/p/windshield-splatter

—_— Galaxv Analyze Data Workflow Shared Datav Visualization~ Cloud~v Help~

Published Pages | aunl | Windshield Splatter

Windshield splatter analysis with the Galaxy
metagenomic pipeline: A live supplement

SERGEI KOSAKOVSKY POND%", SAMIR WADHAWAN?3%", FRANCESCA CHIAROMONTE?, GURUPRASAD
ANANDA!3, WEN-YU CHUNG!37 JAMES TAYLOR>, ANTON NEKRUTENKO? and THE GALAXY TEAM!*

Correspondence should addressed to SKP, IT, or AN.

How to use this document

This document is a live copy of supplementary materials for the manuscript. It provides access to

the exact analyses and workflows discussed in the paper, so you can play with them by re-running, changing
parameters, or even applying them to your own data. Specifically, we provide the two histories and one
workflow found below. You can view these items by clicking on their name to expand them. You can also
import these items into your Galaxy workspace and start using them; click on the green plus to import an
item. To import workflows you must create a Galaxy account (unless you already have one) - a hassle-free
procedure where you are only asked for a username and password.

This is the Galaxy history detailing the comparison of our pipeline to MEGAN:

1+ Galaxy History | Galaxy vs MEGAN + I,
Comparison of Galaxy vs. MEGAN pipeline.

This is the Galaxy history showing a generic analysis of metagenomic data. (This corresponds to the "A
complete metagenomic pipeline” section of the manuscript and Figure 3A):

1+ Galaxy History | metagenomic analysis + 1)

This is the Galaxy workflow for generic analysis of metagenomic data. (This corresponds to the "A complete
metagenomic pipeline" section of the manuscript and Figure 3B):

1+ Galaxy Workflow | metagenomic analysis + 1)
Generic workflow for performing a metagenomic analysis on NGS data.

Accessing the Data

Windshield Splatter datasets analyzed in this manuscript can be accessed through this Galaxy Library. From

About this Page
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aunl
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aunl

Rating

Community

(6 ratings,

Tags

5.0 average)

2 0 6 &

Community:

paper

megan

galaxy

http://usegalaxy.org/u/auni1/p/windshield-splatter



http://usegalaxy.org/u/aun1/p/windshield-splatter

Overview

What is Galaxy?
Analysis Interface, Tools, and Datasources
Workflows
Visualizations
Sharing, Publishing, and Galaxy Pages
ToolShed



Galaxy

Tool Shed

Enables sharing of Galaxy Utilities:
tools

proprietary datatypes
exported Galaxy workflows

Automatically install tools and tool suites, and their
dependencies, into a Galaxy instance

Galaxy Utilities can be created and shared by any
member of the community

https://wiki.galaxyproject.org/ToolShed



https://wiki.galaxyproject.org/ToolShed

Galaxies on Galaxies on
private clouds public clouds

"
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Tool Shed
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V

private Galaxy installations


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

-_ Galaxy Tool Shed

2464 valid tools on May 27, 2014

Search
= Search for valid tools

= Search for workflows

Valid Galaxy Utilities
= Tools

= Custom datatypes

= Repository dependency definitions

Categories

search repository name, description

Name

Assembly
ChIP-seq

Computational chemistry

= Tool dependency definitions

All Repositories
= Browse by category

Available Actions

= Login to create a repository

Convert Formats
Data Managers
Data Source

Fasta Manipulation

Fastg Manipulation

Genome-Wide Association Study

Genomic Interval Operations

Graphics

Imaqging

Metabolomics

Metagenomics

Micro-array Analysis

Next Gen Mappers

Ontology Manipulation

Phylogenetics

Proteomics

toolshed.g2.bx.psu.edu

Repositories Help~ User~

Description

Tools for working with assemblies

Tools for analyzing and manipulating ChIP-seq data.
Tools for use in computational chemistry

Tools for converting data formats

Utilities for Managing Galaxy's built-in data cache
Tools for retrieving data from external data sources
Tools for manipulating fasta data

Tools for manipulating fastq data

Utilities to support Genome-wide association studies
Tools for operating on genomic intervals

Tools producing images

Utilities to support imaging

Tools for use in the study of Metabolomics

Tools enabling the study of metagenomes

Tools for performing micro-array analysis

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

Tools for performing phylogenetic analysis

Tools enabling the study of proteins

Repositories

31

18

31

16

51

21

37

22

25

58



Installing from the ToolShed

Requires Admin access on Galaxy Server
Point and Click to Install
Minimal additional configuration needed

Dependency directory



Accessible Galaxy tool sheds

Galaxy main tool shed

Galaxy test tool shed =
Browse valid repositories
Search for valid tools

Search for workflows

Search repositories for valid tools

Valid tools are those that properly load in Galaxy. Enter any combination of the following tool attributes to find repositories that contain valid tools
matching the search criteria.

Comma-separated strings may be entered in each field to expand search criteria. Each field must contain the same number of comma-separated
strings if these types of search strings are entered in more than one field.

