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Licence
This manual is © 2012-2016, 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.

e 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:

o 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.
e 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



http://creativecommons.org/licenses/by-nc-sa/2.0/uk/legalcode

Babraham is wi
Biomfm Advanced Analysis with SeqMonk 3

Table of Contents

T oT=T o Lo = PP 2
oo [0 Tok 4o ] o PP 4
[0 7= = T 11 00 P 5
LS oo ] TN - - e 5
CroSS IMPOTING DALA .....civeiieieeee et e et et et et e e e eae s 5
Reimport Within the SAME PrOJECT ......ove i e e 5

[ ([ [14] 0T ] AT 5
U S Y= TaaY ol L= R =T aT= Va1 o 6
AULOMALIC SAMPIE GIOUPING +. ettt ettt et ettt et e et e et et e e e et e e et e e e e et e 6

(@ TN gLt LA o] oI e o 1= LT = PP 8
RNA-Seq quantitation PiPeIINE...... ... 8
Wiggle PlOt PIPEIINE ... e e ettt e e 9
Bisulphite methylation OVEr fEALUIE .........coeiii e e e e e een 9
Splicing efficiency quantitation PIPEIINE ........c..iiiiiii e 9
Antisense transCription PIPEIINE ....c.u.i e 10

N 0T g = L= Lo o PP 11
Cumulative distribBution PIOt .......couiii e 11
EMPLY VAIUES ...t ettt et 12
REMOVING OULIIEIS ... ittt e e e e e e et e e e e et e et e e et e et eataarnnas 13
Percentile NOMMAlISALION ...........iii ettt e e e 14
Matching diSTHDULIONS ... ... e e e e e e e anas 16
Y= T (U= U T Y1 ¢ F= 13- L1 o 17
Normalising t0 Other SAMPIES .. ... et e e e e eas 18

IS = LS (o= L == PP 19
SUDGroup SIgNIfICANCE TEST....iiuii ittt et 19
MONEE-CArlo SIMUIALION .. ...uuie e et et e et e e e ea e 19
SiNGIE REPICALE TOSTS ...vniiiiiiiti ettt ettt et et e e e e et e e e een s 20
The WINdowed ReEPICAtE TSt ....ivniii it et e e e e e een 20

The Intensity DIffEer@nNCE TeST .. .ceu e 21
YT LT o] N =T oo LT = RPN 23
(O TS (=] o Yo [ PPN 24
THe TN Graph PIOL.... ettt e e 24

[ 1T =T o] ooz | I od (1] €= g T 26
Automated Correlation CIUSTEITNG ... ....uiii et e e 26
1Y = L TU = U o] 10T €T 4T Yo P 27
LI 3= Vg L I I o = PPN 28
Working With ANNOLALIONS . ... et e e e e e e e e e aenns 28
IMPOMING ANNOLALION ...t ettt e e e e e e e e eenas 28
Probe Lists INt0 FEALUIE traCK S........ i e 28
Feature searches iNt0 FEALUIE trACKS .........viiuiiii e 29
ClasSIfYING GENES ...ttt e e e e e e e e e e e e e e e e 29
RaW ENFCRMENT VIBWS ...ttt ettt e e e e et e et e e ea e 30
Gene Reporting and DedUpliCatioN ...........iiuiiiii e 32
(0= LU o] 1= 14T 1 o 32

LS o [Tl =T o o] 1 U] o EO PRSPPI 33



Babraham is Wi
Biomfm Advanced Analysis with SeqMonk 4

Introduction

Once you have been working with SegMonk for a while you will quickly master the basic controls and
plots. The real trick to making effective use of the program though is how you apply the tools you
have to your data.

This course is intended as a follow on to the basic SeqMonk course and goes into some of the more
advanced features of the program, as well as providing some advice on how the tools can best be
applied to your data. This course focusses more on handling biases within your data and how to
apply more rigorous statistical analyses — including those applicable to more complex experimental
designs such as time courses or dose responses.

As with the original course I've tried to keep the advice here as neutral as possible with regard to any
specific type of experiment. The topics presented here should be of use for the analysis of most kinds
of data since they address generic problems from sequencing experiments.
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Data Import

Whilst basic data import is hopefully pretty simple, there are a few additional options which you may
not have tried and which might make life easier.

Reimporting Data
Rather than importing data from a mapped file you can reimport it from the current SeqMonk project
or a different project.

Cross Importing Data
To cross-import data from a different SeqMonk project you can select File > [ & seiect batasers toimport =

Female KO

Import Data > SegMonk Project. This will then check to see that the |q...~
genome assemblies match between the other project and your current | i
project and will then find the list of DataSets in the project from which you
can select those you wish to import. You can copy over as many or as few

as you like into your current project.

| Import

Reimport within the same project

You can also choose to reimport a dataset you
already hawve in your current project. This will | $import Optiens =
duplicate the data in the project, but also allows Cptions for Actve Store imperter

you to select some of the other import options at
the same time. Modifications you can make when
re-importing would include deduplication,
extension, or reversing the strand of all reads. | Ffiterbyreadiength From bp to bp
You can also filter the re-imported data either by
keeping or rejecting reads which owerlap with a
class of features, or by more generally down- | Bxtendreadsby {p)

sampling the data to keep a random subset of Import | [ Close |
what you started with.

Remove duplicate reads

Reverse all reads

Filter by feature Overlapping CDs

Downsample data Target read count

HiC Import

One of the newest features in SeqgMonk is the ability to handle HiC association data. HIC data comes
as pairs of reads, where there is no expectation that the reads sit physically close together, or are
even on the same chromosome. Analysis is based on the degree of association of parts of the
genome based on the number of pairs of reads whose ends come from the regions being compared.

HIiC import is now a standard option from any of the import tools. There is no special format for HiC
data, but the import filter assumes that all of the data comes in pairs of HiC associated positions. This
means that to create a mapped HiC file you should only include sequences where both ends were
mapped and the mapped positions should be placed immediately after one another in whichever file
format you choose to use.

There is very little SegMonk can do to check that your HiC data was correctly formatted, so if you
have mismatched your sequences you are unlikely to see an error from the program. The best way to
check whether the data is OK is to run a HiC heat map following import to see what you get. Heat
maps should produce a characteristic pattern, and if your data seems to be randomly distributed then
you should be suspicious that the data import failed.
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During HiC import there are some options you can apply to filter the data as it comes in. For the most
part filtering is better done at an earlier stage during mapping using programs such as HiCUP,
however some filtering can be applied at import. Specifically you can choose to remove short
interaction pairs, or you can choose to ignore trans hits (pairs which sit on different chromosomes) to
significantly reduce the size of your dataset if you're specifically looking at cis interactions.

Bulk Sample Renaming

If you have imported a lot of data sets then renaming these to remove common prefixes / suffixes can
be a tedious process. In many cases the text you want to remowe / replace is the same across many
samples, so there is now a method to automatically fix file names like this.

G Edit DataSets... ==

DataSets

Ish_E2-12h_tophat.bam
Ish_E2-3h_tophat.bam
Ish_non-treated_tophat.bam
Ish_P4-12h_tophat.bam
Ish_P4-3h_tophat.bam
Ish_RU-12h_tophat.bam
Ish_Tam-12Zh_tophat.bam

Delete DataSet

Rename DataSet

l Replace in name ]

Close

Under Data > Edit Data Sets you can now choose to select a subset of your data sets and then do
find / replace operations on their file names to make it easier to get more manageable and meaningful
data store names.

