BS222 Practical 2. November 2019

Next Generation Sequencing (NGS) Analysis in Galaxy

Vladimir Teif (vieif@essex.ac.uk)

There are two ways of doing computational analysis of Next Generation Sequencing (NGS) data: the
professional way and the easy way®©. The professional way is to work in the command-line UNIX
environment on a computer cluster, because the files are usually so large that it is not possible to
operate with them on a personal computer. The easy way is to use an online software tool called
Galaxy. Today we will be exploring the latter possibility. This “easy” way is sometimes also a very
proper way, in particular if a friendly IT systems administrator has spent weeks to adjust this
software, and your lecturers have double-checked that the computational tasks are doable during the
practical ©. Galaxy is intended to be the software of choice for learning and understanding how NGS
analysis works, but it may have some glitches. If you encounter a glitch please keep patient and don’t
panic — just wait for the lecturer who will save you. Importantly, the aim of the practical is to
understand the main NGS concepts, so please try to see the see the forest for the trees.

It is also worth noting, that in this practical you will be working with real NGS data, and you can in
principle make real scientific discoveries, in which case don’t forget to document them. If this does
not interest you then I don’t know what else can make you interested in this practical. Oh, wait; may
be also the fact that this is the only practical this year where you can get experience with NGS
analysis to boost your employability and add “NGS data analysis skills” to your CV? ©

Introduction. Our practical will be based on the data reported in the study entitled “Integrative
genomic analysis reveals widespread enhancer regulation by p53 in response to DNA damage”
(Younger et al. (2015) Nucleic Acids Res. 43 (9): 4447-4462). The full text of this article is available
at http://nar.oxfordjournals.org/content/43/9/4447.1ong. This paper is about chromatin binding of the
tumour suppressor protein p53. The authors determine genome-wide p53 binding profiles in human
and mouse cells. Their main finding is that p53 binding occurs predominantly within transcriptional
enhancers. The authors report both human and mouse ChlP-seq datasets, but mostly analyse the
human data in the paper. Today we will perform analysis based on their mouse data. In this practical
we will determine, where in the genome our protein of interest, called p53, is binding — because where
it is binding determined which genes it is regulating. In the second practical we will be using this
information to answer real biomedical questions, such as what happens with these cells as they
respond to the anticancer drugs.

Plan of this practical:

Understand where to get NGS data online — follow the lecturer

Understand Galaxy — an online platform for NGS analysis — follow the lecturer
Understand ChlP-seq data formats — follow the lecturer

Understand how to map reads to the target genome in Galaxy

(You do not need to perform the mapping step because | did the mapping for you already)
Find peaks of p53 ChIP-seq (p53 binding sites) using MACS2 in Galaxy

Compare the peaks that we determined with the peaks reported by Younger et al.
Intersect p53 peaks with enhancers and promoters using BedTools in Galaxy

Find enrichment of p53 binding at enhancers and promoters using BedTools in Galaxy
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Task 1. Understand where to get NGS data (GEO) — follow the lecturer. After carefully reading
the paper’s abstract we scroll down to the bottom of the manuscript to find where the authors have

deposited their data. We find the following:

ACCESSION NUMBERS

The Gene Expression Omnibus accession number for the RNA-Seq and
ChIP-Seq data reported in this paper i5|GSE55727.

SUPPLEMENTARY DATA

Supplementary Data are available at NAR Online.

Using the Gene Expression Omnibus (GEQ) accession number GSE55727 reported by the authors, we

find their data at the following link:

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE55727

Opening this link in the browser, we can see the complete description of the experimental details of
this study, and the list of the samples which they have deposited (you have to click on “more” next to

the sample list):

Samples (24)
= Less...

GSM1342483
GSM1342484
G5M1342485
GSM1342486
GSM1342487
GSM1342488
G5SM1342489
G5SM1342490
GSM1342491
GSM1342492
GSM1342493
GSM1342494
G5SM1342495
GSM1342496
GSM1342497
GSM1342498
G5M1342499
G5SM1342500
GSM1342501
GSM1342502
GSM1375967
GSM1375968
GSM1375969
GSM1375570

GM06170_RNA_unt_repl
GM06170_RNA_unt_rep2
GM06170_RNA_dox_rep1l
GM06&170_RNA_dox_rep2
GM06170_ChIP_input
GM06170_ChIP_p53
GMO0011 RNA_unt repl
GMO0011_RNA_unt_rep2
GM00011_RNA_dox_repil
GM00011_RNA_dox_rep2
GM00011_ChIP_input
GMO00011_ChIP_p53
MEF_WT_RNA_unt repl
MEF_WT_RNA_unt_rep2
MEF_WT_RNA_unt_rep3
MEF_WT_RNA_dox_rep1l
MEF_WT_RNA_dox_rep2
MEF_WT_RNA_dox_rep3
MEF_ChIP_input
MEF_ChIP_p53
MEF_KO_RNA_unt_repl
MEF_KO_RNA_unt_rep2
MEF_KO_RNA_dox_repl
MEF_KO_RNA_dox_rep2


https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE55727

We will be working with the samples MEF ChIP p53 and MEF ChIP Input. “MEF” stands for
mouse embryonic fibroblasts. “p53” stands for the sample which has undergone ChIP-seq with
antibody against p53 protein, and “Input” is the same sample, but sequenced without antibody. Our
task for this practical will be to analyse these data: check whether the conclusions of the authors of the
paper are correct (or may be suggest new scientific conclusions and make a scientific discovery!)

Task 2. Understand Galaxy — an online platform for NGS analysis — follow the lecturer.

