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Project Goals: We are assembling a fully recoded, 3.97 Mb Escherichia coli genome, in
which seven codons are replaced with synonymous alternatives in all protein-coding genes.
For this aim, the full recoded genome was de novo synthesized and assembled in vivo into
87 segments. In the final steps of genome construction, we combine these 87 segments in
vivo to assemble the fully recoded genome.
We present the synthesis of a fully recoded, 57-codon Escherichia coli genome, in which seven
codons are replaced with synonymous alternatives in all protein-coding genes. To this aim, the
entirely synthetic recoded genome was assembled into 50 kb episomal segments which were
then individually tested for functionality. The genome is constructed by CRISPR/Cas9-mediated
in vivo recombineering, in which each synthetic segment replaces its corresponding wild-type
sequence. Multiplex Automated Genome Engineering (MAGE)1 and directed evolution with
random genomic mutations (DIvERGE)2 are further used to identify alternative recoding
schemes. Replacement efficiency was enhanced up to 100% by implementing a novel, threeplasmid CRISPR/Cas9 knock-in technique. Cycle time was reduced to 11 days by extensively
streamlining the replacement procedure and accelerating sequencing-based quality-control steps.
Importantly, no significant decrease in growth rate has been observed in eight recoded clusters
(total up to 500 kb). In parallel with genome construction, we are optimizing conjugative
assembly (CAGE)3 for combining recoded clusters. As we approach the final assembly of a
virus-resistant E. coli genome, intermediate strains are also used to implement dependency on
non-standard amino acids and encode modules for self-destruction for stringent biocontainment
of the final strain. Our work expands the toolkit available for large scale engineering in living
cells and opens a new avenue for the bottom-up synthesis and refactoring of organismal
genomes.
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