Automatic sample grouping

After importing data into SeqMonk you should create appropriate sample groups and replicate sets to
group your samples together. The two are used for different purposes:

e Data Groups merge the raw data for two or more data sets and make them appear as if they
had been imported from a single file.

e Replicate Sets awerage the quantitation for two or more data sets or groups, but retain the
distribution of quantitated values for use in statistical tests. Replicate sets should be used to
mark biological replicates of each experimental condition.

Although you can make data groups and replicate sets manually using the options under the data
menu, there is a quicker way to create them if your data set names have a consistent naming scheme
using the option Data > Auto Create Groups/Sets.
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% Auto Split Data @
Group identifiers to split data
Groupl :
. . Create Heplicate Sets P
Group?z | repl L ]
Groupl | rep2

Indude Data Groups

I Create Groups J I Cancel J

In the box on the left you can put in a set of text strings which can be found in the names of your data
sets and which mark the groups you want to create. The tool will then look for a match to each string
and will make either a data group or a replicate set out of the samples which match. If you need to
use more than one discontinuous string match to define your groups then you can separate strings
with bar characters to make more complex patterns. Groups made this way can always be edited
with the traditional data group and replicate set editors.
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Quantitation Pipelines

The traditional way to quantitate data in SegMonk is to use a two step process where the first step
involves the creation of a set of probes over regions which will later be quantitated, and the second
step assigns a value to each probe for each dataset based on the data.

In some cases there are types of quantitation which can’t be performed in this type of 2-step process,
and there are also some common quantitations for which it would be conwenient to havwe a simpler
way to perform them. These use cases are what Quantitation Pipelines were designed for. They are
automated quantitation processes which can perform probe generation, quantitation and potentially
ewen filtering in a single step. Quantitation pipelines can be accessed under Data > Quantitation
Pipelines.

RNA-Seq quantitation pipeline

The RNA-Seq pipeline uses a type of quantitation which can only be perfomed within a pipeline since
it requires that quantitation and probe generation are performed simultaneously. The basic premise of
the pipeline is that it is a read count quantitation over a set of features, but for multi-exon features it
only counts the reads which sit over the exons of the feature and ignores those in the introns.

% Define Quantitation... @
Quantitation Options

Wigale Plot for Initial Data Inspection ] -
Bisulphite methylation over features Library type Mon-strand specific -
Splicing efficiency quantitation
Antisense transcription pipeline Merge transcript isoforms <

Generate Raw Counts

Log transform v

Apply tr iptlength ti
Only quantitate visible stores Al transcriptlength correction

| Close || Run Pipeling |

The options you have within the pipeline allow you to choose which class of features you're going to
use to quantitate your data (see the later notes about filtering features based on their biotypes). You
can also choose the type of strand specificity in the libraries you’re quantitating so you can only count
the relevant reads.

The default quantitation from this pipeline is log2 RPM (reads per feature per million reads of library),
but you can alter this. If you're going to use the quantitation in an external analysis tool such as
DESeq or EdgeR then you will need uncorrected raw read counts, so there is an option to generate
these. If you want to compare the expression lewels of different genes within the same sample then
you can also correct by read length to get log2 RPKM values, but this is not recommended when
comparing expression values between samples.

By default the RNA-Seq pipeline merges together the exons of different transcript isoforms for the
same gene to give you a single per-gene expression value. You can choose to get output for each
transcript isoform by unticking the ‘merge transcript isoforms’ box, but SeqMonk does not try to do a
likelihood based assignment of reads to a single isoform, so reads which map against more than one
isoform will be counted more than once in this mode.
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Wiggle plot pipeline
The wiggle plot pipeline is a convenience method, and everything in this pipeline could be performed
in the normal quantitation options. This simply generates a set of running window probes and

guantitates them with a corrected read count. This is an easy way to generate an initial unbiased
guantitation of your data to look quantitatively at your read counts over a region of interest.

You can choose which region you want to analyse (just what you're looking at now, the current
chromosome or the whole genome) and the pipline will try to select a suitable window size for your
probes.

Bisulphite methylation over feature

When analysing bisulphite data what is imported into SeqMonk are not the read positions, but the
individual methylation calls. In a BS-Seq dataset each ‘read’ is only 1 base long and the strand of the
read indicates the methylation state (forward = methylated, reverse = unmethylated).

You can calculate a percentage methylation value for a region of the genome by simply counting the
total nhumber of methylated and unmethylated calls within that region, however this has a number of
problems. You could have very few calls which could result in a very unreliable overall methylation
value. You could also have very biased cowverage such that the majority of your reads come from one
or two positions within the region which again might not produce a good owerall awerage.

% Define Quantitation... @
Quantitation Options

RMNA-5eq quantitation pipeline Features to quantitate DS
Gene trap guantitation pipeline
Wiggle Plot for Initial Data Inspection
Splicing efficiency quantitation
Antisense transcription pipeline
Codon Bias Pipeline

-

Minimum count to incude position 1

Apply min count aver all stores

Minimum cbservations to indude feature 1

Combined value to report Mean -

Close Run Pipeline

Only quantitate visible stores

The bisulphite methylation pipeline provides a way to account for some of these problems. It provides
a way to filter each call position by the degree of coverage and then produces an overall methylation
value which weights each valid call position equally.

Splicing efficiency quantitation pipeline

The splicing efficiency quantitation pipeline generates a measure of splicing efficiency for RNA-Seq
datasets. The basic premise for the pipeline is that samples which exhibit lower splicing efficiency will
have a greater proportion of reads in their introns. The pipline therefore quantitates features based on
the density of reads in introns and exons. You can then use these values to look for owerall

differences in splicing between samples, or to find individual transcripts where this might have
changed.
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% Define Quantitation... @
Quantitation Options ) .
RMA-Seq quantitation pipeline Gene features gene -
Gene trap quantitation pipeline ' '
o . . :
\.a'lggle .Plot for Inltl.al Data Inspection FerEr T s mRNA -
Bisulphite methylation over features L
Splicing effidency quantitation : :
Antisense transcription pipeline Library type | Nan-strand specific -
Codon Bias Pipeline

Count what |Ratio Exons:Introns - |

Count reads rather than bases

Log transform

Apply transcript length correction

Only quantitate visible stores Il

[ Close ][ Fun Pipeline ]

Antisense transcription pipeline

The antisense transcription pipeline again operates on RNA-Seq data, but is specifically designed for

data coming from directional libraries. The aim of the pipeline is to identify putative regions which are
undergoing antisense transcription.

