Written by
Zach Cox

Julie Dickerson
Joset Etzel

Pan Du

Adam Tomjack

FCModeler User’s Manual
December 2005

Copyright Julie Dickerson, lowa State University 2002




Table of Contents

1 Introduction 10 FCMOUBIET ......c.eiiiiiieie e 5
2 FCMOdeler INStAHAtION ........ocuiiiiiie ettt sae e 5
2.1  Customizing the CoNfIQUIatiON.........ccccueiiieiiiie e 5
2.2 RUNNING FCIMOTRIET ... e 5

K 1o 1H ot -t 01U SR 6
3.1 ZIpped Graph ATCRIVES.......ccuiiieiiee ettt ae e 6
311 CONTENES. XM .ttt bttt n e 6
3.1.2 TOPOIOGY . XML ..o e 6
3.13 INAEXXIMI ottt bt 6
3.1.4 EXEENUBA.XIMI ..ottt e e sbe e sreas 6
3.15 PAtNWAYS. XM ..o re e e 6

3.2 INAIVIAUAT FIIES ... nreas 7
3.2.1 T o] 010 USRS 7
3.2.2 COOTAINALES ..ottt sttt sttt e b e te e e beenbeaneesreas 7
3.2.3 ANTMALION ..ttt bbb bbb nn s 7

3.3 Reading and Writing Graphs in FCMOUEIEr ..........cooiiiiiiiiieeeeee e 7
3.3.1 Reading a Zipped Graph ArChiVe .........cco e 7
3.3.2 Saving @ Graph XML File........coooiiiiieee e s 8
3.3.3 Saving an Image of the Graph ..o 8

N €1 =1 o] I =Y 11| USROS 9
4.1 SIMPIE DOt LAYOUL.......eeiiieieciieitieie ettt te et sreeae e sraeneeneenreeneens 9
4.2 RANK-CIUSTEr DOt LAYOUL.......ecuiiiieiiieie et 9
4.2.1 LaYOUL XIMIL FilE ...ttt 10

4.3 GEIM LAYOULS....eeiiiiiiiiie ettt ettt ettt st et e e b e e e st e e e nbae e e beeeentns 11
4.3.1 GEM ettt ene e 11
4.3.2 AGEM ... ettt are s 12
4.3.3 FASIGEM ... et r e 13

5  Interacting With the Graph VIEW.........ccooiiiiiii e 13
51  Selecting NOUES aNd EAQGES ........ooiiiiieieieieriesiere e 13
oI N[0T [ @ o 1=T = £ [0 SRS 13
521 Modifying Node INformation..........cccocoiiiininiiieeeee s 13
522 AdAING NEW NOUES........oeeiiiieiieie et st be e raenre s 14
523 Deleting EXIStING NOUES ........coiiiiiieieieiie et 15

T B o [ Tcl @ o =T =L o] 1SS 15
531 Modifying Edge INfOrmMation ..........cccooeiiiiiiiiiieeeee s 16
5.3.2 AdAING NEW EAQES ...ttt sttt nas 17
5.3.3 Deleting EXIStING EAQES........ciiiiiiiieieeie s 17

54  Moving NOAeS and EAQES ........ccueiieiieiieiieeiie ettt e e sre e ens 17
5.5 ZOOMING ...ttt et b et 18
56  Finding a Particular NOGE .........c.coviiieiiiiece e 18

6 Using the IdentiTy NOAE Dialog......ccccouiiiiiiiiiiiiiee e 19
7 NOde and EAQe PrOPEITIES. ......couiiieiieeiesiee ittt sttt sbe e sneas 20
7.1  Viewing Properties with the Property VIEWEN .........ccoiiniiiniiiiininieeeees 20



7.2 Viewing Properties of @ SINGle TEM .........cooo i 21

8  The MapPINg EQITOr........oiieieie ettt esraenneaneennees 22
8.1  Using the Node Properties and Edge Propertiestabs............ccoenene. 23
8.2 Usingthe SEleCtioN tah.......c.cccooii e 24
8.3 UsINg the PATNWAY T8I ......cc.oiviiiiiiiiieiece s 24
8.4 Using the Mapping EdIitor BUEEONS .........c.ooiiiiiiiiieiece s 25
8.5  Advanced Mapping Rule Manipulation.............ccccooveveiiriiiie e 25

9 SUDQGIaPN CrEALION ......eiiiieiieie ettt ettt sb ettt e e esbe e e nreas 26
9.1  Starting the Subgraph Creator dialog..........ccccooiiiiiiiiiiiiieee e 26
9.2  Choosing the Subgraph Creation Method.............cooiieiiiinii e 27
9.3  Creating a Subgraph by Pathway Name ...........ccccocviviiiiii e 27
9.4  Creating a Subgraph by P Neighborhood ... 27
9.5  Other Subgraph Creation OPLiONS..........cccveiiiiieieeie e sra e 28

10 y N g 14T 1A o] o PSSP SPSRSRSRN 29
10.1 Creating an AnIiMation File...........ccoeiiiiiiii i 29

10.1.1  Animation File DUration FACIOIS ........ccceiiieiiiiiesieie e 29
10.1.2  Order of Steps in the ANIMAtioN ...........cccooviiiieii e 30
10.1.3  Saving the AnImation FIle ...........ccooiiiiiiiiie e 30
10.2  Viewing an AnIimation File..........cooiioiiii i 30
10.2.1  Opening an AnIimMation File..........ccoooiiiiiiiiiie s 30
10.2.2  Using the Show Animation Dialog.........ccceieeiiiiciieie e 31

11 Graph Theoretic OPEIatiONS..........civiiriiieieeere ettt 31
S S TW o To =T o] SR RSSUSSOPRRO 32
11.2  Strongly Connected COMPONENTS .......cc.oiiriiiiiiiieieie et 32
11.3  Finding and VIeWING CYCIES........ociiiiiiiiieie ettt 33
11.4  Finding and VIeWINg PatiS.........ccoooiiiiiiiiiieicee e 34
11.5 Clustering Cycles With SOM .........cccoooiiiiiiic e 34

12 Using R for Complex ViISUAIIZALION............c.cooiiiiiiiiieeee s 35
12,1 R CONFIQUIALION ...ttt be et re e beeneenne s 36
12.2  View Expression Data and Test the Configuration............cccocervririininieneneneneseeiens 36
12.3  Use of the Animation Control Panel ..., 36

12.3.1  INPUE DAta fraAme .....cooeieiiieiee e 37
12.3.2 Data Preprocessing Settingframe..........cccoiiiiiiiiiiiciieenen, 37
12.3.3  OUEPUL SETEING frAmMe....ccciciie e 37
12.3.4  VieW Data Profiles.........cooiiiiiiiiiee s 37
12.3.5 Data preprocessing details used in animation.R ............ccccoovriiiinnininiinnenenn 39
12,4 WIIte YOUIr OWN R SCIIPL..c.uiiiieieiiiesieeie ettt e e ste e e anaenneeneas 39
12,41 ENEY POINT .ottt sttt et b et e st e sbe e beeneenneas 40
12.4.2  REIUIM VAIUBS......oiiiiite et bbb 40

13 RETEIBINCES ...ttt ettt b et b et et b et e nneas 41
13.1  Publications relating to FCMOUGEIET ..........cccvevuiiieiieii s 41
13.2  Open Source Code Used in FCMOUEIET.........c.ooiiiiiiiiieiieeseeese e 41

14 AppendiX: R SCript File FOrMALS .......c.ccoveiiiieiiece e 41
141 MICIOAITAY DATA ettt e et e b e nbeenbesreenae s 41
14,2 OFNEE DALA.....eouiiieieiieiti ettt b bbbt n et b 42
14.3  Experiment information file format (an example) ........ccccceveiieiieeii i, 42






1 Introduction to FCModeler

FCModeler models and visualizes metabolic networks as graphs. Nodes of the graph represent
specific biochemicals such as proteins, RNA, and small molecules, or stimuli, such as light, heat,
or nutrients. Edges of the graph capture regulatory and metabolic relationships found in
biological systems. FCModeler can dynamically display user-specified graphs and animate the
results of different modeling algorithms on the graph.

The fuzzy cognitive map modeling software is currently written in Matlab and interfaces with
FCModeler via xml graph files. We plan to translate this software at a later date.

2 FCModeler Installation

The FCModeler distribution is compatible with Windows 2000/XP and Linux machines.
Download the file and unzip into your directory. This version is already compiled and the Java
source code is included. If you make any improvements to the code, please send the updated
modules back for inclusion in the next distribution. FCModeler requires the installation of Java
1.4 or higher, which can be downloaded free of charge from http://java.sun.com/.

2.1 Customizing the Configuration

Before FCModeler can be run the configuration file, fcmodelerconfig.txt, must be modified. The
fcmodelerconfig.txt file will be installed in the directory in which the FCModeler distribution
was unzipped. Locate this file and open it in a text editor, such as notepad.

