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Phage A Developmental Pathways
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Phage A Decision Circuit

A “switch”
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Stochastic Asynchronous Circuit Model for Phage A
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Kuwahara et al., Computational Methods in Systems Biology (2005)
Kuwahara et al., Transactions on Computational Systems. Biology (2006)
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Stochastic Asynchronous Circuit Results
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Systems Biology Versus Synthetic Biology

i

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

These Synthetic Biology Companies Raised $1.7B in 2017 5 Synbiobeto
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Synthetic Biology Startups

Synthetic biology companies raised over $650 million in Q1 2018
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Synthetic Biology Startups

Funding for Synthetic Biology Companies - Q2 2018 5synbiobeto
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Reproducibility Crisis

HAVE YOU FAILED TO REPRODUCE
AN EXPERIMENT?

Most scientists have experienced failure to reproduce results.

® Someone else’'s & My own

Chemistry
Biology [

Physics and
engineering |

Medicine

0 20 40 60 80 100%

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

PWI Motivation

US$56.4B Categories of Preclinical Irreproducibility

Irreproducible US(;Z):‘)Z B .
Study
Design
(27.6% of total)

Data Analysis
and Reporting
(25.5% of total)

Reproducible US;;;)Z B i p——

Laboratory
Protocols

(10.8% of total)
A\ J

Estimated US Annual Preclinical

Research Spend
Fig2.

Note thatthe p g for
i &
Dataset). Source: Chakma etal. [18] and th

rror rat s1
of 19].

doi:10.137ournal pbio. 1002165.6002
Holub P., Zanetti G., Miiller H. * PWI on

* ISO TC276 WGS, Seoul, 2017-05-10 3/16
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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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® 2011 Nature America, Inc. All rights reserved.

Reproducibility in Synthetic Biology

Essential information for synthetic DNA sequences

To the Editor:

Following a discussion by the workgroup
for Data Standards in Synthetic Biology,
which met in June 2010 during the Second
‘Workshop on Biodesign Automation in
‘Anaheim, California, we wish to highlight
a problem relating to the reproducibility
of the synthetic biclogy literature. In
particular, we have noted the very small
number of articles reporting synthetic
gene networks that disclose the complete
sequence of all the constructs they
describe.

To our knowledge, there are only a few
examples where full sequences have been
released. In 2005, a patent
application’ disclosed the
sequences of the toggle
switches published four
years earlier in a paper by
Gardner et al.%, The same
year, Basu et al.” deposited
their construct sequences
for programmed pattern
formation into GenBank®,
Examples of synthetic DNA
sequences derived from
standardized parts that
have been made available
in GenBank include the
refactored eenome of the bacteriophage

gaps between key components are almost
never reparted, presumably because they
are not considered crucial to the report.
Yet, synthetic biology relies on the premise
that synthetic DNA can be engineered with
base-level precision.

Missing sequence information in papers
hurts reproducibility, limits reuse of past
work and incorrectly assumes that we
know fully which sequence segments are
important. For example, many synthetic
biologists are currently realizing that
translation initiation rates are dependent
on more than the Shine-Dalgarno
sequence®. Sequences upstream of the
start codoen are crucial for
translation rates, yet are
underreported. Similarly, it
has been demonstrated that
intron length can affect
the dynamics of genetic
oscillators®, Many more
such examples are likely to
emerge.

Because full sequence
disclosure is critical,
we wonder why the
common requirement
by many journals to
provide GenBank entries
for eenomes and natural secuences has

A Standar

Enabled Workflow

and welcome contributions from the
greater community.

COMPETING FINANCIAL INTERESTS
The authors declare no competing financial
interests.

Jean Peccoud', ] Christopher Anderson’,
Deepuk Chandran’, Douglas Densmore!,
Michal Galdzicki®, Matthew W Lux!,
Cesar A Rodrigues®, Guy-Bart Stan’ &
Herbert M Sauro”

! Virginia Bioinformatics Institute, Virginia
Tech, Blacksburg, Virginia, USA. 2Department
of Bioengineering, QB3: California Institute for
Quantitative Biological Research, University
of California, Berkeley, California, USA.
*Department of Bioengineering, University

of Washingtor, Seattle, Washington, USA
“Department of Electrical and Computer
Enginering, Boston University, Boston,
Massachusetts, USA *Biomedical and Health
Informatics, University of Washington,
Seattle, Washingion, USA. "BIOFAB,
Emerypville, California, USA. “Department

of Bivengineering and Centre for Synthetic
Biology and Innovation, mperial College
Lomdaon, London, UK,

e-mail: peccoud@vt.edu

Gardner, T.5. & Collins, 1. US patent 6,841,376
(2008},

a

Gardner, T.8., Cantar, C.R. & Collins, 1.J. Nature
403, 335-342 (2000).
Basu, §., Gerchman, Y., Collins. C.H., Amold, F.H.

£msice B Matees 434 11200112 (300K

w




Standards to the Rescue

Unfortunately
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Word of Warning

HOW STANDARDS PROUFERATE:
(682 A/C (HARGERS, (HARACTER ENCODINGS, IN STANT MESSAGING, ETC)

M?! RIDICULOUS!

WE NEED To DEVELOP
SITUATION: || SEUVERAL SRR | | GiTUATION:
THERE ARE USE. CASES. VERH! THERE ARE
4 COMPETING ‘O || 15 coreeninG
STANDPROS STANDPROS

)

(source xkcd. com)
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HOW DID THE
INDUSTRY STANDARDS
MEETING GO?

