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1 Introduction  

Cell IllustratorÊ (CI) is a software tool that enables biologists to model, 

elucidate and simulate complex biological processes and systems [11].  It allows 

researchers to model metabolic pathways, signal transduction cascades, gene 

regulatory pathways as well as dynamic interactions of various biological entities 

such as genomic DNA, mRNA and proteins.   Cell Illustrator models are used to 

visualize biopathways, interpret experimental data and test hypotheses. In addition, it 

provides researchers with model diagrams of publication quality and simulation result 

charts. Cell Illustrator has been successfully utilized to model biological pathways 

like Circadian Rhythms of Drosophila, Glycolytic pathway and Fas ligand induced 

Apoptosis [1, 2, 3, 4, 5, 6, and 7].  

Using the graphical user interface of Cell Illustrator, researchers can create 

and simulate their own molecular pathway models.  Some of  the key features of Cell 

Illustrator are: (a) Pathway construction and visualizationðconstruct models 

graphically by drag and drop entities that represent bio-components in the biological 

pathways; (b) Pathways simulationðspecify mathematical formulas for biochemical 

reactions in the pathway for simulation; The simulation can be run inside the 

workspace window in an interactive mode (c) Simulation replay ï the simulation 

results can be logged and then visualized and analyzed in Cell Illustrator Player;  

The documentation for the Cell Illustrator software includes the manuals listed 

below:  

Cell Illustrator User Manual:   Introduction to Cell Illustrator system   

Cell Illustrator Reference Manual: Detailed description of Cell Illustrator 

functionalities 

Cell Illustrator Player Reference Manual: Detailed description of Cell 

Illustrator Player functionalities 

 

This manual describes version 5.0 of Cell Illustrator Desktop (CI5.0). 
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2 Getting Started 

2.1 Cell Illustrator Desktop Installation 

The Cell Illustrator installer is a Java application and requires Java Runtime 

Environment. Before starting the installation make sure you have Java installed on 

your PC. If you do not have Java on your PC, go to http://java.com and install it.  

To install CI please do the following steps: 

- Download the installer package ci - setup.jar  

- Execute the installer package by double clicking on ci - setup.jar or 

by executing the command java ïjar ci - setup.jar  

- Follow the instructions on the screen 
 

2.2 Cell Illustrator Desktop Startup 

Cell Illustrator is a Java desktop application. After completing the CI 

installation, short-cuts to the Cell Illustrator startup script should appear on the 

Desktop  folder, in the Start Menu  and/or in the Applications  folder. 

To start Cell Illustrator, please do one of the following: 

- Locate Cell Illustrator short-cut in one of the above mentioned locations 

and execute it  

- Locate the Cell Illustrator startup script, ci50.bat or ci50.sh in the 

installation folder and execute it. 

- Locate the Cell Illustrator jar file ci - application .jar in the 

installation folder and execute it by double cliking it or by typing the 

command java ïjar ci - application .jar  in the console 
 

2.3 Licensing Information 

During the first start of Cell Illustrator you will be asked to enter a license. If 

you do not have the license please contact your Cell Illsuatrtor distributor. Cell 

Illustrator supports two types of licenses, either a license string (plain text) or a 

license file. If, you have a license, please choose its type and enter it in the License 

Dialog box. 

2.4 CI Memory Customization 

By default the maximum memory for CI Desktop is set to 1024MB (1GB).  

You can change the maximum memory by editing the ci start scripts: ci50.bat or 
ci50.sh  

http://java.com/


    

É 2002-2017 Human Genome Center, Institute of Medical 
Science, The University of Tokyo. All rights reserved. 

 
Page 6 of 85 

 

2.5 Uninstallation 

To unistall Cell Illustrator, please do one of the following: 

- Locate the Uninstall Cell Illustrator  short-cut. It is added to 

the Start Menu ,  or 

- Go to the Cell Illustrator installation folder, then to the Uninstaller   

subfolder and  execute the uninstalle r.jar  by double cliking it or 

by typing the command java ïjar uninstaller .jar  in the 

console 
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3 Cell Illustrator elements 

CI is designed to model biological pathways using three types of abstractions: 

entities, processes and connectors.  

3.1 Concept Overview 

The modeling and simulation engine of Cell IllustratorÊ is based on an 

extension of the Petri-net methodology. A Petri-net models a system of conditions 

and instantaneous events, their dependencies and mutual synchronization. The Hybrid 

Petri-net with extensions (HFPNe) employed in the Cell Illustrator adds the notion of 

continuous and generic processes and quantities, which are essential to the description 

of biological systems [10]. The following table presents a summary of the Petri-net 

model elements, their explanations and equivalent biological meanings. 

 

Table 1 HFPNe elements. 

Hybrid Functional Petri Net  Elements 

Petri Net Component Symbol Biological Equivalent 

Discrete Place 

A discrete place holds tokens represented 

as a non negative integer. 
 

Discrete Entity 

A countable biological component or 

event that is quantified or represented by 

an integer, e.g. the number of molecules 

locating at the membrane, an event that 

describes whether a protein is binding to 

DNA or not. 

Tokens 

A token is a unit held in a place.  

Quantity 

The number of entity items present, e.g. 

the number of molecules binding to 

DNA, ON/OFF state of  a gene 

expression, etc. 

Discrete Transition 

A discrete transition is a discrete process 

that consumes tokens from their input 

places and produces tokens into their 

output places. The input and output 

places are connected to a transition by 

arcs.  A transition ñfiresò and the process 

is invoked if all the conditions for firing 

are met.  Every transition has a delay 

time for firing. 

 

Discrete Process 

A biological reaction that converts 

quantities in discrete entities into 

quantities in other discrete entities.  A 

switching mechanism can be also handled 

as a discrete process which receives some 

signals and sends out signals for a 

pathway. 

Continuous Place 

A continuous place holds a non negative 

real number.  

Continuous Entity 

A biological entity like a concentration of 

a protein, enzyme, or ion, etc. the 

quantity of which can be represented as a 

real number. 

