An introduction to ChlP-seq analysis with Galaxy

Sebastian Schmeier

Institute of Natural and Mathematical Sciences
Massey University Auckland, New Zealand
http://sschmeier.com
s.schmeier@gmail.com

2016-03-23


http://sschmeier.com
mailto:s.schmeier@gmail.com

2016-03-23 Contents

Contents

An introduction to ChlP-seq analysis with Galaxy 3
1.0 Preface. . . . . . o 3
11 OVerview . . . . o 3
1.2 Thetask at hand . . . . . . . . o 3
1.3 Loginto Galaxy . . . . . . . . . 4
1.4 Create a new history . . . . . . . . . . 6
1.5 Loading the data . . . . . . . . . 7
1.6 Investigate the data . . . . . . . . . . L 9
1.7 Quality assessment . . . . . . ... 11
1.7.1 FastQC . . . . 11
1.7.2 Read filtering . . . . . . . . 12
1.7.3 Quality trimming . . . . . .. L 14

1.8 Mapping reads . . . . . . . . L 15
1.81 Bowtie2 . . . . .. 16
1.8.2 Post-mapping processing . . . . . . . .. 18

19 Peak calling . . . . . . . 21
L91MACS . . 21

2.0 PoSt-processing . . . . . . .. e 24
2.1 Overlap peaks with promoter regions . . . . . . . . . . . ..o 24
211 Get genes . . . ... e 24
2.1.2 Get promoter . . . ... e 25

2. 1.3 Join .o 26

2.2 Enrichment analysis (genes) with Enrichr . . . . . . . . . ... 27
2.3 Enrichment analysis (peaks) with GREAT . . . . . . . .. .. ... . .. ... . 31
2.4 Visualisation . . . . . . . e 33
2.5 Motif finding . . . . . . . . 35
2.5.1 Find the peak center . . . . . . . . . 36
2.5.2 Get flanking regions . . . . . . .. 38
2.5.3 Extract fasta-sequence . . . . . . . L L 39
2.5.4 Run MEME-ChIP . . . . . . e 39

2.6 References . . . . . . . e 41
2.7 Web links . . . . e 41

Sebastian Schmeier vl.l 2



2016-03-23 An introduction to ChlP-seq analysis with Galaxy

An introduction to ChiIP-seq analysis with Galaxy

1.0 Preface

In this brief tutorial we will learn how to use the excellent tool Galaxy (http://galaxyproject.org/) to analyse data
from a chromatin immunoprecipitation followed by sequencing (ChlP-seq) experiment. It is part of a series of
introductory tutorials that can be found at http://sschmeier.github.io/bioinf-workshop/.

A PDF-version of this tutorial can be downloaded here or at http://sschmeier.github.io/bioinf-workshop/
galaxy-chipseq/doc/Galaxy-ChlPseg-Introduction_sschmeier.pdf

Two accompanying lectures for this tutorial are available:

1. ChlP-seq introduction (http://dx.doi.org/10.6084/m9.figshare.1545468).
2. ChlP-seq data processing (http://dx.doi.org/10.6084 /m9.figshare.1554130).

1.1 Overview

In this brief tutorial we will learn how to use the excellent tool Galaxy to analyse ChlP-seq data. If you are new to
Galaxy, you might want to start with the Galaxy introductory tutorial (http://sschmeier.github.io/bioinf-workshop/

#lgalaxy-intro/).

1.2 The task at hand

The overall purpose in this tutorial is to:

= Understand better the Galaxy system (1.3-1.4).

= Understand how to get your data of interest into the system (1.5).

= Understand how to quality control your sequencing data (1.7).

= Understand how to map sequence reads to a reference genome (1.8).

= Post-mapping processing to clean the data before peak calling (1.8.2)
= Understand how to call ChIP-peaks based on the mapped reads (1.9).
= Understand how to gather additional information about you data (2.0).

In order to develop an understanding of the points above, you will run through the workflow to analyse ChIP-seq
data (see Figure 1):
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Figure 1: ChlP-workflow (adjusted from Park2009).

The individual tasks are:

NoarwhH=

Load the dataset.
Quality assess the reads.

Map the reads to the genome using Bowtie2.
Call peaks using MACS.

Fastg-files from Sequencing facility

¢

FastQC to assess quality of your reads

=

Filter and trim reads if necessary

e

Bowtie2: Map reads to reference genome

¢

MACS: Identify peaks

¢

Post-processing: e.g. visualise, annotate peaks

Run Enrichr with genes and GREAT with the peak regions to find enriched annotations.

Visualise the peaks in UCSC browser.
Prepare peak data and use MEME to find TFBS motifs.

1.3 Log into Galaxy

First, go to https://usegalaxy.org/ and log into your Galaxy account (see Figure 2 and Figure 3).
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Figure 2: Log into your Galaxy account.
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Analyze Data

Using O bytes

Tools n!u
Login
[ %] Username [ Email Address:
Get Data s.schmeier@gmail.com| ¥y
Lift-Owver Passwaord:
Text Manipulation ssessssssinse L
Convert Formats Forgot password? Reset here
Eilter and Sort
Login
loin, Subtract and Group
NGS: Mapping OpeniD Legin
NGS; RNA-seq OpenlD URL:
NGS: SAMtools ok
NGS: BAM Tools
Or, authenticate with your Google % account.
NGS: Picard
NG5: VCF Manipulation Login
Extract Features
Fetch Sequences Terms and Conditions for use of this service
Fetch Alignments
Get Cenomic Scores

Figure 3: Log into your Galaxy account with your credentials.

1.4 Create a new history

History = O

Unnamed history
0 bytes b

! ﬂ This history is empty. You can
lead vour own data or get data
from an external source

Create a new history (see Figure 4) and rename it to something useful (see Figure 5).

Analyze Data

Tools -'.'- Histary L“ m 111
Galaxy is an open source, web-based platform for data intensive HISTORY LISTS
(%) biomedical research. If you are new to Galaxy start here or consult our Iy
= L e Saved Histories
heig resgurces,
Get Data unnz  yistories Shared with Me
Send Data 0 byt CURRENT HISTORY
Lift-Over (@ Create New
Text Manipulation | Copy History
Convert Formats ! Copy Datasets
Filter and Sort Share or Publish
loin, Subtract and Group
i Extract Workflow
X e ?
NGS: OC and manipulation Wa nt E’"] e | p [ Dataset Security
NGS: Mapping -
-1 Resume Paused Jobs
NGS: RNA-seq Get answers.
Collapse Expanded Datasets
NGCS: SAMtools
o Unhide Hidden Datasets
NGS: BAM Tools R ) *
NGS: Pi y :'.:*: ;r B I o Delete Hidden Datasets
Ak W) Purge Deleted Datasets
NG5: VCF Manipulation SaL) . GALAXY EXPLAINED  —
E E e Show Structure
Fetch S Export Citations
Fetch Alignmants = Export to File
Get Genomic Scores Delete
Operate on Genomic Intervals Delete Permanently
Statistics OTHER ACTIONS

Graph/Display Data
Phenotype Association

R Tweets

Figure 4: Log into your Galaxy account.

Import from File

W Follow
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Galaxy is an open source, web-based platform for data intensive
Q biomedical research. If you are new to Galaxy start here or consult our h dataset o

p .
help resources Chip
0 bytes % 9

= - i IB This history is empty. You can
Text Manipulation oad your own data or get data
Convert Formats from an external source
Filter and Sort
loin, Subtract and Group

NGS: QC and manipulation Tr Galaxy
NGS: Mapping on the Cloud
NGS: RNA-seq

NGS: SAMtools

NGS: BAM Tools

NGS: Picard

NGS; VCF Manipulation Now you can have a personal Galaxy within the infinite Universe
Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores

Operate on Genomic Intervals

Figure 5: Log into your Galaxy account with your credentials.

1.5 Loading the data

We are going to use some Shared Data from the Galaxy Demonstration dataset.

1. Click on the Shared Data tab (see Figure 6).
2. Search for the Demonstration Datasets. (see Figure 7)

Analyze Data Wt w  Shared Data~ Vis n- Cloud = elp~  User Using 0%
Tools ¥ Data Libraries History ol
Galaxy is an Open S0 para Libraries Beta for data intensive
(] biomedical research. art here or consult our latase [ %)
Get Data help resources. Published Histories ChIP
Send Data Published Workflows 0 bytes = % @®
Lift-Over Published Visualizations ﬂ
1 This history Is empty. You can
. . i

Text Manipulation Pyblished Pagts | load your own data or get data
Convert Formats | from an external source
Filter and Sort
loin, Subtract and Group
NGS: Mapping Ga laxy 101
NGS: RNA-seq o .
NGS: BAM Tools The very first tutorial you need
NGS: Picard

GS: VCE ipulati
Extract Features
Fetch Sequences ®
Fetch Alignments :
GCet Cenomic Scores
Operate on Genomic Intervals
Statisti
Cranh iNienlas Nats

Figure 6: Load shared data tab.
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Shared Data ~

Data Libraries

Advanced Search
Data lit ' Data libr i o
1 nom Data from the 1000 Genomes Project FTP site
AC-exome
Bushman Data for two papers about the Kholsan and other populations.
Charts Example Data
hIP-Seq Mouse Example Data used in examples that demoenstrate analysis of ChiP-Seq data
Chobi
CloudMap Contains userguide, reference files, and configuration files for the Cloudmap WCS analysis pipeline
Codon Usage Frequencies
Coleman lonPGM
Datalmport-00107dec-86f4-44f6-af87-
2 2 reateprivatelibr. xample.com

Datalmport-ff2blcbd-ded0-41b8-afdb-
741f1534ceb8i@createprivatelibraryexample.com

IW I Demonstration datasets collected from various Galaxy tutorials
: Files from 'A high-coverage genome seguence from an archaic Denisovan Individual® Meyer et al. Science
Densovan segquences 2012 and basic processed data.
Erythroid Epigenetic Landscape Dynamics of the epigenetic landscape during erythroid differentiation after GATA1 restoration

Figure 7: Look for the Demonstration Datasets.

Load the following 4 files: G1IE CTCF, G1E_ER4 CTCF, G1E ER4 input, G1E input (see Figure 8).

Shared Data -

Data Library “Demonstration Datasets”

Name Message Data type Date uploaded File size
Y Human RNA-seq: CHB ENCODE B E:;:::C;Z—;ii:hr;dprEO produced by ENCODE and used by the CHE
Exercise
i Mouse ChiP-seq: G1E CTCF = Sample datasets from Hardisan lab for ChiP-seq analysis
binding
¢ GIECTCF (chr19) v fastasanger 500 0 11183858 29,2 g
4 GIE_ER4 CTCF (chr19) = fastgsanger :‘(‘J:f&%yms’” 202 M8
¥ G1E_ER4 input (chr19) + None fastgsanger :::Jsaz'luié}lﬁjs:sﬂ 17.1 MB
¥ GIE input (chr19) = fastgsanger ::qjsa&_ll:é}lﬁﬁ&sg 28.5 MB

For selected datasets.  Import to current history

Figure 8: Load the datasets.