Chris J. Myers (University of Utah)

Proprietary Standards
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DID YOU CONVINCE
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Coordination of Standard Development

in Systems/Synthetic Biology

=*mbi

http://co.mbine.org

@ COmputational Modeling in Blology NEtwork
@ Tasks and Actions:

o 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

Enabling technologies Representation formats

March 2001
SBML Level 1

August 2001
CellML 1.0, NeuroML

2003 June 2003

libSBML SBML Level 2

July 2004

2005 BioPAX Level 1

MIRIAM, SBO, BioModels qualifiers December 2005
2006

PaxTools BioPAX Level 2

2007
MIASE, KiSAO

August 2008

SBGN PD L1

September 2009

SBGN ER L1, SBGN AF L1

March 2010

SED-ML Level 1

July 2010

BioPAX Level 3

October 2010

2011 SBML Level 3

Identifiers.org October 2011

SBOL vl

March 2013

September 2014 SBOLvisual v1
COMBINE Archive

July 2015

SBOLv2

Influential meetings
April 1999

NATO workshop, proposing to
alanguage to er
April 2000
Start of SBNV

tthe
1% “ERATO Kitano” workshop,

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

July 2003
1% SBML hackathon

October 2005

Decision o cr for
January 2008

Okinawa superhackathor

SBGN, BioPAX, SBO, MIRIAM
April 2009

Waiheke combined meeting
CellML, SBGN, BioPAX, SBO, MIASE

alangu

biol designs

April 2008
1% SBOL meeting

Creation of COMBINE

October 2010

1% COMBINE forum
April 2011
1¥ HARMONY hac

athon

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

ce*mbline ARCHIVE
KNOWLEDGE

‘Metadata/
Annotations

RDF o
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COMBINE Visualization Standards
T IRV
} }
Tj Tt Tft)R ? IPTG-Lacl

)_® . Lacl
\ % ‘i‘ J QTQI‘ lacl j

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

|
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Unified SBGN/SBOLv Diagram
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COMBINE Repositories

SynBioHub OSwmt OMou ESumissons O
SynBioHub
Pathway Commons
inter e Search for useful parts and designs
° =
=3

Upload your design for safekeeping

Apps =
Search PCViz
Names or gene IDs (e.g. 'glycol P53 Qa Gane IDs (6.g. 'MDM2 TP53) Q ‘Share designs for publication or collaboration
http://www.pathwaycommons.org https://synbiohub.org

#

72 BioModels Database —

Repressltor Reporter

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

SyhtheticBiology

L
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GBML s
'%}:{NeuroHL] E;]i
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@ 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

nature

biotechnology

Home | Currentissue | News & comment | Research | Archive ¥ | Authors & referees ¥ | About the journal

home » archive » issue » i biology » ive » full text
NATURE BIOTECHNOLOGY | COMPUTATIONAL BIOLOGY | PERSPECTIVE o =
BEEEH

The Synthetic Biology Open Language (SBOL)
provides a community standard for communicating
designs in synthetic biology

Michal Galdzicki, Kevin P Clancy, Ernst Oberortner, Matthew Pocock, Jacqueline Y Quinn,
Cesar A Rodriguez, Nicholas Roehner, Mandy L Wilson, Laura Adam, J Christopher Anderson,
Bryan A Bartley, Jacob Beal, Deepak Chandran, Joanna Chen, Douglas Densmore, Drew
Endy, Raik Griinberg, Jennifer Hallinan, Nathan J Hillson, Jeffrey D Johnson, Allan Kuchinsky,
Matthew Lux, Goksel Misirli, Jean Peccoud, Hector A Plahar, Evren Sirin, Guy-Bart Stan, Alan
Villalobos, Anil Wipat, John H Gennari, Chris J Myers & Herbert M Sauro

- Show fewer authors

I C 1s | Cor g author

Nature Biotechnology 32, 545-550 (2014) | doi:10.1038/nbt.2891
Received 09 November 2013 | Accepted 20 December 2013 | Published online 06 June 2014
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SBOL Visual Version 1 Released in 2013

@. PLOS | BIOLOGY

SBOL Visual: A Graphical Language for
Genetic Designs

Jacqueline Y. Quinn'®, Robert Sidney Cox IlI>, Aaron Adler®, Jacob Beal®,

Swapnil Bhatia®, Yizhi Cai®, Joanna Chen®’, Kevin Clancy®, Michal Galdzicki®, Nathan

J. Hillson®7, Nicolas Le Novére'®, Akshay J. Maheshwari'!, James Alastair McLaughlin'?,
Chris J. Myers'?, Umesh P'%, Matthew Pocock'2%, Cesar Rodriguez'®, Larisa Soldatova'’,
Guy-Bart V. Stan'®, Neil Swainston'®, Anil Wipat'?, Herbert M. Sauro®**

BBa_F2620

BBa_R0040 BBa_B0015 BBa_R0062

l_) BBa BO034 gga_coos2 T l_)
2 —D

BBa_B0015

BBa_B0010  BBa_B0012

T T
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SBOL Version 2 Released in 2015

ACS . . Research Article
Sy nt h et I C B | O | O g y pubs.acs.org/synthbio

Sharing Structure and Function in Biological Design with SBOL 2.0

Nicholas Roehner, ™" Jacob Beal,” Kevin Clancy,§ Bryan Bartley,J' Goksel Misirli, Raik Gri.i.nberg,q'
Emst Oberortner,” Matthew Pocock,” Michael Bissell,® Curtis Madsen,” Tramy Nguyen,

Michael Zhang™ Zhen Zhang™® Zach Zundel, & Douglas Densmore, John H. Gennari,® Anil Wipat,"
Herbert M. Sauro,™ and Chris J. Myers™