Galaxy is open-source software arising from a large international project that aims to provide a user-
friendly environment for all kinds of NGS analysis. Galaxy provides a web server that can be installed
locally, and then the systems administrator has to take care of this server and install all the required
software. We have a local version at http://galaxy.essex.ac.uk, which can be accessed only from a
university computer. Almost any software tool that exists as a command line tool for UNIX can be
also installed on Galaxy, where users do not need to struggle with the “unfriendly” UNIX
environment. However, many serious programmers work in UNIX. The teaching materials about
Galaxy are available here: https://galaxyproject.org/learn/

2.1. Let us open our Galaxy. Open an internet browser and type this address: galaxy.essex.ac.uk:

Analyze Data V v X v 1 4 v Using 0 bytes

=
o
9o
@
>

History oo

LI BIeIVZ=TE= YAl S chool of Biological Sciences, Unnamed history
Get Data | | 5 5

B of Essex University of Essex (empty)
Send Data ||

Collection Operations

This is the School of Biological Sciences Galaxy server and is intended for undergraduate 0 This history is empty. You can load your
Lift-Over teaching and project work by staff and students at the University of Essex own data or get data from an external
Text Manipulation source
Take an interactive tour: | Galaxy Ul || History | Scratchbook

Convert Formats

Filter and Sort

Join, Subtract and Group

2.2. Create your account on Galaxy. Go to User > Register, and register an account using your
university email. Then login as this user, and continue working under the same user name today.

< C' ©® Notsecure | galaxy.essex.ac.uk

o _ X . Ty
isualize ¥ Shared Data~ Help~ Login or Register~ 228

- Galaxy Analyze Data = Workflow

Account registration or login
Tools A

Create account
search tools 0
Email address:

Get Data
Send Data Password:

Collection Operations

Lift-Over -

Now we need to load our data to the Galaxy. Since the files that we want to use are quite large, there
is no need that each of us uploads such files to the Galaxy. It is enough that the files have been
uploaded once, and then we all can use them. In Galaxy there are several ways to share files between
different users. One way is to share “history”. The history is what you see on your right side of the
Galaxy. Currently you history is empty. | have previously uploaded to Galaxy the files that we need
today, and made this history public. You now can find my shared history and import it, so that it will
become your history. Let us do this.


http://galaxy.essex.ac.uk/
https://galaxyproject.org/learn

2.3. Click Shared data/Histories:

? Galaxy Shared Data ~

Access published resources

Tools A . . .
Published Histories
search tools O
search name, annotation, ow | Q
Advanced Search
Get Data
Send Data Name Annotation Owner Community Rating Community Tags Last Updated!
Collection Operations Viad's BS222 history vlad =2 6 hours ago
Lift-Over

2.4. Select the history called “Vlad’s BS222 history” (which is also accessible at this link:
http://galaxy.essex.ac.uk/u/vlad/h/bs222)

2.5. Click on the “Import history” button at the top right corner:

Shared Data ™ Using 0 bytes

About this History +

Author
0 vlad

Related Histories

Annotation

All published histories
Published histories by vlad

After you clicked on the “import history”, you will see something like this:

Importing history "Vlad's BS222 history"

As an anonymous user, unless you login or register, you will lose your current history after importing this
history. You can login here or register here.

Enter a title for the new history:

mported: Vlad's B5222 histol

Cancel Import



http://galaxy.essex.ac.uk/u/vlad/h/bs222

2.6. Click “Import”. This will replace your empty history with the history “Imported BS222 2017-18:

&« C @ @ galaxy essexac.uk A+ Search [\ & 0 =
= Galaxy Analyze Data e - ~ Help- er- 538 Using 5.8 GB
Tools ] History =
o) - [}
Get Data Hello, Galaxy is running! imported: BS222 2017-18
- - 6 shown
Lift-Over To customize this page edit static/welcome.html 5.61GB &
-

Filter and Sort Configuring Galaxy » Installing Tools » 28: @ & X
Join, Subtract and Group promoters mm9 sorted.bed
Convert Formats 87: @ & x
Extract Features Take an interactive tour: Galaxy Ul History | Scratchbook mm9.genome.sorted
Fetch Sequences | 86: ® &S x
Eetch Alignments - pS3_published MEF ChIP peaks
Statistics _sorted.bed
Graph/Display Data

e . ) . . . 72: p53.fastq ® ¢ x
NGS: QC & Manipulation Galaxy is an open platform for supporting data intensive research. Galaxy is
BES: BNA Analyors develobed bv The Galaxv Team with the subport of manv contributors. LALAE.]

Task 3. Understand ChlP-seq data formats — follow the lecturer

As you can see, your new history in Galaxy now includes several files. The most important are
p53.fastg and Input.fastq — they contain the initial raw data as they were received from the sequencing
machine. Let’s look at each of them and understand how they are structured. You can click on the eye
pictogram to look inside each of these file. For example, here we have opened the p53.fastq file — this
file contains the sequences of all DNA fragments determined in the ChIP-seq experiment with p53
antibody. The red rectangle shows an example of one read. In this case each read is 36 nucleotide
long:

| &« ¢ @ @ galaxy.essexac.uk - O 0 11 a4 * @ =
Analyze Data Shared Data » - o serv m=m Using 5.8 GB
Tools X > History on
" This dataset is large and only the first megabyte is shown below
) Show all | Save %]
Get Data imported: BS222 2017-18
Collection Operations @SRR1186260.1 HWUSI-EAS270R:4:1:0:561 length=36 6 showr
Lift-Over 5.81 GB 1
Text Manipulation ¢ sorted.bed
Eilter and Sort
i 72: p53.fastq
. LE nd Gr GAAGCNGGANGCCCTGCAGGETATCCTC @ F %
Convert Formats 3.0GB
Extract Features format: fastqsanger, database:
mm9
Eetch Sequences
Fetch Alignments = IR . uploaded fastq file
Statisti BERRRLERLAAAREE
asm 260.4 HWUSI-EAS270R:4:1:0:1202 L]
raph/Di
. . GSARL186260.1 HAUST-EAS270R:4:1:0:561 1
NGS: OC & Manipulation

MHCCTCTCTTTCANCTGNGCCAACCAATGTGTTTTA
+SRR1166268.1 HAUSI-EAS270R:4:1:0:561 1

NGS: RNA Analysis



Task 4. Understand how to map reads to the target genome in Galaxy.

The first step in ChIP-seq analysis is mapping (also known as “alignment”) of the reads. This is
usually the most time-consuming and computationally demanding task in NGS analysis. Therefore, in
order to save your time | have already performed this task for you — you do not need to perform the
mapping, but you need to understand how the mapping was done by me. Before the mapping is
performed we only know the DNA sequence of each read, but do not know yet where each read is
positioned in the genome. After the mapping is performed, we know for each read its location in the
genome (for some reads there could be potentially several locations — the lecturer will discuss this).