Tool id:

Tool name:

bwa

Tool version:

Exact matches only:

Search repositories




Repositories with matching tools

tool id:

tool name: bwa

too!l version:

exact matches only: False

Repository name Synopsis Revision

bwa_base « bwa_base 35f793d775ea

bwa_color 17da959633b0

bwa_mappers « Galaxy BWA short read aligner 3365c42b076d

bwa_mappers « Galaxy BWA short read aligner 95d5133dd241

Demonstrates a tool_dependencies.xml
complex_repository_dependency on_bwa 059 « file that defines a complex repository 86al5cf82c50
dependency on bwa_059

data_manager_bwa_index_builder « Builds bwa indexes fe6508204acc

For O selected items: |Install to Galaxy

Owner

greg

greg

devteam

devteam

blankenberg




The core Galaxy development team does not maintain the contents of many Galaxy tool shed repositories. Some repository
tools may include code that produces malicious behavior, so be aware of what you are installing

f vyt dicecover a3 rennc ~nmy th ruICOC ¥
f you discover a repository that causes pi
information, and appropriate action will be taken

Contact the repository owner for general gquestions or concerns
Confirm dependency installation
he pendencie e aute ed w l talle epositon v, DI din ] bene salaxy
Handle repository dependencies?
A
- 2 o B ) d 51d I 185¢ C | 2PDOSITories re oYy eposi y
> Repository dependencies - requires bwa color
Handle tool dependencies?
A
2( S, jutomatic handiing of these tool dependencie
v Tool dependencies - repository tools require handling of these dependencies
Choose the tool panel section to contain the installed tools (optional)
Shed tool configuration file:
fhome/g2test/var/shed_tool_conf.xml =
Your Galaxy instance is configured with 1 shed-related tool configuration file, so repositories w 2 [nsta 1 S
tool_path setting.
Add new tool panel section:
1 d ew 1€ e ( 1L - 1 { 1 D1

Select existing tool panel section:

Get Data
BEDtools

SNP Eff

Send Data
ENCODE Tools




Monitor installing tool shed repositories
Name Description Owner Revision Status

bwa base bwa_base greg 351793d775ea New

bwa color bwa_color greg 17da959633b0 Setting tool versions

Installed tool shed repositories

Q

Advanced Search

Namel Description

Parse the output of the Naive
allele_counts_1 « Variant Detector tool, count
alleles

Parse the output of the Naive
allele_counts_1 « Variant Detector tool, count
alleles

bwa_base « bwa_base

bwa_color « bwa_color

Update tool shed status

Revision Installation Status Tool shed

db6f217dc45a ‘ Installed

ecalea054d0d \ Installed |

35f793d775ea | Installed

17da959633b0 ‘ Installed

testtoolshed

testtoolshed

testtoolshed

testtoolshed




Goals

What is Galaxy
Mission, Terminology, and Capabilities
Using Galaxy
Play along with a basic Analysis
How to get involved with Galaxy
The community and how to participate
Adding Tools
Making your code Accessible and Reproducible

Bonus: Brief Intro to Sequence Analysis in Galaxy



Basic Analysis

Which 5 coding exons have most
overlapping SNPs?

Use Human, hg19, Chromosome 22

gcc2015-X.dblankenberg.org
(where Xis 1 through 3)

(~ http://usegalaxy.org/galaxy101 )


http://gcc2015-0.dblankenberg.org
http://usegalaxy.org/galaxy101

Exons & Repeats: A General Plan

e Get some data

® Get Data @ UCSC Table Browser

o |dentify which exons have SNPs

e Count SNPs per exon

e Visualize, save, download, ... exons with
most SNPs

(~ http://usegalaxy.org/galaxy101 )


http://usegalaxy.org/galaxy101

Exons SNPs

(Identify which exons have SNPs)



Exons SNPs

Exons

SNPs

Overlap pairings

Operate on Genomic Intervals = Join
(Identify which exons have SNPs)




Exons SNPs

Exons

SNPs

Overlap pairings

I |
— I Exon overlap counts

L 2

Join, Subtract, and Group — Group
(Count SNPs per exon)



Find Top 5

Sort by counts
Filter and Sort -> Sort
Select top 5

Text Manipulation -> Select First



Exon overlap counts

Exons

We've answered our question, but we can do better.
Incorporate the overlap count with rest of Exon information



Exons

Join, Subtract, and Group —Join

(Incorporate the overlap count with rest of Exon information)



Exons

Join on exon name

/,

Rearrange columns w/
cut

Text Manipulation = Cut

(Incorporate the overlap count with rest of Exon information)



Visualize within a Genome Browser

Click display at UCSC link

Zoom, scroll, examine



Do it again on Repeats

Extract Workflow

Edit Workflow to include input labels, rename
outputs

Get Genome-wide repeat and exon information
Run Workflow
Drink Coffee



Goals

What is Galaxy
Mission, Terminology, and Capabilities
Using Galaxy
Play along with a basic Analysis
How to get involved with Galaxy
The community and how to participate
Adding Tools
Making your code Accessible and Reproducible

