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Agenda

@ Workflows and credible research

@ Galaxy: quick overview of the framework

@ Sign up to a server and upload/get data

@ Add steps to the history and make workflows
@ Publish your histories and workflows

@ Demo of workflows on our Galaxy server
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What is a workflow?

@ "A workflow consists of a sequence of
concatenated (connected) steps.’

@ "It is a depiction of a sequence of
operations...”

Source: Wikipedia
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Reproducible research

@ How do you judge the quality of research
work?

@ You need: Paper + Data + computing
environment + workflow (Jon Claerbout,
Stanford)

@ Paper + Data = No longer good enough
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Bioinformatics Workflow
Management System

@ A BWMS gives you the data and the toolset.

® The workflow as a series of well-defined
computational steps.

@ Helps you design your processing pipeline and get
your results.

@ Helps you convince yourself and others about the
credibility of your research.
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BWMS Example 1: Taverna

laverna Workbench v1./7.1

]
_ P Resuits | & T2 Actviey palette preview | “4 Discover | @ Taverna 2 preview | Bl myCxperiment (beta)

Search 4 g Wasch loads Craphecal Inmteractive (expernmental)

2 Avallable Processors

» ) Local Services

2 Boman service @ Mp [ fwww Diomart org/Diomarn/mansernvice

2 Soaplad @ mep: [ fwww.eblac.uk/soaplab /embossd [services/

3 WSOL @ henp [ 'www e D Lac. uk f'ws /services furn Dbfesch?wsd |
3 WSDL @ hep [ /s0ap .genome Jp /KECC wid|
2 WSDL @ henp [ festls, ncBinim, nih gov/entre 2 feutils /SOaD feutils wid
3 WSDL @ henp [ /5000 .Bind Ca fesdl/Dind wid)

2 WSDL @ henp [ www e DLac. uk/xemd| XENMBL wsd|

3 Bomoby @ hizp: /[ /moby.ucaigary.ca/moby /MOBY-Cemral.p

Save dagram | "y Refresh  » Configure diagram

Yy Yy yyvywyewyy

getDragonSimpleAnnotatedIimages

&\

getJpegFromAnnotatedimage

Advanced mode! explorer ’
v — Parse_Moby_Data_JPEGImage

Add Nested Workflow ' Offine

.

Workfow object Retries Delay  Backof Threads
23 Fetch Dragon images from BioMoby Parse_Moby_Data_SimpleAnnotatedJPEGImage
3 Workfiow inputs
¥ 3 Workflow outpets
A mages
A annctatons
¥ Processors
L -]
» @ namespace | DragonD8 Alele
P @ Decode_basets o _byte
» Y getpegFromAsnotatedimage
» Y getDragonSimpleAnnctatedimages
> Object
» P Parse Moby_ Data JPECIimage
» P Parse _Moby_Data_SimpleAnnctated)PECImage
¥ 5 Data nks
7 Decode_base64_10_byte Dytes-images

oo0oo0oo0oo0o00o0
coocoo0co0oo0coo0o0

Rendering done.
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BWMS Example 2: Pipeline Pilot

(2 Pipeline Pilot Professional Client - [report in pdf]

File Edit View Tools Window Help

ORF 90 PXADBE &% w[|7ZEE) P A A B o
Components > | Favorites

&

i Data Access and Manipulation

© Databa.se and Ap.pll_cahon Integratic =& ~]

2 Analysis and Statistics (l

> Reporting and Visualization HTVL Table
¢ Chemistry 1 Vewer
-« Data Access and Manipulation

i Converters

-0 Molecule From Text SD Reader \ { 7
545 Molecule To Text ) “:GﬁA::B EE '

[ Molecule to Accord
=] Molecule to ChemDr. Fjernet kolonner, Molecule to PDF Report
PNG, trengs for| nedvendig ford  Writer

