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Synthetic Biology:

Tremendous Potential
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Potential Complexity?
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Platform-Based Design Methodology

Top Down Application Space

Appllnn nstance Describes the functionality

] of the design. Restricts
functionality as necessary
Platform to make design less
Mapping abstract so it can
physically be realized.

A common semantic domain
Platform - in which the application and
(HW/SW) architectural space meet.
Platform Here mapping tradeoffs can
Design Space be explored and potential
Export performance estimations be
examined.

System

Provides various architectural
targets for implementation.
Bottom Up These targets should allow

Exposure performance exportation up

Architecture Space to the platéormtfnr estimation.
0s

Circa 2008
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1. Specify a biological system in a platform agnostic
manner. In this case, Remote Control of Bateria

x_n ---------------------------------

LOOP ¢ ' o ———— — ]

>
IF (ARA) .wr L
x=1
SWITCH X
CASE 0:
IF (SER)

SWIM No inducer + inducer
IF (ASP)
SWIM

— 2. Constrain functionality to realize
design in current environment.

2a. Strain Constraints — various
strains cross react. Translation is
strain dependent. (i.e. only certain
bacteria strains can swim)

2b. Biochemical - various protein
restrictions.

2c. Load Constraints — various
compositions restrict growth rate,
secretion speed, etc.

3. Arrive at platform components (parts)
meeting functional needs and requirements

« Key| g Lock ) Asp sensor| / Lock| A Ser sensor
== | Y - _.!5.., - A | e -




1. Start with a collection of standardized parts which have the potential to

implement the functionality needed.

-, ara
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« Key i Lock ;‘.;_Asp sensor A Ser sensor
- | e e n B -

-—

ACGCTTCGTACGTA
GGTCAAGGGGCTT

. Begin process of constructing design.

2a. Context Constraint — Genomic or
plasmid based design flows.

~ =0

i.e. Plasmid based design flow

2b. Synthesis Constraints (i.e. repetitive and low-
information content DNA, palindromes (like
ATGCGCAT), toxicity when ligated into high copy
plasmids, GC bias)

3. Use De-novo tools to create parts which do
not exist in registry and to stitch together
design

- Codon Optimization

- RBS calculator

- Promoter Composer

- mRNA Secondary Structure Predictor

- Random DNA generation

These tools give info about the design (cost)
which determine if this part(s) is amenable or not




X=0
LOOP
IF (ARA)
=1
SWI}FI'CH X Functional View of Platform
CASE 0:
IF (SER)
SWIM
CASE 1: 1. Start with constrained, functional operations
IF (ASP) " _
~ SWIM 'rf:_; Switch | Key| 0 Lock| : Asp sensor| /5 Lock| X Sersensor
< - A .. —— | m | e o
3. Choose part
- Determine interactions with other parts
- Use selection to guide future selections
2. Collection of actual instances = Continue until functionality completely
created by architecture instance implemented with part instances
exploration. . \
Switch A Switch B
ACGCTT GGGCTT

ACGCTT|CGTACGTAGGTCAAG
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Clotho 1.0: 2009-2010

@ Clotho: Platform-Based Design of Biological Systems
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Clotho 2.0:2010-2012 @Jctomd

ClothoProject 201107282000
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What was wrong? What could be right?

In 2.0
e Rich client — physically had to install Clotho; Java/Swing/Hibernate
e Updates to code base not globally propagated
e Non-uniform development platforms
e Code bloat/registry reminants/etc
e Hard-coded bio objects
e Provided guideline but field still immature
e Meta-data lost
e 22+ GUIs
e What about the 23"? “Can you make that button green?”
e Fragmented documentation
e No centralized body to maintain this

@: Bcromg NOMNO
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In3.0
e Web-based — “only” need a browser
e Centralized updating
e Fewer development platforms
e More inline with current software development practices
e Abstracted APl and Datamodel
e Comes with 2.0esque model standard
e Can be modified by the user(s)
e Multiple Ul environment APl support
e Just one editor
e Simplify the Clotho workflow
e Embedded interactive training
e (Clotho actually stores its own documentation
e Create organization to maintain documentation going forward



Clotho...there’s an app for that!

ClothoProject 201107282000 G
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Problem: DNA Part Selection

Transcriptional boolean logic networks:

Signal = concentration
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Solution: Feature Mapping + Signal Matching
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Problem: DNA Part Selection

Transcriptional boolean logic networks:

Signal = concentration
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Solution: Feature Mapping + Signal Matching



Feature Mapping: assign features to

variables

~eature: a DNA sequence responsible for a specific
niochemical behavior

~eature database: a collection of features and
transcription factors with the regulatory
relationships between them

Feature mapping: Given an AGRN G and a feature
database H, find a network of promoters and
transcription factors in H that is isomorphic to G.

— isomorphism: a strict correspondence between

arcs in G and the solution



Feature Mapping: assign features to variables

AGRN Feature Database
Transcription  Promoters Transcription  Promoters
Factors Factors

@ W=
® O<—\4
© @7

VEONING

* Feature mapping: Given bipartite graphs G and H, fin@ subgraph
of H that is strictly isomorphic to G.



Feature Mapping: assign features to variables

AGRN Feature Database
Transcription  Promoters Transcription  Promoters
Factors Factors

* Feature mapping: Given bipartite graphs G and H, fin@ subgraph
of H that is strictly isomorphic to G.

* This problem is NP-complete: unless an astonishing mathematical
hypothesis—P=NP—is true, there is no fast algorithm for solving
this problem.



Solution: Feature Mapping with heuristic
guided search

1 M < m x n zZero-one matrix of m rows (variables) and n columns (database)

2. Choose 1sin M such that one 1 in every row and at most one 1 in every column
3. If (2, 7) is a chosen 1, and heuristics satisfied, then assign feature j to variable :

4. if the network induced by the assignment is isomorphic to the given AGRN then
5 return the assignment as a solution

& end if

* Two heuristics to reduce search space (Ullman, JACM 1976)

* Number of arcs on the variable £ number of arcs on the feature
* Number of arcs on neighbors

(types must match)



Signal Matching
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Signal Matching
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Signal Matching

<

output  GFP Noise margin //I Dox \\ input
0 1

' !

max min

Py

Output O, of Dox/Lacl < input O, of Lacl/YFP
Output 1, of Dox/Lacl = input 1, of Lacl/YFP

Noise margin of a circuit is the minimum noise margin over all junctions
Extend earlier algorithm with greedy search for noise margin maximization



“Cross Compilation” Possibilities
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