Analysis of ChIP-seq data
In Galaxy

November, 2012

https://galaxy.wi.mit.edu/

Main site: http://main.g2.bx.psu.edu/
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Font Conventions

* Bold and blue refers to tools on the left hand
window

refers to tabs and menus on
the top (Analyze data, Shared Data, etc)

e Slides with Red Headers describe the hands-
onh exercises

 Red and italic refers to menus and history
names used on the hands-on
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General workflow for ChIP-seq analysis

// \\i\\ "ulj)(rliic?sgﬁe
{ : j— f interest . . o
s ey Y y Fastq files from the sequencing facility
e — Check the quality of your reads
—— (NGS: QC and manipulation -> FastQC)
ﬂ—_:ﬁ ¢
Shor:_reazs E
== == - Step 1: Map the reads to the genome
Distribution of tags I Reference genome ( B OWT I E )

is computed f
1
|
]
1

i
Profile is generated from \
combined tags —

For example, each mapped [ ————— I"\ B f :
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Fragments are added 4 Ve N n ’ ¢
/ AN / Step 3: Post processing: Annotate peaks

i.e. find genes overlapping or close to the peaks
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Hands-On Exercises

e Data upload (get files needed for analysis)
— Raw data: fastq files (ChIP and WCE)
— Intermediate files: output files of the first analysis steps

— Annotation files: genes and upstream regions, we will
use them to get a set of genes that overlap or are close to
the peaks

e ChlIP-seq analysis.
— Map with bowtie
— |dentify peaks bound with MACS
— Find genes that overlap or are close to the peaks
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The Galaxy Interface

A web based platform for analysis of large genomic datasets

\#) Galaxy - Mozilla Firefos

e SR Wew Higiory Bockmerks ook Help

W Galaxy

é B https://galaxy.wi.mit.edu

\\' Galaxy / WIBR

Tools

Get Data
Lift-Over

Text Manipulation
Filter and Sort

Join, Subtract and Group

Convert Formats
Extract Features
Fetch Sequences

Fetch Alighments
Get Genomic Scores

Operate on Genomic Intervals

FASTA manipulation

NGS: OC and manipulation
NGS: Mapping

NGS: RNA Analysis

NGS: SAM Tools

NGS: Peak Calling
Integrative Analysis

Deseq and Sam2Counts
BEDTools

Workflows

n All workflows

<

Analyze Data

v Type “https://galaxy.wi.mit.edu/”
in your browser address.

v'You will be prompted for your
name and password (these are the
‘\same that you use for your email)

r

ﬂ Your history is empty. Click 'Get

Data' on the left pane to start

This project is hosted by the Information Technology Department at the

Whitehead Institute.

v'No need of programming experience.

v'Integrates many bioinformatics tools
within one interface.

v'Keeps track of all the steps performed in
an analysis. Even if you delete the datasets,
the history keeps the tools used.

LOCAL COPY

v'Faster
v'Customizable
v'250Gb of
storage

v'Data is private
v'Jobs are sent to
the cluster

T OO T T
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Galaxy Interface: Analyze Data

Data analysis

\\' Galaxy / WIBR Analyze Data = Workflow  Shared Data
Tools o chri 3052592 3053252 MACS_peak_1 693.45
Get Data chr1 3333596 3334005 MACS_peak_2 112.82
Lift-Over chr1 3472633 3473645 MACS_peak_3 371.60
- chr1 3638948 3639573 MACS_peak_4 255.02
T chr1 3671336 3672045 MACS_peak_5 279.79
Join. Subtract and Grou chr1 3904190 3904581 MACS_peak_6 137.92
chri 3043633 3043065 MACS_peak_7 61.57
Convert Formats
chr1 3972051 3972568 MACS_peak_8 54,99
Extract Features
chr1 3972753 3972998 MACS_peak_9 76.91
Fetch Sequences
b AL chr1 4049309 4049734  MACS_peak_10 50.80
Eetch Alignments
Fetch Alignments chrl 4140766 4141300 MACS_peak_11 419.17
SRR chr1 4650252 4650746 MACS_peak_12 100.532
e chrl 4792505 4792939  MACS_peak_13 135.89
FASTA manipulation chr1 4809634 4809918 MACS_peak_14 218.93
NGS: OC and manipulation chri 4845346 4846075 MACS_peak_15 203.44
NGS: Mappin chri 4908245 4908487 MACS_peak_16 80.60
NGS: RNA Analysis chr1 4962390 4962886 MACS_peak_17 182.60
NGS: SAM Tools chr1 5124730 5125218 MACS_peak_18 161.05
NGS: Peak Calling chri 5148728 5149065 MACS_peak_19 247.34
Integrative Analysis chri £222147 5222790 MACS_peak_20 66.69
Deseq and Sam2Counts chr1 5451578 5452086 MACS_peak_21 67.35
BEDTools chr1 5770209 5770672 MACS_peak_22 51.05
chr1 6049044 6049603 MACS_peak_23 1215.12
Workflows chr1 6132872 6133450 MACS_peak_24 196.
= All workflows chri 6272276 6272812 MACS_peak_25
chr1 6437914 6439409 MACS_peak_26 711
P chr1 6448114 6448646 MACS_peak_27 209
ehed (S infalsTalel ATC120A BAACES nanle 20 4
B > <
- > -
. ) .
Tools Data display and tool’s dialo
window window

oy Sog
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Lsing 30%
| History 2
o~

o
imported: 1.7 GB
InputForMACS_mm9 |
8: MACS diagnosis ® R
report on Filter SAM on data 4
empty
format: tabular, database: mmg
(O~ =

7: MACS job log on @® %

Filter SAM on data 4

6: MACS wiggle on Filter ® § %
SAM on data 4
5: MACS xIs on Filter @ %
SAM on data 4
4: MACS summits on @R

Filter SAM on data 4

3: MACS peaks on Filter @ {
SAM on data 4

17,986 regions

format: hod Aatahaco: mmO

Processed data

Green:
job is finished

Yellow:
job is running
Gray:

jobis in queue
Red: there is a
problem

40?//History window:

All analysis steps are saved.
Data is not overwritten.