4 vise struktur | kunne lese

[] Molecule to Chime
[ Molecule to CTAB
(] Molecule to Image
[=] Molecule to InChl
5
{71 Molecule to MOL2
7] Molecule to PDB
[7] Molecule to Pipeline
|1 Molecule to PNG
[ Molecule to SKC
[ Molecule to SMILES
[7] Molecule to SVG
(] Molecule to Text
|] Reaction to RXN

« m » Elapsed Time:

& Geo... I 8P Prot... (O] Com..4'%l Net.. 89 Start Up I 87 data sorting ”39 report in pdf

Help | | Parameters

- Output PNG_Image
Creates a binary property containing a JPEG image of a molecule 5| Image Options

Calculates a JPEG image of the input molecule and places it in the property JPEG_Image.Image
Options and Chemistry Options control details for how to render the picture of the molecule.

See Also:

ImageSize 250
WidthToHeightRatio 10
Transparent
Caption Property

+/| Chemistry Options

= To generate the equivalent image in PNG format, use Molecule
= To generate the image in Adobe SVG format, use Molecule to SVG.

Jobs | Help | Auto Watch
Ready George Magklaras cnkeeper.uio.no I 801
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The Galaxy BWMS

@ User friendly: Only requires an up-to-date
web browser and an internet connection.

@ Contains already a large number of
integrated tools for NGS

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

@ Framework for integrating other tools
https://community.g2.bx.psu.edu

® Has an active community that develops the
base code plus modules
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Tools Options «

cvuiIuuvin

Motif Tools
Multiple Alignments

Metagenomic analyses
FASTA manipulation
NCBI BLAST+

NGS: OC and manipulation
FASTQC: FASTQ/SAM/BAM

Fastqc: Fastqc QC using FastQC
from Babraham

ILLUMINA FASTQ

FASTO Groomer convert between
various FASTQ quality formats

EASTO splitter on joined paired end

reads

FASTQ joiner on paired end reads

FASTQ Summary Statistics by
column

ROCHE-<454 DATA

Build base quality distribution

Select high quality segments

Combine FASTA and QUAL into
FASTQ

AB-SOLID DATA

= Convert SOLID output to fastq

Tool selection

=1

Analyze Data Workflow Shared Data

FASTQ Groomer (version 1.0.4)

File to groom:
15: FASTQ Groomer on data 13| |

Input FASTQ quality scores type:
Sanger v |

Advanced Options:
Hide Advanced Options ¥ I

Execute I

What it does

This tool offers several conversions options relating to the FASTQ format

When using Basic options, the output will be sanger formatted or
cssanger formatted (when the input is Color Space Sanger).

When converting, if a quality score falls outside of the target score range,
it will be coerced to the closest available value (1.e. the minimum or
maximum).

When converting between Solexa and the other formats, quality scores
are mapped between Solexa and PHRED scales using the equations
found in Cock PJ, Fields CJ, Goto N, Heuer ML, Rice PM. The Sanger
FASTQ file format for sequences with quality scores, and the
Solexa/lllumina FASTQ variants. Nucleic Acids Res. 2009 Dec 16

When converting between color space (csSanger) and base/sequence
space (Sanger, lllumina, Solexa) formats, adapter bases are lost or
gained; if gained, the base 'G'is used as the adapter. You cannot convert
a color space read to base space if there is no adapter present in the
color space seguence. Any masked or ambiguous nucleotides in base
space will be converted to 'N's when determining color space encoding.

Selected tool form

Admin Help User

The galaxy web interface

Using 929.0 Mb

History Options «
.u —|

Unnamed history 929.0 Mb

15: FASTQ Groomer on data @® { 32
13

13: SRR000749.fastq 0 R
464.3 Mb

format; fastq, database:

Info: uploaded fastq file

S RO

@SRROO0749. 1 USI-EAS2]1_60_6387:
GCCTATGTTGAARAATATGGAGCTA

+

IIIIIIIIIII@I) IICIIISIIIL,
@SRRO0O0749. 2 USI-EAS2]1_60_6387:4:1
GGAAAAATATCTTATTAAAAATTTG

Workflow (history
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Basic Galaxy terminology

@ Analysis step: A tool which accepts input data and
generates output data.

