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Abstract: With the advancement of related technologies for gene assembly, artificial genome assembly capabilities
have made breakthroughs continuously, and synthetic genomics has been developed as a research hotspot in recent
years. The chemical synthesis of genomes for several viruses and prokaryotes have been completed gradually, and the
synthesis of eukaryotic genomes has also been explored. In the study of synthetic genomics, researchers continue to
explore principles for genome design and increase its scale and depth, from the successful replication of virus and
bacteriophage genomes, the substantial simplification in the Mycoplasma mycoides JCVI-syn3.0 genome to exploring
multiple genome design principles in the eukaryotic Saccharomyces cerevisiae. This article summarizes the related
progress of artificial genome design, with its main contents focused on: the change of artificial genome codons, the

addition of artificial tags, the insertion of artificial sites and the research of genome simplification. In 2016, Church's
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group used synonymous codons to replace seven codons within the entire genome of E. coli, but the E. coli strain could
not survive. In 2019, Chin's research group completed the synthesis of E. coli containing 61 codons using the method
of complete genome synthesis, and the E. coli strain can survive normally. Four "watermark" sequences were
introduced into the synthetic M. mycoides genome, and a large number of PCR tags were introduced into the synthetic
Saccharomyces cerevisiae genome to distinguish between synthetic and wild-type genomes. A highlight of the synthetic
yeast chromosome design in the Sc2.0 is the insertion of a reverse symmetric artificial site-loxPsym sequence after the
stop codon of each non-essential gene. As a result, a SCRaMbLE (Synthetic Chromosome Rearrangement and
Modification by LoxPsym-mediated Evolution) system that can rapidly perform genome rearrangement including
deletion, duplication, inversion and translocation was formed in the synthetic yeast. The system has been continuously
improved in applications, gradually making it an effective mean to optimize the host, increase the yield and enhance
stress tolerance of the strain. In addition, the prospect of the rational design of genomes and rules for genome

simplification is also discussed.
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Fig. 1 Research progress on codons deletion*'™

(In 2016, seven codons were replaced with synonymous alternatives the entire genome of E. coli by Church’s group, more than 90% of the genes

retained functionality™®’; In 2019, Chin's group recoded 18 214 codons to create a strain with a 61-codon genome '8 )
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[(a) Simplification of the E. coli K-12 genome. The deletion procedure has reduced the genome at an average of 200 kb by using specialized transpo-
sons (Tn5 derivatives) to create deletions in the E. coli K-12 chromosome®”. (b) Simplification of the Schizosaccharomyces pombe genome. Re-
searchers have reduced the genome of S. pombe by 657.3 kb using a large-scale gene deletion method called LATOURP!. (¢) Simplification and
chemical synthesis of M. mycoides genome. Using whole-genome design and complete chemical synthesis, researchers have minimized the 1079-
kilobase pair synthetic genome of M. mycoides JCVI-synl.0. Three cycles of design, synthesis, and testing, with the retention of essential and quasi-
essential genes, produced JCVI-syn3.0 (531 kilobase pairs, 473 genes)!'”]
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