4.1. Locate in the left panel software Bowtie2, and click on it:

Bowtie2 - map reads against reference genome (Galaxy Version

& Versions + Options
2.3.4.3+galaxy0)

Is this single or paired library
Single-end hd
FASTA/Q file
O @& | O 11: p53.fastq -
Must be of datatype "fastgsanger” or "fasta
Write unaligned reads (in fastq format) to separate file(s)

Yes No

--un/--un-conc (possibly with -gz or -bz2); This triggers --un parameter for single reads and --un-conc for

==

paired reads
Write aligned reads (in fastq format) to separate file(s)

Yes No

--al/--al-conc (possibly with -gz or -bz2); This triggers --al parameter for single reads and --al-conc for paired

reads

4.2. Select library type “single-end”, file name “p53.fastq”, and reference genome “Mus musculus
(mm9)”. Do NOT click “execute” (do NOT start the mapping), because if we all submit jobs for
alignment (aka mapping) we all will have to wait very long.

You do not need to do the alignment because | have already did it for you and placed the results in the
history that you have imported. However, advanced students can try to do their own alignment if time
remains at the end of the practical.

The history that | have shared with you contains files “p53 aligned reads” and “Input aligned reads”.
These are the aligned data based on p53 and its control experiment “Input” correspondingly. Let us
now look at them to understand the data structure.




@ Attributes updated History = O

0
Attributes = Convert Format Datatype  Permissions :3“"[-‘0'19'1: BS222 2017-18
shown
Edit Attributes 6.89 GB 4
Name: 101: Input aligned @ &S X o
Input aligned reads (sorted BAM) reads (sorted BAM)
Info: 100: p53 aligned IOWARS

reads (sorted BAM)

A FAArTEE mnday af Alaaa -~

4.3. Click on the files “p53 aligned reads” and “Input aligned reads”. Hint: Do not click on the eye
pictogram; click directly on the file name.

Discuss in pairs: How many reads are aligned in the p53 sample? How many reads are aligned in the
Input? How many reads did not map in p53? How many reads did not map in Input?

Task 5. Find peaks of p53 binding using MACS2 in Galaxy.

Now let us do some calculations.

If our local Galaxy installation at Essex is overloaded we will do the next steps at the central Galaxy
installation at https://usegalaxy.org. In the latter case we will jump to Task 5* on page 9.

Let us determine the locations of bound p53 genome-wide. If you remember the lecture about NGS
analysis, the genomic locations which are bound by proteins a visually seen as peaks on the protein
binding occupancy landscape. We now need to locate the positions of all these peaks. At this step we
will need both the p53 and Input mapped reads. Why? In order to consider only the peaks that
appeared in the ChlP-seq experiments using antibody against protein p53, and not the peaks which
appeared in the control experiment where antibody was not added (this control is called Input).

5.1. Search on the left panel of Galaxy for the software called MACS2, and click on it:

Loots L MACS2.1.0 Model-based Analysis of ChP-Seq: peak calling (Galaxy Version 2.1.0-6) - Options || || History S
macs2 ) Experiment Name o
ChipSeq MACS2.1.0 in Galaxy imported: BS222 2017-18
; Narrow regions . s &
Workflows Broad regions are formed by linking nearby enriched regions 101: Input aligned @ 4 x
= All workflows Format of input read data reads (sorted BAM)
BAM (single-end) - 100:p53aligned  ® 4 x
Specify the format of the input data and whether or not It is paired end (--format) reads (sorted BAM)
ChIP-seq read file o8: o2 =il
0 @1 0O | 100: p53 aligned reads (sorted BAM) - promoters mm9 sorted.bed I
ChIP-seq control read file 87: ® &%
O @ | O | 101: Input aligned reads (sorted BAM) - mm9.genome.sorted
Effective genome size 86: @ F X
Mouse (1.87e9) - 053 published MEF ChIP pea
Either pre-defined (for common organisms), or user-defined (--gsize) =
Band width 22: pS3.fastq ® # %
ann 3.0GB



https://usegalaxy.org/

5.2. Select Type of regions to call “Narrow regions”, Format of input read data “BAM (single-end)”,
ChiIP-seq read file “p53 aligned reads”, ChIP-seq control read file “Input aligned reads”, and Effective
genome size “Mouse”. Then click “execute” at the bottom of the page:

Tools X History o0
o 1 job has been successfully added to the queue - resulting in the following datasets:
macs2 o ()
= 102: MACS2.1.0: callpeak on data 101 and data 100 (html report)
ChipSeq imported: BS222 2017-18
MACS2.1.0 Model-based Analysis 12 showi
of ChIP-Seq: peak calling 103: MACS2.1.0: callpeak on data 101 and data 100 (summits: bed)
6.89 GB &
Workflows 104: MACS2.1.0: callpeak on data 101 and data 100 (peaks: narrowPeak)

i: 105: MACS2.1.0: ® & X
= All workflows callpeak on data
105: MACS2.1.0: callpeak on data 101 and data 100 (peaks: interval)

interval)
You can check the status of queued jobs and view the resulting data by refreshing the History pane. When the E
job has been run the status will change from 'running’ to 'finished" if completed successfully or "error’ if problems £:104; MACS2.1.0;: @ & %
were encountered. callpeak on data
101 and data 100 (peaks:
narrowPeak)
#:103: MACS2.1.0: @ & X%
callpeak on data
101 and data 100 (summits:
bed)
£:102: MACS2.1.0;: ® & x
callpeak on data
101 and data 100 (html report)

This calculation will take about 15-20 minutes (if our server is in a good mood®)

5.3. While the job is being executed listen to the lecturer’s explanations about the algorithm of peak
calling, and read about the parameters of MACS?2 at its Galaxy page, as well as at its own web page:
https://github.com/taoliu/MACS

