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Multi-omics insight into the function of protists on the biological carbon pump
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The biological carbon pump is a key climate regulator that facilitates the transfer of organic carbon from
surface waters to the deep ocean. While bacterial contributions to this process have been extensively
studied, the roles of protists (single-celled microeukaryotes) remain insufficiently understood. Protists
(unicellular eukaryotes) function as primary producers, grazers, and decomposers, and thus expected to play
various roles in particle formation, sinking, and organic matter degradation. Yet, their specific functions
within particle-associated microbial communities have been underexplored, largely due to limited molecular
resolution and gaps in reference databases. This dissertation addresses this knowledge gap by employing a
multi-omics approach—combining 18S rRNA gene metabarcoding and metatranscriptomic analysis—to
investigate suspended and sinking particles collected by an instrument named marine snow catcher across
multiple depths in the highly productive Oyashio region during the spring bloom. After the introduction of
the background of the study in Chapter 1, two main works are presented in Chapter 2 and 3.

In Chapter 2, the author revealed that sinking particles harbored distinct and less diverse protistan
assemblages compared to suspended particles using metabarcoding data. The community structure shifted
with depth, suggesting progressive disaggregation and decomposition of sinking particles during
sedimentation. Prymnesiophytes and most diatoms showed a marked decline in sinking particles with
increasing depth, while Dinophyceae remained relatively persistent. In contrast, heterotrophic protists such
as Spirotrichea (ciliates) and heterotrophic dinoflagellates were selectively enriched in sinking particles.
The increasing abundance of these heterotrophs from surface to mesopelagic layers indicates their active
involvement in transforming sinking aggregates.

After identifying the compositional differences of protistan communities, it remained unclear which cells
were metabolically active and what roles they played in situ, particularly in the export and degradation of
organic carbon. Therefore, in Chapter 3, the author employed metatranscriptomic analysis to uncover taxon-
specific metabolic reprogramming and activity patterns. Suspended particles were characterized by up-
regulated transcripts from diatoms, haptophytes, and chlorophytes, whereas sinking particles were enriched
in transcripts from diatoms, ciliates, and dinoflagellates. Species-level analysis indicated that small centric
diatoms (Minidiscus variabilis, Thalassiosira oceanica) were more transcriptionally active in suspended
particles, while the chain-forming centric diatom Thalassiosira rotula dominated in sinking particles.
Notably, elevated expression of genes associated with phagosomes, endocytosis, and carbohydrate
metabolism in Karlodinium veneficum and Karenia brevis highlighted the active involvement of
heterotrophic protists in degrading organic carbon within sinking aggregates. Furthermore, a positive
correlation between RNA virus activity and carbon flux suggests that RNA viral infections contribute to
enhanced particle aggregation and vertical export in the Oyashio region. In Chapter 4, the authors discuss
the conclusions of this study, the limitations and future perspectives.

In summary, this dissertation identifies diatoms as principal exporters of fresh organic carbon, and ciliates,
heterotrophic dinoflagellates as important agents driving its degradation during sinking, refining the
understanding of protistan regulation of carbon export efficiency in the Oyashio region.
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