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1 INTRODUCTION AND INSTALLATION

1.1 Introduction

Revealing the complete regulatory network underlying the cell’s behavior is one of the major
challenges in current research. Recently, there is a growing interest in the modular
description of regulatory networks. Biclustering algorithms form one type of algorithm for
revealing the modularity of the network [1]. A bicluster or a module is defined as a group of
genes that show a similar expression profile in a subset of experiments. Genes within a
bicluster usually belong to the same pathway or have a related biological function. Other
transcriptional module detection tools go one step beyond. Not only do they search for the
modules, but they also identify the regulatory program responsible for the observed co-
expression behavior of the genes in the module.

Usually, many overlapping modules are identified by module detection tools. Having a visual
overview of how these modules overlap, gives insight in the structure of the biological
system. Biclustering software usually includes the possibility to visualize the retrieved
modules one at the time, but rarely simultaneously. The problem with visualizing
overlapping modules simultaneously is that the overlap in multiple dimensions complicates
the choice of an appropriate layout. Therefore few tools exist that are capable of visualizing
modules simultaneously.

In this study we developed ViTraM that allows for a dynamic visualization of overlapping
transcriptional modules in a 2D gene-experiment matrix. Multiple methods are included for
obtaining the optimal layout of the overlapping modules. In addition to the previously
developed tools for visualizing multiple modules, ViTraM also allows to display additional
information on the regulatory program of the modules. The regulatory program consists of
the transcription factors and their corresponding motifs. A first way of obtaining
information on the regulatory program is by using the information from curated databases.
This information can be used to further analyze modules inferred by biclustering algorithms.
Secondly, information on the regulatory program can also be the outcome of a module
inference tool itself. Both types of information on the regulatory program can be included by
ViTraM. By visualizing not only the modules, but also the regulatory program, ViTraM can
provide more insight into the modules and makes the biological interpretation of the

identified modules less complicated for biologists.



1.2 Software structure

We aimed at creating a flexible software program. When users write their own plug-ins, they
can alter and add functionality without the need to rewrite the whole program. The user can
open and close any plug-in implemented in ViTraM by simply flagging the plug-in name

under the “I7Zew” option (See Figure 1Error! Reference source not found.).
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Figure 2: Plug-in structure of ViTraM. The different plug-ins can be opened and closed by using the “T7en’
option.

1.3 Requirements
Developed in JAVA, ViTraM is platform-independent and is expected to work under other

operating systems that support the JRE (1.5 or higher) and with sufficient memory
depending on the size of the input data.

ViTraM is free to use for academic purposes only. If you use ViTraM in your research,
please cite the following publication:

Sun H. ez al. Bivinformatics. (2009) ViTraM: Visualization of Transcriptional Modules.

Also check our accompanying website for recent updates:
http://homes.esat.kuleuven.be/~kmarchal/ViTraM/Index.html

For any non-academic purpose, please contact the corresponding author.

Please  direct ~comments and  questions related to the  software to

Kathleen.marchal@biw.kuleuven.be, providing details of your problem while running

ViTraM, along with your platform characteristics.

1.4 Installing the software

The software can be downloaded from the download section on:



http://homes.esat.kuleuven.be/~kmarchal/ViTraM/Index.html
After downloading the package, please follow these steps:
1. Unzip the downloaded file
2. Open the unzipped folder
3. Depending on the operating system:
*  Windows:
0 If you have a small data set, you can directly double click on the file
ViTraM_Windows.bat to run the software.
0 Or open a command line window, go to the directory where you put ViTraM,
and execute the command “java -jar —Xms256M —Xmx512M ViTraM.jar” in the

folder in which the files are stored.

* Linux or Mac:
0 Run ViTraM in a terminal “./ViTraM_Linux&Mac.sh” to run the software on a
smaller data set
0 Or run ViTraM in a terminal with command “java -jar — Xms256M — Xmx2G

ViTraM.jar” if you want to assign more memory. .

If everything is OK, ViTraM should start right now and the following window appears:
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Figure 3: Start window of ViTraM. The different plug-ins “Input”, “Module Selection”, “Module ordering”,
“Module Display”, “Gene Properties Display”, “Experiment Properties Display”, “Gene Properties Ordering”,
“Overview & Heatmap Display” and “Additional Plot” can be seen on the left panel. On the right panel, the
“Info”, “Settings” and “Filter” options are available.



2 INPUT FILES

ViTraM requires two input files:
*  Module file (section 2.2)

* Expression data file (section 2.3)

2.1 XMLCreator
The XMLCreator will use the input and output data of DISTILLER |[2], together with

additional data to create the XML file and expression data file that are required for
visualization by ViTraM. Although the XMLCreator currently only includes the possibility to
derive the XML file from the output and input of the module detection tool DISTILLER [2],

more algorithms will be included in the future.

You can download XMLCreator and find the helpfile on:
http://homes.esat.kuleuven.be/~kmarchal/ViTraM/Index.html.

2.2 Module file
The module file should be loaded first. This module file is an XML file that contains the

minimal information to visualize the modules. Optionally the module properties and the
gene and experiment properties can be included (see below). The expression values of the
genes per experiment are given in the expression data file (see section 2.3). The structure of
the ‘module file’ is shown inError! Reference source not found.. This file contains the

following information:

*  General information: the used xml version and/or the algorithm that was used for

retrieving the modules or the date can be mentioned here.

*  Gene property information: This part requires minimally for each gene a unique gene

name and id. The id corresponds to the row number in the expression file (see
below), such that each gene can unambiguously be linked to its expression values in
the expression matrix (one to one relation). The gene ids should start from 1.

Optionally, additional gene properties can be added (but this is not strictly required).