The first line of fcmodelerconfig.txt should be modified to indicate the entire path to the dot.exe
file that was included in the FCModeler distribution. For example, if the distribution was
unzipped in C:\Program Files\FCModeler, then the pathToDot line of fcmodelerconfig.txt should
be modified to read

pathToDot=C:\ProgramFiles\fcmodeler\dot.exe

The pathToGraphs line can be modified or left blank. If you would like FCModeler to start in a
specific directory when opening or saving files, enter this directory in the pathToGraphs line. If
this line is left blank, FCModeler will start in the default user directory for the computer when
opening or saving files. For example, if you will store most FCModeler files in the graphs
directory that was created when FCModeler was unzipped, then the pathToGraphs should be
modified to read

pathToGraphs=C:\ProgramFiles\fcmodeler\graphs

After the change to pathToDot and pathToGraphs (if desired) are made, save fcmodelerconfig.txt
as a plain text file.

2.2 Running FCModeler

FCModeler is started by double-clicking on the file run.bat, which is created in the root
FCModeler directory when the distribution was unzipped. If desired, a shortcut to this file can
be created (in Windows) by right-clicking on run.bat and selecting Create Shortcut from the pop-
up menu. This shortcut can be moved to the desktop or any other convenient location.



3 Sources of Input

FCModeler reads and writes graphs in its own XML format. Each graph consists of two or more
XML files, which are zipped into a single archive. Other XML files, such as mapping files, are
read by FCModeler after a graph has been loaded. These files are used to save information about
the colors and line styles that should be used to draw the graph. Each zipped graph archive may
have multiple mapping files associated with it.

3.1 Zipped Graph Archives

The zipped graph archives used by FCModeler are made up of two or more XML files, each of
which are in a different format and hold a different type of information. A zipped archive may
only have one copy of each type of file. Every graph archive must include a contents and a
topology file. The graph archive may also include an index, extended, and pathways file, if the
relevant information is available.

Each xml file has a schema defining its format. Several example data archives are included in the
graphs directory of the FCModeler distribution, and data archives can be downloaded from the
METNET database or FCModeler web sites. Alternatively, new archives can be made by
creating xml files that match the given xml schemas. A brief description of the type of
information present in each xml file is now given for reference, but no interaction with the
individual xml files that make up each graph archive will be necessary unless new archives are
made manually.

3.1.1 contents.xml

The contents file contains background information about the data included in the zipped archive,
such as when and where it was created, the organism that data refers to, and the source of the
data. A list of Boolean values is used to indicate which of the optional files (pathways, index, or
extended) are present in the archive.

3.1.2 topology.xml

The topology file lists the nodes and edges of the graph. The topology file contains the
information required to draw the graph, as well as very general information about each node or
edge, such as its strength, subcellular location, and default name.

3.1.3 index.xml

The index file lists all of the locations, names, abbreviations, and synonyms for each moleculelD
included in the topology file.

3.1.4 extended.xml

The extended file contains detailed reference information, such as the journal article in which a
particular connection was described, or the person that entered a node, for every node and edge
in the topology file.

3.1.5 pathways.xml

The pathways file lists all of the nodes and edges involved in a particular pathway, as well as
each pathway’s name and ID.



3.2 Individual Files

The mapping, coordinate, and animation files can be read by FCModeler but are not included in
a zipped archive. Multiple mapping, animation, and coordinate files can be used with each
zipped archive, as these files specify how to display the graph, and multiple display parameters
can be used with each graph.

3.2.1 Mappings

Node and edge properties can be mapped to the visual attributes of node and edge figures. For
instance, all of the nodes in the nucleus can be drawn in pink, while all of the nodes in the
mitochondria in green. These mapping rules, which are constructed using FCModeler’s Mapping
Editor, can be saved in mapping files. As many mapping files as desired can be created and used
with each graph. Mappings are described in detail in section 7 of this document.

3.2.2 Coordinates

The coordinates of node and edge figures calculated by the graph layout algorithms can also be
saved in XML format. These XML files contain all of the information necessary to restore the
layout to a specific form at any time, which may save time if a very large layout needs to be
calculated. As with mapping files, as many coordinate files can be used with each graph archive
as desired.

3.2.2.1 Creating Coordinate Files

A coordinate file can be created by selecting the Save Coordinate File from the
Layout menu in FCModeler. A file will be written in the indicated location.

3.2.2.2 Reading Coordinate Files
A coordinate file is read and applied to the current graph by selecting Apply Coordinate

File from the Layout menu then indicating the file that is to be used. Coordinate files must
have been previously created by FCModeler on that graph.

3.2.3 Animation

Multiple sets of mapping rules can be combined into an animation file. The animation can then
be viewed using the Show Animation dialog. Animation files are plain text files with additional
XML-style lines added.

3.3 Reading and Writing Graphs in FCModeler

3.3.1 Reading a Zipped Graph Archive

To open a graph archive in FCModeler, either select the Open Graph menu item from the

Fi le menu or click the & button on the toolbar. A standard file selection dialog will appear,
from which the graph archive to open can be chosen. If the pathToGraphs line was filled in the
FCModelerConfig.txt file (as described in section 2.1) the file selection dialog will open in the
indicated directory. FCModeler graph archives will generally end in . zip to indicate that they
are zipped archives, but may end in any extension.



3.3.2 Saving a Graph XML File

To save the current graph as a zipped archive either select the Save Graph menu item from
the Fii Ie menu or click the & toolbar button. The dialog shown in Figure 1 will appear. The
radio buttons in the Nodes and Edges to Save and Other Information to Save
frames let you tell FCModeler what you want to save. If you have made subgraphs you can save
either the information in the top subgraph only (the one visible on the screen), in all the
subgraphs, or all of the information in FCModeler’s memory, regardless of whether it is visible
or not. The Contents file 1nformation frame lets you set general information about
the data in the graph, if you wish. When finished click the Save button on this screen which will
make a standard file selection dialog appear, in which the location and name to save the new
archive can be specified.

<% Save Graph to Graph Archive [Z]@

Modes and Edges to Save

(%) Bverything in memary . even if not showr

(:) active graph window - nodes and edges in top visible subgraph anly

Cther Infartnation to Save
'G) information for nodes and edges to be saved only
C‘ all infarmatian in memary

Contents file infarmmstion

Crested by: Methlet Research Group b
Diate created: mmdd dfnny
Praject narme:

Data source: Metiet databasze W

Institution:  lowa State University w
Organism: W

Arahidopsis pathway information only

Description:

[ Save ] [ Cancel ]

Figure 1. Save graph option dialog. This dialog lets you save information about the graph and to specify
which part of the graph information to save.

3.3.3 Saving an Image of the Graph

FCModeler can create an image file (JPEG, SVG, or PNG format) of the displayed graph. This
may be useful for including the graph in a document or web page. The entire active graph (not
just the portion of it visible on the screen, if it is zoomed) is included in the image, and it is saved
with the visible color and shape properties. To create an image of the graph view, select the
Save Graph Image menu item from the File menu, and indicate the file and format
desired.



4 Graph Layout

To view a graph, a graph layout algorithm must compute positions of the node and edge figures.

Many different graph layout algorithms exist. FCModeler currently uses Dot and GEM to
compute its layouts.

4.1 Simple Dot Layout

There are two types of layout that can be computed by Dot. The first is a generic layout called
the Simple Dot Layout. When a graph is opened in FCModeler Simple Dot Layout is applied by
default. It can be applied at any time by selecting Dot Layout from the Layout menu.
Figure 2 shows a graph layout done using the simple dot layout.

b FCModeler =<
File \[lgw Layout Graph Interaction Modify Tools Window
lo| ajaje[m O« 2]
g'gC:\cheyenne\eclipse\fcrnudeler\hin\graphs\cy\:leTesl.zip E]
-~
u-1

*\w\‘
J/\\Z |

Figure 2. Example of the simple dot layout using a small graph.
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<

4.2 Rank-Cluster Dot Layout

Dot can also be used to compute a more customized layout. Based on their values of certain
node properties, the node figures can be placed on horizontal ranks or into clusters. When a
graph is open in FCModeler, select the Dot Rank-Cluster Layout menu item from the
Layout menu. An open file dialog box is shown in which a layout XML file must be selected
(see below). Figure 3 below shows the same graph as in Figure 2 using the rank-cluster layout.



Jb FChodeler (=[5

File Wiew Layout Graph Interaction Modify Tools Window

ad |aRe B O« JES
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e

Figure 3. Rank-cluster dot layout.