Once the files are loaded we can switch back to the analysis window by clicking Analyze Data tab (see Figure 9).
We should find four datasets in the history panel (see Figure 10).
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Analyze Data Workflow  Shared Data ~

Data Library “Demonstration Datasets”

@ 4 datasets imported into 1 history: ChiP

Name Message Data type Date uploaded File size

Data on h1-hESC and CD20 produced by ENCODE and used by the CHB

» Human RNA-seq: CHB ENCODE ~  Sequencing Workshops

Exercise

" Mouse ChiP-seq: G1E CTCF Sample datasets from Hardison lab for ChIP-seq analysis

binding
GIE CTCF (chr19) = fastgsanger i;‘;;‘;&;&mj&sa 20.2 M8
G1E_ER4 CTCF (chr19) « fastgsanger i‘;’i;"{'a;éf“a:s’ 29.2 M8
G1E_ER4 input (chrl9) = MNone fastgsanger il;ri;a{ra;éjlsﬁ.&:sg 17.1 MB
G1E input {chr19) = fastgsanger i:?;a&;é)laja:sg 28.5 MB

For selected datasets: Import to current history 3| Co

Figure 9: Load the datasets.

Analyze Data

Tools -tn History 3 Q ED
Galaxy is an open source, web-based platform for data intensive
(] biomedical research. If you are new to Galaxy start here or consult our o
help resources.
Get Data 4 ChiP
Upload File from your computer 4 shawn
UCSC Main table browser 103.9 MB ~ % ®
UCSC Archaea table browser 4: G1E input (chr19) A 8
EBI SRA ENA SRA - -
BloMart Central server T o
i | CTCF (chr - x
GrameneMart Central server TI' Ga I axy 4
Flymine server On he CIOUd 1: G1E CTCF (chrl9) & F %
modENCODE fly server
modENCODE modMine server
MouseMine server il

Figure 10: Loaded data in history panel

Alternatively, you can download the data chipdata.zip or (~40MB) from http://sschmeier.github.io/bioinf-workshop/
galaxy-chipseq/data/chipdata.zip, unzip it and upload the files to the Galaxy history.

Hint! Should you need to refresh how to upload data to Galaxy, have a look at the Galaxy introductory tutorial
(http://sschmeier.github.io/bioinf-workshop/#!galaxy-intro/)).
1.6 Investigate the data

The four files that we have now in our history are: G1E CTCF, G1E_ER4 CTCF, G1E ER4 input, G1E input. A
closer look reveals that they are in fastq-sanger format (see Figure 11 and Figure 12).
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Analyze Data

Tools £ History o &0
This dataset is large and only the first megabyte Is shown below.
o Show all | Save ez 1set (%]
Get Data ChiP
Upload File from your computer EHWUSI-EAS5610:2:1:4:95940/1 4 shawn
GATTAATTGGLCTGGCE ATACAGGGGCTC
UCSC Main table browser + 103.9 MB
>1M@9BBBABAERE<3=) 170928967779 1&~9; P .
UCSC Archaea table browser 4: G1E input (chrl9)
EHWUSI-EASE10:2:1:4:67T#0/1
EBI SRA ENA SRA ACCAACTOCAS CTCAAGCACGAACACAGE 28.5 Mb View data
] + format: fastgsangerfdatabase’ mm9
BioMart Central server BCCBECCBCCCCBA=%9AABCEECATBEBE> =AM " —
GrameneMart Central server PHWUSI-EASE10:2:1:4:1092#0/1 ec » e
i ACATGCCCAGGATCCATCACARARACARCATARATG WIS EASE 1073 +154 0508
Elymine +
modENCODE fly server PO8B; 7498=1.5<4==/) /TP BEES>5=002 TH# GATTAATTGGCTGGL TG TGRGGACATACAGGGLTE
BHWUSI-EAS610:2:1:5:1009#0/1 .4
modENCODE modMine server AARCGTTGTCTTTCTGTCATAGTACTGTGGACTTAA >1ABO8EBABABEE.3~) : 70928067779; :4-9;
Maren * BHWLIST-EASE10:2:1:4:67700/1
erver
ouseiing s =>CB?ABEEEN<ABBB==8@<>36>1E50=7=<328 AGGAACTCGAGGTAGNAAL TGAAGCAGGAACACAGE
Ratmine server CHWUSI-EAS610:2:1:5:166#0/1
GACTGGAGACATGAGTTCCGACACCAGCCCAGCTGT %Glumlwmkhr‘lal & , x
YeastMine server -
ENCODE cerver BB??EBAMAATBE>>T=7AA7TI7==77<7>47;1>5 2:G1E_ER4 CTCF (chrl1®) @ & x
BHWUSI-EAS610:2:1:5:17974#0/1
WormBase server GARCATTTGGAGARARGGETTTATTTCARATTATAC 1: G1E CTCE (chr19) @ & x
+
2ebrafishMine server e e s e e

Figure 11: Information about the data.

FastQ-format

Sequence id

@EAS139:136:FC706V]:2:2104:15343:197393 1:Y:18:ATCACG
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTC Sequence
3
PURCCCO** ) )%%%++) (%6%%%) . L¥* > * T 'Y Y¥REECCF>>>>
Phred quality of the
corresponding nucleotide

Phred quality (ASCII code)

* One ASCII character per nucletide.

* Encodes for a quality Q = -10*log,,(P), where P is the error probability
he Relationship Between Quality Score and Base Call Accuracy

Probability of Incorrect Base
Quality Score Call Inferred Base Call Accuracy

-10*log,,(0.1) = |EERGEG) 1in 10 90%
20 (Q20) 1in 100 99%

30 (Q30) 1 in 1000 99.9%

Figure 12: The fastq-format.

What we are looking at is data from the G1E mouse cell-line from Gatal-null mouse embryonic stem cells. We
are looking at two conditions, normal G1E cell-lines and G1E-ER4 cell-lines, where the effect of Gatal deletion is
restored. Under both conditions Ctcf has been ChlP’ed and sequenced. The “input” samples denote samples where
the DNA was fragmented but before the immunoprecipitation against Ctcf and can thus be used as controls. We
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are also only looking at a subset of the full dataset, only chr19. Thus, we can compare the CTCF occupancy
between G1E and G1E-ER4 cell-lines.

Note!
TODO:

1. Find out what Ctcf is.
2. Find out why studying Gatal in mouse embryonic stem cells is of interest?
Hint! You can use NCBI gene or wikigenes or even wikipedia to find out about Ctcf and Gatal.

Attention! Before you go further: Step 1.7 up to step 1.9 is the same process for each fastg-file individually.
Thus, it might be a good idea to do the steps for ONE file and then create a workflow out of the steps that
allows you to do all of the steps for each of the other three files in one go. This will significantly speed up
the processing time. Should you not remember how to create a workflow, see Galaxy introductory tutorial
(http://sschmeier.com/bioinf-workshop /#!galaxy-intro/)..

1.7 Quality assessment

Now we need to assess the quality of the reads in each sample and filter and quality trim the reads if necessary.

1.7.1 FastQC

First, we run FastQC on each sample to get a feel for the overall quality of the data (see Figure 13).

Analyze Data Workflow  Shared
Tools .?. . . . "
/° FastQC Read Quality reports (Galaxy Tool Version 0.63) &% Versions || Options
ort read data from your current history
) sh d data f hi
Get Data Ol &l o I4:GlEinpuI (chr19) -I
Send Data
. Contaminant list
Lift-Over
Text Manipulation 0O @ | O | |Noselection M
o eriEornats tab delimited file with 2 columns: name and sequence. For example: lllumina Small RNA RT Primer
CAAGCAGAAGACCCCATACGA
Filter and Sort
q Submeodule and Limit specifing file
NGS: QC and manipulation [ | 1| O |Noselection -
FastOC Read Quality reports a file that specifies which submodules are to be executed (default=all) and also specifies the thresholds for the each

submodules warning parameter
Select high quality segments

Build base quality distribution ViExecute |

Draw quality score boxplot

Quality format converter (ASCII-

© Purpose

FastQC aims to provide a simple way to do some quality control checks on raw sequence data coming from high throughput

Numeric)
sequencing pipelines. It provides a modular set of analyses which you can use to give a quick impression of whether your

Filter by qualit data has any problems of which you should be aware before doing any further analysis.
FASTQ to FASTA converter The main functions of FastQC are:
Remove sequencing artifacts Import of data from BAM, SAM or FastQ files (any variant)

. Providing a quick overview to tell you in which areas there may be problems
Barcode Splitter Summary graphs and tables to quickly assess your data
Clip adapter sequences Export of results to an HTML based permanent report

Offline operation to allow automated generation of reports without running the interactive application
Collapse sequences

Figure 13: FastQC.

Have a look at the HTML result page. Depending on what the results are you might want to do some filtering
and quality trimming.

Note!
TODO: Run FastQC on all four files and investigate the quality. Note for each sample the nucleotide number
where the quality markedly drops.
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1.7.2 Read filtering

Here, we want to get rid of all reads that are of low quality. This strongly depends on your definition for “low
quality”. In the figure below the default values are used (see Figure 14). The Quality cut-off value is 20 and 90%
of all nucleotides of the read need to be equal or above this cut-off value to be accepted.

Analyze Data

4
ot i #~ Filter by quality (Galaxy Tool Version 1.0.0) = Options
NGS: OC and manipulation
] . .

FastQC Read Quality reports Library to filter

Select high quality seaments bl®a © I‘%: G1E input (chrld) ~ I

Build base quality distribution Quality cut-off value

Draw quality score boxplot 20

Qualitv‘ format converter (ASCIl- Percent of bases in sequence that must have quality equal to / higher than cut-off

Numeric) value

Filter by quality 90

EASTOQ to FASTA converter

Remove sequencing artifacts + Execute

Barcode Splitter

What it does
Clip adapter sequences
This tool filters reads based on guality scores.
Collapse sequences
0 Using percent = 100 requires all cycles of all reads to be at least the quality cut-off
Draw nucleotides distribution value.

chart

0 Using percent = 50 requires the median quality of the cycles (in each read) to be at
Compute quality statistics least the quality cut-off value.

Rename sequences

Figure 14: Filtering reads of bad quality.

Furthermore, | edited the dataset name (1) to keep track the kind of data (see Figure 15). The original name
| copied into the notes field (2), however it is not strictly necessary as the information from which dataset this
one was derived is still available when clicking the info button (see Figure 16). Finally, | renamed the dataset to
something useful (3, see Figure 15).

Analyze Data

-~
Tools X Attributes Coobit For o Pemission History s ‘n I'ﬂ
NGS: Mapging : o
Bowtied - map reads against Edit Attributes

rafarance gename Copy of 'ChiP" (active items only)

. & shown, 4 dalsied
awr‘ . ot reas {q oo h 3
G1E t filtered
bip) against reference genome i ki 136.6 MB A ]

Info: 1 -

EWA-MEM - map medium and 10; Filter by quality on data

long reads (> 100 bp) against Quality cut-off: 20 4

reference genome Minimum percentage: 90 Edit

21.9 ME attributes
e bl M format: fastgsanger, database:

Megablast compare shert reads Filter by quality on data 4 2 Quality cut-off: 20

against htgs, nt, and was Minimum percentage; 90

databases asut; annotations are available when a history is viewed Input: 276733 reads.

i o Dutput: 212756 reads.
Mumin Database/Build:
L discarded 63977 (23%) low-quality

Map with Bowtie for llumina Mouse July 2007 (NCBIZ7 /mm3) (mm9) | = reads.

