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1 Introduction

1.1 What is this all about?

eSOMet is a novel software for the analysis of GC-MS metabolome data. The focus
is on the highly accurate detection of relationships between different metabolic pat-
terns. For this purpose, the here described software represents a novel analysis pipeline

(Figure 1) which processes the data by the following steps:

1. Acquisition of the multivariate GC-MS data. The data set is organized such that
the metabolite concentrations are described as statistical variables, where each

experimental trial denotes one statistical observation.

2. Normalization and reduction of the data set by application of a principle com-
ponent analysis. The PCA rearranges the data in the multidimensional space
such that the first dimensions represent the largest variances within the data set,

whereas the dimensions of higher order cover the noise only.

3. Clustering of the experimental trials according to their similarity, using either

hierarchical cluster analysis (HCA) or emergent self-organizing maps (ESOMs).

4. In both cases, a dendrogram representing the relationships of the metabolic pat-

terns of each experimental trial is calculated.

5. Different branches from the dendrograms representing distinct environmental
conditions or genetic backgrounds can manually be selected and the metabolic

changes statistically evaluated.

6. Finally, the fold change ratios of the metabolite concentrations and their sta-
tistical significances are displayed on the KEGG metabolic pathway maps using

color codes, hence, presenting the results in a more biological fashion.

The general usage of the software and its application to recorded data will be lined

out in this manual.
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Figure 1: The general workflow of the data processing pipeline, which is compiled in
the eSOMet software tool.



1.2 Installation

eSOMet was exclusively implemented using the Java technology. So basically, there is
no need to install eSOMet. This section just helps you to get eSOMet started when

you are unexperienced with the application of Java based software.

The only requirement to run the tool is a proper installation of Java 1.6 or higher. If

you are uncertain whether you have Java installed or not, open a Shell (Unix / Linux),

a Terminal (OS-X) or a Command Prompt (Windows) and type

java —version

If the response looks similar to this

java version ”71.6.0_06"
Java (IM) SE Runtime Environment (build 1.6.0_06—b02)

Java HotSpot (TM) Server VM (build 10.0—b22, mixed mode)

everything is fine and you can proceed. Otherwise, please visit http://www. java.com

and install the latest Java Runtime Environment (JRE) on your system.

We provide two options to use eSOMet: A Webstart application and an executable
Jar package.

1.2.1 Starting eSOMet using Webstart

The easiest way to start eSOMet is to launch it via the Java Webstart technology.
Simply visit the eSOMet website! and click the Webstart button. If your browser is
properly configured the Webstart launcher should right away start to download all
required resources and bring up the software within less than a minute (depending on

your internet bandwidth).

Otherwise, if your browser offers you to download a file called esomet. jnlp, just save
it to your harddisk and start the software by typing into a Shell, Terminal or Command

Prompt:

javaws </path/to/esomet.jnlp>

Thttp://esomet.tu-bs.de



where </path/to/esomet.jnlp> defines the relative or absolute location of the down-
loaded file. Equivalently, it is also possible to start the software directly using the
Shell, etc. by typing

javaws http://esomet.tu—bs.de/ressources/esomet.jnlp

1.2.2 Using the executable Jar

If you do not want to use the first option — which actually should be favored, since
Webstarts manages version updates automatically for you — it is also possible to down-
load eSOMet as executable Java package (Jar file). For this purpose, simply download
the package from the website and double click the downloaded file esomet.jar. The
program should start immediately. If your system is not configured to support this

action, you can still type in a Shell, Terminal, whatever and type

java —jar </path/to/esomet.jar>

where </path/to/esomet.jar> defines the relative or absolute location of the down-
loaded file.

Finally, if you see a program window on your screen that looks similar to the one

depicted in figure 2 you got eSOMet started and may proceed with this manual.
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Figure 2: Representation of the plain window of eSOMet after the startup of the pro-
gram. The top part (1) of the window is called the toolbar, the left panel (2)
is called the project panel, the right panel (3) is called the content panel.

2 Starting a project

2.1 Create and load a new project

The first step after launching eSOMet is either to open a new project or, otherwise,

load an existing one.

