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Abstract: Genetic manipulations such as homologous recombination and CRISPR are basic technologies of synthetic
biology aiming to design and construct artificial life. One key factor affecting the efficiency and accuracy of microbial
genetic manipulations is the editing sequences (ES), namely the assisting sequences used for precisely locating and
editing a target sequence in a genome, such as a primer, a homologous arm or a sgRNA sequence. For different genetic

manipulation technologies, diverse manipulation types and multiple ESs are required for different stages of
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manipulation processes, especially for the high-throughput design with recently developed biofoundries to enable
automatic strain modifications. Therefore, it is becoming essential to use computational tools for precise, fast, high-
throughput and whole workflow ES design. This article reviews tools for ES design at different stages using various
microbial genetic manipulation technologies. The tools are classified into four categories based on the types of ESs and
their application scenario: primer design, DNA assembly design, sgRNA design and whole workflow ES design. We
first give a brief introduction to the tools used for basic primer design with an emphasis on the widely used open-source
tool Primer3. Then we have an extensive discussion on the tools used in the design of ESs for DNA assembly using
technologies like Gibson and Golden Gate assembly which are required for linking the editing sequences and/or the
inserted sequences together as one big fragment to be transformed into target strains. Various tools for designing
sgRNA used in the latest CRISPR technologies for genome and base editing are also evaluated and compared in detail.
Moreover, we argue that one-stop ES design tools which integrate various design methods to cover the whole genetic
manipulation workflow would be very important in addressing challenges for the high throughput design raised by
automatic strain construction biofoundries to enable highly precise and efficient genome editing for different sequence
manipulations at any location and in any organism. These ES design tools will seamlessly link the genotype “Design”
step and the strain “Build” step in the “design-build-test-learn (DBTL)” working cycle of synthetic biology to facilitate
the creation of artificial organisms.
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Fig.1 Development of genetic manipulation technologies and corresponding editing sequences and tools for editing sequence design

(Blue rectangle: Genetic manipulation technologies; Green rectangle: Editing sequence design requirements; Brown rectangle: Editing sequence

design tools; Brown serial numbers indicates that the editing sequence design tools can address the corresponding editing sequence design requirements)
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Fig. 3 Principles of genome editing mediated by representative CRISPR/Cas systems
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Table 3 Representative hypothesis-driven and learning-based sgRNA design tools
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Fig. 4 Schematic diagram for CRISPR/Cas-based homologous recombination and its editing sequences
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Table 4 Editing sequence design tools for the whole workflow of genome editing
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