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1. Networks Editor 

Networks Editor (NE) allows the user to construct biomolecular networks that can be analyzed to predict 

cell fate outcomes which can then be visualized as three-dimensional landscapes. Several network 

analysis strategies, such as Deterministic Modeling, Probabilistic Modeling, and Ordinary Differential 

Equations (ODE) Modeling have been provided via an intuitive and user-friendly Graphical User Interface 

(GUI). Network analysis results can be viewed as an ‘Attractor Landscape’, ‘Cell Fate Landscape’, 

‘Potential Energy Landscape’, ‘Probability Landscape’, and ‘ODE Landscape’.  NE’s GUI, features list, 

network analysis, and result visualization have been outlined in the proceeding text.  

1.1 Graphical User Interface (GUI) 

In Figure 1.1.1, various sections and toolbars of Network Editor’s intuitive GUI have been labeled, and 

the functionality of each feature has been explained below.  

  

Figure 1.1.1 - The main GUI of TISON’s NE. 
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 Library Section  

 In Figure 1.1.1 (A), the left ‘Networks’ panel displays the library of user-constructed and saved 

networks in the database. A user can open the network by double-clicking the desired 

network’s name or ‘Edit Network’, ‘Edit Properties’, ‘Duplicate Network’, and ‘Delete Network’ 

by clicking the icons displayed (Figure 1.2.3.2). 

 Canvas Toolbar (Left)  

In Figure 1.1.1 (B), 

 ‘Create Network’ button in the toolbar creates a new network on the canvas. 

 

 ‘Automated Network Construction’ button allows the user to automatically create the 

network by collecting data from relevant databases and literature. 

 

 ‘Show Networks Library’ button displays and hides the library section.  

 

 ‘Save Network’ button in the toolbar saves the current network in TISON’s database 

against the user’s current project.  

 

 ‘Personalize Weight Based Networks’ button allows the user to import biomolecular 

expression data to calculate basal values for the personalization of networks. Please note that 

this option is only available for weight-based networks.  

 

 ‘Weight-based to Rules-based Conversion’ button allows the user to convert a weight-

based network to a rules-based network.    

                   

 ‘Clear All’ button clears the entire canvas and allows the user to create a new network. 

 

 ‘Report a Bug’ button opens http://github.com/BIRL/TISON/issues and allows the user to 

report any bug/issue in TISON.   

 

 ‘Help’ button opens the ‘Networks Editor Manual’ located on 

https://tison.lums.edu.pk/Manuals/NetworksManual.pdf.  

  

http://biolabs.lums.edu.pk/birl
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1.1.3 Canvas Toolbar (Top)  

In Figure 1.1.1 (C), 

 ‘Move Toolbar’ button allows the user to reposition the toolbar.  

 ‘Change Background Color’ button allows the user to recolor the canvas.  

 ‘Change Layout’ button allows the user to alter the network layout by opting for either 

one of the following options: grid, circle, concentric, cose and BFL (Breadthfirst Layout). 

 ‘Activation Link’ button creates a green activation link between two nodes while drawing 

a network on the canvas. 

 ‘Inhibition Link’ button creates a red inhibition link between two nodes while drawing a 

network on the canvas. 

 ‘Load Biomolecule from Integrated Databases’ button helps the user find a 

biomolecule along with its expression from MERAV (Metabolic gEne RApid Visualizer), HPA 

(Human Protein Atlas), FireBrowse (TCGA), and GTEx (Genotype-Tissue Expression). 

 ‘Gene’ button draws a gene on the canvas. 

 ‘RNA’ button draws RNA molecule on the canvas.  

 ‘Antisense RNA’ button draws an antisense RNA on the canvas.  

 ‘Protein’ button draws a protein on the canvas.  

 ‘Truncated protein’ button draws a truncated protein on the canvas.  

 ‘Cofactor’ button draws a cofactor on the canvas. 

 ‘Transcription Factor’ button draws a transcription factor on the canvas. 

 ‘Receptor’ button draws a receptor on the canvas. 

 ‘Ligand’ button draws a ligand on the canvas. 

 ‘Ion Channel’ button draws an ion channel on the canvas. 

 ‘Ion’ button draws an ion on the canvas. 

 ‘Molecule’ button draws a molecule on the canvas. 
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1.1.4 Account 

In Figure 1.1.1 (D), 

 Text at the top right corner of the canvas displays the username saved during 

the registration process.  

 ‘Return to Project Explorer’ icon in the account settings panel takes the user back to the 

project explorer and shows a list of all the projects.   

 User icon allows the user to either return to TISON’s home page via ‘Main’ or sign out from 

TISON via ‘Sign Out’. 

1.1.5 Canvas Toolbar (Right) 

In Figure 1.1.1 (E), 

 ‘Zoom In’ button zooms in on the canvas and repositions the network to the center of the 

screen. 

 ‘Zoom Out’ button zooms out of the canvas and repositions the network to the center of 

the screen. 

 ‘Reset to Default’ button resets the zoom level/canvas size to default. 

  ‘Perform Network Analysis’ button allows the user to perform network analysis using 

Deterministic Analysis (DA), Probabilistic Analysis (PA), and ODE Analysis. 

 ‘Analysis Progress and Status’ button allows the user to check the status of analyses 

running in the network. 

 ‘View Network and Results’ button allows the user to switch the view between the 

network and network results (visual plots including ‘Attractor Landscape’, ‘Cell Fate Landscape’, 

‘Potential Energy Landscape’, ‘Probability Landscape’, and ‘ODE Landscape’).  

 ‘Download Results’ button allows the user to download network analysis results.  

 ‘Upload Case Study’ button allows the user to upload template networks from the 

database. 

  ‘Import Network’ button allows the user to upload a network file.  
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 ‘Export Network’ button downloads a (.zip) folder containing input files provided by the 

user and output files produced after analysis. Folder may include network file, parameters file, 

custom states file, fixed nodes file, cell fate logic file, and the result files. 

  Editor Logo 

 In Figure 1.1.1 (F), the editor logo and text at the bottom right corner of the 

canvas display the editor being used. 

1.1.7 Canvas Toolbar (Bottom)  

 In Figure 1.1.1 (G), the toolbar at the bottom of the canvas allows the user to switch between 

different editors in TISON. 

1. Networks button navigates to “Networks Editor.” 

2. Therapeutics button navigates to “Therapeutics Editor.” 

3. Environments button navigates to “Environments Editor.” 

4. Cell Circuits button navigates to “Cell Circuits Editor.” 

5. Cell Lines button navigates to “Cell Lines Editor.” 

6.  Organoids button navigates to “Organoids Editor.” 

7. Simulations button navigates to “Simulations Editor.” 

8. Analytics button navigates to “Analytics Editor.” 

1.1.8 Project Panel 

In Figure 1.1.1 (H), 

 ‘TISON Home’ button on the bottom left corner of the canvas takes the user back to 

TISON’s home page. 

 ‘Project Information’ button displays the project name at the bottom left corner 

of the canvas and takes the user back to the ‘Project Explorer’ page. 
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 Features List 

A guide to the functionality of each GUI button and the parameters required from the user to build a 

basic network is provided in the following sections. 

1.2.1 ‘Create Network’ Button 

The ‘Create Network’ button in the left canvas toolbar (highlighted in Figure 1.2.1.1) allows the user to 

create a new weight-based or rules-based network (detailed below). 

 

Figure 1.2.1.1 - ‘Create Network’ button in NE. 

 

Once the user clicks on this button, the following window will appear (Figure 1.2.1.2). 
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Figure 1.2.1.2 - Window for selecting the type of network.  

 
Networks can either be created manually or uploaded in the form of an excel file (format .csv). Manual 

creation is possible through the ‘Draw network’ option for a weight-based network and the ‘Write rules’ 

option for a rules-based network. Selecting ‘Upload from file’ will allow the user to upload a network file 

from their hard drive (For visual reference, see Section 1.4, Table 1.4.1 – Video 3). 
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Weight-based Networks: 

i. Manual Construction of Network 

Selecting the ‘Draw network’ option will open the main GUI (Figure 1.2.1.3); the user must choose their 

biomolecule of interest, then click on the canvas to begin constructing their weight-based network. 

 

Figure 1.2.1.3 - Weight-based editor window that appears upon selecting the ‘Draw Network’ option. 
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ii. Uploading a File 

A comma-separated values file (format .csv) must be created; the file should include the node names 

and their associated basal values (this indicates the minimum expression of each node). Following 

initialization, a row should be left empty, and then the node interactions should be stated along with 

their interaction weights. The comma-separated file’s first, second, and third columns must contain the 

source nodes, interaction weights, and target nodes, respectively (Figure 1.2.1.4).  

 

 

Figure 1.2.1.4 - Weight-based network file format. 
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Selecting the ‘Show uploaded file’ option (Figure 1.2.1.2) will display the network file once it gets 

uploaded (Figure 1.2.1.5). 

