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Based on the achievements by the last fiscal year, we completed the design of a borosilicate glass
chip that integrates all the micro unit operations (MUOs) indispensable to prepare libraries for
chromatin immunoprecipitation sequencing (ChIP-Seq) and whole-genome bisulfite sequencing
(WGBS). This integrated chip is unique in that it can iteratively perform solid-liquid operations,
including immunoprecipitation and silica- or Solid Phase Reversible Immobilization (SPRI)-based
DNA purification. Consequently, we successfully unified the chip designs for individual functional
modules, in contrast to the initial plan to design distinct chips for “ChIP module”, “Adaptor-tagging
module”, “Bisulfite treatment module” and so on. We expect that the integrated chip is useful for not
only library preparation for next generation sequencing but various other applications, thus serving
as a universal chip.

We also completed the construction of a prototype machine that automatically injects liquid to the
micro-channels of the chip with high precision. This prototype machine is unique in that it can
multiplex the outputs of high-precision pneumatic pump via an ultra-small volume switching valve,
thus achieving both high-precision in liquid control and low cost in pump implementation.
Consequently, we succeeded in an economical construction of a machine that can simultaneously
inject a maximum of 6 selected from 70 reagents to the integrated chip.

Construction of the integrated chip and the prototype machine allowed us to initiate optimization
of on-chip library preparation for epigenome analysis. Since ChIP-Seq is a complex procedure with
multiple MUQOs, it is likely difficult to identify the causes of failure in experiments. We thus decided
to test ATAC-Seq, which is rather simple in its operation, as the first application of on-chip library
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preparation to accumulate various practical experiences and figure out hidden problems in our
system. Consequently, we succeeded in ATAC-Seq library preparation from ~100 Hela cells.
ATAC-Seq is based on the tagmentation of unfixed chromatin DNA, which can be used as an
adaptor-tagging method for ChIP-Seq. For WGBS, we used a model chip, which was equipped only
with a simple dam structure and controlled manually, to examine the silica bead-based DNA
purification, which is an indispensable step for bisulfite conversion. In this system, microbeads of
different sizes have to be injected to and then ejected from the same chip at different steps of on-chip
library preparation. We developed a unique solution of this challenging issue, including further
channel optimization, to realize trouble-free injection/ejection. Since WGBS requires more MUOs in
library preparation than ChIP-Seq, it is impossible to conduct its entire step with manual liquid
control. The integrated chip and the prototype machine have, for the first time, provided us with an

environment to test the principle of on-chip WGBS library preparation.
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