5.4. When the calculation is finished we can have a look at each of the four new files that are created:

Tools o 1 2 3 7 s 6 00 - History oo
macs2 o #peaks file )
. # This file is generated by MACS versicn 2.1.0.20140616
Chipseq # Command line: callpeak -t /home/www/galaxy/database/files/001/dataset_1423.dat -c /home/www/galaxy/database/fil  imported: BS222 2017-18
MACS2.1.0 Model-based Analysis 12 showr
. - # ARGUMENTS LIST:
of ChIP-Seq: peak calling
# name = MACS2.1.0_in_Galaxy 6.89 GB 4
Workflows # format = BAM —
105: MACS2.1.0;
u All workflows # ChIP-seq file = ['/home/www/galaxy/database/files/001/dataset_1423.dat'] callpeak on data
# control file = ['/h galaxy files/001/dataset_1424.dat'] mmmmm
# effective genome size = 1,87e+09 interval)
# band width = 300 104:MACS2.1.0: ® # X
# model fold = [10, 30] callpeak on data
# qualue cutoff = 1.00e-02 101 and data 100 (peaks:
# Larger dataset will be scaled towards smaller dataset. narrowPeak)
# Range for calculating regional lambda is: 1000 bps and 10000 bps 103: MACS2.1.0: ® &%
# Broad region calling is off callpeak on data
# tag size Is determined as 36 bps 101 and data 100 (summits:

_ bed)

Which parameters determine the number of regions that are reported as peaks? How can we change
these parameters to get more/less peaks?

5.5. How many regions did we get as p53 binding peaks?

Tools L 1 2 3 a 5 6 7 8 o = History fs X -]
macs2 D chri 4390055 4390317 MACS2.1.0_in_Galaxy_peak 1 585 . 25.28963 62.89261 58.58:2 0
§ chri 4778587 4778782 MACS2.1.0_in_Galaxy_peak_2 232 . 13.02121  27.05804  23.25%
ChinSeq chrt 4906071 4906380 MACS2.1.0_in_Galaxy_peak_3 625 . 2515102 66.88608  62.52; A imported: BS222 2017-18
MACS2.1.0 Model-based Analysis 12 shown
of ChiP-Seq: pack calling chri 5034441 5034658 MACS2.1.0_in_Galaxy_peak_4 467 . 21.52309  50.92631  46.771
chrt 5164722 5164892 MACS2.1.0_in_Galaxy_peak_5 191 . 11.83770 22.86516 19,131 6.89GB =
Workflows chri 5386927 5387186 MACS2.1.0_in_Galaxy_peak_6 233 . 13.45193  27.20580  23.394 ) . A
AT chri 6279880 6280121 MACS2.1.0_in_Galaxy_peak_7 553 . 22.41411  59.65646  55.38¢ m QA
chri 6414068 6414329 MACS2.1.0_in_Galaxy_peak_8 474 . 2103427  51.62891  47.46¢ 101 and data 100 (peaks:
chr1 6476725 6477044 MACS2.1.0_in_Galaxy_peak_9 534 . 23.67540 5770518  53.46C | interval) E
chri 6988701 6988874  MACS2.1.0_in_Galaxy_peak_10 219 . 1291386 2574099 21.95% || y04. macs2.1.0: ®\ &%
chri 7150178 7190365  MACS2.1.0_in_Galaxy_peak_11 75 . 659501  11.00133 7.581 | callpeak on data
chr1 7490835 7491123 MACS2.1.0_in_Galaxy_peak 12 403 . 13.03185  44.44349  40.377 mmg_ummm
chrt 7554010 7554295 MACS2.1.0_in_Galaxy_peak_13 744 . 3013233 7892953 74,421 | DarrowPeak)
chr1 7729483 7729623 MACS2.1.0_in_Galaxy_peak 14 99 .  8.07116  13.45959 5.954
chr1 8906723 8906980 MACS2.1.0_in_Galaxy peak 15 589 . 24.53998 63.27769 58961 [| format: interval, database: mm9


https://github.com/taoliu/MACS

Task 5*. If our Galaxy installation at Essex is overloaded we will do a variation of step 5 at the central
Galaxy installation at https://usegalaxy.org, as described below. Otherwise, skip to step 6 on page 12.

If we can’t use our Essex Galaxy, we have a plan B! We can try use another installation of Galaxy at
https://usegalaxy.org (or even better at https://usegalaxy.eu/), which are available for anyone, not just
for students of our university. In fact, you can use them in your future projects or play individually.

Go to https://usegalaxy.org and register an account in the same way as you previously did at our local
Galaxy installation:

<« & & https://usegalaxy.org
L] -
- Analyze Data Workflow Visualize ¥ Shared Data~ Help~ Login or Register ~
Tools 4
- . . . Login
Galaxy is an open source, web-based platform for data intensive
earch tools Register
search tools (] are new to Galaxv start here or consult our helo resources. You

Then go to menu “Shared data”> “Histories”, and select history named “BS222 2018-19":

< C & https://usegalaxy.org/histories/list_published?_identifer=0tuOpss4i9va
-
- isualize~ Shared Data~ Help~
Tools X A . . A
Published Histories Data Libraries
search tools (%] search name, annotation, own|Q
Advanced Search Workflows
Get Data
Visualizations
Send Data Name Annotation Owner Pages Community Tags Last Updated |
Lift-Over )
_ : BS222 2018-19 _vlad_ = 50 minutes ago
Collection Operations
Text Manipulation SNPs chr21 giuliapozzi =] 12 hours ago
Datamash
AT R BicinformaticsCourse ricardo.gonzalo &) 15 hours ago

2018 ExomeVariantAnalysis

e e o

Then open the history “BS222 2018-19” and import it to your current history:

< C @ https://usegalaxy.org/u/_vlad_/h/bs222dec2018
-
- Visualize > Shared Data v | Help~ Usel
Published Histories | _vlad | BS222 2018-19 Import history | Abou
Make a copy of this history and :
BS222 2018-19 switch to it
676.59 MB —viad
search datasets © Rel:
All pu
Dataset Annotation Publis
12: p53.bed @ Rati
8: promoters mm9_sorted.bed @ )
(0 ratir
7: p53 peaks sorted.bed @ Yours
Tag:
6: p53 peaks determined by Vlad (not sorted).bed @
Comn
5: mm9.genome.sorted @
Yours
4: enhancers mm9 sorted.bed @ .
3: mm9.genome @