These optional properties include membership to a particular gene ontology class or
the presence of a transcription factor binding site (motif) in or the binding of a
transcription factor to the gene’s upstream region. Additional gene properties are
indicated as follows: a binary value is used to indicate whether a gene belongs to a
particular gene ontology functional class (0 = absent, 1 = present); the interaction of
a transcription factor with a gene is indicated by a binary value or a score (depending

on the source of information, ChIP-chip data, motif screening;...).



[<?xml version="1.0" encoding="UTF-8"7%>
<module network:>
{xml_ﬁeri:iLio:_versio:>c,l,2,l{fxml_ﬂeri:iLio:_versio:>
<algorithm>DISTILLEE</algorithm>
<date>2008-11-13 17:22:21</date>
— <genesk
<gene Ld="1" name="gene name">
<property id="Rl":»regulator scored/property>
dpropecty 1d="MI"=noLll score</propecby>
<property L1d="G0 categoryl"»(0</property>
<property id="G0 categoryl":l</property>

General
information

Gane property
information

</gene>

</genes>
<experiments>
<experiment id="1" name="exp name">
dpropecty ld="categoryl"=l</propecby>
<property ide"categoryZ"»(</property>

<lexperimaent>

Experiment property
infarmation

</experiments>
~ <regulators>
“<regulator 1d="RE1" name="Regulator 1" /=

</regulatorss
“motifs>
cmotif id="M1" name="Motif 1" />

</motifs>
oS>
<go id="A" nama="G0O 1" />

Gane properties list

< fgos>
[~ <modules>
<module id="Module 1">
<genes>
<gene Ld="1" /=
<gene Ld="5" S

</genes>

<experimentsi
<gxperiment id="12" />
<gxperiment ld="541" /=

</experiments>
<regulatorss

<regulator id="M1" />
</regulators>
“mobifs=

<motif id="M1" />
</motifs>

</modules

Gane-gxparimant propey information

L </module=s>
<fmodule nelworks

Figure 4: The structure of the module file. First some general information can be listed in the module file.
Subsequently, the genes and possibly their properties are listed, followed by the experiments and their
properties. Then the different gene properties such as the regulators or motifs are listed. Finally the actual
module information is given. Modules minimally consist of genes and experiments, but also additional module
properties like a regulator or motif are possible.
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* The experiment property information: Again, for each experiment, a name and id are

strictly required. The experiment id refers to the corresponding column in the
expression data file (see below) and start from 1. Optionally, the user can add
experiment properties, such as a classification of the experiments according to the
cue that was measured in that experiment. A value “one” for a particular conditional

functional class indicates that an experiment belongs to this class.

*  Gene properties list: If additional gene properties, such as membership of a gene to

an ontology class, a regulator or a regulatory motif, were assigned to the genes and
mentioned in the “gene property information”, a list of these properties should be

provided in this section.

*  Gene-experiment information: contains as a minimal level of information the actual

composition of the regulatory modules. A regulatory module is defined here as a set
of co-expressed genes and the experiments under which they are co-expressed. This
part of the file should thus minimally contain the ids of the genes and experiments of
which each module is composed. Depending on the inference algorithm that was
used, a regulatory program can have been assigned to the module, such as the set of
regulators or regulatory motifs that regulate the module. This information is called
the additional “module properties”. Such additional module properties can be

included in the XML file, but are not required.

2.3 Expression data file

The microarray expression data should be loaded in case the user wants to plot the modules’
expression profiles or heatmaps. The expression file is a tab-delimited file. Gene names (ids)
or experiment names (ids) are mentioned in the file in the first column and first row,

respectively.

11



2.4 Loading the input files

The module and expression data input files can be loaded by clicking on respectively the
“Open Module XML file” or “Open Expression file” in the “Input” plug-in. A window (See Figure
5Error! Reference source not found.) will appear and the correct module or expression
file can be selected and opened. If the module file is loaded, a message will be shown in the
left bottom corner (“Expression Data loaded successfully”) and will indicate when the
expression file is loaded.

Initially, no data will be shown. The data can be visualized by first clicking on “Load Al
Modules” in the “Module selection” plug-in. Subsequently clicking on “Vizew Modules”, <1 iew gene
properties” and “View experiment properties” in the “Module Display”, “Gene Properties Display” and
“Experiment Properties Display” plug-in respectively will open three windows that show the

data that was loaded. In section 3 we will further explain these three windows.

12



b e represented s ot asgles with colored:
e gperiees e the.

e

s i maetil Ehe greive e Cirbarvin, g esend
ot ies “roglator” and

L roperty La
fos wudis aters mbsether o coatam qree paoperty e

pas o it gene ooy class, whi o wiie
s a0 wbussam et lieswase.

bemtians FrprEsrn e ageeriteit s el e siws
e U

b cue Ehat s snessred in Ehe euperimend. &
ectonage well vbcabe Hhat s exge et
bos tn & particular superamond gropenty,

ol
B
b (B sivers rege sl U gesines. v Ehe cobrer

Lat | _f" il i _['J

Figure 6: By clicking on “Open module XML file” in the “Input” panel, a pop-up window will appear. The
module file will be loaded in ViTraM. Clicking on “View Modules” in the Module Display Panel, “View Gene
Properties” in the Gene Properties Display Panel and “View Experiment Properties” in the Experiment
Properties Display Panel, three windows will be displayed. Initially no data will be shown. Data can be loaded
by selecting (all) modules from the “Module Selection” panel.
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3 SOFTWARE ViTraM

Displaying the gene-experiment information

If the module input file is opened, the gene-experiment information will be used to display
the modules in the ModuleDisplay. In the ModuleDisplay, modules are represented as
colored rectangles of which the rows represent the genes (indicated by their gene id) and the
columns represent the experiments (indicated by their experiment id). Initially the
ModuleDisplay will not be opened. Clicking on “View Modules” in the Module Display
Panel will open the ModuleDisplay. The modules that should be visualized can be selected
via the Module Selection or Filter panel (see also section 3.4 and 3.3). Modules will initially
be ordered as in the module input file. This will most probably result in modules being split
up in several parts in the ModuleDisplay. A more optimal way of representing the modules

can be obtained by ordering the modules (see section 3.5).

