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This manual is © 2018-21, Simon Andrews.

This manual is distributed under the creative commons Attribution-Non-Commercial-Share Alike 2.0
licence. This means that you are free:

e to copy, distribute, display, and perform the work
e to make derivative works
Under the following conditions:
e Attribution. You must give the original author credit.
e Non-Commercial. You may not use this work for commercial purposes.

Share Alike. If you alter, transform, or build upon this work, you may distribute the resulting
work only under a licence identical to this one.

Please note that:

e For any reuse or distribution, you must make clear to others the licence terms of this work.
e Any of these conditions can be waived if you get permission from the copyright holder.
¢ Nothing in this license impairs or restricts the author's moral rights.

Full details of this licence can be found at
http://creativecommons.org/licenses/by-nc-sa/2.0/uk/legalcode
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Introduction

In this session we will go through how to visualise and explore the ChIP data we processed in the first

exercise.

Software

The software which will be used in this session is listed below. Software which requires a linux
environment is indicated by an asterisk*:

e SegMonk (http://www.bioinformatics.babraham.ac.uk/projects/segmonk/)

Data

The data in this practical comes from ENCODE accession ENCSR260AKX
C. elegans genome data and GTF models come from Ensembl
(https://www.ensembl.org/Caenorhabditis _elegans/)



http://www.bioinformatics.babraham.ac.uk/projects/seqmonk/
https://www.ensembl.org/Caenorhabditis_elegans/
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Exercise 1: Visualisation and Exploration

After mapping our data we’re going to look at it in SegqMonk and work out the nature of the enrichment
and find any quality issues in the data which might not have been evident from the raw read level. You
could import from the BAM file(s) you created in the initial exercise, but to save time we’re imported this
data into a SeqMonk project file for you already. The SegMonk file is based on the same genome
assembly we used to map the data.

Step 1.1 Opening mapped data into SeqMonk
Open SegMonk on your machine either by double clicking the SeqMonk icon or by typing ‘seqgmonk’ in
a linux command shell.

We are going to load a project file into which we’ve already imported the mapped data you saw in the
first exercise.

The file to import is called tbpl. smk and is in the Desktop ChIP Data/Worm Results folder.

Step 1.2 Examination of the raw data

In any sequencing analysis the first step in your analysis should be to spend a couple of minutes
looking through the raw data to see if you can see any obvious problems. Look around the genome
and see if you think this data is OK. Questions to focus on would be:

e Do we see enrichment in any of the samples? If so is it the ChIP or Input?

e Is there any evidence of enrichment in the input?

e Is enrichment similar between the two ChlIP replicates?

e Whatis the nature of the enrichment — sharp peaks or broad regions?

e Whatis the strand bias of the reads around enriched regions? Does this make sense?
e If we were to extend the reads, how long an extension should we use?

e Is there evidence of technical duplication (PCR artefacts)?

Step 1.3 Quantitation
To get a more quantitative view of our data we can do a simple running window quantitation of the
whole genome.

To make the probes we use Data > Define Probes > Running Window Probes. We will make 500bp
probes tiled end to end across the genome.

r% Define Probes.. [ﬁw

Probe Generator Options
Running Window Generator
Feature Probe Generator Probe Size (bp) 500
Feature Percentile Probe Generator
Contig Probe Generator
| Even Coverage Probe Generator
MACS peak caller
Read Position Probe Generator Step Size (bp) 500
Random Position Generator
Existing Probe List Generator
Shuffle Existing List Generator
Interstitial Probe Generator
Deduplication Probe Generator Limit by region [ | Active Probe List
Merge Consecutive Probe Generator
Current Region Generator

[ Close H Create Probes ]
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For the quantitation (which should open automatically) we will do a simple globally normalised linear
quantitation. Note that you need to turn off the option to log transform.

s ~
% Define Quantitation... @
|Quanh’tah'on Options r v
| Count reads on strand All Reads -

Read Count Quantitation

Base Pair Quantitation Correct for total read count

Exact Overlap Count Quantitation : .
Difference Quantitation Correct to what? Largest DataStore -
% Coverage Quantitation ) )
Coverage Depth Quantitation Count total only within probes (]

Duplication Quantitation
Distance to Feature Quantitation
Erobe Length Quantitation

ixed Value Quantitation

Correct for probe length

]
Log Transform Count (]
]

Count duplicated reads only once

Only quantitate visible stores [7]

You can now look at a quantitative view across your genome. You might need to adjust the data zoom
(Control + Z) to get the tops of the peaks to be visible.