This history contains files with the same names as in our local Galaxy installation. In addition, there
are mapped DNA reads in a more compact BED format. In this format, only the genomic coordinates
are provided. You can see these files by clicking on the eye icon on the files “p53.bed” and
“Input.bed”:


https://usegalaxy.org/
https://usegalaxy.org/
https://usegalaxy.eu/
https://usegalaxy.org/

& https://usegalaxy.org a «* B O

Analyze Data - - - - Using 0%
1 History Fo2K -
-— Chrom  Start End Name Score Strand ThickStart ThickEnd ItemRGB  BlockCount BlockSizes Blc —~
chrs 144041762 144041818 U2 0+ f
o chr13 39919810 39919846 U2 0« —
chrig 83504780 83504816 U2 [ imported: BS222 2018-19
chri3 93411109 93411145 U2 [ 9 shown
- 3 3 3 .
chr2 35121233 35121269 U2 0+ 75,92 M8 @ W
chr13 34279760 34279796 U2 o -
ftions chris 89293685 89293721 U2 o - 12: pS3.bed ® 4%
m hri1 73031232 73031268 U2 0
(hre 13633839 13633875 U2 . RS
e - - N format: bed, database: mm9
rhry S4ARQ1ARTY K4RQ1 707 " n -

Now let’s determine p53 binding peaks (or in other words, do peak calling), using these two files
“p53.bed” and “Input.bed”. To do so, let’s locate a program MACS?2 that is doing peak calling. For
example, we can find it by entering the name “MACS2” in the search field as shown below:

&« C @& https://usegalaxy.org
!
- Analyze Data
Tools A Chrom  Start End Name Score Strand
) | chrs 144041782 144041818 U2 0o+
MACS2 Q) chris 30019810 39919846 U2 0 +
NGS: Peak Call chris 83504780 83504816 U2 0o -
H ea alling
S - chr13 93411109 93411145 U2 0 -
DiffBind differential binding chr2 35121233 35121269 U2 0
analysis of ChIP-Seq peak - - -
ot chri3 34279760 34279796 U2 o -
o ‘ chris 89293685 89293721 U2 0 -
%dzfdg:‘—ﬁ E‘ﬁe;e”t‘a‘ chri1 73031232 73031268 U2 0+
peak gerection based on chré 13633839 13633875 U2 0o+
paired four bedgraph files
‘ chrx 54891672 54891708 U2 0o +
MACS2 bdgemp Deduct noise chra 32653156 32653192 U2 0+
by comparing two signal
7 ST, L chr7 131481207 131481243 U2 0o +
tracks in bedGraph
chri1 5697130 5697166 U2 0o+
%Mgb?adcz”dca” r chris 77360174 77360210 U2 0o -
o;ﬁutpea s from bedGraph chri2 51774065 51774101 U2 0+
chri6 4958162 4958198 U2 o +
MACS? callpeak Call peaks chri 81811804 81811840 U2 0+
e Sl el chrs 40840977 40841013 U2 0 -

Then let’s select “MACS2 callpeaks” (Call peaks from alignment results). In the MACS2 menu let us
select the following options:

ChiIP-seq treatment file: p53.bed

Do you have a control file: yes
ChiP-seq control file: Input.bed
Format of input files: single-end BED
Effective genome size: m. musculus

o O O O O

Keep the rest parameters as they are by default (do not change).

Scroll to the end of the page and click the “Execute” button:
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MACS2 callpeak Call peaks from alignment results (Galaxy Version 2.1.1.20160309.4) & Versions || ¥ Options
Are you pooling Treatment Files?
No hd
For more information, see Help section below
ChIP-Seq Treatment File
b @& o 12: p53.bed -
(-t)
Do you have a Control File?
Yes -
Are you pooling Control Files?
No hd

For more information, see Help section below
ChIP-Seq Control File

O & DO 2: Input.bed -
(-0
Format of Input Files
Single-end BED ¢

For Paired-end BAM (BAMPE) the 'Build model step' will be ignored and the real fragments will be used for each template defined by leftmost
and rightmost mapping positions (--format). Default: Single-end BAM

Effective genome size

M. musculus (1.87e9) -

If you did everything correct, the following kind of screen appears:

History [+ - N
o Executed MACS2 callpeak and successfully added 1 job to the queue

search datasets (
The tool uses 2 inputs:

imported: BS222 2018-19
12: p53.bed 10 shown
675.32 MB & W

2: Input.bed 7% 16: MACS2 callp @ & x
eak on data 2 and d

It produces this output: ata 12 (narrow Peaks)_

12: p53.bed [OW AR

16: MACS2 callpeak on data 2 and data 12 (narrow Peaks)
~11,000,000 regions

format: bed, database: mm9
You can check the status of queued jobs and view the resulting data by refreshing the History panel. When the job has been run the

status will change from ‘running' to 'finished' if completed successfully or 'error' if problems were encountered uploaded bed file

B O ? ®'e

The new dataset with peaks that is being created will be first grey (which means it is standing in a
queue), then it will turn yellow (which means that this job is running), and finally when it will turn
green the calculation will be finished. In my experience this calculation took about 10 minutes, but it
may be very different if all of us will submit our jobs to the same server at the same time, so be
prepared for longer waiting times. It is also a good time to go get a cap of tea ©

When this calculation is finished you can have a look at the resulting file:

chrl 6476725 6477052  p53_bed_peak_7 561 . 24.42301  60.59121  56.11501 182 16: MACS? callpea @ & x
chr1 6988686 6988861  p53_bed_peak_8 189 . 12.15005  22.90046  18.99440 85 k on data 2 and dat

chr1 7387677 7387892  p53_bed_peak_9 60 . 4.42201 9.50980 6.05489 104 a 12 (narrow Peaks)

chri 9628826 9628982  p53_bed_peak_10 101 . 8.02496  13.76951  10.12431 49 9,148 regions

chri 9629054 0629377  p53_bed_peak_11 1836 . 44.85268  180.18132  183.60217 161 format: bed, database: mm9

The number of peaks that you obtain may be different from me if you changes some parameters (in
which case you need to be able to explain what you changed and how it affected your peak calling ©)

In the example above, the resulting file has 9.148 regions. Each region corresponds to one ChiP-seq
peak, or in other words, to one p53-bound genomic location.
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Task 6. Compare the peaks that we determined with the peaks reported by Younger et al.