Displaying the additional information

In addition to the ModuleDisplay, two other displays are shown. The GenePropertiesDisplay
and ExperimentPropertiesDisplay provide information on properties of the genes and the
experiments, respectively (as extracted from the module input file) (see Figure 7). Clicking
on “View Gene Properties” in the Gene Properties Display Panel and “View Experiment
Properties” in the Experiment Properties Display Panel will open the
GenePropertiesDisplay and ExperimentPropertiesDisplay respectively. The modules for
which the properties should be visualized can be selected via the Module Selection or Filter
panel (see also section 3.4 and 3.3).

The rows of the GenePropertiesDisplay represent the genes whereas the columns represent
different properties (indicated by their property ids). Currently are implemented as gene
properties: the binding of a regulator to a gene (‘regulator’), the presence of a motif in the
upstream region of a gene (‘motif’) or the membership of a gene to an ontology class (‘gene
ontology’). For the properties ‘regulator’ and ‘motif’, a color gradient indicates the values of
the score for a particular property and gene combination. A cross in the
GenePropertiesDisplay indicates whether a certain gene property has a score for a particular
gene that is in between a minimal and maximal score, i.e. a score that meets a certain

threshold that can be user-specified (section 3.6.1). The default minimum score is set to 0.8,

14



whereas the default maximum is set to 1. For the gene ontology property, a black rectangle
will indicate that a gene belongs to that gene ontology class, while a white rectangle is shown
otherwise.

In the ExperimentPropertiesDisplay, the columns represent the different experiments and
the rows represent properties of the experiments (indicated by experiment property ids), like
the major cue that was measured in the experiment. Again, a black rectangle will indicate that
an experiment belongs to a particular experiment property.

The genes and experiments that belong to a particular module are in both displays indicated
by rectangles with the same color as the color of the corresponding module in the

ModuleDisplay.

GenePropertiesDisplay IExperimemProperticsDisplay

view Help

Module Selection

Load Al Modules
User-Defined Selection

Overlapping Modules
Requlatar in Comman
Motif in Camman

Module Display (a)

View Active Modules
Save as VG

Gene Properties Display 2

View Active Gene Props
Save a5 SVG

Experiment Properties Display (2]

View Active Experiment Props
Save as SVG

ModuleDisplay

Figure 8: The three image displays are shown: the GenePropertiesDisplay, the ExperimentPropertiesDisplay
and the ModuleDisplay. The GenePropertiesDisplay represents the genes in the rows, and the gene properties
in the columns. Three gene properties are implemented at the moment: regulator, motif and gene ontology.
The scores of each regulator/modtif for a patticular gene are indicated by a color gradient. If the regulator/motif
score is above a pre-defined threshold, there will be a cross on the colored square. Membership of a particular
gene ontology class is indicated with a black square. The ExperimentPropertiesDisplay represents the
experiment properties in the rows and the experiments in the columns. The experiment properties are
functional classes that indicate the cue that was measured in the experiment. If a particular experiment belongs
to a particular functional class, this is indicated with a black square. The ModuleDisplay represents the genes in
the rows and the experiments in the columns. In the ModuleDisplay the modules, consisting of genes and
experiments, are represented by transparent rectangles of different colors. The gene and experiment order in
the GenePropertiesDisplay and ExperimentPropertiesDisplay are according to the order of the genes and
experiments in the ModuleDisplay and the three displays are dynamically linked.
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In addition to loading and visualizing all modules obtained from the module file, ViTraM
also allows to obtain more information on the displayed modules, to select modules that

should be visualized and to find an optimal layout of these modules.

The panel on the right side contains three sub-panels:
* Settings Panel (section 3.1)
* Tilter Panel (section 3.2)

* Info Panel (section 3.3)

The panel on the left side consists of nine plugins:
*  Module Display
*  Gene Properties Display
* Experiment Properties Display
* Input (section 2)
*  Module Selection (section 3.4)
*  Module Ordering (section 3.5)
*  Gene Properties Ordering (section 3.6)
*  Overview & Heatmap Display (section 3.7)
* Additional Plot (section 3.8)

We will discuss these functionalities into more detail below.

3.1 Info panel

The info panel provides general information on all modules present in the module file: it
shows how many modules, genes, experiments, motifs and regulators are present in the
modules (See Figure 9). In addition, the information that is shown by each of the three

displays is explained in the panel.

16
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Figure 10: The info panel shows general information of the modules present in the module file (red). In

addition, the info panel also gives information on what is visualized on the GenePropertiesDisplay,
ModuleDisplay and ExperimentPropertiesDisplay (pink).

3.2 Settings panel
More specific information about each module that is selected and currently displayed in the
ModuleDisplay can be obtained from the “Seszings panel/”. A list of currently displayed
modules is available (see Error! Reference source not found.Figure 11). By clicking on a
specific module, information on the (number of) genes, experiments, regulators and motifs
of this selected module is provided (below in the “property” panel), as well as the names of
the modules with which this selected module overlaps (below in the “overlap” panel).