Bonus: Brief Intro to Sequence Analysis in Galaxy



The Galaxy Team

Enis Afgan Dannon Baker  Dan Blankenberg Dave Bouvier Marten Cech John Chilton

Dave Clements Nate Coraor Carl Eberhard Jeremy Goecks Sam Guerler

l.}‘

Jen Jackson Ross Lazarus Nick Stoler Anton Nekrutenko  James Taylor Nitesh Turaga

http://wiki.galaxyproject.org/GalaxyTeam


http://wiki.galaxyproject.org/GalaxyTeam

Peter Cock
(TJHI)

Kyle Ellrott
(UCSC)

Nicola Soranzo
(TGAQ)

The Extended Galaxy Team & Contributors

)

R - : Eric Rasche
Greg Von Kuster (CPT)
(PSU)

Nov 12, 2006 — Jul 4, 2015

Yousef Kowsar
(VLSCI)
Future You?

Nuwan Goonasekera
(VeRSI)

Bjorn Gruning
(Uni Freiburg)



Questions about Using Galaxy

LATEST < OPEN 12 NEWS ' TUTORIAL FORUM PLANE] ALL »
AN
a3 \\‘\ * 6 Dani 2la anbaor q 44 1.5k \ * Logou b aq ss
; l*i )
LS. ! I o Q w s, @ 2 = o
\ 4 ™ i i iy AAnccnmaes = \ine~ w L — 2 Bt - o ' 0 -
N 5-." — GALAXY EXPLAINED — Community i € 1y F( y 1ay ollowin K oSt

or Q Classic search

Limit to: all time ~ <prev + 4,271 results - page 1 of 123 - next > Sort by: update ~ Recent Votes

0
voies

9 Disk usage over quota after permanent delete
e

disk usage written 23 hours ago by j.norris * 0 » updated 3 hours ago by Martir Cech +¢ 1.9k 9

13 Help with running gi2taxonomy.py

views

0

Vs gi2taxonomy run python script written 1 day ago by ibis * 0 * updated 16 hours ago by Bjoern Grue

12 How to query the Galaxy database for time/resource data for users and/or workflows?

voiles views

workflows | database galaxy admin

~ 53 ( g ndatard 168 ot ire amms B dimarnm (e ioninm N 7L
als89 - 50 - updated 16 hours ago by Bjoern Gruening ¢ 2.7k

Metadata missing error when using lastz

views
software error written 1 day ago by bruce.bejcek = 0

14 bwa-mem installation and use

views .
galaxy | software error bwa written 1 day ago by noé -

Recent Locations * All »
20 cleanup datasets script python

views

¢ United States, just nov

¢ United States, 1 hour ago

e European Union, 1 hour ac
¢ United States, 3 hours ago

dataset clean galaxy written 2 days ago by k.mamoud - &

N
o
|8
(

|
%
<
N
=

15 Problems with login into Galaxy (local instance)

o
EHEE mmm
N
o

views . .
galaxy | login local instance written 1 day ago by FT - 0

Recent Awards * All »

https://biostar.usegalaxy.org/


https://biostar.usegalaxy.org/
http://www.apple.com

How to Help

Report your bugs and request Features
galaxyproject.org/trello
galaxy-bugs@lists.galaxyproject.org

Contribute (check trello)
https://github.com/galaxyproject
write and publish tools
Edit wiki.galaxyproject.org

Chat

IRC Channel Twitter:
@galaxyproject

Server: irc.freenode.net #usegalaxy
Channel #galaxyproject




Contributing Code

All code is add via Pull Requests
Info for contributors
https://github.com/galaxyproject/galaxy/blob/dev/
CONTRIBUTING.md

Contributing

This document briefly describes how to contribute to the core galaxy project - also checkout our 2013 Galaxy
Community Conference presentation on the topic (video, presentation). For information on contributing more broadly to
the Galaxy ecosystem and a deeper discussion of some of these points - please see the Develop section of the Galaxy

Wiki.

Before you Begin

If you have an idea for a feature to add or an approach for a bugfix - it is best to communicate with Galaxy developers
early. The most common venue for this is the Galaxy Trello board. Browse through existing cards here and if one seems
related comment on it. If no existing cards seem appropriate, a new issue can be opened using this form. Galaxy
developers are also generally available via IRC and on the development mailing list.




The Intergalactic Utilities Commission (IUC)

Community Group tasked with
Developing Tool Best Practices

Policing the ToolShed

http://galaxy-iuc-standards.readthedocs.org/en/latest/best_practices.html

= 1F
¢
© 3
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!




Goals

What is Galaxy
Mission, Terminology, and Capabilities
Using Galaxy
Play along with a basic Analysis
How to get involved with Galaxy
The community and how to participate
Adding Tools
Making your code Accessible and Reproducible

Bonus: Brief Intro to Sequence Analysis in Galaxy



Creating Your Own 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



A Basic Tool

-

sinput Soutput</command>

Tools

Get Data

MyTools

s Compute GC content for each
sequence in a file

Send Data

Compute CC content

Source hle:
_1: Uploaded FASTA File

Execute

tool_conf.xml

Tt

1is tool computes GC content from a FASTA file




Cluster

T

Cluster intervals of: I 6: UCSC Main on Human: knownGene |

max distance between !

intervals: (bp)

min number of -1

intervals per cluster:

Return type: | Merge clusters into single intervals

(]

Execute

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).