Can create workflow to repeat an

analysis.

<

~
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How to find your previous histories

File Edit View History Bookmarks Tools Help
W Galaxy

6 @ hitps://galac.wimitedu

1:.,.' Galaxy’ / WIBR Analyze Data

M 9 L | HISTORY LISTS
Get Data ® =
Lift-Over Unname Histories Shared with Me
Text Manipulation CURRENT HISTORY
Filter and Sort o Yourl Create New
| Join, Subtract and Group Data
Clone
Convert Formats
| Extract Features Copy Datasets
| Fetch Sequences This project is hosted by the Information Technology Department at the Share or Publish
Fetch Alignments Whitehead Institute. Extract Workflow
|| Get Genomic Scores Dataset Security
Operate on Genomic Intervals Show Deleted Datasets
|| FASTA manipulation Show Hidden Datasets
NGS: OC and manipulation Purge Deleted Datasets
NGS: Mapping Show Structure
| NGS: RMA Analysis Export to File
| NGS: SAM Tools Delete
NGS: Peak Calling Delete Permanently
'| Integrative Analysis OTHER ACTIONS
| Deseq and Sam2Counts Import from File
| BEDTools
Workflows
= All workflows
T
https:// galaxy.wi.mit.edu/# >
b

(.
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Getting Data: Upload File

\V Galaxy / WIBR

Tools

Get Data
= |pload Fi

® ICSC Main X

BioMart CentraNgjerver

modENCODE flv server
Flymine server

YeastMine server

modENCODE worm server

» Wormbase server

Lift-Owver

Text Manipulation

Filter and Sort

Join, Subtract and Group
Convert Formats

Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores

Operate on Genomic Intervals
FASTA manipulation

NGS: OC and manipulation
NGS: Mapping
NGS: RNA Analysis
NGS: SAM Tools
MNGS: Peak Calling

Workflows

L —

(.
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Auto-detect
Analyze Data Workflow Shared Data Help User abl

axt

bed B
Upload File (version 1.1.3) binseq.zip —_—

blastcmi . :
File Format: fasta = <
[Auto-detect fastgsolexa ramed0 bytes
Which format? See help below 9:3 tory

0
File: (T m—Your istory i

lav lempty. Click

— maf [Get Data' on

TIP: Due to browser limitations, UN to I the left pane to
To upload large files from Tak, copy M to your upload 1o qua etart
Juploads/username@wi.mit.edu scf

tabular
URL/ Text: taxonomy

£

txtseq.zip

wig

Here you may specify a list of URLs (one per line) or paste the contents of a file.
Files uploaded via FTP:
File Size Date

Your FTP upload directory contains no files.

To upload some files from your desktop, log in with an SETE client to
galaxy.wi.mit.edu using your LDAP credentials. Yo [ a==iil= 0L
username@wi.mit.edu A. thaliana (TAIRS)
J . elegans Jan. 2010 (WS210) (Ws210)

. melanogaster Apr. 2006 (BDGP RS5/dm3) (dm3)
Human Feb. 2009 (GRCh37/hg13) (hgl9)

Human Mar. 2006 (NCBI36/hgld) (hglg)

Mouse Dec. 2011 (GRCh38/mm10) (mmi0)
Mouse July 2007 (NCBIZ7/mm3) (mm2)

Mouse Feb. 2006 (NCBIZ&/mma) {(mma)

S. cerevisiae June 2008 (SGLDYsacCer2) (sacCer2)
. tropicalis Aug. 2005 (JGI4.1xenTro2)

Convert spaces to tabs:

DYES

Use this option if yvou arg ering intervals by hand.

Genome:
unspecified (?)




Getting Data: Uploading Large Files

Step 1: copy your file to
/nfs/galaxy/uploads/username@wi.mit.edu

using a sftp client

EFileZilla.

@rzin

File Edit View Transfer Server Bookmarks Help

= . P —
A -IFEEE 2 v Bk @ Fn
|uost: galaxy Username: USername Password: ses| Port: Quickconnect B

Filename : ~ | Filename
. Pieced.fastg.Q5tats. bt b .
& pileupcomands.sh L | Samplefastg
|| positive- peaks.tsv || test.fastg

| README txt

L | Samplefastq 1148
|1 session.zip 2,56
|| test.fastq 4

Open Connection Quick Connect

Fa
_,l" uy
A
===

Disconne

I O ] l - > ] I |:|7/nfs[g_qIaxy/qplqad;/username@wi.mit.edu

e
| (Q

Sample.fastq
test.fastg

Filenarme i Size

Modified

1.1GE 5/14/12 5:22 PM
4.3 ME 4/9/12 1:06 PM 10



Getting Data: Uploading Large Files
Step 2: Select and upload the file within galaxy

\\' Galaxy / WIBR

Tools

Get Data

= Upload File from your
computer

UCSC Main table browser

BioMart Central server

modENCODE fly server
= Flymine server

modENCODE worm server

WormBase server
Lift-Over

Text Manipulation

Filter and Sort

Join, Subtract and Group
Convert Formats

Exiract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores
Operate on Genomic Intervals
FASTA manipulation

NGS: OC and manipulation
NGS: Mapping

NGS: RNA Analysis

NGS: SAM Tools

NGS: Peak Calling
Integrative Analysis

m

BEDTools

(.
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Analyze Data

Upload File (version 1.1.3)

Ip below

File:

Browse_

TIP: Due to browser limitations, uploading files larger than 2GB is guaranteed to fail. To upload
large files from Tak, copy them to your upload folder in /nfs/galaxy/uploads/username@wi.mit.edu

URL/ Text:

Here you may specify a list of URLs (one per line) or paste the contents of a file.

Files uploaded via FTP:

File Size Date
WCE.fastqg 803.7 MB 10/25/2012 02:37:46 PM
Nanog.fastq 1.4 GB 10/25/2012 02:37:46 PM

To upload some files from your desktop, log in with an SFTP client to
galaxy.wi.mit.edu using your LDAP credentials. Your upload folder is
username@wi.mit.edu

Convert spaces to tabs:

[ Yes

Use this option if you are entering intervals by han

Genome:
unspecified (?)

