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1 Introduction

Data obtained from microarrays has been subject to a variety of studies. The art of identifying differentially
expressed genes, finding high predictive genes or groups of genes with respect to a response or conditions has
been of major interest in order to explore the structure of these gene expression datasets.

Another way to investigate this kind of data is through the help of clustering. Through clustering gene ex-
pression matrices can be analyzed in both dimensions, the gene and condition dimension. This translates into
the grouping of genes according to their expression under multiple conditions and the grouping of conditions
based on the expression of a number of genes. These results can then for example be utilized for classification
afterwards.

This procedure can be extended to clustering on the genes and conditions simultaneously which is called biclus-
tering.

There exist a great deal of methods to do biclustering for which many R packages have been developed. For
example biclust (Kaiser and Leisch, 2008), fabia (Hochreiter et al., 2010), isa2 (Csérdi, 2014) and iBBiG
(Gusenleitner et al., 2012) are some of these.

But while there are a lot of R packages available, not a lot of user-friendly graphical user interfaces (GUI) exist
to execute these biclustering methods. This is particulary helpful for scientists with limited knowledge of R as
they can apply the multitude of methods through simple point-and-click dialogs. Further, since the GUI is a
plugin of Remdr, the user will also be exposed to the actual R commands of the implemented packages, making
it a learning experience on the use of R.

The RemdrPlugin.BiclustGUI is a continuation of the same-named package available on R-Forge, made by
Setia Pramana. The already implemented biclustering algorithms were completely redone, adding extra param-
eter options in the process. New methods have been added as well as more options to graphically present the
results of all methods. Further all biclustering procedures have been implemented in the GUI in a very specific
framework which makes adding new packages in the future a quick and easy task with minimal interference of
the maintainer. In short, the method/package developer will be able to create his own dialogs/windows for his
procedure without having to rely on any knowledge of the Remdr or tcltk syntax which is normally necessary



to create these.
Thanks to this, the package has the potential to become a GUI from which a vast collection of biclustering
methods can be accessed in the future.

Following on the introduction, there will be two major sections about the RcmdrPlugin.BiclustGUI pack-
age. In the first, the already implemented biclustering methods will be briefly explained followed by showcasing
the functionality of the GUI. This will contain the executing of the procedure itself as well as the visualisation
of the results through the appropriate plots.

In the second section, an extensive guideline will be presented with explanatory examples on how to create
the appropriate scripts to add new biclustering procedures. The main idea is that these scripts can then be
send forward to the maintainer of RemdrPlugin.BiclustGUI who can then easily add these new dialogs to the
already implemented procedures.

It should be stressed that over the entirety of the report the focus will be on the software development of
the GUIL. While a multitude of biclustering methods will be visited, the goal is not to investigate into detail how
they work, but how they are implemented in the GUI. What will be of interest though is the structure of the
GUI, namely how the several methods are automatically linked to the plots and diagnostics without unnecessary
interference of the user. Therefore the description of the implemented methods will be very brief and basic.

1.1 R Commander

R Commander, Remdr(Fox, 2005), is a GUI developed by John Fox from McMaster University, Canada. Origi-
nally it was conceived as a basic-statistics graphical user interface for R, but its capabilities have been extended
substantially since. The Remdr package is based on the tcltk package (Dalgaard, 2001b) which provides an
R interface to the Tel/Tk GUI builder. Since tcltk is available on all the operating systems on which R is
commonly run, the R Commander GUI will also run on all of these platforms.

The GUI is also very easy to start to use for beginners who do not have any or little experience with R.
It will protect beginners from errors as the dialog boxes only have limited options related to the current context
which minimizes the errors made by users. Further, since the users are exposed to the actual R commands
through a script and output window, besides analyzing and managing the data in R easily, they can also learn
how do it in R without a GUI. Another advantage is that the script will be generated on the fly as the user
applies the desired statistics through the point-and-click GUI. This means it can be easily saved at the end of a
session which enables the user afterwards to recreate the results by running the R script without going through
all the dialogs again. Advanced users can even adapt the created script to do some more detailed analysis.
These are the main advantages Remdr has over other available RGUI packages.