Marking 

A variable representing the state of a 

place. 

m 

Concentration, Quantity 

System status representing quantity or 

concentration of proteins, enzymes and 

ions. 
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Continuous Transition 

A continuous transition is a continuous 

process consuming quantities of its input 

places and producing quantities into its 

output places.  It defines a continuous 

flow that is specified by a speed of firing 

[v]. 

 

Continuous Process 

A biological process or a reaction like 

transcription, translation, or enzymatic 

reaction, which consumes some entitiesô 

(inputs) quantity and produces others 

(output), according to a rate formula. 

Universal Place 

A universal place can handle a list of 

variables of various types (double, 

Boolean, string, etc.). 
 

Generic Entity 

A biological/chemical/physical entity that 

is not pre-defined.  May contain more 

data types like string that is used to 

represent DNA sequence. 

Universal transition 

A transition for a universal place. A 

universal transition allows the arcs 

connecting with this transition to use their 

functions (firing speeds). 

 

Generic Process 

A complicated biological/chemical/ 

physical process, e.g., a translation 

process. 

 

Arc/Connector 

Normal Arc 

A directed arc. Connects a transition to a 

place or connects a place to a transition. 

An arc has a weight. 

 

Process Connector 

Connects input entities to a process and 

process to output entities. Its weight 

parameter specifies an activation 

threshold. Process Connector allows 

quantities flow in the model. 

Inhibitory  Arc 

Connects a place to a transition. An 

inhibitory arc disables a transition.  If the 

quantity in its source place is greater than 

the weight of the arc, the transition 

cannot fire. 

 

Inhibitory Connector 

Prevents a process from being activated. 

Inhibitory Connector facilitates the 

modeling of the inhibition/competition 

process. 

Test Arc 

Connects a place to a transition. A test 

arc does not consume any quantity of the 

source place by firing. 

 

Association Connector 

Connects entities without causing 

concentration change. Defines which 

entities are associated with each other, 

but not as inputs or outputs. Association 

Connector allows the modeling of 

enzymatic reactions as well as other 

catalytic processes. 

3.2 Entities 

Entities are abstract elements that can represent any type of biological concepts 

like mRNAs, DNA, proteins, ligands, and compounds.  They can also represent 

cellular structures like mitochondria, cell nuclei, cells or biological phenomena like 

transcription and translation. 

An entity (Figure 1) contains a value which is interpreted as its quantity or 

concentration. You can input a more meaningful name and value for the entity. Also, 

each entity has an associated variable (e1, e2, e3) representing its quantity (30, 123.2, 

ATGC, respectively). The mathematical equations used for simulation are expressed 

in terms of these variables. 
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There are three types of entities: discrete entity, continuous entity and generic 

entity. 

 

Figure 1 

Discrete entity holds an integer quantity (Integer or Long).  In contrast, a 

continuous entity has a continuous (e.g. real / fractional) number as its quantity 

(Double). This type of entity is used to represent concentrations, e.g. the number of 

ions or enzymes. Other type of entity is a generic entity. It holds string or logical 

value (String or Boolean). 

3.3 Connectors 

Connectors are used to connect entities to processes (input connectors) or 

processes to entities (output connectors). 

There are three types of connectors (Figure 2): process connectors, inhibitory 

connectors and association connectors. An input connector can take all three types. In 

contrast, an output connector is always of the process type. Correspondingly, all types 

of connectors can connect input entities to a process. In contrast, only a process 

connector can connect a process to an output entity. 

 

Figure 2 

The threshold is an input connectorôs parameter. It can be a value or a script, 

e.g. m/10. This parameter is used to define the minimum value of the input entities 

needed for the activation or deactivation of the linking processes. 

A process and an association connector become activated if the threshold of 

the connector is smaller than the value of input entity. On the other hand, inhibitory 

connectors are activated when input entity is less than this threshold.  Inhibitory 

connectors are used to model repression (see Section 4.9).  Association connectors are 

used to model the situation when entities and processes need to be linked together, but 

nothing is produced or consumed. They do not allow transport of quantities. They are 

used when the input entities concentrations do not change (see Section 4.10). 
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3.4 Processes 

Processes (Figure 3) define the rate of entity value changes and interactions 

among entities. Processes are used to model biological reactions such as enzymatic 

reactions or protein complex formation processes. Processes can take multiple inputs 

(e.g. consume different entities to produce new entities) and have multiple outputs 

(e.g. produce different entities, such as breaking down sacharose into glucose and 

fructose).  Also, like entities, processes can be continuous (continuous processes), 

discrete (discrete processes) or generic (generic processes), depending on the input, 

output and timing.  Only generic processes are able to handle generic entities. 

 

Figure 3 

In general terms, if all input connectors of a process are activated the process 

is said to be enabled (see Section 6.1). When a process is enabled, the reaction that it 

represents will fire (will be executed) immediately or after a certain time interval. 

This will cause a change in value for all connected entities. For example, if a process 

represents the reaction of a protein precursor which turns into an activated protein by 

phosphorylation, the decrease of the precursor protein and the increase of the active 

protein on account of  the speed of phosphorylation is simulated once the process fires.  

The exact conditions for enabling a process depend on its Firing Style parameter and 

are described in detail, along with other process parameters, in Section 5.4.2. 

The process type determines its calculation style.  The continuous process has 

the speed calculation style - the process calculates the speed of production or 

consumption of the entities. On the other hand, the discrete process has the add  style 

- the process calculates the concrete values that should be added/subtracted to the 

entities. Finally, the calculation style of the generic process is update, i.e., the process 

calculates a concrete value that will replace the entity value.  The Kinetic Script 

parameter specifies how to calculate the value change of connected entities in each of 

the three cases. See the Reference Manual for details. 