—| History *

»

o

MapWithBowtie_mm10 0 bytes

m

©) vour history is empty. Click 'Get
Data' on the left pane to start

A, thaliana (TAIRS)

J . elegans Jan. 2010 (WS210) (Ws210)

. melanogaster Apr. 2006 (BDGP RS5/dm3) (dm3)
Human Feb. 2009 (GRCh37/hg13) (hgl9)

Human Mar. 2006 (NCBI36/hgld) (hglg)

Mouse Dec. 2011 (GRCh38/mm10) (mmi0)
Mouse July 2007 (NCBIZ7/mm3) (mm2)

Mouse Feb. 2006 (NCBIZ&/mma) {(mma)

S. cerevisiae June 2008 (SGLDYsacCer2) (sacCer2)
. tropicalis Aug. 2005 (JGI4.1xenTro2)
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Hands-on: Data Upload
This is an schematic of the data we need to upload for each step.

Step 1. Map reads
History: mapWithBowtie
Input files:
WCE.fastq
Nanog.fastq

Step 2. Call peaks
History: InputForMACS _mm39
Input files:

Filter SAM on data 3_ WCE
Filter SAM on data 4 _Nanog

Step 3. Post processing
History: InputFor_annotatePeaks
Input files:

Peaks
Refseq Genes

3Kb Upstream of Refseq Genes

AN
>"BaRC Hot Topics Galaxy



Hands-on: Data Upload

e Create a new history and name it “mapWithBowtie”
1) On the history MENU select Create New
2) On the history MENU select Saved Histories

3) Once you see your histories on the middle window click on
the “Unnamed history” drop down menu and select Rename

BR Analyze Data Workflow  Shared Data Visualization elp User Using 26%

I . History *

Upload File (version 1.1.3) |
File Format: o Saved Histories

MapWith .
Auto-detect Histories Shared with

which format? See help below 2: SRRO1

File: Create New

1: SRRO]1

TIP: Due to browser limitations, uploading files larger than 2GB is Copy Datasets 5 Iaxy / WIBR Analyze Data
guaranteed to fail. To upload large files from Tak, copy them to Share or Publish

wour upload folder in /nfs/galaxy/uploads/username@wi.mit.edu Extract Workf e
URL/Text: xtract Workdlow Saved Histories
. Dataset Security - -
il R search history names and tags
i | Show Deleted Datasets |4 Fila from your | y g
v Show Hidden Datasets Iter =| Advanced Search
—

= UCSC Main table browser

[l Name Datasets Tags Sharing Siz
= BioMart Central server
» modENCODE fly server [ | unnamed history | ~ | 0 Tags 0b
Switch

= Flymine server
View

= modENCODE worm server |

- o |_Map\J‘ Share or Publish 0 Tags ob
= WormBase server

Rename
1 B i = . .. Delete I o =
‘K httpe:// galaxy.wi.mit.edu/history/list® Ll = 1 13 3
.

BaRC Hot Topics Galaxy
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Hands-on: Data Upload

stay in “mapWithBowtie” history
Upload the files that | have copied for to your uploads directory

Analyze Data

\\' Galaxy / WIBR

Tools

Get Data

#- Upload File from your

computer

UCSC Main table browser

BioMart Central server

modENCODE fly server
= Flymine server

modENCODE worm server

WormBase server
Lift-Over

Text Manipulation

Filter and Sort

Join, Subtract and Group
Convert Formats

Exiract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores
Operate on Genomic Intervals
EASTA manipulation

NGS: QC and manipulation
NGS: Mapping

NGS: RNA Analysis

NGS: SAM Tools

NGS: Peak Calling
Integrative Analysis

Deseq and Sam2Counts
BEDTools

m

) ) *| History *
Upload File (version 1.1.3)
File Format: od
MapWithBowtie 0 bytes

fastq
Which tormat? See help below

—

©) vour history is empty. Click 'Get

File: Data' on the left pane to start

Browse_

TIP: Due to browser limitations, uploading files larger than 2GB is guaranteed to fail. To upload
large files from Tak, copy them to your upload folder in /nfs/galaxy/uploads/username@wi.mit.edu

URL/ Text:

Here you may specify a list of URLs (one per line) or paste the contents of a file.

Files uploaded via FTP:

File Size Date
WCE.fastqg 803.7 MB 10/25/2012 02:37:46 PM
Nanog.fastq 1.4 GB 10/25/2012 02:37:46 PM

To upload some files from your desktop, log in with an SFTP client to
galaxy.wi.mit.edu using your LDAP credentials. Your upload folder is
username@wi.mit.edu

Convert spaces to tabs:

[ Yes

Use this option if you are entering intervals by hand.

Genome:

unspecified (7) -

14



Hands-on: Data Upload

e Click on the
\\' Galaxy / WIBR

Tab and select

Analyze Data

imported: |:
InputForMACS_mm9S

Tools -]
Get Data
: o |
Lift-Over
Text Manipulation
= |

Filter and Sort

InputForMACS_mma | - | [

Join, Subtract and Group

Convert Formats =

MewUplods_mapwithmmo | |

Exiract Features

e Select InputForMACS mm39

\\' Galaxy / WIBR

Published Histories

|search name, annotation, owner, and tags | -

Advanced Search

Shared Data~

Name Annotation Owner Community Rating
InputFor annotatePeaks ibarrasa
InputForMACS mm9 ibarrasa

Data Libraries

Published Historie_ 1.7 GB

Published Workflows

. ) N ssible
Published Visualizations Jh?L 1.2 GB
Published Pages

0 Tags 2.2 GB

Community Tags Last Updated |

19 minutes ago

~ 1 hour ago

Shared Data~

\\' Galaxy / WIBR

Published Histories | ibarasa | InputFerMACS_mmY

Galaxy History ' InputForMACS  mm9'

Dataset

1: Filter SAM on data 3 WCE e
~d4, 400,000 hnes
sam, database: mmS

3. REAME

113373684 155 26

o ehr? 20048466 288 28 - [
1 ehrld  THI44EL 288 2em - [
L ehsl3  BEETESIE 155 26 . [

@ Import history | About this History

Author W ‘ﬁ
4 ibarrasa
Annotation Related Histories &\ |

None A published histones
Published histories by ibarrasa

ings, 0.0 sverage]
Yours

.