% Define Quantitation... @
Quantitation Options

RMNA-Seq quantitation pipeline

Wiggle Plot for Initial Data Inspection
Bisulphite methylation over features
Splicing efficiency guantitation
Ignore features with existing antisense overl...  []

Transcript features jgene

Library type :Same strand spedific  «

P-value 0.05

Only guantitate visible stores 0

’ Close ][ Run Fipeline ]

The pipeline performs both a quantitation and a statistical analysis of a set of genes. It first looks for
the genome wide level of antisense transcription to get an idea of how ‘leaky’ the strand specificity is
across the whole library. In a second pass it then analyses each gene individually to see how many
reads were found on the sense and antisense strands. It uses a binomial test to see if the number of
antisense reads is unexpectedly high, and quantitates the gene with an obs/exp value. As well as

producing a quantitation the pipeline also makes a probe list for each sample listing the significantly
antisense genes it identified.
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Normalisation

SegMonk provides a series of tools to quantitate your raw data. These include some normalisation
options allowing you to correct for factors such as the total number of reads in your dataset and the
length of the probe you’re quantitating. Although this initial quantitation can provide useful data, in
many cases it is susceptible to other sources of bias which might cause systematic differences
between your datasets, and which might lead you to make incorrect conclusions about the differences
between your data.

Common sources of bias might be:
e Having greatly different numbers of reads between samples, meaning that low values may be
measured with very different accuracies between data sets.

e Having different levels of PCR duplication between samples
e Having different read lengths

e Having different total amounts of signal between samples (eg RNA-Seq samples where there
is more transcription in one sample than another.

e Having different degrees of mis-mapping contaminating sequences into different samples

Before you trust your quantitation you should therefore take some time to look at the set of quantitated
values you have produced and compare these between your datasets. If there are systematic
differences between your samples then you either need to think of why this might make sense
biologically, or if you decide the differences are technical you can try to normalise the data so that
their influence is removed.

Cumulative distribution plot

The easiest way to visualise and compare the distribution of values you have between your datasets
is to use the cumulative distribution plot. This plot simply shows you the path your quantitated data
takes to get from the lowest value in your set to the highest. Different datasets which show the same
distribution of values (even if individual measures show large changes) should hawve virtually identical
paths on this plot, and the aim of normalising data is to make the paths as similar as possible.

% Cumulative Distribution Graph [All Probes] @
10 ES.H3K4me3 All Probes
g
6
4
—F
z
4
J__f
D T T
1} 10 20 3n 40 a0 a0 70 a0 a0
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At the low end of this plot you will see some instability and stepping of the plot due to very low
absolute counts. In some data sets you will clearly see separate points for probes with 1, 2, 3 etc
reads in them. As the absolute counts increase the plot will tend to smooth out, but this may happen
at different points in different datasets depending on their coverage levels.

Empty Values

One of the biggest problems when dealing with count based data are places where you saw no data
at all. The problem is that because you saw nothing you can haw no idea how much more
sequencing you would hawe had to hawe performed until you saw some data in that position.
Comparing an empty probe to one with a small amount of data (especially when there is a difference
in the total amount of data collected) is very problematic, and one of the largest causes of false
predictions in this type of data.

The problem of empty values is exacerbated when the quantitation values are log transformed. Since
you can’t log transform a zero value you have to assign some arbitrary value to it to allow it to have a
real value after transformation. The problem is further compounded by adding corrections for length
and total counts, and at what stage the small value is added to allow log transformation.

In the end the compromise made by SegMonk is that if count data is to be log transformed then any
empty values are given a raw count of 0.9. This applies to both the read count quantitation where 0.9
of a read is added, and to the base pair quantitation where 0.9 of a base is added. Any
transformations for probe length and total count are then applied on top of this initial value.

In practice this has some consequences for empty probes in your data.

1. If you log transform and correct for probe length then your empty probes will have different
absolute values within a dataset. This makes some kind of common sense since finding no
reads in a probe which is 10kb long should not necessarily be viewed the same as finding no
reads in a probe with is 10bp long. In extreme cases you may observe a small secondary
distribution of empty probes to the left of your probe value distribution, but mostly these will
tend to blend in with the bottom end of the very lowly measured reads.

2. If you log transform your data and correct for total read count then empty probes will not have
exactly the same value between datasets. The values will be consistent within a dataset (if
you haven’'t corrected for probe length), but you may incorrectly think you have real changes
occurring between probes which are empty in both sets if you aren’t careful about your
filtering criteria.

Whilst this way of handling empty reads isn’'t absolutely ideal it is the best compromise we can come
up with, and in most cases will produce sensible results. The only condition where this will give very
misleading results will be cases where you have very large differences in the total number of reads
between datasets such that the proportion of empty probes varies wildly. Ewven in these cases the
other normalisation techniques described here should identify and help to correct this problem, but in
general you need to stay aware of the accuracy with which your measurements are being made.
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Removing outliers

One obvious source of bias is the presence of outliers in your data. Many of the quantitation methods
used in NGS analysis apply some kind of correction for the total number of sequences in the dataset.
The assumption made is that the general distribution of sequences ower the genome is similar
between datasets and that you can scale the actual counts you got up or down to match the total
number of sequences in each dataset.

There are a few problems with this assumption. One of the major problems is that we tend to assume
that all of the genome is represented in our current genome assembly. Whilst many genomes hawe
very good assemblies they still have large holes over specific regions, and these can cause problems.
In particular telomeric and centromeric regions are very large (and indeed variable in length), and are
almost completely unrepresented in the assemblies due to their highly repetitive nature. Howewer
sequences from these regions will still turn up in our libraries. This wouldn’t be a problem if our
mapping programs caused them newer to be mapped to the genome, but what we see instead is that
some proportion of this extra sequence is mapped incorrectly to a position within the genome
assembly. These incorrect mapping positions then show huge enrichment, even in unbiased or
control samples, and the huge number of counts from these mismapped sequences can have an
influence on the global count corrections which are applied. In the plot below, which shows read
counts on a log scale — the single top outlier covers only 1:500000t" of the genome, but contains 4.5%
of all of the reads.

All Probes
Outliers

As an example of this, if you have a look at the distribution of read counts over a genome you will tend
to see a strong upward spike in read counts at the ends of many of the chromosomes. This spike
results from incorrectly mapped reads coming from the repetitive sequence which isn’'t part of the
assembled genome. The classic example of where you see this is the Sfil gene in human/mouse
which has many of these repeats in it, and consequently is often predicted as having a significant
biological effect, when actually it’s a victim of incorrect normalisation.

Mus musculus NCBIM37 chr11:2958918-3316 163 (359, 24kbp)

gene gene Sfil

uribound
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In addition to the generic problem of repeats, some techniques will specifically enrich for a specific
class of repeats, and an increased mismapping ratio for these sequences will produce a global bias in
the normalisation. MeDIP samples, for example, often enrich major satellite sequences which can
comprise up to 40% of all sequences in the library. These are generally absent from the assembly,
and can thus produce a small humber of strong mismapped peaks, which can contain up to 20% of all
mapped sequences.

One way around this problem is to simply remowe extreme outliers before performing your final
quantitation. The outliers we're talking about here will have an enrichment level way in excess of
anything which could be produced by a ChIP or RNA-Seq enrichment and could only realistically be
derived from mapping artefacts. Typically they will have read counts two or three orders of magnitude
abowve the rest of the distribution and can be removed by a simple values filter. If you have an input
sample which you expect to show an even distribution then you can use the box-whisker filter with a
harsh filter to find these mismapping events globally and remowve them.