Each discrete and generic process has an additional Delay parameter that can 

be a constant or a function.  The firing of a discrete process occurs abruptly with the 

delay associated with the process. The same applies to generic processes. The activity 

of continuous processes is different: The firing of a continuous process occurs 

continuously. Consequently, a continuous process does not hold the Delay parameter.  
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To employ generic processes one must use the Pnuts scripting language. Use 

of Pnuts is briefly described in Section 5.6. 

 

Another important parameter associated with a process is its Kinetic Style. If 

the process kinetic style is Custom then the value change after the process fires is the 

same for all connected input/output entities.  For all other kinetic styles, the value 

change at each entity depends on connector-specific parameters such as Connector 

Stoichiometry and Connector Speed. Thus, it may be different for different 

input/output entities. 

 

3.5 Element Combinations  

All combinations of discrete and continuous CI elements are presented in 

Table 2 and Table 3.  

The variable m(t) represents quantity or concentration of the entity at time t.  

The variable w(t) is the threshold of the corresponding connector. The constant d(t) is 

the delay time of the corresponding process and the function v(t) is the speed of the 

corresponding process at the time t. Note that CI checks and prohibits the connections 

that are not allowed during model creation. 

 

Table 2 Output Connectors 

 
Transport quantity 

v(t) through the 
Connector at d(t) 

intervals. 

 

Not Allowed. 

 
Transport quantity 

v(t) through the 
Connector at each 

d(t) interval. 

 
Sequentially 

transport quantity 
v(t) through the 

Connector. 

 

Not Allowed. 
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3.6 Discrete Elements Example 1 

 

Figure 4 

The model in Figure 4 consists of two discrete entities e1 and e2, and the 

discrete process p1 between them. The entity e1 is connected to p1 with the input 

process connector c1. The process p1 is connected to e2 with the output connector c2. 

The kinetic style of the process is Custom. The entities e1 and e2 have the initial 

value 10 and 0, respectively. The input connector c1 has the Threshold parameter 

equal 2. The threshold of an input connector controls the activity of process p1. The 

 

Table 3 Input Connectors 

 

Process is enabled 
at intervals of the 
time d(t) while 
m(t)>w(t) holds. 

 

Not Allowed 

 

Process is enabled 
at intervals of the 
time d(t) while 
m(t)>w(t) holds. 

 

Process is enabled 
at the speed of v(t) 
while m(t)>w(t) 
holds. 

 

Process is enabled 
at intervals of the 
time d(t) while 
m(t)>w(t) holds, but 
no quantity change. 

 

Process is enabled 
while m(t)>w(t) 
holds, but no 
quantity change. 

 

Process is enabled 
at intervals of the 
time d(t) while 
m(t)>w(t) holds, but 
no quantity change. 

 

Process is enabled 
while m(t)>w(t) 
holds, but no 
quantity change. 

 
Process is not 
enabled while 
m(t)>w(t) holds. 

 
Process is not 
enabled while 
m(t)>w(t) holds. 

 
Process is not 
enabled while 
m(t)>w(t) holds. 

 
Process is not 
enabled while 
m(t)>w(t) holds. 
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process p1 has the delay parameter equal 1 and the add parameter equal 2. This model 

can be used for auto catalytic reactions, e.g. protein auto-phosphorylation. 

In the HFPNe theory, time is measured in virtual time units called Petri net 

time (pt).  At time 0, the value of e1 is 10 and the threshold of c1 is 2, and the process 

p1 is enabled. When all input processes are enabled, the connected discrete process is 

really executed after the delay time of the process. In this example, the delay 

parameter of the process p1 is 1. Therefore, the process is executed at time 1. 

Consequently, at time 1 the entity e1 decreases and e2 increases by the speed 

of process p1, i.e., 2. Thus, at time 1, the value of entity e1 and e2 becomes 8 and 2, 

respectively. 

At time 4, the value of the entity e1 becomes 2 and the process p1 cannot be 

enabled because the value of e1 is less or equal than the threshold of c1. At that time, 

the process p1 cannot be enabled and e1 and e2 reach a stable state. The results of the 

simulation are presented below (Figure 5).  

 

Figure 5 

 

3.7 Discrete Elements Example 2: Connector Speed 

In the previous model, the values of e1 and e2 increase and decrease by the 

same amount (2) at each time interval because their value depends on the add value of 

the process p1. However, modeling differing increase and decrease in the value of 

connected entities is sometimes necessary, e.g., when a monomer becomes a dimer or 

a trimer and vice versa.  

To deal with this type of process, set the process kinetic style to connector 

custom and then define the value changes of the connected entities separately. 
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Figure 6 

The example in Figure 6 demonstrates the use of the connector custom kinetic style. 

The difference between the previous example and the model in Figure 6 is as follows: 

(i) The add parameters of connector c1 and c2 are 2 and 1, respectively.  

At time 0, the value of e1 is 10 and the threshold of c1 is 1 and the process p1 

is enabled. After the delay of p1, i.e. 1, the process is executed. The add value 

of c1 and c2 are 2 and 1, respectively. Thus, the value of e1 and e2 becomes 8 

and 1 at time 1, respectively. At time 4, the value of e1 and e2 are 2 and 4, 

respectively. At that time, the process p1 is not enabled and e1 and e2 reach a 

stable state. The results of the simulation are presented below (Figure 7). 

 

Figure 7 

3.8 Continuous Elements Example 1 

In the previous two examples, discrete entities and discrete processes have 

been used. However, in many cases, entity values should be treated as continuous 

variables rather than discrete variables. The model in Figure 8 has been created by 

conversion of the discrete model in Section 3.6. 

 

Figure 8 
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More specifically, the differences between the models in Figure 4 and in 

Figure 8 are as follows:  

Step 1: The type of entities e1 and e2 is changed from discrete to continuous. 

Step 2: The type of process p1 is changed from discrete to continuous. 

Step 2: The delay of process p1 is changed from 1 to 0. 

All other parameters are the same as in the discrete model in Section 3.6. As 

described in Section 3.6, the threshold parameter of the input connector works like the 

threshold of the activity of process p1. In this example, at time 0, the value of e1 is 10 

and the threshold of c1 is 2 and the process is enabled. When all input connectors are 

enabled, the connected continuous process is executed with no delay.  