4.2.1 Layout XML File

The ranks and clusters for the rank-cluster layout are specified in a layout XML file
file used in the layout for Figure 3 is shown below:

<?xml version="1.0" standalone="yes"?>
<IDOCTYPE layout [
<IELEMENT layout (rank*, cluster¥*)>
<IELEMENT rank (atom*, composite*)>
<IATTLIST rank
label CDATA #REQUIRED>
<IELEMENT cluster (atom*, composite*, cluster*)>
<IATTLIST cluster
label CDATA #REQUIRED>
<VELEMENT atom EMPTY>
<IATTLIST atom
property CDATA #REQUIRED
value CDATA #REQUIRED>
<VELEMENT composite ((atom | composite), connective, (atom | composite))>
<IELEMENT connective EMPTY>
<IATTLIST connective
type (and | or) #REQUIRED>
>

<layout>

10
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<rank label="rankl">
<atom property="type" value="typel'/>
</rank>

<rank label="rank2">
<atom property=""type" value="type2'/>
</rank>

<rank label="rank3">
<atom property=""type" value="type3'/>
</rank>

<cluster label="AandB">
<composite>
<atom property="label" value="a"/>
<connective type="or"/>
<atom property="label" value="b"/>
</composite>
</cluster>

<cluster label="EandF'>
<composite>
<atom property="label" value="e"/>
<connective type="or"/>

</composite>
<cluster label="0nlyG">
<atom property="label" value='g"/>
</cluster>
</cluster>

</layout>

The <rank> tag is used to specify the nodes that should be placed in a certain horizontal rank.
Each rank has a label, specified by the label attribute, which is shown on the left-hand side of the
graph view. Nodes are selected using the same type of XML as in the property-to-visual-
attribute mappings (see section 7).

Similarly, the <ciuster> tag is used to specify nodes to place in a cluster. Each cluster is
surrounded by a rectangle and has a label, specified by the 1avel attribute, which is shown on the
upper-left of the cluster. The <cluster> tag uses the same node selection mechanism as the <rank>
tag. <cluster> tags can be nested inside each other, creating nested clusters as shown in clusters
EandF and OnlyG above.

4.3 GEM Layouts

The GEM family of layouts are also available in FCModeler. These are GEM, AGEM, and
FastGEM, and are derived from code developed by the Tulip project (www.tulip.org).

GEM is the standard layout in the GEM family. It can handle disconnected graphs but takes the
longest to run; the quality is good and consistent. AGEM runs much faster than GEM but does
not handle disconnected graphs well and the quality is only fair and much more inconsistent.
FastGEM uses AGEM to do the initial layout then GEM to refine the layout, making quality
layouts more consistently than AGEM.

431 GEM

This is the standard layout as detailed in "A Fast Adaptive Layout Algorithm for Undirected
Graphs" by Frick, Ludwig and Mehldau. This code is a Java translation of the Frick's
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implementation in C code. GEM turns every node into an electron and every edge into a
stretched spring and places a gravitational force at the barycenter of the layout. A node is
attracted to all nodes adjacent to it and is repelled by every node whether or not it is connected
by an edge. In addition, there is an attractive gravitational force between each node and the
barycenter of the graph. GEM has three main loops: the insertion loop, the arrangement loop, and
the optimization loop. The insertion loop is where the nodes are initially placed. The closer a
placement is to the final layout, the faster the arrangement loop runs. The arrangement loop does
most of the work getting the nodes to their final positions. Following the example of Tulip, we
did not implement the optimization loop.

% FCModeler

File Yiew Layout Graph Interaction Modify Tools Window

ELIRNRREEE E]

|»

-

Figure 4: Example of a GEM layout, using the same graph as in Figure 2 and Figure 3.

432 AGEM

This is the "new" spring embedder algorithm that differs significantly from GEM. It uses much
of the framework of the GEM algorithm, but the heart of it is different. AGEM removes the
repulsive force between pairs of nodes, reverses the direction of the gravitational force to make it
repulsive, and retains the attractive spring forces between adjacent nodes.

AGEM gives a layout that is similar to the regular GEM, but does it much faster. Because of the
lack of repulsion between nodes, an unlucky initial random layout could leave many nodes
bunched together. Also, the reversed gravity tends to push singletons and disconnected
subgraphs away from the barycenter. This increases the global temperature of the layout causing
it to use its maximum allowed number of iterations instead of stopping early due to settling of
the graph.
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4.3.3 FastGEM

FastGEM is a compromise designed to give the more consistent quality of GEM while retaining
some of the speed of AGEM. FastGEM uses AGEM to do an initial layout and GEM to finish.
AGEM replaces Frick's insertion loop. With a layout that is often near to the final layout, the
regular GEM algorithm runs significantly faster. If there are disconnected pieces of the graph,
the AGEM algorithm will take a long time to complete, so any speed advantages over GEM will
be lost.

5 Interacting with the Graph View

5.1 Selecting Nodes and Edges

Multiple nodes and/or edges can be selected at any given time, as shown in Table 1. Selected
nodes and edges are highlighted in the graph: nodes by a yellow border and edges by a thick red
line.

Table 1. Methods of selecting nodes and edges.

To Select Do This Action

Individual node or edge click on a node or edge

Multiple nodes and/or edges | hold the Ctr 1 key and click on multiple nodes and/or edges

Multiple nodes and/or edges | click and drag around multiple node and/or edges

5.2 Node Operations

All operations that change node information are performed using the Modify Nodes dialog
(Figure 5). This dialog is opened by selecting Mod 1 fy then Nodes from the top FCModeler
menu.

5.2.1 Modifying Node Information

Open the Mod i fy Nodes dialog (Figure 5). Only one node’s information can be changed at a
time. Select the node whose information you want to modify in the graph, then click the Get
Node button on the Modify Nodes dialog. FCModeler will read all the available information
about the node and display it on the Modify Nodes dialog. Different parts of the dialog will
be active depending on the types of files that are present in the open graph archive. Only
information for files that are present can be changed.

The Node Properties section of the Modify Nodes dialog will always be active, since
this information is present for every node in every FCModeler graph (see Figure 6). The unique
ID is set by FCModeler and can not be modified, but all the other properties can be changed. The
name box is the name that will be used to label the node on the graph. The type box is the
node’s type. All the node types in the graph are listed in the drop-down box. You can select one
of the existing node types for this node’s type or make a new one by typing in the type box and
pressing the return key. Similarly, the location box lists all the existing node locations, so
you can select an existing location or type in a new one.
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The moleculle 1D field can be modified if necessary. FCModeler uses the molecule ID of
each node to keep track of information about a molecule that may be shared among several
nodes. For example, there may be one node in the graph to represent glucose in the cytosol and
another node to represent glucose in the nucleus. The location and unique ID of these two nodes
will be different but the molecule IDs will be the same, since they both represent glucose. The
molecule ID of any node can be viewed by right-clicking the node and selecting Node
Properties, or by using the Identify Node dialog. To change a node’s molecule ID click
the change button to the right of the molecule 1D box on the Modify Nodes dialog. This
will make the molecule 1D box editable so that a new value can be entered.

The Modify Nodes dialog in Figure 7 shows the dialog’s appearance when the graph archive
contains pathways, index, and extended files. All parts of the dialog are editable. Abbreviations
for the node are listed in the abbreviation(s) list, and synonyms in the synonym(s)
list. For both lists new items can be added by clicking the add new button and existing items
deleted by clicking the de lette button after selecting the desired item. The Pathways
Information section lists all pathways in the archive that the node is not a member of in the
left-side box and all the pathways that the node is a member of in the right-side box. Change the
pathway membership by selecting the desired pathway name and clicking the arrow keys.

After the desired node properties have been changed click the Save Changes button to save
the changes. Clicking the Cancel button will undo any changes that have been made since the
node was selected.

5.2.2 Adding New Nodes

Open the Modify Nodes dialog (Figure 5). Click the Add New Node button. A unique 1D
will be generated automatically, but you must specify the molecule ID, name, and type for the
node. Other node information (such as its location, abbreviations, or pathway membership) may
be set if desired, see section 5.2.1 for detailed instructions. When all of the information has been
entered click the Save Changes button. The new node will be added to the upper left part of
the graph. After the Add New Node button is clicked the new node must be added; you can not
cancel the operation.
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Figure 5. Modify Nodes dialog.
This dialog is used to add new
nodes, delete nodes, and change
the information associated with
existing nodes. It is opened by
selecting Mod i Fy then Nodes
from the top FCModeler menu.

5.2.3 Deleting Existing Nodes

b Modify Nodes =
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Figure 6. Modify Nodes dialog

after selecting a node. The graph

archive does not contain an index,
pathway, or extended file, so only
the Node Information section
is active.

Figure 7. Modi fy Nodes dialog
after selecting a node. The graph
archive contains the index,
pathways, and extended file, so all
sections of the dialog are active.

The Modify Nodes dialog is also used to delete nodes from the graph. All edges attached to
the node must be deleted before the node is deleted; a node can not be deleted if it has edges. To
delete edges please refer to section 5.3.3. To delete an existing node open the Modify Nodes
dialog (Figure 5) and select the node(s) to delete in the graph. Then click the Delete
Selected Nodes button in the Modify Nodes dialog. A message box will appear, asking
you to confirm that you wish to delete the selected node(s). If you click OK the node(s) will be
permanently removed from the visible graph and the archive; the node will no longer appear in
any subgraph. Deleting a node can not be undone.