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)

Nucleic Acid Glyphs

— ;. . —
7| = Il D 2|l O] =
Aptamer Assembly Blunt Restriction ~ (recommended) (alternate) Composite Engineered 3 Overhang
Scar Site CDs CDs Region Sticky End
r \ s N N “
= || || Y| O [1 || o] = L
5" Overhang 3 Sticky 5 Sticky Non-Codin i il
Sticky End Restriction Site Restriction Site Insulator No Glyph RNA 9 Omitted Detail Operator
s N s . N\ N N\
@) T || A || =~ r (&) xJ >
L L L J J \
ORI ORT Poly-ASite  Primer Binding Promoter  Ribosome Entry  gjgnapye  Recombination
Site Site Site
s N \ s N \ s s ~
Terminator (recommended) (alternate) ( ded) (1 ded)  ( ) (alternate) (alternate)
Unspecified Unspecified DNA Location RNA Location ~ Protein Location DNA Location RNA Location
s N\ N e s N e
L ? L
(alternate) DNA RNA Protein DNA RNA Protein
Protein Location ~ Cleavage Site Cleavage Site Cleavage Site ~ Stability Element ~ Stability Element  Stability Element

Enabled Workflow CMSB 2018 / Sept. 14, 201



SBOLv Version 2: Molecular Species Glyphs (2017)

Molecular Species Glyphs

\

=3

=

. 7 7 . 7 J
Nucleic Acid Nucleic Acid (recommended) (alternate)
(1-Strand) (2-Strand) Small Molecule Unspecified Unspecified

Chris J. Myers (University of Utah)
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r \ N\ \ \ N\
J [ J [ \ J [ J [ ]
Superpose (alternate) (recommended) (alternate) No G Nucleic Acid
Glyphs Complex Complex Macromolecule  Macromolecule o Glyph (Generic)
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SBOLv Version 2: Interaction Glyphs (2017)

Interaction Glyphs

— =] ===

Control Degradation Inhibition Process Stimulation

Chris J. Myers (University of Utah) A Standard-Enabled Workflow CMSB 2018/ Sept. 14, 2018



SBOL Evolution

TATAATAGGATT GATTACAGGGTTAGC

st [ o D T ald T

Promoter cDS Promoter cDS
GenBank TATAATAGGATI-GAWACAGGGWAG(-CTGAWA-GWAGCA-

FASTA TATAATAGGATTCCGCAATGGATTACAGGGTTAGCAAATGGCAGCCTGATTACAGGGTTAGCAAATGGCAGCCT

Chris J. Myers (University of A Standard-Enabled Workflow CMSB 2018 / Sept. 14, 20



SBOL Version 2.2: Combinatorial Derivations

~/ Overview
B -]
PBAD PHIyIR RES AmtR Ter
[ ] ® Combinatorial Design Variants: RBS
Wmrcpezy | B
Derivation strategy = None a
Derivation display ID RBS_CombinatorialDerivation
Derivation name
Derivation description
Variant count (5)
Type Display Id Name version Description
Part AL AL 1
Part Bl Bl 1
Part E1 E1 1
Part R1 R1 1
Part B3 B3 1
Add Variant Remove Variant Add new Combinatorial Derivation | Save |
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SBOL Version 2.2: Design-Build-Test-Learn (Prov-O)

Model ‘
7 ~
- N
Learn Design
M Activity Activity
w! z —
o 1 \
102 \\\
v
y N
Experimental Design
Data Artifact
% Y P, ».3 YR
44 parts. ke i
[N ) % PRI ey °.
\ PuaPra PO Pug SO P B/ PuPu W PaoPm ATR
\ y
\ /
\ v
Test Build
Activity Activity
~ Physical <
Artifact
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SBOL Community

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

[ EPSRC

( Engineering and Physical Sciences

(~ Research Council

bel

Jm SEnergy Instin

National Human

- BioDesign

*‘””"H Sanome Research Automation -3 Agient Technologies
Consortium
A ) )
PAN {\ AUTODESK. CLARK®PPARSIA i
DNA 20
0 f Raytheon  teselagen
Genome Compiler - BBN Technologies  sorcmosr
technologies
ThermoFisher " BOSTON |l E e
SCIENTIFIC B§rkgle> Lnﬁd(m g
Newcastle ne ; w == !
University UMERSITY UNIVERSITY of ",’}| "1
WASHINGTON  aTETagv]

ECoSBi 1(Ce)S
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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

pubs.acs.org/synthbio

S)’}%StheticBiology

Improving Synthetic Biology Communication: Recommended
Practices for Visual Depiction and Digital Submission of Genetic
Designs

Nathan J. Hillson,*’f’i’g”“ Hector A. Plahar,f’i'" Jacob Beal,*'J‘ and Ranjini Prithviraj#

"Fuels Synthesis and Technology Divisions, DOE Joint BioEnergy Institute (JBEI), Emeryville, California 94608, United States
*Biologiml Systems and Engineering Division, Lawrence Berkeley National Lab, Berkeley, California 94720, United States
SDOE Joint Genome Institute, Walnut Creek, California 94598, United States

ISynthetic Biology Engineering Research Center, Emeryville, California 94608, United States

lRaytheon BBN Technologies, Cambridge, Massachusetts 02138, United States

*ACS Synthetic Biology, American Chemical Society, Washington, D.C. 20036, United States

ABSTRACT: Research is communicated more effectively and reproducibly =
when articles depict genetic designs consistently and fully disclose the
complete sequences of all reported constructs. ACS Synthetic Biology is now
providing authors with updated guidance and piloting a new tool and
publication workflow that facilitate compliance with these recommended
practices and standards for visual representation and data exchange.