Once you hawe filtered your original probe list to remove these aberrant regions then you need to use
the ‘Existing Probe List Probe Generator’ to promote the filtered list up to being a full probe set which
you can then re-quantitate. When re-quantitating you need to ensure that you only count reads within
the probe set when correcting for total read count.

§# Define Quantitation... ==
Quantitation Options
nrichment Quantitation Count reads on strand All Reads =
Read Count Quantitation
Base Pair Quantitation
Exact Overlap Count Quantitation
Difference Quantitation Carrect for total read count Vi
1% Coverage Quantitation
overage Depth Quantitation
Fixeed Value Quantitation
Relative Quantitation Correct to what? Largest DataStore -
Manual Correction Quantitation
Percentie i 1 Quantitation|
Per Probe Normalisation Quantitation| 5
o 7

ok Qoo bt | Count total only within probes
[7-Score Quantitation
Maitch Distribution Quantitation

Correct for probe length

Log Transform Count

Count duplicated reads only once
Only quantitate visible stores

Close Quantitate

Percentile normalisation

A commonly obsernved pattern, especially on ChIP and other enrichment based libraries, is that your
distributions follow a similar path, but on a somewhat different scale. Thus the original quantitation
would suggest that there is a consistent difference between your samples, and scatterplots would
show an off-diagonal consistent relationship between the samples. This kind of discrepancy can be
caused by a change in the proportion of reads falling into the probes being measured, either through
mismapping, or through a change in the efficiency of the ChIP enrichment. Since the differences
observed do not in most cases represent an actual biological change then it is reasonable to aim to
normalise away this difference.

The simplest tool to achieve this type of normalisation is the Percentile Normalisation Quantitation.
This quantitation method allows you to set a reference percentile in your data and the existing
guantitations will have a correction factor applied to them such that their values at your chosen
percentile will match exactly. Normally it makes sense to set the reference percentile to somewhere
around 75% since this will be in the well measured portion of your data, but before any big changes
which might occur at the extreme end of the distribution.
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% Curnulative Distribution Graph [All Probes] @
ES All Probes
1z
di6.5m
1 di6.5f

You can also choose what kind of correction will be applied. The default is an additive correction
where a constant value is added to each point to get the distributions to match. The downside to this
method is that the same correction will be applied everywhere, and will end up with different values
being set for the empty probes in your different data sets. A more appropriate correction in these
cases is to use a multiplying factor to correct your data. This will ‘stretch’ your distribution to match at
the specified percentile and may more closely match the overall distributions, especially at the low
end.

% Cumulative Distribution Graph [All Probes] @
ES All Probes
14
1z d16.5m
di65F

10

Since the same correction is applied to all points on your distribution this is a fairly safe and
uncontentious correction to apply, but in some cases this correction alone will not be enough to
completely match the distributions of your samples.
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Matching distributions

If you hawe found some variation in the distributions of your samples which you are unable to
satisfactorily remowe using the total read correction, length correction or percentile normalisation
correction then the ultimate way of making your distributions match is to use the Match Distribution
guantitation method. This method makes up an aweraged distribution from all of your current
samples, and then forces all of your individual distributions to follow this average distribution exactly.
You will therefore end up with perfectly matching distributions (or at least as close as your
measurement resolution will allow — the method will not cause probes which previously had the same
value to have different values).

You can think of this method of normalisation as being similar to the ‘Convert to ranks’ normalisation
method, which simply remowes all of the quantitation from your data, and gives a value to each probe
simply based on its position between the lowest and highest values. In this case we do something
similar, but instead of putting the values on a straight line from lowest to highest, we follow the
average trajectory which the original values took, thereby presening any gross features in the
distribution.

Performing this kind of normalisation is more risky than something like the percentile normalisation
because it does not treat every probe equally. It forces all samples onto the same distribution whether
or not that makes biological sense. You therefore need to be sure that you're definitely not interested
in whatever differences you are using this method to remowve. For example it would be completely
inappropriate to normalise both the input and ChIP samples from a ChlIP-seq experiment this way,
since the input would be expected to show a much flatter distribution than the enriched sample,
however normalising several ChiPs from the same antibody might be more justified. In other samples
it might be valid to use this to normalise RNA-Seq samples which had different coverage and had
then had to be deduplicated, since these will show an intensity dependent bias, but it would be bad to
use this to match up distributions between RNA-Seq samples which had different overall amounts of
transcription.

$ Cumulative Distribution Graph [All Probes] @
ES All Probes
10
di6.5m
&
5}
4
z
o F—
2
2 13
I
0 10 Z0 30 40 =] 60 70 an 20

It would also be bad to use this on enrichment samples where there was truly a biological reason for
the different amount of enrichment. An extreme example of this would be the case of a ChIP vs and
input sample, where you'd expect the input to be much flatter, and the ChIP to show a wider dynamic
range.
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% Cumulative Distribution Graph [Remove top outlier] @
ChIP Remove top outlier

In any case, the match distribution normalisation should be the last step in your normalisation
protocol, and you should try to match your distributions as closely as possible using the other
methods mentioned before using this, since otherwise some samples will have much more influence
over your averaged distribution than others.

Manual normalisation

For some specialised applications it may be that the information you need to correctly normalise your
data isn’'t present in the mapped sequences themselves. Most sequencing applications are by their
nature relative measures, telling you what proportion of reads fall into a particular gene, but not how
this relates to an absolute measure in your original sample. To take a simple example, two RNA-Seq
datasets taken from samples where the distribution of transcripts were identical, but the absolute level
of transcription was different, would look exactly the same in the mapped data. Only by incorporating
some external measure could you account for this type of difference.

% Define Quantitation... @
Quantitation Options

nrichment Quantitation Method of correction |Add -
Read Count Quantitation

Base Pair Quantitation Correction factors
xact Overlap Count Quantitation
ifference Quantitation
% Coverage Quantitation Do
overage Depth Quantitation
istance to Feature Quantitation
Probe Length Quantitation

ixed Value Quantitation D123 d
Relative Quantitation

Manual Correction Quantitation
og Transform Quantitation
Percentile Normalisation Quantitation| (D122 f
ubset Mormalisation Quantitation

Per Probe Normalisation Quantitation|
Rank Quantitation
Z-Score Quantitation

moothing Quantitation

moothing Subtraction Quantitation
Match Distribution Quantitation D12 serum c

D12 serum a

Only quantitate visible stores  []

Cloge Quantitate

To allow you to apply these kinds of correction SeqMonk has a manual correction option. This lets
you enter a manual correction value for each of your datasets and choose how this is applied to the
set of quantitated values calculated by SegMonk. By using this option you can incorporate absolute
external measures with the relative measures the program itself can produce.
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Normalising to other samples

In some cases you might want to normalise your samples against each other - quantitating sample A
as the difference between sample A and sample B for example. There is a quantitation module which
lets you apply this type of more complex normalisation called the relative quantitation module.