Starting with version 1.3-0, Remdr also provides the possibility of plug-in packages which can augment the
R Commander menus. These packages are developed, maintained, distributed and installed independently of
Rcmdr and can provide a wide variety of new dialog boxes and statistical functionality. More information on
developing such a plug-in can be found in Fox (2007).

It is through this functionality that the RemdrPlugin.BiclustGUI has been created which brings a new menu
to the R Commander GUI containing a collection of biclustering procedures.
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Figure 1: Default R Commander

1.2 Biclustering

Let Y be a m x n matrix. The goal of biclustering now is to find subgroups of rows and columns which are
as similar as possible to each other and as different as possible to the rest (Kaiser and Leisch, 2008). This
basically comes down to clustering on both the row and column dimension simultanously and while clustering
methods on 1 dimension derive a global model, biclustering algorithms will produce a local model. For example
in clustering algorithms each row in a rowcluster is defined over all the columns, however a row in a bicluster
is selected using only a subset of columns.

Going back to the matrix Y, this corresponds to looking for submatrices with a high similarity of elements.
This submatrix is what is called a bicluster.
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While biclustering has its applications in many areas such as marketing and behavior science, a popular use of
it is for the analysis of genetic data. The Y matrix would then be a gene expression matrix in which the rows
correspond with the genes and the columns with the conditions/samples. In this setting a,,, is the expression
level of the mth gene under the nth condition and biclustering algorithms will identify groups of genes that show
similar activity patterns under a specific subset of the conditions. Therefore, biclustering is the key technique
in situations where a cellular process, in which only a small set of the genes participate, is of interest or in the
situation that an interesting cellular process is active only in a subset of the conditions.

There exist a great deal of different biclustering algorithms today and several authors have provided exten-
sive reviews, discussion and comparisons of these (Madeira and Oliveira, 2004, Tanay et al., 2004 and Preli¢
et al., 2006)

All these different algorithms are able to identify several types of biclusters which can be identified into four
major classes:

1. Biclusters with constant values



2.
3.
4.

Biclusters with constant values on rows or columns
Biclusters with coherent values

Biclusters with coherent evolutions

To briefly elaborate on this, coherent values would mean that each row and column can be obtained by adding a
constant to each of the others or by multiplying each of the others by a constant value. Further in the evolution
approaches, the elements of the matrix are viewed as symbolic values and biclusters with coherent behaviour
will be discovered regardless of the exact numeric values in the matrix. These types of biclusters can be found
in Figure 60 in the Appendix.

It is also interesting to know that while many biclustering algorithms perform simultaneous clustering on both
dimensions of the data matrix, there also exist two-way clustering approaches. These use one-way clustering to
produce clusters on both dimensions of the data matrix separately.

Finally, if a biclustering algorithm assumes the existence of several biclusters, several underlying structures
of the data matrix can be considered. Madeira and Oliveira (2004) listed the following eight major types of
underlying bicluster structures:

1.
2.

= W
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Exclusive row and column biclusters (rectangular diagonal blocks after row and column reorder).
Non-Overlapping biclusters with checkerboard structure.

Exclusive-rows biclusters.

Exclusive-columns biclusters.

Non-Overlapping biclusters with tree structure.

Non-Overlapping non-exclusive biclusters.

Overlapping biclusters with hierarchical structure.

Arbitrarily positioned overlapping biclusters.

These different structures are visualized in figure 61 in the Appendix.



2 A New Concept in Software Development using R

There exist a great number of packages for R. On CRAN for example there are almost 6000 packages available
which handle many topics. Due to the fact that for each topic or area many packages can be installed, it can
sometimes be challenging for new users to quickly execute a certain analysis of interest (e.g. dose-response
modelling, biclustering methods, etc.).