Laztz map short reads against P oo [N

reference sequence

S EHIUST-EASE1R: 2:1:4 677401
NGS: RNA-seq
sSisra AGGAACTCGAGECAGNACTGAAGCAGGAACATAGE

NGS: SAM1ools This will inspect the dataset and attempt to correct the above column values if they are nat accurate. s
HGS: BAM Tools BCCBBCCBLCCTBA-MIARBC HECA?BEEEExA0A
NGS: Picard SHAUST-EASGIR:2:1:5: 1009801

NGS; VCF Manipulation AAACGTTGTCTTTCTGTCATAGTACTGTGEACTTAS

Figure 15: Rename the dataset to keep track.
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Analyze Data
: -
Tools L Tool: Filter by quality Histoty < &0
NGS: Mapping Name: GI1E input filtered o
Bowtie? - map reads against Created: Tue Sep 22 01:23:37 2015 (UTC)
reference genome Filesize: 21.9 MB Copy of "ChIP" (active items only)
Dbkey: mm9 & shown, 4 delared
BWA - map short reads (< 100 - \f‘. i
bp) against reference genome kbt ArAsanaer 136.6 MB &% e
Galaxy Tool ID: toolshed.g2 . bx.psu.edu/repes/devieam fastg_guality_filter /cshl_fastq_guality_filter/1.0.0

BWA-MEM - map medium and 10: GIE input filtered ® 5 xR
long reads (> 100 bp) against Tool Version

reference genome . 21.9 MB
ool AR are b formar: fastgsanger, darabase: mm9

Galaxy Tool Version:  1.0.0

Barse blast XML output Tewol Standard Error: stderr
Megablast compare short reads Tool Exit Code: 0 Qulliw cut-off: 20 ;
against htgs, nt, and wgs AP ID: bbd44e69cb8006b505eddaTle814f4ab Minimum percentage: 90
databases History 1D: 62fc6065d03a7350 :;lup:ﬂ: 12?2512?5:&;
- . put: reads.
uuID: EdBed290-e71f-423-970e-bTde3bcTiled
Mag with BWA for lllumina = AR discarded 63977 (23%) low-quality
reads.
it Hurmni Input Parameter Value Note for rerun
Lastz map short reads against Library to filter 4: G1E ingut {chr19) LY
reference sequence Quality cut-off value 20

BHMIST-EASHIR:2:1:4:67780/1
Percent of bases in sequence that must have quality equal to [ higher than cut-off value 90

NGS: RNA-seq AGGAAC TCGAGGCACNAAC TGARGTAGGAACACAGT
NGS: SAMIools Inheritance Chain +

e e
NGS: Picard GIE input filtered L

AARCCTTGTCTTTCTGTCATAGTACTETGEACTTAS

NGS: VOF Maninulation

Figure 16: Detailed information about a dataset can be gathered by clicking the info button.

Note!
TODO: Run the filtering on all four files and note how many reads got excluded for each sample (see the next
section on how to speed this process up by re-running analyses).

Re-running an analysis

Click on the re-run button of the analysis (1) you woud like to re-run (see Figure 17). The parameter window
pops up with all the original parameters used. Now you can select a different dataset (2) and run the original
analysis with the same parameters (see Figure 17).
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Tools

e
Clip adapter sequences
Collapse sequences

Draw nucleotides distribution

Compute quality statistics
Rename sequences
Reverse-Complement
Trim sequences

Combine FASTA and QUAL into
FASTQ

Fllter FASTQ reads by quality
score and length

Manipulate FASTQ reads on

various attributes

EASTQ Groomer convert between
various FASTQ quality formats

EASTQ Masker by guality score

EASTQ joiner on paired end
reads

EASTQ splitter on joined paired
end reads

EASTQ Summary Statistics by
column

FASTQ ta FASTA converter
EASTQ to Tabular converter
EASTQ Trimmer by column

FASTQ Quality Trimmer by
sliding window

# Filter by quality (Galaxy Tool Version 1.0.0) ¥ Options
Library to filter
0O @ o I 4: G1E input (chr19) 2 -I
T
Quality cut-off v, Q

20 10: G1E input trimmed

9: G1E input filtered
Percent of bases
value 4: G1E input (chr19)

80 3: G1E_ER4 input (chrl3)
2: G1E_ER4 CTCF (chrl9)

1: G1E CTCF (chrl9)
What it does

This tool filters reads based on quality scores.

o Using percent = 100 requires all cycles of all reads to be at least the quality cut-off
value.

e Using percent = 50 requires the median quality of the cycles (in each read) to be at
least the quality cut-off value.

Quality score distribution (of all cycles) is calculated for each read. If it is lower than the
guality cut-off value - the read is discarded,

Example:

BCSHL 4 FCO42AGO0II:1:2:214:584
GACAATARAC

+CSHL 4_FCO42AGO0II:1:2:214:584
30 30 30 30 30 30 30 30 20 10

Using percent = 50 and cut-off = 30 - This read will not be discarded (the median quality
is higher than 30).

Using percent = 90 and cut-off = 30 - This read will be discarded (90% of the cycles do
no have quality equal to f higher than 30).

Figure 17: Re-run button to re-run the same analysis.

1.7.3 Quality trimming

History C 'ﬂ' U]
[}

ChIP

6 shown, 4 deleted

149.0 MB % e

10; G1E input trimmed =~ @ 4 x

9: G1E input filtered @ & X

21.9 MB

format: fastqsanger, database: mm9
Filter by quality on data 4

Quality cut-off: 20

Minimum percentage: 90

Input: 276733 reads.

QOutput: 212756 reads.

discarded 63977 (23%) low-quality
reads.

0E1

BHNUSI-EASE10:2:1:4:67789/1
AGGAACTCGAGGCAGNAACTGAAGCAGGAACACAGT
+
BCCBBCCBCCCCBA-XIAABLBECATEBEE-EAMA
BHNUST-EASE1@:2:1:5:102940/1
AACGTTGTCTTTCTGTCATAGTACTGTGGACTTAA

4: G1E input (chr19) AP
3: G1E ER4 input (chrl9) = & x
2:G1E ER4 CTCF (chrl9) = & x
1: G1E CTCF (chr19)

- ®

AP

Finally, we can use a quality trimmer to get rid of bad starts and ends of reads (see Figure 19). To do so, select
the FASTQ Quality Trimmer (1). Choose the filtered dataset from the step before (2). In Figure 19 | use a
simple window size of 1 (3) and a quality score of 20 (4) to just trim of the ends on both sides.
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+ . ~
Tools — # FASTQ Quality Trimmer by sliding window (Galaxy Tool Version 1.0.0) = Options History S &
Clip adapter sequences FASTQ File ea ataset Q
Collapse sequences B i L 9: G1E input filtered = Chip
D leatides distributi & shown, 3 deleted
raw nucieotioes aistriopution .
Keep reads with zero length 2 127.1 M@ %@
s = Yes | No
Compute quality statistics 9: G1E input filtered @ & X
Trim ends
Rename sequences
5'and 3' - 5:FastOCondatad:Web = ¢ x
Reverse-Complement page
Trim sequences Window si 4 GIE input (chr19)
indow size 3 Bl %
Combine FASTA and QUAL into 1
FASTQ 3: G1E ER4 input (chrl9®) @ # %
Step Size
Eilter FASTQ reads by quality E 2:GIE ER4 CTCF (chrl9) @ ¢ x
score and length 1
Manipulate FASTQ p - - < 1: G1E CTCF {chrl9) LA A
7 3 geadzn Maximum number of bases to exclude from the dow during aggr
various attributes
FASTO Groomer convert between 0
various FASTQ quality formats
Aggregate action for window
FASTQ Masker by quality score ”
min score -
EASTQ joiner on paired end
reads Trim until aggregate score is
EASTQ splitter on joined paired > -
end reads
- uality Score
EASTQ Summary Statistics by
column 20 4
EASTQ to FASTA converter
FASTQ to Tabular converter
EASTO Trimmer by column This tool allows you to trim the ends of reads based upon the aggregate value of quality
FASTQ Quality Trimmer by 1 scores found within a sliding window; a sliding window of size 1 is equivalent to 'simple’
sliding window trimming of the ends.

Figure 19: Filtering reads of bad quality.

Notel!
TODO: Run the quality trimmer on all filtered datasets and rename the sets to something meaningful.

Attention! Trimming reads is not always necessary or desired. Here, we do it to see how the trimming process
works in Galaxy. However, in a real situation we might decide not to trim at all.

1.8 Mapping reads

By know we should have 4 sets of filtered and trimmed reads with a meaningful name (see Figure 19). These
form the basis for the subsequent analyses. Now we are going to map the reads to the reference genome.
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Tools

Get Data

Send Data

Lift-Over

Text Manipulation
Convert Formats
Filter and Sort

Join, Subtract and Group
NGS: OC and manipulation
NGS: Mapping

NGS: RNA-seq

NGS; SAMtools

NGS: BAM Tools

NGS: Picard

NGS: VCF Manipulation
Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores

Statistics
Graph/Display Data
Phenotype Association
snoEff

Operate on Genomic Intervals

-

2]

Galaxy is an open source, web-based platform for data intensive

biomedical research. If you are new to Galaxy start here or consult our help

resources.

Galaxy 101

The very first tutorial you need

Tweets

Figure 19: The datasets for mapping.

1.8.1 Bowtie2

% Follow

History el
(%)
chip
12 shown, 4 deleted
264.6 MB ¥ ®
16; G1E ER4 input trimmed @ & x
15; G1E_ER4 CTCF trimmed @ 4 x
14; C1E CTCF trimmed & F X
13: G1E CTCF filtered AP
12: G1E ER4 CTCF filtered @ & x
11: G1E_ER4 input filtered @ & %
|m:.cmnp.m:1mmd ® & %
9: G1E input filtered & F X
4; G1E input (chr19) & F X
3: G1E ER4 input (chr19) @SR
2:G1E ER4 CTCF (chr19) @ & R
1: G1E CTCF (chrl9) AP

We can now map the trimmed data to the reference genome using Bowtie2. Select Bowtie2 in the tools panel
under section NGS: Mapping (1, see Figure 19). We select the trimmed dataset we want to map (2) and select
an appropriate reference genome (3).
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. Pl
Tools e F Bowtle2 - map reads against reference genome (Galaxy Tool Version 0.4) & Versions | = Options | HHEy <&M
NCS: Mapping
Is this single or paired library . et 1xJ
Bowtie? - map reads against 1
reference genome Single-end - ChiP
12 shown, 4 delated
EWA - map short reads (< 100 FASTQ file
bp) against reference genome 264.6 MB &% e
0| & © J10:GLE input rimmed vI
EWA-MEM - map medium and
Nucleotide-space T8 e 16:G1E ER4 input trimmed @ &
long reads (> 100 bp) against st ool "
reference genome write unaligned reads (in fastq format) to separate file(s) 15: G1E_ER4 CTCF trimmed ® & %
Parse blast XML output Yes | No (e oIl O s .
SO j=—lin= This tri ” e for shi e =g for ol i mm & PR
last compare shart reads un/--un-conc; This triggers --un parameter for single reads and --un-conc for paired reads
Sgainst gt End wes 13: GLE CTCE filtered ® &%
databases
Use a bullt-in genome index x 12: G1E ER4 CTCF filtered @™ 4 n

Map with BWA for lllumina

Built-ins were indexed using default options, See "Indexes” section of help below
Map with Bowtie for llumina 3 1L:C1E ERY input fillered @& & x
Select reference genome L
Lastz map short reads against
reference sequence Mouse (Mus musculus): mm3 Cancnical - 10 G1E input trimmed @&
If your genome of interest is not listed, contact the Galaxy team
NC5: RNA-seq 2: GLE input filtered ® #F X
NGS; SAMIpols Specify the read group for this file?
NGS: BAM Tools N ez A LA
No -
NGS: Plcard Specifying readgroup information can greatly simplify your downstream analyses by allowing combining multiple 3: G1E ER4 input (chrlg) & F N
NG5: VCF Manipulation datasets. See help below for more details
2 G1E ER4 CTCE (chr19)
Extract Features lect analysis mode i X
Fetch Sequences 3 :
1: Default sexting only 4 - 1: G1E CTCF (chrig) @ # x

Feich Alignments
Get Genomic Scores Do you want 1o use presers?
Operate on Genomic Intervals @no, just use defaults
Staristics (WA a e
Graph/Display Data (OFast end-to-end (--fast)
Phenotype Association O Sensitive end-to-end (--gensitive)
snpEff O Very sensitive end-to-end (--very-sensitive)
BEDTools O Very fast local {~-very-fast-local)

(O Fast local (—~fast-local)

Genome Diversity
) Sensitive local {--sensitive-local)

EMBOSS

O Very sensitive local (—very-sensitive-local)
Regional Variation
: Allow selecting among several preset paramerer settings. Choosing berween these will result in dramatic changes in
FASTA manipulation
runtime. See help below to understand effects of these presats
Evolution
Multiple Alignments Job Resource Parameters
Metagenomic analyses Use default job resource parameters -
Motif Tools

+ Execute

AT TOAALIAY OCTA

Figure 19: Bowtie2.