5.3 Edge Operations

All operations that change edge information are performed using the Modify Edges dialog
(Figure 8). This dialog is opened by selecting Mod i fy then Edges from the top FCModeler

menu.
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existing edges. It is opened by the Edge Information section
selecting Mod i Fy then Edges is active.

from the top FCMaodeler menu.

5.3.1 Maodifying Edge Information

Information for a single edge can be modified using the Modi fy Edges dialog (Figure 8).
Select the edge whose information you want to modify in the graph, then click the Get Edge
button on the Modify Edges dialog. In the same way as the Modify Nodes dialog,
different parts of the Modify Edges dialog will be activated depending on what files are
present in the open graph archive.

Figure 9 shows the Modify Edges dialog after selecting an edge when only the topology file
is present in the graph archive. The Edge Properties section of the Modify Edges
dialog is active, but the Pathways Information section and describe changes iIn
extended file button are not. Basic edge information can be changed using the Edge
Properties section.

As with nodes, each edge has a unique 1D assigned by FCModeler. This unique ID is displayed
in the Edge Properties section but can not be modified. The certainty field is used to
indicate the degree of certainty researchers have in the interaction represented by this edge. The
certainty can be either words or a number. The edge type is set in the type field. As with node
types, all edge types are listed in the edge type box. Any of these types can be selected, or a
new edge type typed in the box. The directed box indicates whether the edge is directed or
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not; only “yes” and “no” are the only allowed values. Finally, the strength field holds a text
or numerical value indicating the strength of the reaction represented by the selected edge.

The head and tail node of the selected edge can also be changed using the Edge
Information section of the Modify Edges dialog. The head node is the node that the
edge points to; the tai I node is the node the edge comes from. To change the head or tail click
the node in the graph that you want to be the new head or tail, then click the corresponding
select node button on the dialog. The dialog will show the new node’s name in the head
node or tail node box, but the graph will not be updated until the changes are saved.

If a pathways file is present the Pathways Information section of the Modify Edges
dialog will be active. This section works in the same way as the Pathways Information
section of the Modi1fy Nodes dialog; see 5.2.1, Modifying Node Information.

5.3.2 Adding New Edges

To add a new edge to the graph, click the Add New Edge button in the Modi1fy Edges
dialog. FCModeler will automatically create a new unique ID for the edge, but you need to set
the certainty, strength, type, and directed fields. You must also select the nodes to use as the head
and tail for the new edge. After setting the properties for the new edge click the Save

Changes button and the new edge will appear in the graph.

5.3.3 Deleting Existing Edges

To delete an existing node open the Modify Edges dialog (Figure 8) and select the edge(s) to
delete in the graph. Then click the Delete Selected Edges button in the Modify
Edges dialog. A message box will appear, asking you to confirm that you wish to delete the
selected edge(s). If you click OK they will be permanently removed from the visible graph and
the archive; the edges will no longer appear in any subgraph. Deleting an edge can not be
undone.

5.4 Moving Nodes and Edges

Nodes can be moved by selecting them and dragging them with the mouse. Attached edges will
move with the selected nodes. Edges can be moved by selecting the edge then manipulating the
control points which are shown as blue boxes (see Figure 10). The node and edge positions can
be saved in a coordinate file for reloading, otherwise they will be lost whenever a layout is
applied or if the graph is closed.
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5.5 Zooming

FCModeler supports zooming of the graph view to examine the graph in varying levels of detail.
To enlarge the graph select View then Zoom In from the top menus or click the & toolbar
button. To zoom out, either select View then Zoom Out from the top menu or click the &
toolbar button.

5.6 Finding a Particular Node

In very large graphs it can be difficult to locate specific nodes. Nodes can be searched by using
the Find Node dialog (Figure 11). This dialog will let you find a node, after which FCModeler
will select it in the graph and move the display so that the node is in the center. The dialog is
opened by selecting View then Find Node from the top FCModeler menu.

If you know the exact name of the node it can be found by typing its name in the Name of
node to locate box onthe Find Node dialog and clicking the Find button.
Alternatively, one or more nodes can be identified using the 1dentify Node dialog. Open the
dialog by clicking the 1dentify Nodes button, then identify the node(s) you wish to find in
the normal way (see section 6, Using the Identify Node Dialog for more information). Click
OKin the Identify Node dialog to close it, then Find on the Find Node dialog.

88 Find Node JoEd
Marme of node to locate:
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Figure 11. The Find Node dialog. This dialog is used to locate one or more nodes in the
visible graph.

6 Using the Identify Node Dialog

The Identify Node dialog (Figure 12 and Figure 13) is used throughout FCModeler to
identify nodes. It does not alter the graph or graph view in any way, but rather lets you indicate
which nodes you are interested in even if the nodes are not present on the screen. For example,
you may wish to make a subgraph of a graph that is too large to view. The 1dentify Node
dialog lets you select the nodes that you want to include in the subgraph.

The Identify Node dialog consists of two halves. The right side contains a list, while the
left side has three frames. The boxes checked on the left side of the screen determine what is put
in the list on the right side. The right side lists node identifiers; which identifiers are included is
set by the left side boxes.

The Identify Node dialog will have different amounts of information depending on the
files present in the graph archive. For example, Figure 12 shows the Identify Node dialog
when a small graph that only contains a topology file is loaded. The graph in Figure 13 has an
index and pathway file so the Pathways frame contains items and the Properties frame has
a synonyms entry.

By default, when the Identify Node dialog is opened it lists the names of all nodes in the
graph. This state is shown in Figure 13: the node names option in the Properties frame is
checked, all rows in the Locations frame are checked, and all rows in the Pathways frame
are checked. You can restrict the list of nodes to certain pathways and/or locations by
unchecking the corresponding boxes in the Locations and Pathways frames. Additionally,
you can view nodes by type, synonym, or molecule ID in addition to name. Click the Update
View button after checking or unchecking boxes on the left side of the dialog to update the node
list.

Nodes are identified by selecting their identifiers in the list on the right side and clicking the OK
button. You may select as many nodes in the list as you wish; hold the Ctr 1 key while clicking
to select multiple entries, or the Shift key to select blocks of entries. Depending on the graph,
selecting one row in the Identify Node list may identify more than one node in the graph.
Many nodes may share the same synonym, name, or molecule ID.
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Figure 12. The Identify Node dialog. This dialog  Figure 13. 1dentify Node dialog when a large
is used to identify nodes by name, type, location, graph with pathways and index information is
pathway, or other properties. loaded.

7 Node and Edge Properties

The nodes and edges of the graph have multiple properties associated with them. Node
properties include type (e.g. gene, RNA, protein) and location; edge properties include type (e.g.
conversion, regulation, catalyst) and strength. Properties provide information about what the
nodes and edges of the graph represent. Each node and edge of the graph has a value for each

property.

7.1 Viewing Properties with the Property Viewer

The Property Viewer (Figure 14) shows the property values of all selected nodes and
edges. To open the Property Viewer, select the Property Viewer menu item from the
Interaction menu or right-click on an item in the graph and select Detai led
Properties from the pop-up menu. As nodes and edges are selected and deselected in the
graph the Property Viewer window will update to show the information for the currently
selected nodes and edges.

The Node Table and Edge Table frames on the left side of the Property Viewer
display basic information for each selected node and edge. Clicking on a row in either table will
cause detailed information about that row’s node or edge to appear in the right side window.
What information is displayed depends on how much data about the node or edge is available in
the graph archive. FCModeler will display all available information, including information from
the topology, index, pathway, and extended files. If reference information is available web links
may be shown in the panel, which will open your web browser when clicked.
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Figure 14. Property Viewer showing property values of selected nodes and edges. The right side shows
detailed information for the node whose row is selected in the Node Table: AT1G16350.

7.2 Viewing Properties of a Single Item

You can also view the property information for any particular node or edge without using the
Property Viewer. Right-click the node or edge and select Node Properties (or Edge
Properties, if an edge) from the pop-up menu. A window will appear, as shown in Figure 15.
This window shows the same information as the right side panel of the Property Viewer.
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Figure 15. Dialog showing the properties for a single node. The properties for this node include a reference
link, which opens the default web browser when clicked.

8 The Mapping Editor

The Mapping Editor (Figure 16) is used to change the appearance of a graph, either of individual
nodes and edges or of all nodes and edges in a particular category. For example, all nodes in the
graph of type gene can be displayed with an elliptical node shape, or one edge can be displayed
in red. To open the Mapping Editor, either select the Mapping Editor menu item from the
View menu or click the ® toolbar button.

Mapping rules are statements that describe the appearance changes to be made to the graph, such
as: If edgeType is equal to enzyme then connector end is circle, If nodeType is equal to
polypeptide and location is equal to unknown then node outline color is red, or If id is equal to
A154d then node fill color is blue. These rules are created using the dropdown lists on the Edge
Properties, Node Properties, Pathway, and Selection tabs of the Mapping
Editor.

