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Supplement Overview 

● An Overview of Web Services: A summary of the web applications that handle biological networks. 

● BEL Commons Implementation Details: Technical details about the architecture and the technologies            

used to implement BEL Commons. 

● Tutorial: References to the tutorial that outlines the Application Scenario presented in this paper. 

● References: References used in this document 

An Overview of Web Applications 

Here, we present a brief overview on some of the web applications mentioned in the introduction of the manuscript                   

(Supplementary Table 1). We also present a comparison of features (Supplementary Table 2) and visualization               

techniques (Supplementary Table 3) implemented by these applications. 

Platform Focus Export Visualization 

WikiPathways (Pico et 
al., 2008) 

Crowdsourcing biological model 
building SBML PathVisio, Cytoscape 

Pathway Commons 
(Cerami et al., 2010) Aggregating pathway databases BioPax, 

SMBL, SIF, etc. BioPAX CyPath2, PaxToolsR, 
ChiBE 

NDEx (Pratt et al., 2015) General network storage from CX CX Cytoscape.js 

GraphSpace (Braradwaj 
et al., 2017) General network storage from Cytoscape Cytoscape 

JSON Cytoscape.js 

SBV Improver (Meyer et 
al., 2015) 

Verification of semi-automated relation 
extraction results SIF, JGIF Custom Viewer 

Causal Biological 
Networks Database 
(Boué et al., 2015)  

BEL network storage SIF, JGIF Custom Viewer 

NeuroMMSig 
(Domingo-Fernández et 
al., 2017) 

Enrichment analysis BEL, JSON Custom Viewer 

Supplementary Table 1. A summary of several systems and networks biology web applications 

WikiPathways is a repository of pathways that is built and maintained using crowdsourcing (Pico et al., 2008). It                  

uses the Systems Biology Markup Language (SBML) format to store its networks and has deep semantic integration                 

with external databases.  
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Pathway Commons is an aggregation of a significant number of publicly available pathway databases accessible in                

the BioPAX format and through a web interface (Cerami et al., 2010). 

The Network Data Exchange (NDEx) is a repository where scientists can upload, share, and distribute networks                

with fine-granular user rights management (Pratt et al., 2015). It accepts many formats (BioPAX, BEL, simple                

interchange format, etc.) and uses CX as a latent storage medium. It has a rudimentary network query systems (e.g.                   

search for nodes and their neighborhoods) and tight integration with Cytoscape to fill in missing features in network                  

analysis and to provide in-browser visualization with high customization.  

GraphSpace is a service for uploading, sharing, and viewing networks in the Cytoscape format (Braradwaj et al.,                 

2017). While it has the benefit of being domain-agnostic, it has begun to identify and address the issue of layouts in                     

visualization of biological networks. 

The Causal Biological Networks Database is a repository for manually curated biological knowledge assemblies              

encoded in Biological Expression Language (BEL) (Boué et al., 2015). It provides a BEL-specific viewer and the                 

ability to export in simple interchange format (SIF) and JSON graph interchange format (JGIF) for use in general                  

network visualization programs. Additionally, its underlying data is partially dependent on the SBV Improver,              

which extends current knowledge assemblies using crowdsourcing in a semi-automated text mining pipeline for              

relation extraction from biological literature (Meyer et al., 2015). 

NeuroMMSig is a repository of manually curated biological knowledge in the domain of neurodegenerative disease               

that focuses on the application of a mechanism enrichment algorithm to identify patient subgroups in clinical data                 

sets (Domingo-Fernández et al., 2017). It also provides data integration of clinical and molecular data and a viewer                  

for qualitative observation. Topological analysis, enrichment analysis. 

Application Create Edit Integrate Share Visualize Data-Driven 
Analysis 

BELIEF (Madan et al., 2016) ✔ ✔     

WikiPathways ✔ ✔  ✔ ✔  

SBV Improver  ✔   ✔  

Pathway Commons   ✔  ✔  

NDEx    ✔ ✔  

GraphSpace    ✔ ✔  

NeuroMMSig     ✔ ✔ 

Supplementary Table 2. A summary of the features of several systems and networks biology web applications 
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Visualization Tool Summary 

Cytoscape (Shannon et al., 2003) A Java-based desktop client for general network visualization and         
analysis 

Cytoscape.js (Franz et al., 2015) An in-browser Javascript library for creating network visualization 

