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Abstract: As the scale of synthetic gene circuits grows with sophisticated functions, rational design appears to be a
bottleneck to develop synthetic biological systems. In this review, we summarized the impact of gene expression noise and

competition effect on the performance of synthetic gene circuits. We also summarized recent progresses on rational design

approaches, such as digital-analog circuits, network topologies design, and information-theory-based optimization
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approaches. Finally, we discussed future directions for rational design of synthetic gene circuits.

Keywords: synthetic gene circuit, gene expression noise, competition effect, rational design
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Fig. 1 Stochastic effects at small molecule numbers.
Deterministic model can well describe reaction systems
with large molecular number. But stochastic effects are
prominent in small biochemical reaction systems with
low amounts of molecules. Circles with different colors
represent different kinds of molecules in this reaction.
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Fig. 2 Stochastic noise affects the accuracy of gene
regulation. In an ideal deterministic model, gene
regulation process will generate accurate responses
according to different levels of inputs. In reality,
however, the responses are noisy because of the
stochasticity of input molecular numbers and regulatory
process.
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Fig. 3  Molecular competition effect. A limiting
amount of regulator (green triangle) is shared by
multiple types of targets (red and yellow circles). When
its number increases, target A attracts more regulators,
which results in less amount of regulator to bind target
B. In this scenario target A can modulate target B’s
activity even without physical interaction with B.
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Fig. 5
gene circuit. Information theory provides a mathematical
framework to describe the fidelity of the synthetic
circuit to response input signals.
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Fig. 6 Accurate decision making of synthetic gene circuits. Synthetic gene circuits are desired to integrate multiple
kinds of (noisy) input signals, and compute sophisticated functions to make accurate decision.
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