Modules can show overlap in their experiments, in their genes or in both their genes and

experiments.
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Figure 12: Information available from the ‘“Setings” panel. The Settings panel contains information on the
modules that are currently displayed in the ModuleDisplay. For each module separately, information is
provided on its genes, experiments, motifs or regulators.

3.3 Filter panel

A filtering strategy is included in ViTraM that allows filtering genes, experiments and
modules. The filtering strategy is always applied on the modules that are currently in the
ModuleDisplay. It is thus possible to filter sequentially based on several criteria (in contrast

to section 3.4).

3.3.1 Gene filter
Genes can be filtered based on their properties such as (see Figure 13):

* regulator score
*  motif score
* membership of a gene ontology class
By choosing a minimum and maximum score for a particular motif or regulator, only those

genes that meet this requirement will be visualized in the three image displays

18




(GenePropertiesDisplay, ExperimentPropertiesDisplay and ModuleDisplay). Genes can also
be filtered based on their membership to a particular gene ontology class. The user can thus

choose to only visualize those genes that all belong to the same gene ontology category.

3.3.2 Module filter

Modules can be filtered based on the following criteria:

* Regulator score or Motif score:

Modules for which all genes have a minimum/maximum regulator score or motif score can
be selected. Note that in contrast to the above mentioned gene filtering, the module will only
be displayed if all genes of the module satisfy the chosen requirement, while for the gene

filtering, each gene is considered individually.

*  Number of genes or Number of experiments
Modules can also be filtered based on a minimum/maximum number of genes or
experiments they should have. As such only the modules that contain a minimum or

maximum number of genes or experiments will be shown in the ModuleDisplay.

19
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Figure 14: Modules, genes and conditions can be filtered by using the “Filter” panel of ViTraM. The filtering
functions always operate on the currently displayed modules. Genes can be filtered based on their regulator
score, motif score or whether they belong to a functional class. Modules can also be filtered based on their
regulator or motif score. Only if all genes of the module satisfy the motif score or regulator score thresholds,
the module will be displayed. A filtering based on the number of genes, number of experiments, or size (genes
x experiments) of the modules is also possible. Finally, modules can be selected based on whether a particular
gene or experiment is present in the module. Experiments can be filtered based on their experiment properties.
Only if an experiment has a particular property, i.e. belongs to a particular conditional class, it will be shown.
An example is given in which genes will be selected based on their motif score. First, a motif needs to be
chosen, for instance M_ArcA. Subsequently, by clicking on “Get Score Range”, the user gets to know the
minimum and maximum motif score of all genes that are currently displayed. Next, the user can change this
minimum or maximum value. By clicking on “ok”, genes will only be shown if their motif score for M_ArcA is
in between the minimum and maximum value.

e Module size

Modules can be filtered based on a minimum surface, i.e. the number of genes multiplied by

the number of experiments, they should have.

* Favorite Genes or Favorite Experiments

Modules can also be selected based on a favorite gene or experiment (see Error! Reference
source not found.Figure 15). This means that only modules containing (a) particular gene(s)
or experiment (s) will be displayed. If, for instance, the user has two favorite genes, only

those modules containing both genes will be shown.

I Filter Modules by favorite genes FE® Filter Modules by favorite genes EE®E
Modules can F: . This y {3) particular gane(s) il be displayed. Modules a favorits gene. This th ‘gene(s) wil be displayed.
Genes can'be chosen from the left side st by chling ™>".Genes can also be deleted by dickng’ Remave”, Genes can be chosen fromthe lft side kst by clcking ">, Genes can aiso be deleted by chcking Remove”,

I, for instance, the user| F g , only th duie IF, for instance, the user has two favarite genes, only thosz modules containing both genes will be shown,
1 3
7: gene_2561 v
8: gene_2835 8: gene 2835
9: gene_3580 9: gene_3580
10: gene_4322 10: gane_4322 2
11: gene_1363 I > 11: gene_1363
12 g5 - 12:gene 255
13: gene_3113 13: gene_3113 Eg
43: gene_2926
44: gene_2988
45: gene_299%
46: gene_2399

Figure 16: Example of how to filter modules containing a patticular gene. The list on the left contains all
genes (geneld: geneName). By selecting a gene (1) and clicking on the “>” button (2), a gene can be added in
the list on the right (3). When clicking on “OK”, only modules containing the gene(s) from the list on the right
will be displayed. By selecting a gene in the list on the right and clicking on “Remove”, this gene will be deleted
from the list.
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3.3.3 Experiments filter:

Experiments can be filtered based on the experiment properties. By selecting experiment
properties, only those experiments that are currently shown in the ModuleDisplay and that

have the selected experiment property will be displayed.

3.4 Selection of modules

The output of module detection methods usually consists of many modules, showing
overlap. Although visualizing all modules is possible with ViTraM, the user might also want
to select a specific subset of the modules that should be visualized. Therefore ViTraM
includes several module selection techniques in the section “Module selection”. These
functions always apply on all modules that are present in the module file (see Figure 17Error!
Reference source not found.):

* Load all modules (section 3.4.1)

e  User-defined selection (section 3.4.2)

e Overlapping modules (section 3.4.3)

*  Motif or regulator in common (section 3.4.4)

Module Selection

Load All Modules

[ —

p ooy »,

Figure 18: The different possibilities for selecting a subset of modules.

3.4.1 Load all modules

After applying filtering (see section 3.3) and selection strategies (see section 3.4) on the
modules, the user might want to obtain the original set of modules. This set of modules can
be obtained by clicking on “Load All Modules” (see Figure 19Error! Reference source not
found.).
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Figure 20: The “Load all Modules” function allows obtaining the original set of modules.