Since p1 is connected to e1 with the quantity m1, and its output is connected 

to e2 with the quantity m2, the equations for quantities change are: 

1
21
==-

dt

dm

dt

dm

 

At time 4, the value of e1 is the same as the threshold of c1, i.e. 2. At that time, 

the process p1 cannot be enabled and e1 and e2 reach a stable state. The results of the 

simulation are presented below (Figure 9). 

 

Figure 9 

The same conversion process can be applied to the discrete model in Section 

3.7 (Figure 10).  

 

Figure 10 

The equations for quantity changes are: 
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2
1
=-

dt

dm

, 
1

2
=

dt

dm

 

The results of the simulation are presented below (Figure 11). 

 

Figure 11 

 

3.9 Continuous Elements Example 2 

In the previous two examples, discrete examples were converted into 

similar models with continuous elements. For kinetic based modeling, one should 

use a continuous model rather than a discrete one.  

In the following model (Figure 12), the consumption ratio of e1 is 

proportional to the value of e1, i.e. the speed of process p1 follows the mass action 

kinetics. 

 

Figure 12 

The difference between the present model and the model in Section 3.8 is 

that the speed of p1 is changed from 1 to 0.05*m1.  In this model, process p1 

continuously transports entity e1 to e2 at the rate of 1/20 of e1ôs concentration m1. 

Since p1 is connected to e1 with quantity represented by m1, and its output is 

connected to e2 with quantity m2, the equations for quantities change are: 

1*05.0
21

m
dt

dm

dt

dm
==-
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 The value of entity e1, i.e. m1, decreases while the value of entity e2, i.e. 

m2, increases during simulation.  The equation (0.05*m1) of process p1 governs 

this change of value per unit time (see Section 6.1 for Simulation Details). 

The results of the simulation are presented below (Figure 13). 

 

Figure 13 

If consumption and generation speed should be different, the Connector 

Custom kinetic style should be used and the corresponding speed/add parameters 

for connectors c1 and c2 should be set. In Figure 14, the speed of c1 and c2 is 

0.05*m1 and 0.1*m1, respectively.  

 

Figure 14 

The results of the simulation are presented below (Figure 15). 

 

Figure 15 
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4 Biological Process Modeling with Cell Illustrator  

This section briefly explains how to simulate major biological processes with 

CI. The examples have been designed to help the novice user to become familiar with 

the Hybrid Petri Net modeling method and notation. 

 

4.1 Degradation 

In a cell, nearly all mRNAs and proteins fragment into parts at certain speeds. 

This fragmentation activity is called degradation. A model of degradation can be 

created with the following steps. 

Step1: Create an entity and change its name, e.g. p53, and set its value, e.g. 10.  

Step2: Create a process and set its name, e.g. ñdegradationò. 

Step3: Connect the p53 entity to the degradation process with the process 

connector. 

Step4: Set the degradation speed by editing the Kinetic Script parameter of the 

degradation process. For the discrete process the default speed is 1.0. 

For the continuous process, set the Kinetic Style to Custom and then 

edit the Kinetic Script (speed). 

In Step1 and Step2 the following combinations are possible (Figure 16): a 

discrete entity and a discrete process, a continuous entity and a continuous process, a 

continuous entity and discrete process  

 

Figure 16 

The results of the simulation are presented below (Figure 17). 
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Figure 17 

 

If the degradation speed depends on the value of p53 protein (say m), in Step 4 

the speed should be made dependent on m (Figure 18).  

 

Figure 18 

The results of the simulation are presented below (Figure 19).    

 

Figure 19 
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4.2 Translocation 

In a cell, mRNA and proteins move from one compartment to others, e.g. from 

nuclei to cytoplasm and vice versa. A model for this can be created with the following 

steps. 

Step1: Create two entities and change their names, e.g. p53_nuclei and 

p53_cytoplasm and set their values, e.g. 100 and 0. 

Step2: Create a process and set its name, e.g. translocation. Connect the 

p53_nuclei to the process and connect the process to p53_cytoplasm. 

Step3: Set the translocation speed by editing the Kinetic Script parameter of 

the translocation process. For the discrete process the default speed is 

1.0. For the continuous process, set the Kinetic Style to Custom and 

then edit the Kinetic Script (speed). 

In Step1 and Step2, possible combinations of (p53_nuclei, translocation, 

p53_cytoplasm) triple are (discrete, discrete, discrete), (discrete, discrete, continuous), 

(continuous, discrete, continuous), (continuous, discrete, discrete) and (continuous, 

continuous, continuous) (Figure 20). 

 

Figure 20 

The simulation results of the discrete model are presented below (Figure 21). 
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Figure 21 

If the translocation speed depends on the quantity of p53_nuclei (say m1), as 

in the degradation example, Section 4.1, the process speed should be made dependent 

on m1/10 in Step3. (The factor of 1/10 was used in the example in Figure 22.) 

 

Figure 22 

 The results of the simulation are presented below (Figure 23). 

 

Figure 23 

4.3 Transcription  

Transcription modeling can easily be done using CI. A model can be created 

with the following steps. 

Step1: Create a process and set its name, e.g. transcription. 

Step2: Create an entity and change its name, e.g. mRNA_p53. 
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Step3: Connect the transcription process to mRNA_p53 entity with the process 

connector. 

Step4: Set the transcription speed by editing the Kinetic Script option of the 

transcription process. For the discrete process the default speed is 1.0. 

For the continuous process, set the Kinetic Style to Custom and then 

edit the Kinetic Script (speed). 

In Step1 and Step2, possible combinations of the pair (transcription, 

mRNA_p53) are (discrete, discrete), (discrete, continuous) and (continuous, 

continuous) (Figure 24). 

