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1 INTRODUCTION

Data standards are essential to exchange information about
the engineering of biological systems. The Synthetic Biol-
ogy Open Language (SBOL) is a community-driven standard
that facilitates the exchange of data relating to the design,
implementation, testing and refinement of engineered bio-
logical systems [4]. Versions 1 and 2 of SBOL have gained
widespread adoption, with over 170 developers, 29 SBOL sup-
porting software tools and 42 institutions involved in their
development and deployment (as of June 2020). Recently,
SBOL was refactored to simplify its data model, resulting in
the release of the SBOL3 specification [1].

SBOL data is created using both bespoke software tools
and through the use of the SBOL specific software libraries
such as pySBOL [2] and libSBOL;j [6]. However, the creation
of SBOL data using these libraries is often limited to tool
developers with programming skills. To address this issue,
numerous graphical computer aided design (CAD) tools have
been developed to allow non-programmers to capture data
from the design, build, test and learn (DBTL) cycle in SBOL
format. However, visual design tools often support only a
subset of features of the SBOL data model. Visual editing can
be a slow and rather manual process that does not scale well
for large designs such as genomes.

Previously, we have described a language, ShortBOL, which
provides a human readable/writable short-hand for describ-
ing biological designs in SBOL [3]. ShortBOL was developed
for synthetic biologists familiar with the SBOL data model
who wish to rapidly describe synthetic biology designs us-
ing a text based scripting language instead of using a tra-
ditional programming language. Here, we describe a new
release of ShortBOL, version 2.0. This new version sees the
introduction of two new modes of use, as well as support
for SBOL 3.0. The new modes of use of the language alter
the levels of abstraction to consider two major categories
of synthetic biologists with different expertise and back-
grounds: (i) User mode for synthetic biologists with little to
no understanding of the SBOL data model, and (ii) Devel-
oper mode for synthetic biology developers, familiar with
programming and the SBOL data model. The new ShortBOL
user-mode syntax simplifies the generation of SBOL data
for the first category of users. The latter category of users
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are supported through full access to the terms of the data
model. SBOL 3.0 support is provided for both these different
levels of abstraction. We illustrate these two modes using
examples developed in SBOL3. ShortBOL as a service can be
accessed from http://shortbol.org and the code is available
at https://github.com/intbio-ncl/shortbol.

2 EXPLORING SBOL3 USING SHORTBOL2

ShortBOL was originally designed to be easy to use by syn-
thetic biologists who understand the fundamentals of the
SBOL data model. A standard template library is incorpo-
rated within ShortBOL, allowing the introduction of new
ShortBOL language terms and different aspects of genetic
designs to be generated. SBOL3 support is provided via addi-
tional templates within the ShortBOL2 application.

We have also developed a tutorial and set of examples that
illustrate the use of SBOL3, and its comparison to SBOL2, to
aid developers in transitioning to the new version of the stan-
dard. For example, Figure 1 shows a side by side comparison
of the TetR inverter module of the classical genetic toggle
switch example [5] written using ShortBOL2 in developer
mode for both SBOL2 and SBOL3 (Fig.1.). The ShortBOL2
application features support for generating both SBOL2.0
and SBOLS3, the choice of which is selected by the user from
the application menu. Depicting SBOL as ShortBOL allows
the structure of SBOL3 to be viewed and also compared to
the equivalent representation in SBOL2.0. SBOL is a data
exchange format and SBOL data produced by different tools
are all compatible. However, with the introduction of SBOL3
there is not currently compatibility between the SBOL2 and
SBOL3 data models. As tooling for the data model is devel-
oped converters will become available.

3 ABSTRACTING SBOL3 USING SHORTBOL -
USER MODE

The SBOL3 data model can still be unwieldy for designers
unfamiliar with computational data representations. Short-
BOL2 also introduces further templates that provide a more
abstract version of the ShortBOL language, aimed at the av-
erage user who does not wish to work with the SBOL3 data
model at a detailed level. This mode makes designs shorter
and easier to understand. As an example, Figure 2 shows a
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SBOL 3

pTetR is a Promoter()
lacI_RBS is a RBS()
lacI_CDS is a CDS()
lacI_term is a Terminator()

SBOL 2.0

pTetR is a Promoter()
lacI_RBS is a RBS()
lacI_CDS is a CDS()
lacI_term is a Terminator()

tetRInverter is a FunctionalEntity()

(

tetRInverter is a DNAComponent()
(

precedes(pTetR,lacI_RBS)
precedes(lacI_RBS,lacI_CDS)
precedes(lacI_CDS,lacI_term)

precedes(pTetR,lacI_RBS)
precedes(lacI_RBS,lacI_CDS)
precedes(lacI_CDS,lacI_term)

)

stimulates(pTetR,lacI_CDS)

tetRInverter_mod is a ModuleDefinition()
(
stimulates(pTetR,lacI_CDS)

)

Figure 1: A TetRInverter device shown in ShortBOL for SBOL
2.0 and SBOL3. The change from the use of ModuleDefini-
tion to a single FunctionalEntity, introduced in SBOLS3, is il-
lustrated by a side-by-side comparison of the designs.

ShortBOL2 representation of the SBOL3 approach to defining
the Lacl inverter module of the genetic toggle switch. These
ShortBOL templates allow for a more succinct representa-
tion of the design, which is then expanded out into the full
representation on conversion into SBOL. Developers are still
free to use the more expansive representation, if they wish,
which is closer to the SBOL3 data model and allows expres-
sion of details that are not part of typical use patterns. The
ShortBOL user mode has slight constrictions and is achieved
using composition to create some SBOL3 objects behind the
scenes. However, these constrictions are only present when
working with very niche aspects of the data model.

ShortBOL 2.0 - Developer mode

TetR is a Protein()
LacI is a Protein()
TetR_sc is a SubComponent(TetR)
LacI_sc is a SubComponent(LacI)

ShortBOL 2.0 - User mode

TetR is a Protein()

LacI_lacinv_part is a Inhibitor(TetR_sc)
TetR_lacinv_part is a Inhibited(LacI_sc)

LacI is a Protein()

LacITetR_int is a Inhibition -

( = % # The LacI inverter module
hasParticipation = TetR_lacinv_part
hasParticipation = LacI_lacinv_part (

description = "LacI inverter"

inhibition(TetR,LacI)

)

# The LacI inverter module
LacI_inverter is a FunctionalEntity()
(

)

description = "LacI inverter"
hasFeature = TetR_sc

hasFeature = LacI_sc
hasInteraction = LacITetR_int

- LacI_inverter is a FunctionalEntity()

Figure 2: A ShortBOL2 design for the Lacl inverter module
demonstrating the inhibition of TetR protein production by
Lacl protein in Developer mode and the more abstract ver-
sion in User mode.
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4 CONCLUSIONS AND FUTURE WORK

We have expanded ShortBOL1.0 to support SBOL3. Short-
BOL2 aims to provide an easy to use tool for the composition
of SBOLS3 related data. This latest version introduces a user
mode providing a more abstract version of ShortBOL where
the SBOL data model can be used in a less granular fashion.
ShortBOL2 allows the structure of SBOL3 to be explored
succinctly by developers wishing to become familiar with
the SBOL data model, who can gain exposure to the termi-
nology and approach without having to work with the SBOL
code libraries. Furthermore, users can also produce SBOL
data without being exposed to the full details of the SBOL3
data model. ShortBOL makes it easier to prototype SBOL3
designs, and in the future it may be possible to simplify the
ShortBOL syntax even further to provide a language that
shields a user entirely from the SBOL3 data model.
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