PathVisio (Kutmon et al., 2015) Biological pathway drawing and analysis tool 

D3.js An in-browser Javascript library for creating a variety of visualization 

CellDesigner (Matsuoka et al.,    
2014) 

A biologically-oriented editor for gene-regulatory and biochemical       
networks 

Supplementary Table 3: A summary of visualization tools for systems and networks biology 

BEL Commons Implementation Details  

BEL Commons follows a model-view-controller (MVC) software architecture. Its back-end is implemented in the              

Python programming language using the Flask microframework (http://flask.pocoo.org) and a suite of its extensions              

(Supplementary Table 6). Its core functionalities are implemented with PyBEL (Hoyt et al., 2018) and exposed                

with Flask via a RESTful API documented with an OpenAPI specification (https://www.openapis.org). This API              

implements portions of the OpenBEL API specification to allow for interoperability with legacy BEL applications.  

BEL Commons needs to be able to concurrently handle multiple expensive operations such as parsing, validation,                

compilation, and analysis. Because Python is inherently single-threaded, we have used the RabbitMQ             

(https://www.rabbitmq.com) message queue and celery (http://www.celeryproject.org) to implement asynchronous         

operations. The web application is served using uWSGI (Supplementary Table 4).  

Its analytical service (i.e. the heat diffusion workflow) relies heavily on the scientific Python stack, including                

NumPy (Travis and Oliphant, 2006), Pandas (McKinney, 2010), and Scikit-learn (Pedregosa, et al., 2012) to take                

advantage of their fast implementations of matrices and mathematical operations in C, C++, and Fortran. Network                

algorithms, including attribute selection and path finding algorithms, were all implemented using NetworkX             

(Hagberg et al., 2008) and derivative classes of the networkx.MultiDiGraph class in PyBEL (Supplementary              

Table 5). 

The front-end is implemented with jQuery (https://jquery.com), D3.js (https://d3js.org), and Bootstrap           

(https://getbootstrap.com) along with other Javascript libraries (Supplementary Table 7). BEL Commons uses            

MySQL (https://www.mysql.com) as a relational database management system and SQLAlchemy          

(https://www.sqlalchemy.org) as an object relational mapper to easily extend the SQL network data models provided               

by PyBEL and to create new data models for users, projects, and analyses.  
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Technology Functionality 

MySQL Relational database management system 

RabbitMQ Message queue 

Celery Enables asynchronous jobs 

uWSGI WSGI Web Server 

Supplementary Table 4: A summary of back-end technologies used by BEL Commons 

Package Functionality 

NetworkX Network data structure 

PyBEL Parsing, compilation, storage, and conversion of BEL graphs 

PyBEL-Tools Summarizing, querying, and analysis of BEL graphs 

SQLAlchemy Object-relational Mapper 

Flask Microframework for web applications 

NumPy Multi-dimensional array data structure and mathematical      
operations 

Pandas Data frames and data structures 

Scikit-learn Machine learning 

Supplementary Table 5: A summary of Python packages used by BEL Commons 

 

Flask Package Functionality 

Flask An integrated web server and template manager that wraps many of the            
low level functions in an easy-to-manage programming interface 

Flask-Security Integrated login and role management system 

Flask-Admin Provides an interface for users to input data such as the project editing             
form. 

Flask-WTF Underpins the generation and processing of forms 

Flask-Bootstrap Templating for using standard front-end assets like Bootstrap and jQuery 

flasgger Produces Swagger specification and Swagger UI page automatically to         
document the RESTful API.  

Supplementary Table 6: As an addendum to Supplementary Table 5; a summary of extensions to the Flask                 
Python package used by BEL Commons 
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Javascript Library Functionality 

jQuery Provides manipulation of DOM, CSS, and general-purpose javascript 

D3.js DOM manipulation and network visualization 

C3.js Generate charts 

ParCoords.js Generates parallel coordinates charts 

D3-context-menu Additional user interactions with network visualization 

Select2 User interface for autocompletion and selecting lists 

InspireTree Builds tree for annotation browser 

Bootstrap Toggle User interface for slider buttons 

Supplementary Table 7: A summary of front-end Javascript libraries used by BEL Commons 

Tutorial 

A tutorial and accompanying data to reproduce the analysis presented in Figure 5 of the manuscript can be found on                    

GitHub at https://github.com/cthoyt/bel-commons-manuscript. 
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