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Phage λ Decision Circuit
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Stochastic Asynchronous Circuit Model for Phage λ
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Stochastic Asynchronous Circuit Results
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SAC results generated in only 7 minutes.
Kuwahara et al., Computational Methods in Systems Biology (2005)

Kuwahara et al., Transactions on Computational Systems. Biology (2006)
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Systems Biology Versus Synthetic Biology

Drew Endy
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Synthetic Biology Startups

These 33 Synthetic Biology Companies
Raised More Than $900 Million in 2016
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Synthetic Biology Startups
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Synthetic Biology Startups

These 33 Synthetic Biology Companies
Raised $925 Million in 2018 Q2
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Reproducibility Crisis

(V. Simonyan, Center for Biologics Evaluation and Research FDA, USA)
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Reproducibility Crisis
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Reproducibility Crisis

An article about computational science in a scientific publication
is not the scholarship itself, it is merely advertising of the
scholarship. The actual scholarship is the complete ... set of
instructions [and data] which generated the figures.

– David Donoho, 1998
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Reproducibility in Synthetic Biology
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Standards to the Rescue

(source https://www.eaglegenomics.com/do-data-standards-really-matter/)
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Word of Warning

(source xkcd.com)
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Proprietary Standards
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Coordination of Standard Development
in Systems/Synthetic Biology

http://co.mbine.org

COmputational Modeling in BIology NEtwork
Tasks and Actions:

Organizes joint standards meetings: HARMONY & the COMBINE Forum
Provides training in application of standards (COMBINE tutorials)
Coordinates standards development
Develops common procedures and tools
Provides a recognized voice
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COMBINE History

  

April 1999
NATO workshop, proposing to create 
a language to encode metabolic models

March 2001
SBML Level 1

July 2004
BioPAX Level 1

August 2001
CellML 1.0, NeuroML

June 2003
SBML Level 2

July 2003
1st SBML hackathon

2005
MIRIAM, SBO, BioModels qualifiers December 2005

BioPAX Level 2

2007
MIASE, KiSAO

August 2008
SBGN PD L1

September 2009
SBGN ER L1, SBGN AF L1

January 2008
Okinawa superhackathon 
SBGN, BioPAX, SBO, MIRIAM
April 2009
Waiheke combined meeting
CellML, SBGN, BioPAX, SBO, MIASE

October 2010
1st COMBINE forum
April 2011
1st HARMONY hackathon

March 2010
SED-ML Level 1

July 2010
BioPAX Level 3

October 2010
SBML Level 3

October 2011
SBOL v1

September 2014
COMBINE Archive

July 2015
SBOL v2

March 2013
SBOLvisual v1

2011
Identifiers.org

August 2002
Start of BioPAX project at the 
4st Biopathway consortium meeting

April 2000
Start of SBML at the 
1st “ERATO Kitano” workshop,

October 2005
Start of SBGN project at 
the BioPAX face 2 face meeting

Representation formats Influential meetingsEnabling technologies

2003
libSBML

 2010 Creation of COMBINE

 1999

2006
PaxTools

April 2008
1st SBOL meeting

2006
Decision to create a language for synth biol designs

Myers et al., 2017 Winter Simulation Conference (2017).
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COMBINE Overview
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COMBINE Visualization Standards

Systems Biology Graphical Notation SBOL Visual
(SBGN) (SBOLv)
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COMBINE Visualization Standards

Unified SBGN/SBOLv Diagram
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COMBINE Repositories

http://www.pathwaycommons.org https://synbiohub.org

http://biomodels.net https://models.physiomeproject.org
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Standard Enabled Systems/Synthetic Biology Workflow
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Journal Workflow for Reproducibility
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Invitation

You are invited to join the COMBINE community.

Contact the COMBINE Coordinators or standard editors to join the
appropriate mailing lists.

You are also invited to the upcoming COMBINE Forum:

Boston University
October 8-12
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Synthetic Biology Open Language (SBOL)
Version 1 Released in 2011
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SBOL Visual Version 1 Released in 2013
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SBOL Version 2 Released in 2015

SEE ALSO:

Roehner et al., ACS Synthetic Biology (2014)

Bartley et al., Journal of Integrative Bioinformatics (2015)

Beal et al., Journal of Integrative Bioinformatics (2016)

Cox et al., Journal of Integrative Bioinformatics (2017)
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SBOLv Version 2: Nucleic Acid Glyphs (2017)
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SBOLv Version 2: Molecular Species Glyphs (2017)
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SBOLv Version 2: Interaction Glyphs (2017)
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SBOL Evolution

TATAATAGGATT GATTACAGGGTTAGC CTGATTACAGG ATGGCAGCCT

TATAATAGGATT GATTACAGGGTTAGC CTGATTACAGG ATGGCAGCCT

PromoterRBS CDS Terminator RBS CDS TerminatorPromoter

TATAATAGGATTCCGCAATGGATTACAGGGTTAGCAAATGGCAGCCTGATTACAGGGTTAGCAAATGGCAGCCT

FASTA

GenBank

SBOL 1

SBOL 2

TATAATAGGATTCCGCAATGGATTACAGGGTTAGCAAATGGCAGCCTGATTACAGGGTTAGCAAATGGCAGCCT
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SBOL Version 2.2: Combinatorial Derivations
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SBOL Version 2.2: Design-Build-Test-Learn (Prov-O)