 

Figure 1.2.1.5 - The window displaying the contents of a weight-based network:  The content uploaded as a 
(.csv) file appears upon selecting the ‘Show uploaded file’ option. 
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Rules-Based Networks: 

i. Manual Construction of Network 

The ‘Rules Editor’ window (Figure 1.2.1.6) appears when the user selects the ‘Write rules’ option 

highlighted in Figure 1.2.1.2; this editor includes a word processor and instructions for writing rules in 

JavaScript syntax  (For visual reference, see Section 1.4 – Table 1.4.1) 

 

Figure 1.2.1.6 - Rules-based editor window that appears upon selecting the ‘Write rules’ option. 
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Each target node can be assigned its interaction logic by a ‘=’ symbol. Moreover, Boolean operators like 

AND, OR, and NOT represented as ‘&&’, ‘||’ and ‘!’ respectively, can be used to describe the simple 

dynamics of activation and inhibition between nodes.  

If the regulators form a complex and regulate a target node, the interaction should be represented by 

an ‘AND operator’, if the regulators independently regulate the target node, the interaction should be 

represented by an ‘OR operator’, and if the regulator negatively regulates the target node and inhibits 

its activity, the interaction should be represented by a ‘NOT operator’. 

ii. Uploaded from File 

A comma-separated file (format .csv) must be created; each row contains a target node followed by its 

regulators/source nodes and the rules defining the target node’s activity (Figure 1.2.1.7). The convention 

to be followed for creating interaction logic is shown in the ‘Rules editor’ window (Figure 1.2.1.6) (For 

visual reference, see Section 1.4, Table 1.4.1 – Video 1). 

 

Figure 1.2.1.7 - Rules-based network file format: Node name followed by ‘=’ and interaction logic. 
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Selecting the ‘Show uploaded file’ option (Figure 1.2.1.2) will display the network file once it gets 

uploaded (Figure 1.2.1.8). 

 

 

Figure 1.2.1.8 - The window displaying the contents of a rules-based network: The content uploaded as a (.csv) 
file appears upon selecting the ‘Show uploaded file’ option. 
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If the user switches to another network or editor while editing an existing network, the following window 

will appear to ensure that the user saves any unsaved changes (Figure 1.2.1.9). 

 

Figure 1.2.1.9 - Prompt for unsaved changes. 

If the user does not have anything drawn on the canvas or the network changes are already saved, it 

will automatically create a new canvas without any prompt.  
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1.2.2 ‘Automated Network Construction’ Button 

The ‘Automated Network Construction’ button (highlighted in Figure 1.2.2.1) allows the users to 

construct their network automatically.   

 

Figure 1.2.2.1 - ‘Automated Network Construction’ button in NE. 

Once the user selects the option shown above, a window for ‘Automated Network Construction’ 

settings appears (Figure 1.2.2.2). 
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Figure 1.2.2.2 - Settings for ‘Automated Network Construction’. 

In the first panel, the user may check either one or both boxes labeled ‘Select Type of Cancer’ and ‘Enter 

Genes’, respectively. A drop-down list of various sites of cancers will open up on choosing ‘Select Type 

of Cancer’. The user must select the site of cancer and specify an appropriate threshold value for 

‘Mutations per Patient Threshold’ (default value of 10). Moreover, if the ‘Enter Genes’ option is selected, 

the names of the relevant genes must be entered by the user in HGNC format (Figure 1.2.2.3). 
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Figure 1.2.2.3 - First panel of ‘Automated Network Construction’. 

 

In the second panel, the user may select one or many databases, for example: Pybel, Reactome, and 

BioPAX to obtain their network interactions. The user may also select literature and specify the literature 

length, which refers to the number of literature studies that will be referred to in order to obtain the 

interactions (Figure 1.2.2.4). 

  

Figure 1.2.2.4 - Second panel of ‘Automated Network Construction’. 

 

In the third panel, the user can choose whether they want to tune the edge weights and obtain the 

basal values using cancer cell lines, normal cell lines, or both (Figure 1.2.2.5).  

 

Figure 1.2.2.5 - Third panel of ‘Automated Network Construction’. 
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1.2.3 ‘Show Networks Library’ Button 

The ‘Show Networks Library’ button (highlighted in Figure 1.2.3.1) has a toggling action that provides 

the option to display or hide the library panel (i.e., if the library is open, it will close it and vice versa).  

 

Figure 1.2.3.1 - ‘Show Networks Library’ button in NE. 

The library panel allows users to view a previously saved network from the database. Any of the user’s 

pre-constructed and saved networks can be loaded from the library section by double-clicking on their 

respective names. The selected network gets highlighted in grey to help the user locate the network in 

use. Moreover, the options to ‘edit network’, ‘edit properties’, ‘duplicate network’ and ‘delete network’ 

are displayed for weight-based networks, whereas, an additional option to ‘edit network’ is available for 

rules-based networks (Figure 1.2.3.3). Note that, when the user clicks on the ‘edit network’ option they 

are directed to the ‘Rules Editor’ window (Figure 1.2.7.2) where they can alter the rules manually. 
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Figure 1.2.3.2 - Options to modify a weight-based network: (a) ‘Edit Properties’, (b) ‘Duplicate Network’, and 
(c) ‘Delete Network’. 

 

Figure 1.2.3.3 - Options to modify a rules-based network. (a) ‘Edit Network’, (b) ‘Edit Properties’, (c) ‘Duplicate 
Network’, and (d) ‘Delete Network’. 
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1.2.4 ‘Save Network’ Button 

After drawing or uploading a network, the user may save the network in TISON’s database through the 

‘Save Network’ button highlighted in Figure 1.2.4.1. 

 

 

Figure 1.2.4.1 - ‘Save Network’ button in NE. 

 

If the network in use is not saved in the database, the user will be asked to enter the name and 

description of the network (Figure 1.2.4.2). The network will only be saved if its name is not greater than 

50 characters and has not been used for a previously saved network; moreover, the description of the 

network cannot exceed 250 characters. 
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Figure 1.2.4.2 - Save network window for a newly created network. 

 

If the user tries to switch to another network or editor, the prompt shown in Figure 1.2.4.3 will appear 

to ensure that any unsaved changes are saved in the database. 

 

Figure 1.2.4.3 - Save network prompt. 

 

 

  

http://biolabs.lums.edu.pk/birl


TISON: Networks Editor User Manual                                                                                                               22 

         2022 © Biomedical Informatics & Engineering Research Laboratory, LUMS. 

1.2.5 ‘Personalize Weight Based Networks’ Button 

A weight-based network can also be personalized using the ‘Personalize Weight Based Networks’ 

button in NE (Figure 1.2.5.1). 

 

Figure 1.2.5.1 - ‘Personalize Weight Based Networks’ button. 

 

  

This option allows the user to customize the network by employing patient-specific gene expression data 

such as RNA-seq or microarray expression data for calculating and updating network basal values. The 

user must upload an expression file (format .csv) that contains raw or normalized RNA-seq or raw or 

normalized microarray expression values extracted from a database such as The Cancer Genome Atlas 

(TCGA) or Gene Expression Omnibus (GEO) (Figure 1.2.5.2). The gene expression file can be uploaded by 

clicking the ‘Choose File’ option displayed in Figure 1.2.5.3.  
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Figure 1.2.5.2 - Example expression file for basal value calculation. 

 

 

Figure 1.2.5.3 - Network personalization window for basal value calculation. 

 

http://biolabs.lums.edu.pk/birl


TISON: Networks Editor User Manual                                                                                                               24 

         2022 © Biomedical Informatics & Engineering Research Laboratory, LUMS. 

The details of the backend computations required for basal value calculation are given below. 

i. Basal Value Calculation: The bi is the basal value of the node, xj is the experimental value, and wij 

represents the network’s adjacency matrix. 

𝒙𝒊(𝒕 + 𝟏) =  

{
  
 

  
 𝟏                    𝒊𝒇 ∑ (𝒘𝒊𝒋𝒙𝒋(𝒕)) + 𝒃𝒊) > 𝟎

𝒋

𝟎          𝒆𝒍𝒔𝒆  𝒊𝒇 ∑ (𝒘𝒊𝒋𝒙𝒋(𝒕)) + 𝒃𝒊) < 𝟎
𝒋

𝒙𝒊        𝒆𝒍𝒔𝒆  𝒊𝒇 ∑ (𝒘𝒊𝒋𝒙𝒋(𝒕)) + 𝒃𝒊) = 𝟎
𝒋

 

𝒃𝒊 = 𝒙𝒊(𝒕 + 𝟏) −∑ (𝒘𝒊𝒋𝒙𝒋(𝒕))
𝒋

 

This feature allows the users to employ expression data to calculate the basal expression of each node, 

thus, personalizing the resultant network with real patient data; this is exemplified in Figure 1.2.5.4.  