Click on

>"BaRC Hot Topics Galaxy
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Hands-on: Data Upload

* Click on the Tab and select

e Select InputFor _annotatePeaks
e Click on

\'; Gala)(y / WIBI Shared Data~

Published Histories | ibarrasa | InputFor_annotatePeaks

Galaxy History ' InputFor_annotatePeaks'’

Dataset Annotation

1: Filter on data 7 PeaksOnChril @

©

Mone

2: UCSC Mouse: refGenes chril
(A ¢ {
0 k- ) 3: UCSC Mouse: refGenes up 3000 chril @
>"BaRC Hot Topics Galaxy None




Getting Data from UCSC (local copy)

W Galaxy / WIBR Analyze Data

-

Tools e it
Home Genomes Genome Browser Blat Tables Gene Sorter PCR Session FAQ Help

Get Data i

= Upload File from your Table Browser

computer

o retrieve the data associated with a track in text format, to calculate intersections between tracks, and to
ence covered by a track. For help in using this application see Using the Table Browser for a description
= BioMart Central server of the confrols in this form, the User's Guide for general information and sample queries, and the OpenHelix Table Browser
tutorial for a narrated presentation of the software features and usage. For more complex queries, vou may want to use
Galaxy or our public MySQL server. To examine the biological function of vour set through annotation enrichments, send

= Flymine server the data to GREAT. Refer to the Credits page for the list of contributors and usage restrictions associated with these data.
All tables can be downloaded in their entirety from the Sequence and Annotation Downloads page.

m

® UCSC Main table browse

= modENCODE fly server

= modENCODE worm server

clade: Mammal ~ genome: Mouse ~ assembly: July 2007 (NCBI37/mm9) ~
= WormBase server -
Lift-Over i group: Genes and Gene Prediction Tracks » track: RefSeq Genes - [ manage custom tracks H track hubs
Text Manipulation table: refGene hd [ describe table schema l
Eilter and Sort region: © genome @ position chrl | lookup || define regions

Join, Subtract and Group

identifiers (names/accessions): [ paste list H upload list ]
Convert Formats

Extract Features filter: | create

Fetch Sequences intersection: | create

Fetch Alignments .
correlation:

Get Genomic Scores
Operate on Genomic Intervals output format: BED - browser exiensible data ~ Send output to Galaxy [[] GREAT

FASTA manipulation output file: (leave blank to keep output in browser)
NGS: OC and manipulation file type returneg(|@ plaintext O gzip compressed
NGS: Mapping

NGS: RNA Analysis
NGS: SAM Tools

get output

NGS: Peak Calling To reset all user ¢

Tk oneadi Anabrcic

ettings (including custom tracks). click here.

4| 1

>"BaRC Hot Topics Galaxy



Getting Data from UCSC (local copy)

Analyze Data

\\' Galaxy / WIBR

Tools

Get Data

= Upload File from your
computer

= UCSC Main table browser
= BioMart Central server

= modENCODE fly server

= Flymine server

= modENCODE worm server
= WormBase server
Lift-Owver

Text Manipulation
Filter and Sort

Join, Subtract and Group

Convert Formats
Exiract Features
Fetch Sequences

Fetch Alignments
Get Genomic Scores

Operate on Genomic Intervals

EASTA manipulation
NGS: QC and manipulation

m

NGS: Mapping
NGS: RNA Analysis
NGS: SAM Tools

NGS: Peak Calling

Tntaneaticn Anahocic

Home Genomes Genome Browser Blat Tables Gene Sorter PCR  Session FAQ Help

Output refGene as BED

[C] Include custom track header:
name= tbh_refGene
description= table browser query on refGene
visibility=| pack [7]

url=

Create one BED record per:
@ Whole Gene

0 Upstreamby 200 bases

' Exons plus 0 bases at each end
O Introns plus 0 bases at each end
0 5'UTR Exons

O Coding Exons

0 3'UTR Exons

O Downstream by 200 ses

Note: if a feature is close to the A ¥innino or end of a chromosome and upstream/downstream bases are added, they may be
truncated in order to avoid ex

[ Send query to Galaxy

Cancel

<

>"BaRC Hot Topics Galaxy

18



Hands-on: Data Upload

Optional
stay in “imported: InputFor_annotatePeaks ” history

Use the link to the UCSC main table browser

1. Get all mouse refseq genes mm9 chrl

2. Get all 3Kb upstream regions from mouse refseq
genes mm9 chrl

Now you have all the data we need for the
hands-on exercises

!’I ol 19
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Important lcons

History i

e - @ Display data = Download
imported: 1.7 GB
InputForMACS_mm3 ¢ Edit attributes ) View Details

8: MACS diagnosis @ B

report on Filter SAM on data 4 4 Delete (3" Run th|S JOb again
empty f
format: tabular, database: mm9

@Y

View or Report this error

7:MACSjoblogon @ () R Reporting an error will create a ticket
Filter SAM on data 4

