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The application of biological reverse engineering in synthetic biology
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(School of Physics, Peking University, Beijing 100871, China)

Abstract: Aiming to purposefully and rationally design and construct predictable man-made life systems with pre-
defined functions under the guidance of engineering principles, synthetic biology is an advanced interdisciplinary
science by combining a broad range of methodologies from various disciplines, such as traditional biology,
bioengineering, systems biology, mathematics, physics, chemistry, and information science. With the booming
development for nearly two decades, great progress has been made in synthetic biology. However, there are a number
of factors that should be taken into account for rationally designing complex systems, such as robustness and
bifurcation. Because of the consistency between the research idea of biological reverse engineering and the design

process of synthetic biology, we are enlightened to resolve these problems in rationally designing genetic circuits with
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compley pre-defined functions with the help of reverse engineering In this review, based on the accumulated experience of

our research group in reverse engineering, we started with engineering principles and design difficulties in synthetic

biology, and then summarized the current methods of applying reverse engineering in synthetic biology, including

network enumeration, sub-network combinations, the method from Boolean network model to continuous model. In

addition, we proved the efficiency of combining reverse engineering with synthetic biology to rationally design

biological complex regulation networks. Finally, we concluded with the analysis of bottlenecks for the application of

reverse engineering in synthetic biology.

Key words: reverse engineering; synthetic biology; rational design; Boolean network; network enumeration
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