The creation of ‘envelope packages’, related to a common data analysis problem, can be a solution to this
often-occuring problem. An attractive way to implement this, is with the help of a Graphical User Interface (=
GUI).

The idea is to design a joint development programming environment in which methodological developers can
include their packages in this ‘envelope package’ without too much programming effort.

Not only can multiple people contribute to this ‘envelope package’, the users will be able to make use of all of
these packages in one clear environment. To clarify, all the implemented packages in the ‘envelope package’ are
still independent entities on CRAN or Bioconductor. This means the ‘envelope’ package is simply depending on
these other packages, not incorporating the actual code behind them. As a result, any updates by the authors
on an outsourced package will also automatically update the ‘envelope package’. The main goal of the ‘envelope
package’ is to provide a solid and intuitive ‘module-like’ structure in which the external packages can fit in,
while also providing the possibility of interconnecting these packages.

So while the packages are still independently developed, the end user will only need this ‘envelope package’
to carry out a specific analysis for which multiple methods exist. The ‘envelope package’ can make sure the
output of implemented packages is processed in a similar way, providing a user-friendly environment to execute
each step of an analysis. An example of this could be that after applying a certain analysis method, the results
can immediately be visualized through an appropriate button in the GUI.

Further, such an ‘envelope package’ also introduces a lot of flexibility in the way several packages can be
connected, providing an easier workflow. For example a package focused at the visualisation of results could
easily be connected with other packages in a GUI, alleviating the work of the user in figuring the right data
input for each function.

Also, by creating the GUI as a plug-in for R-Commander, it will not deny the user access to the actual R code
which is used for applying a certain analysis. The R-Commander window will generate the actual R code on
the fly which can be saved, re-executed and even edited. Before, in other GUI systems for R, this was not yet
possible. They did not provide any insight for the user about the R code behind the functionalities.

It is this concept which was the basis for the development of the RemdrPlugin.BiclustGUI package. The
goal of this package is to serve as a platform from which several biclustering algorithms as well as the appro-
priate diagnostics and graphs can be accessed.



3 The BiclustGUI R Package

3.1 Installing and Loading
3.1.1 R Commander

Like a lot of R packages, R Commander can simply be downloaded from CRAN at http://cran.r-project.
org/web/packages/Rcmdr/index.html or simply by using install.packages("Rcmdr") in the R console. If
you use this last command, R will automatically give you the option to install the packages required for R
commander to work correctly.

After the installation, the R commander main window can simply be opened by using library(Rcmdr). It
could very well be that at first launch the GUI will still prompt to install some suggested packages. These can
be installed by accepting the request.

Note that if you close down the main window it can be reopened by using the Commander () command.

As can be seen in Figure 1, the window is separated in three parts: a script window, an output window and a
messages window. In the first the generated R commands from R Commander (and plug-ins) will appear. Users
are also able to edit, enter and re-execute commands from this window. The second window is simply what
would normally appear in the R-console window and the third displays error messages and warnings.

More information on the use of R commander can be found in ‘Getting Started With the R Commander’ by
Fox (2007).

3.1.2 RcmdrPlugin.BiclustGUI

The RemdrPlugin.BiclustGUI can be obtained from 2 repositories. The development version is available
on R-Forge (verb—install.packages(” RemdrPlugin.Biclust GUT” ;repos="http://R-Forge.R-project.org” )—) and
the release version on CRAN (install.packages(” RemdrPlugin. BiclustGUI”)).

Also note that RemdrPlugin.BiclustGUI depends on several other biclustering packages which should also be
installed. Some can be found on CRAN, others on Bioconductor.

e CRAN: biclust, BcDiag, superbiclust, isa2
e Bioconductor: iBBiG, fabia, rqubic, BicARE

Note that installing from Bioconductor is slightly different. First you need to use the
source ("http://bioconductor.org/biocLite.R"), followed by a biocLite() command.
(e.g. biocLite("fabia"))

After succesfully installing the plug-in, there are two ways to load it: directly or through R Commander.
e Simply use library(RcmdrPlugin.BiclustGUI) in the R console.

e Launch R Commander first, then go to Tools, Load Remdr plug-in(s)... and simply select
RcmdrPlugin.BiclustGUI in the newly opened window.

