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Protein-Based Genome Editing Enables Versatile Modulation of Long-Chain Polyunsaturated
Fatty Acid Profiles in Thraustochytrids
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In this study, protein-based CRISPR-Cas9 genome editing technology was employed to modify the
polyunsaturated fatty acid composition of Parietichytrium, which synthesize DHA by using several elongases
and desaturases. RNP containing crRNAs targeting A4 desaturase, C20 elongase and A5 desaturase with Cas9
and tractrRNAs were formed and introduced into Parietichytrium by electroporation. We confirmed that the
designed crRNA has cleaved the target gene. A deficiency in A4 desaturase resulted in the loss of DHA and the
accumulation of n-3DPA, whereas a deficiency in C20 elongase resulted in EPA becoming the predominant
PUFA. Furthermore, a deficiency in A5 desaturase led to a notable accumulation of ETA and DGLA. In
conclusion, this study demonstrates that genome editing by introducing RNP directly into cells can be applied
to Parieitichytirum to selectively produce various valuable fatty acids with precision. The resulting strains
qualify as non-genetically modified organisms, thereby avoiding regulatory restrictions and enabling their

potential application across diverse fields.
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