SR Define Quantitation... @
Quantitation Options
nrichment Quantitation - =
Read Count Quantitation 122 ) Select Stare Reference
Base Pair Quantitation 12 5?' urm D122d Dav 0
wact Overlap Count Quantitation 12 2! d - Y
ifference Quantitation 122 f D123 f Day 0
°% Coverage Quantitation 12 serum & D12seruma [Day 0

Reference Data Stores

overage Depth Quantitation 12 serum ¢ D12 sey Day 0
Distance to Feature Quantitation
Probe Length Quantitation

ixed Value Quantitation

O

Day 0

m

Manual Correction Quantitation

og Transform Quantitation
Percentile Normalisation Quantitation
ubset Normalisation Quantitation
Per Probe Normalisation Quantitation
Rank Quantitation

Z-5core Quantitation Apply to Selected Select Al

moothing Quantitation - § .
Only quantitate visible stores [l Reference method Minus R

This module allows you to pair up your samples and then choose what operation to apply between
each sample and its selected reference. To match a sample and reference you select the reference
from the reference list and then check the boxes next to the samples to which you want to apply this
reference. Presssing the “Apply to selected” button will then assign that reference to those samples.
Once you've paired up all of the samples you want to correct you can choose how you want to
normalise (subtract reference, divide by reference etc) from the drop down box at the bottom.

A lot of people are keen to use this type of quantitation for enrichment type experiments such as
ChiIP-Seq and would use it to normalise against an input sample. Whilst this is a common procedure,
you should be somewhat cautious about applying it. When you normalise against a reference the
final accuracy of your normalised value is dependent on the accuracy of both the enriched and the
reference samples. In a ChIP experiment the enriched sample is generally measured very well since
the reads will cluster in the measured regions, but the input sample is often poorly measured since the
reads are evenly spread owver the whole genome. This means that the normalised values are more
likely to be influenced by technical variation in the input measures and that normalising may make
your data worse. As an alternative you could consider using the input samples as a filter, to remove
places where the input shows significant enrichment, and which are therefore also likely to give
inaccurate measures in the enriched sample.
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Statistical Tests

SeqgMonk includes a few different statistical tests which can be used to more rigorously explore your
data. In general these tests fall into two classes — those which require biological repeats to have been
performed, and those which can operate on single replicates. A true statistical analysis of all sources
of variation in your data will require biological replicates, so this type of experimental design is
preferred if at all possible. Howewer sequencing experiments are still expensive, and samples are
sometimes limited, such that it becomes necessary to analyse single replicates, and to use statistical
tests to account for technical rather than biological sources of noise.

Subgroup Significance Test

One of the tests people often want to perform is to see whether a selected subgroup of probes shows
unusual properties, or whether a similar randomly selected group could show the same features. The
easiest way to assess this is to perform a simulation where many random groups are selected from
the same starting set, and then compared with the original group. You can then assign a p-value
based on the frequency with which the random groups showed a quantitation equal or higher to the
initially selected group.

This type of test is called a Monte-Carlo simulation, and SegMonk allows you to perform this kind of
test on your probe lists.

Monte-Carlo Simulation

The basis for a Monte-Carlo simulation in SeqMonk is two sets of probes, where one is a subset of
the other, and a data store whose quantitated values will be used for the test.

You start by selecting the parent group, from within which the randomly selected groups will be drawn.
In the options for the tool you will then see all of the children of that group, from which you can select
the subset you'd like to test. You can also select which data store you want to test on.

% Maonte Carlo Filter @

Testing probes in 'All Probes' (31925 probes)

Data Store to Test

ES.H3K4mes

Compare | Mean w | walues

Test Probe List
Test set (37)

Ower |10000 iterations.

| Close || Run Filter |

You can then select which quantitation measure you’'d like to use for the test, you can pick either the
median, mean or maximum value from the set of probes, and then the number of iterations you want
to perform. A Monte-Carlo simulation doesn't produce an exact result — the number of iterations
selects how close to the true p-value you want to get. Performing more iterations will increase the
accuracy of the p-value and will lower the lower bound of the result. The default is 10,000 tests which
is pretty sensible and allows for a lower p-value limit of 0.0001.

Once the test has run then a probe list will be created as a child of the test list which will always
contain exactly the same list of probes as the test list itself. The only difference will be that each
probe in this list will be annotated with the p-value from the simulation.
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% 10000 iteraction Monte Carle (37 probes) @
Monte Carlo sumulation using data in ES.H3K4me3 comparing mean values when making 10000
simulations of selecting Test set’ from 'All Probes’. Quantitation was Read Count Quantitation using
All Reads correcting for total count to largest store log transformed

Probe Chr Start End P-value
Akp3_upstream ... |1 88955179 88956679 0.668| -
Ecell_upstream... |1 88987027 88988527 0,668
1700027L20R1k. .. |1 390156835 39018335 0.668| =
Chrnd_upstrea... |1 89020823 89022323 0.668|—
Chrnd_upstrea... |1 89021015 89022515 0.668
Chrng_upstrea... (1 39035932 89037432 0.658
Eif4e?_upstrea... |1 39044035 35045585 0.668
Eif4e2_upstrea... |1 89044110 88045510 0.668
Eif4e2_upstrea... (1 39044117 89045617 0.668
Efhd1_upstrea... |1 39094534 39095034 0.658
Efhd1_upstrea... |1 89094545 89096049 0.668| =

Close Save

Single Replicate Tests
SegMonk has two statistical tests suitable for the analysis of single replicate data. These are the
windowed replicate test and the intensity difference test.

The Windowed Replicate Test

The windowed replicate test is an implementation of a standard T-test (1 or 2 samples) or ANOVA
(more than 2 samples). Since it is intended for use on non-replicated data the way it acquires a set of
values for each condition is to analyse a set of probes which are located physically close together.
The test allows you to specify a set of windows, which must be large enough such that several probes
are likely to be contained within each window. The windows can either be fixed size windows which
are slid over the genome, they can be fixed numbers of adjacent probes, or they can be defined by a
feature type, with a test being performed for the set of probes which fall under each feature of that
type.

The test then takes this set of probes and treats them as it they are technical replicates of the same
biological effect. It can then test the values for this set of probes against other samples an assign p-
values based on the differences. Probes pass or fail the test as a windowed set. If a particular probe
passes the test in any window then it will be kept in the filtered list, regardless of how many other
windows failed the test.

§ SeqMonk [PGC_timecourse final_all_samples.smk]* (E=3 R )

File Edit View Date Plots Filtering Reports Help
e il ¥ V=S
Mus musculus NCBIV hromesemes in Mus musculus NCBIM37 assembly
Annotation Sets =]
Data Sets i
oot
Repicatesets

A O-E-E-E

BIM37 chr 1: 167173460-167279539 (106.08kbp)

I
=11

gene:

mRNA

unbound
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=
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In the above example a typical test would be represented by taking the set of 7 probes contained
within the highlighted area (representing the chosen window size) and using a t-test to compare their
distribution between the two samples. If the test passed then all 7 probes would be put into the pass
list, even if the same probe failed in a different window.

This test is useful where you expect to see a consistent effect across sewveral closely related probes,
but doesn’t tell you anything about biological variation. It could be used to test, for example, whether
the set of methylation calls underlying a feature (a CpG island for instance) showed a consistent
difference between two or more samples.