Using an inbuilt index choose the same genome built as your data is (here we are looking at mouse mm9 data).
Choose the canonical index, mm9 Canonical.

From the Galaxy Bowtie tool description:

A Note on Built-in Reference Genomes

The default variant for all genomes is “Full”, defined as all primary chromosomes (or scaffolds/contigs)
including mitochondrial plus associated unmapped, plasmid, and other segments. When only one
version of a genome is available in this tool, it represents the default “Full” variant. Some genomes
will have more than one variant available. The “Canonical Male” or sometimes simply “Canonical”
variant contains the primary chromosomes for a genome. For example a human “Canonical” variant
contains chrl-chr22, chrX, chrY, and chrM. The “Canonical Female” variant contains the primary
chromosomes excluding chrY.

Finally, we just use the default parameters of Bowtie2 (4) and execute the analysis (see Figure 19).

We can not look at the resulting data in detail, as the output is in a format called bam which is a binary version
of the Sequence Alignment/Map (SAM) format (see http://genome.ucsc.edu/goldenpath/help/bam.html and
http://samtools.sourceforge.net/ for an explanation). However, by clicking the dataset-name, we get more detailed
information about the mapping (see Figure 20)
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22: G1E4 input bowtie2 @ &S R

10.2 MB
format: bam, database: mm9

[samopen] SAM header is present: 22 sequences.
212756 reads: of these:

212756 (100.00%) were unpaired; of these:

1975 (0.93%) aligned 0 times

204916 (96.32%) aligned exactly 1 time
5865 (2.76%) aligned >1 times
99.07% overall alignment

2O < » ®

display at UCSC main

display at Ensembl Current
display with IGV local Mouse mm9
display in IGB View

Binary bam alignments file

Figure 20: Bowtie2 mapping information.

Note!
TODO: Run Bowtie2 on each of the four trimmed datasets. Note for each sample the number of reads that could
be aligned exactly once to the genome and the overall alignment percentage.

1.8.2 Post-mapping processing

First, we need to filter out multi-mapping reads. We will use samtools to do this. The important parameter here is
the Minimum MAPQ quality score which should be set to 1, which will remove multi-mapping reads, as reads
that multi-map will get a score of 0 (see Figure 20b).
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Figure 20b: Samtools filtering.

Second, sort the output from the former step (see Figure 20c).
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Tools &

son <]

Text Manipulation

Unigue lines assuming =
sorted input file

Sort data in ascending or  [E50)
descending order

Filter and Sort
Sort data in ascending or
descending order

Select lines that match an
expression

Ellter data on any column using
simple expressions

GFF
Extract features from GFF data

Eilter GFF data by attribute using

simple expressions

Filrer GFF data by feature count
using simple expressions

Ellter GTF data by attribute
values list

Sort BAM dataset

NGS: Picard
sortsam sort SAM/BAM [T
dataset

NGS: VCF Mani 5
VCFsart: Sort VCF dataset by
coardinate

BEDTools

Sort BAM dataset (Galaxy Version 2.0}  Options
BAM File

@ €8 [ | 73:Filter SAM or BAM, output SAM or BAM on data 18: bam -
Sort by

Chromosamal coordinates -

" Execute

What it does

This 1ol uses samtools sort command to sort BAM datasets in coordinate or read name order.

Citatlons (& Show BibTex

Definition of SAM/BAM format. [Link]

Li, H. and Handsaker, B. and Wysoker, A, and Fennell, T. and Ruan, J. and Homer, N. and Marth, C.
and Abecasis, G. and Durbin, R. (2009). The Sequence Alignment/Map format and 5AMtoals. In
Bioinformatics, 25 (16), pp. 2078-2079. [doi;: 10,1093 /bisinformatics/btp3521[Link]

Li, H. (2011}. Impraving SNP discavery by base alignment quality. In Slolnformatics, 27 (8), pp.
1157-1158. |doi:10.1093/bicinformatics/birQ 7Gl[Link]

LI, H. (2011). A statistical framework for SNP calling, mutation discovery, association mapping and
population genetical parameter estimation from sequencing data. In Bioinformatics, 27 (21), pp.
2887-2543. [doi:10,1093/bieinformatics/bir53091[Link]

Danecek, P., Schiffels, 5., Durbin, R.. Multiallelic calling model in beftoals (=m). [Link]
Durbin, R.. Segregation based metric for variant call QC. [Link]

Li, H.. Mathematical Notes on SAMtools Algorithms. [Link]

SAMTeols GitHub page. [Link]

Figure 20c: Samtools filtering.

History 3 ﬂ‘m
Q

Chir

34 shown, 40 deleted

310.33 MB & % ®
@ 74: Sort on data 73 x
73; Filter SAM or BAM, @& # %
output SAM.or EAM on
data 18 bam

10.1 MB

format: bam, database: mm9

8 | L

display at UCSC main

display at Ensembl Current
display with IGV local Mouse mm9
display in IGB View

Rinary bam alignments file

F2iExtract Genomic D @& # x
7L Getflanksondata @& & %
20:Compute on data® @ & x
63: Cut on data 62 @ F R

60; Build custom track @ # x

58 Compare twe Datas & & %

Third, remove duplicate reads with samtools. Here you need to specify that we are dealing with single-end reads

(see Figure 20d).
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+ : P
D - RmDup remove PCR duplicates (Galaxy Version 2.0) & Versions | = Options Fiatary <&
rmdup [x) BAM File t [x]
NGS: SAMtools 4 & | D |74 Sortondata 73 - Chip

34 shown, 40 deleted
RmDup remove PCR duplicates owm, 40 deleted

Is this paired-end or single end data 310.33 M8 % e
Workflows BAM is single-end {-s) -
74: Sort on data 73 ® & X

= All workflows
|

Z3:Filter SAM or BAM, @ 4 %
output SAM or BAM on

What it does. data 18: bam

Remove potential PCR duplicates: if multiple read pairs have identical external coordinates, only retain 10.1 MB

the pair with highest mapping quality. In the paired-end mode, this command ONLY works with FR format: bam, database: mm9

orientation and requires 1SIZE is correctly set. It does not work for unpaired reads (e.q. two ends

mapped to different chromosomes or orphan reads). This tool has the following parameters: 0 2w L

B rmdup for SE reads display at UCSC main

display at Ensembl Current
display with IGV local Mouse mm9
display in IGB View

Binary bam alignments £ile

-8 treat PE reads as 8E in rmdup (force -s)

Citations [ Show BibTex

Definition of SAM fBAM format. [Link]

Li, H. and Handsaker, B. and Wysoker, A. and Fennell, T. and Ruan, J. and Homer, N. and Marth, G, HA-..D.II.QGHJJ- ®Fx

and Abecasis, G. and Durbin, R. (2009, The Sequence Alignment/Map format and SAMtacls. In

Bioinformatics, 25 (16), pp. 2078-2079. [d0i:10,1093 bioinformatics/brp352)iLink] 7liGetflanksondata @ # %
0

Li, H. {2011). Improving SMP discovery by base alignment quality. In Bioinformatics, 27 (8}, pp.

1157-1158, [d0i:10.1093 fbivinformatics /076 [Link] 70;Computeondata @ # x
Li, H. (2011} A statistical framework for SNP calling, mutation discovery, association mapping and 3
population genetical parameter estimation from sequencing data. In Sioinformatics, 27 (21}, pp.
2987-2993, [doi: 10,1093 /biainformatics/bir509](Link] > F R
Danecek, P, Schiffels, 5., Durbin, R.. Multiallelic calling model in beftools (-m). [Link] 60: Build custom track ® # x
Durbin, R.. Segregation based metric for varlant call QC. [Link] on data 27, data 25, an
d others
L, H.. Mathematical Notes on SAMtocls Algorithms. [Link)
. A8 Compare twa Datas
SAMTools GitHub page. [Link] ® %
ets on data 55 and dat
a57?

Figure 20d: Samtools rmdup.

1.9 Peak calling

Hint! You should have 4 bowtie2-generated bam-files in your history. If Galaxy did not run your bowtie2
tasks it could be that the queues are full. In this case, please download the Bowtie2 bam-files here or at
http://sschmeier.github.io/bioinf-workshop/galaxy-chipseq/data/bowtie2-results-bam.zip. Unzip the files and
upload all files to your Galaxy history and go to 1.8.2 and finally, continue to 1.9.1.

1.9.1 MACS

Select the MACS tool in the NGS Peak Calling section:

1. Once you have the tool open (see Figure 21), give it a useful name.

We are dealing with single-end reads, so select this option.

3. We give it the Bowtie mapped file of the CTCF-ChIP’ed experiment and the “input” of the same cell-line as
a control-file.

4. We need to adjust the genome size to that of mm9 Canonical which is 1.87e+9.

We also change the tag-size to 36.

6. Finally, we adjust the peak detection method to the “new"” one.

N

o
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NGS: Picard (bata)
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Workflows
= All workilows

Experiment Name 1
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Paired End Sequencing

Single End 2

ChiF-Seq Tag File

0| & 18: GIE CTCF bowtie2

ChiP-5eq Control File

(| & © | 22 GIE input bowtie?

