Downloaded via UNIV OF UTAH on June 27, 2023 at 21:47:05 (UTC).
See https://pubs.acs.org/sharingguidelines for options on how to legitimately share published articles.

Sf/%stheticBiology

pubs.acs.org/synthbio

Technical Note

SynBioSuite: A Tool for Improving the Workflow for Genetic Design

and Modeling

Zachary Sents, Thomas E. Stoughton, Lukas Buecherl, Payton J. Thomas, Pedro Fontanarrosa,

and Chris J. Myers*

Cite This: ACS Synth. Biol. 2023, 12, 892-897

I: I Read Online

ACCESS | Ll Metrics & More

| Article Recommendations

ABSTRACT: Synthetic biology research has led to the develop-
ment of many software tools for designing, constructing, editing,
simulating, and sharing genetic parts and circuits. Among these
tools are SBOLCanvas, iBioSim, and SynBioHub, which can be
used in conjunction to create a genetic circuit design following the
design—build—test—learn process. However, although automation
works within these tools, most of these software tools are not
integrated, and the process of transferring information between
them is a very manual, error-prone process. To address this
problem, this work automates some of these processes and presents
SynBioSuite, a cloud-based tool that eliminates many of the
drawbacks of the current approach by automating the setup and
reception of results for simulating a designed genetic circuit via an
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B INTRODUCTION

Synthetic biology is a field of research that involves the
application of engineering principles to the design of biological
systems.' This field has enabled many applications, includin
the development of biofuels,” internal drug delivery systems,”
and biosensors,” all of which rely on genetic circuits to work.
Among other methods, genetic circuits execute their functions
using genetic expression regulation, metabolic pathways, or
protein interactions.’

Research in synthetic biology—particularly the development
of genetic circuits—usually follows a design—build—test—learn
(DBTL) cycle to progress from a desired function to a physical
build® To aid in the DBTL cycle of genetic circuits,
computational models are used to simulate the design before
it is built in vivo.” This saves time and resources for researchers
and can help to predict malfunctions in the circuit before-
hand.®

Genetic design automation (GDA) tools have been developed
to support the DBTL cycle by automating many of 1ts steps,
ultimately simplifying genetlc circuit engineering. % This
project utilizes SBOLCanvas,'’ iBioSim," ™" and SynBio-
Hub'* to create a seamless genetic design workflow.
SBOLCanvas is a web application that can be used to create
and annotate genetic constructs using an icon-based drag-and-
drop GUI (https:/ /sbolcanvas.org/ ). SBOLCanvas is capable
of retrieving specific genetic parts or full designs from
SynBioHub and exporting new designs that can be uploaded
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to SynBioHub. The iBioSim application is a downloadable
software tool that can be used to design, model, and simulate
genetic circuits using a variety of algorithms for ordinary
differential equation or stochastic simulation analysis. Finally,
SynBioHub is an online repository that enables researchers to
store and share information about their genetic designs.

A set of standard description languages are used to link these
tools together. These standards allow for coherent communi-
cation between tools and reproducibility of results. The
languages used by the aforementioned software are the
Synthetic Biology Open Language (SBOL),"*~"” SBOL Visual,"®
the Systems Biology Markup Language (SBML),'” and the
Simulation Experiment Description Markup Language (SED-
ML).”® SBOL, SBML, and SED-ML are all XML-based
formats, each of which has a different purpose for the design
and simulation of genetic circuits: SBOL standardizes the in
silico representation of biological designs; SBOL Visual
represents the design using glyphs; SBML files encode
computational models of biological systems; and SED-ML
files encode simulation descriptions for the purpose of
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Figure 1. (a) Diagram of the previous workflow for designing and simulating a genetic circuit. This workflow involves three different applications:
Selected parts stored in SynBioHub are used in the design created in SBOLCanvas. The enrichment, model, and simulate steps happen within
iBioSim, and the share step happens again in SynBioHub. At each change of application, the relevant SBOL, SBML, or SED-ML files must be
exported from the previous application and then imported into the next application. (b) Diagram of the new workflow. This workflow only requires
the user to work in the SynBioSuite application; the enrichment, model, and simulate steps are handled in the containerized iBioSim API instance,
and the simulation results are rendered back on SynBioSuite. The final design is uploaded and shared on SynBioHub. This workflow also makes use
of the COMBINE archive to package the SBOL, SBML, and SED-ML files together for ease of use and reproducibility.

repeatability. In addition to these standard formats, a
COMBINE archive?! is used to package SBOL, SBML, and
SED-ML files together so that an entire simulation study can
be exchanged easily.

