High-Level BioDesign Automation

Jacob Beal I

SemiSynBio
February, 2013

Raytheon
BBN Technologies




Raytheon
Ove rvi ew BBN Technologies

Is biology too hard for abstraction?
High-Level BDA is possible now!

 Tool-chains for BDA
« Compiling from HLL to biological circuits
« Building computational device libraries
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Vision: WYSIWYG Synthetic Biology  BeNTechnologies

Bioengineering should be like document preparation:
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Length in base pairs

* Breaking the complexity barrier:

DNA synthesis Circuit size ?
; [
1,000,000 1,080,000 8
583,000 5 — Max (18 months)
|| === Moving average (18 months)
100,000 % 6
£ 5
o
> 4
10,000 %
3 3¢
Y
1,000 2 2- A
14
100 0 1 : ' |
1975 1980 1985 1990 1995 2000 2005 2010 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Year

Year
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» Multiplication of research impact
« Reduction of barriers to entry

4
*Sampling of systems in publications with experimental circuits
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This gap is too big
to cross with a
single method!



The TASBE tool-chain architecture:
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Collaborators:
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High level simulator

: Coarse chemical simulator

Modular architecture
also open for flexible
choice of organisms,
protocols, methods, ...
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(def simple-sensor-actuator ()
(let ((xXx (test-sensor)))
(debug x)
(debug-2 (not x))))
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A Tool-Chain Example
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Uninduced Uninduced
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Compilation &
Optimization

Other tools aiming at
high-level design:
Cello, Eugene, GEC,
GenoCAD, etc.
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Transcriptional Logic Computations BBN Technologies

regulatory
protein
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Decay & & Alternatives:

Protein PoPS

Signal = Concentration RNA concentration

Stablizes at decay = production
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« Operators translated to motifs:
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(def sr-latch (s r)
(letfed+ ((o boolean (not (or r o-bar)))
(o—bar boolean (not (or s 0))))

o))
(green (sr-latch (aTec) (IPTG)))

I PTG

Unopt'imized: 15 funct'iona/ units, 13 transcription factors 16
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(def sr-latch (s r)
(letfed+ ((o boolean (not (or r o-bar)))
(o—bar boolean (not (or s 0))))

o))

(green (sr-latch (aTec) (IPTG)))
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IPTG
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GFP| | H |
> Ll G
aJT.C Final Optimized:

5 functional units
4 transcription factors

Unoptimized: 15 functional units, 13 transcription factors 17
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Optimized compiler already outperforms human designers
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« Barrier: Availability of High-Gain Devices

— Emerging Solution: combinatorial device libraries
based on TALs, ZFs, miIRNAs

» Barrier: Characterization of Devices
— Emerging solution: TASBE characterization method

» Barrier: Predictability of Biological Circuits
— Emerging solution: EQuIP prediction method



TASBE Method: Raytheon
Calibrated, Precise Characterization PISCneiogies
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Characterization - High Quality Predictions BBN Technologies
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High-Level BDA is possible now!
« EDA tool-chain approach works for BDA

« Optimized biological circuits can be generated
automatically from high-level specifications

« Emerging solutions for key barriers: device
libraries, characterization, prediction

* Many opportunities for EDA tool adaptation:
— Combinatorial device design
— Flexible protocol automation
— Device characterization
— Circuit optimization, verification, safety, debugging



: Raytheon
.. and going from cells to processors... BN Technologies

Spatial Computing Process Management

Inference resources Distortion of computation around
focused proportlonally temporary and permanent faults Proto global-to-local
on areas of interest compilation & manifold

computation model

Continuous Discrete
Specification Implementation

ASH volumetric region management
[Pruteanu, Dulman & Langendoen, ‘10]




Welcome Synthetic Biology User! | synbiotools.bbn.com

i « I »> \ \ + |TT https://synbiotools.bbn.com/?qg=welcome
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ReviewBoard BBN-Reqs MixApp GCalend. Boston h ANSI C Lisp E di; Proto Java 1.5 Docs Open BL SynBio wiki CMMI

ﬁ synbiotools.bbn.com

Navigation

o Characterization
Workflow Documentation
v FACS machines
o Enter a new FACS
machine description
o Listall my FACS
machines
~ Color Models
o Create a control set
o List all my control sets
o Listall my color
models
v Characterization
Experiment
o Enterdata
o Listallmy
experimental datasets
o List all my processed
experiments
v BioCompiler
o Run
o List previous results

Welcome Synthetic Biology User!

Welcome to the BBN Synthetic Biology Tools site.

If you are interested in using our tools, please register for an account. You will then have access to the
tools as they are released.

The following tools are in alpha testing:

e Creating a FACS Machine
e Creating a Color Model
e Analyzing Characterization Experiments

You can also find Characterization Workflow Documentation explaining how these tools work.
Note: These tools may still go offline without warning while we work to get the rest of the tools online.
The Proto BioCompiler is coming soon.

Please email biotools@bbn.com for support and suggestions.

NEKILX

https://synbiotools.bbn.com/
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Characterization & Design Tools Online BenTechnologies
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