3.4.2

User-defined selection

To visualize particular modules of interest, a user-defined selection of modules is included in

ViTraM. By clicking the “User-defined selection” button, a pop-up box appears. The user can

subsequently enter the names of the modules of interest. By using the ‘Sears

»

option,

information on the module such as the gene and experiment content is shown. Clicking the

“add” button will add this module to the selection. Once the modules are selected, click

“OK”. The ModuleDisplay will then be updated and only the selected modules are shown

(see Figure 21Error! Reference source not found.).
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1B User-defined Selection EEX 1B Userdefined Selection EEx
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Module 105 can be Found for instance in the right panel: Settings => General => Modules. Modulz TDs can be Found For instance in the right panel: Settings => Genaral => Modulss,
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Figure 22: Pop-up window that appears when a user-defined selection is chosen. First type the name of the
module (1). By clicking the “Search” button (2), the module’s information will be shown in the box field (3). The
module can be added by pushing the “4dd” button (4 and 5). If you want to delete modules from the selected
list, you can first click on the module’s name in the “Selected Modules” field, and then click on “Defere”. If you
want to delete all the selected modules, push “Delete A//”. Once the selection of the modules is finished, the
ModuleDisplay will be updated according to the module selection after clicking the “OK” button (6).

3.4.3 Overlapping modules

This function allows the user to start from one module of interest and to select all modules
that overlap with this module (see Figure 23Error! Reference source not found.). The
overlap can be defined as modules that overlap in genes, in experiments or in both genes
and experiments. Modules are ranked according to the amount of overlap they show with
the module of interest. The user can subsequently choose how many of the overlapping
modules should be visualized. The GenePropertiesDisplay, ExperimentPropertiesDisplay

and ModuleDisplay will be updated with this new selection.

B Overlapping Modules El@@ Overlapping Modules g@fgl
This function allows selecting a module, togather with all other modules that show overlap with this selected module. This function allows selecting a module, together with all other modules that show overlap with this selected module.
The averlap can be defined as modules that overlap in genes, d

o The verlap can be defined as modules that averlsp in genes, in experiments o in bath ganes and experiments.

Please specify the module IDs of the modules that you want to select Please specify the module IDs of the modules that you want to select

Module 1Ds can be found For instance in the right panal: Settings => Ganeral => Modules Module 1Ds can be Found for instance in the right panel: Settings => General => Modules

Modkles overlspping wth Module: || Moduies overlscpng with Modds: | @

o that should be displayed |5 (2 Mesiiniin nisaber of overiapping sodulis tha sholdd be dsplayed

Overlap based on Based on Ganes and Conditions v Overlap based on TBased on Genes and Condtions
Based an Genes and Condtions
Based on Genes
[Based on Conditions

o

Figure 24: Selection of modules by “Overlapping Modules” function. After loading the data, modules of interest
can be selected based on their overlap with a particular module of interest (1). The overlap can be based on
genes, experiments or both genes and experiments (3). The modules that overlap with the module of interest

will be ranked according to their overlap and the maximum number of modules that should be visualized can
be selected (2).
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3.4.4 Motif or Regulator in common

This function allows the user to start from one regulator or motif of interest and to select all
modules that are regulated by this regulator or that have this motif in their upstream region
(see Figure 25Error! Reference source not found.). Whether a module has this regulator or
motif is determined by the module detection algorithm, meaning that this module property
has to be included in the input module file. The GenePropertiesDisplay,
ExperimentPropertiesDisplay and ModuleDisplay will be updated after selecting modules
that have the same regulator or motif. This function is always applied on all modules that

were present in the input module file.

B Modules with Common Regulator El @| E| B Modules with Common Regulator
This function allows starting From ona regulator of intarest This function allows starting from one regulator of interast
and to select all modules thak are reguiated by this reguistor, and to select all modules that are regulated by this reguiator,
a5 dafined by the module datection algarithm, a5 defined by the module detaction algarithm.
[ > I —
Reguiator: v Regulator: R_Arch v
_CRP
Cofpre e |
_IHF
R _LexA
_Marl

Figure 26: Selecting modules by using the “Regulator in common” function. A pop-up window will be shown
after clicking the “Regulator in Common” button in the “Module Selection” panel. In this pop-up window the motif
of interest can be chosen (1). After clicking the “OK” button, only the modules that have this motif will be
visualized.

3.5 Optimizing the layout in the ModuleDisplay

The goal is to get an optimal layout of the modules in which modules are not split up very
frequently in different parts. Indeed, by gradually adding more modules to the display image,
we lose the flexibility of some genes and experiments which causes a higher probability for
the latter added modules to get split up. A more optimal layout of the different modules can
be obtained by changing the ordering in which ViTraM places the modules (See Figure

27Error! Reference source not found.). Several reordering options are included:

* Automatic ordering
= Overlap index (section 3.5.1.1)

= Score function (section 3.5.1.2)
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*  User-defined ordering (section 3.5.2)
* Modules
= Genes

=  Experiments

FHFHH“FFFIH‘H'HHHH*H‘H‘H‘H'IHH*HI
e J

_;:':.._—_H - -ﬂ—

Module Ordering

#Automatic Ordering
TModule Marnualky
Gene Manually
Expetiment Manually

Figure 28: The different possibilities for sorting the modules.

3.5.1 Automatic ordering

3.5.1.1 Overlap Index

The overlap index method is an iterative procedure that places the modules that overlap with
most other modules first in the ModuleDisplay. The procedure starts by calculating for each
module the overlap index, i.e. the number of other modules the selected module overlaps
with. The module with the largest “overlap index” will be placed first in the ModuleDisplay.
All modules overlapping with this module will be added subsequently. Next, the module
with the largest “overlap index” among the remaining modules will be selected and placed in
the ModuleDisplay, and again all modules that overlap with this module are given a place in
the layout. This procedure will be repeated until all modules are displayed in the layout. After
each iteration, genes and experiments within each module will be grouped in the most

optimal way as described below (see section 3.5.4).