𝒃𝒊 = 𝟑.𝟔𝟓 − ((𝟐.𝟐𝟐 × 𝟎.𝟔𝟓) + (𝟎.𝟓𝟔 × 𝟎. 𝟗𝟏) + (𝟕. 𝟒𝟑 × −𝟎.𝟖𝟏) +  (𝟒.𝟔𝟏 × 𝟒. 𝟔𝟏))  =  −𝟏𝟑.𝟓𝟑𝟔𝟒 

 

 

Figure 1.2.5.4 - Example of basal value estimation. 
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The output basal value results, computed after calculations, can be viewed in Figure 1.2.5.5. On selecting 

‘Update Network’ button, the basal values of the network will be updated on the canvas as well.  

 

 

Figure 1.2.5.5 - Example of TISON’s basal value estimation results window 
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ii.  Expression Value Normalization (recommended): Please note that in the case of personalizing a 

network with expression data, it is recommended that users should not use the raw expression data. 

Instead, users must normalize the expression values for all genes between 0 and 1, e.g., for a particular 

gene, divide the expression values across all patients by the maximum expression value for that gene. 

Next, the basal values will be computed with respect to normalized gene expressions. The raw RNA-seq 

gene expression data and its normalized values are displayed in Figure 1.2.5.6 and Figure 1.2.5.7 

respectively.  

 

 

Figure 1.2.5.6 - Raw expression file. 

 

 

Figure 1.2.5.7 - Normalized expression file. 
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1.2.6 ‘Weight-based to Rules-based Conversion’ Button 

To change the network from weight-based to rules-based, the user should select the button 

highlighted in Figure 1.2.6.1.  

 

 

Figure 1.2.6.1 - ‘Weight-based to Rules-based Conversion’ button in NE. 
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1.2.7 ‘Edit Network’ Button 

For a rules-based networks only, the user can select the ‘Edit Network’ option highlighted in Figure 

1.2.7.1; this opens the ‘Rules Editor’ modal that allows the user to edit the network rules directly (Figure 

1.2.7.2). ‘Edit Network’ button is also available for rules-based networks in networks library section 

(Figure 1.2.3.3). 

 

 

Figure 1.2.7.1 - ‘Edit Network’ button in NE. 
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Figure 1.2.7.2 - ‘Rules Editor’ window. 
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1.2.8 ‘Clear All’ Button 

After creating a network, the user might want to clear the canvas to draw a new network; the ‘Clear 

All’ button, highlighted in Figure 1.2.8.1 allows the user to do this. 

 

Figure 1.2.8.1 - ‘Clear All’ button in NE. 

The prompt shown in Figure 1.2.8.2 will appear when the ‘Clear All’ button is selected to ask the user 

for confirmation before the canvas is cleared. 

  

Figure 1.2.8.2 - Warning window that appears upon clicking the ‘Clear All’ button. 
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1.2.9 ‘Report a Bug’ Button 

Upon encountering any problem in the software, the user can report the bug by clicking on the ‘Report 

a Bug’ button highlighted in Figure 1.2.9.1. 

 

 

Figure 1.2.9.1 - ‘Report a Bug’ button in NE. 

 

This button directs the user to a page on GitHub (Issues – BIRL/TISON – GitHub), where the user can 

report their issue (Figure 1.2.9.2). 
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Figure 1.2.9.2 - GitHub page for reporting TISON’s bugs. 
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1.2.10  ‘Help’ Button 

Clicking on the ‘Help’ button highlighted in Figure 1.2.10.1 opens a user manual of the editor currently 

in use (https://tison.lums.edu.pk/Manuals/NetworksManual.pdf).  

 

 

Figure 1.2.10.1 - ‘Help’ button in NE. 
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1.2.11  ‘Move Toolbar’ Button 

The ‘Move Toolbar’ button (Figure 1.2.11.1) helps to reposition the toolbar displayed at the top of the 

canvas (Figure 1.1.1) to any position on the canvas for the ease of visualizing the created network. 

 

Figure 1.2.11.1 - ‘Move Toolbar’ button in NE. 

 

1.2.12  ‘Change Background Color’ Button 

The canvas color can be changed according to the user’s choice by selecting the ‘Change Background 

Color’ button shown in Figure 1.2.12.1.  

 

Figure 1.2.12.1 - ‘Change Background Color’ button in NE. 

A window will appear next to the button, allowing the user to select a specific color for the background 

(Figure 1.2.12.2).  

 

Figure 1.2.12.2 - ‘Change Background Color’ display. 
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1.2.13  ‘Change Layout’ Button  

The network layout can be changed using the button highlighted in Figure 1.2.13.1.  

 

Figure 1.2.13.1 - ‘Change Layout’ button in NE. 

 

The user can change the conformation of network upon clicking any one of the options provided: 

‘Grid’, ‘Circle’, ‘Concentric’, ‘Cose’, and ‘BFL’ (Breadthfirst Layout) (Figure 1.2.13.2) for facilitating the 

visualization of network on the canvas.  

 

 

Figure 1.2.13.2 - Various network conformations. 
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1.2.14  ‘Link Type Selection’ Buttons 

A user can draw two types of links while creating a weight-based network: ‘Activation Link’ (Figure 

1.2.14.1) and ‘Inhibition Link’ (Figure 1.2.14.2).  

 

Figure 1.2.14.1 - ‘Activation Link’ button in NE’s toolbar. 

 

Figure 1.2.14.2 - ‘Inhibition Link’ button in NE’s toolbar. 

The links can only be made when at least two nodes of any type (gene, RNA, antisenseRNA, protein, 

truncated protein, cofactor, transcription factor, receptor, ligand, ion channel, ion, or molecule) have 

already been drawn on the canvas; the links will not function on an empty canvas. 

The activation link implies that the source node is activating the target node; its use has been shown in 

Figure 1.2.14.3. 

 

  

Figure 1.2.14.3 - Activation link in NE. 
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The inhibition link implies that the source node is inhibiting the target node; its use is shown in Figure 

1.2.14.4. 

  

Figure 1.2.14.4 - Inhibition link in NE. 

The user can define the interaction strength/weight (Figure 1.2.14.5) in a weight-based network by 

double-clicking on the activation/inhibition link. In the case of an inhibition link, the interaction weight 

should be less than 0, while in the case of an activation link, the interaction weight should be greater 

than 0. 

 

Figure 1.2.14.5 - Defining interaction weight on a link. 
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1.2.15  Loading Biomolecule from Integrated Databases 

In a weight-based network, the user can load biomolecules and their expressions directly from cancer 

databases integrated into TISON by using the button highlighted in Figure 1.2.15.1 (For visual reference, 

see Section 1.4, Table 1.4.1 – Video 2). 

 

Figure 1.2.15.1 - ‘Load Biomolecule from Integrated Databases’ button in NE toolbar. 

Upon clicking it, the following window will appear: 

 

Figure 1.2.15.2 - ‘Create Node from Cancer Database’ window in NE. 

The user must write the name of any gene (e.g. BRAF, BCL2, ESR1, etc.) in the search box given and click 

‘Search’. Following the search, the user must select from any one of the four integrated and available 

databases: MERAV (Metabolic gEne Rapid Visualizer), HPA (Human Protein Atlas), FireBrowse (TCGA) 

and GTEx (Genotype-Tissue Expression). The user must also select the gene’s minimum, tri-mean, or 

maximum expression to create a node on the canvas. Furthermore, they may also choose a cohort/tissue 

and tissue type. Please note that ‘Type’ option is available for MERAV database only. After selecting the 

database type, expression value, and cohort/tissue type, the ‘Create’ button will work, creating a node 

on the canvas. 
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The following window displays the gene expression data found for BRCA1  gene: 

 

Figure 1.2.15.3 - Searching for a gene and selecting a database, expression, and cohort/tissue. 
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1.2.16  Drawing Biomolecules 

While creating a weight-based network, the user can draw twelve different types of biomolecules: gene, 

RNA, antisense RNA, protein, truncated protein, cofactor, transcription factor, receptor, ligand, ion 

channel, ion, and molecule, respectively (For visual reference, see Section 1.4, Table 1.4.1 – Video 2). 

 

Figure 1.2.16.1 - Buttons for biomolecules in NE’s toolbar. 

The user can draw any of the aforementioned biomolecules by selecting the desired biomolecule from 

the toolbar and then clicking on the canvas; the icons for the biomolecules must be clicked once, 

followed by a single click on the canvas. Each biomolecule has been labeled in Figure 1.2.16.2. 

 

Figure 1.2.16.2 - Nodes drawn on canvas: (a) ‘Gene’ (b) ‘RNA’ (c) ‘Antisense RNA’ (d) ‘Protein’ € ‘Truncated 
Protein’ (f) ‘Cofactor’ (g) ‘Transcription Factor’ (h) ‘Receptor’ (i) ‘Ligand’ (j) ‘Ion Channel’ (k) ‘Ion’ (l) ‘Molecule’. 

