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Marine microalgae capture a significant portion of atmospheric carbon dioxide and store the fixed
carbon as energy-dense macromolecules such as oil or starch. However, for industrial oleaginous
microalgae, understanding and rational engineering of such intracellular carbon capture and storage
machineries have only just begun. Using Nannochloropsis oceanica as a model, we unveiled an
intricate collaborative network of genes that underlies TAG synthesis, and showed that the fatty acid
profiles on TAG can be rationally designed, for tailored benefits to nutrition and health. Along the
process, we developed a series of targeted engineering tools to manipulate these networks. Moreover,
we proposed a concept called Ramanome to rapidly phenotype and screen individual microalgal cells
based on their metabolic state at single-cell resolution, and then developed Raman-activated Cell
Sorter (RACS) to establish the phenotype-genotype link at single-cell resolution. In the end, I will
present my thoughts for collaboratively crafting Nannochloropsis oceanica into a chassis for scalable

production of biofuels, biomaterials and nutrients from carbon dioxide.
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