The Intensity Difference Test

The intensity difference test performs a statistical test on your data using the general distribution of
your data to test whether any individual point is likely to be an outlier from the owerall distribution. It is
a pairwise test, but can be extended to multiple samples by doing a series of pairwise tests and
combining the results. The test is useful for cases where you hawe an intensity dependent level of
noise in your data, such that a simple fold change or z-score cutoff is not an appropriate way to find
outliers. The test is only valid for datasets where the majority of points do not change, and you are
only interested in a relatively small proportion of outliers.

R ScatterPlot [All Probes] (=23
Plot [d1L5 | vs [d13.5f & | [#]CommonScale | Highlight Sublists

di3sf

2 T - s b = = [ e s B Ro=0.942
Z u] 4 3] g 10
dii .5 =
[ Cloze ] [ Sawve Probe List ] [ Save Image ]

The test works by taking each point in turn and extracting from the pair of datasets being examined a
subset (normally 2% of the data) of points with the closest awerage intensity to the point being
examined. From this set the program then constructs a distribution of the differences between your
two datasets. This distribution is then modelled against a normal distribution, allowing the calculation
of a specific p-value for the likelihood of finding a point as far away from the centre as the point you
are testing.
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After correcting for the number of tests performed you then have an intensity dependent test which
operates without replicates on each probe individually.

S ScatterPlot [All Probes]

Plot Ish - | vs [T4D «| [¥] Common Scale

T470D

- Skatistical Difference below 0,05

2 R

[ Cloze ][ Save Probe List ” Save Image
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This test is widely applicable for ChiP-seq, RNA-Seq and other types of data, where data exhibits
intensity dependent variability, and where most of the probes are not changing between conditions.

You can also use this test on datasets where you have biological replicates by putting the replicates
into a replicate set and then comparing two replicate sets with this test. You can use this test to
identify probes which havwe an awerage difference which places them outside the general level of
disruption seen in your system, and then use the more conventional replicate tests to test whether the
difference identified are consistent across your replicates. This gets you a relatively small number of
probes which are likely to represent the most biologically interesting differences in your data.

Multiple Replicate Tests

SegMonk currently contains a single test for use on multiple samples. Use of this statistical test
requires that you have grouped your biological replicates into replicate sets so the program knows
which groups of samples if can compare. At least 3 individual samples must be included in a replicate
set in order to allow it to be used for statistical analysis, although larger numbers of replicates will
provide more analytical power.

The test used for comparing replicate sets is the Replicate Set Stats test. The actual statistical test
performed will depend on the number of replicate sets you select. If only one set is selected then a
single factor T-test is performed and your points are compared to a fixed value of 0. For two samples
a normal unpaired, 2-tailed T-test is used, and for more than two sets an ANOVA is performed.

Because this type of test can use the variation between replicates as a measure of both biological and
technical noise the test can be applied to a wide range of different data and quantitation types. The
only real assumption made by the test is that the noise in your system is generally normally
distributed, which should be true in most cases.
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Clustering

As experimental designs become more complicated it can increasingly be the case that simply
generating lists of probes which are changing in your experiment is not very useful, since this list may
well contain subgroups with clearly different patterns of change. In a simple pairwise comparison you
can split changing probes into those which go up and those which go down, but as the number of
experimental conditions increases so does the number of possible profiles of changing probes.

One way to approach this problem is to perform a clustering on your initial list of changing probes so
that instead of a single list you generate seweral lists, where the members of each list are all changing
in a roughly similar way. You can then start to analyse these sub-groups as a set to try to identify
common biological features of the group which might explain the observed pattern of change.

The line graph plot

Before we get into doing the actual clustering it's useful to know how the results can be displayed.
SegMonk provides the line graph plot which allows you to look at the changing quantitation of
thousands of probes across multiple datasets, and which can also show seweral groups (clusters) at
once.

% Line Graph @
f €5 | Summarise Graph
Down 13.5 Down 11 and 13.5 Down 11
8 7 7
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& 5 5
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n dil.5 m13.5 m16.5 nn di15 m135 m 16,5 n dil.5 m13.5 m16.5
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In a clustered set of probes the shape of the lines ower the various data stores should be somewhat
similar. However, with large numbers of probes you may still find the plots descending into chaos.
There are therefore a couple of additional options which can help to clean things up.

Clustering is based on obsening similar patterns of change between conditions, however when the
same pattern of change is observed at different absolute levels of quantitation you end up with a line
graph containing multiple parallel lines. With large numbers of probes these parallel lines merge into
a block, such that it is hard to discern the owverall pattern obsered in the group. One way to clean up
the view is therefore to perform a per-probe normalisation. For each probe this normalisation
subtracts the median value across all data stores from each individual point. In effect it adjusts the y
axis for each probe so that it centres on a value of 0. What you are then comparing is the variation in
the quantitated values between conditions, regardless of the absolute level of quantitation. The plot
should therefore be more consistent between the different probes and the owerall pattern should
emerge more clearly. This per-probe normalisation can be performed in real time in the line graph



Babraham is wi
Biomfm Advanced Analysis with SeqMonk 25

plot, but should you wish to you can also make the same change to your raw data by using the per-
probe normalisation quantitation method.

% Line Graph @I

¢ [] Summarise Graph

Down 13, Down 11 and 13,

. - + 0 1 : : 2 - 0 : - .
n di1.5 m13.5 m16.5 1 di1.5 m13.5 m 16.5 n di1.5 m13.5 m16.5

Down 11, 13.5 and 16,5 Down 13,5 and 16,5 Down 16,5

i di1.5 mi35s m 16.5 1 di1.s mi13.5 mi6.5

Close Save

If the plot is still somewhat confused ewven after per-probe normalisation then a second additional
option to clean up the plot is to just show the awerage value for each dataset, rather than showing
each individual point. In this mode a single line is shown, but for each point a set of error bars
indicate the standard dewation of the values in that data store. This should provide a good view of the
owerall pattern across sewveral samples even where there is a high level of variability.

% Line Graph @
Mormalise probes

Daown 13.5 Down 11 and 13,5 Dawen 11
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Down 11, 13.5 and 16.5 Down 13,5 and 16,5 Down 16.5

n : /J i . ¥ 0 . : :
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Hierarchical clustering

If you have a relatively small number of probes to cluster (fewer than 5000 would be a sensible limit)
the best place to start looking at clustering is the hierarchical clustering tool. This is a visual clustering
where a set of probes is rearranged so that probes with a similar quantitation profile across your set of
conditions are placed closely together.

% Hierarchical Clusters for Intensity Difference p<0.05 @
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As you can see there are obvious groupings of probes within the plot. If you want to be able to define
these groups then you can use the slider on the left to divide the plot into groups which show a level
of correlation above a threshold you specify. You can then save these groups as probe lists in your
project. You can zoom into the y-axis of the plot by dragging box within the plot area. When you
export lists of probes only groups which are currently visible in the plot are exported.

Automated Correlation Clustering

Another place to start working with clusters if you have a large number of probes is to perform an
automated correlation clustering. Automated clustering requires at least 3 different data stores to
work with and is based on grouping together probes whose quantitation patterns across those stores
shows a high Pearson’s correlation coefficient. It is implemented as a probe list filter and can be
found under Filtering > Filter by Correlation > Filter by Correlation Cluster.

When setting up the clustering you should start with a set of probes you already know to be changing
between your conditions. Including unchanging probes will start to cluster on the noise in your system
and your results will be poor and take ages to calculate.