Model	

Design	
Activity	
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Artifact	

Build	
Activity	

Physical	
Artifact	

Test		
Activity	

Experimental	
Data	

Learn	
Activity	
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SBOL Community

128 people from 16 countries
Representing 43 universities and 29 companies and government labs
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Organizations Supporting SBOL

Current support for the development
of SBOL provided by National
Science Foundation Grants
DBI-1356041 and DBI-1355909,
and the Engineering and Physical
Sciences Research Council under
Grant Number EP/J02175X/1.
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ACS Synthetic Biology Recommends Use of SBOL in 2016
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ACS Synthetic Biology SBOL Workflow

AUTHOR

Valid
SBOL

2

Article

SBOL
Repository

Validator/Convertor

GenBank

FASTA
SBOL

GDA Tools

Hillson et al., ACS Synthetic Biology (2016)

Zundel et al., ACS Synthetic Biology (2017)
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libSBOLj Version 2 Released in Late 2015

Other SBOL libraries available for C++, Python, and Javascript
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Software Supporting SBOL

Function SBOL
Name R S V G M 1 2 v
Benchling • •
BOOST • • •
Cello • •
DeviceEditor • • • •
DNAPlotLib • • •
Eugene • • •
Finch • • • • •
GenoCAD • • •
GeneGenie • •
Graphviz • •
ICE • • • • •
iBioSim • • • • • • •
j5 •
MoSeC • • •
Pigeon • •
Pinecone • •
Pool Designer • • •
Proto BioCompiler • • • •
SBOLDesigner • • • • •
SBOLme • •
ShortBol • • •
SynBioHub • • • • •
Tellurium • •
TeselaGen • • • •
TinkerCell • • • • •
VisBOL • • •
VirtualParts • • •

http://sbolstandard.org/software/tools/
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Synthetic Biology Workflow Using SBOL

Myers et al., Biochemical Society Transactions (2017).
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Data Repositories (ICE)

Ham et al., Nucleic Acid Research (2012)
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Data Repositories (SBOLme)

Kuwahara et al., ACS Synthetic Biology (2017)
Includes 28,437 chemical compounds, 6,883 enzyme classes,

9,909 metabolic reactions, and 3,173,238 proteins from 3,908 organisms.
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iGEM Registry of Standard Biological Parts (BioBricks)

http://parts.igem.org
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International Genetically Engineered Machine (iGEM)
Competition

Started in 2004 with 5 teams and 31 participants.
In 2017: 310 teams with nearly 5400 participants from 44 countries.
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Conversion of the iGEM Registry to SBOL
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Conversion of the iGEM Registry to SBOL
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Additional Features of SBOL

Tractable hierarchical representation of part-subpart relations.
Systematic detection of inconsistencies in parts with SBOL tooling.

Found 521 instances of mis-aligned annotations.
Found 2285 instances of composite BioBricks with inconsistent sequences
with respect to their basic BioBricks.

Builds on standard ontologies, such as the Sequence Ontology.

Enables powerful search queries using Semantic Web technology.

Can convey versioning and rich provenance information via PROV-O.

Enables users of the registry to take advantage of the emerging
ecosystem of SBOL-enabled software tools.
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Data Repositories (SynBioHub)

James McLaughlin
Anil Wipat

Zach Zundel
Chris Myers

Version 1.0 released
June 14, 2017

McLaughlin et al., ACS Synthetic Biology (2018).
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Reference Instance (https://synbiohub.org)

McLaughlin et al., ACS Synthetic Biology (2018).
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NSF Expeditions Living Computing Project
(https://synbiohub.programmingbiology.org)

McLaughlin et al., ACS Synthetic Biology (2018).
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SBOLExplorer (https://synbiohub.utah.edu)
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Sequence Editors (SBOLDesigner)

Zhang et al., ACS Synthetic Biology (2017)
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Sequence Editors (Benchling)

Other sequence editors that support SBOL:
DeviceEditor, J5, VectorEditor (JBEI), DNAPlotLib (MIT/UW/Bristol), Eugene (Boston),

GenoCAD (VBI), BOOST (JGI), etc.
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Circuit GDA Tools (Cello)

Nielsen et al., Science (2016)
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Circuit GDA Tools (iBioSim)

Myers et al., Bioinformatics (2009)
Madsen et al., IEEE Design & Test (2012)

Watanabe et al., ACS Synthetic Biology (2018)
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Model Generation Workflow

Mısırlı et al., ACS Synthetic Biology (2018).
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Data Integration: Cello Part Library

Mısırlı et al., ACS Synthetic Biology (2018).
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Genetic Circuit Construction

Mısırlı et al., ACS Synthetic Biology (2018).
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Genetic Circuit Construction: Rule 30 Example

Mısırlı et al., ACS Synthetic Biology (2018).
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Enriched SBOL Representation: Rule 30 Example

Mısırlı et al., ACS Synthetic Biology (2018).
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Dynamic SBML Model: Rule 30 Example

Mısırlı et al., ACS Synthetic Biology (2018).
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Simulation: Rule 30 Example

Mısırlı et al., ACS Synthetic Biology (2018).
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More Information

Standards are an important enabler for data sharing and reproducibility.

Ultimate goal should be a complete standard-enabled workflow.

Much more information is available from:
http://www.sbolstandard.org/.

Check out the SBOL Standard Youtube channel.

SBOL is also on Facebook, Twitter, and Vimeo.
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