@ History: All ordered analysis steps plus the data plus
the settings on each step.

@ Workflow: Ordered processing steps without the
data (“blueprint” of a history)

@ Datasets: The input and output data of analysis
steps.

@ Data Libraries: Specific datasets organized for
reference.
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Building blocks and
information flow

History
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User registration

@ You should register in order fo get the most

out of the Galaxy environment. It allows you
to:

@ build and access workflows

@ have access to non-public data files and
workflows.

@ Save your datasets and workflow histories.
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User registration (2)

Galaxy - Mozilla Firefox
File Edit View History Bookmarks Tools Help
‘Galaxy * _New Tab x|+

| . biotin.uio.no:8080/user/login? webapp=galaxy&use_panels=True v |-‘l'
"1 Most Visited~ i BOINCstats | Users... YMAXMIND GeolP ' CPAN B 3KAI Player TV LIVE... _ UOP Intranet - -
antcom | -Search’ “'Player ~ Browse  Rank:22,748 « Help “@About .~ Preferences

Analyze Data Workflow Shared Data Help Usel

Login
Login

Reaqgister
Email address: e

|

Password:

Forgot password? Reset here

Login |

http://biotin.uio.no:8080/user/create? D . (.9
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User registration (3)

Create account

Email address:

gmagklaras@gmail.com

Password:

Confirm password:

Public name:

George Magklaras

Your public name is an identifier that will be used to generate addresses for information you share publicly. Public names must be at least four characters in length and
contain only lower-case letters, numbers, and the ' character.

Submit |
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Galaxy “history”

@ Your workflow’s scratchpad
@ You record and annotate your steps

@ You can generate, report, export data to it
from data libraries

@ You can save, publish your history
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History annotation

History Options «

o (=
Unnamed history 1.8 Gb

Tags:

<&
Annotation / Notes:

Simple workflow to
demonstrate FASTQ file
processing plus additional
steps |

25: transeq on data 16
4,680,118 sequences
format: fasta, database: ?

S ORS

>SRRO00749.1_1 USI-EAS21_60_6387: 4:1: 380: 871
AYVEKYGAX
>SRRO00749. 2_1 USI-EAS21_60_6387: 4:1: 466: 121
GKISY*KFX
>SRRO00749. 3_1 USI-EAS21_60_6387: 4:1:551:138
DIFLVYKMX

I 16: FASTOQ to FASTA on data 15

I 15: FASTQ Groomer on data 13

I 13: SRR000749.fastq
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Importing data to
history

Analyze Data Workflow Shared Data Adrr

Data Library “Escherichia coli”

Containing the E. Coli reference genome

[ name Uploaded By

gmagklaras@gmail.com

For selected datasets: Import to current history | ¥

o TIP: You can download individual library datasets by selecting "Download this dataset" from the context menu (triangle) next to each dataset's name

o TIP: Several compression options are available for downloading multiple library datasets simultaneously:
e gzip: Recommended for fast network connections

e bzip2: Recommended for slower network connections (smaller size but takes longer to compress)
e Zip: Not recommended but is provided as an option for those who cannot open the above formats
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Exporting data from
history

Analyze Data Workflow Shared Data Admin Help User

Upload files to a data library

Active datasets in your current history (E.coli mapping)

- SRR0O00749 fastq
- AP012306 fasta
: SRR0O01666_1 fastq

- FASTQ Groomer on data 29

Import to library |
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Exporting/publishing a
history

ain Haln | lcar Usln 18 Gb

Open Ant preferences window .
History

Saved Histories
o=
Unnamed history

Histories Shared with Me

25: transeq on data 16 Create New
4,680,118 sequences

format: fasta, datahase: ?
HOU Copy Datasets

Clone

Share or Publish
>SRRO00749.1_1 USI-EAS21_60_6387: 4:1: 380: 871
- - Extract Workflow

