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Introduction

AOneof the fundamental goals in the field of synthetic biology is to
reliably engineer biological systems to respond to environmental
conditions according to a preéetermined genetigrogram.

AUsing Booleafogicfunctions, synthetic biologists have successfully
engineeredivingcells to perform certain functiors

AHowever it has been difficult to realize the full potential of
genetically encoded logic in practical applicationghout the ability
to specify timing and performance of genetic circuits.
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Performance Specifications

ATo remedy this issue, we propose using performance specifications.

AFor example, we can give a performance specification for a traffic
light:

A Atraffic light should remain greeuntil a pedestrian requests a walk signal.

Within 5 secondsf receiving the request, the traffic light should change to

yellow for2 secondsand then change to red f@0 second®efore switching
back to green




Performancespecifications

ATemporal logic can be used to write performance specifications as it
allows forreasoning about behavior over time

Aln particular, we use Signal Temporal Logic (STL) as it allows for the
specification of requirements on signals at specific times leading to a
level of expressiveness necessary for genetic circuit design.
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Temporal LogiSyntax

ALogical Operators:
AConjunction: ~ -
ADisjunction: ~ -
Almplication:: Ih
ANegation: -
ATemporal Operators:
AUntil:» U-
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Until Operator

pUq
Aq holds at the current or a future position, and p has to hold until
that position. At that position p does not have to hold any more.



Until Operator

pUq
Aq holds at the current or a future position, and p has to hold until
that position. At that position p does not have to hold any more.

0000006




Until Operator

pUq
Aq holds at the current or a future position, and p has to hold until
that position. At that position p does not have to hold any more.
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Future (Eventual)yOperator

Fp

AFuture: p eventually has to hold (somewhere on the subsequent
path).



Future (EventuallyOperator

Fp

AFuture: p eventually has to hold (somewhere on the subsequent
path).
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Future (EventuallyOperator

Fp

AFuture: p eventually has to hold (somewhere on the subsequent
path).




Globally Operator

Gp
AGlobally: p has to hold on the entire subsequent path



Globally Operator

Gp
AGlobally: p has to hold on the entire subsequent path

900000



Globally Operator

Gp
AGlobally: p has to hold on the entire subsequent path




Repressor IncoherefReedForward.oop (RIFFL)
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Potential Behaviors
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ADepending on which repressor modules are used, different behaviors

can be achieved.



Signal Temporal Logic (STL)

AThese behaviors must be encoded in.STL
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AThis corresponds to the following STL:
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Characterizatior Temporal Logic Inference (TLI)

Ve
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Composability in Synthetic Biology

ADNA segments representing genetic parts and modules can be
composed to create genetic circuits.

DNA "'a-T‘ ~ a B 7

Components ™ BoD! oot BCD2 T

) ™ -
G en et| C ‘ pTet BCD1 IR1-IR2-Term2 pBetl BCD2 T1
betl ﬁ srpR
Modules a

pTet BCD1 pBetl BCD2
betl

p15A

IR1-IR2-Term2

p15A

Genetic
Circuit

p15A



STE

ASTL with added functionality:

A Concatenationd) ¢ allows one STL formula to connect to anotirer
sequence.

Alnputsc signals that are annotated as drivers of the formula.
AOutputsc signals that are annotated as being produced by the formula.

AMappingc a collection of assignments among the inputs and outputs of STL
formulae

AFor instance%ds composed ofq and %s:
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STE

ASTL with added functionality:

A Concatenationd) ¢ allows one STL formula to connect to anotirer
sequence.

Alnputsc signals that are annotated as drivers of the formula.
AOutputsc signals that are annotated as being produced by the formula.

AMappingc a collection of assignments among the inputs and outputs of STL
formulae

AFor instance%ds composed of%q and %
A Concatenatiort, %goy by iy huy) =%q(‘Che FE O %eChCHe FE FE ).
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STE

ASTL with added functionality:

A Concatenationd) ¢ allows one STL formula to connect to anotirer
sequence.

Alnputsc signals that are annotated as drivers of the formula.
AOutputsc signals that are annotated as being produced by the formula.

AMappingc a collection of assignments among the inputs and outputs of STL
formulae

AFor instance%ds composed of%q and %
A Concatenatiort, %goy vy iy huy) =%q(‘Che FE O %eChCe FE FE ).
Alnput mappingg (%eka,= %qdQ).
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STE

ASTL with added functionality:

A Concatenationd) ¢ allows one STL formula to connect to anotirer
sequence.

Alnputsc signals that are annotated as drivers of the formula.
AOutputsc signals that are annotated as being produced by the formula.

AMappingc a collection of assignments among the inputs and outputs of STL
formulae

AFor instance%ds composed of%q and %
A Concatenatiorg %o huy ey hy) =%q('Ghe FE 0 %eGChCHE FE FE ).
Alnput mappingg (%eka,= %qdQ).
AOQutput mappings, (%6, =%acE ) [ (%62 =%oCE ) [ (%60= %ok o).
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STE

ASTL with added functionality:

A Concatenationd) ¢ allows one STL formula to connect to anotirer
sequence.

Alnputsc signals that are annotated as drivers of the formula.

AOutputsc signals that are annotated as being produced by the formula.

AMappingc a collection of assignments among the inputs and outputs of STL
formulae

AFor instance%ds composed of%q and %
A Concatenatiorg %o huy ey hy) =%q('Ghe FE 0 %eGChCHE FE FE ).
Alnput mappingg (%eka,= %qdQ).
AOutput mappings, (%6, =%acE ) [ (%62 = %o ) [ (%60= %ok o).
Alnternal mapping; (%qdk ;= %o [ (%ptk = %o d Q).
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STE

ASTL with added functionality:

A Concatenationd) ¢ allows one STL formula to connect to anotirer
sequence.

Alnputsc signals that are annotated as drivers of the formula.
AOutputsc signals that are annotated as being produced by the formula.

AMappingc a collection of assignments among the inputs and outputs of STL
formulae

AFor instance%ds composed of%q and %
A Concatenatiorg %o huy ey hy) =%q('Ghe FE 0 %eGChCHE FE FE ).
Alnput mappingg (%eka,= %qdQ).
AOutput mappings, (%6, =%acE ) [ (%62 = %o ) [ (%60= %ok o).
Alnternal mapping; (%qdk ;= %o [ (%ptk = %o d Q).
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Note: The mapping can be applied to other STL operators, not just concatenation.



Library

Genetic Modules Name STL Formula
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Design Space Exploration
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STL Formula

3



Design Space Exploration

STL Formula
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STL Formula
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Design Space Exploration

STL Formula
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Design Space Exploration
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Design Space Exploration

STL Formula
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Design Space Exploration

STL Formula
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Constraint Pruning

Library
%ml_l
§m2_2
§m3_3




Constraint Pruning
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Possible RIFFL Circuit Designs
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Future Work

ACurrently, TLI requires both desirable and
undesirable traces.

AWe are working on a method that only requires
desirable traces.

AWe are adding constraints to help prune the
potential design space of the composed genetic
circuits.

AWe are currently testing these methods on
mammalian and bacterial synthetic biology
examples.
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