The process for automated clustering is that the first probe analysed starts a cluster. Ewvery probe
after that is correlated to the existing clusters. Ifit can be placed in an existing cluster then it is. If not
then it gets to start a new cluster. Finally, when all probes have been clustered you can apply a filter
to remove clusters with very low numbers of probes in them.
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The stringency of clustering is based on the degree of correlation you want to see within each cluster.
Setting a high correlation cutoff (eg 0.9) will produce lots of small clusters with very similar profiles.
Using a low cutoff (eg 0.7) will produce fewer, larger clusters but with more variability in the profiles
contained within an individual cluster.

Automated clustering can be a useful step in analysing your data, but the results it produces will
depend on the order in which probes are passed to it. The results can therefore be somewhat noisy —
you may sometimes see two or more clusters produced which have very similar overall profiles. The
clusters produced by this automated clustering should therefore not be taken as a final answer but will
give you an idea of the breakdown of your probes, and once you know this you can use the manual
clustering options to get a cleaner set of results for the interesting clusters you find.

Manual clustering

Rather than performing an unbiased automated clustering, the other option you hawe is to do a
manual clustering. In a manual clustering you define a starting set of profiles you want to find. Every
probe is then correlated against this set of profiles — any probe which fails to correlate to any of the
profiles is rejected and those that do correlate are placed in a group with the profile to which they
correlated most tightly.

Unlike automated clustering which can give noisy and inconsistent results, the results of manual
clustering should be cleaner and reproducible, but you will only find the profiles you specified to start
with.

R Manual Correlation Filter @
Testing probes in 'Diff > 2 in any male condition' (126182 probes)

i Data Sets/Groups Correlation cutoff (0.9 | Mumber of profiles |4
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Close Run Filter

Profiles for manual clustering can be specified in one of two ways. You can choose to create a profile
manually, in which case you are presented with a list of your currently vsible stores and you can
manually drag the control points on the profile shown to create the profile you want to see. This gives
you complete control over the shape of the profile you want to find. Alternatively you can select an
existing probe list and the clustering will create an averaged profile from the data in this list and then
cluster against this profile. The lists you select can contain any number of probes, so you could, for
example, make a list containing a single probe if you wanted to find other probes which were similar to
a probe of interest.
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Tips and Tricks

Working with Annotations

Each SegMonk genome comes with a core set of annotations derived from the Ensembl project,
however you are free to bring in as many additional tracks of annotation as you wish using the tools
under File > Import Annotation.

Importing Annotation

Annotation can be imported from standard annotation format files (GFF, GTF) or from arbitrary text
files. Annotations imported from text files are limited to only having a single location (so not allowing
split locations such as a transcript made up of exons), and having only a name and a description. If
you want to use more advanced options such as split locations and multiple annotation tag-value pairs
then you will need to create GFF/GTF files.

One aspect of annotation import which has caused some confusion in the past is the naming of
annotation tracks. A single imported file can contain information for multiple different annotation types
(genes, mMRNA, CDS etc). If no type is specified, by picking a type column during import or manually
entering a type, then all of the features are given a type which matches the name of the file from
which they came.

One a file has been imported you can change the name of the annotation set in the data view. This
will only change the label on the data view and won’t actually rename any of the features. If you want
to change the name of the features in an annotation set then you need to go through the data view
and select Rename Feature, then select the feature type you want to rename (there may be only one)
and then give it a new name.

In the chromosome view features are grouped by their type, and no distinction is made between
features coming from different annotation sets. If you import a load of new features with type ‘gene’
then these will be merged in with the gene features coming from the core genome. The only
difference will be that you can delete annotation sets from within the Data Panel.

If you import a GTF file but want to distinguish the gene and transcript features from those in the core
genome then one extra option during GTF import is the ability to add a specified prefix to ewvery
feature type created, so that you could hawve, for example, flybase gene alongside the normal gene
track.

Probe Lists into Feature tracks

Whenewer you run a probe generator or a quantitation pipeline then your current set of probes,
including any filtered lists you may hawe generated will be deleted. This can be inconwenient if you
wanted to presene the positions of a list which you had created. Whilst it is not possible to have
multiple probe sets in the same project, what you can do is to transform a probe list into an annotation
track. Since annotations are not affected by changing probe sets the positions in your list will
therefore be presered in the project and you can subsequently filter against these using the feature
filter tool.

To conwert a probe list into a feature track you can just right click on it and select “Convert to
Annotation Track”.
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Feature searches into Feature tracks

In addition to their name and description the core features have lots of different pieces of annotation in
them. You can search through this annotation using the standard search tool and this can produce
interesting lists of features which share a common property (Gene Ontology category, link to other
dataset, biotype etc). Rather than just viewing these search results interactively you can choose to
turn your list of hits into an annotation track so that they can be visualised over your whole genome,
and so that you can subsequently use these for probe generation, filtering or reporting.

SR Find features [679 hits] =
Search for | kinase in |al v | of -gene v | features

Feature Type Description Chr Start End

AKAP1TA gene A kinase (PREA) an... |Y 1660436 1671407| &
AKAP17A gene A kinaze (PREA) an... X 1710436 1721407
PREX gene protein kinase, X-in... [X 3522411 3631649
EMX gene BMX non-receptor t... X 15482369 15574052
COKLS gene cydin-dependent ki... [¥ 18443703 18671749
PHEAZ gene phosphorylase kina... [X 13910418 13002718
MAP3K 15 gene mitogen-activated p...|[% 19373174 19533379
SH3KBP1 gene SH3-domain kinase ... [X 13552083 19905719
RPSEKAZ gene ribosomal protein 5., X 20168029 20285523
CMESR.2 gene connector enhancer... [ 21392536 21672813
PDK3 gene pyruvate dehydrog... [X 24433338 24557354
GK gene alycerol kinase [Sou... [¥ 30671476 30743725
TAB3 gene TGF-beta activated ... |X 30345559 30993201
CASK gene calciumfcalmodulin-... [% 41374187 41782716| ™

[ Close ] [ Save All As Annotation Track ] [ Save Selected As Annotation Track ] | Search |

As a further filter you can also choose to select specific lines from within a feature search and use just
these to create your annotation track. You can combine the results of multiple searches by simply
giving the features you generate the same name for their type. All features of the same type will
appear in a merged track, however many import events they come from.

Classifying Genes

In more recent Ensembl releases an increasingly large number of different types of gene and
transcript prediction have been added in. The gene and transcript tracks now include entries known
to be pseudogenes and those which should be degraded by nonsense mediated decay. What this
means in practice is that if you are trying to do an analysis across all transcripts your results may be
being diluted by including entries which you would not normally consider to be a valid transcript.

To try to help with this problem more recently updated genomes in SeqMonk have started to have the
‘biotype’ tag added to their gene and transcript features. This lists the sub-classification which
Ensembl have applied to each of their gene models, and which will allow you to identify only the more
conservative models to use for your analysis.