All the commands to install the necessary packages can be found in the appendix.

3.1.3 Data Input

There are a couple of ways on how to load data into the Remdr package (Figure 2):
e Enter new data directly with: Data — > New data set ...
e Load an existing data set from the R workspace: Data — > Load data set ...

e Import existing data from a plain-text file, other statistical packages (SPSS, SAS, Minitab, STATA) or
even an Excel file: Data — > Import data — > (choose required option)

e Use a data set which is included in an R package: Data — > Data in packages — > Read data set from
an attached package ...

Once the data is loaded in, it will be the active data set in the form of a data frame (see Figure 3). Further note
that in most cases the biclustering procedures require a data matrix with the rows as genes and the columns as
conditions/samples.
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3.2 GUI Structure

The general structure of a biclustering window is always the same for each method. This is shown in Figure
4. The method dialog consists out of two tabs: the biclustering tab and the plots & diagnostics tab.

In the first tab, the user will be able choose the appropriate parameters for a biclustering algorithm and then
click the Show Results button to execute it. If relevant, there will also be a small seed box present to set your
seed for this run in order to obtain reproducable results (this will appear as set.seed(...) in the script). In
the second tab, one can find the specific plots and diagnostic tools for the chosen method or package. However,
from this second tab you are also able to access more general diagnostics and plots obtained from an external
package. Two which are already implemented are BcDiag and superbiclust. They can be easily accessed
through a button, provided they are compatible with the chosen method. Clicking one of these buttons will
open up a new window entirely with additional plotting and diagnostic tools.

When these diagnostics are opened up from a specific biclustering window, the plots and diagnostics will
automatically choose the right object to apply their functions to. This way no extra interference of the user
is necessary when applying their functionality and the user will not have to worry about the communication
between these windows. (See Figure 6)

Biclustering| Plots & Diagnostics

Biclustering |Plots & Diagnestics

T T

189 (Seed)

Optional

Figure 4: Default Window Structure

Note that when the graphs are produced they will appear in a separate graphics device window. Due to the
variaty of graphical parameters some diagnostic plots use, it might sometimes be necessary to close this graphics
device down before utilizing a certain graph.(e.g. when you observe the size of a plot is considerably smaller
and multiple are appearing in the same device). Further, if you would like the save a graph appearing in the
device, simply select the device window and go to the working bar of R itself (not R Commander). Here, select



File, Save As and then choose the desired extension (png, pdf,...).

Finally, each biclustering method can be accessed from the Biclustering menu (see Figure 5) in R comman-
der which will appear after loading the plug-in.

,
FIC N T (T

File Edit Data Statistics Graphs Models Distributions IBicIusleling Biclustering - Help 8¢ Utilities Tools  Help

Search Method...
@ Data set: BicatYeast ’zEdit data set”@I Viwu Mo active model>

1SA
R Script (R Markdown iBBiG
i rqubic

BicARE

| »

Biclustering - Plaid

Biclustering - CC
Biclustering - XMuotif
Biclustering - Spectral
Biclustering - QuestMotif

Biclustering - Bimax

-

shvd

Figure 5: Biclustering Menu (Biclust submenu)

The implemented algorithms and diagnostic tools can be found in Table 1.

Type Package Method /Description
Plaid

CcC

XMotif

Spectral

QuestMotif

Bimax

biclust

Laplace Prior
Post-Projection
Sparseness Projection
SPARSE

fabia

Biclustering Algorithms

isa?2 The Iterative Signature Algorithm
iBBiG Iterative Binary Biclustering of Genesets
rqubic Qualitative Biclustering
BicARE Biclustering Analysis and Results Exploration
cavd SSVD (Sparse Singular Value Decomposition)
S4VD (SSVD incorporating stability correction)
BcDiag Bicluster Diagnostics Plots

General Plots/Diagnostics
superbiclust Generating Robust Biclusters from a Bicluster Set

Table 1: Table of implemented packages



Biclustering R Package

Connected!