Cell Illustrator facilitates the modeling of the path DNA Ą mRNA Ą Protein 

not only as a concentration function of DNA, mRNA and Protein. Global transcription 

and translation mechanism can be established with a string input (DNA sequence), 

intermediate product (proper mRNA) and product (Protein). This mechanism can 

produce simultaneously many proteins from different DNA sequences. 

 

Figure 24 

The simulation results of the discrete model the are presented below (Figure 25). 

 

Figure 25 

Normally, mRNA synthesis is associated with its degradation. The models 

presented below (Figure 26) combine the transcription process with the degradation 

process in Section 4.1 (The same speed m/10 is applied.) 



    

É 2002-2017 Human Genome Center, Institute of Medical 
Science, The University of Tokyo. All rights reserved. 

 
Page 23 of 85 

 

 

Figure 26 

 The results of the simulation are presented below (Figure 27). 

 

Figure 27 

4.4 Complex 

In a cell, a set of proteins binds and creates a complex. A model for this can be 

created with the following steps. 

Step1: Create three entities and set their names, e.g. p53, mdm2, p53_mdm2, 

and set their values, e.g. 100, 50, 0. 

Step2: Create one process and changes its name, e.g. complex. 

Step3: Connect p53 entity and mdm2 entity to the complex process. Connect 

the combine process to the p53_mdm2 entity. 

Step4: Set the combine speed by editing Kinetic Style and Kinetic Script 

options to values Custom and 1.0. 

In Step1 and Step2, 9 combinations of element types in the pattern (p53, 

mdm2, p53_mdm2, complex process) are allowable, i.e., (discrete or continuous, 

discrete or continuous, discrete or continuous, discrete) and (continuous, continuous, 

continuous, continuous) (Figure 28). 
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Figure 28  

The simulation results of the continuous model are presented below (Figure 

29). 

 

Figure 29 

If the complex speed strictly depends on the value of p53 (m1) and mdm2 

(m2), the speed of the complex process needs to be (m1*m2)/400 (the factor 1/400 is 
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an example) for the model where all elements are of the continuous type as in Figure 

30.  

 

Figure 30 

The results of the simulation are presented below (Figure 31).  

 

 

Figure 31 

4.5 Tetramerization 

In a cell, some proteins create a self-complex under certain conditions. For 

example, p53 can create a homotetramer. The process of creating tetramers is called 

tetramerization. The three examples below show how various kinetic styles processes 

can be used for the modeling of tetramerization.  The speed of tetramerization is 

linearly dependent on the mass of monomers in the first example. In the second 

example, stochastic perturbation is introduced. Finally, in the most advanced example, 

tetramization is defined by a script. 

A simple model of tetramerization can be created using the following steps: 

Step 1: Create two entities and set their names, e.g. p53 (monomer) and 

p53 (tetramer). Set the initial value of the monomer to 10. 

Step 2: Create a process and set its name, e.g. ñtetramerizationò.  

Step 3: Connect the p53 (monomer) entity to the process with a process 

connector. 
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Step 4: Connect the process to the p53 (tetramer) entity with a process 

connector. 

Step 5: Set  the Kinetic Style of the process to Mass and set c1 Stoichiometry 

to 4. Leave the default values for the other parameters of the process: Coefficient1 - 

0.01, Coefficient2 - 0.1 and c2 Stoichiometry - 1. 

 

 

Figure 32 

With the model, as in Figure 32, the speed of the tetramerization process 

depends on the value of p53 (tetramer). To make the process of tetramerization faster 

the Coefficient1 value should be increased. To change tetramerization into the 

dimerization process the ñc1 stoichiometryò value should be changed to 2. More 

details on parameters related to the Mass kinetic style can be found in the section . 3.4 

Processes. 

The results of the simulation are presented below (Figure 33). 

 

Figure 33 

4.6 Stochastic Tetramerization 

Normal biological processes (e.g. dimerization or tetramerization) are not 

deterministic but stochastic. To improve modeling of the biological processes one can 

use the Stochastic Mass kinetic style of the process. Starting from the previous model, 

the stochastic tetramerization process can be modeled as follows: 

Step 6: Change the Kinetic Style of the process to Stochastic Mass. Set the 

Standard Deviation to 0.2. This parameter controls the distribution of the 

randomly generated process speed.  
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Step 7: Make sure that other parameters are the same as in the previous 

Tetramerization example, i.e. c1 Stoichiometry is 4. 

 

Figure 34 

In the model, shown in Figure 34, the speed of the tetramerization process 

represents stochastic behavior. Parameters related to Stochastic Mass kinetic style are 

described in  section 3.4 Processes. 

The example results of the simulation are presented below (Figure 35). Note 

that subsequent simulation runs will give different results due to the stochastic nature 

of the model. 

 

Figure 35 

4.7 Custom Tetramerization 

Tetramerization can also be defined by a custom formula: In the example in 

Section 4.5, the process speed depends on the p53 (monomer) in a linear way, but one 

can change it into a quadratic function by writing a script. The example in 4.5 could 

be modified as follows: 

Step 6: Change the Kinetic Style of the process to Connector Rate and set the 

Rate parameter as 0.001*m1*m1.  

Step 7: Make sure that other parameters are the same as in the previous 

Tetramerization example, i.e. c1 Stoichiometry is 4. 
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Figure 36 

In the model in Figure 36, the speed of the tetramerization process is 

proportional to the square of p53 (monomer).  

The results of the simulation are presented below (Figure 37). 

 

Figure 37 

 

4.8 Separation 

In a cell, binding proteins are sometimes separated with proteins. A model can 

be created here with the following steps:  

Step1: Create three entities and set their names, e.g. p53, mdm2, p53_mdm2, 

and set their value, e.g. 50, 0, 50. 

Step2: Create one process and set its name, e.g. separate. 

Step3: Connect the p53_mdm2 entity to the separate process. Connect the 

separate process to the p53 entity and the mdm2 entity.  

Step4: Set the separate speed by editing Kinetic Style and Kinetic Script 

options to values Custom and 1.0. 