With the development of these software tools and standards,
a workflow for the design, modeling, and simulation of genetic
circuits is established. The previous workflow for using these
software tools is specified in Figure la. This process of
designing and testing genetic circuits starts with the design of a
genetic circuit using SBOLCanvas. This tool can be used to
retrieve genetic parts from SynBioHub directly. Then the
design is exported in SBOL format, which can be imported
into iBioSim. iBioSim uses the Virtual Parts Repository (VPR)
model generator’” to enrich the design with additional
information about proteins and small molecules that are
known to interact with the genetic parts. Then a computational
model is created in iBioSim, where the SBOL file automatically
gets converted to SBML.®”*™*° Simulation conditions are
specified by the user, and the simulation is run. Finally, the
results of the simulation are plotted and sent back to
SynBioHub for sharing.
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This workflow is a complex, manual process of importing
and exporting files between applications, so automation is
desirable. Furthermore, while iBioSim is a useful application
that is able to run complex circuit simulations, it has some
drawbacks. It needs to be downloaded on the user’s local
machine and depends on a Java installation. In addition, its
graphical user interface is outdated and may not be intuitive for
new users. This paper introduces SynBioSuite (https://
synbiosuite.org), a web application that seeks to aggregate
the capabilities of each aforementioned tool within a
convenient interface. This is accomplished by modifying
SBOLCanvas to act as an embeddable service and by exposing
some of the modeling and simulation capabilities of iBioSim
through an application programmers interface (API).

B RESULTS

SynBioSuite is a web application built with React, a JavaScript
front-end framework. It allows the user to open a folder on
their local file system, which is used as the working directory.
Existing SBOL files, SBML files, and COMBINE archives will
appear in the application’s file explorer. When SBOL files are
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Figure 2. Screenshots from the SynBioSuite web application. (a) SBOLCanvas embedded in SynBioSuite is used to design the repressilator.”® (b)
The analysis tab allows the selection of different simulation methods and their parameters. (c) The results of the analysis are visualized as a graph.

As expected, the repressilator oscillates.

double-clicked, SBOLCanvas is opened in an embedded frame
with the SBOL file’s contents loaded in. New SBOL files can
also be created. From inside SBOLCanvas, the user can modify
the design. Changes are automatically saved to the user’s local
file system. To simulate designs, users can create an “analysis”,
which opens a form where the user can choose a design to
simulate, optionally add a simulation environment, and specify
simulation parameters. SynBioSuite invokes the iBioSim API,
which computes the results and sends them back. The results
are plotted in an interactive editor where the user can modify
and export the resulting charts. The current workflow is
described in Figure 1b. This architecture eliminates the need
for researchers to download an application as well as switch
between applications. A single web application provides a more
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seamless workflow compared to the previous workflow.
Furthermore, with each tool being a modular service, they
can be leveraged individually in future work.

In order to take advantage of the tool’s simulation
capabilities from the SynBioSuite web app, iBioSim has been
placed inside a Docker container (a virtual environment that
stores an application and its dependencies for standalone
execution). Alongside iBioSim is an Express application
running on Nodejs (a JavaScript runtime) that handles
HTTP requests, which functions as the API server. The API
exposes two end points, convert and analyze. The convert end
point takes an SBOL file, along with some conversion
parameters, and returns an SBML file. The analyze end point
takes either an SBOL file, SBML file, or COMBINE archive

https://doi.org/10.1021/acssynbio.2c00597
ACS Synth. Biol. 2023, 12, 892—897


https://pubs.acs.org/doi/10.1021/acssynbio.2c00597?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acssynbio.2c00597?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acssynbio.2c00597?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acssynbio.2c00597?fig=fig2&ref=pdf
pubs.acs.org/synthbio?ref=pdf
https://doi.org/10.1021/acssynbio.2c00597?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Synthetic Biology

pubs.acs.org/synthbio

Technical Note

along with parameters for the enrich, model, and simulate
steps. If an SBOL file is provided, it is first converted to SBML.
Then the application invokes iBioSim via the command line,
running the simulation. The results are packaged into a
COMBINE archive and sent back to SynBioSuite. This
containerized service is what is referred to as the iBioSim APL

The SBOLCanvas web application is a combination of a
front end built with the JavaScript framework Angular and a
back end built in Java. SBOLCanvas’ front end provides an
interface for designing genetic circuits with the SBOL Visual
standard. The back end handles assembly of the SBOL file that
describes the design as well as a few other utility tasks like
interacting with SynBioHub. The application was modified to
be useful when embedded in SynBioSuite. When embedded, it
initially loads in the SBOL sent by the parent window
(SynBioSuite). Then, as the user works, it relays changes to the
design back to the parent window. Thus, the design stays in
sync between the two applications. SynBioSuite’s user interface
can be seen in Figure 2.

Figure 2a shows SBOLCanvas embedded in SynBioSuite.
The user is able to draw their design on the canvas, importing
and exporting parts or whole designs to SynBioHub. In this
example, the user has designed the repressilator.”® After the
design is finished, the user can set the parameters for different
simulation methods in the analysis tab, shown in Figure 2b.
SynBioSuite offers both ordinary differential equation analysis
and stochastic simulation algorithms. For the example at hand,
stochastic simulation was used to simulate the circuit. Finally,
Figure 2c shows the results of the analysis, which is the
expected oscillation of the repressilator.