6: MACS wiggle on Fil_ Clicking on the name of the dataset displays it bellow

SAM on data 4

~G57,000,000 lines
format: wig, database: mm9

(IOX 5]
display at UCSC bitters.wi.mit.edu _ Display data in local UCSC browser

track type=wiggle 0 name="macs_ou

wariakleStep chromechrl span=10
3001631
3001641

2001e51

300166l j
s < 20
> BaRCHtut Tgiics Galaxy



History

‘-:-: Galaxy / WIBR Analyze Data =~ Workflow  Shared Data Help  User
Saved Histories
search history names and tags oY
Advanced Search I Current History
Create New
[ MName Datasets Tags Sharing Size on Disk Created Last Updated 1 Status Clone
[ TestMACsZ = E 0 Taas 10.7 Gb 4 days ago 4 days ago Copy Datasets
[ TestMACL: E 0T 28.2Gb Mar 05, 2012 4d Share or Publish
es 5 ags . ar 05, ays ago
- Ve aa [ Extract Workflow
[ Lift-over tests 2 « 0 Tags 14.7 Mb May 21, 2012 Jun 01, 2012 current history Dataset Security
Show Deleted Datasets
[ Lift-overtest « 0 Taas 18.2 Mb Feb 28, 2012 May 31, 2012 Show Hidden Datasets
[[] TEST1 Feb2012 + 0 Tags 164.3 Gb Feb 21, 2012 May 18, 2012 Purge Deleted Datasets
Show Structure
[[] MAF test 7F = 0 Tags 1.0 Gb Mar 21, 2012 May 09, 2012 Export to File
[ Demo + 0 Tags 0 bytes Apr 09,2012  Apr 09, 2012 Delete
Delete Permanently
[ Iest CuffDiff + 0 Taas 1017.8 Mb Mar 28, 2012 Apr 04, 2012 Other Actions
] New MpileUp Test + E 0 Tags 1.6 Gb Mar 15, 2012 Mar 29, 2012 Import from File
[ MAFToolsTest + D Tags Shared 4.9Gb Maor 00 20172  Maor 24 2017
[[] FetchMSA-FetchsegsFastaManip + 0 Taas 53.0 My/ Good Practices
FilterSortloinGroup 13 0Tags 96.3 M 1 1 0
D - 2 v'Make a new history for each analysis ‘
For 0 selected histories: | Rename Delete Delete Permanently Undelef
that you perform. -
Histories that have been deleted for more than a time period specified by the Galaxy ad . -
v'Rename the outputs of your jobs

v'Permanently delete data that you don’t
need (or you will reach your quota of

. QSOG b). /

> BaRC Hot Topics Galaxy




History is not removed when datasets are
removed

":: Ga Iaxy / WIBR Analyze Data Workflow Shared Data Help L

m
D

Tools + A History Hist List

- - - istory Lists
Get Data Saved Histories v
N ] £3 10: MACS on data 8 and data 7 (treatme Saved Histories

Irc-uver .

Text Manipulation search history names and tags Histories Shared with Me
Filter and Sort . . - T This dataset has been deleted and remo Current History
Join, Subtract and Group Advanced Searc 'EB' 9: MACS on data 8 and data 7 (peaks: be Create New
Convert Formats c
Extract Features [] Name Data: ™~ I 8: Map with Bowtie for Illumina on data 4: Clone
Fetch Sequences Copy Datasets
Fetch Alignments TestMACs2 16 I 7: Map with Bowtie for Illumina on data 3: Share or Publish
Get Genomic Scores
Operate on Genomic Intervals TestMACs + 54 I 6: FastQC.html Extract Workflow
FASTA manipulation . . Dataset Security

Lift-over tests 2 20| |5= FastQC.html GGhow Deleted Datasets>
Show Hidden Datasets

NGS: OC and manipulation

NGS: Mapping

I 4: FASTOQ Groomer on data 2

O OO0 0 00 O

NGS: RNA Analysis Lift-overtest = 3g
T e Purge Deleted Datasets
NGS: Peak Calling I 3: FASTO Groomer on data 1 Show Structure

3 . TEST1 Feb2012 + a7
Integrative Analysis Export to File
Deseq and Sam2Counts This dataset has been deleted and remo Delet
BEDTools MAF test 7F ~ 26 2: WCEmouse.txt eete

Delete Permanently
Workflows Demo ] .
= All workflows This dataset has been deleted and remoJ@ Of/7er Actions
i 17| || 1: K271Pmouse.txt Import from File

22
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Other useful commands on the History
menu

History

Q=
MapWithBowtie

2: SRR015149.f

1: SRRO15157.f

>"BaRC Hot Topics Galaxy

s

Saved Histories

Histories Shared with Me _ Access histories that other users

Create New

Clone
Copy Datasets

Share or Publish

Extract Workflow
Dataset Security

Show Deleted Datasets
Show Hidden Datasets
Purge Deleted Datasets
Show Structure

Export to File

Delete

Delete Permanently

Import from File

shared with you

Transfer data between histories
Share your history with other users
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General workflow for ChIP-seq analysis

// \\i\\ "ulj)(rliic?sgﬁe
{ : j— f interest . . o
s ey Y y Fastq files from the sequencing facility
e — Check the quality of your reads
—— (NGS: QC and manipulation -> FastQC)
ﬂ—_:ﬁ ¢
Shor:_reazs E
== == - Step 1: Map the reads to the genome
Distribution of tags I Reference genome ( B OWT I E )

is computed f
1
|
]
1

i
Profile is generated from \
combined tags —

For example, each mapped [ ————— I"\ B f :
location is extended =7T‘E_EIE| ;2@:?;;:;;?; te p : e ntl y p e a S
with a fragment of I e — on either profile
estimated size [ — N m—
[—— . e

Fragments are added 4 Ve N n ’ ¢
/ AN / Step 3: Post processing: Annotate peaks

i.e. find genes overlapping or close to the peaks

Park, P. J., ChlP-seq: advantages and challenges of
a maturing technology, Nat Rev Genet.
Oct;10(10):669-80 (2009)
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Analysis of ChlP-seq data using Galaxy

1. History: mapWithBowtie
1. Run FASTQ Groomer to convert fastq file to fastq Sanger format
2. Map with bowtie
3. Filter out unmapped reads
2. History: imported: InputForMACS mm39
1. Call peaks bound using MACS
2. Select the peaks that are on chrl
3. History: imported: InputFor _annotatePeaks. Annotate
peaks
1. Annotate peaks using Operate on Genomic Intervals tools

2. Annotate peaks using the Integrative Analysis- > peak2gene
tool

!I ol 25
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lllumina data format

e Fastq format:

