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Abstract: Genetic evolution is a defining feature of all biological systems, whereby lives are able to adapt to the
rapidly changing environments. Quantitative synthetic biology, an emerging field in life science, mainly studies how to
apply synthetic biosystems to reveal quantitative biological rules, which in turn guides the rational design of synthetic
life. Although such artificial biosystems are created in the laboratory, they are also governed by the rules of evolution,

such as mutation, genetic drift, Darwinian selection, etc. However, the evolutionary potential of a synthetic biosystem
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might have been underrated, which often leads to the circuit failures or the emergence of undesigned function.
Therefore, overcoming evolutionary perturbations is one of grand challenges in robust circuit design, and harnessing
the rules of evolution would be important for more robust design of artificial biosystems. On the other hand, bottom-up
synthetic systems provide favorable biological models to test and explore the evolutionary principles that are hard to
study based on natural biosystems. In this review, we first summarize the current progress in screening functional
proteins through continuous directed-evolution guided by the evolutionary principles. We assess advantages and
disadvantages for different architectures in continuous directed-evolution through evolutionary perspective. We also
review the evolutionary strategies that are used to improve the stability of synthetic circuits in host cells, including
reducing mutation rate, the coupling of host cell fitness with target gene expression, synthetic addiction,
compartmentalization, feedback control, orthogonal system, etc. Furthermore, we discuss how to use the synthetic
biology approaches to address some basic theories in evolutionary biology, such as the origin of life, the development
of multicellularity, genetic constraint and epistasis, and the evolutionary tradeoff of complex life system, etc. We
believe that a real-time precise control of the evolutionary process would enhance the quantitative features and
predictability in the field of synthetic biology, and greatly advance the applications of robust synthetic biosystems for

human sustainable goals.
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(This table describes principles, evolution targets and mutation rate of different continuous directed-evolution methods, and lists their

application examples, advantages and disadvantages and subsequent improvements.)
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