B DISCUSSION

This work describes SynBioSuite, a web application comprising
several microservices, which together simplify the genetic
circuit design process. This application and its constituents
realize the new, streamlined workflow for virtually designing,
modeling, and simulating genetic circuits. Web-based applica-
tions such as SBOLCanvas have many advantages for both
users and developers over standard, downloadable applications.
Some of these advantages include accessibility, ease of
maintenance, and the elimination of installation issues.
Furthermore, the API will always be up to date on iBioSim
updates due to the nature of the Docker container, which uses
the newest published version of iBioSim upon building.

This approach would allow researchers to have a single,
entirely online workspace for designing and simulating genetic
circuits, something that has only previously been available in
downloadable application packages. Creating a new interface
that taps into iBioSim’s sophisticated modeling and simulation
capabilities saves much effort compared to a full overhaul of
the simulation tool.

With this approach, the core functionality of iBioSim is
maintained, that is, the simulation and conversion of genetic
circuits and models. However, there are some features that are
still only accessible from iBioSim’s GUI, such as the ability to
create model environments in SBML using its schematic
editor. In the future, SynBioSuite’s GUI and the iBioSim API
can be extended to restore this functionality. Plans for a plugin
interface are also being discussed, which would allow external
developers to augment SynBioSuite with new functionality.

There are a few limitations that exist in the SynBioSuite
application. The biggest limitation is browser compatibility.
Currently, SynBioSuite is only supported on Google Chrome
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>86 and Opera >72. This is the case because the application
relies heavily on the File System Access API. The File System
Access API is a browser API that provides access to a user’s
local file system, allowing web applications to read and write
files on the user’s device. This API is used to build more
advanced and native-like web applications that can interact
with the file system, rather than being limited to reading and
writing data solely in the browser’s storage or through server
interactions. Currently, a version of SynBioSuite is in
development that allows the application to run with limited
functionality in other browsers. Although this alleviates the
issue slightly, the functionality remaining without file system
access makes the application much less useful. In the future, a
more full-featured solution would involve access to remote file
systems or Git repositories.

Furthermore, as already mentioned, the full capabilities of
iBioSim are not fully represented. Also, the user is required to
open a local directory before creating any designs, while users
may want to simply create a new design and download it. This
functionality is currently only available in the standalone
SBOLCanvas application (https://sbolcanvas.org). Lastly, the
application does not remember recently opened directories,
which would be a convenient feature for future versions.

B METHODS

SynBioSuite was built with React, a JavaScript front-end
framework, and Vite, a build tool. The built application is
deployed with an Azure service called Static Web Apps. This
service leverages global content delivery networks (CDNs) to
serve static web applications. The SBOLCanvas front end is
deployed similarly.

The iBioSim API consists of two components inside a
Docker container: iBioSim (a Java application) and an API
server built with the Express library running with Node.js. The
API is deployed with an Azure service called Container Apps,
which is a serverless implementation for running containerized
applications. Container Apps have advantages over standard
virtual machines because they only incur charges while
processing data and they automatically scale horizontally.
Azure Container Apps also support revisions, which are
essentially snapshots of the application, its container images,
and configuration. The service automatically generates a new
revision each time that changes to the underlying container
image are made, so the deployed service is always up to date.
The Java-based SBOLCanvas back end is deployed similarly.

One caveat with long-running processes like simulations via
HTTP requests is that the client needs to remain open to
receive the response. This is problematic because a user on
SynBioSuite will lose any simulation progress if the page
refreshes or is closed. To circumvent this, a middleman was
implemented using an Azure service called Durable Functions
(DF). DF leverages serverless execution and cloud storage to
keep track of state for long-running operations. When
SynBioSuite sends a request to DF, the request is forwarded
to the iBioSim API, but DF responds immediately with a URL
that SynBioSuite can use to check the status of the operation.
This way, SynBioSuite can simply store that URL locally and
check back in on the simulation whenever the page is
reopened.
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B ASSOCIATED CONTENT

Data Availability Statement

SynBioSuite can be accessed at https://synbiosuite.org. The
source code is available at https://github.com/
MyersResearchGroup/SynBioSuite. The repository provides
four examples with instructions to help with using SynBioSuite
for the first time. The code of the API is open-source, available
on https://github.com/MyersResearchGroup/iBioSim-AP]I,
and released with the Apache 2.0 License. Documentation is
available in the README in the GitHub repository. The
source code for SBOLCanvas can be accessed at https://
github.com/SynBioDex/SBOLCanvas/tree/synbio-suite. The
latest version of iBioSim, including source code, instructions,
and related files, can be found online at https://github.com/
MyersResearchGroup/iBioSim.
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