For opening a project, click the «%-button. A file chooser dialog will pop up and
ask you for a location, where the project file will be saved. The eSOMet project files
have the data extension *.eso. The project contains the intermediate results that are
acquired during procession via the analysis pipeline. Each analysis will be displayed in
the right hand panel of the main program window, the so called project panel (figure
2). After each analysis step, you should click on the F-button to store the results

permanently to your harddisk.

If you want to load an existing project, click the «!-button. A file chooser dialog will

pop up and ask you for the location of a previously saved *.eso-file. On the website,



there is a test case analysis stored in the *.eso format. You can download?, unzip
and load it into eSOMet.

2.2 Data management

After you have created a new project, the first thing you should do is importing the
multivariate metabolome data. Each project can contain one dataset only. The data
is organized in a multivariate data matrix. Each column describes one particular
experiment or measurement — the so called metabolic pattern (in statistical terms,
each column denotes one observation). Each row describes one particular metabolite
that has been recorded (in statistical terms each row denotes one variable). The matrix
entries contain the concentrations or signal strengths of each metabolite measured in

a certain observation.

Hence, the imported data have to be in a specific tabular format: The first row must
contain distinct names for each experiment, the first column distinct names for each
metabolite. The table cells contain the measured values with floating point precision.
Optionally, the second column may contain the KEGG identifiers. If one metabolite is
assigned by more than one KEGG identifier, they can be given in the same table cell,

separated by a slash (/) each.

For importing the data, click the " e-button. A wizard (figure 3) will pop up and

guide you through the import process. You can either

e import the data from a *.csv-file

e or paste the data, after they have been copied to the clipboard from tools like
Microsoft Excel or OpenOffice Calc. In this case, do not select and copy the
entire spreadsheet rather select only the part of the spreadsheet that contains
the data.

An exemplary *.csv-file is comprised by the test case data, available on the website.
After the successful data import, the tree in the project panel contains a new entry

called Data, which consists of three items:

2http://esomet.tu-bs.de/resources/TestCase.zip
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Figure 3: The first dialog of the data import wizard.

Original data By double clicking on this item, a table is opened in the content panel

that displays the imported data.

Z-score scaled data A table containing the data after a z-score scaling is opened after
clicking this item. It also contains two columns with the values of the standard

means and standard deviations of the original data (figure 4).

Range scaled data A table containing the data after a range scaling is opened after
clicking this item. It also contains one column with the values of the standard
means and two columns with the minimum and maximum value of the original

data.

Pareto scaled data A table containing the data after a pareto scaling is opened after
clicking this item. It also contains two columns with the values of the standard

means and the square roots of the standard deviation of the original data.

Vast scaled data A table containing the data after a vast scaling is opened after click-
ing this item. It also contains two columns with the values of the standard means

and the standard deviations of the original data.

Level scaled data A table containing the data after a level scaling is opened after
clicking this item. It also contains one column with the values of the standard

means of the original data.



Total signal scaled data A table containing the data after a total signal scaling is
opened after clicking this item. It contains also one row of the A-values for each

column, which are derived by the normalization.

The description of the mathematical basis of all methods here described, as well as
the explanation of differences, advantages and disadvantages of the various methods
employed in this aiiiilication are beyond the scope of this manual. Instead we refer to
the publication which is currently under submission and the references listed therein.

You will keep informed through the eSOMet website about the publishing process.

However, these tables comprised by the data object are all read-only. Currently it is

not intended to manipulated or directly enter raw data into eSOMet.
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Figure 4: Test case data were imported into eSOMet. The content panel shows the
tabular arrangement of the normalized multivariate data. KEGG-identifiers
are also imported (column 2) and standard means and standard deviations

were calculated (columns 3 and 4).



2.3 Making a PCA

As next step of the analysis pipeline you can now perform a principle component
analysis of the data. For this purpose click the Hbutton. A new entry in the
project panel will appear containing the results of the PCA. This entry contains three

items:

PCA_2D-PCA A plot representing the projection of the z-score scaled variables on
the first two principle components 5. However, the rank of the components
can be switched, giving a projection of the data on twwo arbitrarily choosen

components.
PCAVariances A plot representing the recovered variances per principle component.