3.5.1.2 Score Function

In this procedure, it is the not the number of overlapping modules that determines the

ordering of placing the modules in the canvas, but the degree of overlap a particular module
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shows with other modules. Modules can be assigned a score based on their size (genes x
experiments) and the overlap area with other modules. The overlap area is the area (number
of genes x number of experiments) that a module has in common with other modules. The
order score then becomes: S=1og(size) xlog(overlap).

The order of positioning the modules in the ModuleDisplay is determined according to this
order score. The module with the highest score, i.e. a large module that shows a high degree
of overlap with other modules will be placed first. Subsequently the remaining modules are
placed in the ModuleDisplay in decreasing order of their score. Again each time after placing
a module, genes and experiments within each module will be grouped in the most optimal

way as described below (see section 3.5.4).

3.5.2 Module manually, Gene manually and Experiment manually

Since sometimes the user prefers several genes/experiments to be displayed together, the
user can also manually decide on how to order the modules. If the user is, for instance,
particularly interested in one module for which he wants to avoid fragmentation, that
module should be placed first (shifted up in the list). If the user wants to manually change
the order of the modules, click on the button “Order Modules manually” (see Figure 29Etror!
Reference source not found.).

A pop-up window will appear that contains two lists of modules. The first, most left side, list
consists of all modules for which data are present in the input files, while the second “display
list” consists of the modules that will be shown and the order in which they will be placed
on the ModuleDisplay. Modules can be deleted from the list by clicking on them and
subsequently clicking on the “Remove” button. Modules can be added to the display list by
selecting them in the left sided list containing all modules and by clicking on “>”. The order
of the modules can be changed by moving modules up or down in the list using the “Up” or
“Down” button. Once the order has been determined, the user can click on “OK”. Genes
and experiments will automatically be grouped by “Constraint reordering of
genes/conditions” method (see section 3.5.3). Changing the order of the genes and

experiments can be done analogously.
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B Sclect and Order the Modules

Modules can be ordered manually. Modules that should be ordered can be chosen from the left side list by clicking "-=".

The module will then be added ko the list on the right, which intially consists of all madules that are currently shawn,

To change the order in which the user wants to display these modules, move a sslected maodule up or down in the list by clicking "Up” or "Dawn”.
Maodules can also be deleted fram the list by clicking "Remove”, Once the ordering has been determined, the user can dick on "OK",
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B Select and Order the Modules

Modules can be ordered manually, Modules that should be ordered can be chosen from the left side list by clicking "->",

The madule will then be added to tha list on the right, which intially consists of all modules that are currently shown,

To change the order in which the user wants to display these modules, move a sslectad module up or down in the list by clicking "Up" or "Down’,
Modules can also be delated from the list by clicking "Remaove”, Onca the ordering has been datermined, the user can click on "OK",
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Modules can be ordered manually. Modules that should be ordered can be chosen From the left side list by dlicking "->",

The maodule will than be added to the list an tha right, which initially consists of all modules that are currently shown,

Ta change the order in which the user wants to display thess modules, move 3 selected module up or down in the list by dicking "Up" or "Down”,
Madules can also be deletad from the list by clicking "Remove”, Once the ordering has been determined, the user can click on "OK",
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Figure 30: Pop-up window that appears when manually changing the order of the modules. Modules that
should be ordered can be chosen from the left side list by clicking ““>”. The module will then be added to the
list on the right, which initially consists of all modules that are currently shown in the ModuleDisplay. To
change the order in which the user wants to display these modules, move a selected module (1) up or down in
the list by clicking “Up” or “Down” (2). Modules can also be deleted from the list by clicking "Remove”. Once the

ordering has been determined, the user can click on “OK”.
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3.5.3 Constrained reordering of genes/ experiments

Once an initial set of modules is placed in the most optimal way, the experiments (genes) can
still be rearranged in order to better group the next module. In what follows we will describe
the experiment grouping (the gene grouping is analogous) by means of an illustrative
example. Figure 31 shows a situation in which Module 1 and module 2 are already positioned
in the canvas. Although the grouping is OK for placing both modules 1 and 2, it is still
suboptimal for placing a subsequent module (i.e. module 3, green frame). In this case
Module 3 shares experiments with both module 1 and 2, but is still highly fragmented. By
regrouping the conditions of Modulel and Module2 slightly, we can reduce the splitting.
However, we do not have full freedom in regrouping all experiments as then Module 1 and 2
will be split up again. So when rearranging experiments in order to optimally place module 3
we have to take into account that the placing of module 1 and 2 already posed constraints.
In this situation the experiments (genes) can be subdivided in four groups: the set of
experiments present in only module 1, the set of experiments present in only module 2, the
set of experiments shared by module 1 and module 2, the set of experiments that are not
present in any module. The constraints posed by placing Module 1 and 2 in advance allow
only for rearranging experiments within one subdivision, but not between subdivisions.
Experiments within one subdivision that overlap with module 3 can be grouped together
reducing the number of splits required for placing Module 3 (Panel 3). If more modules are
present, more subdivisions will exist according to which the experiments will be grouped.
When grouping the experiments (genes) into the most optimal way, we designed an iterative
procedure that brings these constraints into account one by one. Note that this procedure
for the constrained reordering of experiments is an inherent part of finding the optimal
ordering of modules based on the “Overlap Index” and “Score Function”: each time a novel

module is added the constrained gene/experiment reordering procedute is applied.
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Figure 32: The “Constraint reordering of genes/experiments”. Panel a; Modulel and Module2 are placed in
an optimal way. Panel b: Adding module 3 using the current order of conditions will lead to a high
fragmentation of module 3. Panel c: the fragmentation of module 3 can be reduced by reordering the
conditions, while taking into account the constraints posed by the optimal placing of Module 1 and 2.
Experiments can only be freely reordered within one subdivision. Therefore experiments within each
subdivision that overlap with module 3 (in this case first 2, 8 and 18, then 3, 4 and 5 will be grouped together.
Experiment 66 will be added the latest since it is not overlapping with any of the other two modules. As such,
the number of splits needed to place Module 3 is reduced.
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3.6 Optimize layout in the GenePropertiesDisplay
The user can not only manipulate the ModuleDisplay, but also the GenePropertiesDisplay.