Step 1.4 QC

We can do some initial checks on the quality of the data to see if it all looks good. Firstly we can look
at the distribution of values in the input sample, so that we can identify and remove any places which
have unusually high input signal.

To do this select the input sample in the data view (top left window) and then do Plots > Probe Value
Histogram. This will show the range of values in the input. Due to some large outliers you will need to
zoom in (by clicking and dragging) to the far left of the plot.

Have a look at what the normal range of values is in the input.

Next we will filter out probes with unusual input values. Hopefully you saw that by the time you hit a
gquantitated value of 70 then there were virtually no regions in the genome with that level of signal.
We’'ll also get rid of regions with no data at all in the input as they’re probably just holes in the
assembly.

To do this go to Filtering > Filter on Values > Individual Probes. We'll select probes with a values
between 1 and 70 in the input.

r 1
% Probe Values Filter w
Testing probes in "All Probes' (200575 probes)

_ Data Sets/Groups Value must be between |1 and |70
ENCFF394%PA_TBP1 Rep? \ X
| ENCFF243100_TBP1_Repl WBcel235 b |
I for :Exactly v: i of the 1 selected Data Stores I
] 1 »
Run Filter
h

You can call the list which is generated “Sensible Input”. You can see it by expanding the “All Probes”
list in the data view. Select this newly created list and see how many probes were removed by this
filtering.
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Other things we want to check are the distributions of values. To do this we are going to use:
Plots > Cumulative Distribution Plot > Visible Data Stores
Plots > QQ Distribution > Visible Data Stores

Try running these plots from both the All Probes and Sensible Input lists to compare the results. Do
you see obvious evidence of enrichment, and is this consistent between the two ChIP replicates?

We can also check the duplication of our samples. To do this start from the “Sensible Input” list and
then select:

Plots > Duplication Plot
If we see universally low duplication, or if the duplication is proportional with the read density then we
are fine. If we see high duplication not related to high overall read density then we potentially have a
PCR duplication problem.

Do these samples look like they have a duplication problem?

Finally, we can use a scatterplot to compare the signal in the input with the ChIP samples, and the two
ChIPs with each other to see whether there is enrichment and how consistent it is.

Plots > Scatterplot
Is there obvious enrichment over input?

Is the enrichment level for the two ChlPs consistent?

Step 1.5 Profiling positional enrichment

In the final part of the exploration of this data we will look to see whether we need to do peak calling on
our data or whether we can identify regions of the genome defined by annotation features which will
capture the enrichment efficiently.

Before we do an automated analysis of the enrichment positions, have a look at the data manually and
see if you can see a relationship between the enrichment position and the gene features in the data.

To look at the positional enrichment of our data we will use a quantitation trend plot which looks at the
average signal over different parts of a type of feature.

Plots > Quantitation Trend Plot

We can start by looking at the signal over the whole of a gene +/- 5kb
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' ™
§ Quantitation Trend Preferences ﬁ
CDS -
Features to design around miRNA =
mRNA il
Split into subfeatures :No -
Remove exact duplicates
I
Ignore feature strand information ]
Make probes Over feature - |From-|5000 |to + S[JD[J| bp
’ Cancel ] [ Create Plot ]

What does this suggest about the location of the enrichment? Could the signal here be confounded by
the size of genes we commonly see in worm?

We can do a second plot looking specifically at the promoters of genes.

F B
% Quantitation Trend Preferences ﬁ
CDS s
Features to design around miRNA =
mRMA i
Split into subfeatures :No -
Remove exact duplicates
I i
Ignore feature strand information |
Make probes :Upstream of feature - From - 2500 |to + 2500/ |bp
[ Cancel ] [ Create Plot ]

Does this change our view about where the enrichment is?

It looks like promoters might be a good candidate for defining our enrichment. We can see whether
restricting our analysis to promoters will capture the vast majority of the signal in our data. To do this
we’ll filter out all of the probes which overlap promoters (start of gene +/- 500bp), and then see whether
there is significant enrichment outside those regions.

Filtering > Filter by Features
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F% Feature Filter I&‘

I Testing probes in "Sensible Input’ (196616 probes) I

Define Feature Positions

Features to design around

Splitinto subfeatures :No -
Make probes :Upstream of feature - From - | 500 to +|500 bp I
Define Relationship with Probes
Select probes which are :'D\terlapping P
Distance cutoff (bp) 2000
Use features on strand :Any -
[ Close ] [ Run Filter ]

Call the list you generate “Promoter Regions” it should be a sub-list of “Sensible Input”. You can repeat
the filter but selecting “Not overlapping” as the relationship with the feature to get the non-promoter
probes.