PCACumulativeVariances A plot representing the percentage of recovered variance

by the first n principle components.
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Figure 5: The PCA 2d-projection of the test-case data are loaded in the content panel.
Only a zoomed selection of the actual plot is displayed showing one relevant

area.

It is possible to zoom into the plots by left-clicking with the mouse in the upper left
corner of the area to be selected, dragging to the bottom corner and releasing the
mouse button. In order to zoom out, left click and move the mouse to the left d

release the button.
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3 Clustering the data

The central part of the analysis pipeline is the hierarchical clustering of the metabolic
patterns according to their similarity. For this purpose eSOMet provides two quite dif-
ferent approaches: The hierarchical cluster analysis (HCA) and emergent self-organizing
maps (ESOMs).

3.1 Hierarchical cluster analysis

No matter if you either want to perform a HCA or an ESOM analysis, you start the
clustering analysis by clicking the “ button. A wizard will pop up and guide you
through the parameter adjustments. The first two of the following steps are equal

between the two analysis methods:

1. First you have to give a unique label to this analysis. This is important, because
you can perform more than one cluster analysis with varying parameter settings.
Furthermore, you have to choose a normalization or reduction you want to per-
form on the data. Data reduction is carried out through a principle component
analysis where you can either choose the degree of variance covered or, alterna-
tively, a number of principle components on which you want to project the data
(figure 6). If no PCA was performed yet, the results will be added to the project
panel and indicated by the *f-symbol.

2. As next step you have to choose a clustering methods. Since the next section
deals with ESOMs, we assume that you choose the HCA method this time.

3. Finally, the linkage method and the metric are chosen, according to which the
HCA is performed (figure 7).

4. After pressing the Next-button the calculation starts and usually within an in-
stant — depending on your data and hardware, of course — the results are displayed

in the project panel, indicated by the é—symbol.

11
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Figure 7: The dialog asking for the linkage and metric of the HCA.
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3.2 Emergent self organizing maps

If you decide to carry out a ESOM clustering instead a HCA the last described dialogue

is replaced by three ESOM specific dialogs:

1. First you have the option to choose one of three predefined settings, for a very fast
but sketchy analysis, a very slow but very accurate analysis and a compromise

between both. However, we advise to adjust the settings manually, in order to

know which parameters you apply.

2. The first parameters to be set concern the size of the neural network to be trained

and the number of training cycles. Keep in mind, that both parameter influence

the runtime of the algorithm proportionally, each.

3. Finally, you have to specify the training parameters, as the training rate, the

initial training radius and the parameter for the random initialization (figure 8).
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Figure 8: ESOM clustering dialog for the specification of training parameters.

4. After all information is collected a progress window will pop up and inform you
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about the state of the calculation. Depending on the chosen parameter and your
data, this calculation can be accomplished between seconds and hours. Once the
calculation terminated, it is indicated by the appearance of a new & -symbol in

the project panel.

3.3 Dendrograms and silhouettes

No matter if you performed a HCA or ESOM clustering, as result of both procedures
you’ll find in the & _gections a symbol labeled as dendrogram, which opens the
clustered tree of your data in the content panel. Here you can investigate the relation
ship between the different observations. When you click on a branching-point you’ll
mark the complete underlying cluster as marked. When you have marked more than
one cluster and click the Display Silhouette widths-button, the silhouette widths for
the selected observations are calculated, based on the selection and displayed next to
the observation name (figure 9). You can also deselect a selected cluster by clicking

on the branching point again.
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Figure 9: A calculated dendrogram is loaded into the content panel. Additionally, two

clusters were manually selected and the silhouette widths are displayed.
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4 Docking to the KEGG database

So far, this was the first part of the intended analysis pipeline. The results of the
clustering give already valuable insights into the relationship and structure of the
recorded data. However, the second part of the analysis pipeline even refines the con-
cept of structure driven metabolome analysis. For this purpose it becomes necessary
to give things names. Hence, eSOMet implements the ability to deal with the enor-
mous amount of information, stored in the Kyoto Encyclopedia of Genes and Genomes
(KEGG), and allows scientists to interpret the results of previous analyzes in a bio-

logical well known fashion.

eSOMet deals with the KEGG data by downloading all the information via the internet
and builds client-sided a fully functional SQL-database containing all important KEGG
features. To start integrating the database into an existing project, click the & -button.

