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Synthetic Biology:

The disciplined design of 
biological systems using 
engineering principles

Courtesy: Jin Huh 
and J.C. Anderson 
(UCB)

How do you capture, 
specify, and validate this 
design? How do you share 
it? Reason about it?

Tremendous Potential

Implementation Space Design Activities

Functional Spec



Potential Complexity?
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State of the Art??
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Clotho 0.0: 2007-2009

“A platform-based design environment for synthetic biological systems,” 
in The Fifth Richard Tapia Celebration of Diversity in Computing 
Conference: Intellect, Initiatives, Insight, and Innovations, New York, NY, 
USA, 2009, pp. 24-29. 
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Clotho 1.0: 2009-2010
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Clotho 2.0: 2010-2012

B. Xia, S. Bhatia, B. Bubenheim, M. Dadgar, D. Densmore, and J. C. Anderson, 
“Developer’s and user’s guide to Clotho v2.0 A software platform for the creation of 
synthetic biological systems,” Meth. Enzymol., vol. 498, pp. 97-135, 2011. 
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In 2.0
• Rich client – physically had to install Clotho; Java/Swing/Hibernate

• Updates to code base not globally propagated
• Non-uniform development platforms
• Code bloat/registry reminants/etc

• Hard-coded bio objects
• Provided guideline but field still immature
• Meta-data lost

• 22+ GUIs
• What about the 23rd? “Can you make that button green?”

• Fragmented documentation
• No centralized body to maintain this

What was wrong? What could be right?
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In 3.0
• Web-based – “only” need a browser

• Centralized updating
• Fewer development platforms
• More inline with current software development practices

• Abstracted API and Datamodel
• Comes with 2.0esque model standard
• Can be modified by the user(s)
• Multiple UI environment API support

• Just one editor
• Simplify the Clotho workflow

• Embedded interactive training
• Clotho actually stores its own documentation
• Create organization to maintain documentation going forward



Clotho…there’s an app for that!
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Rule rule2a(p BEFORE r1);
Rule rule2b(p NEXTTO r1);
Rule rule2c(p BEFORE r2);
Rule rule2d(p NEXTTO r2);
Note((rule2a AND rule2b)

Property sequence(txt);
Property strength(num); 
Property toxicity(txt); 
Property uniqueID(num);

Part Promoter(sequence);
Part ORF(sequence, toxicity); 
Part Terminator(sequence, strength);
Part RBS(sequence, uniqueID);

//Device Generation
permute(deviceType4, 25, strict);
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Input to MatchMaker (next step 
in the tool-chain) 
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Step 1: Feature Matching

Step 2: Signal Matching

Step 3: Parts Matching
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Input to the Assembly Manager (next step in the tool-chain) 

BioCompiler (previous step in tool-chain) output
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Problem: DNA Part Selection
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Signal = concentration

I/O = specific species

Transcriptional boolean logic networks:

Solution: Feature Mapping + Signal Matching



(yellow (not (cyan (Dox))))

High level 
simulator

Coarse chemical 
simulator

Detailed chemical 
simulator

Testing

Cells 

Abstract Genetic 

Regulatory Network

DNA Parts 

Sequence

Assembly 

Instructions

High Level 

Description

If detect explosives:

emit signal

If signal > threshold:

glow red

Organism Level 

Description

Dox cyan not yellow

rtTA CFP

pHef1a rtTA pTre CFP pTre LacI pHef1a-
LacO1Oid

EYFPmirff4 4xff4

EYFP

Dox

B



Problem: DNA Part Selection
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Transcriptional boolean logic networks:

Solution: Feature Mapping + Signal Matching



Feature Mapping: assign features to 
variables

•Feature: a DNA sequence responsible for a specific 
biochemical behavior

•Feature 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

TetR pTet rtTA pTRE
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Feature Mapping: assign features to variables

• Feature mapping: Given bipartite graphs G and H, find a subgraph 
of H that is strictly isomorphic to G.
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Feature Mapping: assign features to variables

• Feature mapping: Given bipartite graphs G and H, find a 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.

a0

a1

P2x

y

P1

P0

q0

p2q2

q3

p4

p3

q4

Transcription

Factors

Promoters Transcription

Factors

Promoters

AGRN Feature Database



Solution: Feature Mapping with heuristic 
guided search

• 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

Noise margin of a circuit is the minimum noise margin over all junctions

Extend earlier algorithm with greedy search for noise margin maximization

Output 0max of Dox/LacI  ≤ input 0max of LacI/YFP

Output 1min of Dox/LacI  ≥ input 1min of LacI/YFP

Dox



“Cross Compilation” Possibilities
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