 

Once the user selects the biomolecule and clicks on the canvas, the ‘Node Properties’ window shown 

in Figure 1.2.16.3 appears. The user must enter the node name and its basal value; moreover, the user 

may alter the color, define the self-activation type, i.e., either activation or inhibition and its associated 

edge weight, as well as provide a description for the created node.  
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Figure 1.2.16.3 - Node properties for a newly created biomolecule.  

To edit the properties of a particular node, the user can right-click on the node and then point the cursor 

towards the ‘Edit’ option (Figure 1.2.16.4); this will also open the window shown in Figure 1.2.16.3.  

 

Figure 1.2.16.4 - ‘Edit Node Properties’ option. 
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To delete the node, the user can right-click on the node and then point the cursor toward the ‘Delete’ 

option, as shown in Figure 1.2.16.5. 

 

Figure 1.2.16.5 - Deleting a single node. 

 

1.2.17  Username 

The username entered by the user during the registration process appears in the highlighted area in 

Figure 1.2.17.1. 

  

Figure 1.2.17.1 - Username displayed in NE. 
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1.2.18  Return to Project Explorer  

The ‘Return to Project Explorer’ icon highlighted in Figure 1.2.18.1  allows the user to return to the 

project explorer page and view the list of created and saved projects in TISON’s database.  

  

Figure 1.2.18.1 - ‘Return to Project Explorer’ icon in NE. 

 

1.2.19  Return to TISON Home Page or Sign Out 

The highlighted icon in Figure 1.2.19.1 displays the current TISON user. Upon clicking it, the user is given 

the option to either return to the TISON home page by selecting ‘Main’ or sign out from TISON by 

selecting ‘Sign Out’. 

 

Figure 1.2.19.1 - Return to TISON home page or Sign Out: ’Main’ and ‘Sign Out’ buttons are displayed. 
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1.2.20  ‘Zoom In’, ‘Zoom Out’, and ‘Reset to Default’ Buttons 

The icon bar highlighted in Figure 1.2.20.1 allows the user to zoom in on the canvas (a), zoom out of the 

canvas (b), and reset the canvas to default size (c). Moreover, the zoom level can also be adjusted with 

the mouse scroll wheel.  

 

Figure 1.2.20.1 - Zoom control buttons: (a) ‘Zoom In’ (b) ‘Zoom Out’ (c) ‘Reset to Default’. 
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 Network Analysis 
The highlighted toolbar (Figure 1.3.1) provides access to the various features of network analysis. The 

‘Perform Network Analysis’ button (Figure 1.3.1 (d)) provides options to perform Deterministic Analysis 

(DA), Probabilistic Analysis (PA), and Ordinary Differential Equations (ODE) Analysis. ‘Analysis Progress 

and Status’ button (Figure 1.3.1 (c)) shows the status of analyses running on the network. ‘View Network 

and Results’ button (Figure 1.3.1 (f)) toggles the view between the network and various landscapes. 

‘Download Results’ button (Figure 1.3.1 (g)) allows the user to download result files.         

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

 

Figure 1.3.1 - Network analysis toolbar in NE. 
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 1.3.1 ‘Perform Network Analysis’ Button 

For a rules-based network the user can perform DA only, while for a weight-based network, DA, PA, 

and ODE Analysis can be performed by clicking on the button highlighted in Figure 1.3.1.1. 

 

Figure 1.3.1.1 - ‘Perform Network Analysis’ button. 
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a) Deterministic Analysis: 

In Deterministic Analysis (DA), a biomolecular network is represented as a closed system, although a 

node’s basal value can incorporate external influence. The DA pipeline assumes a lack of external noise 

or extracellular signaling perturbations and makes use of a basal value vector, 𝐵 = [𝑏1, 𝑏2, … , 𝑏𝑛], 

provided by the user or obtained from integrated databases. This vector contains biomolecular 

expression values that indicate the basal activity of each node, where the basal activity values signify the 

node expressions without any inputs from the network. The interaction weight matrix, 𝐼𝑤 = [𝑤𝑖𝑗]𝑛×𝑛 

represents the nature and effective mass of interaction between two participating nodes. The node-

interaction model can simulate the node state transition function.  

In order to update the node states using DA, a transition function is used; this integrates each model 

component, including basal values, interaction weights, and node states2, as given by the piecewise 

equation below: 

𝑥𝑖(𝑡 + 1) =  

{
  
 

  
 1                    𝑖𝑓 ∑ (𝑤𝑗𝑖𝑥𝑗(𝑡)) + 𝑏𝑖 > 0

𝑗

0          𝑒𝑙𝑠𝑒  𝑖𝑓 ∑ (𝑤𝑗𝑖𝑥𝑗(𝑡)) + 𝑏𝑖 < 0
𝑗

𝑥𝑖        𝑒𝑙𝑠𝑒  𝑖𝑓 ∑ (𝑤𝑗𝑖𝑥𝑗(𝑡)) + 𝑏𝑖 = 0
𝑗

 

The equation above defines the node (𝑥𝑖) state transition from time step 𝑡 to 𝑡 + 1. The summation, 

∑ (𝑤𝑗𝑖𝑥𝑗(𝑡)) + 𝑏𝑖𝑗 , adds weighted interactions and the basal value. The result from the expression is 

translated using a sign (Signum function) which is defined as follows3:  

𝑥𝑖(𝑡 + 1) = 𝑓(∑ (𝑤𝑗𝑖𝑥𝑗(𝑡)) + 𝑏𝑖
𝑗

) 

where 𝑓 is the Signum (or Sign) function defined over any input variable, 𝑧 , as follows3: 

𝑓(𝑧) = {

1       𝑖𝑓 𝑧 > 0
0       𝑖𝑓 𝑧 = 0
−1     𝑖𝑓 𝑧 < 0

 

However, in deterministic analysis, an analog of this function is implemented: 

𝑓(𝑧) = {

1       𝑖𝑓 𝑧 > 0
0       𝑖𝑓 𝑧 = 0
0      𝑖𝑓 𝑧 < 0
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Figure 1.3.1.2 - Node update for DA in TISON. The example network has one target node, y, with five parent 
nodes (k=5) regulating it. Three of these parents activate the node, while the remaining two inhibit its activity.  

 

Figure 1.3.1.3 outlines the workflow of the DA pipeline implemented in TISON. The DA pipeline starts 

with a set of initial network states that can be generated by (1) exhaustive sampling (ES) of the state-

space, (2) random sampling (RS) of the state-space, or (3) providing a custom state-space (CS) file. ES 

generates all (2𝑛 ) possible states for onward analysis. RS selects a user-specified number of states from 

the complete state-space, thereby making the analysis of more extensive networks feasible. Using the 

CS option, TISON’s user can selectively incorporate specific network states for further analysis. To 

achieve a steady-state, network states and transition functions are used. Once the system attains a 

steady state, the frequently recurring states (or attractors) are identified for attractor landscape plotting. 

 

Figure 1.3.1.3 - DA pipeline implemented in TISON. 

 

To assist in the cell fate discovery process, TISON’s user can incorporate specific node update rules into 

the DA pipeline; node update rules are employed during the network update and stored in the form of 

truth tables. State transition rules are constructed from the exhaustive state space, and only the 
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biologically plausible node state transitions are employed onwards. Therefore, each node state gets 

updated from the rules table. An example of rules-based DA is given below in Figure 1.3.1.1. The child 

node ‘C’ with parent nodes ‘A’ and ‘B’ is updated to state ‘0’ by applying the rule ‘0 1 0’ (in the red box). 

 

Figure 1.3.1.1 - Rules-based DA methodology:  A three-node network with two-parent nodes, ‘A’ and ‘B,’ and 
one child node, ‘C’, is considered for rules-based DA. The state of node ‘C’ (‘0’) is computed by using rules-based 

logic defined (red box) from within the exhaustive state space. 

The following window (Figure 1.3.1.2) will open when the user selects the ‘Perform Network Analysis’ 

button for a rules-based network, for which the ‘Deterministic Analysis’ tab is selected by default (For 

visual reference, see Section TISON’s Networks Editor Video Tutorials 1.4, Table 1.4.1 - Video 1). 

 

Figure 1.3.1.2 - Network Analysis window. 
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 Steps for average node activity/propensity calculation: 

The result file provides the average node activity (see 1.3.2 ‘Analysis Progress and Status’ Button 

In order to keep track of the analyses, Deterministic Analysis (DA), Probabilistic Analysis (PA) and/or 

Ordinary Differential Equation Analysis (ODE), that are being run on one or multiple networks, the 

‘Analysis Progress and Status’ button (highlighted in Figure 1.3.2.1) can be used. 

 

Figure 1.3.2.1 - ‘Analysis Progress and Status’ button in NE. 
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The window shown in Figure 1.3.2.2 appears upon clicking the ‘Analysis Progress and Status’ button. 

This allows the user to view the name of the networks that are being analyzed, the stage that is being 

processed, the percentage of progress and the type of analysis along with the type of network (weight-

based or rules-based). Moreover, the user may also stop a specific analysis of a network by clicking on 

the ‘Stop’ button for that network analysis. 