I_smnm

Compliant "
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ACS Synthetic Biology SBOL Workflow

Validator/Convertor =S

l SyntheticBiology

N —~—
GenBank - -ﬂ'{’“

GDA Tools % Article

AUTHOR

Hillson et al., ACS Synthetic Biology (2016)
Zundel et al., ACS Synthetic Biology (2017)
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libSBOL|j Version 2 Released in Late 2015

IEEE
& Life Sciences Letters

Received 3 December 2015; accepted 27 February 2016. Date of publication 24 March 2016;
date of current version 14 April 2016.

Digital Object Identifier 10.1109/LLS.2016.2546546

libSBOLj 2.0: A Java Library to Support SBOL 2.0

ZHEN ZHANG', TRAMY NGUYEN', NICHOLAS ROEHNER?, GOKSEL MISIRLI,
MATTHEW POCOCK*, ERNST OBERORTNER®, MEHER SAMINENI', ZACH ZUNDEL',
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Other SBOL libraries available for C++, Python, and Javascript
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Software Supporting SBOL

Function SBOL
Name R S \ G M 1 2 v
Benchling . .
BOOST . . .
Cello . .
DeviceEditor . . . .
DNAPIotLib . . .
Eugene . . .
Finch . . . . .
GenoCAD . . .
GeneGenie . .
Graphviz . .
ICE . . . . .
iBioSim . . . . . . .
5 .
MoSeC . . .
Pigeon . .
Pinecone . .
Pool Designer . . .
Proto BioCompiler . . . .
SBOLDesigner . . . . .
SBOLme . .
ShortBol . . .
SynBioHub . . . . .
Tellurium . .
TeselaGen . . . .
TinkerCell . . . . .
VisBOL . . .
VirtualParts . . .

http://sbolstandard.org/software/tools/

Chris J. Myers i i A Standard-Enabled Workflow CMSB 2018/ Sept. 14, 2018


http://sbolstandard.org/software/tools/

Synthetic Biology Workflow Using SBOL

*{%F- SynBioHub

ibeir sBoLme

public

2xml versior

rdf:RDF xml

<sbol :Modu
<sbol:persisten
<sbol:displayId
<sbol:role rdf
<sbol:functiona
<sbol:Functio

<sbol:persi —
. R <sbol:displ
Data Repositories <sbol:defin L —
SB® I. Circuit GDA
Cello, iBioSim

Sequence Editors
SBOLDesigner, DNAplotlib

Myers et al., Biochemical Society Transactions (2017).
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Create Entry

M ﬂ‘-

LIVING COMPUTING

# Featured
Personal
Shared
Drafts

Pending Approval

PLASMID

o
O pusmo
O s
O s
[ JETES
O s
0 s
O s
O s
O sman
O sman
O sman
O sman
O sman

IiTE]

Data Repositories

SEARCH

Lop_000117 PGOP35_pSB103-130p-minCMV-GFP-RBGPA
The 2016 Boston IGEM team designed a et of mutualy arthogorna
LoP_000116 PGOP30_pSB1C3-g80p-minCMV-GFP-RBGPA
The 2016 Bostonl GEM team designed sa of mutual othogonal
LoP_000115 PGOP25_pSB1C3-g30p-minCMV-GFP-RBGPA
The 2016 Bosiont IGEM team designed a set of mutually orhogonl,
LoP_000079 PGOP110_pSB1G3-g130p_mismatch_1bp_oc10-minCM.
The 2016 Bostont IGEM team designed a set of mutualy orthogona
Lop_000078 PGOPY0_pSB1C3-130p_3multi_24bp-minCMV-GFP-RE.
The 2016 Bostont IGEM toam designed a ot of mutualy rhogonsl
Lop_a00077 PGOPE5_pSB1C3_g130p-2-mult-240p_minCMV_GFP_R.
Tho 2016 Bostont IGEM toam dosigned st of mtusly ohogona
Lop_000076 PGOP23_pSB1C3_g10p_min-CMV_GFP_RBG-A
The 2016 Bostnt GEM toam designed st of mutualy rhogona
LoP_000074 PGEX108_pSB1C3_nUS g6 SP-Cas9-gANA-soaffold-AB..
Thispart produces  gude ANA that pals with an operator. Ths bas,
LoP_000073 PGEX103_pSB1C3_nUS g1_SP-Cass-gRNA-scaffold-RE. .
Thispar produces  gude ANA that pals ithan operator. This bas,
LoP_000072 Aasarmbly 1 Recombiase. Lovel
Love  forassembiy &
LoP_000071 ofp_pich41276.gi
MoGlo leve  part
Lop_000070 19901 p-ag-bxbip-gttp30Tp-tc-eg
LovelO par.
Lop_000069 ipichd1268-do
v O part.
LoP_000068 oxbio-gt_cd

MoCio leve 0 part

pooooooooaaaad

Administrator

Dec2, 2016

Dec2, 2016

Dec2, 2016

Nov 28,2016

Nov28, 2018

Nov28, 2018

Nov28, 2018

Nov 18,2016

Nov 18,2016

Nov 15,2016

»>

Nov 15,2016

»

@ B8 8 8 8 9 9 8 8 4 9 & 9 4

Nov 15,2018
Nov 15,2018
Nov 15,2016

© JBEI ICE Registry ()
Allrights reserved.
Submit an lssue | Help

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

COMPUTATIONAL
BIOSCIENCE RESEARCH SBOLme
CENTER pository of SBOL parts for i

\\E‘ ) King Abdullah University of
&S ScenceandTechnology

Query ~ Catalog Information  About

SBOLme is a repository of SBOL 2.0-compliant metabolic parts for metabolic engineering. Here, you can search for these biological parts from the SBOLme repository with
convenient criteria for composing biosynthesis systems.

