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Synthetic biology is the design and construction of new biological parts, devices, and systems, and the re-design
of existing, natural biological systems for useful purposes. As an emerging, interdisciplinary field, synthetic biology
has greatly advanced in many directions. This special issue, “Synthetic Biology in the Manufacturing of Chemicals and
Fuels”, highlights groundbreaking advances in synthetic biology methodologies and their applications. It features two
research articles and four high-quality reviews that showcase the field’s progression from fundamental research to
industrial applications.

In terms of methodology innovation, Prof. Chong Zhang’s team introduced the pioneering concept of genotypic
navigation in genome engineering, establishing a new paradigm for Al-assisted optimization through stepwise
generation of high-quality genotype-phenotype association data [1].

In terms of metabolic regulation strategies, Prof. Yajun Yan’s team systematically summarized typical dynamic
regulation strategies based on control logic, providing novel approaches for heterologous pathway optimization [2];
while Prof. Shang-Tian Yang’s team comprehensively reviewed metabolic engineering and cofactor regeneration
engineering for n-butanol biosynthesis, proposing an innovative strategy using noncanonical redox cofactors to drive
production [3]. Notably, significant technological breakthroughs are demonstrated through two exemplary studies: Prof.
Xiaosong Gu’s group achieved a remarkable 21.5% reduction in glycerol byproduct formation during industrial-scale
ethanol fermentation by synergistically combining targeted metabolic engineering with whole-genome adaptation
strategies [4]. Simultaneously, Prof. Jufang Wang’s team has redefined production benchmarks by engineering
sophisticated quorum-sensing circuits that yield unprecedented iso-butylamine titers reaching 44.23 g/L [5].

In terms of application fields, Prof. Weiliang Dong’s team summarized the critical significance and incremental
progress of biotechnology in plastic waste recycling, with an in-depth exploration of synthetic biology’s potential in
boosting biological depolymerization and upcycling of waste plastics [6].

Despite significant advances in methodological innovation, technological development, and application expansion
in synthetic biology, several critical challenges remain: First, current biomanufacturing relies predominantly on model
microorganisms as chassis cells, which represent merely the tip of the iceberg of microbial diversity. Numerous novel
microbial resources with specialized capabilities await discovery and application. Second, biological metabolic
pathways are highly complex, and one- or two-dimensional pathway modifications may induce unforeseen metabolic
perturbations, increasing experimental unpredictability. Future efforts must leverage Al technologies to enhance the
simulation and evaluation of metabolic engineering interventions. Third, advanced technologies, tools, and chassis
strains developed in synthetic biology are highly fragmented. Reconstructing systems based on published studies is
often difficult and time-consuming. Establishing shared or commercial platforms for computational modeling,
standardized biological parts, and high-quality chassis cells would significantly accelerate the application of synthetic
biotechnology across various fields.
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