 

Figure 1.3.2.2 - Window that shows the progress of the analyses that are in process. 
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1.3.3 ‘View Network and Results’ Button section), which is computed by the following steps. 

Step 1: Multiply the basin size ratio with its corresponding node state for all attractors (shown in Figure 

1.3.1.3).   

Step 2: Perform Step 1 for all attractors (shown in Figure 1.3.1.4).  

Step 3: Sum the entire column (shown in Figure 1.3.1.5). 

 

 

Figure 1.3.1.3 - Step 1 for average node activity calculation. 

 

 

Figure 1.3.1.4 - Step 2 for average node activity calculation. 
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Figure 1.3.1.5 - Step 3 for average node activity calculation. 

To perform DA, the user will have to enter various parameters, each of which is explained below: 

 Max iterations: Number of iterations for which the algorithm searches the network for an attractor. 

 Heuristic DA: The network sample can be considerably large for extensive networks and may require a 

large system memory by TISON. To address this issue, we have implemented a heuristic DA pipeline 

that works seamlessly on low-memory and large-memory systems. It is implemented by performing a 

one-step DA and retaining the unique network, after which an n-step DA is performed on these unique 

states.  

 Trajectory Mapping: Trajectory mapping traces the route from the initial to the final boundary state, 

passing through all the intermediate transient states. Users can select ‘Trajectory Mapping’ from the 

analysis modal in Figure 1.3.1.2, allowing TISON to store and then download the trajectory mapping 

file. This file shows the complete state transition trajectory from initial network states at iteration 0 to 

This file shows the complete state transition trajectory from initial network states at iteration 0 to the 

final iteration number. 

 Random Sampling: This option caters to insufficient system memory (if the system cannot store 2n 

states). Exhaustive sampling, in which ‘Random Sampling’ is turned OFF, generates all (2n) possible 

states for onward analysis. However, when ‘Random Sampling’ is turned ON, a user-specified number 

of states is selected from the complete state-space, thus, making the analysis of more extensive 

networks feasible. Biological systems tend to be robust, so the final basin size ratio remains accurate 

within a small error range for a large sampling rate. 

 Number of States: This parameter is needed when ‘Random Sampling’ has been selected; it refers to 

the user-specified number of states from the complete state-space, thus making the analysis of larger 

networks feasible. The default number of states is 256, while the maximum number of states is 10,000. 
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If any state, i.e., exhaustive, random, or user-specified custom states, is not converged, then result file 

will indicate the number of unconverged states and their values in binary form.  

 

 Custom States: The Custom States file (format .csv) contains network states defining the states of 

individual nodes present in the entire network. TISON users can cue the network analyses by utilizing 

custom states as the initial set of network states thereby arriving at the steady state corresponding to 

the input custom state. Selecting the ‘Heuristic DA’ option alongside also allows the user to prune the 

network state-space using one-step DA, which is especially useful in large networks as it enables 

traceable computation.  

 

To exemplify, if the user has a network of ten nodes consisting of input, processing, and output nodes, 

customized state space for each node must be provided and the values should be in binary (0 or 1). This 

will allow the analysis of the network towards the generation of steady state outcomes. Assuming that 

the user has input custom states (Figure 1.3.1.6) along with a random sample of size ‘2’, the custom 

state file of these ten nodes will resemble the sample shown in Figure 1.3.1.7. 

 

Figure 1.3.1.6 - Setting up the input parameters. 
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Figure 1.3.1.7 - Custom states file (.csv):  User specifies the names of intermediate nodes in the first row, 
followed by their custom node values in the second row. 

 Fixed Nodes States: Nodes are assigned ‘static’ fixed values provided by the user after each iteration, 

i.e., time step, to imitate the effect of a drug, biological mutation, input condition, or other external 

conditions on a network. Hence, the value of that input node is fixed throughout the analysis. For 

instance, a value of 0.2 means that, after each iteration, 20% of the fixed nodes will be in the ON state 

(set to 1), and 80% of the nodes will be in the OFF state (set to 0). The Networks Editor provides the 

user with two options for ‘Fixed Node States’ as shown in Figure 1.3.1.8.  (i) Row-wise (ii) Combinational. 

In the first option, the user can give single or multiple rows of inputs, and the analysis is run for each of 

the rows. Whereas in the second option, the user can define a range for inputs, and the analysis is run 

for each combination. 
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Figure 1.3.1.8 - Fixed nodes state options. 

In an analysis that takes in a row-wise formatted fixed nodes state file, the Networks Editor iteratively 

takes in a single input (a single row) at a time from the input file containing one or multiple inputs (rows) 

and analyzes the network considering that input. The process is iterated until the network is analyzed 

under all inputs (rows) individually.  

The row-wise fixed nodes states file format is shown in Figure 1.3.1.9. 
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Figure 1.3.1.9 - Row-wise fixed nodes (.csv) file: The user can give single or multiple rows of inputs, and the 

analysis is performed for each row. 

In the combinatorial fixed nodes state scenario, the user can provide ranges of input values within a 

single row of the input file. The format for each input is as follows: the minimum value of the input range, 

followed by the step size for each iteration, and lastly, the maximum value of the input range, each value 

separated by a colon. Networks Editor then generates a vector of all possible values for each input, 

following the user-defined input range and step size specification.  Input combinations are generated 

from these vectors and passed to the network analysis pipeline. The combinations are generated using 

the following method, where 𝑛 represents a node and 𝑥 is the number of inputs for each node: 

𝑇𝑜𝑡𝑎𝑙 𝐼𝑛𝑝𝑢𝑡 𝐶𝑜𝑚𝑏𝑖𝑛𝑎𝑡𝑖𝑜𝑛𝑠 =∏𝑥𝑛

𝑛

𝑛=1

  

However, if the process generates a large number of inputs that are computationally un-scalable, the 

editor also provides a random sampling feature wherein the user can specify the percentage of 

combinations to be employed in the analysis. In this case, the total input combinations are first 

generated using the user-specified range and step size, followed by a random selection based upon the 

percentage specified. The selected input combinations are then provided to the network analysis 

pipeline. The precision of the input range for NE is up to two decimal places. The format and contents of 

a combinational fixed nodes states are shown in the figure below Figure 1.3.1.10. 
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Figure 1.3.1.10 - Combinational fixed nodes (.csv) file: Input combinations allow for multiple input 
configurations for fixed nodes values after each iteration. Each input following the format (minimum value: step 

size: maximum value). In this case, there are n input conditions in each node and a total of N nodes. The total 
input combinations will, therefore, nN, i.e., 34 = 81. 

*The precision of the inputs range is up to two decimal places. 

 

 Fixed Nodes Combinations: The user can restrict the number of input node states while using 

combinatorial input by specifying a percentage of allowable combinations; this value will ensure that 

only the specified percentage of results for those inputs is generated. This is termed as ‘Robustness 

Analysis’. 

 Cell Fate Classification: Attractors are mapped to user-defined cell fates such as apoptosis, cell cycle 

arrest, uncontrolled proliferation, etc. The user must provide a cell fate classification file (format .csv) 

Figure 1.3.1.11, wherein the first column carries cell fate names in each cell (the first cell of the first 

column is left empty). The node names must be defined in the first row of proceeding columns, followed 

by the ‘node state’ in the rows corresponding to each cell fate. The ‘node state’ in a specific cell fate 

can be one of the following:  

 

i. ‘0’ includes the node expressions from 0.00 to 0.19. It represents that the node is turned OFF, and 

its biological interpretation can either be an absence of expression or minimal and ineffective 

expression. 

ii. ‘2’ includes the node expressions from 0.20 to 0.80. It represents that the node is in a transient state 

and its biological interpretation can be a cyclic or fluctuating form of expression. 

iii. ‘1’ includes the node expressions from 0.81 to 1.00. It represents that the node is turned ON and its 

biological interpretation can be a high and effective form of expression. 
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If separated by a semi-colon, multiple node states can be defined in the same cell. The cell fate 

classification file format is shown in the figure below (Figure 1.3.1.11). Please note that no white spaces 

should be left in the cell fates or node names, i.e., in first column and first row.  

 

 

Figure 1.3.1.11 - Cell fate classification file (.csv):  Cell fate names are defined in the first column and node 
names in the first row of proceeding columns. Each cell fate contains specific node states in the rows 

corresponding to each node, ‘0’, ‘1’, and ‘2’. If a semi-colon is used to separate each state, multiple node states 
can be defined in the same cell. 

 Mapping Method: Mapping methods employed to map a hyper-dimensional space to a three-

dimensional space include ‘Naive Bayes mapping’ (Figure 1.3.1.12) and ‘Sammon mapping’ (Figure 

1.3.1.13).‘Naive mapping’ maps the state-space onto a Cartesian plane without considering the 

spatial distance between different steady-states. ‘Sammon mapping’, on the other hand, clusters the 

related network states before their projection onto a Cartesian plane.  
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Figure 1.3.1.12 - Naive Bayes mapping basin ratio landscape. 

