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Defining a Novel Thermogenic Pathway Using the Swordfish Heater Organ
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The objective of this study was to uncover fundamental mechanisms of non-shivering thermogenesis by
investigating the specialized heater organ of the swordfish, a unique tissue that produces heat independently of UCP1.
During my research at Harvard Medical School and Beth Israel Deaconess Medical Center, I established a single-nucleus
RNA sequencing (snRNA-seq) workflow for the heater organ and generated its first comprehensive molecular atlas. By
integrating transcriptomic and bioinformatic analyses, I found that the heater organ is characterized by coordinated
activation of energy metabolism, ion transport, and regulatory gene networks, together with numerous previously
uncharacterized genes that may contribute to thermogenesis. Building on these findings, I initiated functional studies to
reconstruct the molecular program of the heater organ in mammalian cells. This work was made possible by integrating
expertise in single-cell transcriptomics, RNA sequencing, and metabolic analyses developed through collaborative
research at Harvard. Collectively, this study establishes a comprehensive analytical framework for investigating the

swordfish heater organ and provides a foundation for uncovering fundamental principles underlying the evolution,

regulation, and diversity of thermogenic systems across vertebrates.
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