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 minimurm 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.

[T Y

Find cCluster=s

Merge cClusters

| cluster.xml

ol id="gops_cluster_ 1" name="Cluster"=
=description=[[Cluster]] the intervals of a query=/description=
<command interpreter="python2.4">
gops_cluster.py $inputl $output -1 $inputl chromCol,$inputl_startC
-d $distance -m $minregions -o $returntype

format="interval® name="inputl" type="data"=
label=Cluster intervals of</label=

yaram name="distance" size="5" type="integer" value="1" help="(bp
:label>max distance between intervals</label=

"minregions® size="5" type="integer"
number of intervals per cluster</labal=

“returntype” type="select" label="Return type"=
lue="1">Merge clusters into single intervals</option=
lug="2"=Find cluster intervals; preserve comments and
lue="3"=Find cluster intervals; output grouped by clus
alue="4"=Find the smallest interval in each cluster</op
lue="5"=Find the largest interval in each cluster</opt

class:: infomark

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

**Screencasts | ¥+
See Galaxy Interval Operation Screencasts (right click to open this 1

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

*Eoyntax**

**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*#* ogutputs intervals that spanjp

**Find cluster intervals; preserve comments and order** filters out
] = 5 = - g B ] =




External Display Application

display 1id= = name=
Link 1d=
<url=http://cenome. ' o key) }aamp;hagt.customText=5{qgp(Strack.url)}</url>
param type= ' - uri= -
param type= = uri= tacata= strip_httips=
param name= viewab le= stri
e="${bam_file.name}" bigDatalUrl=%${

type extension=
imetype= S _1n_uploac=
display file=

2: SAM-to~-BAM on data 1

660.5 Mb, format: bam

mm9Y

info

| display at UCSC main




BAM at UCSC

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

move Zoom in | 1.5x i base  ZOOM OUL 1.5 3 x L0

position/search

Human Protesns Mapped by Chasned tBLASTY
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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

move start

de all manage custom tracks confngure 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.




Goals

What is Galaxy
Mission, Terminology, and Capabilities
Using Galaxy
Play along with a basic Analysis
How to get involved with Galaxy
The community and how to participate
Adding Tools
Making your code Accessible and Reproducible

Bonus: Brief Intro to Sequence Analysis in Galaxy



Using Galaxy to Analyze NGS Data

+ Prepare, quality control and manipulate reads
+ Read Mapping
+ ChIP-Seq: Binding sites analysis and peak calling



Prepare and Quality Check

SOLiID lllumina 454
v

low quality
splitter

|

SOLiD2fastq —_—

Groomer — 4542fastq

Quality
Statistics

Generic Box Plot
Tool

Read Trimmer

Quality Filter

|
D
\/
=
\/
=~
\
-
\/
-

Blankenberg D, Gordon A, Von Kuster G, Coraor N, Taylor J, Nekrutenko A; Galaxy Team. Manipulation of FASTQ
data with Galaxy. Bioinformatics. 2010 Jul 15;26(14):1783-5.



What is FASTQ?

e Specifies sequence (FASTA) and quality scores (PHRED)

e Text format, 4 lines per entry

@SEQ ID
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT

+
VPR ((((***+))8%8%++) ( ) o L#**—4% ' ")) **55CCF>>>>>>CCCCCCCH5

e FASTQ is such a cool standard, there are 3 (or 5) of them!

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
ITTTTITITITITITITITITITTITITITITITITITIITTITITITITITITITIITITITTITITITITITITITITITITITITITITITIITIITIIIIIIT
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX XXX XXXXX XXX XXX XXX XXX XXX XXX XXXXXXX

1V"#$%8& ' ()*+,-./0123456789: ;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]" ~abcdefghijklmnopgrstuvwxyz{|}~

33 59 64 73 104 126

S - Sanger Phred+33, 93 values (0, 93) (0 to 60 expected in raw reads)
I - T1llumina 1.3 Phred+64, 62 values (0, 62) (0 to 40 expected in raw reads)
X - Solexa Solexa+64, 67 values (-5, 62) (-5 to 40 expected in raw reads)

http://en.wikipedia.org/wiki/FASTQ_format


http://usegalaxy.org/community

Combining Sequences and Qualities

- Galaxy Analyze Data  Workflow  Shared Data  Visualization Admin  Help  User

Tools Options « 5 Options «
Combine FASTA and QUAL (=
m FASTQ splitter on joined paired A —
end reads FASTA File:
a fg\:;’sgz joiner on paired end _1:454.fasta v 2: 454.qual @ R
Quality Score File: 52 lines
m FASTQ Summary Statistics by 2: 454.qual . format: qual454, database: ?
column - Info: uploaded qual454 file
Force Quality Score encoding: = &
: £ S e o ASCII =
= Build base guality distribution >EYKX4VCO1B65GS length=34 xy=0784 1
= Select high quality segments Execute 33 23 34 25 28 28 28 32 23 34 27 4
>»EYXKX4VCO1BNCSP length=187 xy=0558
o Combine FASTA and QUALin[O ) 27 35 26 25 37 28 37 28 25 2B 27 36
FASTQ What it does 22 9 23 19 28 2B 28 26 26 26 39 32