Searchfor
Compound v l
Filter By
Compound name or ID ~ With this query, you can search for a
compound by its name or its IDs. The
acceptable IDs are the KEGG compound
Value IDs and the SBOLme compound IDs.
m » -
SBOLme ID KEGGID Name
ME_R00006 RO0006 2- pyr Iyase (car

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.

Myers (University of Utah) rd-Enabled Workflow CMSB 2018 / Sept. 14, 2018



Registry of Standard Biological Parts
x@ tools catalog repository assembly protocols help search FE——— ) B

The Registry’s Repasitory contains thousands of documented
parts with available DNA samples. Last year, IGEM teams
submitted samples for over 2000 parts.

Be sure to.add your parts and send samples to the Registry so

that they can be made available to the community!

Featured Part Catalog

The IGEM Registry has over 20,000 documented

Cellulose Collection parts. The Catalog organizes many of these parts by

Group: Team Imperial 2014, and others part type, chassis, function, and more. Browse for
The 2014 Imperial iGEM team created a bacterial [ — parts through the Registry Catalog or use the search
cellulose filter for their Aqualose project. They . menu.

wanted to produce flexible, and pollution-specific
filters 1o aid in water sanitation. They created a set of
well-documented cellulose binding domains, paired
with reporter genes (GFP) and metal binding
domains. .

——
=
E

2017 DNA Distribution

The IGEM 2017 DNA Distribution has started
shipping! We've added some new material this year,
50 be sure to read through the 2017 Distribution
Handbook for storage instructions and how to use
your kit!

Many other teams have also worked with cellulose,
s0 check out the cellulose related parts collection.

http://parts.igem.org

Chris J. Myers ( A Standard-Enabled Workflow CMSB 2018 / Sept. 14, 20
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International Genetically Engineered Machine (iGEM)
Competition

7 v e

Started in 2004 with 5 teams and 31 participants.
In 2017: 310 teams with nearly 5400 participants from 44 countries.

Chris J. Myers (University of Utah) A Standard-Enabled Workflow CMSB 2018/ Sept. 14, 2018



International Genetically Engineered Machine (iGEM)
Competition

7 v e

Started in 2004 with 5 teams and 31 participants.
In 2017: 310 teams with nearly 5400 participants from 44 countries.
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International Genetically Engineered Machine (iGEM)
Competition

7 v e

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
(Gl - SBOL

Chris J. Myers (University of Utah) A Standard-Enabled Workflow CMSB 2018/ Sept. 14, 2018



Conversion of the IGEM Registry to SBOL
(Gl - SBOL

Part:BBa_F2620:Design \
Designed by: Barry Canton [bcanton@mit.edu] and An . agm
ComponentDefinition

30CgHSL -> PoPS Receiver

R%%ERJ luxr lux pR
40 BO034 CO062 B0O15 RO062

Chris J. Myers (University of Utah) A Standard-Enabled Workflow CMSB 2018/ Sept. 14, 2018



Conversion of the IGEM Registry to SBOL
(Gl - SBOL

38,365 ComponentDefinitions
BioBrick Parts ———

Chris J. Myers (University of Utah) A Standard-Enabled Workflow CMSB 2018/ Sept. 14, 2018



Conversion of the IGEM Registry to SBOL

i(G(E] > S

38,365 ComponentDefinitions

>BBa_F2620 Part-only sequence (1061 bp)

tecctateag bt bkt tact tact Fp—
+ taatt aaagcttgt taatgatatt: tntc|.gltltglctllla_ggtuclttgtgaatnl
tatttact tggtt tctgatatt taattaccct
nttkslklllutllgutcctatagtaguttatI.ctlu:t:::lskclttclccauLI.aal.l.qglalstltltgllslclltgclgtulu_lalmt_ctcc
tgtaatt ggtcttatcactgggtttagtttcoctattcat tt tgcttagttttgoacat
t tagatagtttatttttacatgegtgt ttaattgttccttctctagttgataattatcgaaaaataaata
tagcaaataataaat tt tgt tottgggat tt
aggttgoagtgagegtactgtcactttccatttaaccaat gaaactcaat tatttct ttttaaca
ggagcaattgattgoccatactttasasattastascactgat tcactact t g
gaaagactgggoctttcgttttatctgtigtitgtoggt tctctact tctgogtttatata
tt tggtttgttat. taaa

Sequence

Enabled Workflow



Conversion of the IGEM Registry to SBOL
(Gl - SBOL

I I 38,365 ComponentDefinitions
BioBrick Parts . 36,595 Sequences
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Conversion of the IGEM Registry to SBOL
(Gl - SBOL

38,365 ComponentDefinitions
Part:BBa_F2620:Design — 36,595 Sequences

Designed by: Barry Canton [bcanton@mit.edu) and An

30CgHSL -> PoPS Receiver

E{((‘JEDER:! luxr lux pR
40 BO034 CO062 BOO15 RO062

Components

Chris J. Myers (University of Utah) A Standard-Enabled Workflow CMSB 2018/ Sept. 14, 2018