Now let’s have a look at the peaks that have been reported by the authors of this study. Remember
where the data came from? We can look in the GEO database, were we took the data from
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE55727). At the bottom of the entry, we can
see the following:

Relations

BioProject PRINA240784

SRA SRP039598

Download family Format

SOFT formatted family file(s) SOFT @

MINIML formatted family file(s) MINIML 2

Series Matrix File(s) TXT @
Supplementary file Size Download File type/resource

SRP/SRP039/SRP039598 (ftp) SRA Study

GSES55727_Human_ChIP_peaks.bed.gz 24.2 Kb  (ftp)(http) BED

GSE55727_Human_RNA_Expression_Matrix.txt.gz 1000.0 Kb (ftp)(http) TXT

GSE55727_MEF_ChIP_peaks.bed.gz 27.6 Kb (ftp)(http) BED

GSE55727_MEF_KO_RNA_Expression_Matrix.txt.gz 570.5 Kb  (ftp)(http) TXT
GSE55727_MEF_WT_RNA_Expression_Matrix.txt.gz 784.4 Kb (ftp)(http) TXT
Raw data provided as supplementary file

Processed data is available on Series record

We are particularly interested in the file “GSE55727_MEF_ChIP_peaks.bed.gz”. This is the file with
the peaks determined by the authors. | have already copied it to the Galaxy history shared with you so
you need not to download it from the Internet. But if you wish to do so you can do this by selecting
Get Data from the left menu and following the screenshot below that shows you how I did this:

Download from web or upload from disk

Regular  Composite

Name Size Type Genome Settings Status

@ New File 102b Auto-dete.. v Q unspecified (?) = o 100% v

You can tell Galaxy to download data from web by entering URL In this box (one per line). You can also directly paste the contents of a file.
ftp://ftp.ncbi.nim.nih. '27/suppl/ 2 FMEF%5FChIP%SFpeaks%2Ebed%2Eg2

Type (set all): Auto-detect . Q Genome (set all): unspecified (?)

L Choose local file (# Paste/Fetch data Pause Reset Start Close

In the Galaxy history shared with you I have renamed this file to “p53 peaks sorted”. We can view
this file. We are mostly interested in the question how many regions (ChiP-seq peaks) are there.
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https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE55727

= Galaxy Analyze Data Shared Data ~ - Helpr User- =32 Using 6.9 GB

Tools & Chrom Start End Name Score Strand Thi i : History o
Q) o chrz 52887755 52888422 o

ot Data chrz 53937582 53938135 )

- ) chr2 54150598 54151013 :mFI“““d BS22212017,18

m"‘"—m chrz 54220708 54220897

M_ ) chr1 158969084 158969473 6.89 GB &

I : : chr2 54758085 54758420

Eilter and Sort chr2 57551055 57551601 mj“ . e s

Join, Subtract and Group chr2 58338055 58338467 frp:L/ftp.ncbi.nim.nih.goy -

Convert Formats chr2 59189751 59150155 /GSES55727 /suppl

Extract Features chr2 60377479 60378021 /GSES5727%SEMEF%SFChIP

Eetch Sequences chr2 60664931 60665649 SoSFpeakso2EheddeIE

Eetch Alignments = chr2 60693112 60693579 3,100 regions

Statistics chr2 64460446 64460692 format: bed, database: 2

Graph/Display Data chrz 64877894 64878420 uploadad bad file

NGS: QC & Manipulation chr2 65206758 65207040

NGS: RNA Analysis chri 159250521 159251028 L]

There is one peak per line (or “per region”).

Discuss in pairs: How many regions are there in this file? Why is the number of peaks that we have
found different from the number of peaks determined by the authors of this paper?

Task 7. Intersect p53 peaks with enhancers and promoters using BedTools in Galaxy

[7*. If our local Galaxy installation at Essex is overloaded we can do this step at the central Galaxy
installation at https://usegalaxy.org. In the latter case instead of “Vlad’s BS222 history” on our local
server http://galaxy.essex.ac.uk, you can use history “BS222 2018-19” on https://usegalaxy.org]

Peaks are genomic regions (defined by the chromosome, region start, region end, etc). In the BED
format (the format typically used to store genomic regions after peak calling), we have columns in
exactly this order (chromosome, region start, region end).

In the next task we want to intersect the genomic regions which are identified as p53 binding sites by
the authors of the original paper with the regions corresponding to mouse enhancers and promoters.
Here is a schematic picture which explains the “intersection” between two sets of genomic regions:

A
¢ 0

A interseet B _-

Intersection is one of the main concepts in ChlP-seq analysis. To do this we will use command
Intersect Intervals from the software package BedTools.

A detailed description of all parameters of this command is provided at the following link:
http://bedtools.readthedocs.io/en/latest/content/tools/intersect.html

7.1. Locate on Galaxy software “BedTools”, and inside BedTools select “Intersect Intervals”. Open it.
Then select the names of two files with genomic regions that you want to intersect. Select as the first
file "p53 peaks sorted”, and as the second file “enhancers mm9.sorted” (this is the file with mouse
enhancers which | have prepared for you). Then click “Execute” at the bottom of the page. This
calculations will take just several seconds is there is no queue on the server.

