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I.        　   Abstract
We developed a cartridge and an automated multichannel system which can conduct emulsification and droplet PCR seamlessly for BEAMing (Beads, Emulsion, Amplification, Magnetics) laboratory test. BEAMing has been proposed for trace detection of circulating tumour DNA (ctDNA) in the blood. It is one of the digital PCR techniques.1, 2 
Blood plasma has very few cell-free DNA (cfDNA), so prePCR is needed before emulsification. After prePCR, relatively small droplets are required to encapsulate one bead into one droplet. The diameter of droplet formed by our system is approx. 8 µm, volume is 268 fL. In addition, droplet PCR can be conducted immediately after emulsification in channels next to the junction for emulsification (Fig. 1). Operators can get away from cautious handling of droplets, contributing to more stable measurement, labour saving, leading to reducing time of the experiments. Our system, as shown in Fig. 2, a microfluidics cartridge is held between the liquid sending unit and a peltier plate capable of heating. It is observed that during clinical use, contamination during handling occurs frequently especially from the instrument, which is one of the serious problems, therefore, DNA samples are flowed away by oil. The pressure to push oil out is done by feedback controlled with measured flow rate in each channel, and that enable to generate uniform emulsification.
BEAMing assay was conducted using known mutation rate DNA samples, then, measurement results were 1.04 % and 0.07 % when using mutation rate of 1.0 % and 0.05 % respectively (Fig. 3). Minute quantities of ctDNA can be detected, and our system has potential of BEAMing for clinical use.
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Fig. 1   a developed microfluidics cartridge. Droplets can be generated with uniform diameter of 8 µm approximately, and then droplet PCR is conducted in S-shape microfluidics immediately after emulsification.
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Fig. 2   (a) The external appearance of automated system for emulsification and droplet PCR, (b) the schematic of cross-sectional system.
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Fig. 3  Scattergrams of BEAMing                                                 (a) 1.0 % mutation, (b) 0.05 % mutation.
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