Again, 9 combinations of element types in the set (p53, mdm2, p53_mdm2, 
separate process) are possible in Step1 and Step2, i.e. (discrete or continuous, discrete 

or continuous, discrete or continuous, discrete) and (continuous, continuous, 

continuous, continuous) as in Figure 38.  
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Figure 38 

The results of the simulation are presented below (Figure 39). 

 

Figure 39 

If the speed of the separate process strictly depends on the value of p53_mdm2 

(say m1), this can be expressed by a respective equation defining the speed parameter 

of the process (In Figure 40, m3/20 for the model where all elements are of the 

continuous type). 
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Figure 40 

The results of the simulation are presented below (Figure 41).  

 

Figure 41 

For models based on discrete elements, it is difficult to create a model that 

fulfills this condition. 

4.9 Inhibition  

A specific drug sometimes inhibits activities of transcription. The transcription 

model in Section 4.3 is modified with an inhibitor activity as follows. 

Step1: Create an entity and set its name, e.g. doxorubicine. 

Step2: Create a process and connect it to the doxorubicine entity with the 

process connector. 

Step3: Connect the doxorubicine entity to the transcription process with the 

inhibitory connector. 

Step4: Do not change the threshold of the inhibitory connector (the default 

value is 0). 

The type of the doxorubicine entity can be either discrete or continuous.  With 

the model in Figure 42, one can simulate the situation where the concentration of 

doxorubicine is growing. If the inhibition connector threshold is set to 0 for 

continuous processes the translation will be stopped immediately after the first 

Sampling Interval. For a discrete process Translation will be stopped after the first 

step, as during the first step process (p1) is enabled. 
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Figure 42 

The results of the simulation are presented below (Figure 43) 

 

Figure 43 

If the threshold of the inhibitory connector is modified to 5 (Figure 44) the 

results will be different. The results of the simulation are presented below (Figure 45) 

 

Figure 44 
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Figure 45 

As in Figure 43 and Figure 45, if doxorubicine is treated the transcription of p53 is 

inhibited. The inhibitory activity will be adjusted with the threshold of the inhibitory 

connector. 

4.10 Catalysis 

Enzymes catalyze a variety of chemical reactions. The model of an enzymatic 

reaction can be created with the following steps. The first three steps are similar to the 

translocation process in Section 4.2. 

Step1: Create two entities and change their names, e.g. p53 and p53-P and set 

their values, e.g. 10 and 0. 

Step2: Create a process and set its name, e.g. catalysis. Connect p53 to the 

process and connect the process to p53-P. 

Step3: Set the catalysis speed by editing the speed option of the catalysis 

process. Set Kinetic Style to Custom and Kinetic Script (speed) to 1.0. 

Step4: Create one entity and change its name, e.g. CAK. 

Step5: Create a process and connect it to the CAK entity with the process 

connector. Set kinetic style to Custom and kinetic script (speed) to 1.0. 

Step6: Connect the CAK entity to the catalysis process with the association 

connector. 

Step7: Change the threshold of the association connector to 1(the default value 

is 0). 

The type of CAK entity is continuous.  With the model in Figure 46, one can 

simulate the situation where CAK (enzyme) concentration is growing. If the 

association connector threshold is set to 1 the catalysis process will be enabled when 

the CAK entity value reaches 1 level. 
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Figure 46 

The results of the simulation are presented below (Figure 47) 

 

Figure 47 

If the threshold of the association connector is modified to 5 (Figure 48) the 

results will be different. The results of the simulation are presented below (Figure 49) 

 

 

Figure 48 
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Figure 49 

In the presented reaction, CAK influence on the model is enabling/disabling 

the reaction. The CAK activity will be adjusted with the threshold of the association 

connector. 

However, in most of the systems, the reaction rate depends on enzyme 

concentration and substrate concentration. In the example in Figure 50, the speed of 

the catalysis process is defined with the equation (m1*m2)/10. The model is made of 

continuous type elements and the threshold of association connector is reset to 0.   

 

Figure 50 

 The results of the simulation are presented below (Figure 51). 

 

Figure 51 
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5 Cell Illustrator User Interface and Model Creation 

At Cell Illustrator startup, a single main window pops up. You can create, 

open, save and print a biological pathway model file using options in the File menu 

(Figure 52).  

This window has the Menu Bar at the top that allows you to manipulate the 

model diagram. 

 

Figure 52 

 

To create a new model, the first step is to open an empty canvas window for the 

model, which can be accomplished by either:  

1. clicking on the top icon  in the left toolbar  

2. clicking on the File in the Menu Bar and selecting the ñNewò option 

 

5.1 Add Elements 

To add a new elementðan entity or a process, select one of  ,  , , , 

 and  icons from the top toolbar, and then click on the canvas workspace where 

you want to place it. You may continue and place more components of the selected 

type on the canvas. 

Alternatively, you can press the right mouse button anywhere on the canvas 

and choose the desired element from the popup menu using Insert Entity/Insert 

Process function. The new element will be placed at the center of the active canvas.  

Lastly, you can select a predefined element in the Biological Elements frame 

(see Section 5.5.1). 

Each entity has three labels associated with it for you to edit by double 

clicking (see Figure 1).  On the upper left is the Name of the entity for associating 

biological concepts with the entity.  The upper right label is the Variable representing 

this entity. It is used in mathematical equations to define the rate of reaction in the 

model.  The lower left label represents the current value of the entity.  You can edit it 
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to enter the initial value for the selected entity.  Note that for discrete entities, this 

value must be an integer. 

A process can have up to four associated labels (see Figure 3).  At the upper 

left is the Name of the process.  The lower right label is the Kinetic Script of the 

process.  The upper right label is the Firing Style of the process and  the lower left 

label is the Delay of the process.   

To add a connector to link two elements, select a connector type from ,  

and  icons in the Draw toolbar above the canvas pane and then click on the element 

where the connection originates. Next, click on the element you want to connect to. 

The connector will be automatically drawn to connect the two elements.  Note that a 

connector links entities to processes, not entities to entities or processes to processes.  