/1 or /2 paired-end

@ILLUMINA-F6C19 0048 FC:5:1:12440:1460#0/1 @seq identifier
GTAGAACTGGTACGGACAAGGGGAATCTGACTGTAG seq
+ILLUMINA-F6C19 0048 FC:5:1:12440:1460#0/1 +any description

hhhhhhhhhhhghhhhhhhehhhedhhhhfhhhhhh ,
seq quality values

jl = 26
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Sequence quality values on different
FASTQ formats

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

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
) 9,9,:9.9,9,.9,9.9.0,:9.9.9,.9,:9.9,9,:0.9,.9,.9,:0.9,.0,:0.9,.9,9,:0.9.9,0.9,.9,0.9.9,9,0.9,.9.9.0.9.0,04

frrnrnnnnnnnnnnennnnnnnnnnnnnnnnnnnnnnnnl
NNNNNNNNNNNNNNNNSNNNNSNNNNNNNNNNNNNNNNN)
PH#SN& " () *+,-./0123456789: OABCDEFGH I JKLMNOPQRSTUVWXYZ[\]”~_"abcdefgh

59 64 73 104

Sanger Phred+33, raw reads typically (0, 40)
Solexa Solexa+64, raw reads typically (-5, 40)
I1lumina 1.3+ Phred+64, raw reads typically (0, 40)
I1lumina 1.5+ Phred+64, raw reads typically (3, 40)

To discriminate between Solexa and lllumina 1.3+ check if your sequences' quality
scores have any of the characters ; <=>?

”BaRC Hot Topics Galaxy



ILLUMINA FASTQ

FASTQ formats and

m FASTO Groomer convert

between various FASTQ
FASTQ Groomer quality formats

W Galaxv / WIBR #Analyze pata

Tools i* ) “! History 1
FASTQ Groomer (version 1.0.4) |
Operate on Genomic Intervals T .
s i File to groom: Input FASTQ quality scores type: e
NGS: QC and manipulation 2: Nanog.fastg - Sanger B
FASTQC: FASTQ/SAM/BAM | Input FASTQ quali —
® FastQC:Read QC reports using Sanger Sﬂlex'a ®0%
: Illumina 1.3-1.7
FastQC
Advanced Options: -
ILLUMINA FASTQ _|  Hide Advanced Options Color Space Sanger @)%
‘ FASTO Groomer convert
between wvarious FASTQ
quality formats
= FASTQ splitter on joined | &
paired end reads What it does
= FASTQ joiner on paired end This tool offers several conversions options relating to the FASTQ format.
e When using Basic options, the output will be sanger formatted or cssanger
= FASTOQ Summary Statistics by formatted (when the input is Color Space Sanger).
column When converting, if a quality score falls outside of the target score range, it
GENERIC FASTQ will be coerced to the closest available value (i.e. the minimum or maximum).
MANIPULATION When converting between Solexa and the other formats, quality scores are
. ' mapped between Solexa and PHRED scales using the equations found in Cock
Filter FASTO - .
- E!E‘i; Zﬁsd—l—lenretids by quality P1, Fields CJ, Goto N, Heuer ML, Rice PM. The Sanger FASTQ file format for
- sequences with quality scores, and the Solexa/Illumina FASTQ variants.
= FASTQ Trimmer by column Nucleic Acids Res. 2009 Dec 16.
» FASTO Quality Trimmer by When converting between color space {(csSanger) and base/sequence space
sliding window (Sanger, Illumina, Solexa) formats, adapter bases are lost or gained; If
_ _| gained, the base 'G' is used as the adapter. You cannot convert a color
< TSt e space read to base space if there is no adapter present in the color space - N
1 | 1} | F
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Mapping Reads with Bowtie

Analyze Data

\\' Galaxy / WIBR

Tools

Get Data

Lift-Over

Text Manipulation

Filter and Sort

Join, Subtract and Group

Convert Formats
Exiract Features

Fetch Sequences
Fetch Alignments

Get Genomic Scores

Operate on Genomic Intervals
FASTA manipulation
NGS: QC and manipulation
GS: Mapping
Map with Bowtie for Illuming
NGS: RNA Analysis
NGS: SAM Tools
NGS: Peak Calling
Integrative Analysis

Deseq and Sam2Counts
BEDTools

Workflows

n All workflows

»

m

<

Map with Bowtie for Illumina (version 1.1.2)

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

Use a built-in index -
Built-ins were indexed using default options

Select a reference genome:

|Mouse {mm9 Canonical)

if your genome of interest is not listed - co

Is this library mate-paired?:
Single-end -

FASTQ file:

2: FASTQ Groomer on Nanog -

Must have ASCII encoded quality scores

Bowtie settings to use:

Full parameter list

For most mapping needs use Commonly use
parameter list

Skip the first n reads (-5):

o

Only align the first n reads (-u):

-1 for off

Select a reference genome:
Mouse (mm9 Canonical) E]

Arabidopsis thaliana (TAIR9)
C elegans (WS210)

D melangogaster (dm3)
Human (hgl18 Canonical)
Human (hgl18 Full)
Human (hg19 Canonical)
Human (hg19 Full)
Mouse (mm10 Canonical)
Mouse (mm10 Full)
Mouse (mm& Canonical)
Mouse (mm& Full

Mouse (mm9 Full)

S cerevisiae (sacCer2)

X tropicalis (xenTro2)
Zebrafish (danRer7)
phix174

Trim n bases from high-guality (left) end of each read before alignment (-5):

o

I

13

m

10

Do
>"BaRC Hot Topics Galaxy
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Mapping Reads with Bowtie

.:-: Galaxy / WIBR Analyze Data =~ Workflow  Shared Data  Help  User
Seed length (-1):
28 h Set it to the read length used in your experiment; for today's session leave it as the default “28”

Minimum value is 5

Whether or not to round to the nearest 10 and saturating at 30 (--nomaground):
Round to nearest 10 -

Number of mismatches for SOAP-like alignment policy (-v):

-1

-1 for default MAQ-like alignment policy

Whether or not to try as hard as possible to find valid alignments when they exist (-y):