Diagnostic R Packages

-

Pad

Figure 6: The BiclustGUI Structure

3.3 Extra Utilities

Note on Active Dataset

Some of utilities also make use of the dataset which was used to obtain a certain biclustering result (e.g.
Exporting Results). If the result was obtained in this session, the correct dataset will automatically be made
the active one. Otherwise please make sure the correct corresponding dataset is chosen as the active one in
R-Commander.

3.3.1 Search Dialog

In the Biclustering menu, there is also an option called ‘Search Method...’. This option will open up a small

window (Figure 7) in which the user can query the available biclustering methods for several criteria. After the
search, one of the methods (which appear in the list box) can be selected and then opened up with the Go To
button.

10
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3.3.2 Help Documentation & Scripts

Next to the Biclustering menu is the Biclustering - Help € Utilities menu (See Figure 8. The first submenu
Help Documentation contains three items. The first, Helppage BiclustGUI, will lead to the help files of the R
package. The next, Vignette BiclustGUI, will open up the vignette for the BiclustGUI. This document contains
information about the GUI itself as well as a guideline on how to implement new biclustering methods. The
last item, Template Scripts, will open up the folder in which these scripts are localised. The developers can use
these to create windows for their own package after which they can send them to the maintainer of the GUI
who can include them in the next update.
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Figure 8: Biclustering Helpmenu

3.3.3 Plot Grid

Clicking on this item will bring up a small window (Figure 9) from which it is possible to set the grid of the
graphics device in which the plots will be created. This can be helpful in order to show multiple plots on 1
graphics device. By default this setting is put to 1 by 1 (unless some specific plots require a different grid).

@ Make Plot Grid Dimension... SRES

Dimensions:
1 by 1

Figure 9: Set Plot Grid Window

Note: This option will mostly only work for the graphs which only contain 1 plot. If some graphs already
require an own grid to be set with multiple plots (e.g. the visualisation of the bootstrap (1 by 2) ), it will not
be compatible with this setting. (A new plot will however follow your own setting again.)

The only exception to this are the graphs from BeDiag which contain multiple plots. If your grid setting is large
enough, they will simply be added into it.

Further, some more advanced grid settings, like for the General Plot for iBBiG, might require the user to
re-apply your own settings.

11



3.3.4 Draw Heatmaps

The next utility is the ability to draw heatmaps of data or biclustering results. Clicking this button will open
up a window which consists out of 2 tabs as shown in Figure 10.
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Figure 10: Draw Heatmaps Window

In the first tab of the window, a heatmap of the Active Dataset can be plotted. It is also possible, if necessary,
to binarize or discretize the data beforehand. An example of these plots are given in Figure 62 and 63 in the
Appendix.

The biclustering results tab provides all the tools to plot the heatmap of any of the results in the current
session. Simply select a result in the result box and press the Heatmap button.

Further there are also some extra options under the Heatmap Options title. If required, only some specific
biclusters can be plotted by putting a vector (e.g. ¢(1,2,3)) in the entry field. Next it is also possible to add
the original data heatmap on the background in a transparent fashion (Again this background heatmap can
be binarized or discretized with the options above). Also note that if binary data is being used (by default or
through the transformation option), regardless of the fact if the background option is checked, the heatmap will
look slightly different. The difference is that not all fields are white if they don’t belong to a bicluster, they
can also be gray. This simply means that this row and column combination had a ’1’ response, but was not
included in a bicluster.

