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An individual cell is the smallest functional and universal unit of an organism. Gene expression is regulated within
or between individual cells, and so ideally, analysis of gene expression should best be performed using single cells;
however, gene expression profiling has traditionally been performed using rather large samples and plenty of
material. Single-cell transcriptome technologies serve as powerful tools to comprehensively dissect cellular
heterogeneity and identify distinct cell phenotypes.

Our project provided technical support for conducting a transcriptome analysis to other researchers in various
fields whose samples consist of only a few cells. To analyze samples of limited size (up to dozens of cells),
SAGE-Seq and RNA-Seq are performed. When researchers want single cell analysis, we provided comprehensive
single-cell transcriptome analysis (Nx1-Seq) developed by using a technique of randomly barcoded mRNA from a
single cell.

Our project carried out analyses on 120 samples in 2014, 32 samples in 2015, and 68 samples in 2016, with 10
samples in 2016 analyzed by Nx1-Seq. Most studies that employed our technical support to analyze limited cell
sample sizes carried out detailed data informatics, resulting in some groups presenting their data at meetings or
writing up papers.

Simultaneously,  we pushed forward with further advancement of the  comprehensive single-cell transcriptome

method. Because a large amount of non-specific sequences were present in the sequence data, we attempted to raise

2



efficiency to obtain the true sequence. cDNA synthesis efficiency was thought to be the largest limiting factor with
regard to sequence accuracy; however, we were able to modify the oligo (TSO) for template switching for reverse
transcription. The 3' end of TSO includes a guanine residue, but through LNA processing, complementary
cytosine-rich sequence-specific chain formation was able to be improved markedly. Additionally, the 5" end of TSO
is blocked with biotin, preventing TSO-TSO nonspecific binding. Through these two types of modifications, we
succeeded in improving the efficiency of cDNA synthesis. Furthermore, we continued to examine ways of further
reducing the amount of nonspecific sequence by using modified PCR primers.

We confirmed the usefulness of this method using various cell and organ samples such as PBMCs. Furthermore,
we also carried out a Nx1-seq using a cell line established from HBV-positive Hepatocellular carcinoma and found
that only one cell in approximately 3,000 expressed a high level of HBV mRNA. By comparing cells without HBV
RNA, we identified Gene X, a gene important for cellular retention of HBV. Such molecules represent prime
innovative drug development targets since HBV cccDNA level in  HBV-infected cells decreased after
shRNA knockdown of Gene X.

During the project, we filed for a basic patent (method of analysis of nucleic acids derived from a single-cell) for the
Nx1-Seq method and a basic patent for anti-HBV medicine target molecules (anti-viral drugs), and have also licensed

out these patents to a company.
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