The Mapping Editor allows the following attributes to be changed:

e nodes: node fill color, node outline color, node shape
e edges: connector end, line color, line thickness, line type
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8.1 Using the Node Properties and Edge Properties tabs

The particular nodes and edges to be altered can be selected based on their properties. For
example, consider a graph that has several types of nodes and edges, such as the one shown in
Figure 16. Suppose we want to color all edges of type enzymatic reaction blue. To do this, we
click on the Edge Properties tab, and create the mapping rule If edgeType is equal to
Enzymatic reaction Then line color is blue, as shown in Figure 16. Click the Apply button to
view the effect the mapping rule has on the graph while leaving the Mapping Editor open. To
change the appearance of all nodes with a particular characteristic, such as their location or type,
the Node Properties tab is used in the same manner.

In more detail, begin creating a new mapping rule by clicking either the Edge Properties
or Node Properties tab, depending on if the node or edge appearance should be changed.
The top 1'¥ dropdown list box contains a list of all of the edge (or node) properties that are
present in the current graph. Select the property that you wish to base the rule on, such as the
edgeType. When a property is selected in the first box the second dropdown list is automatically
filled with all of the values for that property present in the graph. Select the value that you want
included in the rule, such as Enzymatic reaction.

You may also create a compound rule involving two conditions, such as If certainty is equal to
indirect evidence or edgeType is equal to Catalysis then line color is red, indicate the connector
(or or and) from the list at the end of the first line, and create the second rule from the second
property and value boxes. The mapping editor illustrated in Figure 17 is configured to make this
compound rule.

The mapping rule illustrated in Figure 18 uses a color, light blue, which is not included in the list
of basic colors. Colors not shown in the dropdown list can be indicated by selecting other as the
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color in the value list. A standard color selection dialog will appear, from which any color can

be chosen.

=/0&

< Node and Line Mappings

[][=1/]

&> Node and Line Mappings

MNode Properties | Edoe Properties | pathway | Sslection

It |certainty |s fis equalta indirect evidence |a or [we]

|

bl Add Mapping Rule

edpeType|w iz equal to|Catalysis

|| = . red

Then  line calar

Figure 17. Mapping editor configured to create the
compound mapping rule If certainty is equal to
indirect evidence or edgeType is equal to Catalysis then
line color is red.

8.2 Using the Selection tab
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Figure 18. Mapping editor configured to create the
mapping rule If nodeName is equal to ADP then node
fill color is light blue.

The Selection tab of the Mapping Editor (Figure 20) allows mapping rules to be created for
the nodes and/or edges that are selected in the graph. First select nodes and/or edges in the
graph, then click the Get Selected Nodes and Edges button. The number of nodes and
edges selected will be displayed in the label to the left of the Get Selected Nodes and

Edges button.

After the nodes and edges have been selected, using either method you can indicate the desired
appearance of the selected objects. The same attributes are changed in the same way as on the
Node and Edge Properties tabs. By default FCModeler will make mapping rules for both
the nodes and edges. If you only want to change the node or edge attributes deselect the
corresponding check box. Finally, click the Add Mapping Rules button, which will create
mapping rules describing the appearance of each selected node and edge.

8.3 Using the Pathway tab

If the graph archive contains a pathway file, the Pathway tab (Figure 19) can be used to change
the appearance of all nodes and/or edges in a particular pathway. All pathways present in the
graph archive are listed in the pathways box by default; select the list pathways in
window only option to restrict the list to those pathways that have at least one member in the
visible graph. As with the Selection tab, mapping rules can be made for the nodes or edges

by checking the appropriate boxes.
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Figure 19. Pathway tab of the Mapping Editor. All Figure 20. Selection tab of the Mapping Editor.
edges in the Acetyl-CoA Biotin network will be changed ~ Mapping rules for eight nodes and six edges will be

to have no connector end. The node appearance will created; the edges will be green and the nodes will be
not be changed since create node rules was diamond-shaped.
unchecked.

8.4 Using the Mapping Editor Buttons

After each mapping rule has been created click the Add Mapping Rule button on the tab.
The mapping rule will then be converted into FCModeler format and added into the list of
mapping rules on the bottom portion of the mapping editor.

To view the effect of the current mapping rules click either the App 1y or OK button at the
bottom of the mapping editor. The Apply button will apply the mapping rules to the graph in
FCModeler without closing the mapping editor. The OK button will apply the rules and close the
mapping editor.

The Revert button at the bottom of the mapping editor deletes all mapping rules that may have
been applied and returns the graph to its default appearance. The Cancel button will close the

mapping editor without applying any of the additional mapping rules that are present. Any rules
that were already applied will be unaltered, however.

The list of mapping rules present in the mapping editor can be saved to an external file by
clicking the Save Mapping File button. The list of rules can later be loaded by clicking the
Load Mapping File button. Saving and loading mapping rule files allows the appearance
of a graph to be quickly altered without creating mapping rules each time. Many mapping files
can be created for each graph, but only one can be displayed at a time.

8.5 Advanced Mapping Rule Manipulation

Mapping rules are managed with the buttons in the Mapping Rules frame at the bottom of
the mapping editor. All active mapping rules are listed in the large box. An individual rule can
be deleted by clicking on the rule to highlight it then clicking the Delete Selected Rule
button; all rules can be deleted with the Delete All Rules button. If no default mapping
file is set in the main FCModeler preferences, clicking Delete All Rules then Apply will
have the same effect as clicking the Revert button.

Mapping rules are applied in the order in which they are listed in the mapping editor list box (top
first, bottom last). The order in which the rules are applied may affect the appearance of the
graph. For example, one rule, such as If certainty is equal to high then line color is blue, will
change all edges with high certainty to blue. Another rule, such as If edgeType is equal to
biochemical reaction then line color is red, will change some edges to red. Some edges may be
both of high certainty and the type biochemical reaction. If the first rule is applied before the
second, lines that are both high and biochemical reaction will be red, but if the second is applied
before the first these lines will be blue.
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The order in which the mapping rules are applied can be changed by clicking the arrow buttons
to the left of the list of mapping rules. The up arrow, ﬁ' will move the highlighted rule higher in
the list, while the down arrow, UP will move the highlighted rule lower in the list.

A mapping rule can be constructed and added to the list of mapping rules by typing it in the box
to the left of the Manual Entry button and clicking the button. Complex rules can be created
in this manner, but the rules must be formatted in the same way as those created using the
dropdown lists.

9 Subgraph Creation

The Subgraph Creator is used to make a new graph from a bigger graph. For example, you
may have a graph archive that has thousands of nodes and edges. This graph is too big to display
at once. Instead, you use the Subgraph Creator to tell FCModeler which part of the graph you
want to see, such as all nodes and edges within 4 steps of a particular node. FCModeler will
make this new graph (a subgraph of the graph archive) and open a new window to show it.

9.1 Starting the Subgraph Creator dialog
Open the Subgraph Creator dialog by selecting Graph then Create Subgraph from

the top FCModeler menu or by clicking the toolbar button. The Subgraph Creator
may also be started when a graph is opened if the graph is too big to display automatically. The
first screen of the Subgraph Creator is shown in Figure 21. The all nodes and
edges 1n memory option is selected, so the new subgraph could contain any node and edge
in the graph archive. If the graph 1n active graph window ONLY option is selected
the new subgraph can only contain nodes and edges from the top open graph.

Subgraph Creator g@ Subgraph Creator B@
Select the subgraph crestion method.
(%) by pathway name
Select graph to use to make the subgraph ) by P reighiorhood
(%) fll nodes and edges in memory: () by identitying nodes directly or from a pathicycle
Mesxt O by selection in the open graph
O by edge type
Mext
Cancel
Figure 21. Subgraph Creator dialog's first screen. Figure 22. Main Subgraph Creator screen. This
Thegraph in active graph window ONLY screen lets you indicate how you want choose the
option is disabled because no graph was open in nodes and edges in the subgraph. Some of these
FCModeler when the Subgraph Creator was options may be unavailable, depending on the files
started. present in the graph archive.
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9.2 Choosing the Subgraph Creation Method

The subgraph creation method is indicated on a frame of the Subgraph Creator dialog
(Figure 22). This screen lists the methods that are available; some options may be unavailable,
depending on the files present in the graph archive. For example, you will not be able to create
subgraphs based on pathway name unless a pathways file is included in the archive. Select one of
the methods and click the Next button.

You may only choose one option at a time in the main Subgraph Creator screen, but more
than one subgraph creation method can be applied by going through the Subgraph Creator
screen multiple times. The screens for each of the individual subgraph creation methods (e.g.
Figure 23) have a set of three buttons in a frame at the bottom: Create subgraph now,
Create subgraph then choose another method, and Choose another
method without making a subgraph now. The Create subgraph now button
creates the subgraph based on the previous selection and closes the Subgraph Creator
while the other two buttons take you back to the main Subgraph Creator screen. The
Choose another method without making a subgraph now button cancels the
current action, while the Create subgraph then choose another method button
creates the subgraph but instead of showing it, holds it in memory and returns you to the main
Subgraph Creator screen. In this way a subgraph can be made by any combination of
options.