13



https://usegalaxy.org/
https://usegalaxy.org/
http://bedtools.readthedocs.io/en/latest/content/tools/intersect.html

Analyze Data ta~ - - - =i Using 6.9 GB

Py N ~
Toflls — = Intersect intervals find overlapping intervals in various ways (Galaxy Version 2.24.0) ¥ Options SstoLy cu
LX) BED/VCF/GFF/BAM file o
genoma D| @& O | 106: p53 peaks - imported: BS222 2017-18
MultiCovBed counts coverage One or more BAM/BED/GFF/VCF file(s) - s
from multiple BAMs at specific . 6.89 GB &
intervals @ | O | 101: Input aligned reads (sorted BAM) - *
100: ps3 aligned reads (sorted BAM)
FisherBed calculate Fisher 98: promoters_mm9_sorted.bed - 106: p53 peaks ® & x
statistic between two feature 86: p53_published MEF_ChIP_peaks_sorted.bed =
files d | 105: MACS2.1.0: ® 4 %
i callpeak on data
BED12 to BED6 converter 2 Dased onjsts 2 101 and data 100 (peaks:
LinksBed create a HTML page Overlaps on either strand A interval)
History C ﬁ
o 1 job has been successfully added to the queue - resulting in the following datasets:

107: Intersect intervals on data 4 and data 106
imported: BS222 2017-18

You can check the status of queued jobs and view the resulting data by refreshing the History pane. When the 14 shown
job has been run the status will change from 'running’ to 'finished’ if completed successfully or "error' if problems
were encountered.

6.89 GB ~

107: Intersect @ & X
intervals on data 4
and data 106

380 regions
format: bed, database: mm9

B e

display in IGB View

display at Ensembl Current
display with IGV local Mouse mm®9
display at UCSC main test

chr2 60693112 60693579
chr2 72833515 72834290

chr2 75686183 75606697

nnnnnnnnnnnnnnnn

the file with ”p53 peaks sorted” reported by the authors that you have used in this intersection? Are
there many regions intersecting with enhancers? How did you decide that this is “many”?

7.3. Repeat step 6.2., but now intersect p53 peaks with promoters (select for the intersection files

"p53 peaks sorted” and ‘“promoters_mm9_sorted.bed”. How many p53 peaks intersects with
promoters? Is it a lot? How do you know that this is a lot or not?

8. Finding enrichment of p53 binding at enhancers and promoters using BedTools in Galaxy

[8*. If our local Galaxy installation at Essex is overloaded we can do this step at the central Galaxy
installation at https://usegalaxy.org. In the latter case instead of “Vlad’s BS222 history” on our local
server http://galaxy.essex.ac.uk, you can use history “BS222 2018-19” on https://usegalaxy.org]

At the previous steps you have noticed that the pure knowledge of how many p53 peaks intersects
with promoters or enhancers does not tell us whether this is a lot or not. Indeed, the critical thing that
we do not know is how many regions would intersect with promoters of enhancers by chance if we
would randomly select the same number of regions as in the set of p53 peaks, just with random
genomic locations. Basically, if our peaks have a higher proportion of regions that intersect with
enhancers than what oen would expect by chance, then we can say that p53 peaks are statistically
enriched in enhancers. There are different ways to check for this statistical hypothesis. One of the
simplest possibilities is to perform the Fisher test (remember the introduction to statistics from Year
1?) The Fisher test will give us a quantitative measure of the statistical significance of our hypothesis
(our hypothesis is that p53 peaks are enriched in enhancers). The Fisher test will calculate for us a P-
value, which is the probability that the same situation happens just by chance (randomly). Obviously,
if it can happen by chance randomly, this is not a real biological effect. Only if our biological finding
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has a very low probability to happen by chance (low P-value), only then our finding is statistically
significant. So let us test the conclusion of the authors of the paper that p53 likes to bind in enhancers.

8.1. The Fisher text that is available on the Galaxy will only work on the sorted data, so we have to
sort our peaks first. | did it for you already for the peaks reported by the authors of this paper, which
are in the file named “p53 peaks sorted” (this is why is has the word sorted in its name). If you want
to do it yourself later you can use the command “SortBed” in Galaxy to sort any BED-format file.

8.2. Locate in Galaxy the command “FisherBed”:

? Galaxv Analyze Data Using 6.9 GB
1 1 hi e ]
e = FisherBed calculate Fisher statistic between two feature files (Galaxy Version 2.24.0) ~ Options S =
fisher o BED/VCF/GFF file L)
Bedtools [O| & [  108: p53 peaks sorted - imported: BS222 2017-18
FisherBed calculate Fisher - 15 show
statistic between two feature BED/VCF/GFF file SenEs =
files @ @ [  4: enhancers_ mmg_sorted.bed - )
Genome file 108: p53 peaks ® 4 x
Workfl
orkflows = n
= All werkflows 0| @ 0O  87: mm9.genome.sorted -
. 107; Intersect
Calculation based on strandedness? = ® /%y
Overlaps on either strand - and data 106

8.3. Select the names of the two files for which we want to perform the Fisher test: “p53 peaks
sorted”, and “enhancers mm9 sorted”. For the Genome file select “mm9.genome.sorted” (this is the
file that contains the lengths of all mouse chromosomes — this information is needed to perform the
statistical significance test). Then click “execute”:

8.4. The results of the Fisher test are reported in the following way:

Using 6.9 GB

Analyze Data

Score Strand T T History =
) # Number of query intervals: 3100 )

Tools L chrom  start End Name

fisher
# Number of db intervals: 44459

Bedtools
FisherBed calculate Fisher
statistic between two feature
files

# Number of overlaps: 380

# Number of possible intervals (estimated): 3706962

# phyper(380 - 1, 3100, 3706962 - 3100, 44459, lower.tail=F)
# Contingency Table Of Counts

imported: BS222 2017-18
16 show

6.89 GB &

109: Fisher Teston @ 4 x

Workflows #

p53 peaks sorted
# |in-b | notin -b | and m
#1in-a| 380 | 2720 |

# not in -a | 44079 | 3659783 |

# sorted
# p-values for fisher's exact test

left right two-tail ratio

1 2.6176e-246 2.6176e-246 11,599

= All workflows

In the table above, we need to look at the two-tail P-value. If the P-value is smaller than 0.05 the
results are usually considered as significant. Are our results significant? The value indicated as “ratio”
shows the enrichment of p53 peaks with enhancers. In the case above, for example, ratio=11.599. This
means that p53 binding sites are more than 11-fold enriched with enhancers in comparison with what
would be expected by chance.

8.5. Determine p53 enrichment at promoters using the file promoters_mm9_sorted.bed and following
the steps 7.2-7.4.

Discuss in pairs: Is p53 also enriched at promoters? Where is it enriched stronger, at promoters or
enhancers?