Conversion of the IGEM Registry to SBOL
(Gl - SBOL

I I 38,365 ComponentDefinitions
BioBrick Parts . 36,595 Sequences

BioBrick Uses » 70,493 Components

Chris J. Myers (University of Utah) A Standard-Enabled Workflow CMSB 2018/ Sept. 14, 2018



Conversion of the IGEM Registry to SBOL

i(G(E ~ SBOL

2Q 2RE MAamnanantDAfinitiane

Subparts | Ruler | 88 | DS Length: 1061 bp View plasmid ) Get part sequenca.
1 100 200 300 400 500 600 700 | BOO 900 |1 , 1.1k
—-—
RO040 Co062 B0015 RO062
L3 L] -— L3
-35 B0034 B0010  BOO1Z .35
. L] [ J
prefix Stop <10
o . T
-10 luxR LuxR/MHSL
e A A [ =
TelR 1 T A Help:Barcodes TTTE
i o TR
TetR 2 PolyA
-
SequenceAnnotations

A Standard-Enabled Workflow CMSB 2018 / Sept. 14, 2018
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Conversion of the IGEM Registry to SBOL
(Gl - SBOL

I I 38,365 ComponentDefinitions
BioBrick Parts . 36,595 Sequences

BioBrick Uses » 70,493 Components

BioBrick Features 113523 SequenceAnnotations

Chris J. Myers (University of Utah) A Standard-Enabled Workflow CMSB 2018/ Sept. 14, 2018



Conversion of the IGEM Registry to SBOL

4&‘ N o VN

iGEM Part/Feature Type SequenceOntology (SO) Term
Coding CDS (S0:0000316)

E Device Engineered Region (S0:0000804)

E Primer Primer (S0:0000112)

E Protein Domain Polypeptide Domain (SO:0000417)
RBS Ribosome Entry Site (SO:0000139)
Regulatory Promoter (SO:0000167)

Tag Tag (S0:0000324)
Terminator Terminator (SO:0000141)
elfc. etc.

Chris J. Myers (University of Utah) A Standard-Enabled Workflow CMSB 2018 / Sept. 14,2018



Conversion of the IGEM Registry to SBOL
(Gl - SBOL

I I 38,365 ComponentDefinitions
BioBrick Parts . 36,595 Sequences

BioBrick Uses » 70,493 Components

BioBrick Features — | 113,523 SequenceAnnotations

Sequence Ontology (SO)

27 Part/ 20 Feature Types (includes 2817 terms)

Chris J. Myers (University of Utah) A Standard-Enabled Workflow CMSB 2018/ Sept. 14, 2018



Conversion of the IGEM Registry to SBOL
(Gl - SBOL

Page Header i

Login to edit

Part Name BBa_F2620

‘Short Description 30CgHSL -> PoPS Receiver

PPart Type Signalling -|'E

Nickname S

. ) M e

" ONAStatus Avaiable

Qualitative Experience Works

‘Group Favorite

‘Star Rating 1

Delete This Part Not Deletsd

\ Dublin Core/iGEM Annotations

Chris J. Myers (University of Utah) A Standard-Enabled Workflow CMSB 2018/ Sept. 14, 2018



Conversion of the IGEM Registry to SBOL
(Gl - SBOL

L I 38,365 ComponentDefinitions
BioBrick Parts 36,595 Sequences

—

BioBrick Uses » 70,493 Components

BioBrick Features — | 113,523 SequenceAnnotations

Sequence Ontology (SQO)

27 Part/ 20 Feature Types (includes 2817 terms)

Additional metadata —————————— Dublin Core / iGEM annotations

Chris J. Myers (University of Utah) A Standard-Enabled Workflow CMSB 2018/ Sept. 14, 2018



Conversion of the IGEM Registry to SBOL
(Gl - SBOL

L I 38,365 ComponentDefinitions
BioBrick Parts 36,595 Sequences

—

BioBrick Uses » 70,493 Components

BioBrick Features — | 113,523 SequenceAnnotations

Sequence Ontology (SQO)

27 Part/ 20 Feature Types (includes 2817 terms)

Categories

Hclassicisignallingireceiver — Dublin Core / custom annotations

HMfunction/celisignalling
\ Collections

Chris J. Myers (University of Utah) A Standard-Enabled Workflow CMSB 2018/ Sept. 14, 2018



Conversion of the IGEM Registry to SBOL
(Gl - SBOL

L I 38,365 ComponentDefinitions
BioBrick Parts 36,595 Sequences

—

BioBrick Uses » 70,493 Components

BioBrick Features — | 113,523 SequenceAnnotations

Sequence Ontology (SQO)

27 Part/ 20 Feature Types (includes 2817 terms)

Additional metadata ——————— Dublin Core / custom annotations

Categories —— = 372 Collections

Chris J. Myers (University of Utah) A Standard-Enabled Workflow CMSB 2018/ Sept. 14, 2018



Additional Features of SBOL

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

e Found 521 instances of mis-aligned annotations.
e 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.

Chris J. Myers (University of Utah) A Standard-Enabled Workflow CMSB 2018/ Sept. 14, 2018



Data Repositories (SynBioHub)

SynBioHub OSubmit OAbout = Submissions O

Newcastle

SynBioHub ) University

SynBioHub is a design repository for people designing biological constructs. It J ames M C Lau g h | i n
enables DNA and protein designs to be uploaded, then provides a shareable link to
allow others to view them. SynBioHub also facilitates searching for information about An I | WI pat

existing useful parts and designs by combining data from a variety of sources.

Search for useful parts and designs THE
R les] UUNIVERSITY

OF UTAH®
Zach Zundel
Upload your design for safekeeping Ch riS Mye rs

‘Submit a Design

Version 1.0 released

Share designs for publication or collaboration JU ne 1 4 201 7
’

Manage Submissions.