3

Effective genome size

1870000000 4

Band width
300

Pvalue cutoff for peak detection

0.00001

default: le-5

Select the regions with MFOLD high-confidence enrichment ratio against background to build model

2

Parse xls filas into into distinet interval files

Yes | No

Save shifted raw tag count at every bp into a wiggle file

Do nat create wig flie (faster)

Use fixed background lambda as local lambda for every peak region

Yes | No

up 1o 9X more time consuming

~ Oprions History on
o

10 shown, 8 et
3224 MB e
- L CIEIncsk hesaled = #F K
- A0 C1E ERA input bowties ® 4R
J%GIR_ERS CICE hontic? - # X
i 18:G1E CTCF bowtied ®7 %
16: GIE ER4 input trimmed ® 7%
15: G1E ER4 CTCF trimmad =4 x
1% GLE CTCF trimmied @ 7%
13 G1E CTCF filtered oy
1&: G1E ERS CTCF filtered iy
D ——— LA gk ]
QLR S L
2 GIE inpu filtered I
SR LI = SR
3: G1E ERA input (chr19) ® 7%
2:G1E ER4 CTCF (chri) ® 40
1:G1E CTCF (shrlg) 7

3 levels of regions around the peak region to calculate the maximum lambda as local lambda

1000,5000, 10000
Build Model

Build the shifting model
Diagnosis report

Do nat produce repart (faster)

up 10 9% more time consuming

Yes | No

JPerform the new peak detection method (futurefds)

4 o -_
method also consider the Sk, 10k reglons in treatment data to calculate local blas.

Figure 21: MACS beak calling.

wd 10k regions in the control data; whereas the new future

The results of the MACS run are two datasets (see Figure 22). One bed-file that contains the enriched regions
and a html-file that provides more information about the MACS run, e.g. we can have a look at the estimated
peak model (see Figure 23) or get more information about the peaks in the created xls-file (see Figure 24).
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Graph/Display Data
Phenotype Association
SnpEff
BEDTools

Additional output created by MACS (MACS_GIE_CTCF) History oD
Additional Files: )
B—— ChiF
= MACS GIE CTCF model.pdf 18 shown,
. S GIE CTCF
* MACS GIE CTCF modelrlog 2225k bl
i ; —LEGRUYE pod ® F X
» MACS GIE CTCF peaksxls
3 KB
M"-‘WS from MACS: farmat: himl, darabase: mm9
INFO E Mon, 21 Sep 2015 23:36:23: B6eco L
# ARGUMENTS LIST:
# mame = MACS GlE CTCF HIML file
# format = BRM
# ChIP-seq file = /galaxy-repl/main/files/012/526/dataset_12526748.dat 23: MACS on dara 22 and data 18 (peaks:bed) = & x
# control file = /galaxy-repl/main/files/012/526/dataset_12526910.dat "
# affective genome eize = 1.878+09 405 regions i comments
¥ tag size = 36 o : atabase: mm9
# band width = 300
# podel fold = 12 =0 P - e
# pvalue cutoff = 1.00e-05
# Ranges for calculating regional lambda are : peak_region,l1000,5000,10000 display in IGB View
INFO 8 Mon, 21 Sep 2015 23:36:23: #1 read tag files... display ar Ensembl Current
INFO & Mon, 21 Sep 2015 23:36:23: #1 read treatment tags... _ display at UCSC maln
WARNING & Mon, 21 Sep 2015 23:36:26: WO records for chromosome chrll, minus stra
WARNING £ Mon, 21 Sep 2015 23:36:26: NO records for chromosome chrll, minus stra FRa T R0 B0 RN T 3
WARNING & Mon, 21 Sep 2015 23:36:26: NO records for chromosome chrl8, minus stra k “MACS peaks for MACS_GIE CTCF™
INFO B Mon, 21 Sep 2015 23:136:26: #1.2 read input tags... e — A
WARNING @ Mom, 21 Sep 2015 23:16:28: NO records for chromoscme chrlf, minus stra Crl3 3284482 324776 MACS peak 1 92.61
WARNING # Mon, 21 Sep 2015 23:36:28: NO records for chromosome chrl5, plus atran chrl3 3291823 3292396 MACS peak 2 132.090
INFO @ Mon, 21 Sep 2015 23:36:28: #1 Background Redundant rate: 0.01 chrl®  345P651 3452121 MACS_peak 3 64,64
INFO @ Mon, 21 Sep 2015 #1 finished! _
INFO # Mon, 21 Sep 2015 #2 Build Peak Model... i =
INFO ¢ Mon, 21 Sep 2015 #2 number of paired peaks: 9733 chrld 3623513 3624226 MALS peak S 71.83
INFO € Mon. 21 Seo 2018 #2 finished! L

Figure 22: MACS peak calling results.
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Filter and Sort

Join, Subtract and Group
NG5: QC and manipulation
NGS: Mapping

NGS: RNA-seq

NGS: SAMtools

NGS: BAM Tools

NGS: Picard

NGS: VCF Manipulation
Extract Features

Fetch Seguences

Fetch Alignments
Get Genomic Scores

Percentage
0.15 0.20

0.10

0.05

Peak Model

—— forward tags
—— reverse tags
—— shifted tags

d=141

=200

Distance to the middle

Figure 23: MACS peak model.
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) A B [« D E F G H 1
1 #This file is generated by MACS
2 | # ARGUMENTS LIST:
3 #name = MACS_G1E_CTCF
4 |#format = BAM
5 # ChIP-seq file = /galaxy-repl/main/files/012/526/dataset_12526748.dat
6 # control file = /galaxy-repl/main/files/012/526/dataset_12526910.dat
7 # effective genome size = 1.87e+09
8 #tagsize=36

1=}

# band width = 300

10 # model fold =32

11 # pvalue cutoff = 1.00e-05

12 # Ranges for calculating regional lambda are : peak_region,1000,5000,10000
13 #unique tags in treatment: 213711

14 #total tags in treatment: 214878

15 # unique tags in control: 210164

16 # total tags in control: 210781

17 #d=141

18 chr start end length summit tags -10*LOG10(pvalue) fold_enrichment FDR(%)

19 chr19 3204403 3204776 374 266 12 92.61 17.73 0
20 chr19 3291824 3292396 573 337 35 132 10.3 0
21 chr19 3450652 3452121 1470 765 44 64.64 10.69 0.34
22 chr19 3587687 3588189 503 257 29 103.41 12.95 0
23 chr19 3623514 3624226 713 381 29 71.88 11.44 0
24 chrl9 3723759 3725525 1767 1270 40 53.23 12.07 1.32
25 chr19 3946485 3947973 1489 438 33 51.4 14.51 2.27
26 chr19 3980149 3981146 998 393 49 156.53 12.41 0
27 chr19 4012707 4013391 685 242 28 95.26 11.32 0
28 chr19 4047685 4048485 801 365 22 56.6 6.3 0.84
20 chriq 4AN0RKR71 4A0QQ52E 656 240 an 120 1602 0

Figure 24: MACS peak details.

Note!
TODO:

1. Do the MACS peak calling for both cell-lines. Look at both peak models and note the distance and differences
between the models.

2. Rename the peak-files to something meaningful and while you are doing it change the score-column to 5.

What do you expect in terms of called peaks if you would run G1E-CTCF without a control (the “input”-file)?

4. RUN G1E-CTCF without the input control. Note the differences.

®

2.0 Post-processing

Now that we established the peaks, we can do several different analyses to gain information about the genes they
regulate or differences in peak abundance as well as functional association.

2.1 Overlap peaks with promoter regions
2.1.1 Get genes

Let's upload some genes and extract promoter information for them. Please download the following file
(mm9_chr19_NCBlgenes.bed or from http://sschmeier.github.io/bioinf-workshop/galaxy-chipseq/data/mm9__
chr19_NCBIgenes.bed) and upload to your Galaxy history (see Figure 25). the file contains 1428 gene regions in
bed-format.
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Download data directly from web or upload files from your disk

You can Drag & Drop files into this box.

Name Size Type Genome Settings Status
Clmm9_chr19 NCBlgenes.  49.6 KB bed v Q  Mouseluly2007 (.. ¥ & v
bed
Type (set all): Auto-detect v| Q Genome (setall): | --——— Additional Species ... | ¥

Choose local file Choose FTP file Paste/Fetch data Start Pause Reset Close

Figure 25: Upload the gene bed-file.

Analyze Data

Tools X 7 Y 2 4 5 6 History fo R - NN
chrl9 3065710 3197714  AK077035 1l -
o chrig 3153210 3197714  AK006563 T - o
Get Data chrl® 3153798 3197714 AK007025 1 - ChiP
Upload File from your computer chrl® 3259075 3283010 Ighmbp2 i = 21 shown, 30 deleted
LCSC Main table browser chrl9 3264810 3283010 Ighmbp2 § = 323.0 MB % ®
chrl® 3272720 3283010 Ighmbp2 i =
UCSC Archaea table browser chrl9 3283046 3291197 Mrpl2l 1+ S s Rl
EBI SRA ENA SRA chrl9 3283046 3292837 Mrpl21 1+ 1,428 regions
RUSHAT Cenitral Zarver chrl9 3323300 3385733 Cptla 1 format: bed, database: mm9
chrl0 3388868 3398168 MtlS i unloaded bed fil
GrameneMart Central server chrl9 338BBE8 3407785 Mtis 1 + b
Elymine server chrld 3389400 3407785  MtS 1+ B0 bl o
modENCODE fly server chrl@ 3409916 3414457 Gal 1 - display in IGB View
ENCODE miodMina server chrl® 3454927 3575749 Ppp6r3 1 - display at Ensembl Current
chrld 3477775 3575749  Ppp6r3 i display at UCSC main
MouseMine server chrl9 3483527 3494038 mKIAA1SSS T
Ratmine server chrl9 3483527 3575749  Ppp6r3 1 - chrl9 3965718 3197714 AKB77635 1 -
A InE ST chrl9 3510945 3575749 mKIAA1558 1 - e i amy e
chrl9 3584824 1615879 Lrps 1 _ chrl? 3153798 3197714 AKR@Ta25 1 -
modENCODE worm server chr1o 3584824 3686564 Lrps T = chrl9 3259075 328301@ Ighmbp? 1 -
WormBase server chrls 3621680 3686564  LrpS i - fovr @ aculh SEoN Ja i, 4.
chrl9 3272728 3283010 Ighmbp2 1 -
ZebrafishMine server chrl9 3689686 3708168 AK144662 1 =

Figure 26: The file is in bed-format.

2.1.2 Get promoter

Get the promoter regions by using Operate on Genomic Intervals => Get flanks. Choose the upstream regions
and 10,000 bases (see Figure 27). Rename the promoter-set to something meaningful.
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Analyze Data

4 ~
jLonis = # Get flanks returns flanking reglon/s for every gene = Options History oal
Extract Features

(Galaxy Tool Version 1.0.0) I e O
Feich Sequences zziy
Fetch Alignments Select data Chip
Get Genomic Scores B M © |51 mm9_chrl9 NCBigenes.bed - 21 shown, 30 deleted
Operate on Genomic Intervals 323.9 MB CAL L
e Regi
Profile Annotations for a set of palan 51
i : mm9_chrl9_NCBlgenes.hed
genomic intervals Around Start - ® s %
1,428 regions
Merge the overlapping intervals . . 4 ¥
% daases Location of the flanking region/s o L e
Upst -
Fetch closest non-overlapping petream uploaded bed file
feature for every interval
ki 0 < lu LX)
Concatenate two datasets into 0
one dataset display in IGB View
Use positive values to offset co-ordinates in the direction of transcription display at Ensembl Current
Z-‘m-tﬁ“ the intervals of two and negative values to offset in the opposite direction. display at UCSC main
atasets
Length of the flanking region(s) 1.Chrom 2.5tart 3.End 4.Name 5 6.5trand
j‘?ldﬂ‘he '"I":""als of two datasets Py chrl9 3065710 3197714 AKO77035 1 -
sloeebysslce chrl® 3153218 3197714 AK@@G6563 1 -
Intersect the intervals of two Use non-negative value for length chr18 3153798 3197714 AKBO7825 1 -
datasets m chrld 32590875 3283818 IghmbpZ 1 -
Get flanks returns flanking chr19 3264818 3283010 Ighmbpz 1 -
region/s for every gene chrl® 3272720 3283010 Ighmbp2 1 -
£ ¢ This tool finds the upstream and/or downstream flanking region(s) of all
S O G ] the selected regiens in the input file. 28: MACS G1E ER4 CTCF + input @ 4 x
second set of intervals (htmb

Figure 27: Get upstream flanking regions of the TSS of genes.

