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Conventional bioimaging approaches typically emphasize dominant populations within a
sample, thereby overlooking rare outlier-like cells that may disproportionately influence
biological systems. Increasing evidence demonstrates that such rare cells can be central
drivers of processes including embryonic development, cancer progression, immune evasion,
and drug resistance. However, detecting and analyzing these events requires simultaneous
observation of extremely large cell populations with both high spatial resolution and temporal
continuity.

To meet this challenge, we developed AMATERAS (a multi-scale/modal analytical tool for
every rare activity in singularity), a high-throughput fluorescence imaging system that bridges
centimeter-scale coverage with micrometer-scale resolution. By combining a 250-megapixel
CMOS sensor with a 1x or 2% telecentric macro lens, AMATERAS achieves a field of view
exceeding 1 cm at ~1 um resolution, allowing single-cell tracking across more than one
million cells in a single image. This system enables real-time visualization of cell migration,
fate transitions, and functional responses, and is capable of detecting ultra-rare events
occurring in fewer than 0.01% of cells.

Furthermore, AMATERAS is integrated with robotic arms and an incubator to enable
automated, long-term imaging of adherent cells and organoids under controlled culture
conditions. This facilitates continuous, unbiased monitoring of large-scale cell populations,
generating data-rich trajectories for both basic and translational research.

In this presentation, I will introduce the design and performance of AMATERAS and illustrate
its capacity to reveal unexpected cellular phenomena. By capturing the extraordinary within
the ordinary, this platform defines a new paradigm in high-throughput biophotonics,
advancing applications in regenerative medicine, oncology, and drug discovery.