The appearing wizard offers you three methods of integration:

e You can download all relevant data using the built-in FTP-client. The data are
per default copied to an temporary directory (specified as Local download folder,
picture 10), meaning that most probably they are gone after the next reboot. If
you want to keep them, change their location. Note that the entire procedure
can take up to an hour. During this procedure the wizard dialog will remain
opend. After the wizard finished it’s work you’ll see the i-symbol in the
project panel. That means, that a database was registered. This database can
used only by one instance of eSOMet. Trying to load an already loaded database

into another prjgramm instance may cause unforeseeable results.

e If you have already downloaded all the files but no database created and regis-
tered yet, the wizard offers you also to work on your already downloaded files.
For this purpose, you only have to specify the folder containing the KEGG files
and let the wizard do its work. This may take up to 10 minutes and again, the
dialog remains open until the database is created and registered. A collection of
already downloaded files is provided with the test case data. When you want to
use your own data, the folder -naming and -hierarchy must be the same as with

the exemplary data.

e If you have already an existing database — either from another, not running

project, or the pre-created database from the test case data — the wizard finally

15
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Figure 10: The FTP settings dialog of the database creator wizard.

offers you to simply specify the location of the database and registers it. This
can still take up to 5 minutes, so don’t worry when the wizard dialog does not
vanish directly.

There are two more things to note:

e Once a database has been created, it is read-only. No data are ever written to
it, meaning that you can expect from each repeat of an analysis the same result.

e The KEGG database has it’s own license model, which you’ll find under
http://www.genome.jp/kegg/legal.html. We do not grant any warranty for the

used data, nor are we responsible if you use the data without fulfilling the re-

quirements.
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5 ldentification of significantly changed metabolites

5.1 Starting from a dendrogram

Two subsections earlier you were taughed, how to open a dendrogram and make cluster
selections. Basically, thats all you need to now to perform the last analysis step, as
well. You open a dendrogram of your choice, select exactly two clusters (even though
more are possible, this feature is highly experimental), choose a normalization and then
just press the Pathway analysis-button. This feature works only if the database has
been registered to the current project before you load the dendrogram into the project
panel. As soon as the calculation is finished, two new tabs will appear in the content

panel: The analysis results for the metabolites and for the affected pathways.

5.2 Observation of metabolite signal ratios

After pressing the Pathway analysis-button, eSOMet will calculate for each metabolite
per cluster the signal distribution and determine the ratio (cluster 1 vs cluster 2) of the
mean signals together with the level of significance. These information are displayed

in a color-coded fashion as shown in figure 11 in the metabolite tab.

5.3 Visualization on the KEGG pathway maps

Depending on how many metabolites exhibit significantly changed signal ratios, those
pathways associating these metabolites are different affected. This is indicated by the
significance level, calculated through an Fishers-Exact-Test. These pathway specific
information are also color-coded shown in the pathway tab. Furthermore, it is possible
to open the pathway map and see in a more biochemical context which metabolite
concentrations exhibit a change between the two, previously from the dendrogram

selected conditions.
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Figure 11: Exemplary output of the comparison between two clusters. In the back-
ground the signal ratios of the metabolites are shown in a color coded

fashion. In the foreground one affected pathway map is shown.

6 Third party libraries

eSOMet was developed using a couple of third-party libraries:

Classifier4J http://classifierdj.sourceforge.net/

The Colt Project http://acs.1bl.gov/ hoschek/colt/

Apache Commons http://commons.apache.org/

Flanagan’s Java Scientific Library http://www.ee.ucl.ac.uk/ mflanaga/java/
HSQLDB http://hsqldb.org/

iText http://www.lowagie.com/iText/

JDOM http://jdom.org

JFreeChart http://www.jfree.org/jfreechart/
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