For example, you may have a large graph archive that has nodes from multiple pathways. You
may wish to view all of the nodes in a particular pathway that are within 5 steps of a particular
node. You can do this by first creating a subgraph by pathway name, then clicking the Create
subgraph then choose another method button, then creating a subgraph by P
neighborhood.

9.3 Creating a Subgraph by Pathway Name

If by pathway name is selected on the main Subgraph Creator screen the dialog will
change to look like Figure 23. All of the pathways will be listed in the large box; select the
pathway(s) whose nodes and edges you want included in the subgraph. As many pathways as
desired can be selected.

9.4 Creating a Subgraph by P Neighborhood

A p neighborhood is the set of nodes p steps from the node(s) of interest. Nodes connected by an
edge are one step apart. For example, the graph in Figure 25 shows the nodes that are one (red)
and three (green) steps from AT3G58610 (yellow). The screen used to make p neighborhood
subgraphs is shown in Figure 24. The example in Figure 25 shows the p neighborhood of one
node, but p neighborhoods can be made for many nodes. The nodes that will be used for the p
neighborhood subgraph are shown in the white list on the p neighborhood subgraph screen.
Nodes are added to this list by clicking the Identify Nodes (each node selected using the
Identify Node dialog), Named Pathway, Current Selection in Graph (the
node(s) selected in the top graph are added to the list), or Read from File (the file should be
a simple text file listing the unique ID of each node on a separate line) buttons. After adding the
desired node(s) to the list, type the p value in the P box.
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Figure 23. Subgraph Creator dialog's pathway
subgraph screen. The screen is set up to create a
subgraph of all nodes in the glucose 1-phosphate
metabolism pathway.
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Figure 24. Subgraph Creator dialog's p
neighborhood subgraph screen. The screen is set up
to create a subgraph of all nodes within two steps of
the pyruvate node.
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Figure 25. P neighborhood of node AT3G58610 (in
yellow). The red node is the first neighbor, the
reaction node the second, and the green nodes the
third.

9.5 Other Subgraph Creation Options

Figure 26. Subgraph Creator dialog's edge type
subgraph screen.

The by i1dentifying nodes directly or from a path/cycle option provides
an interface for several subgraph creation options. All of these options let you specify the nodes
that you want to include in the subgraph; edges connecting these nodes will also be included. If
you know which nodes you want to include you can use the Identify Node dialog or

FCModeler will read them from a text file (plain text, each line of the file a unique 1D of a node
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to include). Alternatively, a particular cycle or path can be selected using the path or cycle finder
in the usual manner.

If a graph window is open you can create a subgraph containing nodes and edges that you
selected in the graph using the by selection In the open graph option on the main
screen. Finally, the subgraph can be restricted to edges of particular edge types (Figure 26) by
selecting the by edge type option. This option should be used cautiously, or the subgraph
may consist of numerous unconnected nodes.

10 Animation

Animation files are used to display a series of mappings on an FCModeler graph, creating a
moving display. An animation file is created using the Create Animation File dialog,
while it is displayed using the View Animation File dialog.

10.1 Creating an Animation File

Before an animation can be viewed an animation file describing the animation must be created.
These files are made using the Create Animation File dialog, shown in Figure 27. To
open the Create Animation File dialog select Interaction then Create New
Animation File from the top FCModeler menu.

Each animation file consists of a series of steps, each of which is made of mapping rules. The
Add New Step to Animation button onthe Create Animation File dialog brings
up the Mapping Editor, which is used in the regular manner (see 8 The Mapping Editor) to
construct the mapping corresponding to that step.

J% Create Animation File [Z]@

Create an anitmation file by making a set of mappings, one for each step of the desired animation.
The animation will cycle through the mappings in the order shown here, starting at the top.

[ Al Plewy Step to Animstion ] Duration factor for nes step:| 1
-

| Delete Selected Step |

[ Save Animation File ] Cloge

Figure 27. The Create Animation File dialog, as appears when it first opens.

10.1.1 Animation File Duration Factors

Each step in an animation file has a duration factor associated with it in addition to the mapping
rules. The duration factor is used to indicate the relative length of time that the mapping for that
step should be displayed. The default value for the duration factor is 1, so setting a step’s
duration factor to 4 causes it to be displayed four times as long as the default, while setting the
duration factor to 0.5 causes it to be displayed half as long as the default.
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The duration factor for a step can be set when the step is added (by typing it in the Duration
factor for new step box before the Add New Step to Animation button is
clicked) or by selecting the step in the list of steps on the Create Animation File dialog,
typing the new duration in the Duration factor for new step box and clicking the
Update button.

10.1.2 Order of Steps in the Animation
The steps in the animation file will be shown in the order in which they appear on the Create

Animation File list. Each new step is added to the bottom of the list, so the steps will be
displayed in the order in which they were created unless the order is altered.

To alter the order in which the steps will be shown select the step to move, then click the up

ﬁ or down 5 arrow. A step can be deleted by clicking the Delete Selected Step
button after the step has been selected.

10.1.3 Saving the Animation File

After all of the steps have been added to the animation file, and are shown on the Create
Animation File dialog in the correct order the animation file can be saved by clicking the
Save Animation File button. This button will cause a standard save dialog box to be
displayed, in which the desired location and name for the animation file can be specified. As
with mapping files, as many animation files as desired can be created for each graph archive, and
the animation files are stored as separate files, not part of the graph archives.

10.2 Viewing an Animation File

Animation files for a graph can be viewed after they are created. The speed of the animation can
be altered while it is being viewed, and the animation can be paused at any time.

10.2.1 Opening an Animation File

The animation specified in an animation file is viewed using the Show Animation dialog, as
shown in Figure 28. To open the Show Animation dialog select Interaction then View
Animation File from the top FCModeler menu. A standard file open dialog will appear, in
which you should navigate to and select the animation file that you wish to view. FCModeler
will read the file and open the Show Animation dialog.
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Figure 28. The Show Animation dialog, used to display and control animations.

10.2.2 Using the Show Animation Dialog

The Show Animation dialog is used to control the display of animation files. The top slider
on the dialog, labeled Frame, indicates which step of the animation is currently being shown on
the screen. The slider always begins at step zero, indicating that no mappings have yet been
applied. The play button () starts the animation, while the pause button (Bl pauses the

animation at the current step. The go-to-front button (‘) pauses the animation and resets it to
the first (zero) frame, while the go-to-end button (Bl) pauses the animation and resets it to the
last frame.

The bottom slider, labeled De 1ay, controls the speed at which the animation is shown. The
length of time for which each step is shown on the screen decreases when the delay is set to 1
(shortest) or 2, and increases when the delay is set to 4 or 5 (longest). The relative duration of
each step set by the duration factor remains constant, even when the delay is altered.

11 Graph Theoretic Operations

Graphs are well-studied mathematical objects and an entire area of mathematics, called graph
theory, exists to study their properties. A graph consists of two parts: a set of objects called
nodes (or vertices) and a set of relations between nodes called edges. If a graph is undirected, its
edges are unordered pairs of vertices, e ={u,v}={v,u}, while a directed graph (called a digraph)
has ordered pairs for edges, e = (u,v) # (v,u). The first node of a directed edge is called the tail,
and the second node is called the head. A graph is typically denoted G = (V, E), where V is the
node set (or vertex set) and E is the edge set. FCModeler implements several graph theoretic
algorithms that are useful for analyzing the properties of a specific graph. These algorithms,
described below, are also closely coupled with the graph view to visually present their results.

31



11.1 Subgraphs
For a digraph D = (V, E), a digraph H is a subdigraph of D if
° V(H) QV(D)
e E(H)cE(D)
e E(H)={v,u)e E(D)V,ueV(H)}
In other words, all of the nodes of H must be in D, all of the edges of H must be in D, and the
edges of H must have both end-nodes in H.

For a given digraph D = (V, E), a subdigraph H can be created in several ways:
e Givenaset of nodes W c V(D)
o V(H)=W
o E(H)={v,u)e E(D)V,ueV(H)}

0 H consists of some subset of nodes of D and all edges in D with both end-nodes in
that set
e Given asetof nodes W V(D) and an integer p

o V(H)=NjW]

o E(H)={v,u)e E(D)V,ueV(H)}

o] N,;’[\N] is defined as the closed p-th neighborhood of W. Saving W and all nodes
visited on directed paths of length p from each node in W forms the set.

NZIW]= N IUNG W] = UNG W )UUNG W)

@]

p-1
o Ny'(Ww)= N.S(Ng(“)(W)—UN,;i(W)jand NP (W) is defined similarly.
i=0

e Given asetof edges B ¢ E(D)
0 V(H)={eV(D)ve(v,u)eE(H)
o E(H)=B
o H consists of all end-nodes of the edges in B and all of the edges in B.
e Givenasetof nodes W V(D) and a set of edges B < E(D)
o V(H)=W
0 E(H)={v,u)eBjv,ueV(H)}
0 H consists of all nodes in W and all edges in B with both end-nodes in W.