2.1.3 Join

Now we are going to join (overlap) the peaks with the promoter regions by choosing the tool: Operate on
Genomic Intervals => Join (see Figure 28). Again rename the resulting dataset to something useful.

Analyze Data

4 ~

L gots - # Join the intervals of two datasets side-by-side (Galaxy * Options History SR

Convert Formats

Tool Version 1.0.0) = < )

Filter and Sort 2

oin
loin, Subtract and Group ; zczhl: 10 deleted
” shown, alete:

NGS: OC and manipulation OO & © | 52: Gene promoters chrl® -

NGS: Mappina First dataset 324.0 MB CAL 3

NGS: RNA-seq with 52: Gene promoters chrl9 @ & %

NG5: SAMtools O @™ | O | 25 MACS GIE CTCF + input (peaks) . 1,428 regions

NGS: BAM Tools Second dataset format: interval, database: mm9

NGS; Picard ith ml .

. . . with min overlap Location: Upstream, Region: start, Flank-

NGS: VCF Manipulation 1 length: 10000, Offset: 0

Extract Features

Fetch Sequences (bp} Li JEsAIRT] ® e

Fetch Alignments Return display at Ensembl Current

ics display at UCSC main
Only records that are joined (INNER JOIN) -

Operate an Genomic Interals
Profile Annotations for a set of chrld 3197714 3207714 AKR7?035 1 -
genomic intervals chrl® 3197714 3207714 AK@G6S563 1 -

Tam | chrl? 3197714 3207714 AKDQ7Q25 1 -
Merge the averlapping intervals ) TIP: If your dataset does not appear in the pulldown menu, it means chrid 3283010 3293010 Ighebp? 1 -
of a dataset that it is not in interval format. Use "edit attributes" to set chromosome, G i
Fetch closest non-overlapping start, end, and strand columns. Chrld: 9283000:-3293610 Iptmbpa 1.~
f té for avery interval chrl9 3283810 3293018 IghebpZ 1 -
Concatenate two datasets into Screencasts! 51 mm9 chrl9 NCBlgenesbed @ 4 x
one dataset

See Galaxy Interval Operation Screencasts (right click to open this link in 28: MACS G1E_ER4 CTCF +input @ & x
Subtract the intervals of two another window), (html)
datasets
27: MACS G1E ER4 CTCF + input

loin the intervals of two datasets % @4 x
side-by-side yntax (peaks)

Figure 28: Overlap promoter and peaks with the join tool.
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Note!
TODO: Join the peak file for GIE CTCF and G1E_ER4 CTCF with the gene promoter regions. Note the numbers
and differences in promoter numbers that overlap Ctcf peaks for both peak-files.

2.2 Enrichment analysis (genes) with Enrichr

Now lets take the genes with Ctcf in their promoter regions and do some functional annotation. To do this, we
need the unique genes from the overlap of peaks and promteors form the step before. We will be using the tool:
Join, Subtract and Group => Group to do this. Group aggregates data in a certain column. We will use it to
aggregate column 4, the gene symbol column (see Figure 29). Copy the resulting genes symbol (see Figure 30).

Analyze Data

4 5 ~u
Lools == / Group data by a column and perform aggregate operation ¥ Options History <&@
) on other columns. (Galaxy Tool Version 2.1.0) ) — )
Get Data Select data ChIP
Send Data B @ | © | 53: Overlap promoter + G1E CTCF - 23 shown, 31 geleted
Lift-Over Dataset missing? See TIP below, 324.0 ME &% ®
Text Manipulation :
Group by column 53; Overlap promoter + GIECT @& 4 x
Convert Formats
Column: 4 = CE
Filter and Sort 228 regions
Ioin, Subtract and Group Ignore case while grouping? format: interval, database: mm9
Subtract Whole Dataset from Yes  No i A0 ® e
another dataset
1de by sid Ignore lines beginning with these characters display at Ensembl Current
loin two Datasets side by side on i :
a specified fleld O Select/unselect all display at UCSC main
1.Chrom 2.5tart 3.End 4.Name 5 6.5trand 7
Compare two Datasets to find 0>
chrl® 3197714 3207714 AK@77035 1 - cl
common or distinct rows Oa
04 chrl® 3197714 3207714 AKDOG563 1 - o
Group data by a column and 2, chrl® 3197714 3287714 AK@A7825 1 - cl
pe:"”mla”’eg“‘e CRERTDHEE O« chri9 3263010 3293010 Ighmbp2 1 - d
ALt (Bl chrld 3283910 3293010 Ighmbp? 1 - o
NGS: QC and manipulation O- chrl9 3283019 3293@1@ Ighmbpz 1 - cl
NGS: Mapping O-
NGS: RNA-seq ol 52: Gene promoters chrl9 @ & K
7
NGS: SAMtools 03
NGS: BAM Tool. os 531 mm9 _chrl9 NCBlgenesbed @ & x
; 0.
NGS: Picard a: 28; MACS G1E ER4 CTCF + input = & x
NGS: VCF Manipulation {html)
O&
Extract Features .
O% P A
Fetch Sequences Oa (peaks)
Eetch Alignments "
0= 26; MACSondata22 anddatal @ 4 x
Get Genomic Scores 8 (html report)
lines beginning with these are not grouped
Operate on Genomic Intervals
Statisti Operation Wm @ F R
3 = Insert Operation
Grach/Display Data 22: G1E input bowtie2 ® &S X
Ehraios Sesiaio
AT | S e
Figure 29: Aggregate the gene symbol column.
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Analyze Data
Tools $ 1 History 3 'ﬂ D:
1810006K21Rik
Q o
4930579J09Rik
Get Data AKODB563 chip
Send Data AK00O7025 24 shown, 31 deleted
Lift-Over AKO0BB2G 324.0 MB ~ % ®
Text Manipulation AKD16444
AKO2 55i Group on data 53 & &S R
Convert Formats 028012
Filter and Sort AK029443 156 lines
. AKO26616 format: tabular, database: mm3
loin, Subtract and Group
Subtract Whole Dataset from QeI R
another dataset AK040231
AK048429 0 e
loin two Datasets side by side on
a specified field AKD49068
C two Datasets to find AK052572 1810086K21R1 k
ompare two Datasets to fin :
common or distinct rows AKO52812 4930579)09R1k
AKO76578 AKBRB563
mff"'n cataiy.a iomm" *:f‘d AKO77035 AKOO7025
perform aggregate operation on
other columns. AKO82813 AKBABE2G
AK148054 AK@16444
NGS: OC and manipulation
AK158434 5
i i 53: Overlap promoter + GIECT @ 4 X
S AK168860 s
NGS; RNA-seq AviaTaTy

Figure 30: The aggregated gene symbols.

Now, go to the online tool Enrichr (http://amp.pharm.mssm.edu/Enrichr/). Enrichr provides a way to analyse
mammalian gene lists to find enriched annotation terms to get a better understanding of the functions of the gene
list under investigation. Go to Analyze tab and paste your gene list into the field (see Figure 31). Click on the
arrow.
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SEnrichr

What's New? Libraries Find A Gene

Input data

About Help

Login | Register

413,746 lists analyzed!

Choose an input file to upload. Either in BED

add a comma and the level of membership of
that gene. The membership level is a number
between 0.0 and 1.0 to represent a weight for
each gene, where the weight of 0.0 will
completely discard the gene from the
enrichment analysis and the weight of 1.0 is
the maximum. Try an example BED file.

Choose File No file chosen

Contribute

format or a list of genes. For a quantitative set,

Or paste in a list of gene symbols optionally
followed by a comma and levels of
membership. Try a regular example or an
example of a quantitative set.

ItitZ

Enter a brief description for the list in case you want to share it. (Optional)

Please acknowledge Enrichr in your publications by citing the following reference:
Chen EY, Tan CM, Kou Y, Duan Q, Wang Z, Meirelles GV, Clark NR, Ma'ayan A. Enrichr: interactive and collaborative
HTMLS gene list enrichment analysis tool. BMC Bioinformatics. 2013;128(14).

156 gene(s) entered

A\

Figure 31: The Enrichr tool.

On the result pages (see Figure 32) you will find several different categories (e.g. Transcription, Pathways, etc.)
of with different databases where term-gene association information was extracted. Figure 32 for example shows
the enriched pathways from the Reactome (http://www.reactome.org/) database.
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SEnrichr

Transcription [EIWEVY Ontologies Disease/Drugs Cell Types Misc Legacy Crowd

Login | Register

L[V No description available (156 genes)

Reactome 2015

Hover each row to see the overlapping genes.

KEGG 2015

WikiPathways 2015

Bar Graph Grid Network &

Showing 1 to 10 of 415 entries | Export entries to table
Terms marked with an * have an overlap of less than 5

10 ¥ entries per page Search:
Index Name P-value Z-, Combined
score Score
1 Signaling by Wnt 0.03101 -2.24 1.74
2 Organelle biogenesis and maintenance 0.004934  -2.20 1.71
misspliced LRP5 mutants have enhanced beta- i
= catenin-dependent signaling Doze2s ke 0
4 RNF.muta.nts show enhanced WNT signaling and 002128  -2.16 168
proliferation
5 XAV939 inhibits tankyrase, stabilizing AXIN 0.02128  -2.16 1.68
6 TCF dependent signaling in response to WNT 0.02128  -2.16 1.68
7 Signaling by WNT in cancer 0.03189  -2.13 1.65
8 :’olymerafe switching on the C-strand of the 0.007373  -2.07 1.61
elomere
9 Telomere C-strand (Lagging Strand) Synthesis* 0.01758  -2.07 1.61
10 Lagging Strand Synthesis* 0.01499  -2.03 1.57

Previous Next &

Figure 32: The Enrichr results show enriched term associations to the input gene list.

Note!
TODO:

1. Find and note the top 5 enriched Gene Ontology process terms for both the G1E and G1E_ER4 genes that
have Ctcf in their promoters.
2. Now that you have unique gene lists for G1IE and G1E_ER4, how many genes are in common, e.g. which
genes in both cases have Ctcf in their promtoer region?

Hint! For point 2. you can use the Join, Subtract and Group => Compare two Datasets tool.

Sebastian Schmeier vl.l
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2.3 Enrichment analysis (peaks) with GREAT

Here we are going to use another tool called GREAT (http://bejerano.stanford.edu/great/public/html/). Great as
opposed to Enrichr excepts bed-regions directly, thus we do not need to get the genes that overlap our peak regions.
Take the results from MACS, cut out the first 4 columns with Text Manipulation => Cut (as GREAT does not
except floats as scores and will produce errors), copy the regions and paste them into the GREAT interface.
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.L'llitél. Overview News UseGREAT Demo Video HowtoCite Help Forum

GREAT version 3.0.0 current (02/15/2015 to now)

ar

GREAT predicts functions of cis-regulatory regions.