Ordering of the gene properties might be important during the analysis of the modules that
are visualized. Motifs can, for instance, be ordered according to their score for the genes in
the currently displayed modules. As such the regulatory program of the modules can be
investigated. We have included several options for ordering the gene properties (see Figure
33Error! Reference source not found.):
* Choosing the regulator/motif scote threshold (section 3.6.1)
* Sorting the regulators /motifs based on:
0 'Their scores (section 3.6.2)
0 Their assighment to modules by the used module detection algorithm
(section 3.6.3)
*  User-defined sorting of the regulators/motifs (section 3.6.4)

* Resetting the ordering of the gene properties (section 3.6.5)

e TP TR e TUT i T T, i 7T A i F2E 5 : :
R o : Gene Properties Ordering

T

Set GeneProp Threshold
Sort GeneProp
GeneProp Manualhy
Resst GaneProp

Figure 34: Overview of the different possibilities for ordering the gene properties.

3.6.1 Set the Gene Properties (GeneProp) score threshold

By clicking the button “Sez GeneProp Threshold”, the user can set the minimum and maximum
threshold for the gene properties (GeneProp) motifs and regulators (see Figure 35). The
default threshold is set to 0.8-1.0 for motifs and regulators. The genes for which the
regulator/motif score falls in between the minimum and maximum score will be indicated in

the GenePropertiesDisplay by a cross.
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Figure 36: Pop-up window for setting the score thresholds of the gene properties. The ranges of the scores
for regulators and motifs are shown. The default score will be shown in the text field when opening this
window. A new minimum and/or maximum score can be chosen for both regulators and motifs.

3.6.2 Sort Motifs/Regulators based on their scores

As scores for many regulators/motifs could be available, it is interesting to be able to sort
the regulators/motifs based on their scores. Regulators or motifs in the
GenePropertiesDisplay can be ordered based on their scores for the genes in the modules
currently displayed in the ModuleDisplay. As such the user can immediately see which
regulators/motifs are important for the currently displayed modules.
By clicking on the “Sort GeneProp” in the “GeneProp Ordering” panel, the user can choose
to order either the regulators or the motifs (see Figure 37):

0 Sort Motifs based on Motif Score

0 Sort Regulators based on Regulator Score

The top 5 regulators/ motifs will be shown in the GenePropertiesDisplay.

I Sort GeneProps BEX BB Sort GeneProps FEX)
Regulators and matifs in the GenePropertiesDisplay can be ordered based on their scores for the genes in the currently displayed modules. Regulators and makifs in the GenePropertiesDisplay can be ordared based on their scores for the genes in the currently displayed modules
‘The reguistors or motifs for which the scores for the genes satisfy the gene property threshold the most, will be put first. ‘The requiatars or motifs far which the scares for the genes satisfy the gene property thrashold the mast, will be put first.
Regulators or motifs can also be ordered based on their presence in the modules. Regulators or motifs can also be ordsred based on their presence in the modules.

Make one choice please: | M Make cne choice please:

d
50t Reguiators based on Regulators in the Modules v | Sort Regulatars based on Regulatars in the Modules |
Sort Regulators based on Regulators in the Modules
[Sart Reguistors based on Regulator Score
= JSert Motis based on Motifs in the Modules
oK Cancel Cancel
= [Sart Motis based on Mot Score

Figure 38: The pop-up window that appears when choosing the “Sort GeneProp” in the “GeneProp
Ordering” panel. The user can choose to order regulators/motifs based on their scores or based on their
presence in the currently displayed modules. After clicking “OK?”, the regulators/motifs will be sorted
according to the selection option.

3.6.3 Sort Motifs/Regulators based on their presence in the modules

Regulators or motifs can also be assigned to modules by the module detection algorithm
(thus independent of their scores). This information can be included in the input module file,

and it is also possible to order regulators/motifs based on their presence in the modules.
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By clicking on the “Sort GeneProp” in the “GeneProp Ordering” panel, the user can choose
to order either the regulators or the motifs (see Error! Reference source not found. Figure
39):

0 Sort Motifs based on Motifs in the modules

0 Sort Regulators based on Regulators in the modules

3.6.4 GeneProp manually
Finally, it is also possible to change the ordering of the gene properties manually by clicking

on the button “GeneProp Manually” in the “GeneProp Ordering” panel (see Error!
Reference source not found.Figure 40). A pop-up window will appear that contains two
lists of gene properties. The first (most left side) list consists of all gene properties that were
originally in the module input file, while the second “display list” consists of the gene
properties that will be shown and the order in which they will be placed on the
GenePropertiesDisplay. Gene properties can be deleted from the display list by selecting
them and subsequently clicking on the “Remove” button. Gene properties can be added to the
“display list” by selecting the gene properties in the left side list containing all gene
properties and subsequently clicking on ““>”. The order of the gene properties in the display
list, and hence in the GenePropertiesDisplay, can be changed by moving the gene properties

up or down in the list using the “up” or “Down” button.