11.2 Strongly Connected Components

A digraph D is strongly connected if every vertex of D is reachable from every other vertex of D.
The strongly connected components (SCC’s) of a digraph D are the maximal strongly connected
subdigraphs of D. The SCC’s are useful to analyze, because every node in an SCC is reachable
from every other node in the same SCC.
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The algorithm for finding the SCC’s of a digraph D is extremely simple and is based on two
modifications of depth-first search (DFS).

1. Compute an acyclic ordering of the nodes using DFS.

2. Compute the converse D’ of D.

3. Perform DFS on D’, using the ordering from Step 1. Each DFS tree isa SCC of D.

To find the strongly connected components of a graph in FCModeler, select the Find
Strongly Connected Components menu item from the Graph menu. After performing
the above algorithm, FCModeler lists the SCC’s (Figure 29). Clicking on an SCC in the list
selects its nodes and edges the graph.

‘&

File View Layout Graph Interaction Modify Tools Window

@a aja e Blo«| 2]

g'gnewsuhgrﬂph g
~

£ Strongly Connected Components Q@

reaction, DIACYLGLYCEROL, reaction, CPD-451
reaction, H20

B
£ >

Figure 29. Example of selecting strongly connected components.

11.3 Finding and Viewing Cycles

A path in a digraph is an alternating sequence of nodes and edges, V1€1V2€2Vs3 ... Vk-1€k-1Vk, SUCh
that tail(e,) = v, , head(e;) = v.,,, and all nodes are distinct. A path can be viewed as starting at

node v, and following edges through the graph until node v, is reached. If v, =v,, the path is
called a cycle.

The Find Cycles dialog (Figure 30) is used to find cycles in FCModeler. The dialog is
opened by clicking the O toolbar button or selecting Graph then Find Cycles from the top
menu. The dialog will find all cycles in the graph, or you can restrict it to searching for cycles of
a particular length or containing particular nodes. To restrict the cycles to particular nodes, click
either the Identify node or Select node buttons. The Max cycle length box is
used to set the maximum cycle size (in number of edges). Click the Find cycles button to
find cycles of the length and containing the nodes you specified, or click the Find All
Cycles button to find all cycles in the graph.
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11.4 Finding and Viewing Paths

A path is the collection of nodes and edges that lead from one node to another node. The Find
Paths dialog (Figure 31) in FCModeler searches for all paths of the specified length between
two nodes. Open the Find Paths dialog by clicking the %®toolbar button or selecting Graph
then Find Paths from the top menu.

Set the starting and ending node for the path using either the Identify Node dialog (by
clicking the appropriate ldentify Node button) or by selecting the nodes directly in the
graph (select the node then click the appropriate Select Node button). The maximum path
length is set to unlimited by default; change this to the maximum path length you want (each
edge is counted as one unit of length) and click the Find Paths button to perform the search.
All paths found will be put in the list box; click on the path name to view it in the graph.
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Figure 30. The Find Cycles dialog. Three cycles Figure 31. Find Paths dialog. The dialog found all
containing the node u-1 (blue) were found. The paths from node u-1 to node z (in pink). One path was
selected cycle (u-1, a, b, v) is highlighted in the graph.  found and highlighted.

11.5 Clustering Cycles with SOM

Cycles obtained from directed graphs may be similar to each other based on their node and edge
content. Thus, clustering algorithms may be used to find natural groups of similar cycles. Prior
to clustering, a distance metric and generalized set median must be defined for the objects to be
clustered. Several possible representations for the cycles are discussed, including strings, graphs,
and weighted sets. Weighted sets are chosen because of the simplicity of the associated metric
and median. Self-organizing maps are used to find clusters of cycles obtained from a directed
graph. This approach is implemented using the JSOMap package for self-organizing maps.

The map view window (Figure 32) shows a grid of small graphs, one for each unit of the map.

The map view window is opened by selecting Graph then Run SOM on Cycles after the
Find Cycles dialog has been used to find all of the cycles in a graph. Each window of the
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map Vview dialog represents the model for that particular map unit. The models are the
generalized median of the set of cycles assigned to that map unit. Figure 32 shows an example
of a 4-by-4 SOM results in the map view window.

| s miap view

B

e Graph Window

=] %

Figure 32. Map view window showing results of the SOM algorithm. Each graph shows the model of the
corresponding map unit, which is the generalized median of the cycles assigned to that map unit.

12 Using R for Complex Visualization

Experimental profiling data can be visualized in FCModeler graphs using R. Figure 33 shows the
procedure of visualizing user data with FCModeler. First, import the data and process it by R, a
language and environment for statistical computing and graphics (http://www.r-project.org).
Then perform data processing, which includes preprocessing, color mapping, and producing
mapping rules for FCModeler. The communication between R and FCModeler is via an XML
based protocol: Simple Object Access Protocol (SOAP, http://www.w3.0rg/TR/soap/). Finally,
visualize the experimental data in FCModeler by creating mapping rules to change the colors of
particular nodes and edges.

Experimental
Data

>

Data Processing
inR

<>

Javato R
linker (SOAP)

<>

FCModeler
Visualization

Figure 33. Visualizing user data with FCModeler.
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12.1 R Configuration

R is freely available at http://www.r-project.org/; download and install the most recent version
for your system if you do not already have a copy. Two R packages must also be installed:
tkrplot and XML. These packages are also freely available for download, either from CRAN
via the R website or from within R itself (select Packages then Install Packages from
the top menu).

To configure R to work with FCModeler, system environment variables must be set.

e In Windows, set the R_HOME environment variable: Click Start then Control Panel.
In the Controll Panel click the System icon then the Advanced tab. On the
Advanced tab click the Environment Variables button. In the dialog click the New
button in the System Variables frame, then create a new environment variable pointing
to the R installation location, e.g. Variable name: R_HOME and Variable Value:
C:\Program Files\R\rw2010. Click OK in the dialogs to close them.

e In Linux users can follow similar steps except setting the R_HOME environment variable.

e The R functions have not been tested on Macintoshes. For now, please use a Linux or
Windows environment on your Mac, and follow instructions above.

12.2 View Expression Data and Test the Configuration

To test the connection open the 8Pathways.zip graph archive, one of the sample graphs that came
with FCModeler. Then open the Asnimation Control Panel by selecting
Interactionthen View Animation from Script from the top menu. A file open
dialog will appear, from which you can select an R script to view. Several test files are included
with the FCModeler distribution; select animation.R. The Animation Control Panel
(Figure 34) should then open (Please check the background of the desktop, if the GUI does not
pop up.). This dialog is used to send information to R. You can set what kind of node or edge
properties are sent to R, and filter the nodes or edges by properties, pathways or selection. Click
the Run Script button and FCModeler will send information to R and run the selected R
script.

If the Animation Control Panel does not appear check if R is running and if R has the
two necessary packages (tkrplot and XML) installed. It may be helpful to close FCModeler
and R (including any R processes that might be running), restart FCModeler and try again.

Figure 34 (top left corner) shows the Animation Control Panel produced by the
animation.R R script file. Do not change any settings but click the OK button; the Show
Animation dialog (Figure 28) should appear, so you can view the data in the context of the
metabolic and regulatory map.

12.3 Use of the Animation Control Panel

The Animation Control Panel dialog is used to view and modify the data the animation
is based on. We plan to have several additional functions available soon, including the ability to
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open multiple files. For example, you may wish to view proteomic data together with microarray
data. Also, we want to add GUIs for data processing, clustering, and mapping to FCModeler.

12.3.1 Input Data frame

Select a microarray, proteomic or metabolomic data file. Select an Experiment Information File,
describing your experimental samples (RNA, protein, or metabolites) and how they were
obtained. For the data formats, please refer to the example at the end of the document (section
14, Appendix: R Script File Formats).

12.3.2 Data Preprocessing Setting frame

This frame is used to select subset of the data. Usually, there are multiple replicates, genotypes,
time points or treatments in a data file, user can select specific subgroups of them, as shown in
Figure 34. Checking the Fold Change between GenoType box will show the fold
change between different genotypes (WT and mutant in the example data). Checking the
Average Replicates box will show the average expression of the replicates. The Scale
of Expression Value can be set to either Log (default) or Unlog. For microarray data,
the program will automatically determine the data’s original scale by checking the data’s
maximum amplitude (if minimum amplitude is less than 0, the data is in Log scale), then transfer
the data to the scale the user specified. The option to Standardize Each Profileto0
mean and 1 variance is provided. This is useful for finding correlational patterns. Without
standardizing, we cannot see the similar changing patterns among nodes because their
amplitudes are not comparable with each other.