This tool joins a FASTA file to a Quality Score file, creating a single FASTQ block for each read. i et e b 25

- 13
= Convert SOLID output to fastg 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).
o Compute quality statistics for 1: 454.fasta @ ] %

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
@EYKX4VC01B65GS length=54 xy=0784_1754 region=1 run=R 2007_11 07_16_15 57_ el &
CCGGTATCCGGEGTGCCECTGATGAGCGCCACCEGGAACCAATTCCGACTATGCCGAA
.

A B8C:===ABC<E==06=<< B8=DBYE<@6==D;B9< AB=C: A

= Filter FASTQ rea @EYKX4VCO1BNCSP length=187 xy=0558_3831 region=1 run=R 2007_11 07_16_15 57_ R S b
score and lengtf CTTACCGGTCACCACCGTGCCTTCAGGATTCGATCCCCAGATCGGTCGGTGCECTCAGCGCGCCCETGACATCGCCCACCACGCGTACTCACTGGCTGGCTCTGGTTCCCCGGCGGCATCCCAG >EYRX4VCO1BNCSP length=187 xy=0558

i $ CTTACCGGTCACCACCGTGCCTTCAGGATTGATCG

= FASTQ Trimmer .p, :p=F=:=<E<=E<==<E<?4<=E=BE<<=<<=F><;<99E<;=E=9:6=9=;C:;LET*84 ;=HA-<E==; Pu=; === ; EC<<E=<<==E<E=HA-D=;F> F>=E GGTGACATCGCOCACCACGETACTCACTGECTEEC!

@EYKX4VCO1CD9FT length=115 xy=0865_ 1719 region=1 run=R 2007_11 07_16_15 57_ SRR

- :ﬁg:gi?ﬁig&? CCCGGCCTTTCCCCTCTCCTCCEGCACCTCCCAACGACCTACACCACCCGCCCCTCGCCCATCATCGCGCCGCACCCCCECCTATATGTCCCCCCGAACACACCACCCGCACCCANACGCG
idi i .

D91 *#<HB.E<E< <==BJF E< E< < F F=;=E< F==D; <==<E<D:A7 C:E<C:=<==E<=D>" F? )B9=<<<

@EYKX4VCO1BSFW0 length=95 xy=0799_0514 region=1 run=R_2007_11 07_16_15_57_

TAAATTTCAACCAATCCAAATCAGCCTCCTCTCGTTTACGACTTCGCGCTTTAGACACCTCGAATACCGTCAAAAACATAACTTCATCATATCTTCGCAGT

.

ICOD="'<BBCO9A7 JC2 F?2=* <=F? )==<=D;<D; =F?*=< C:==mpT7; <LEB-"=f=<l=AB< === A7=;:<

@EYKX4VCO01BCGYW length=115 xy=0434_3926 region=1 run=R_2007_11_07_16_15_57_

CCGCCAGCCGGCACACGCCTTCTTGCCCTCGCATCCCCACCGACCTAAAACTCGCCATCACCGCCCCGCCCGTTCATCGCCCAGCCTAATCCCCATCTGCTAAAAACTTTCTCGCCAAAC

.

-

>

FASTO Masker b

' 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_
GGGGGCETTTGCCCTGTCGTCCGGCACCTCGCAAGACCTACAGCAGCGCGCCGECTGGCGATCATCGGCGGCACGCCGEGCCTATATGTCGCCGCAACACACCACCCGCACCCANCGCG

+

RS 3 TR G vt Wy i TR R R A o e S R o ¥ » .y S o S, X .4 oy e ;o 1 e S A L AN 4 . R ) A L e LTl



Grooming --> Sanger

— Ga'axy Analyze Data  Workflow  Shared Data  Visualization @ Admin  Help  User
Tools Options « M | History Options «
FASTQ Groomer
: =
File to groom: 1 o
NGS: QC and manipulation 3: Combine FASTA and.. and data 2 7] :af‘ngQ Groomer on @ (%
Input FASTQ quality scores type: 3: Combine FASTAand @& (7

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 quality segments

Combine FASTA and QUAL into
FASTQ

Convert SOLID output to fastq

Compute guality statistics for
SOLID data

Draw quality score boxplot for
SOLID data

.