Many coding genes are well annotated with their biological functions. Non-coding regions typically lack such annotation. GREAT assigns
biclogical meaning to a set of non-coding genomic regions by analyzing the annotations of the nearby genes. Thus, it is particularly useful in
studying cis functions of sets of non-coding genomic regions. Cis-regulatory regions can be identified via both experimental methods (e.g.
ChiP-seq) and by computational methods (e.g. comparative genomics). For more see our Nature Biotech Paper.

News

L] o

W Feb 15, 2015: GREAT version 3.0 switches to Ensembl genes, adds the mouse mm10 assembly, and adds new ontologies.
= Apr3, 2012: GREAT version 2.0 adds new annotations to human and mouse ontologies and visualization tools for data exploration.
+ Feb 18, 2012: The GREAT forums are released, allowing increased user-to-user interaction

More news items...

Species Assembly Human: GRCh37 (UCSC hg19, Feb/2009)
® Mouse: NCBI build 37 (UCSC mm$, Jul/2007)
Mouse: NCBI build 38 (UCSC mm10, Dec/2011)
Zebrafish: Wellcome Trust Zv9 (danRer7, Jul/2010) Zebrafish CNE set
Can | use a different species or assembly?

Testregions ( BEDfile: ChooseFile Galaxy25-...bed)).bed

fkeom s s e wmripeioeet S —

60968112 60968799 MACS_peak_401
61160078 61161098 MACS_peak_402
61173687 61174023 MACS_peak_403
61185850 61186399 MACS_peak_404
61275219 61276078 MACS_peak_405

What should my test regions file contain?
How can | create a test set from a UCSC Genome Browser annotation track?

® BED data:

Background @® Whole genome
region:
e BED file: Choose File Mo file chosen

BED data:

When should ! use a background set?
What should my background regions file contain?

Association rule

settings Show settings »

Figure 33: The GREAT website.
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GREAT version 3.0.0  current (02/15/2015 to now) H

+ Job Description
+ Region-Gene Association Graphs

+ Global Controls Jemtl=rza] 4 S Which dats ix axported by sach option?
GO Molecular Function (4 terms)

b 3

Table corirolz: | Export H Shown top rows in this table: 20 Set Term annotation count: Min: 1 Max: Inf Sat Visualize this table: [select one] H

-

oxidoreductase activity, acting on paired 1 2B6326e-18 9.1693e-13 78.0167 10 2.47% 1 B.8353e-68 a7.2489 B 9 1.58%
donors, with oxidation of a pair of donora

in the of oxygen
to two molecules of water
iron ion binding 4 2.2764a-12 1.88228-3 5.2558 28 691% 3 3.76238-3 39732 16 225 4.22%
stearoyl-Col 8-desaturase activity 6 1.7861e-11  1.0428e-8  69.6114 7 1.73% 2 25647e-3  37.2489 4 [ 1.06%
oxidoreductase activity, acting on paired 17 6.7018e-8 1.373e-6 3.9978 22 5.43% 4 2.14520-2 3.7607 14 208 3.69%
donors, with incorporation or reduction of
molecular oxygen

The test set of 405 genomic regions picked 379 (2%) of all 21,176 genes.
B0 Molecular Function has 3,483 terms covering 15,735 (749) of all 21,176 genes, and 181,165 term - gene associations.
3,483 ontology terms (100%) were tested using an annotation count range of [1, Inf),

GO Biological Process (1 term)

Tabls canirals: - Export H Shown top rows in this table: 20 Sat Term annotation count: Min: |1 Max: Inf Sat Visualiza this tabla: ~ I'\-I": [select one] -

‘Wit receptor signaling pathway 2 1.4738e-14  7.41040-11 41678 42 10.37% 3 4.76910-2 37248 15 225 3.96%

Figure 34: GREAT result page.

Note!
TODO: Run GREAT for both MACS result-files and note the top 5 GO Biological processes. Are they different

to the ones from Enrichr?
2.4 Visualisation
Let us now create a visualisation track of the promoters that overlap GIE CTCF peaks and G1E_ER4 CTCF peaks.

Use Graph/Display Data => Build custom track (see Figure 33). Also add the two MACS peak bed-files.
Look at the track at UCSC (see Figure 36 and Figure 37).
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Analyze Data

+ i ~~
jloo’s “ # Build custom track for UCSC genome browser (Galaxy Tool Version ~ Options History <&
o 1.0.0 e o
0.0
Gel Data ChiP
Send Data Track 27 shown, 31 deleted
Lift-Over Salicy 8 324.0 M8 % ®
Text Manipulation I
58: Compare two Datas @ x
Convert Formats Dt D 56: Overlap promoter + G1E_ER4 CTCF - ets on data 55 and dat ’
Filter and Sort as?
name
loin, Subtract and Group 57: Group on data 56
NGS: OC i ipulati Cene promoter overlapping G1E_ER4 CTCF dl Ak
NGS; Mapping description S6iQverlap promoter  ® & X
+ G1E ER4 CTCF
NGS: RNA-seq :
User Supplied Track (from Galaxy)
NGS: SAMtools 55: Group on data 53 & &S R
NGS; BAM Tools Color
53: Overlap promoter
NGS: Picard Green -1 | | ad LR
NGS: VCF Manipulation
Visibility 52: Gene promotersch @ & %
Extract Features
Fetch Sequences Dense > s
Fetch Alignments 51:mm9_chrl9 NCBlag = x
2: Track 2} enes.bed -
Cet Genomic Scores
Dataset ® %
Operate on Cenomic Intervals 28: MACS G1E ER4 CTC
Statistics Bt O 53: Overlap promoter + G1E CTCF bd E_+ input (html)
Graph/Display Data name 27: MACS G1E ER4CTC @ 4 X
Build custom track . E_+ input (peaks)
genome browser funtiche Cene promoter overlapping G1E CTCF
26; MACSondatad2a = & x
Scatterplot of two numeric description
(ST User Supplied Track (from Galaxy) o
Histogram of a numeric column — 25:MACSGIECTCE+i @ & x
Plotting tool for multiple series nput (peaks)
and graph Black > £
graph types 22:GlEinput bowtie2 @ & X
GMA| Multiple Alignment Viewer Visibility
20: G1E ER4 inputhow @ & x
Boxplot of quality statistics Dense - tiez
VCF to MAF Custom Track for 3 19:G1E ER4CICFb0 @ 4 x
display at UCSC bl _ i e
Dataset
Phenotype Association 18: G1E CTCF bowtie2
snpEff | ¢ [ | 25 MACS G1E CTCF + input (peaks) - i Ll o
BEDTools e ii;d..cum.mam.mm LA A
Figure 35: Building a custom UCSC track.
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Analyze Data

Tools .t,. 1 2’-- g 4 History 3 'n' D:L
LX) track name="Gene promoter overlapping G1E_ER4 CTCF" description="User Supplied Tr
Get Data chrlgd 3197714 3207714 0O )
Send Dat chrl9 3197714 3207714 1 Chip . :
e chr19 3197714 3207714 2 28 shown. 33 deleted
: ; chrl9 3283010 3293010 3 324.2 MB &% e

Text Manipulation

- : chrl9 3283010 3293010 4

i chrlg 3283010 3293010 5 on data 27, data 25, a @4 X
Shdtos chr1g 3313300 3323300 6 Gilathass
o T A LT chr1g 3575749 3585749 7 1,641 llies, 5 comiments
wm chrl9 3575749 3585749 B format: customtrack, database:
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Graph/Display Data chr19 4037912 4047912 21 chr1a 3283010
= . — rhe10 ANA221 ANK2221 22

Figure 36: Visualising a Galaxy dataset/track.
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Figure 37: Custom UCSC track at the UCSC genome browser website.

2.5 Motif finding

Here we want to establish enriched sequence motifs in the peak regions to hypothesise on the acctual binding site
of Ctcf. We are going to use MEME-ChIP (http://meme.ebi.edu.au/meme/tools/meme-chip) for this. However,
MEME-ChIP expects fasta-sequence data as an input, not bed-files. So, we need to extract for our peak bed-files
the actual sequence. Another restriction is, that MEME-ChIP expects regions of similar size, this is also not a
given in the MACS results. The workflow for this analysis looks like this:
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Find the center of each MACS peak region.

Get the flanking region +-250 bases (as the recommended region size for MEME-ChIP is 500bp).
Extract the fasta-sequence for the regions.

Download the fasta-file and upload to MEME-ChIP.

Run MEME-ChIP.

Ok wh =

2.5.1 Find the peak center

We have the start and stop position in our bed-files, thus we can calculate the center point with start +
((stop-start)/2). The tool we need is: Text Manipulation => Compute (see Figure 38). Make sure you round
the results.

Analyze Data

4+
...TOOIS ; #~ Compute an expression on every row (Galaxy Tool Version 1.1.0) w QOptions
Add expression
Get Data
Send Data €2+((c3-c2)/2)
Lift-Over as a new column to
Text Manipulation
e O @ [ | 25: MACS G1E CTCF + input (peaks) -
ompute an expression on eve
oW ¢ ¢ Dataset missing? See TIP below

?
Add column to an existing Round result?

dataset YES -

Concatenate datasets tail-to-

Figure 38: Calculate center peak postion.

Now we cut out the first column (chromosome) and last column (center) with Text Manipulation => Cut (see
Figure 39).

Analyze Data Workflow Shared Data~  Visualization~ Cloud~ Help~ User

4+

Teis — #~ Cut columns from a table (Galaxy Tool Version 1.0.2) ¥ Options
Text Manipulation

Compute an expression on every Cut columns

L cl,c6

Add column to an existing L

dataset Delimited by

Concatenate datasets tail-to- Tab v

head

From
Condense consecutive
Ol& DO 64: Compute on data 63 -

characters

Caonvert delimiters to TAB

Merge Columns together

Create single interval as a new WARNING: This tool breaks column assignments. To re-establish column
dataset assignments run the tools and click on the pencil icon in the latest history item.
Cut columns from a table © The output of this tool is always in tabular format (e.g., if your original delimiters

are commas. thev will be renlaced with tabs). For examople:

Figure 39: Cut columns.

We add another column to the result that will reppresent the stop-postion with Text Manipulation => Compute.
Make this €2 + 1 (see Figure ).
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Help = U

Analyze Data

4+
__TOOIS — # Compute an expression on every row (Galaxy Tool Version 1.1.0) w Options
Text Manipulation
Compute an expression on every Add expression
Lo c2+1
Add column to an existing
i as a new column to
Concatenate datasets tail-to- D| @ O |63:Cutondata62 i
head Dataset missing? See TIP below
Condense consecutive Round result?
characters
YES -

Convert delimiters to TAB

Merge Columns together

Figure 40: Compute the stop-position.

Now, the resulting data is in tabular format (see Figure 41) and we need to change it first to bed-format (see
Figure 42).

