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Abstract

This special issue of the Journal of Integrative Bioinformatics contains updated speci-

fications of COMBINE standards in systems and synthetic biology. The 2022 special

issue presents three updates to the standards: CellML 2.0.1, SBML Level 3 Package:

Spatial Processes, Version 1, Release 1, and Synthetic Biology Open Language (SBOL)

Version 3.1.0. This document can also be used to identify the latest specifications

for all COMBINE standards. In addition, this editorial provides a brief overview of the

COMBINE 2022 meeting in Berlin.

1 Introduction

The “COmputational Modeling in BIology NEtwork” (COMBINE) is an initiative to coordi-

nate the development of the various community standards and formats for computational

models [1]. By doing so, it is expected that the federated projects will develop a set of

interoperable and non-overlapping standards covering all aspects of modeling in biology.

Figure 1 shows an overview of the COMBINE standards and associated initiatives.

This editorial presents the latest specifications of all COMBINE standards, and this

special issue highlights the updates of the last year, namely the releases of the following

specifications: CellML 2.0.1, SBML Level 3 Package: Spatial Processes, Version 1,

Release 1, and Synthetic Biology Open Language (SBOL) Version 3.1.0. Special issues

on COMBINE standards have been published since 2016, and earlier editions [3, 4, 2,

5, 6, 7] provide updates for the years 2015 to 2021. In addition, this editorial provides a

brief overview of the COMBINE 2022 meeting.
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Figure 1: COMBINE standards and associated efforts (updated from [2]).

2 COMBINE meeting 2022 Berlin

COMBINE 2022 was a three-day workshop-style event held October 6-8, 2022, at the

Institute of Biology/ITB of the Humboldt University of Berlin (see Figure 2). The meeting

was organized by Matthias König and Dagmar Waltemath as a satellite event to the ICSB

2022 meeting in Berlin. The program, list of abstracts and participants are available

from https://github.com/matthiaskoenig/combine2022.

The main focus of COMBINE 2022 was to coordinate the development of community

standards and formats in systems biology and related fields. The meeting featured oral

presentations, breakout sessions, and tutorials covering a wide range of topics related

to the COMBINE standards, associated or related standardisation efforts, and tools

using these standards.

Some of the topics covered during the meeting included the latest developments in

https://github.com/matthiaskoenig/combine2022


Figure 2: COMBINE meeting 2022 at the Humboldt-University Berlin.



the Systems Biology Markup Language (SBML), CellML, NeuroML, and the Simulation

Experiment Description Markup Language (SED-ML). Other topics included the use of

FAIR (Findable, Accessible, Interoperable, and Reusable) principles in computational

modeling and the use of ontologies in systems biology.

The meeting provided attendees with the opportunity to learn from experts and enthusi-

asts in systems biology and related fields. The breakout sessions allowed for in-depth

discussions of specific topics, while the tutorials provided hands-on training in the use

of the COMBINE standards and related tools.

Overall, COMBINE 2022 was a successful event with more than 100 attendees from

around the world, bringing together researchers, developers, and users of the COMBINE

standards to collaborate and advance the field of systems biology and related areas.

We would like to thank all participants of COMBINE 2022 for making it an engaging and

highly productive event.

3 Current versions of COMBINE standards

As in the previous special issues in the following we will give a brief overview of all

COMBINE standards. When using COMBINE standards, please refer to the following

(most up-to-date) specifications. New specifications or updates of existing specifications

are highlighted with NEW.



3.1 Core Standards

3.1.1 BioPAX (Biological PAthway eXchange)

BioPAX is a standard language for integration, exchange and analysis of biological

pathway data. It is expressed in OWL. The current specification is:

Standard Specification Reference

BioPAX [8] BioPAX [9]

3.1.2 CellML

The CellML language is an XML markup language to store and exchange computer-

based mathematical models. The current specifications are listed in the following table.

NEW CellML 2.0.1 [10] updates CellML 2.0 [11] with an improved identification of rule

statements and corrects errata present in the CellML 2.0 specification.

Standard Specification Reference

CellML [12] CellML 2.0.1 [10]

CellML Metadata Framework 2.0 [13]

CellML 1.1 [14]

3.1.3 NeuroML

The Neural Open Markup Language (NeuroML) is an XML-based description language

that provides a common data format for defining and exchanging descriptions of neuronal



cell and network models. The current specification is:

Standard Specification Reference

NeuroML [15, 16] NeuroML version 2.1 [15]

3.1.4 SBGN (Systems Biology Graphical Notation)

The Systems Biology Graphical Notation (SBGN), is a set standard graphical languages

to describe visually biological knowledge. It consists of three languages describing

Process Descriptions, Entity Relationships and Activity Flows. In addition, SBGN-ML is

a XML-based file format describing the geometry of SBGN maps, while preserving their

underlying biological meaning. The current specifications are:

Standard Specification Reference

SBGN [17] SBGN Process Description Level 1 Version 2 [18]

SBGN Entity Relationship Level 1 Version 2.0 [19]

SBGN Activity Flow Level 1 Version 1.2 [20]

SBGN Markup Language Version 0.3 [21]

3.1.5 SBML (Systems Biology Markup Language)

The Systems Biology Markup Language (SBML) is a computer-readable XML format

for representing models of biological processes. SBML is suitable for, but not limited to,

models using a process description approach. SBML development is coordinated by an

elected editorial board and central developer team. The current specifications are listed

in the following table.