Sanger v

Solexa
llumina 1.3+ S
%H‘Z&?‘:}f“ =raous 3 = '

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, qual
the equations found in Cock PJ, Fields CJ, Goto N, Heuer ML, |
guality 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._.-

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: "M'(33) - 'L'(76)
Input decimal range: 0 - 43

Gl

EEYRKX4VCO1B65GS length=54 xy=0784_1
CCGGTATCCGGGTGCCGTGATGAGCGCCACCGGAN
BBC:===ABC<i=sfpecxessc=xspPB=BIE<EE
EEYKX4VCO1BNCSP length=187 xy=0558

CTTACCGGTCACCACCGTGCCTTCAGGATTGATCG

4 b

MM MRATII IR MW MR A mwr s

Space

able value (i.e.

scales using
ces with

adapter bases

e rvwwe ww —wow Space if there

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

'N's when determining color space encoding.

Quality Score Comparison

o

AMIMNEY
gl

- -

L"#S%&" () *+

ina 1.3

[~ i
s0leXxa

ao o acoo acco

« « XXXXX

ared+33, 9
ared+é4, 6
:olexatb4, 6

(0,
(0,
':_5v

XXXXXXXXX

9:;<=>?8ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]"

93) (0 to
62) (0 to

62) (-5 to

ol sl ol ol o~

o acoo [l o o

XXXKX XK XXX KX KXK XK

A AAAA

60 expected
40 expected

40 expected In

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

AAAA

QUAL on data 1 and data 2

18 sequences

format: fastqsanger, database: ?
Info:

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

all

BEYKX4VCO1B65GS length=54 xy=0784 1
CCGGTATCCGGETGCCGTGATGAGCGCCACCGGAA
BBC:===ABCcR=sffocasanmns BE=BIE<EE
EEYKX4VCUO1BNCSP length=187 xy=0558
CTTACCGGTCACCACCGTGCCTTCAGGATTGATCG!
-] 4 »

2: 454.qual @ (] 8
" 52 lines
format: qual454, database: ?

Info: uploaded qual454 file

>EYKX4VCO1B65GS length=54 xy=0784_1
33 23 34 25 28 28 28 32 23 34 27 4
>EYKX4VCO1BNCSP length=187 xy=0558

27 35 26 25 37 28 37 28 25 2B 27 36

Qoac oooooaaoacc QoaQC Qoas ooc Qoo oooaQc QQas ooc Lol sl ool ol ol ol ol sl ool ol ol ol o
WRRMNLNUGOWYOWRWR DDl lwl Rl Wl el Dl il Rl lw il Wl Rl Rl Dl il Wl 0wl Dl il Rl wwll Wl Rl Rl Dl Wl Dl 0wl Dl il R Rl R wewl Bl Dl el Bl we el o e

YYYY -(:(\.r\lr\t WY

AAAAA

abcdefghljklmnopqrstuvwxyz{




Score Value

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

Quality Statistics and Box Plot Tool

Graph/Display Data

m Histogram of a numeric column

= Scatterplot of two numeric
columns

m Plotting tool for multiple series
and graph types

= Boxplot of quality statistics

Quartiles —
Medians —
Outliers .

Box plot in Galaxy

¥ oK K K K K K K K K K K K K K K K K K K K K K ¥
¥ K K K ¥ XK K X K X X XK X X XK X X X ¥
¥ K K K K K K K K K K K K K ¥ K K ¥ K ¥ K K K K ¥ ¥ ¥
¥ K K K K K K K K K K K K K K K
¥ K K K K K K K K K K ¥ K K ¥ K K ¥ K ¥ K K ¥ ¥
¥ K K K K K K K K K K K kK K
¥ K K K K K K K K ¥ K ¥ K K ¥ K K ¥ K ¥ K ¥
¥ K K K K K ¥ K K K K X ¥ ¥ ¥ ¥ ¥
¥ OK K K K K K K K ¥ K ¥ K K ¥ K K ¥ K ¥ K ¥
¥ oK K K K K K K K K K ¥ K K ¥ K K ¥ K ¥ ¥ ¥
¥ K K K K K K K K K K K ¥ ¥ ¥

| L L L e e |

#

¥
| |

EPNWEAEOO W

¥ K K K K K K K K K K K K K K K K K kK ¥ kK ¥

¥
|

¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥

¥ ok ok kK kK K kK kK K K K K K K K K K K ¥

¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥

¥ ok ok kK kK ok kK kK kK K K K K K K K K K ¥

¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥

¥ ¥ ¥ K K K K X K K K XK X ¥ ¥ ¥

|
[
[

[
[

¥ ¥ X X ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥
¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥

¥ ok ok ok kK kK kK K K K K K K K K K K K ¥
% K K K K K K K K K K K K K K K ¥

¥ oK K K K K K K K K K K K K K ¥ ¥
ok K K K K K K K K K K K K ¥ ¥

¥ oK ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥

¥ oK ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥

¥ K ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥

* # # L
|

S I S [ S I S I S S I v |

o
O ¥

Nucleotide Position

101112 13141516171819202122 232425262728 29 30 31 32 33343536 3738394041 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 6869707172 73747576 77