McLaughlin et al., ACS Synthetic Biology (2018).

Chris J. Myers (University of Utah) A Standard-Enabled Workflow CMSB 2018/ Sept. 14, 2018



Reference Instance (https://synbiohub.org)

’:.Z- SynBioHub & Submit @ About = Submissions % Admin &

Advanced Search | Create Collection | SPARQL

Bacillus subtilis Collection A

version 1 BacillOnd
This collection includes Information about promoters, operators, CDSs and proteins from Baclllus subtills. Functional interactions

such as transcriptional activation and repression, protein various protein-pr X

IGEM Parts Registry
version 1 {

The IGEM Registry Is a growing collection of genetic parts that can be mixed and matched to build synthetic biology devices and systems. As
part of the synthetic biology community's efforts to make biology easier to engineer, It provides a source of genetic parts to IGEM teams and
‘academic labs.

IGEM 2017 Distribution
version 1 H

Distribution of parts for the 2017 IGEM competition

SBOL Compliant Software
version 1 SB@ I_mn
ompliant

A supports the Sy Biology Open L. ) standard

] nthetic Biolog ACS . -
2 e sy S{fitheticBiolog

McLaughlin et al., ACS Synthetic Biology (2018).

A Standard-Enabled Workflow CMSB 2018 / Sept. 14, 20


https://synbiohub.org

NSF Expeditions Living Computing Project

(https://synbiohub.programmingbiology.orq)

Einr e ©Submit  ©About % SharedwithMe = Submissions ¢ Admin (5 Profile @ Sign Out

f;'y:;:y‘\xﬁcduccd v Phoe&
Cello Parts
dce!

These are the Cello parts

LCP Collection
version 1 m'\/%

Dosigns created as part of the NSF Expeditions Living Computing Projoct.

::\:‘::?amme v Phoi%%

Samplo parts used in Phoenix

Cello_VPRGeneration_Paper
version 1 CELL

A wero

a ign. The
simulation rosult s plotted from BIoSim and a plot of the resultis also found in each circults collection.

McLaughlin et al., ACS Synthetic Biology (2018).

Chris J. Myers (University of Utah) A Standard-Enabled Workflow CMSB 2018 / Sept. 14,2018


https://synbiohub.programmingbiology.org

SBOLExplorer (https://synbiohub.utah.edu)

[ e
| u 8 P D/TLARH? ITY & Submit @About ¥ SharedwithMe = Submissions & Admin  D@Profile  ® Sign Out

Q RBS Search

Advanced Search | Greate Gollection | SPARGL
Showing 1 - 50 of 4982 result(s)
12345 Next

BBa_B0034
version 1

RBS (Elowitz 1999) — defines RBS efficiency

BBa_B0064_rbs
version 1

BBa_B0030
version 1

RBS.1 (strong) -- modified from R. Weiss

BBa_B0032

version 1

VAV AV A

RES.3 (medium) — derivative of BBa_0030

Chris J. Myers (University of A Standard-Enabled Workflow CMSB 2018 / Sept. 14, 20
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Sequence Editors (SBOLDesigner)

e0e SBOLDesigner v3 - NSFSiteDemo.sbol
GoOEEBHEE \BD 1 P86 sz 2L BN i}
 v2_circuit_0x78_2_A1_Am®R / Overview
Design |
PBAD pHIyIR Bydy) AL AmiR L352P55

Parts.

O oD T — @w 0 @ =~ v ~ = u @B I = = ¢ m p>pIlag ¢ ¢ 3 %

Gen Po RS DS | Ter i gRNA| O OrT B  CUTS| CUT3 Scr  Op  ns | GRS | SOH | 30H APT | PoyA SRS NGA | Sig | 85 Jun | AA  ReRs

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

Projects
Syniotub Transters

NOTEBOOK  INVENTORY.

ALAMR
Last mocifed 2 days ago.

Last mocifed 5 nours ago

Test

ocifed 2 doys g0

The Best
Lost mocifed 3 days ago.

al> [+

O The Best ALATR asdAret
sca
- + ausT [poF 8> Q
Ttecos
ORZ-ORT Promater [T
T T T T T T
w» 2 s @ Ey @
GAGT TTCCTRCTTY
2 Byl &
i @ B 100 i) 120 13
B3ATGTTCCCTAATAATC o
ETTACAMGGGATTATTAGTCGTTTCTCCAKTGATCTACCGTCCGGTCAACCAGCAGGCGCAGCAT
> AT AR >
0 15 190 e 180 w0
TGITTAC

CACGTGRCGCAGEACGTCCATTTTTAGGCGCACTTCTTTAAGACCTACGTTCGCGTCTTGACAATG
o s o

T T T T T T
210 2 20 20 20 2%0

TGCAGATGCAGTTGGTAT

TG

A

m 20 20 30 30 2 30

CTGTATTATCATTTTCCGAGCAMAACCGAAATCTTTCTGACCCTGCTGAMMAGEACCGTTGAACCGA
GecTT TITCGTGRCAACTTGGCT

Bases 899

putsamRn_EF puo3ImRm._EF P
UNEARMAP  DESCRITON  METAOATA
- + PE 8-l
The Best (899 bp) .
o1 :
iyt Bstaet
Plet veel _
Hinf Fokt =
ordt gl Kon
At o sant
BSRAL HspET NlaIIr NlaIv °
salt dsan QA aan
ook Fokt Sausét ratt o _
SCAT BtsCl Avall TspRI Hpall Saudsl =
atslwer  xm Blall  Tschl| My Accést
kv s Bkl Btsmwuts Olol Pstl .
EL  BUAL Bk sl Esgr Mepr Bba
{ahl oral gacdt GIYE | Begl  phl HinFI s
incHi| Mol Aoolf Bsr  BRITI | il el |AleTsacct °
ALl BT, Bfal GeI|  %anI|Besc Alul|  ALWISSDL Apall
100 200 300 400 500 600 700 800 *
et T
ASSEMBLY WiZARD ~ | SPLIT WORKSPACE

Other sequence editors that support SBOL:
DeviceEditor, J5, VectorEditor (JBEI), DNAPIotLib (MIT/UW/Bristol), Eugene (Boston),
GenoCAD (VBI), BOOST (JGI), etc.