Do not try hard -
Tryhard mode is much slower than regular mode

Report up to n valid alignments per read (-k):
1

Whether or not to report all valid alignments per read (-a):
Do not report all valid alignments -

Suppress all alignments for a read if more than n reportable alignments exist (-m):

-1

-1 for no limit

Write all reads with a number of valid alignments exceeding the limit set with the -m option to a file (-—-max):

]

Write all reads that could not be aligned to a file (--un):

]

Whether or not to make Bowtie guarantee that reported singleton alignments are 'best’ in terms of stratum and in terms of the
quality values at the ;ismatched positions (--best):

Use best -
Remoaves all strand bias. Only affects which alignments are reported by Bowtie. Runs slower with best option

BaRC Hot Topics Galaxy Next Gen.Seq.
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NGS: SAM Tools -> Filter SAM

Using 30%

Tools £ Fil SAM . 1.0.0 History e
. Filter (version 1.0.0) 5: Filter SAMon data3 ® ¢/ % .
Get Data
Lift-Over Select dataset to filter: 4: Map with Bowtie for ® {
Text Manipulation 3: Map with Bowtie f..apped reads ~ Illumina on data 2: mapped
Filter and Sort Flags reads
Join, Subtract and Grou Flag 1 £| 3: Map with Bowtie for ® { ¥
Convert Formats Illumina on data 1: mapped
Extract Features Type: reads
h E The read is unmapped - ~5,100,000 lines, 24 comments
Fetch seguences . .
Fetch Sequences format: sam, database: mm9
Fetch Alianments Set the states for this flag: Info: Sequence file aligned.
Get Genomic Scores @ No =1015].
Operate on Genomic Intervals © Yes
FASTA manipulation | Remove Flag 1 | LTS 2D SN GBS BIEE U
NGS: OC and manipulation g=p ¥N:l.0  SO:unsortad
NGS: Mappin | _Add new Flag | esq SN:chrl LN:197195432
NGS: RNA Analysis @sQ SNichr2 LN:181748087
NGS: SAM Tools @sQ SNichr3 LN:159593783
- Filter SAM on bitwise flag @sQ SNichrd LN:155630120
values What it does @sQ SN:chr5 IN:15253725%9
= Convert SAM to interval e n d ;
Allows parsing of SAM datasets using bitwise flag (the
m SAM-to-BAM converts SAM second column). The bits in the flag are defined as
format to BAM format follows: 2: FASTQ Groomeron ® { 8 |
Nanog
= BAM-to-SAM converts BAM Bit Info
format to SAM format 1: FASTQ Groomeron & {J &
. 0x0001 the read is paired in seguencing, no matter wh WCE
m Merge BAM Files merges BAM . . . ] ==
T -| 0=0002 the read is mapped in a proper pair (depends o o
< inferred during alignment) 1 - >
[ mm = 3

-~
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Hands-on: Analysis of ChIP-seq data 1
History: mapWithBowtie

e Run NGS: QC and manipulation -> FASTQ Groomer on the
2 fastq files. The input files are Sanger format, but you still
have to run fastg Groomer

 Map each of the fastq files with bowtie

NGS: Mapping -> Map with Bowtie for lllumina
— Genome to map to: mm9 canonical
— Other parameters: use best

e Take the output from bowtie and filter out reads not
mapped using:

NGS: SAM Tools -> Filter SAM

Tip: You don’t have to wait for fastqg groomer or bowtie to finish to
send the next job

!l o] 32
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Analysis of ChlP-seq data: MACS

l,:_: Ga|axy / WIBR Analyze Data

Tools .
MACS (version 1.0.0)
Get Data
Lift-Over Treatment file:
Text Manipulation 2: Filter SAM on data 4_Nanog -
Filter and Sort Input file:
B 1: Filter SAM on data 3_WCE
Convert Formats
Format:
Extract Features
Auto -
Fetch Sequences
Fetch Alignments Effective Genome Size:
Get Genomic Scores Mouse (mmg) - _ mm9
Operate on Genomic Intervals Tag size (Optional):
FASTA manipulation 25 Make this your read length (leave it as is for the hands on)
NGS: QC and manipulation
_ P-value:
NGS: Mapping
1e-05

NGS: RNA Analysis
NGS: SAM Tools

NGS: Peak Calling 0 Keep ALL

MACS Model-based Analysis for a E:g; bSTnE;IT:rmal
ChIP-Seq -

Keep duplicate tags at the exact same location?:

Use Model?:
Integrative Analysis se Hode

True =
Deseq and Sam2Counts
BEDTools small fold enrichment for model building:
10
Workflows
= All workflows large fold:
30
Advanced Options:
Mo -
Diagnosis Report:
No -
<
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Filter and Sort:
Filter data on any column

\\' Galaxy / WIBR Analy 2 Workflow ]

Tools o ) ) *| History &
Filter (version 1.1.0)
Get Data - — : i
- - Q= < =
Lift-Over Filter: tommo 5.5 GB
Text Manipulation 7: MACS peaks onFiL.Mondata 4 maptomm .
Filter and Sort Dataset missing? See TIP below. . . .
e = 12: MACS diagnosis report on Filter SAM @& [ %
n Filter data on any column_ With following condition: on data 4
using simple expressions ci=="chr1’ |
- ] . . 11: MACS job log on Filter SAM on data & 3
» Sort data in ascending or Double equal signs, ==, must be used as shown above. To filter for an arbitrary string, use a : = v
descending order the Select tool. =
s Select lines that match an E 10: MACS wiqgale on Filter SAM on data @ { &
expression =l 4
GFF 9: MACS xIs on Filter SAM on data 4 @ %
» Extract features from GEF Double equal signs, ==, must be used as "egual to” (e.g., €1 == "chr22")

. . . . . 8: MACS summits on Filter SAM on data & { &
data © 11P: Attempting to apply a filtering condition may throw exceptions if the data type (e.q., a

= Eilter GEE data by sttrbute string, integer) in every line of the columns being filtered is not appropriate for the
using simple expressions condition (e.qg., attempting certain numerical calculations on strings). If an exception is
thrown when applying the condition to a line, that line is skipped as invalid for the filter