 

 

Figure 1.3.1.13 - Sammon mapping basin ratio landscape. 

 

 Download Results as File: This allows the user to download the analysis results as a (.zip) file. 
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b) Probabilistic Analysis:  

The probabilistic analysis (PA) pipeline of TISON (Figure 1.3.1.14) works off a biomolecular network input 

with nodes and interaction weights. As in the case of DA, PA can also employ exhaustive, randomly 

sampled, or user-defined custom state-space for onwards analysis. However, unlike DA4, the transitions 

between network states follow a Markovian model in PA. Network state at the next time step, 𝑡 + 1, is 

determined only by its state at the current time step, 𝑡, with no dependence on earlier time steps. As a 

result, the state transition probability from 𝑡 to 𝑡 + 1 is a product of individual node transition 

probabilities from 𝑡 to 𝑡 + 1 3,4:  

T{𝑥𝑖(𝑡 + 1), 𝑥2(𝑡 + 1),… 𝑥𝑛(𝑡 + 1)|𝑥1(𝑡), 𝑥2(𝑡),… 𝑥𝑛(𝑡)} =∏𝑇

𝑛

𝑖=1

{𝑥𝑖(𝑡 + 1)|𝑥1(𝑡), 𝑥2(𝑡),… 𝑥𝑛(𝑡)} 

To integrate the effect of background basal-level activity of nodes, (𝐵 = [𝑏1, 𝑏2, … , 𝑏𝑛]), in absence of 

any input, the cumulative inputs to each node are added with its basal expression. Intrinsic and extrinsic 

noise is incorporated with the use of noise parameter4, µ. An additional parameter c is used to quantify 

the self-degradation of a node3. Given that the nodes lie within a dynamic system, the output from a 

single node is computed using the net effect of its interaction with the parent nodes, noise, basal values, 

and self-degradation constant. The input can be either positive, negative, or zero, according to which 

the node transition probability is updated. The transition matrix T for each node5 is defined as follows: 

𝑇{𝑥𝑖(𝑡 + 1) = 1|𝑥1(𝑡), 𝑥2(𝑡),…𝑥𝑛(𝑡)} =  
1

2
+
1

2
 tanh [𝜇 (∑(𝑤𝑗𝑖𝑥𝑗(𝑡)) + 𝑏𝑖

𝑛

𝑗=1

)]    𝑖𝑓 ∑(𝑤𝑗𝑖𝑥𝑗(𝑡)) + 𝑏𝑖 > 0

𝑛

𝑗=1

 

𝑇{𝑥𝑖(𝑡 + 1) = 0|𝑥1(𝑡), 𝑥2(𝑡),…𝑥𝑛(𝑡)} =  
1

2
−
1

2
 tanh [𝜇 (∑(𝑤𝑗𝑖𝑥𝑗(𝑡)) + 𝑏𝑖

𝑛

𝑗=1

)]    𝑖𝑓 ∑(𝑤𝑗𝑖𝑥𝑗(𝑡)) + 𝑏𝑖 < 0

𝑛

𝑗=1

 

𝑇{𝑥𝑖(𝑡 + 1) = 𝑥𝑖(𝑡)|𝑥1(𝑡), 𝑥2(𝑡),…𝑥𝑛(𝑡)} =  1 − 𝑐       𝑖𝑓 ∑(𝑤𝑗𝑖𝑥𝑗(𝑡)) + 𝑏𝑖 = 0

𝑛

𝑗=1

 

If the input  ∑ (𝑤𝑗𝑖𝑆𝑗(𝑡)) + 𝑏𝑖
𝑛
𝑗=1  received by a node I is positive (>0), the probability of transitioning to 

an ON state is high and its probability of transitioning to an OFF state is low. Conversely, if the input 

∑ (𝑤𝑗𝑖𝑆𝑗(𝑡)) + 𝑏𝑖
𝑛
𝑗=1  is negative (<0), the node will transition to an OFF state with a high probability but 

its transition to an ON state will have a low probability. The last condition defines the probability of a 

node staying in the same state at the next time step, as there is essentially no change in the input coming 

into the node. In such a case, the transition probability is dependent on the self-degradation of the node 

with a value equal to 1 – c. 
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Following the computation of network transition probabilities, it is important to see how the states 

evolve to reach a steady state, such that there is no further change in their probabilities. This requires 

the use of kinetic master equations to update state probabilities over time and is given below: 

𝑑𝑃𝑖
𝑑𝑡

= −∑T𝑖𝑗𝑃𝑖
𝑗

+∑T𝑗𝑖𝑃𝑗
𝑗

 

The state transition probabilities change over time due to the effect of neighboring network states 

according to transitions in both directions from i to j, and j to i. Tij is the probability of a network state 

transitioning from a network state i to j, and the vice versa for Tji. i and j iterate over all the states (i.e., 

from 1 to 2n). The steady-state probabilities are stored in variables, Pi and Pj, wherein all states are 

initially assigned equal probabilities(𝑃𝑖 =
1

2𝑛
). After that, each Pi is dynamically updated until a steady 

state, i.e., Pi (t+1) equals Pi (t) to a good approximation. For tractable computation in large networks, the 

state-space can also be pruned using one-step DA (termed Heuristic PA). Finally, a potential energy (PE) 

value is assigned to each state to represent its stability, which is then used to construct PE landscapes 

for visualizing PA results. 

 

Figure 1.3.1.14 - PA pipeline implemented in TISON. 

The window for probabilistic analysis is shown in the figure below (For visual reference, see Section 

1.4, Table 1.4.1 - Video 4). 
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Figure 1.3.1.15 - Network analysis window for PA. 

 

Parameters for Probabilistic Analysis are as follows: 

 Degradation Constant: Used to quantify the self-degradation of the node. 

 Noise: Intrinsic and extrinsic noise is incorporated with the use of noise parameter ‘Environment Induced 

Noise’ or ‘µ’. 

 Max Iterations: Number of iterations when solving the master equations to obtain steady-state 

transition probabilities. 

 Precision: Maximum difference in transition probabilities of nodes between each iteration, for which a 

steady state is declared. 

 Heuristic PA: The network sample can be considerably large for extensive networks and may require a 

large system memory by TISON. To address this issue, we have implemented a heuristic PA pipeline that 

works seamlessly on low-memory and large-memory systems. It is implemented by performing a one-

step DA and retaining the unique network, after which an n-step PA is performed on these unique states. 

 Trajectory Mapping: Trajectory mapping traces the route from the initial to the final boundary state, 

passing through all the intermediate transient states. Users can select ‘Trajectory Mapping’ from the 

analysis modal in Figure 1.3.1.2, allowing TISON to store and then download the trajectory mapping file.  
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This file shows the complete state transition trajectory from initial network states at iteration 0 to the 

final iteration number. 

 Random Sampling: This option caters to insufficient system memory (if the system cannot store 2n 

states). Exhaustive sampling, in which ‘Random Sampling’ is turned OFF, generates all (2n) possible states 

for onward analysis. However, when ‘Random Sampling’ is turned ON, a user-specified number of states 

is selected from the complete state-space, thus, making the analysis of more extensive networks 

feasible.  

 Number of States: User-specified number of states from the complete state-space; this makes the 

analysis of more extensive networks feasible. The default number of states is 256 whereas the maximum 

number allowed is 10,000. If any state, i.e., exhaustive, random, or user-specified custom states, is not 

converged, then result file will indicate the number of unconverged states and their values in binary 

form.  

 Custom States: The Custom States file (format .csv) contains the network nodes which have been 

logically defined in the network file (intermediate nodes). TISON’s user can selectively incorporate 

specific network states of certain intermediate nodes for network analysis through the Custom State 

option. Selecting the ‘Heuristic DA’ option along with this allows the user to prune the network state-

space using one-step DA, which is especially useful in large networks as it enables traceable computation. 

(See Section on Deterministic Analysis:). 

 Fixed Nodes States: States in the transition matrix are selected based on the fixed nodes; this is to 

imitate the effect of a drug, biological mutation, input condition, or other external conditions on a 

network. A user can choose ‘No’ to inactivate fixed nodes states. The Networks Editor provides the user 

with two options for ‘Fixed Node States’ as shown in   Figure 1.3.1.8. : (i) Row-wise (ii) Combinational. In 

the first option, the user can give single or multiple rows of inputs, and the analysis is run for each of the 

rows. Whereas in the second option, the user can define a range for inputs, and the analysis is run for 

each combination. 

 

 Fixed Nodes Combinations: The user can restrict the number of input node states while using 

combinational input by specifying a percentage of allowable combinations; this value will ensure that 

only the specified percentage of results for those inputs is generated. This is termed as ‘Robustness 

Analysis’. 

 Cell Fate Classification: Attractors are mapped to user-defined cell states such as apoptosis, cell cycle 

arrest, uncontrolled proliferation, etc. 