NEW SBML Level 3 Package: Spatial Processes, Version 1, Release 1 [22] adds the

necessary features to SBML to allow models to encode geometries and other spatial

information about the elements and processes it describes.

Standard Specification Reference

SBML [23] SBML Level 3 Core, Version 2, Release 2 [24]

SBML Level 3 Package: Distributions, Version 1, [25]

Release 1

SBML Level 3 Package: Flux Balance Constraints [26]

Version 2, Release 1

SBML Level 3 Package: Groups, Version 1,

Release 1

[27]

SBML Level 3 Package: Hierarchical Model [28]

Composition, Version 1, Release 3

SBML Level 3 Package: Layout, Version 1, Release 1 [29]

SBML Level 3 Package: Multistate, Multicompo-

nent and Multicompartment Species, Version 1,

Release 2

[30]

SBML Level 3 Package: Spatial Processes,

Version 1, Release 1

[22]

SBML Level 3 Package: Qualitative Models,

Version 1, Release 1

[31]

SBML Level 3 Package: Render, Version 1,

Release 1, Release 1

[32]



3.1.6 SBOL (Synthetic Biology Open Language)

The Synthetic Biology Open Language (SBOL) is a language for the description and the

exchange of synthetic biological parts, devices, and systems. SBOL Visual (SBOLv) is

a complementary standard that provides a standard set of glyphs and rules for drawing

genetic circuit diagrams. The current specifications are listed in the following table.

NEW Synthetic Biology Open Language (SBOL) Version 3.1.0 [33] is minor revision

of the SBOL standard, which improves on version 3.0.0 by including a number of

corrections and clarifications as well as several other updates and enhancements.

Standard Specification Reference

SBOL [34] SBOL Version 3.1.0 [33]

SBOL Visual Version 2.3 [35]

SBOL Visual Version 3.0 [36]

3.1.7 SED-ML (Simulation Experiment Description Markup Language)

The Simulation Experiment Description Markup Language is an XML-based format for

encoding simulation experiments. SED-ML allows to define the models to use, the

experimental tasks to run and which results to produce. SED-ML can be used with

models encoded in several languages. The current specification is:

Standard Specification Reference

SED-ML [37] SED-ML Level 1 Version 4 [38]



3.2 Associated Standards

Associated standards provide an additional layer of semantics to COMBINE representa-

tion formats. The current specifications are:

Standard Specification Reference

COMBINE

Archive [39]

COMBINE Archive 1.0 [40]

OMEX Metadata OMEX Metadata Version 1.2 [41]

BioModels.net

qualifiers [42]

- [43]

Identifiers.org

URIs [44]

- [45]

Systems Biology

Ontology [46]

[external] Bioportal [47]

Kinetic Simula-

tion Algorithm

[external] Bioportal [48]

Ontology [46]

A COMBINE archive is a single file bundling the various documents and all relevant

information necessary for a modelling and simulation project. The archive is encoded

using the Open Modeling EXchange format (OMEX).

COMBINE archive metadata provides a harmonised, community-driven approach for

annotating a variety of standardised model and data representation formats within a

COMBINE archive.



BioModels.net qualifiers are standardised relationships (predicates) that specify the

relation between an object represented in a description language and the external

resource used to annotate it. MIRIAM Unique Resource Identifiers allow one to uniquely

and unambiguously identify an entity in a stable and perennial manner. MIRIAM Registry

is a set of services and resources that provide support for generating, interpreting and

resolving MIRIAM URIs. Through the Identifiers.org technology, MIRIAM URIs can be

dereferenced in a flexible and robust way. MIRIAM URIs are used by SBML, SED-ML,

CellML and BioPAX controlled annotation schemes.

The Systems Biology Ontology (SBO) is a set of controlled, relational vocabularies of

terms commonly used in Systems Biology, and in particular in computational modelling.

Each element of an SBML file carries an optional attribute sboTerm which value must

be a term from SBO. Each symbol of SBGN is associated with an SBO term.

The Kinetic Simulation Algorithm Ontology (KiSAO) describes existing algorithms and

their inter-relationships through their characteristics and parameters. KiSAO is used in

SED-ML, which allows simulation software to automatically choose the best algorithm

available to perform a simulation and unambiguously refer to it.

The OMEX Metadata Specification is a technical implementation of the community con-

sensus across COMBINE standards to harmonise the way we describe computational

models and other resources with metadata [49].
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