If you draw a connector between two entities, a process with default parameters is 

inserted between them. Also, discrete entities cannot connect to continuous processes 
(see Element Combinations in Section 3.5). Generic entities can only connect to 

generic processes.  Each connector has up to three labels: above the connector is its 

name, below is its firing style, and below the connector is its threshold (if threshold 

firing style is enabled) or the rule (if rule firing style is enabled) (see Figure 2).  The 

threshold is a minimum value for the activation of the connector (see Simulation 

Concept, Section 6.1). 

5.2 Modify a Model  

The user can move any element within the model (i.e., change its location). 

To carry out this task, click on the Selection Mode   button from the Draw 

toolbar. Then, click on the element in the canvas and drag it to move it. You can 

also drag the mouse to select multiple elements and then right click the mouse to 

bring up a popup menu which allows to you to arrange, copy, cut, duplicate or 

delete the selected elements. A mouse right click on a selected single element will 

bring up a customized popup menu with additional options to modify the element. 

The Draw and Element toolbars contain buttons for frequently performed editing 

operations. This includes:  

¶    ñInsert Frameòð Create a background frame. 

¶   ñInsert Textò ð Annotate the model. 

¶  ñInsert Imageò ð Load an image and insert the image to the canvas. 

¶  ñZoom Inò ð Zoom in on the canvas. 

¶  ñZoom Outò ð  Zoom out from the canvas. 

¶  ñReset Zoomò ð  Restore the default models magnification. 

¶  ñFit In Canvasò ð  Restore the default models magnification. 
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¶  ñGroupò ð  Group together chosen elements to treat them as one 

for editing  . 

¶  ñUngroupò ð Undo a group operation. 

¶ , ,  Set Color tools:   Fill Color,  Line Color or  

Text Color. 

¶  ñSet Strokeò ð Change the stroke pattern of selected elements. 

¶  ñToggle Gridò ð Turn the background grid on or off 

¶  ñToggle Antialiasingò ð Turn on or off antialiasing 

 

5.3  Change Element Properties   

For additional editing of the properties of elements in the model, the Property 

Frame toolbar at the far right of the window is provided. Note that the Window | 

Show Frame menu contains all options provided in this toolbar.  

The actions for each button are as follows: 

¶  ñElement Listsò ð show the Element Lists frame (see Section 5.4). 

¶  ñElement Settingsò ð show the Element Settings frame (see 

Section 5.4). 

¶ ñBiological Propertiesò ð show the Biological Properties frame  

¶  ñExternal Referencesò ð show the External References frame (see 

Section 5.4). 

¶  ñNavigatorò ð show a small view of the entire model to navigate 

the model in the canvas window (see Section 7.1). 

¶  ñView Settingsòð show the View Settings frame. In this frame the 

user can customize the global view settings of the active canvas, e.g., 

show and hide entity labels. 

¶  ñChart Settingsò ð show the Chart Settings frame to create time 

series plots (see Section 6.2.3). 

¶   ñSimulation Settingsòð show the Simulation Settings frame to 

change simulation parameters (see Section 6.2). 
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¶  ñSimulation Historyò ï show the Simulation History frame. The 

frame contains the list of all simulation log files for the active model file 

(see Section 6.3.2)  

¶  ñGraph Layoutò ï show Graph Layout frame to set up elements on 

the canvas in the specified way. 

¶  ñPath Search Resultsò ð show the Path Search Results in a tabular 

view (see Section 7.2). 

¶ ñCommentsò ð show the comments of the selected element in a 

tabular view  

 

5.4 Element Settings Frame and Element Lists Frame 

The frames that show the details about the variables and equations in the 

model are the Element Lists (see Figure 53, Figure 55, and Figure 57) and the 

Element Settings (see Figure 54, Figure 56 and Figure 58). They can be opened either 

by selecting the items Element Settings and Element Lists respectively in Window | 

Show Frame menu or by clicking on the buttons   and   in the Property Frame 

toolbar. 

The Element Lists frame consists of the following sheets: the Entity, Process 

and Connector Sheet as well as the Fact, Fact Edge and Group Sheet. Each sheet 

contains a table of all elements of the given type (entity, process, connector, fact 

vertex, fact edge or groups respectively) in the active canvas and their main properties. 

A selection made in the Element List will be immediately reflected in the canvas, and 

vice versa. You can easily change a property of an element by double clicking on the 

corresponding cell in the table.  Note that the columns which can be edited have a 

white background while the columns that cannot have a gray background.  To change 

an element property displayed in a gray-out column, you need to select a 

corresponding element in the canvas and open the Element Settings frame. 

The Element Settings frame displays all the properties of a single element 

selected in the canvas. The frame may display, depending on the type of selected 

element, a list of various properties divided in categories: Simulation, View, Shape, 

Image, Biological Properties, Custom Biological Properties, etc.. Any modifications 

made in the Element Settings will be immediately reflected in the Element Lists and 

the canvas, and vice versa. 

5.4.1 Entit ies 

For entities, several properties are available for editing in both frames (see 

Figure 53 and Figure 54).  A default setting is automatically displayed if you have not 

entered any value.  You can change the name of the entity to reflect its biological 

meaning, and you can also enter the initial value of the entity.  The current value of 

the entity is displayed once simulation data is available. To show/hide the selected 
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element in a simulation output file, check the Visible box. Clicking on the column 

header you can sort or filter the table. You can also control if a given column 

(property) should be visible or hidden in the table by a right-click on the column 

header and choosing the Select Visible Column item from the popup menu.  

 

Figure 53 

If  an entity is selected in the canvas and the Element Settings frame is 

activated, the properties of the selected entity are presented there (Figure 54). The 

type of entity cannot be edited in Element Lists. However, it can be changed in the 

Element Settings frame. A continuous entity can only have the Double value type, 

while a discrete entity be it Integer or Long or a generic entity can have the value type 

String or Boolean. The Maximum Value and Minimum Value fields define the 

allowable value range. The display properties associated with the selected entity can 

be modified in the View and Shape categories.    