Next, the following option will reorder the rows and columns of the matrix so the resulted biclusters are gen-
erally put more together. The algorithm to accomplish this was borrowed from the heatmap plot in the iBBiG
package. Finally, the last option will determine if row/column combinations in biclusters should also be colored
even if the response was ’0’. This is mostly helpfull when investigating binary data if for example you know
the resulting biclusters might still contain zeros (depending on the algorithm). In this case checking this option
would show the full biclusters, but when unchecked, some fields of the biclusters might turn white.

Lastly, do take care that it is not possible to visualize overlapping biclusters that well in these 2D heatmaps.
The biclusters are drawn in the order they appear in the legend so a higher numbered bicluster might be drawn
on top of another (if the biclustering algorithm is able to find such biclusters). Drawing only a selection of
biclusters might be helpfull in this scenario. Another solution could be to turn to software like FURBY for
which the results can be exported.

3.3.5 Jaccard Index

In the Jaccard Index Window (Figure 11) it is possible to compute the Jaccard Index between 2 biclustering
results which can be selected in the results box.

12



[E==)

(1 Compute Jaccard Index of 2 biclustering results... &

Biclustering Results (select 2):

-

A
Jaccard Index

Fabia Result Options
Thresheld Bicluster Sample: 0.5
Threshold Bicluster Loading: NULL

Figure 11: Compute Jaccard Index Window

3.3.6 Clear Results

The Clear Results button in the Help & Utilities menu will automatically clear this session of all biclustering
results. This might be helpfull if one would like to investigate a new dataset.

3.3.7 Export Results

Further it is also possible to export the results either as a text file or in the necessary format for FURBY, Fuzzy
Force-Directed Bicluster Visualization (http://caleydo.github.io/projects/furby/).

Note that all the results will appear in the result box. This means that those result object which are for example
manually named by the user will also appear in the box. Also take care that the correct data set is the active
one in R Commander so that it corresponds with the chosen result (if the result was obtained in a previous
session). the dialogs are shown in Figure 12.

S v oo I

Biclustering Results:

]

Export Options

Title: Qutput Result
Delimiter (def=""}):

Append?

Fabia Result Options
Threshold Bicluster Sample: 0.5
Threshold Bicluster Loading: MULL

@ Write Output for FURBY
FABIA| Other

it ==

' Write Output for FURBY
FABIA |Other

Set Work. Dir.

FABIA Results: Biclustering Results:

- -

I Basename: basename I Basename: basename

‘J Cluster Assignments: MULL ‘ Cluster Assignments: MULL

- Cluster Names: MULL - Cluster Names: NULL
-:'hhrre:jh‘::lblddsé (Samples): 0.5
Threshold L (Loadings): MULL

Set Work. Dir.

Figure 12: Ezport Windows

3.3.8 Extract Biclusters

Another option the user has is to extract the biclustering results in a list object through the Extract Window
(Figure 13). The extracted object is a list object in which each element is a bicluster (in the form of again a
list object). Each bicluster list element can contain the following items: the indices of the rows and/or columns
in the bicluster and the corresponding names of these rows and/or columns.
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First of all it is also possible to get a quick summary of the selected result with the Summary button. Be-
low this button, the options for the actual extracting are situated. These options include the thresholds for
fabia results, choosing which bicluster to extract and which dimensions to include in the resulting list object.
The user can either choose to extract all biclusters, a certain range (e.g. from 2 to 6) or a specific selection (in
the form of a vector: e.g. ¢(3,6,11)).

Finally, the user can also save the extracted list object in an .rData-object in the current working directory
(which can be changed with the Set Work Dir. button). The name for this saved object will be determined
by the entry in Extract Name (Note that this name also determines the name of the extracted object in the
workspace, even when not saving it).

@ Extract Biclusters... ‘ ﬂ

Biclustering Results:

- Coomm ]

Fabia Result Options

Threshold Bicluster Sample: 0.5
Threshold Bicluster Loading: MULL

Which Biclusters? Dimension to Extract?
) Range: From1 To1l () Columns
) Selection: (1) ) Rows

@ All @ Columns & Rows

[] save as rData?

Extract Name: Extract
Set Work Dir.