 Mapping Method: Mapping methods employed to map a hyper-dimensional space to a three-

dimensional space include ‘Naive Bayes mapping’ (Figure 1.3.1.12) and ‘Sammon mapping’ (Figure 

1.3.1.13).‘Naive mapping’ maps the state-space onto a Cartesian plane without considering the spatial 

distance between different steady-states. ‘Sammon mapping’, on the other hand, clusters the related 

network states before their projection onto a Cartesian plane.  

 Download Results as file: This allows the user to download the analysis results as a (.zip) file. 
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c) Ordinary Differential Equation (ODE) Analysis: 

The system dynamics of transcriptional regulation driving cellular phenotypic changes can be easily 

analyzed and predicted with quantitative modeling of probabilistic landscapes using ODE analysis5. ODE 

analysis automates the network modeling and probability landscape visualization pipeline to facilitate 

cell fate prediction studies.  

ODE analysis converts a weight-based network into an ODE model by generating a set of differential 

equations based on the interaction weights matrix. These ODEs are used to iterate through a set of 

random initial conditions, to produce time-series data. The data obtained is used to create a set of 

unique attractors (cell fates), which can be visualized as an attractor landscape. 

For performing an ODE analysis, the user selects ‘Perform Network Analysis’ icon followed by the “ODE 

Model” tab. The window below will open (For visual reference, see Section 1.4, Table 1.4.1 - Video 6). 

𝑑[𝐺𝑒𝑛𝑒𝑁]

𝑑𝑥
= ∑𝑎𝑖

𝑚𝑎

𝑖=1

∗
𝐺𝑒𝑛𝑒𝑖

𝑛𝑎

𝐺𝑒𝑛𝑒𝑖
𝑎  + 𝑘𝑎

𝑛𝑎
+∑𝑏𝑖

𝑚𝑏

𝑖=1

∗  
𝑘𝑖
𝑛𝑖

 𝐺𝑒𝑛𝑒𝑖
𝑛𝑖  + 𝑘𝑖

𝑛𝑖 
 

Where N = number of the gene, and [GeneN] represents concentration of the products of gene ‘N’. In 

the above equation, ma and mb denote activators and inhibitors, respectively. Two coefficients, ai and 

bi represent the strength of activators and inhibitors to their target; ka and ki are activation constant 

and inhibition constant; na and ni and are Hill coefficients. However, there are some restrictions while 

using the above formula: it is not applicable to different types of biochemical reactions such as 

metabolic signaling networks, it is only employed in gene regulatory networks.  
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Figure 1.3.1.16 - Network analysis window for ODE analysis. 

Parameters for Ordinary Differential Equation (ODE) analysis are as follows: 

 Max Iterations: Number of iterations when solving the master equations to obtain probability 

distribution. 

 Precision: Minimum Euclidean distance between two successive iterations of a simulation for which the 

simulation will keep running (the solver will calculate successive iterations of each simulation and stop 

only if a time limit is reached or distance between two successive iterations is less than this value). 

 Number of Simulations: Number of initial points generated for which the trajectory to an attractor is 

calculated. 

 Upper Boundary: The maximum allowed value for each gene in initial points. 

 Activator Strength: The strength of any positive interaction in the network. 

 Inhibitor Strength: The strength of any negative interaction in the network. 

 Hill Coefficient: A measure of cooperative interaction among biomolecules. 

 Rate Constant: An activation or inhibition constant. 

 Gene on x-axis: Gene on the x-axis of the ODE landscape. 

 Gene on y-axis: Gene on the y-axis of the ODE landscape. 

 Cell Fate Classification: Attractors are mapped to user-defined cell states such as apoptosis, cell cycle 

arrest, uncontrolled proliferation, etc. 

 Download Result as File:  This allows the user to download the analysis results as a (.zip) file. 
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A summary of the analyses associated with each network type is provided in Table 1.3.1. Moreover, an 

in-detail workflow for rules and weight-based networks is provided in Figure 1.3.1.17 and Figure 

1.3.1.18. 
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Table 1.3.1 - Network types with their associated analyses 

Network 
Type 

Analysis 
Type 

Applicable 
Associated 

Results 
Output 

Result File 
Components of Output 

Result File 

Rules-
based 

Network 

Deterministic 
Analysis 


Attractor 

Landscape 

Summary and 
RA Files 

1) One output result file with 
all cell fates, their basin size 
ratios and each network 
node’s steady state value, 
etc. Along with average node 
propensities, individual cell 
fates and total converged 
and unconverged states.             
2) A robustness analysis (RA) 
results file with separated 
cell fates and mean basin size 
ratios along with their SD and 
SEM. 


Cell Fate 

Landscape 

Weight-
based 

Network 

Deterministic 
Analysis 


Attractor 

Landscape 

Detail,  
Summary and 

RA File 

1) If user provides cell fates, 
they will receive a detailed 
file with each fate’s individual 
network node propensities in 
0s and 1s.                            
2) Summary file with mean of 
each network node plotted 
with the cell fate for cyclic 
attractors. Along with 
average node propensities, 
individual cell fates and total 
converged and unconverged 
states.             
3) Robustness Analysis (RA) 
results file with separated 
cell fates and mean basin size 
ratios along with their SD and 
SEM.  


Cell Fate 

Landscape 

Probabilistic 
Analysis 


Potential Energy 

Landscape 

Detail and RA 
Files 

1) File containing cell fate and 
probability along with 
network node value. 
2) A robustness analysis (RA) 
results file with separated 
cell fates and mean basin size 
ratios along with their SD and 
SEM. 


Probability 
Landscape 


Cell Fate 

Landscape 

ODE Analysis 

ODE Potential 
Energy 

Landscape 

Summary and 
Matrix Files 

1) ODE result file with node 
value, name, percentage of 
attractor contribution.    
2) Detailed 2-D matrix file 
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Figure 1.3.1.17 - TISON's rules-based networks pipeline. 
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Figure 1.3.1.18 - TISON's weight-based networks pipeline. 
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1.3.2 ‘Analysis Progress and Status’ Button 

In order to keep track of the analyses, Deterministic Analysis (DA), Probabilistic Analysis (PA) and/or 

Ordinary Differential Equation Analysis (ODE), that are being run on one or multiple networks, the 

‘Analysis Progress and Status’ button (highlighted in Figure 1.3.2.1) can be used. 

 

Figure 1.3.2.1 - ‘Analysis Progress and Status’ button in NE. 
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The window shown in Figure 1.3.2.2 appears upon clicking the ‘Analysis Progress and Status’ button. 

This allows the user to view the name of the networks that are being analyzed, the stage that is being 

processed, the percentage of progress and the type of analysis along with the type of network (weight-

based or rules-based). Moreover, the user may also stop a specific analysis of a network by clicking on 

the ‘Stop’ button for that network analysis. 

 

Figure 1.3.2.2 - Window that shows the progress of the analyses that are in process. 

  

http://biolabs.lums.edu.pk/birl


TISON: Networks Editor User Manual                                                                                                               73 

         2022 © Biomedical Informatics & Engineering Research Laboratory, LUMS. 

1.3.3 ‘View Network and Results’ Button 

After performing an analysis, the result can be viewed as an ‘Attractor Landscape’, ‘Cell Fate Landscape’, 

‘Potential Energy Landscape’, ‘Probability Landscape’, and ‘ODE Landscape’. Moreover, the results of 

robustness analysis can also be viewed using ‘View Results of Robustness Analysis’ and ‘View Line Graph 

of Robustness Analysis’ option. The ‘View Network and Results’ button highlighted in Figure 1.3.3.1 will 

help the user to view the network and switch between its various result types.  

 

Figure 1.3.3.1 - ‘View Network and Results’ button. 
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The context list shown in Figure 1.3.3.2 will appear upon clicking the ‘View Network and Results’ button 

– the user can proceed with any of the mentioned landscapes.  

 

Figure 1.3.3.2 - ‘View Network and Results’ button with its window. 
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i.  Attractor Landscape 

An ‘Attractor Landscape’ can be viewed in Figure 1.3.3.3. The attractor height indicates the propensity 

of that particular network state. 

 

Figure 1.3.3.3 - Attractor landscape. 
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ii.  Cell Fate Landscape 

If cell fate classification has been performed by uploading the relevant file, the user can also view their 

results in the form of a ‘Cell Fate Landscape’ as shown in Figure 1.3.3.4. 

 

 

Figure 1.3.3.4 - Cell fate classification landscape. 
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iii.  Potential Energy Landscape  

After probabilistic analysis has been performed, the user can view their results in the form of a ‘Potential 

Energy Landscape’ where the peaks represent low energy/stable states. A potential energy landscape is 

shown in Figure 1.3.3.5. 

 

 

Figure 1.3.3.5 - Potential energy landscape. 
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iv.  Probability Landscape 

After probabilistic analysis has been performed, the user can view their results in the form of a 

‘Probability Landscape’ where the peaks represent high probability states. A ‘Probability Landscape’ is 

shown in Figure 1.3.3.6.  

