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In this project, we developed a method to simultaneously investigate the cellular functions and genetic polymorphisms
of human-induced pluripotent stem cells (hiPS cells) and their differentiated cells from thousands of samples.
Additionally, we developed a method to measure these parameters at the single-cell level from hundreds of samples.
Using this technology, we collaborated with research groups to analyze how culture conditions, compounds, and cell
lots/strains affect the characteristics of hiPS cells and differentiated cells. The goal is to feedback these results into

clinical research and trials to accelerate the early realization of cell and gene therapy.

Cells used in cell and gene therapy have different characteristics depending on the lot and strain, affecting transplantation
safety and efficacy. Factors influencing cell characteristics include culture media, containers, passage numbers, adhesion
factors, genetic background, etc. We previously developed a method to measure cellular functions from thousands of
samples using RNA sequencing. However, current methods for measuring genetic mutations cannot examine a few cells
within a cell population, have low throughput, and are very costly. These methods also do not provide information on

cellular functions, making it impossible to evaluate how polymorphisms affect cell characteristics.

To address those technical issues, we developed a novel method for simultaneous measurement of cellular functions and
genetic polymorphisms from many samples. Based on Quartz-Seq2, the world's highest-performing single-cell/multi-
sample RNA-seq method, we developed Long-Read Quartz-Seq2 by adapting it to sequence entire RNA molecule,
capturing gene structure changes. We introduced full-length sequencing library preparation methods and adapted long-
read DNA sequencers. To increase the number of samples processed, we adapted Quartz-Seq2 to microfluidic devices
and mixed-reaction methods for multiple samples. We also developed artificial intelligence technology to extract genetic

function and polymorphism information from these data.

The project consists of three research and development (R&D) items. R&D Item 1 involved developing a method for
simultaneous measurement of cellular functions and genetic polymorphisms from many samples. This was divided into
achieving full-length RNA sequencing of thousands of samples and implementing Al to extract information on cellular
functions and genetic polymorphisms. R&D Item 2 aimed to apply this technology at the single-cell level for hundreds
of samples by improving throughput and reducing costs. R&D Item 3 applied the technology developed in Items 1 and

2 for practical use.

The development of Long-Read Quartz-Seq2 was successful, achieving performance comparable to short-read Quartz-
Seq2 and exceeding other reported methods in gene detection and cell/sample barcode recognition. We developed the
Q2-pipeline, a data analysis workflow for automatically calculating gene expression matrices and the positions of reads
on the genome. We demonstrated variant analysis using mitochondrial genome polymorphisms. Using a large-scale
generative Al model, we built a model to predict the impact of gene sequence perturbations on gene expression changes,

evaluated by the correlation between predicted and measured expressions.

To reduce costs, we improved the throughput of cell collection and sequencing processes. This included changing the
single-cell collection method and introducing a new library preparation method, significantly reducing sequencing costs.

These improvements were integrated and confirmed for their final throughput and performance.

We transferred the developed technology to Knowledge Palette Inc., a startup established by a former postdoctoral
researcher from our lab. The company has collaborated with multiple pharmaceutical companies and research groups,

successfully raising significant funds in the Series B round in 2023.
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This technology can be applied to drug discovery, cohort studies, and large-scale omics projects. Our lab has built a
system to execute such projects at significantly lower costs. The large-scale data generated can be used for training large-

scale generative Al, contributing to the development of Al supporting cell and gene therapy.

In conclusion, the technology developed in this project provides a unique and highly accurate method for obtaining large-

scale data, essential for advancing cell and gene therapy and supporting Al development in this field.



