A prominent subset KBS are so-called Expert Systems, in
which the knowledge — either facts or rules — stems from
domain experts, such as synthetic biologists. Usually expert
systems also provide additional interfaces for the domain
experts.
Depending on the requirements and application, a KBS
consists of additional components. For example, an “Explanation” component can describe how certain conclusions
were deduced or why certain actions were performed.

3. CASE STUDY
Now, we demonstrate the applicability of a KBS on a
case study designing a genetic AND gate [1]. Currently,
we develop Sparrow, a rule-based KBS for synthetic biology offering, at the time of this writing, a primitive set of
interfaces that can be accessed programmatically. Sparrow
is build upon the JBoss Drools rule engine1 , enabling rapid
prototyping of synthetic biology designs and their associated
rules.
First, we manually specify a library of 13 parts in Eugene [3] and insert them as facts into the Sparrow KB. We
also specify relationships among four orthogonal repressorpromoter pairs as presented in [7]. For example, the AmeR
repressor gene is orthogonal to the pAmeR promoter.
Next, we select appropriate parts from the library. For
example, the Sparrow query type==“promoter” returns
all promoter parts. According to [7], an AND gate consists of
17 parts arranged in a specific order. We specify appropriate
positioning constraints in Eugene. Based on the number
of parts in the library, Eugene returns 12, 288 AND gates,
which we store as facts into the Sparrow KB.
However, most of the 12, 288 AND gates contain common
failure modes of genetic circuits [4]. Hence, we engineered
knowledge from [4], formulated two common failure modes
as rules, and stored them into the Sparrow KB. We have chosen the “Orthogonality” and “Recombination” failure modes
since both encapsulate knowledge to support the Selection
and Arrangement decision making in designing genetic circuits. We formulate the rules as follows:
IF R1 is not orthogonal to pR1 ∧
R2 is not orthogonal to pR2 ∧
R3 is not orthogonal to pR4 ∧
R1 is not equal to R2 ∧
R2 is not equal to R3 ∧
R3 is not equal to R1
THEN The design is valid
The first three conditions formulate the “Orthogonality”
failure mode and the last three conditions specify the “Recombination” failure mode. All conditions are composed using the logical AND (∧) operator. In this case study, we
conclude that an AND gate design is valid if it complies
with those five specified conditions. Based on the specified
rule, the IE of the Sparrow KBS finds 144 rule-compliant
AND gate designs.
As demonstrated, six conditions — engineered from the
literature [4] — prune the 12, 288 AND gates to 144 AND
gates, also enabling to computationally exchange, communicate, and share the formulated rule.
1

https://www.jboss.org/drools/

4. CONCLUSION
Galdzicki et al. [6] utilize semantic web technologies to
develop a KB of standard biological parts, enabling efficient
querying of biological parts based on characteristics, such as
type, DNA sequence, or orientation.
One drawback of a KBS for synthetic biology lies in the
development and maintenance costs, such as the initial insertion of biological knowledge. Furthermore, the probability
that a KBS will provide wrong answers because of faulty
inferences and reasons will never disappear. A KBS is most
powerful when its KB, IE, and interfaces are tailored for a
very specific application domain or biological organisms in
synthetic biology. Here, we demonstrated how to engineer
rules from the literature. However, knowledge must be engineered, represented, and specified in close collaboration with
domain experts.
Benefits of a synthetic biology KBS lie in a standardized,
automated knowledge transfer of how and why synthetic biological systems work or fail under a specific set of conditions. A KBS can then be further utilized to explain how
and when synthetic biological systems function and behave
as programmed. Explanations can then be further utilized to
learn common design principles to design and build robust,
reliable, and secure synthetic biological systems. Learned
design principles can then then be further utilized for education. We believe that Knowledge-based Systems are crucial
in engineering functioning, reliable, and secure synthetic biological systems, will help to save time and money, and will
enable the automate and standardize synthetic biology engineering processes.
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