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Microbial lipids produced by oleaginous yeasts have been recognized as important renewable
resources for biofuels and oleochemicals. The red yeast Rhodosporidium toruloides is superb for
production of neutral lipids, carotenoids and related metabolites under various conditions. However,
R. toruloides belongs to Basidiomycetous yeast, and its genetic tools have not been well
developed. To understand the molecular bases of its oleaginicity, we sequenced the genome of R.
toruloides and performed trans-omic analysis. Our results demonstrated that triacylglycerol
accumulation under nitrogen-limited conditions is tightly connected with cellular processes related
to lipogenesis, nitrogenous compounds recycling, macromolecules metabolism and autophagy.
Under phosphate-limited conditions, cells activate degradation of phosphorus-containing
components including RNA and nucleic acids such as adenosine monophosphate, leading to
reduced cell proliferation and enhanced lipid biosynthesis. Some major trans-omic observations
have been verified via genetic manipulation of key genes.

To facilitate genetic modification of R. toruloides, we developed different transformation methods,
identified many genetic elements including promoters, terminators, selectable markers and 2A
sequences. Tools have also been devised tools for homologous gene targeting and
RNA-interference mediated gene down-regulation. By using the Cas9 gene of Staphylococcus
aureus origin, we successfully developed the CRISPR/Cas9 system for genome editing in R.
toruloides. Consequently, advanced strains have been created very recently for production of
various metabolites derived from the fatty acid or isoprenoid biosynthetic pathway. In this
presentation, these efforts and results therewith will be briefly summarized.
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