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biology. Genome editing is an indispensable tool for genetic modification in synthetic biology. However, genome editing tools
with high efficiency and fidelity are still to be developed for V. natriegens synthetic biology. To deal with this problem, the
physiological characteristics of 6 V. natriegens strains were evaluated, and CICC 10908 strain with fast and stable growth was
selected as the host strain for genome editing study. Then, the natural transformation system of V. natriegens was established
and optimized. The efficiencies of optimized natural transformation that integrates antibiotic resistance marker cat-sacB or
Kan® onto the chromosome of V. natriegens could reach 4x10™° and 4x10~, respectively. Based on the optimized natural
transformation, a double-selection cassette was used to achieve seamless genome editing with high efficiency and fidelity. The
positive rates of four different types of genetic manipulation, including gene deletion, complementation, insertion and
substitution, were 93.8%, 100%, 95.7% and 100%, respectively. Finally, transformation and elimination of the recombinant
plasmid could be easily achieved in V. natriegens. This work provides a seamless genome editing system with high efficiency

and fidelity for V. natriegens synthetic biology.
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Fig. 1 The schematic diagram of constructing plasmid pMB1-
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Fig. 2 The schematic diagram of seamless genome editing for V. natriegens.
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Fig. 3 The comparation of cell growth for different V. natriegens strains. (A) The growth phenotypes of different
V. natriegens and E. coli strains on solid LB and LBv2 media. (B) The cell growth curves of different V. natriegens
strains in liquid LBv2 medium. (C) The cell growth curves of V. natriegens and E. coli in liquid LB and LBv2 media. All
data were derived from three independent biological replicates.
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Fig. 4 The optimization of natural transformation for V. natriegens. (A) and (B) Analysis of natural transformation
efficiency for pMB1-tofX. V. natriegens strains containing a pMB1 empty vector or pMB1-tfoX were transformed with
100 ng of a Adns::cat-sacB or Adns::Kan® tDNA containing 600 bp homology arms. (C) Natural transformation assay of
V. natriegens with indicated concentration of Adns::cat-sacB tDNA containing 600 bp homology arms. (D) Natural
transformation assay of V. natriegens with 100 ng of Adns::cat-sacB tDNA containing indicated lengths of homology arms.
All data were derived from three independent biological replicates. (E) Agarose gel electrophoresis analysis of genome
editing for Adns::Kan® and Adns::cat-sacB. -: negative; wt: wild type. DNA marker (M) bands are 100, 250, 500, 750,
1000, 2 000, 3 000 and 5 000 bp respectively.

F1 AEREBEFBREBGLELIT
Table 1 The efficiency of different types of genome editing
Genome editing types Homology arm length (bp/bp) Positive transformants  Total transformants Genome editing efficiency (%)

Adns::cat-sacB 50/50 0 12 0.0
Adns::cat-sacB 150/150 0 20 0.0
Adns::cat-sacB 300/300 10 11 90.9
Adns::cat-sacB 600/600 66 68 97.1
Adns::Kan® 600/600 45 45 100.0
Adns 300/300 18 18 100.0
Adns 600/600 30 32 93.8
Adns::dns 600/600 21 21 100.0
P29-xylE 631/638 45 47 95.7
Aptsl::P29-galP 629/476 55 55 100.0
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Fig. 5 Agarose gel electrophoresis analysis of genome editing for V. natriegens. (A) dns delition analysis. (B) dns in situ
complementation analysis. (C) Analysis of P29 insertion at xylE site. (D) Analysis of ptsl substitution with P29-galP. -:
negative; wt: wild type; cs: cat-sacB. DNA marker (M) bands are 100, 250, 500, 750, 1 000, 1 500 (only in A), 2 000, 3 000
and 5 000 bp, respectively.
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Fig. 6 Analysis of plasmid transformation and elimination efficiencies for V. natriegens. (A) Analysis of pACYC184
transformation efficiency. Elec: electroporation; GENT: natural transformation. E. coli and V. natrigens indicated the
sources of pACYC184. All data and standard errors were derived from three independent biological replicates. *: P<0.05.
(B) Analysis of pMB1-tofX elimination efficiency.
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