Although all biotypes are mixed together in the default annotation tracks you can use the feature
search tool to generate a track containing just the sub-type in which you are interest. For example
you could do a search for ‘protein_coding’ in the mRNA track, and then save the hits to a new track
called mRNA_coding which you could then use for some downstream analysis. For reference, the
current list of biotypes used by Ensembl in the mouse genome is below (listed in order of prevalence).
The ones with stars next to them are already separated out into separate feature tracks by SegMonk.

e protein_coding

e processed_transcript

e retained_intron

e nonsense_mediated_decay
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e transcribed_processed pseudogene

e [incRNA
e antisense
o  *MiRNA
o  *snoRNA
e *snRNA

e transcribed_unprocessed_pseudogene
e pseudogene

e *misc_RNA

e *IG_V_gene

o *rRNA

e Retrotransposed

e unprocessed_pseudogene
e processed_pseudogene

e *IG_J gene

e sense_intronic

e non_coding

e ambiguous_orf

e *IG_D gene
o *Mt_tRNA
e *IG_C_gene

e polymorphic_pseudogene
e unitary_pseudogene

e TEC
e ncrna_host
e *Mt_rRNA

e disrupted_domain

Raw Enrichment Views

One of the views people often like to see of their data is an unbiased enrichment view which allows
you to look at the overall distribution of reads in a properly quantitative way. In older versions of
SegMonk this had always been problematic because it didn't cope well with having very large
numbers of probes, and the chromosome display wasn’t optimised for this kind of view.

In newer versions of SeqMonk it is possible to construct this kind of view for multiple files to present a
high scale oveniew of your data. The basic process you would use would be:

1. Create running window probes owver your genome (or region of interest)
2. Quantitate your data by either:
a. A read count quantitation (corrected for total count), but not log transformed
b. An enrichment quantitation
3. Use the fixed colouring view of the chromosome view to make your tracks clearly different

For your running window probes you can choose to either place these over the whole genome, or to
just place them within regions of interest. For the whole of a large genome you can generally go
down to 200bp windows on most machines. If you have a machine with a reasonable amount of
memory then you can probably go down as far as 100bp. If you're looking at large regions of the
genome in your figures then you don’t need to make the probes too small, and indeed if you make
them too small you might lose some of the contrast in your view.
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If, on the other hand, you want to look at some fairly targeted regions in more detail with this kind of
view then one of the options in the running window generator is to design probes only within the
current active probe list. What this means is that you can use any of the other generator options to
make a set of candidate regions and then even select a subset of these, and then design smaller
running probes only within these regions. Generally it’'s not a good idea to make your probes too
small since you want to awid having noisy plots. For this type of analysis you could produce very
high resolution quantitated maps, even down to single base resolution for small regions (CpG islands,
promoters etc.). You can use this in combination with the ‘Current Region Probe Generator' to allow
you to make high resolution maps of just the region of the genome you're currently looking at. At the
bottom end we’'ve found that 5bp probes placed every 1bp are about as small as it’s worth going.
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When quantitating your data for these plots you can either choose to quantitate absolutely or use an
enrichment plot. For absolute quantitation you probably want to use the base pair quantitation to
allow for the frequent cases where reads partially overlap your probes. Normally these plots are best
viewed on a linear scale to emphasize the differences in your data.
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If you want to present enrichment then you should try to ensure that the majority of your probes
contain some data, otherwise your empty probes are going to dominate and make the plot look odd.
You can use the normal enrichment quantitation to allow an easy view of your owerall enrichment, but
since this is based on a log2 scale it can under-emphasise your changes. If you want to put your
enrichment on a linear scale then you can do a base pair quantitation, then do a datastore summary
report to find the mean quantitation for each dataset. You can then do a manual correction and
subtract the mean quantitation from ewvery dataset to get a plot which shows the mean at zero, so
enriched regions show positive values, and depleted regions are negative.

Some of the common options for this type of plot have now been made into a pre-built quantitation
pipeline which will automatically put a sensible nhumber of probes ower your region of interest and do
an appropriate quantitation. There’s nothing in the pipeline which you couldn’t do more manually using
the normal quantitation tools, but it makes them more easily accessible.

Gene Reporting and Deduplication

A very common scenario is that you do some analysis in SegMonk and generate a list of target
regions, but at the end of the day what you want to export is a list of genes which you can take
forward for functional analysis, looking for pathways, interactions or other biological information to
make sense of the hits you saw. A couple of problems commonly rear their head in this scenario.

Deduplication

Many analyses will have been performed at the level of the transcript. When seeing hits from these
it's common to get multiple hits for the same gene where several splice forms of the same transcript
are found. This can give a misleading impression of the number of true hits in your data, and also
produces duplicate output for your subsequent functional analysis.
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One way around this is to use the deduplication filtering tool to try to reduce your hits to a single
instance of each gene. This filter can remove duplication in one of two ways, either by comparing the
names of the probes and looking for commonalities, or by deduplicating based on owerlapping
chromosomal positions.

The name based deduplication is set up for deduplication of transcripts where the transcripts are
named in the form [gene name]-[number]. So for example you might get abc1-002 and abc1-003
being two splice forms of abcl. The named based deduplication allows you to specify a pattern to
remove from the probe name, and then any probes which are left with the same name after the
removal are assumed to be duplicates. The pattern uses regular expression syntax (which isn’t worth
going into here, but a quick web search should point you in the right direction), but the default pattern
(-\d\d\d$) removes a hyphen followed by 3 digits at the end of the name.

G Deduplication filter = | Positional deduplication works by looking for
Testing probes in ' Statistical Difference below 0.05' (1670 probes) overlaps between probes. Where two pl’ObeS
Filter type [niame - owrlap you can set a threshold of what
SuffxPattern | didids percentage of either probe must be contained in
the owerlap region for them to count as
Percentage Cverlap Required |50 )
duplicates.
Select |Lowest « |Diff p-value -
Close Run Filter Where duplicates occur you can choose how to

select the one to keep. You can either base this
on the length of the probes so you keep the longest or shortest in each case, or you can use the
annotated value on the list you're filtering, so that from a statistical filter you kept the most significant
variant for example. Deduplicating in this way will not change the way your probes are reported, or the
names which are seen, but it will limit your reports to only showing one transcript per gene rather than
listing all of the isoforms individually.

Per-gene reporting

Another, more generic deduplication method is the use of the per-feature report tool. This tool allows
you to select what type of feature you want to use for your report, and can then internally combine the
results of multiple probes cowering that feature to report a single averaged value.

The feature report bases its averaging solely on owerlaps between probes and the selected features.
If a probe owerlaps a feature it can be included in the report. Ewery probe assigned to a feature will
get equal weight in determining the quantitated value reported for that feature. This means that the
report is simple to set up, but can be confused by having unrelated, but overlapping probes within a
feature (for example sense and antisense transcripts to the same gene).

For a more specific version of the report you can choose to require exactly overlapping probes with
the feature. A probe is considered to be exactly overlapping if its start, end and strand values match
the feature being annotated, or one of its sub-locations in the case of split-location features, exactly.

If you want to have a report on probes which were generated from genes or transcripts, and you want
one entry per probe, but you also want to see the correct gene annotated to it then you can use the
normal annotated probe report, but when deciding which feature to use you can select ‘Name
Matched’ as the matching parameter. This will pair probes to features solely based on their name
(removing additions such as _upstream or the -001 transcript extensions).