Analyze Data Workflow Shared Datav  Visualization~ Cloud~ Help~ User~ Using 0%
1 2 3 History S Q‘ ED
chrl9 3204589 3204590 o
chrl9 3292109 3292110
chrl9 3451386 3451387 ChiP
chrl9 3587937 3587938 30 shown, 34 deleted
chrl9 3623869 3623870 324.2 MB S e
chrl9 3724641 3724642

64: Compute on data 6
chrl9 3947228 3947229 3 ® S X

chr19 3980647 3980648 N
chrl9 4013048 4013049
chrl9 4048084 4048085
chrl9 4099198 4099199 S;ia:ing column 3 with expression
chrl9 4206891 4206892 kept 100.00% of 405 lines.

chr19 4228453 4228454

405 regions
format: tabular, database: mm9

chrl9 4309935 4309936 (i BFs-A] LN
chri9 4338322 4338323 _
chrl® 4442144 4442145 chrl0 3204580 3204500
chrl9 4455946 4455947 chrl9 3292109 3292110
chrl9 4755852 4755853 chrl9 3451386 3451387
chrl9 4847634 4847635 chrl9 3587937 3587938
chri9 4908202 4908203 chri9 3623869 3623870
chrl9 4961967 4961968 chrld 3724641 3724642

Figure 41: Center peaks.
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Analyze Data

. ~
| | Attributes Convert Format Permissions History Lo Q‘ lI

[x]
Change data type
ChiP
ew lype: 30 shown, 34 deleted
bed ’ 324.2 MB % e
ataset but not modify its contents. Use
this if Galaxy has incorrectly guessed the type of your dataset. 64: Compute on data 6 @x
3
Save :
405 regions

format: tabular, database: mm9

Creating column 3 with expression
c2+1
kept 100.00% of 405 lines.

B 6w > ®

chrl9 3204589 3204590
chrl9 3292109 329211@
chrl9 3451386 3451387
chrl9 3587937 3587938
chrl9 3623869 3623870
chrl9 3724641 3724642

Figure 42: Change the data-format to bed.

2.5.2 Get flanking regions

Use Operate on Genomic Intervals => Get flanks. Extend both sides of the start position by 500 bases (see
Figure 43).

Analyze Data

4+ =
Lo on # Get flanks returns flanking region/s for every gene {Galaxy Tool * Options History = ﬁ EI]
Fetch Alignments Version 1.0.0) : . o
Get Genomic Scores c
Operate on Genomic Intervals Select data ChiP
Profile Annotations for a set of (| B 0O 64 Compute on data 63 E 30 shown, 34 deleted
genomic intervals 324.2 ME ~ % @
Merge the overlapping intervals .
of a dataset Around Start - g&.ﬁnmmm.mdmﬁ ® F X
Fetch ":“5" non-overlapping Location of the flanking region/s 405 lines
featuce for every interval toth format: bed, database: mm9
Concaienats two datasets into Creating column 3 with expression
one dataset
Offset 241
Subtract the intervals of two 0 kept 100.00% of 405 lines.
datasets
Use positive values to offset co-ordinates in the direction of transcription and o 2wl % 8
loin the intervals of two datasets negative values to offset in the opposite direction.
side-by-side display in ICB View
Length of the flanking region(s) display at Ensembl Current
Intersect the intervals of two
datasets 500 1.Chrom 2.5tart 3.End
Gel [anks returns nanking Use non-negative value for length chrld 3704589 3204530
region/s for eve ena chrld 3292109 329Z11@
chr19 3451386 3451387
Co_\re.r:ge uf?‘sel of :ntnwals on chrld 3587937 3587938
second set of intervals
7 This tool finds the upstream and/or downstream flanking regionis) of all the selected HirlS  Jenamn.aeeam
!.?umplement intervals of a regions in the input file, | chrl9 3724641 3724642

Figure 43: Get flanking regions.
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2.5.3 Extract fasta-sequence

Use Fetch Sequences => Extract Genomic DNA to extract for the regions the genomic DNA (see Figure 44).

Analyze Data

Figure 44: Extract DNA for regions.

Analyze Data

4+ 3 i
LTl — # Extract Genomic DNA using coordinates from History < ul
o assembled/unassembled genomes (Galaxy Tool Version 2.2.3) o
Get Data Fetch sequences for intervals in ChiP
3
Send Data (| &1 03 |65 Get flanks on data 64 31 shawn, 34 deleted
Lift-Over 324.2 MB ~ % ®
Interpret features when possible
Text Manipulati
65; Get flanks on data @ 4 X
No
Convert Formats 64
nl ful fi iFF, GTF 3
Filter and Sort Only meaningful for GFF, GTF datasets 810 regions
loin, Subtract and Group Source for Genomic Data format: interval, database: mm9
Locally cached Location: Both, Region: start, Flank-
NG5: Mapping length: 250, Offset: 0
NGS: RNA- Output data type
T ~
NGS: SAMtools FASTA 0 S iM hedid
: display at Ensembl Current
o B adly display at UCSC main
NGS: VCF Manipulation A KIOK, &; Start: 3 Bt
Extract Features This tool requires interval or gff (special tabular formatted data). If your data is chrld 3204333 3204589
not TAB delimited, first use Text Manipulation->Convert. chrl9 3204589 3204839
Fetch Sequences
E G DNA using Make sure that the genome build is specified for the dataset from which you are chrld 3291859 3792109
coordinates from extracting sequences (click the pencil icon in the history item if it is not chrl® 3292189 3292359
assembled/unassembled specified). chri3 3451136 3451386
hrl9 3451386 3451636
ENEES £ All of the followina will cause a line from the inout dataset to be skipoed | el - o

Extract Genomic DNA using
coordinates from
assembled/unassembled

CCTCATTCCTCAACCCTTCAGAACCACATTATTCCTGCTGATTTCTTTAR
TETCATAGTCCCTTCTCTTCAC tCcgoctoocteccacaggggotectygt
gattccccgaggtctocatagatag aaataatct tte
catacatcctcacagtecctottgotgtgt TCAGGTCAGCAGAGCTAGAT

Figure 45: Region in fasta-format.

Tools X >um9_chrl9_3204089_3204589_+ 3204589 History - &0
Filter and Sort TTTAARATACCAGGGCAGTCARAAATCTCACTATTCCACATCTGTTATATA
= ARACTGTACAAGAAGGGCTTAGCACAAAGCCTTGGGTACCACAGTTGCTT 0
Ioin, Subtract and Group ARCACCTGTTCTTGTTTTTCTCTGCTGATACCACAACACCCTATTCCCAG
NGS: OC and manipulation TAARGATCTCTAGAACCAGGTTCTCTACCAGACTAGGTTTATCATACCTT Chip
NGS: Mapping ACACGATAAAGGCACAGCAGTCTGAGTTCAAACGAAGGACAGAATTCACA 42 3hown, 40 delated
TGEGCCAGGTAAACACAGEGGTGTAAARATAARAMGGGAACTCTGGTARAGE
NGS: RNA-seq AGAGTATAAGATTTAGACACCCTGARACTGAGAAGGCATAGCCCAGEGAC 324.7 MB % e
NGS: SAMtools ARCAGATGTGGAGGGTTTCCAAATGCTGAATACTAGGGATARAACTTTCT
TCCTTAAGATTGCCACCTGGECCTGGACAGTARCTTGCCCCEGAACAGAG : ® & %
NGS: BAM Tools TTGCTACTAGACAAGTTTGCTT AGGGAACGTTTGCTCAGATTTGA NA on data 71
NGS; Picard >mm9_chrl9 3204589 3205089 + 3205089
i GGTTGCACAGGGTCTTACAAACTTGAACTTGARTTCTACAGTCTTGTAGT 810 sequences
NGS; VCF Manipulation CTGTAGTGACTGGCTGAAGCAARGEGCTCARAGGCGCCACCTTCTGGANG format: fasta, database: mm9
Extract Features GATGCTCCCCTGCATCCCTACATCTTCTCTATCCTCTGAATGCCTAGTTT 0 ~ W
Fetch Sequences TCTTATCTTCTGTCTCATAAGAAAACTAGTTCCCTTTTCTTGTTCAGCTE = A ol

>mmd_chrld 3204089 3284589 + 3Z0458C
TTTAAATACCAGGGGAGTGAARAATCTCACTATTCC
AAACTGTACAAGAAGGGC T TAGCACAAAGLCTTGGE

genomes AGTGGGTGTCTCTGEGETCACCATCTGTCCACCATATCTCTGTTCTGGGE ACACCTETTCTTETTTTTCTCTGCTGATACCACA?

TAATTCCAGCACTGTCTCTGCCATCCATTCATAGCCATGAAGARAGAANC

.
Fetch Alignments >mm9_chrl9_3291609_3292109_+ 3292109 o e CRASANCCARKTFEFCRACEARAR
Get Genomic Scores CTTCCTTTAGCCTCCATGGTTCTATGACAGGEGTCACAGTACAGGGTCAG ACACGATAMAGGLACAGCAGTCTGAGTTCAAACGAS
z TGCTCCAGCAGCCCCCC T ACAGTGACAATAGGGCA

Operate on Genomic Intervals

GAGGGTGAGGCAGGAGTTCTGATCCTAGGARCGGTTTGEGGCTCANGGEE I
Statistics TATGACCCTGTGAGTCAGGCCCACCTT AGACCACCAGGAAGGTC ZliGetflanks ondata @ & x
Graph/Display Data ACACAGGCTCTAAGEATCAAGCCAGANGCATGGAATCAGAGAGGARGCAC 0

2.5.4 Run MEME-ChIP

Go to MEME-ChIP (http://meme.ebi.edu.au/meme/tools/meme-chip) and copy the fasta-sequences into the
field and run the application (see Figure 45). This may result in enriched sequence motifs that were found in the
uploaded sequences (see Figure 46).
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MEME-ChIP performs comprehensive motif
analysis (including motif discovery) on LARGE
(50MB  maximum) sets of nucleotide
A sequences such as those identified by ChIP-
'”' ” 5 MotlfAnalyﬂsafLargeNucleoﬁdeDatasets seq or CLIP-seq experiments (sample output

Version 4.10.1 from sequences). See this Manual for more
information.

[ P Motif Discovery

[ »Motif Enrichment
[ »Motif Scanning

)
| —{ Data Submission Form }
J

[ »Motif Comparison |
)
J
J

Perform motif discovery, motif enrichment analysis and clustering on large nucleotide datasets.

Input the sequences

[H\llanual Enter the (equal-length) nucleotide sequences to be analyzed. [Z]
[ »Guides & Tutorials (Typein sequences %) @
[ »Sample Outputs ' :

P-File Format

Reference

[ »Databases ]
(PDownload & mstanl | | IMPut the motlfs o

STia Select, upload or enter a set of known motifs. [7]
[ == ] [ Vertebrates (In vivo and in silico) = } K|
[ P Alternate Servers ]
[»Authors & Citing | | Input job details B
[»Recent Jobs ) (Optional) Enter your email address. [7]

S Previous version . . i g =
4100 (Optional) Enter a job description. [7

—

[P Universal options
[ > MEME options

[ » DREME options )
[ P CentriMo options

—

Note: if the combined form inputs exceed 80MB the job will be rejected.
Start Search Clear Input

Figure 45: MEME-ChIP interface.
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Name | Alt. Name[Z]  Preview[7 Matches [7] List[7
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Figure 46: MEME-ChIP results.

Note!
TODO: Note the enriched motif for the GIE CTCF and G1E_ER4 peak regions. Are there any differences?
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2.7 Web links

Galaxy: https://usegalaxy.org

Enrichr: http://amp.pharm.mssm.edu/Enrichr/

GREAT: http://bejerano.stanford.edu/great/public/html/

Gene Ontology: http://amigo.geneontology.org/

MEME-ChIP: http://meme.ebi.edu.au/meme/tools/meme-chip

This tutorial: http://sschmeier.github.io/bioinf-workshop/galaxy-chipseq/
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