This is the end of our first computational practical. Please keep all your notes as these will be helpful
for your next practical, as well as for answering the questions in the coursework. If you will forget
any numbers obtained during this practical you will be able to see them again on the Galaxy. You will
be also able to play with Galaxy later. Your Galaxy account will be retained for you.
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The standard practical ends here. Below is an additional step for advanced students, that explains how
to do any analysis in Galaxy later on (if you are interested).

9* Optional task for advanced students. Learn how to get the data from the GEO database to Galaxy.

To do so, scroll down to the bottom of the GEO entry and go to the link to the “SRA” entry. SRA
stands for “Short Read Archive”, and it stores the raw data (while the initial GEO entry stores
processed data):

Platforms (4) GPL9115 Illumina Genome Analyzer II (Homo sapiens)
4 More... GPL9250 Illumina Genome Analyzer II (Mus musculus)

GPL11154 Illumina HiSeq 2000 (Homo sapiens)

Samples (24) GSM1342483 GM06170_RNA_unt_repl
4 More... GSM1342484 GM06170 RNA unt rep2
GSM1342485 GMO6170_RNA_dox_repl

Relations

BioProject PRINA240784

SRA SRP039598 4<::

Download family Format
SOFT formatted family file(s) SOFT @
MINIML formatted family file(s) MINIML @
Series Matrix File(s) TXT @

Then go to the SRA entry for the p53 ChlP-seq experiment:

Platform GSM1375970: MEF KO RNA dox rep2; Mus musculus; RNA-Seq
lllumina (24) 1. 1ILLUMINA (lllumina HiSeq 2000) run: 30.6M spots, 6.2G bases, 4.2Gb downloads
Accession: SRX529164
Strategy
other (24)
GSM1375969: MEF KO RNA dox repi; Mus musculus; RNA-Seq
Data in Cloud 2. 1 ILLUMINA (lllumina HiSeq 2000) run: 36.4M spots, 7.3G bases, 4.9Gb downloads
GS (24) Accession: SRX529163
S3 (24)

GSM1375968: MEF KO RNA unt rep2; Mus musculus; RNA-Seq
Clear all 3. 1 ILLUMINA (lllumina HiSeq 2000) run: 35.6M spots, 7.2G bases, 4.9Gb downloads
Accession: SRX529162

Show additional filters

GSM1375967: MEF KO RNA unt repi; Mus musculus; RNA-Seq
4. 1 ILLUMINA (lllumina HiSeq 2000) run: 38M spots, 7.7G bases, 5.2Gb downloads
Accession: SRX529161

GSM1342502: MEF ChIP p53; Mus musculus; ChiP-Seq
5. 1ILLUMINA (lllumina Genome Analyzer Il) run: 16.7M spots, 600.7M bases, 299.5Mb downloads
Accession: SRX483599

GSM1342501: MEF ChIP_input; Mus musculus; ChlP-Seq
B. 1 ILLUMINA (lllumina Genome Analyzer Il) run: 16M spots, 576.6M bases, 281.6Mb downloads

Armmenimm: COVAO2EQ0
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Click of the “MEF ChIP p53” (Accession number SRX483599):

SRX483599: GSM1342502: MEF_ChIP_p53; Mus musculus; ChiP-Seq
1 ILLUMINA (lllumina Genome Analyzer II) run; 16.7M spots, 600.7M bases, 299.5Mb downloads

Submitted by: NCBI (GEO)

Study: Integrative Genomic Analysis Reveals Widespread Enhancer Regulation by p53 in Response to DNA Damage
PRJNA240784 « SRP038598 + All experiments * All runs
show Abstract

Sample: MEF_ChIP_p53
SAMNQ2678396 « SRS567918 « All experiments * All runs
Organism: Mus musculus

Library:
Instrument: lllumina Genome Analyzer ||
Strategy: ChIP-Seq
Source: GENOMIC
Selection: ChIP
Layout: SINGLE
Construction protocol: RNA: TriZol / ChIP: Immunopurification of DNA followed by phenol:chloroform extraction lllumina TruSeq

Experiment attributes:
GEO Accession: GSM1342502

Links:
Runs: 1 run, 16.7M spots, 600.7M bases, 299.5Mb
Run # of Spots  # of Bases Size Published
SRR1186260 16,685,745 600.7M 299.5Mb 2015-07-22

At the very bottom of this page we finally see the link to the raw data and it’s accession
number: SRR1186260. Let’s copy this number.

The go to the Galaxy and click “get data”:

Tools L
search tools 0
- [ [ School of Biological Sci
et Data University chool of Biological Sciences,

W of Essex University of Essex

Download and Generate Pileup Format

from NCBI SRA
Faster Download and Extract Reads in This is the School of Biological Sciences Galaxy server and is intended for undergraduate
EASTQ format from NCBI SRA teaching and project work by staff and students at the University of Essex.

Download and Extract Reads in BAM

Take an interactive tour; i
format from NCBI SRA Galaxy UI || History || Scratchbook

Download and Extract Reads in
EASTA/Q format from NCBI SRA

Upload File from your computer
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As you can see, there are many ways to get data to the Galaxy. In this case let’s select
“Download and Extract Reads in FASTA/Q format from NCBI SRA”:

Download and Extract Reads in FASTA/Q format from NCBI SRA (Galaxy Version 2.10.4) « Options

select input type
SRR accession

Accession

Must start with SRR, DRR or ERR, e.g. SRR925743, ERR343809
Select output format
QOgzip compressed fastq

®Uncompressed fastq
(Obzip2 compressed fastq

Compression will greatly reduce the amount of space occupied by downloaded data. Downstream applications
such as a short-read mappers will accept compressed data as input. Consider this example: an uncoimpressed
400 Mb fastq datasets compresses to 100 Mb or 80 Mb by gzip or bzip2, respectively. (--gzip --bzip2)

Advanced Options G

Now we just need to paste the SRR accession number that we copied from the NCBI SRA
database, select “uncompressed FASTQ” for the output format and click “execute”.

Et voila, you’ve got your dataset of interest to the Galaxy and can do any analysis with it!
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