 

 

Figure 1.3.3.6 - Probability landscape. 
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v.  ODE Landscape 

After performing the ODE analysis, the user can click on ‘View ODE Landscape’ to view the ‘ODE Potential 

Energy Landscape’; an example is shown in Figure 1.3.3.7. 

 

 

Figure 1.3.3.7 - ODE potential energy landscape. 
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iv.  Robustness Analysis 

The user can view two results from robustness analysis (RA) by choosing ‘View Results of Robustness 

Analysis’ (Figure 1.3.3.8) and ‘View Line Graph of Robustness Analysis’ (Figure 1.3.3.9).The figure below 

shows the results for ‘View Results of Robustness Analysis’ (For visual reference, see Section TISON’s 

Networks Editor Video Tutorials, Table 1.4.1 - Video 5). 

 

  

Figure 1.3.3.8 - Robustness analysis showing deviation and sensitivity of cell fates basin size ratios. 
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The line graph for robustness analysis is illustrated in Figure 1.3.3.9. 

 

 

Figure 1.3.3.9 - Robustness analysis line graph. 
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1.3.4 ‘Download Results’ Button 

After performing network analysis, the user can download the results by clicking on the button 

highlighted in Figure 1.3.4.1. 

 

Figure 1.3.4.1 - ‘Download Results’ button in NE. 

Result files for the last analysis performed by the user will be downloaded as comma-separated files 

(format .csv).   
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i.  Deterministic Analysis (DA) 

Performing DA will allow the user to download the different files for multi-input analyses. 

For a rules-based network, a DA file (Figure 1.3.4.2) and an RA file (Figure 1.3.4.3) are generated.  

 

Figure 1.3.4.2 - DA results file for a rules-based DA. 

 

Figure 1.3.4.3 - RA results file for a rules-based DA. 
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For a weight-based network, a detailed result file (Figure 1.3.4.4), a summary file (Figure 1.3.4.5), and a 

RA file (Figure 1.3.4.6) can be downloaded after performing DA. The detailed file displays every node 

state in each attractor in terms of 0 or 1, whereas the summary file contains the average node value for 

each node if the attractor is the same. 

  

Figure 1.3.4.4 - Detailed results file for a weight-based DA. 

  

Figure 1.3.4.5 - Summary file for a weight-based DA. 
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Figure 1.3.4.6 - RA result file for a weight-based DA. 

The robustness result file (Figure 1.3.4.3) displays the occurrence of each phenotype with respect to the 

inputs as well as the overall mean, standard deviation (SD), and standard error of means (SEM) of cell 

fates. The column headers in the files are as explained below: 

 Attractor: Serial number and rank (in terms of highest basin size ratio) of an attractor.  

 Associated Cell Fate: The fate assigned to an attractor using its node values and cell fate logic file. If 

fate is not categorized or if cell fate logic is not assigned, the respective states will be ‘Uncharacterized’. 

 Basin Ratio: The ratio of initial states which converge to an attractor. 

 Attractor Type: Either cyclic or point. This signifies whether the attractor continuously moves through 

a finite set of states or remains in a single state. 

 Attractor Length: The number of states in an attractor. Point attractor has an attractor length of 1, 

while cyclic attractor toggles between the Boolean states having attractor length > 1 (only for rules-

based networks).   

 Average Node Propensities: The average node activity after analysis is calculated by multiplying node 

activity for each attractor with its respective basin size ratio and then summed over all attractors 

(explained in figures). 

 Rest of the columns: Values of nodes in the respective states.  

 Individual Cell Fates: The cell fate assigned to an attractor generates individual cell fates which are also 

summarized at the bottom of file.  

 Total Sample Size: The user-specified number of states from the total state-space is given along with 

the number of states converged. If any state is not converged during the analysis, then state is given in 
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the file.  

 Total States Converged: The number of state space which converged towards forming attractors. 

 

 

Figure 1.3.4.7 - Robustness result file for multi-input analysis:  In multiple row-wise and combinatorial fixed 

nodes states. 
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ii.  Probabilistic Analysis (PA) 

For PA, the following weight-based probabilistic result file is produced (Figure 1.3.4.8) and an RA file, 

once the analysis is completed (Error! Reference source not found.).  

 

Figure 1.3.4.8 - Result file for weight-based PA. 

In addition to the parameters similar to i.  Deterministic Analysis (DA) described above, the PA result 

file has the following: 

 Probability: Steady-state probabilities of the respective state (probability of finding system in state on 

random observation).  
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Figure 1.3.4.9 - RA Result file for weight-based PA.   

 Trajectory Mapping: In case user selects ‘Trajectory Mapping’ in the analysis modal in Figure 1.3.1.2, 

the following network trajectory file is also downloaded.  

  

Figure 1.3.4.10 - Output result file for ‘Trajectory Mapping’. 
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iii. Ordinary Differential Equation (ODE) Analysis 

For ODE analysis, the ODE result file (Figure 1.3.4.11) and graph data file (Figure 1.3.4.12) are 

downloaded.   

  

Figure 1.3.4.11 - Result file for a weight-based ODE analysis. 

 

Figure 1.3.4.12 - Graph Data file a weight-based ODE analysis. 

The file shown above indicates nodes along with their expression values. These results can also be 

downloaded by selecting the ‘Download Results as File’ option in ‘Perform Network Analysis’ window.  
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1.3.5 ‘Upload Case Study’, ‘Import Network’ and ‘Export Network’ Buttons 

The user can upload, import, or export case studies using the buttons shown below: 

 

Figure 1.3.5.1 - Case Study, Import and Export buttons: (h) ‘Upload Case Study’ button, (i) ‘Import Network’ 
button, (j) ‘Export Network’ button. 

‘Upload Case Study’ button (Figure 1.3.5.1 (h)) allows the user to open an editor specific template case 

study. Predefined case studies have been incorporated into TISON’s NE to guide the user towards 

designing and analyzing the network models. Once the user clicks ‘Upload Case Study’ button, the 

following window opens displaying a list of predefined case studies for NE (Figure 1.3.5.2). Currently, NE 

supports four predefined case studies: (i) Case Study 1- Human Signaling Network (rules based), (ii) Case 

Study 2 - p53 Network with DNA Damage OFF (weight based), (ii) Case Study 2 – p53 Network with DNA 

Damage ON (weight based), (iii) Case Study 3 – Yeast Cell Cycle (weight based), and (iv) Case Study 4 – 

Human Stem Cell Network (weight based).  
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Figure 1.3.5.2 - ‘Upload Case Study’ window enlisting predefined case studies included in NE.  

 

‘Import Network’ button (Figure 1.3.5.1 (i)) allows the user to upload a network file (Figure 1.3.5.3). 

  

Figure 1.3.5.3 - Upload files prompt for the ‘Import Network’ button. 

 

‘Export Network' button (Figure 1.3.5.1 (j)) downloads a (.zip) file containing the uploaded network file 

(Figure 1.3.5.4) along with the input parameters file (Figure 1.3.5.5), custom states file (Figure 1.3.5.6), 

fixed nodes states file (Figure 1.3.5.7), cell fate logic file (Figure 1.3.5.8), and result file (Figure 1.3.4.4) 

produced after the network analysis has been performed. 
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Figure 1.3.5.4 - Export Network: Network file. 
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Figure 1.3.5.5 - Export Network: Parameters file. 

 

 

Figure 1.3.5.6 - Export Network: Custom node states file. 
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Figure 1.3.5.7 - Export Network: Fixed node states file. 

 

 

Figure 1.3.5.8 - Export Network: Cell fate logic file. 
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 TISON’s Networks Editor Video Tutorials 
 

Table 1.4.1 - Video tutorials for NE. 

Video No. Video Tutorials 

1. Constructing Rules-based Network and Performing Deterministic Analysis (DA) 

2. Drawing Weight Based Network 

3. Uploading Networks using Template Projects 

4. Performing Weight Based Probabilistic Analysis (PA) 

5. Performing Robustness Analysis on Biomolecular Networks 

6. Performing Ordinary Differential Equation (ODE) Analysis 

 

  

http://biolabs.lums.edu.pk/birl
https://www.youtube.com/watch?v=Fy84cSsf1sc&list=PLaNVq-kFOn0Yyu-mHzfAHlGpxgd7bBPd5&index=1
https://www.youtube.com/watch?v=9oEi85Kwyk0&list=PLaNVq-kFOn0Yyu-mHzfAHlGpxgd7bBPd5&index=2
https://www.youtube.com/watch?v=d5jPW_laj-k&list=PLaNVq-kFOn0Yyu-mHzfAHlGpxgd7bBPd5&index=3
https://www.youtube.com/watch?v=LlLo3MS3gJk&list=PLaNVq-kFOn0Yyu-mHzfAHlGpxgd7bBPd5&index=4
https://www.youtube.com/watch?v=2Dv3RJYUVtw&list=PLaNVq-kFOn0Yyu-mHzfAHlGpxgd7bBPd5&index=5
https://www.youtube.com/watch?v=CbTM2stHumI
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