Enabled Workflow
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Circuit GDA Tools (Cello)

Cello Verilog Options. Results  About You are logged in as myers

Verilog choose [ Inputs

choose + clear
1 module A(output outl, input inl, in2);

2 alwaysé(in,in2)
3| opr index  name lowRPU  highRPU  DNAsequence
4 case({in1,in2})
= e St L 1 plac 0.0034 28 AACGATCGTTGGCTGTGTTGACAA
5 2'b0l: {outl}
9 bies i 2 plet 0.0013 44 TACTCCACCGTTGGCTITTTTCCC
5 2'bil: {outl} = 1'bl;
9 endease
10 end Outputs
11 endmodule
choose $ clear
index  name DNA sequence
1 YFP CTGAAGCTGTCACCGGATGTGGTTTCGGGTCTGATGAGTCCGT!

Nielsen et al., Science (2016)

Chris J. Myers ( A Standard-Enabled Workflow CMSB 2018 / Sept. 14, 20



Circuit GDA Tools (iBioSim)

Repressilator
0 pr

= ) > —
b et

[

SBOLDesigner Plugin iBioSim Model Editor iBioSim Analysis View

l
SynBioHub

lBiosim Part repositories

Myers et al., Bioinformatics (2009)
Madsen et al., IEEE Design & Test (2012)
Watanabe et al., ACS Synthetic Biology (2018)

Chris J. Myers (University of Utah) A Standard-Enabled Workflow CMSB 2018/ Sept. 14, 2018



Model Generation Workflow

7,744 DNA Parts P~ . E.
4,189 Proteins » [ &} 1BloSIm
510 Complexes a —————— :
4,853 Interactions = T 1 A, sEotDesianer )
i
B./D. _
1

*{ZF. SynBioHub Q::) I T T

121 DNA Parts
17 Proteins
4 Complexes
58 Interactions

zvmd%ﬁ
API

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

A. Data Integration

DNA Parts . e .
promoter ribosome coding sequence terminator
o @ o
Small Molecules PTG aTc Ara

Complexes
Ara-AraC  IPTG-Lacl aTc-TetR

Proteins ... D ...OO

Lacl TetR AraC HIyllR AmtR SrpR Betl PhIF YFP

Ara-AraC|| Lacl TetR SrpR Betl HiyllR || AmtR PhIF ||Ara-AraC|| aTc-TetR
» » ]
A O e 0 G e e B
c jug Ing jnd jng Ing jnq s %]
PBAD pTac pTet || pSroR || pBetl ||pHIylIIR||pAmtR || pPhIF

i—e

Ara |[IPTG | aTc |[AraC|[ Lacl |[TetR |[SrpR |[ Betl |[HiylIR|[AmtR|[ PhiF | YFP | [p1G-Lac!

1 1 IEARIAE AR AEK BCAK ] o

 AE AR DA A A B 1 i

‘ ‘ ‘ | | (| | =) == = %)
araC || lacl || tetR || srpR || betl || hiylIR| amtR|| phiF | yfo

AraC | Lacl | TetR | srpR | Betl | HiyIR | AmtR || PhiF || YFP

Q 4] (4] @ %] (4] (2] (%] (%]

Misirh et al., ACS Synthetic Biology (2018).

Interactions

0
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Genetic Circuit Construction

SBOLDesigner

2 S B
&L < Q‘:\oo Q Qoo_,
*_.{v
P
() [] * z
P3 3
Botl T PhIF Construct £
pBei
ECK120033737 -
ime
Fetch Analyze
Setl 3 Generate Model
pBef
O

P3_PhIF

Chris J. Myers (University of Utah)

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

B. Rule 30

IPTG
aTc

Ara

C. Genetic Circuit Construction

-':L-bl—['*-bl—r—"—-bl&-)lpm;ﬂl

Const pConst pConst pBad bet!

pTac pTet

AmtR :
hiylR pBad pHIy”RamtR pSrpR pBetl phlF PPhIF pAM: yip

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

Lacl_Sensor TetR_Sensor AraC_Sensor SrpR_Production Betl_Production HIylIR_Production
® Lac ® TR ®Arac [Aac D @ SpR || HYIRD @ Bet TetR
T T I 1 T T Lacl ?? ?HIyIIR
Const Const t Bad HlyllIR
PEOnSt et PEONSt totr pConst araC PBad sipR PHY! et/ pTac pTet

hiyllR

AmtR_Production
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Chris J. Myers (University of Utah) A Standard-Enabled Workflow CMSB 2018/ Sept. 14, 2018



Dynamic SBML Model: Rule 30 Example
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Simulation: Rule 30 Example

A. Testing Environment
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Misirh 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.

Chris J. Myers (University of Utah) A Standard-Enabled Workflow CMSB 2018/ Sept. 14, 2018
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