7: MACS peaks on Filter SAMondata 4 & { &

18,625 regions

n Filter GFF data by feature condition. The number of invalid skipped lines is documented in the resulting history item
count using simple as a "Condition/data issue”. fOFI"[‘IEIt: bed, database: mm9
expressions ) L . . O LR 7 B
ﬂ TIP: If your data is not TAE delimited, use Text Manipulation-=Convert display ot UCSC bitters.wi.mit.cdu
» Filter GTF data by attribute HEY =
values list
Syntax
Join, Subtract and Group chrl 2052590 2052252 MACS peak_1 782.82
The filter tool allows you to restrict the dataset using simple conditional statements.
Convert Formats chrl 2078375 3078682 MACS_peak_2 50.7%
ExiracHE i Columnls are referenced with ¢ and a number. For example, €1 refers to the first column of a et 333355¢ 3334007 MACS pesi 3 112.53
tab-delimited file =
Fetch Sequences Make sure that multi-character operators contain no white space ( e.g., <= is valid while < = chrl 3472633 3473645 MAC3 peak_ % 376.27
Fetch Alignments is not valid ) chrl 2628946 2638575 MACS peak 5 286.20
Get Genomic Scores When using 'equal-to’ operator double equal sign *==" must be used ( e.g., c1=="chr1’)
B Non-numerical values must be included in single or double quotes ( e.g., c6=="+") chrl 3671338 3ET2045 MACI peak € 326.30
Operate on Genomic Intervals | Filtering condition can include logical operators, but make sure operators are all lower case it
L 4 { e.g., (c1!'="chrX' and c1!="chrY") or not c6=="+") i >

34
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Hands-on: Analysis of ChIP-seq data 2
History: InputForMACS mm9

e Take the filtered mapped reads (uploaded by me in this history) and run
MACS

NGS: Peak Calling -> MACS Model-based Analysis for ChIP-Seq

e Using the file that MACS generates “MACS peaks on Filter SAM on data
4 “ select only the peaks on chrl

Filter and Sort -> Filter data on any column using simple expressions

e Other filters you may want to use when you are running your analysis
are:

— Get the top 2000 peaks
— Get peaks with FC > cut-off value
— Get peaks with -log P > cut-off value

!l o] 35
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Post processing
Text Manipulation

\\. Galaxy / WIB Analyze

Tools

Text Manipulation

m Add column to an existing
dataset

m Compute an expression on
every row

= Concatenate datasets _

tail-to-head

m Cut columns from a table

m Merge Columns together

m Convert delimiters to TAB

m Create single interval as a new
dataset

m Change Case of selected
columns

>"BaRC Hot Topics Galaxy
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m

Paste two files side by side

Remove beginning of a file

Select random lines from a file

Select first lines from a
dataset

Select last lines from a
dataset

Trim leading or trailing
characters

Line/Word/Character count of
a dataset

Secure Hash / Message Digest
on a dataset

Filter on ambiguities in
polymorphism datasets

Arithmetic Operations on
tables
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Operate on Genomic Intervals:
Intersect the intervals of two datasets

\\' Galaxy / WIB Analyze Data

Tools

Operate on Genomic Intervals

m Intersect the intervals of two
datasets

m Subtract the intervals of two
datasets

m Merge the overlapping
intervals of a dataset

m Concatenate two datasets into
one dataset

m Base Coverage of all intervals

m Coverage of a set of intervals
on second set of intervals

m Complement intervals of a
dataset

m Cluster the intervals of a
dataset

m Join the intervals of two
datasets side-by-side

m Get flanks returns flanking
region/s for every gene

m Fetch closest non-overlapping
feature for every interval

m

Intersect (version 1.0.0)

eturn:

Overlapping Intervals -
(see figure below)

m

of:

4: Concatenate datas.. and data 3 -
First dataset

that intersect:

1: Filter on data 7_PeaksOnChr1l -
Second dataset
for at least:

1

(bp)

o TIP: If your dataset does not appear in the pulldown menu, it means that 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). <

>"BaRC Hot Topics Galaxy
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Operate on Genomic Intervals:

Intersect the intervals of two datasets
\\' Galaxy / WIBI analyze Data  workflow d Data~ \ ion elp~ User

Tools £
Operate on o
N Synt
Genomic yntax
Intervals Where overlap is at least sets the minimum length (in base pairs) of overlap between elements of the two
datasets

m Intersect the
intervals of
two datasets

Overlapping Intervals returns entire intervals from the first dataset that overlap the second dataset. The
returned intervals are completely unchanged, and this option only filters out intervals that do not overlap with the
second dataset.

m Subtract the Overlapping pieces of Intervals returns intervals that indicate the exact base pair overlap between the first
intervals of dataset and the second dataset. The intervals returned are from the first dataset, and all fields besides start and
two datasets end are guaranteed to remain unchanged.

m Merge the |
overlapping r
intervals of a Examples
dataset Overlapping Intervals:

Coeiiizizrie First dataset
o datasets T RN
into one
dataset Second dataset

m Base Coverage
of all intervals

m Coverage of a i
set of Overlapping Pieces of Intervals:

intervals on
second set of First dataset
intervals

m

s Complement Second dataset

intervals of a =]

dataset

Cluster the =2

38
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Hands-on: Analysis of ChIP-seq data 3
History: inputFor annotatePeaks

Annotate peaks.

1. Combine the mm10 refseq genes file and the 3Kb upstream of
refseq gene file

= Text Manipulation -> Concatenate datasets tail-to-head
Find the genes or upstream regions that overlap with peaks

=  Operate on Genomic Intervals -> Intersect the intervals
of two datasets

2. Find genes located at 3 Kb or less from the peak center
using
= [Integrative Analysis -> peak2gene

" o~ 39
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Tutorials and References

e  Galaxy tutorials
http://galaxy.psu.edu/screencasts.html

* Previous Hot Topics
http://jura.wi.mit.edu/bio/education/hot_topics
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