3.6.5 Reset GeneProp

The “Reset GeneProp” button allows showing the initial list of gene properties, consisting

of all regulators, motifs and gene ontology classes, in their initial order.
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B Select and Order the Gene Properties

Gene propertizs can also be ardered manually, The list on the left contains all gene properties,

The list on the right consists of the gene properties that will be shown and the order in which they are displayed,

A gzne property from the left-sided list can be added to the list on the right by clicking ™->",

To change the order in which the user wants to display these gene properties, a selected gene property can be moved up or down in the list by clicking "Up" or "Down’,
A gene property will be deleted from the list on the right by dicking "Remove”,
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I Select and Order the Gene Properties

Gene properties can also be ordered manually. The list on the left contains sl gene properties.

The list on the right consists of the gene properties that will be shown and the order in which they are displayed.

A gene property from the left-sided list can be added to tha list on the right by clicking "->",

Ta change the order in which the user wants to display these gene properties, 2 selected gene property can be moved up or down in the list by clicking "Up” or "Down”.
A gane property will be deleted from the list on the right by dicking "Remove”,
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Figure 41: Manually change the order of the gene propetties pop-up box. The list on the left contains all gene
properties. The list on the right consists of the gene properties that will be shown and the order in which they
are displayed. A gene property from the left-sided list can be added to the list on the right by clicking “->”. To
change the order in which the user wants to display these gene properties, a selected gene property can be
moved up or down in the list by clicking “Up” or “Down”. A gene property will be deleted from the list on the
right by clicking on “Renzove”.



3.7 Overview & Heatmap Display
In addition to the three image displays, ModuleDisplay, GenePropertiesDisplay and

ExperimentPropertiesDisplay, ViTraM allows for some additional plots (see Figure 42Error!

Reference source not found.):
* An overview of all modules (section 3.7.1)

* A heatmap of all modules (section 3.7.2)

A

Overview&Heatmap Display
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Figure 43: The different additional plots that ViTraM can provide.

3.7.1 Overview of all modules

Sometimes, too many modules are included in the ModuleDisplay such that it becomes
impossible to view all modules as a whole. Therefore, ViTraM allows visualizing all modules
that are currently displayed such that an overview on the modules can be obtained. From
this overview it might be easier for the user to see which modules show, for instance,
overlap in experiments or genes.

By clicking on the “Vew Al active Modules” button in the “Overview & Heatmap Display” panel,
the OverviewDisplay is shown (Etror! Reference source not found.). This display shows
an overview on all modules in the current ModuleDisplay.

Whenever the content or layout of the ModuleDisplay changes, a novel overview of all
currently displayed modules can be obtained by clicking on “Refresh Modules” in the
“Overview & Heatmap Display”.

The overview of the modules can also be saved as an SVG picture (see also section 4).
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3.7.2 Heatmap

ViTraM allows visualizing also the expression profile of each gene separately in the modules.
By clicking the “Adding Heatmap” button in the “Overview & Heatmap Display” panel, a
heatmap will be added to the current OverviewDisplay (Error! Reference source not
found.See Figure 44). A heatmap represents the expression values of each gene in each
experiment. Low expression values are colored green, while high expression values are
colored red. Expression values around zero will be assigned a black color. The image
monitor will tell whether the heatmap plot is finished. The heatmap of the modules can also

be saved as an SVG picture.

Dverview&Heatmap Display

View Modules
Refresh Modules
Adding Heatmap
Save as SVG
Image Monitor

Figure 45: Plot of the heatmap of the modules currently displayed in the ModuleDisplay. First clicking on
“View All Active Modules”, an empty frame will be shown, clicking on “Refresh Modules”, all of the active
modules plotted will be shown on this frame. Clicking on “Adding Heatmap”, ViTraM will start to plot the
heatmap for these visualized active modules. A monitor will tell when the heatmap is ready. The X-axis
represents the conditions. The order of the experiments corresponds to the order of the experiments in the
ModuleDisplay. The Y-axis represents the genes. The order of the genes corresponds to the order of the genes
in the ModuleDisplay. For each module, the expression values of all genes in the module are plotted for each
experiment. Each module is represented by one colored rectangles.

3.8 Additional plot

The average expression profile of the genes in a module is shown after clicking the “Plot
Modnles” button in the “Additional Plot” panel (seeError! Reference source not found.
Figure 46). The average expression profile is visualized for all modules that are currently
displayed. Each module is represented by a separate color. The order of the experiments in

this module plot corresponds to the order of the experiments in the ModuleDisplay.
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Additional Plot (2)
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Figure 47: Plot of the average expression profile of the modules cutrently displayed in the ModuleDisplay.
The X-axis represents the conditions. The order of the experiments corresponds to the order of the
experiments in the ModuleDisplay. The Y-axis represents the expression values. For each module, the average
expression values of all genes in the module are calculated for each experiment. Each module is represented by
one color. The legend at the bottom of the figure indicates which color cortesponds to which module. The
module 9 for instance, is shown in blue in the graph.
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4 OUTPUT FILES

The  resulting four images of  “ModuleDisplay”,  “GenePropertiesDisplay”,
“ExperimentPropertiesDisplay” and “OverviewDisplay” can be saved as an SVG file (see

Figure 48Error! Reference source not found.) by clicking on Save as ST'G >> S1V'G format.

These SVG  files can be loaded in  software such as  InkScape

(http://www.inkscape.org/download /?lang=en) for saving them as high quality PNG files.
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Figure 49: Several possibilities for exporting data from ViTraM are available.
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