Analyze Data  Workflow  Shared Data  Visualization Help

Options History Options

NGS: QC and manipulation

Combine FASTA and QUAL into
FASTQ

Fastqac: Fastge QC using FastQC
from Babraham

Workflows

®@FastQC Report

Mon 20 Jun 2011
dataset _1750787.dat

Summary

o~
Q Basic Statistics

@ Per base sequence quality

Q Per sequence quality scores

~

Q Per base sequence content
Per base GC content

Per sequence GC content

O Per base N content

(-)- Sequence Length Distribution
Q Sequence Duplication Levels
Qverrepresented sequences

@ Kmer Content

Basic Statistics
Filename dataset_1750787.dat
File type Conventional base calls

Encoding Sanger / Illumina 1.9

120: FastQC himl

11.6 Kb

format: html, database: hgl8
i

HTHL file

119: Cuffdiff on data 11, & [ $
data 13, and data 29: transcript

FPKM tracking

118: Cuffdiff on data 11, & {
data 13, and data 29: transcript

117: Cuffdiff on data 11, @ {J 3¢
data 13, and data 29: gene FPKM
tracking

116; Cuffdiff on data 11, & [ 3
data 13, and data 29: gene
differential expression testing

115: Cuffdiff on data 11, ® § 33
data 13. and data 29: 7SS groups
FPKM tracking

114: Cuffdiff on data 11, @ J 3

data 13, and data 29: TSS groups

é!![‘if):n!!:I!EEDLQSSLQ!!,!L‘-!!UQ
113: Cuffdiff on data 11, ® § 3
data 13, a

tracking

112: Cuffdiff on data 11, @ { 32
data 13, and data 29: CDS FPKM
differential expression testing

111; Cuffdiff on data 11, @ {J 32
data 13, and data 29: CDS
overloading diffential expression
testing

A

v




~. Galaxy

Tools Options «

= Filter FASTQ reads by quality
score and length

m FASTQ Trimmer by column

= FASTQ Quality Trimmer by
sliding window

m FASTQ Masker by quality score

m Manipulate FASTQ reads on
various attributes

= FASTQ to FASTA converter

m FASTQ to Tabular converter

m Tabular to FASTQ converter

= Quality format converter (ASCIl-
Numeric)

s Compute quality statistics

Read Trimming

Analyze Data Workflow  Shared Data

FASTQ Trimmer

FASTQ File:
2: imported: GM12878..ple Dataset +

Define Base Offsets as:

Absolute Values v
Use At Ite r fixed lenot eads (I
- .C'_‘ I 10 f h Eal

Offset from 5' end:
0

values start at O, Iincreasing rrom the [eft

Offset from 3' end:
16

\/rhiioc crarer o 2 Nneronacinm reymm tho
vaiues start at O, increasing rrom tne

Keep reads with zero length:

Execute

Visualization Admin

FASTQ Quality Trimmer

FASTQ File:
~7: FASTQ Trimmer on data 2

Help

Keep reads with zero length:

Trim ends:

Window size:
1

Step Size:
1

User

This tool allows you to trim the ends of reads.

Maximum number of bases to exclude from the window during agg
= Draw quality score boxplot

You can specify either absolute or percent-based offs 0
= Draw nucleotides distribution trimmed. When using the percent-based method, offs _ ’
Aggregate action for window:
chart For nple, if h read of length 36:
or example, if you have a read of leng : minscore .
m FASTQ to FASTA converter s e el 4 i
3 Trim until aggregate score is:

fao . NI AT R TR R AT SR TR AT B (N
CAATATCGTNCTCACTGATAACTGGATATNAGCNCCA
A

8>CBAR>787BBCA4-4B%<; ; 3<DB¢ o v

m Filter by quality

4 “¢g.o;B-%7

= Remove sequencing artifacts 7

Awaol sioii o ot slhcnliito affrore ofF ) and D

Quality Score:
0.0

Execute




Filter FASTQ

FASTQ File:
~7: FASTQ Trimmer on data 2 B

Ranillirac nrnomed Aara ~itr- fdata daoc nat annaar hore trv 1icina tha EASTO nranmaor
rRequires groomed gata: IT your data aoes not appear nere try using the FAS1Q groome

Minimum Size:

0

Maximum Size: Quality Filter on a Range of Bases
Quality Filter on a Range of Bases 1

Define Base Offsets as:

Minimum Quality: Absolute Values v

0.0 Use Absolute for fixed length reads (lllumina, SOLID)
g f "entaac # vart [ e leng 'rlr:w s (Roche g

Maximum Quality:
Offset from 5' end:

0.0

A MAaAvim w 113 liry rce thhanm 1 inAdicatac nn limit O

axiimu Qualily 1€55 Ld L 1INAQICdles J i

Values start at 0, increasing from

Maximum number of bases allowed outside of quality range:

0 Offset from 3' end:

0
This is paired end data: Values start at 0, increasing from the right

- 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:

E

>= v

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

Manipulate FASTQ Manipulate FASTQ Manipulate FASTQ

FASTQ File: FASTQ File: FASTQ File:
7: FASTQ Trimmer on data 2 E 7. FASTQ Trimmer on data 2 v 7. FASTQ Trimmer on data 2