AYVEKYGAX
>SRRO00749. 2_1 USI-EAS21_60_6387: 4:1: 466: 121 Dataset Security
GKISY*KFX

>SRR0O00749.3_1 USI-EAS21_60_6387: 4:1:551:138 )
DIFLVYKMX Show Hidden Datasets

Show Deleted Datasets

Purge Deleted Datasets

16: FASTQ to FASTA on data 15 Show Structure

Export to File
15: FASTQ Groomer on data 13 Delete

13: SRR000749.fastq Delete Permanently

Import from File
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How to make a workflow (1)

- Galaxy

Analyze Data  Workflow Shared Data  Admin Help User Using 3.9 Gb

Tools Options « Workflow Canvas | Simple sort of exons Options « Details

Isearch tools

Get Data

Send Data
ENCODE Tools
Lift-Over

Text Manipulation
Filter and Sort

Join, Subtract and Group
Convert Formats

Extract Features
Fetch Sequences

Fetch Alignments
Get Genomic Scores

Operate on Genomic Intervals

Statistics

Wavelet Analysis
Graph/Display Data
Regional Variation
Multip! )
Multivari Analvsi
Evolution

Motif Tools

Multiple Alignments
Metagenomic analyses

FASTA manipulation

NCBI BLAST+

NGS: QC and manipulation
NGS: Picard (beta)

Input dataset = Compute

output as a new column to

out_filel

Sort
Sort Query

out_filel

Select first
from

out_filel

Tool: Select first

Select first: v
|23

from

Data input 'input’
(txt)

Edit Step Actions

Rename Dataset ¥ I

out_filel ¥

Greme]

Add actions to
this m’;[w actions
are applied when
this workflow step

completes
Edit Step
Attributes

Annotation /
Notes:

Add an annotation
0r notes to this
step; annotations

are available when
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How to make a workflow (2)

-. Galaxy [ Using5.8Gb

Analyze Data Workiflow Shared Data Admin Help User

Tools Options
P The following list contains each tool that was run to create the datasets in your current history. Please

select those that you wish to include in the workfiow

Saved Histories

Isc—a:cf: tools
Get Data
Send Data
ENCODE Tools
Lift.Over

Filter and Sort

Join, Subtract and Group
Convert Formats

Extract Features

Fetch Sequences

Eetch Alignments

Get Genomic Scores
Operate on Genomic Intervals
Statistics

Wavelet Analysis
Graph/Display Data
Regional Variation
Multiple regression

Multivariate Analysis
Evolution

Motif Tools

Multiple Ali
Metagenomic analyses
FASTA manipulation
NCBI BLASTH

NGS: QC and manipulation
NGS: Picard (beta)
NGS: Mapping

NGS: Indel Analysis
NGS: RNA Analysis

Tools which cannot be run interactwely and thus cannot be incorporated into a workfiow will be shown in

gray

Workflow name

Workilow constructed from history E.coli mapping'

Create Workflow Check all Uncheck all

Tool

History items created

Upload File

Unknown

Unknown

FASTQ Groomer

Include "FASTQ Groomer" in workflow

Map with BWA for lllumina

Include "Map with BWA for lllumina® in
workflow

Convert Genomic Intervals To Strict
BEDG

13: SRR000749.fastq
Treat as input dataset
28: AP012306.1asta
Treat as input dataset

29: SRR0O01666_1.1astq

Treat as input dataset

32: FASTQ Groomer on data 29

34: Map with BWA for lllumina on data
32 and data 28: mapped reads

Histories Shared with Me

Create New
Clone
Copy Datasets

format Share or Publish

Info: B Extract Workflow

BWA
Dataset Security
Show Deleted Datasets
Show Hidden Datasets
Purge Deleted Datasets
Show Structure
Exportto File
Delete

Delete Permanently

Import from File

Info: uploaded fasta file
RO

svarall seq

ttgaatggatgtcaatccgactctacttttcctanans
caccacattcccttatactggagatcctccatacagec
catggacacagtaaacagaacacaccaatactcagaas
agagactggtgcaccccageteaacccgattgatggac
sagtogotatgeacansacagactgtgttctagagocts

