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Project Summary: Microfluidic platforms have become powerful tools in single-cell
manipulation and analysis. Herein, we first developed a valve-based microfluidic system to
understand the decision-making process of cells by tracking their lineage over generations
at the single-cell level. The system can trap single cells inside "growth" chambers, isolate
"sister" cells after division and extract them for downstream transcriptome analysis.
Moreover, we present a high-throughput real-time fluorescence cytometer comprising a
microfluidic device and a complementary metal-oxide-semiconductor (CMOS) image
sensor-based detection system. This platform allows real-time quantification of the
fluorescent species (such as particles and cells) at a throughput of up to 500,000 events per
second. We also combined this detection platform with a valve-based microfluidic system to
achieve a high-throughput fluorescence-activated cell sorting for the enrichment of rare
cells. Finally, we demonstrated a smartphone-based portable imaging flow cytometer
integrating a smartphone with simple optics and a microfluidic device.
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