12.3.3 Output Setting frame

If the Use Equal Time Interval box is checked the time interval between animation
frames will be equal, otherwise real time intervals (computed based on the sample time) will be
used. The Set Animation Colors button opens a dialog to change the default animation
colors. As shown in Figure 34, the default animation is based on the three color mapping: the
high value color (red), the middle value color (yellow) and the low value color (blue). Check the
Save Animation File option to output an animation file for future use. The saved
animation file can be loaded into FCModeler later using the Show Animation File dialog
(see section 10.2.2, Using the Show Animation Dialog).

12.3.4 View Data Profiles

The user can view the data profiles by clicking the View Expression Profiles option
under the View Data menu item, as shown in Figure 35. A GUI will show all the entity names
of the selected type (By default, it will show all the RNA names), in which you can select part or
all of them and view their profiles. By clicking a profile it will be highlighted and the name of
corresponding entity will be shown in the status bar and highlighted in the list box, as shown in
Figure 35. You may also highlight the profiles by double-clicking the name in the list box. The
profiles can be standardized or in usual scale.
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Figure 34. Animation Control Panel dialogs.
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Figure 35. View Profiles dialog.

12.3.5 Data preprocessing details used in animation.R

In order to visualize and interpret the data more effectively, the data is preprocessed.

e Trim the outliers. It is very possible there are outliers, which will skew the color mapping.
Here we trim expression value over 98% of the global maximum expression value and less
than 2% of the global minimum expression value.

e Linearly scale the trimmed expression values to the range [0, 1]. The “1” value corresponds
to the high value color, “0.5” value corresponds to the median value color (for fold change
data, “0.5” value corresponds to no change) and the “0” corresponds to the low value color.

12.4 Write your own R script

The example script (animation.R) is located in the fcmodeler/scripts/ directory. Referring to this
script may assist you in developing your own R animation scripts. Another sample script is
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network.R, which returns the graph structure and displays it as a subgraph, the same as the
original graph.

12.4.1 Entry point

The entry point of FCModeler to an R script is the function ‘main’. FCModeler provides two
parameters to R script, FCMNodeList and FCMEdgeL.ist, which are the first two arguments of
the function ‘main’. Both FCMNodeL.ist and FCMEdgeL.ist are “list” class in R. Their names are
the node and edge attribute names. For FCMNodeL.ist, it includes all the node attributes: id,
molld, nodeName, nodeType, location and etc. For FCMEdgeL.ist, it includes all the edge
attributes: id, head, tail, strength, edgeType, certainty etc. A script may or may not use all these
information in its production of mapping rules.

12.4.2 Return Values

Return values of main are in a list data structure. At present, it supports two types of returns. One
is the mapping rules, which maps the graph in different colors and node shapes. The other is the
graph structure, which creates a subgraph in FCModeler. The parameter type determines which
type of return it is.

When type is mapping or without type information, the return structure is of the form:

list(type="mapping”, mappingRules=mappingRules, exptName=exptName,
timePoint=timePoint, duration=duration, refresh=0), where

e mappingRules is a list in which the mapping rules are stored. This field is mandatory.

e duration is the time difference between two sets of mapping rules. If the difference is
negative or the time information is not available, just use unit duration. By default, it is 1.

o refresh is used to tell FCModeler whether to refresh the graph display before applying the
new mapping rules. By default, it is 0; this means it will add the new mapping rules on the
old graph.

e exptName is a list of Affymetrix experiment names at each time point or experiment. By
default, it uses a format like “experiment 1”.

e timePoint is the time point of each experiment. If not provided, it uses the experiment index
number.

When type is graph the return structure is of the form:

list(type="graph®, nodeAttName=nodeAttName, edgeAttName=edgeAttName,
nodelnfo=nodelnfo, edgelnfo=edgelnfo)

e nodeAttName lists the node attribute names included in nodelnfo matrix;

e edgeAttName lists the edge attribute names included in edgelnfo matrix;

e nodelnfo is a matrix. Each row represents one node; each column represents one particular
node attribute, such as “id”, “nodeName”, or “location.” These are the same attributes as the
FCModeler topology file. The “id” field is required.
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e edgelnfo is a matrix. Each row represents one edge; each column represents one particular

edge attribute, such as “id”, “from”, “to”, or “edgeType.” These are the same attributes as the
FCModeler topology file. The “id”, “from” and “to” fields are required.
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13.2 Open Source Code Used in FCModeler

Dot graph layout routine from the Graphviz package of AT&T
(http://www.research.att.comswi/tools/graphviz).

Diva framework graph nodes and edges (http://www.gigascale.org/diva/)
Java SDK (http://java.sun.com/)

Tulip GEM Routine for graph layout (http://www.tulip-software.org)

14 Appendix: R Script File Formats
The data file is a tab-delimited text file. Excel files can be easily saved as tab-delimited text files.

14.1 Microarray DATA
The first row is the sample name list (e.g., sample 1, sample 2, ,,,).

Data columns: The first column is the locus name (eg. AT2G02010), the next data columns are
the experimental values for each sample.

At present, “animation.R” can automatically detect and delete the extra spaces in the row and
column names. It can handle both format 1 and 2. It can also automatically detect duplicated row
names (for microarray data, one locus Id could appear several times in a single chip.) and output
the duplicated list.
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Example Microarray data flat file format:

Format 1:
At.StarchSD1.Wt.OL  At.StarchSD1.Wt.OL  At.StarchSD1.Wt.0L
AT5G11160 6.64 6.41 7.12
AT2G02010 4.47 4.27 5.37
Format 2:
“Any Name” At.StarchSD1.Wt.OL  At.StarchSD1.Wt.OL  At.StarchSD1.Wt.0L
AT5G11160 6.64 6.41 7.12
AT2G02010 4.47 4.27 5.37

Here, At.StarchSD1.Wt.0L is sample 1, and 6.64 is the value for this sample. In this case,
AtStarchSD1 is the experiment name of replicatel, WT is the genotype, OL is the timepoint.
Format 1 is the default format of R produced data, such as Bioconductor normalized data.
Format 2 is the default format of the data transferred from Excel file. In this case, the first
element of first row can be any name, our program just ignores this element.

14.2 Other Data

Other data, like fold-change data, metabolomic data and proteomic data, can be formatted in the
same way. (Proteomic files currently can only be displayed according to locus ID. Work on
visualization of protein modifications and protein complexes is in progress. Metabolomic data is
displayed regardless of subcellular compartment. Compartmentalization function is being
developed.)

14.3 Experiment information file format (an example)

# This is a tab separated text file that describes an experiment in which two genotypes (ACL and
# WT) were grown under short day conditions, and sampled at 11 time points (WT) or 3 time

# points (ACL) during a diurnal cycle. Two replicates were made.

# Each experiment group is composed of the UNIQUE-ID and its attributes.

# UNIQUE.ID includes the experiment name and sample name. It MUST be identical to
# the sample name on the microarray data file;

# TIMEPOINT is the time point of each sample;

# GENOTYPE They are WT(var. Columbia) and ACLA1(antisense ACLAL, Fatland,

# Nikolau, Wurtele, 2004) in this example;

# TREATMENT (in this case, there is no treatment, so column is left blank)

# REPLICATE Two replicates are available in this case.

# AUTHORS: Carol Foster, Li Ling, Martha James, Alan Myers, Basil J. Nikolau,

# Eve Syrkin Wurtele

UNIQUE.ID TIMEPOINT GENOTYPE TREATMENT REPLICATE
At.StarchSD1.Wt.0L 0 WT 1
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At.StarchSD1.Wt.0.5L 0.5 WT

At.StarchSD1.Wt.1L 1 WT
At.StarchSD1.Wt.4L 4 WT
At.StarchSD1.Wt.0D 8 WT
At.StarchSD1.Wt.0.5D 8.5 WT
At.StarchSD1.Wt.1D 9 WT
At.StarchSD1.Wt.4D 12 WT
At.StarchSD1.Wt.6D 14 WT
At.StarchSD1.Wt.8D 16 WT
At.StarchSD1.Wt.12D 20 WT
At.StarchSD2.Wt.0L 0 WT
At.StarchSD2.Wt.0.5L 0.5 WT
At.StarchSD2.Wt.1L 1 WT
At.StarchSD2.Wt.4L 4 WT
At.StarchSD2.Wt.0D 8 WT
At.StarchSD2.Wt.0.5D 8.5 WT
At.StarchSD2.Wt.1D 9 WT
At.StarchSD2.Wt.4D 12 WT
At.StarchSD2.Wt.6D 14 WT
At.StarchSD2.W1t.8D 16 WT
At.StarchSD2.Wt.12D 20 WT
At.StarchSD1.ACLAL1L 1 ACLAl
At.StarchSD1.ACLA1.0.5D 8.5 ACLAl
At.StarchSD1.ACLA14D 12 ACLAl
At.StarchSD2.ACLAL.1L 1 ACLAl
At.StarchSD2.ACLA1.0.5D 8.5 ACLAl
At.StarchSD2.ACLA1.4D 12 ACLAl
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