D Natn AN e
P ~ 2 - ol on B on lAne nnd Hortirec 1rOnmaefs 2 1 | 1ir iara ! Horntilirec
Reguires oroo 18/ 273 vVl - *Welel=l 0 ReQuUires Gro JIHICUWU Uala | YyOU iala UuUeH JL NnNEUUIIco i

Match Reads Match Reads Match Reads
Add new Match Reads Match Reads 1 Match Reads 1

Match Reads by: Match Reads by:

Manipulate Reads -
Sequence Content } Sequence Content

Add new Manipulate Reads
Sequence Match Type: Sequence Match Type:

Execute Regular Expression Regular Expression v

Match by: Match by:
N N

Remove Match Reads 1 Remove Match Reads 1

Add new Match Reads Add new Match Reads

Manipulate Reads Manipulate Reads

Add new Manipulate Reads Manipulate Reads 1

Execute Manipulate Reads on:
Miscellaneous Actions v

Miscellaneous Manipulation Type:

B

‘Remove Read +

Remove Manipulate Reads 1

Add new Manipulate Reads

Execute




Using Galaxy to Analyze NGS Data

+ Prepare, quality control and manipulate reads
+ Read Mapping
+ ChIP-Seq: Binding sites analysis and peak calling



Mapping NGS Data

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

Mappers for

+ DNA
+ RNA



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:

A
v

Against reference sequences that are:
locally cached  +

Using reference genome:
Aedes aegypti: AaeglLl

Output format:
_SAM

Lastz settings to use:

“eference name?:

Roche-454 90% identity

Roche-454 85% identity

Roche-454 75% identity this identity (%):
[llumina 95% identity

Illumina 85% identity

Do not report matches above this identity (%):
100

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

Convert lowercase bases to uppercase:
Yes |

Execute




Lastz

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

Against reference sequences that are:
locally cached & ]

Full Parameter List

ALY Aamao nf int ct ic nn ctord rantarct the Calavy te “
your geno = O] terest Is ot Sted, CONidCl e GalaXxXy eaimn

Output format:
SAM s

Lastz settings to use:
Full Parameter List

-
v

Select seeding settings:
_Seed hits require a 19 bp word with matches i1 |+

YOu Set word Size and number or mismatches

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

affects the number of allowed transition substitutions
Perform gap-free extension of seed hits to HSPs (high scoring segment pairs)?:
No =+
— Do you want to modify the reference name?:
Perform chaining of HSPs?: No +
i s Do not report matches below this identity (%):
Gap opening penalty: 0
400 L .
Do not report matches above this identity (%):
Gap extension penalty: 100
i 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-|v
Bazo Execute
Set the threshold for HSPs (ungapped extensions scoring lower are discarded):
3000 What it does

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
against a reference sequence. There is excellent, extensive documentation on LASTZ available here.

Involve entropy when filtering HSPs?:

No ~
,,,,,,, o Input formats

Do you want to modify the reference name?:

No &

LASTZ accepts reference and reads in FASTA format. However, because Galaxy supports implicit format conversion the tool
will recognize fastg and other method specific formats.




Using Galaxy to Analyze NGS Data

+ Prepare, quality control and manipulate reads
+ Read Mapping
+ ChlIP-Seq: Binding sites analysis and peak calling



Peak Calling / ChIP-seq analysis

Punctate binding
+ transcription factors

Diffuse binding
+ histone modifications
+ Polll



Punctate Binding --> MACS

I N p UtS Peak Model

+ Enriched Tag file | = TSR

+ Control / Input file —— shiftedtags
(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

0 200

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



Diffuse Binding

SICER (version 0.0.1)

ChlIP-Seq Tag File:
1: Mapped Tags =

ChiP-Seq Control File:
2: Mapped Control &

Fix off-by~one errors in output files:
v

~rr

SICER Creates non-standara output nies

Redundancy Threshold:

o ~f ranioc nf idoanticral raade alle
u el OF COopies OF Q¢ LiCc [ i( 1110V

a
i
i
B
"
E
B
i
L
.
B
)
i
L
L
B
i
)
B

Effective genome fraction:
0.74

Gap size: Genome coordinate
(a)

rfwa chnicld ha 1 200 AND E£00N
siZe SNOouiQ de U, ZUU, 94UV, UV, ... v

’
Statistic threshold value: M(s—s’)

b - S W o

FDR (with control) or E-value (without ) —
 — e

Zang C, Schones DE, Zeng C, Cui K, Zhao K, Peng W. A clustering approach for identification of enriched domains from histone
modification ChIP-Seq data. Bioinformatics. 2009 Aug 1;25(15):1952-8. Epub 2009 Jun 8.

NMoarde ta ho ™
Needs to be 1




Hands on NGS: ChlP-Seq

This time we will be using Data from a
Shared Data Library

gcc2015-X.dblankenberg.org
(where Xis 1 through 3)


http://gcc2015-0.dblankenberg.org