Figure 13: Eztract Window

3.3.9 Search for genes or samples in biclusters

In this window (Figure 14) it is possible to go through several biclustering results and investigate if certain rows
(= genes) or columns (= samples) are appearing together in a bicluster.

@ Find Biclusters.:_A ﬂ

Biclustering Results (Select1 or more):

-

Fabia Result Options
Threshold Bicluster Sample: 0.5
Threshold Bicluster Loading: MULL

Data Rows & Columns

Rows Vector: c()

Columns Vector: c)
(Murneric/Character Vectors or Name of vector object)

[] Show Object?

Save Name: FindBC Find Biclusters

Exit

Figure 14: Find Biclusters Window

The way this is done is by simply selecting one or more of the available results in the list box, setting an optional
threshold for the possible Fabia results (which will then all have the same threshold) and then simply making
vectors containing the rows and/or columns of interest. These can either be the indices (e.g. ¢(1,6,77)) or
the names (e.g. c("249364_at","258239_at")). It is also possible to simple enter the name of an R object
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containing such a vector.

After this, the user can enter the name in which the result is saved and then press the Find Biclusters button.
This will execute the function, save the result and also give a small summary in the console. This small summary
contains the total number of found biclusters and will also show how many biclusters were found in each result
together with which ones they actually are (Figure 15).

The saved result is a list object containing the same information as well as information of the found biclusters
itself (in the same format as in the extract window). The list object also has an element which contains which
rows and columns were chosen to search through the biclusters. (The Show Object checkbox simple determines
if the result should be printed afterwards or not.)

lusters (results=list (FabiaLaplacePrior=.fabia2biclust (FabiaLaplacePrior,
+ thresZ=0.5, thresL=NULL) , ISA=isa.biclust (I5A), Plaid=Plaid, XMotifs=XMotifs),

+ rows=c(15,16,17) ,cols=c() ,data=as.matrix (BicatYeast))

Total Number of found BC's: 31

FabiaLaplacePrior

0 BC's

I5n

30 BC's: 71 B7 590 93 98 101 108 115 120 123 126 127 128 129 133 138 140 143 146 147 162 163 166 167 1€9% 170 171 172 173 174
Plaid

1 BC's: 4

XMotifs

0 BC's

m

Figure 15: Find Biclusters Summary

3.3.10 Save/Load

Another available option for the user is to Save a result from a certain method (as a RData or rda file) and to
also Load it back in in a later session. This is done through the dialogs shown in Figure 16.

. .
(7 Save & Load Biclustering Results (S (5% Save & Load Biclustering Results [
Save |Lpad Load

Biclustering Results:

Load Result |

‘ ‘ Optienal Load Informatien (fer nen-GUI saves)
Plaid -
cC |=

XMotifs ¥

Spectr

QuestMotif -

Dataset Name:

Exit Exit

Figure 16: Save & Load Windows

In the first tab, the user can simply select the desired result and save it through the Save button. Note that in
this RData object also some info will be stored on what method and which data were used.

In the second tab, if the result was saved with the button in the first tab, the RData object can be loaded into the
GUI will the Load Result button. However if the RData object was not created through the save functionality
of the GUI, the additional saved information will not be automatically available. In this case the user needs to
select which method was used in the list box and fill in the name of the data as well. Please take care that the
name of the object inside the RData file has the same name as the file itself.

Note: Please note that if you are hiding the extensions of known files on your computer, during the save
process the RData or rda extension might not be appended automatically. You will have to add it manually.

3.4 Dbiclust-package

3.4.1 Plaid Biclustering

The plaid biclustering in the GUI implements the plaid algorithm by Turner et al. (2005) which was proposed as
an improvement of the plaid model discussed by Lazzeroni and Owen (2000). The plaid model is a biclustering
method which takes the interactions between biclusters into consideration by defining the data structure (e.g.
expression level) as a sum of layers. This model includes a background layer to capture the global effects and
afterwards the method will construct a series of layers that represent the biclusters.

