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Abstract: Synthetic biology not only has revolutionized bioengineering, but also brings new opportunities to the

basic research in life sciences. We propose that the key scientific questions for synthetic biology are to understand

the principles underlying the emergence of life functions on one hand, and based on these principles, to rationally

design and build synthetic living systems on the other hand. Here, we summarize three types of research paradigms

and quantitative methodologies for synthetic biology, including white box modeling based on quantitative

observations and biophysical models, and black box modeling based on automated data acquisition and artificial

intelligence. Quantitative approaches will allow the predictable design of synthetic biological systems and provide a

deeper understanding of life function emergence. Therefore, we envision that quantitative synthetic biology as an

emerging young field will drive the next revolution in both synthetic biology and fundamental life sciences.
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