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Figure 1 Schematic diagram of in vivo assembly technologies for large DNA fragments. A: Large-fragment DNA assembly technologies in
Escherichia coli. Both technologies rely on homologous recombination after cleavage by Cas proteins. REXER transfers plasmids via electroporation,
while CONEXER achieves plasmid transfer through conjugation; B: large-fragment DNA assembly technologies in Bacillus subtilis. Both IWe and
Domino progressively extend DNA fragments and insert them into a vector through homologous recombination; C: large-fragment DNA assembly
technologies in Saccharomyces cerevisiae. TAR technology primarily achieves in vivo assembly through the direct connection of homologous arms
between fragments. SWAP-In achieves assembly by sequentially replacing native chromosome segments with fragments containing selectable
nutritional markers. CasHRA achieves ordered assembly by connecting homologous arms exposed after cleavage by Cas proteins. MRA achieves
chromosome-fragment level assembly through the crossing over that occurs during meiosis after yeast mating. YLC uses Cas protein cleavage after
yeast mating to expose homologous arms for assembly, followed by screening of the yeast cells produced after meiosis. HAnDy utilizes Cas proteins to
selectively cleave one set of chromosomes to achieve rapid haploidization
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Figure 2 Schematic diagram of large-fragment DNA transfer
technologies: electroporation and chemical transformation introduce
exogenous DNA into cells by altering cell membrane permeability;
cationic polymer transfection delivers exogenous DNA into cells
through endocytosis, with the DNA wrapped by cationic membranes;
conjugation transfer utilizes a sex pilus to form a channel, through
which the DNA is replicated and pumped into the recipient cell; yeast
mating involves the spontaneous fusion of haploid yeast cells of
different mating types, directly transferring large DNA fragments into
the nucleus; cell fusion enables the direct transfer of large DNA
fragments across species boundaries, allowing even entire genomes to
be transferred
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The development of synthetic genome has endowed humanity with an unprecedented ability to rewrite the genetic code. The
assembly, transfer, and heterologous expression of large-fragment DNA are the core enabling technologies in this field. Currently,
these technologies are undergoing rapid iteration, reshaping the research pathways and application landscape of synthetic genome.
This article aims to systematically review the latest research progress of large DNA fragment assembly, transfer, and heterologous
expression, and to provide a perspective on their broad prospects in creating new biological functions and genome resurrection.
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