Plaid Model:
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Tmp = { 0 otherwise ’ and 1y = { 0 otherwise (2)
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) oy Famp (3.2)
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e P + Brp (3.3) ®)

tp + Qnp + Bnp  (34)
In (1), Y,., is the expression level of gene m in condition n with m =1,--- M and n =1,--- | N. Further, p

is the layer index, P is the number of biclusters, 6,,,¢ is a sum of overal mean and ¢,,,, is a random error with
mean zero. The model also contains two indicator variables, v,,, and 7,;, which represent the the membership
of the gene/condition in a bicluster p as formulated in (2). Finally 6,,,, is the mean gene expression which can
take four possible forms as shown in (3). In this formula, (3.1) implies a constant bicluster whereas (3.2) and
(3.3) respectively imply biclusters with constant rows or columns. The last one, (3.4) implies a bicluster with
coherent values across the genes and conditions in a bicluster.

The estimation of the plaid method is done with an iterative algorithm. First the background layer is fit-
ted, then the bicluster-specific layers are added one at a time. In each iteration the algorithm will estimate the
parameters with binary least squares after which a permutation test is performed which is a built-in protection
against the discovery of random biclusters. This procedure is repeated until no layer is found anymore or until
the maximum amount of layers as been reached. More detailed information about these steps can be found in
Lazzeroni and Owen (2000) and Turner et al. (2005).

==

O Biclustering - Plaid -

Biclustering |Plots & Diagnostics

Plaid Specifications

To Cluster Model

) Rows Model Formula: y ~ m+a+b
) Columns

@ Rows & Columns
Layer Specifications

Background Layer?

Shuffle: 3
Back Fit: 0
Max Layes: 20

Show Result

Iteration Startup: 5
Iteration Layer: 10

Bit || Help

262 (Seed)

Figure 17: Plaid Window

In Figure 17, the standard Plaid window can be found which contains all the necessary paramaters to apply
plaid biclustering. First the user is able to decide they only want to cluster the rows and columns, or on both
(recommended). Next the model which is fitted to each layer can be specified in the Model Boz. This coincides
with formula (3) and is defaulted to y ~ m + a + b (m=constant for all elements in bicluster; a=constant for
all rows in bicluster; b=constant for all columns in bicluster).

The remaining parameters are there to further specify the layer options in the algorithm. The background
check specifies if there is a background layer present in the data. Iteration startup and layer define the number
of iterations to find respectively the starting values and each layer. And as already explained earlier, maz layers
will determine the maximum number of layers to include in the model and therefore the maximum number of
biclusters.

Finally, Back Fit specifies the additional iterations to refine the fitting of the layer and Shuffle is a parameter
connected with the permutation test. Before a layer is added, its statistical significance is compared against a
number of random obtained layers, defined by this parameter.
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3.4.2 CC(0) Biclustering

The § biclustering, also known as CC algorithm is based on the framework by Cheng and Church (2000). The
algorithm discovers biclusters one at time and considers a bicluster as a subset of rows and columns that show
coherent values. The method is a combination of data analysis based on an ANOVA model and a node deletion
algorithm.

Let A1y be a submatrix, i.e. a d-bicluster, in the data matrix A (I = (i1,--- ,%);J = (J1, -+, jr)). Note that
a;; is the expression leven of gene 7 in condition j.

Now Cheng and Church defined a mean residual score (MSR) as follows

Hrr = |f|| 2

icl,jed

where 7;; = a;; —a;; —ar; +ary,i €1,5 € J.

A submatrix is now called a bicluster if the MSR is less than a pre-defined threshold §.

In order to find these J-biclusters, the algorithm will start with the full matrix and calculates the MSR. Now the
MSR will be minimized by deleting/including rows and columns in the matrix. Since the brute-force approach
is computationally not time-efficient, node deletion algorithms were developed (single & multiple) which is a
greedy algorithm. These algorithms iterate the process