To see how well the promoters capture the enrichment signal we can plot out a scatterplot of the
“Sensible Input” list for the input vs one of the ChIP samples (it doesn’t really matter which one). We
can then use the “Highlight Sublists” option to highlight on the scatterplot the promoter and non-
promoter regions. You can turn off the “Common Scale” option to make better use of the available
space in the plot.

Does this suggest that an analysis of promoters might be an effective way to analyse this data?
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Step 1.4 Input Value Range Histogram

% Probe Values Plot [ENCFF326CHC Input WEBcel235_bowtie2.bam] ﬁ

Diuisiunsé U
i 5 20 35 50 65 80 95 110 125 140 155 170 185 200

Log Scale [

30000
I 25000
20000
15000

10000

5000

0 g0 100

Mo selected Category

[ Close ][ Save ” Export Data

= F = i &
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Step 1.4 Cumulative distribution plot

-
% Cumulative Distribution Graph [Sensible Input]

S5)

250

Z00

100

S0

EMCFES26CHC Input WEcal235 bowkiez. bam
EMCFF394%PA_TEPL Rep? WEcel23S bowtieZ,bam
EMCFF949100_TEPL_Repl WEcel235_bowtie2.bam

[ Close ][ Save ]

Sensible Inpu

Step 1.4 QQ plot

-
‘% QQ Distribution Graph [Sensible Input] S

EMCFF326CHD_Input_\WEBcel235_bowtieZ, bam
EMCFFE94%PA_TEP1_Rep?_‘WEeel235_bowtiez,bam
EMCFFS49100_TEP1_Repl WEeel235_bowtiez,bam

[ Close H Save ]
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Step 1.4 Duplication plot

% Duplication [Sensible Input]

Dup (%) EMCFF326CHD_Input_WEcel235_bowtieZ bam Dup (%) EMNCFF394xPA_TEBP1_RepZ_WEcel235_bowtiez.bam
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il 201 . ] 20 .
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| ! z LDSZ Reads pe? kilobase z
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B0
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404
a0 '
| R )
104
u] +
z Logz Reags per kilobasae 1 12
[ Close ] [ Save Image

Step 1.4 Scatterplots

% ScatterPlot [Sensible Input]

S5

% ScatterPlot [Sensible Input]

=5)

Plot [ENCFF326CHO... | vs [ENCFF394¥PA_.. | [¥/] Common Scale

4nnn  {EMCFF394%PA_TEP1_RepZ_‘WBcel235_bowtie2 banSensible Inp

3500

I 3000

I LR e e

2500

2000

1500

I 1000

S00

®¥=2592.396 y=3904.158 diff=-1311.763 R =0.085

500 1000 1500 2000 2500 3000 3500 4DE|_—'_‘r
EMCFF326CHO_Input_WEcel235_bowtie2, bam

[ Close ][ Save Probe List H Save Image ]

i|| | 4000
3500
j| 2000
2500
2000
1500
i 1000

500

Plot |[ENCFF394XPA_...

EMNCFF249]0D _TEF1_Repl_WBcel235_bowtie2 banfensible Inp

*=3474.759 y=4069.213 diff=-594.454 R =10.992
1000 1500 2000 2500 3000 3500 4000

0 500
ENCFF394xPA_TBP1_Rep?_‘WEcel235_howtie? bam

[ Close H Save Probe List H Save Image ]

+ | vs [ENCFF94910D_... & | [¥] Common Scale
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Step 1.5 Positional Enrichment

-
% Probe Trend Plot [Sensible Input]

eS|

FFI2ACHD_Input_WwErel235_bowtiez, bam

i FPA_TEFL_RepZ 'WEcel235_bowtiez,bam

oD _TEPL_Repl ‘WEoel235_bowtiez, barm I

1500 2500 3500 4500

[ 500 5001000 2000 3000 <4000 1
Bases 1 - 5000 Relative distance across gene Bases 1 - 5000 Co
[ Close ] [ Save Image ] [ Save Data
— E = e —— S e —— e - o

-
% Probe Trend Plot [Sensible Input]

S|
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a0
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EMCFF326CHD_Input_WEcel235_bowtieZ, bam
EMCFFI24xPA_TEPL_Repz WEBcel235_bowtiez.bam
EMCFF42100_TEPL_Repl_WEBcel235_bowtiez . bam
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[ Close ][ Save Image H Save Data
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Step 1.5 Scatterplot highlighting promoters

-
% ScatterPlot [Sensible Input]

eS|
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