I J 2

37: UCSC Main on Human: ® { £
knownGene (chrl:1-249250621)
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Running (using) the workflow

___ Galaxy Analyze Data ~ Workflow  Shared Data ~ Admin  Help  User
Tools Options + . . History Options «
Running workflow "Simple sort of Expand All || Collapse
exons" O

E.coli mapping 3.9 Gb

|search tools

Get Data
Send Data Get coding exon data from human chrl and sort them

ENCODE Tools 37: UCSC Main on Human: ® { 3%

) knownGene (chrl:1-249250621)
Lift-Over Step 1: Input dataset 58,428 regions

Lot Llanipulation format: bed, database: hgl9
Filter and Sort Input Dataset _» OO

Join, Subtract and Group 37: UCSC Main on Huma..-249250621) ¥

view in GeneTrack
Convert Formats display at Ensembl Current

Extract Features 1.Chrom 2.Start 3.End 4.Mame

Fetch Sequences Step 2: Compute chrl 12189 12227 uc01lOnxq.1l_cds.
chrl 12594 12721 uc0lOnxq.l_cds_
) chrl 13402 13632 uc0lOnxq.l_cds_
Get Genomic Scores Step 3: Sort chrl 69090 70008 uc0OO0laal.l_cds.

Operate on Genomic Intervals chrl 324342 324345 uc009vjk.2_cds
Statistics Step 4: Select first chrl 324438 325605 uc009vik.2_cds.

»
Wavelet Analysis | I _,
Graph/Display Data Send results to a new history

Fetch Alignments

34: Map with BWA for ® ] 8 —

Multiol i Run workflow lHHlumina on data 32 and data 28:
Multipie regression
Wiiple regression mapped reads

Multivariate Analysis
Evolution 32: FASTQ Groomer on & ] R

Motif Tools data 29

Regional Variation
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Publishing a workflow

— Galaxy Analyze Data Workflow Shared Data Admin Help User Using 5.8 Gh

Share or Publish Workflow 'Simple sort of exons'

Making Workflow Accessible via Link and Publishing It

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

Make Workflow Accessible via Link

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

akes the workflow acc hle via link (see above) and publishes the workflow to Gal: > Publish rkfloy tion, where it is publicly listed and searchable.

Sharing Workflow with Specific Users
You have not shared this workflow with any users.

Share with a user

Back to Workflows List

From the top menu bar: “Shared Data” ->
"Published Workflows”
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DEMO 1: Get coding exons on Human Chrl and post-
process on start and end positions

Step Galaxy tool

Chrl coding exons Get Datra -> UCSC Main
UCSC data table browser

Calculate column 7 as Text Manipulation ->
column 3 - column 2 Compute

SOrf In descending . ) G *
. f Filter and Sort -> Sort
order ot column/ er and S0 S0
SelecTt the nrst 20 Text Manipulation ->
recoras Select First
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DEMO 2: Characterize a sequence fragment by BLAST
search and sort the hits with by alignment length

Step Galaxy ftool

Fasta nle with Get Data -> Upload
nucleotiae sequence File (or history import)

NucleoTide To protein
rranslarion

Homology search of
rransiarea sequence

NCBI BLAST+ -> Blastp

SOrT The resulis by
@,mgylu‘nam a,laljy'ii»
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Exercise

@ Step 1: User register and login to the Galaxy server (http://
biotin.uio.no:8080)

o Step 2: Locate the Published Workflow called "NGS example”. What
does it do?

@ Step 3:Locate the Published Data Library called “Escherichia Coli”
which contains an Illumina experiment and a reference Genome.

@ Step 4: Import both files from this Data Library into your current
history.

o Step 5: Now run the "NGS example” workflow with the imported files.

@ Step 6: Can you add steps to your history, make a workflow out of it
and publish it for other users to use?
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Questions?

admin@embnet.uio.no
and
http://www.embnet.org/ join/ContactRegistration
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