    

É 2002-2017 Human Genome Center, Institute of Medical 
Science, The University of Tokyo. All rights reserved. 

 
Page 40 of 85 

 

 

Figure 54 
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5.4.2 Processes 

In the Process List in the Element Lists (Figure 55), you can change the name 

of the process to reflect its biological meaning. Also, you can set the Kinetic Script 

and Delay Script property. The Kinetic Script and Delay Script fields define, 

respectively, the speed / add / update function and delay parameter of the processes. 

The Kinetic Value and Delay Value columns display current simulation values. 

 

Figure 55 

If  a process is selected in a canvas, the Element Settings frame displays the 

properties of the selected process (Figure 56). 
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Figure 56 

The major process parameters displayed in the Process Sheet are Type, Calc 

Style, Firing Style, Activity, and Kinetic Style. The Calc Style property determines its 

Type , which defines whether the process is discrete, continuous or generic and. 

One can choose between two Firing Style settings ï ñandò and ñorò. For a 

process with the default ñandò firing style, if all input process connectors and 

association connectors of the process are activated and no input inhibitory connector 

of the process is activated, the process is enabled. For a process with the ñorò firing 

style, the process is enabled if at least one of Association or Inhibitory input 

connector fulfills its condition and all input process connectors fulfill their respective 

conditions. 

The Kinetic Style defines the method for calculating the values of connected 

entities. The property can have the following options: Custom, Connector Custom, 

Mass, Stochastic Mass, Connector Rate, Michaelis-Menten, Hill Function. Each style 

requires a specific set of parameters that you need to enter at the bottom part of the 

Element Settings frame. For example, you must specify the Coefficient1, Coefficient2, 

Standard Deviation and Connector Stoichiometry for the Stochastic Mass style. The 

most general style is Custom. If a process has the Custom kinetic style, you need to 

specify directly its  Kinetic Script, i.e., the formula that governs the value change. For 

other kinetic styles, the kinetic script is predefined and you can only set the values of 

parameters in the equation. 
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The Delay option is enabled for a discrete or continuous process (see Section 

3.4) and it takes a positive real value or zero. A discrete process will fire just after its 

delay time if the process is still active.  Otherwise, it can lose its chance to fire. The 

delay is specified in Petri net time [pt].  

By default, the Activity property of a process is set to true. However, you can 

write a script in the Activity field to turn the process on and off in the course of a 

simulation. For an example on how to write a script, see Section 0 

In the View and Shape category, you can modify the display properties 

associated with the process.  

5.4.3 Connectors 

 

Figure 57 

In the Connector List of the Element Lists frame, the Name, Type, From, To,  

Firing Style, Firing Script and Visible properties are displayed (Figure 57).   

When a single connector is selected in a canvas, the Element Settings frame 

displays its properties (Figure 58). 

The major properties that you can edit are CSO Class, Connector Firing Style, 

Firing Threshold and Firing Rule. The CSO Class defines the connector type, which 

can have the values process, inhibitory or association. The Connector Firing Style 

option defines how the condition for activating the connector is calculated. (It should 

not be mistaken with the Process Firing Style parameter.)  The Connector Firing Style 

can take the Threshold, Rule or No Check value.  In the Threshold style, the value of 

the Firing Threshold determines if the connector is enabled; if the current value of the 

source entity is larger than the threshold then the connector is enabled. In case the 

Connector Firing Style is set to Rule, the behavior of the connector is defined by a 

boolean expression (script) in the Firing Rule field. No Check option always enables 

the connector.   
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Figure 58 

5.4.4 Biological Properties Frame 

The Biological Properties Frame displays a list of all elements of the selected 

type (Entity, Process, Connector, Fact Edge, Fact Vertex, Group) along with their 

biological properties and enables you to view/assign additional biological information 

such as location (cell component), biological role, biological event, GO ID, list of 

Pubmed IDôs, etc.  

Similarly to the Element Lists frame, in this frame you can easily change a 

property of an element by double clicking on the corresponding cell in the table.  For 

selected properties such as Cell Component or Biological Event, you can select the 

values from a list of predefined choices. Please note that changing the Biological 

Event of a process will assign a new graphical symbol (image) to the process on the 

canvas.  

Clicking on the column header you can sort or filter the table. You can also 

control if a given column (property) should be visible or hidden in the table by a right-

click on the column header and choosing the Select Visible Column item from the 

popup menu. 

Any selection made in the Element List will be immediately reflected in the 

canvas, and vice versa. 
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5.4.5 External References Frame 

Using this frame, you may define for each model element a list of references 

to external databases or vocabularies. The defined links can then be opened and 

viewed in a web browser. 

5.5 Biological Elements and Pathway Fragments 

While you can use the menu options and toolbar buttons described in Section 

5.1 to add elements, biological pathways can be created faster and more intuitively by 

dragging and dropping appropriate elements from the frames that support building of 

pathways. These frames give the user the access to many predefined elements or 

pathway fragments and the ability to insert these fragments to the active canvas.  

The Library toolbar  gives a quick access to these useful 

frames. 

 

5.5.1 Biological Elements Frame 

The Biological Elements frame contains the Entity, Process and Cell 

Component Sheet.  

The Entity Sheet contains biological elements that will contain a certain 

quantity, e.g. mRNA and protein (Figure 59). 
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Figure 59 

The Process Sheet contains biological elements that denote biological 

processes, e.g. phosphorylation and translocation (see Figure 60). 
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Figure 60 

The Cell Component sheet contains useful pictures of cellular components, e.g. 

cell and mitochondrion (Figure 61). 
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Figure 61 

 

5.5.2 Project Manager Frame 

CI Project Manager is a user interface to pathway models stored on 

www.csml.org web page. 

In this frame, you can browse and search through pathway libraries stored on 

www.csml.org and download and open the selected pathways in CI window. 

 












































































