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1.  Comprehensive comparison of gene expres-
sion diversity among human stem cells

Yukiyo Yamatani and Kenta Nakai

In stem cells in vitro, several factors including their 
tissue origins and culturing conditions affect their 
gene expression, sometimes resulting in changing 
their state or identity. However, the extent to which 
these factors affect the gene expression profile for 
each cell type remains unclear. Thus, we aimed to 
characterize four types of human stem cells from the 
effects of the various factors, integrating publicly 
available RNA-seq data. Induced pluripotent stem 
cells (iPSCs) were classified by their tissue origins. Be-
sides, embryonic stem cells (ESCs) with different cul-
ture medium compositions were contained in the 
iPSC clusters. In mesenchymal stem cells (MSCs) and 
hematopoietic stem cells (HSCs), culturing conditions 

mainly affected their expression profiles. We further 
investigated the genes identified stem cell clusters. 
Highly correlated factors in stem cell types were af-
fected by expression changes of stem cell specific 
genes. Moreover, we observed high correlation be-
tween histone genes and zinc-finger genes in a sub-
class of cells characterized by their cell growth-relat-
ed conditions, suggesting the existence of a common 
enhanced state across stem cell types. Overall, we 
suggest that the culturing conditions more strongly 
impact the stem cell identity than their types and tis-
sue origins. Our findings would be helpful for con-
trolling the stem cell quality.

2.   Identification  of  novel  gene  expression  net-
works that contribute to GBM genetic hetero-
geneity using scRNA-seq datasets
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The mission of our laboratory is to conduct computational (“in silico”) studies on the 
functional aspects of genome information. At present, we mainly focus on the 
analysis of regulatory information of gene expression in the non-coding region, 
using a variety of next generation sequencing (NGS) data. In addition, we are 
actively collaborating with researchers from various fields.
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Glioblastoma multiforme (GBM) is known as the 
most common malignant brain tumor in adults. The 
main difficulties underlying drug development of 
this fatal tumor are due in part to its heterogeneity. In 
this study, to identify new therapeutic targets, we 
searched for gene expression programs that potential-
ly associate with malignant properties of GBM by 
analyzing public scRNA-seq datasets. As a result, we 
identified a novel co-expressed gene module in single 
cell level which is the recurrent program within sev-
eral donors. This module remarkably includes an 
amount of lncRNAs (>30%), as well as multiple tu-
mor-related genes (referred to “NC module” hereaf-
ter). To understand the functional importance of the 
NC module, we applied the monocle algorithm that 
infers trajectories based on the similarity of gene ex-
pression patterns. As a result, we found that the cell 
populations with high expression of the NC module 
are concentrated at the trajectory termination. This re-
sult suggests that cells expressing NC module genes 
tend to be functionally stable and contribute to the 
genetic heterogeneity of GBM. Furthermore, we re-
trieved 14 hub genes from the NC module, which is 
the key component in its co-expressed gene network 
and plays an important role in controlling specific 
functional states of GBM. For example, ASTN2 (As-
trotactin 2), a known gene regulating the migration of 
fetal neurons, is a hub gene and may contribute to the 
high degree of migration and invasion of GBM, to be 
a highly potential therapeutic target.

3.  Constructing a data integration platform for 
the development of therapeutic agents of COV-
ID-19

Sung-Joon Park, Katsunori Fujiki2, Satoshi Otaki, 
Kenta Nakai, Yumiko Imai3 and Katsuhiko Shira-
hige2

2Institute for Quantitative Biosciences, The Univer-
sity of Tokyo
3National Institutes of Biomedical Innovation, 
Health and Nutrition (NIBIOHN)

In the medical treatment for patients with respira-
tory failure including new coronavirus infection 
COVID-19, there are still many unexplained factors 
that influence the effect of therapeutic drugs and vac-
cines. To contribute to the development of therapeu-
tic drugs for COVID-19, by collecting bronchoalveo-
lar lavage fluid samples of patients with COVID-19 
and integrating the information of medical records, 
we are developing effective next-generation sequenc-
ing (NGS) protocols and the data analysis platform. 
With the time-course viral DNA and RNA sequenc-
ing data, we tuned our pipeline for meta-genome 
analysis and quantified microbe-originated NGS 
reads. We found severe bacterial and viral infections 

known to be involved, such as myocarditis, pericardi-
tis, and pneumonia. Furthermore, the patients’ sever-
ities correlated with the profile of detected microbes. 
Therefore, we believe that the information of bacterial 
and viral microorganisms significantly present in pa-
tients with COVID-19 is a useful resource to establish 
the therapeutic strategy.

4.  Developing an open-access repository for the 
multi-dimensional genome structure data

Sung-Joon Park, Katsuhiko Shirahige2, Shoji Taka-
da4 and Tomoko Nishiyama5

4Department of Biophysics, Graduate School of Sci-
ence, Kyoto University
5Division of Biological Sciences, Graduate School of 
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The community-wide effort to characterize 3D ge-
nome organization has highlighted the importance of 
functional linkages between genetic/epigenetic phe-
nomena and physical properties of DNA (e.g., stiff-
ness, torsion, and supercoiling). However, mecha-
nisms underlying the establishment of functional 
genome structure are still poorly understood, which 
needs comprehensive and integrative approaches. 
Here, we are developing a data repository system that 
facilitates online in-silico analyses, named Genome 
Modality Suite as a part of the research project Ge-
nome Modality. The system has been designed to 
deal with heterogeneous and multi-dimensional data, 
such as RNA-seq and ChIP-seq signal tracks (1D 
data), Hi-C contact matrix (2D data), XYZ-coordinate 
structures (3D data). Furthermore, by utilizing PHP, 
MySQL, and JavaScript libraries, we successfully de-
veloped the prototype of a web-based browser to pro-
vide seamless access to the 123D data. Our system 
will accelerate progress toward the understanding of 
multi-dimensional genome properties.

5.  Genome-wide in silico analysis for under-
standing the epigenetic mechanism in myeloid 
leukemogenesis

Sung-Joon Park, Shuhei Asada6, Kenta Nakai, Susu-
mu Goyama7 and Toshio Kitamura6

6Division of Cellular Therapy
7Department of Computational Biology and Medical 
Science, Graduate School of Frontier Sciences, The 
University of Tokyo

In oncogenesis, the dysregulated epigenetic regu-
lators involved in such as DNA methylation, histone 
modifications are recurrently detected. In particular, 
polycomb group proteins (PcGs)-mediated ubiquiti-
nation and de-ubiquitination are well-known epige-
netic silencers of developmental genes, and the mu-
tated PcGs lead to aberrant gene expression regulation. 
However, its mechanism is still largely unknown. 
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Here, we focused on the interplay of polycomb-re-
pressive de-ubiquitinase (PR-DUB) and the dynamic 
change in H2AK119 mono-ubiquitination in mitotic 
myeloid leukemia cells. We performed in silico analy-
ses with the next-generation sequencing data includ-
ing ChIP-seq and ATAC-seq to profile the enrich-
ments of ASXL1 (a component of PR-DUB), CDC20 (a 
coactivator of the E3 ubiquitin ligase complex AP-
C/C), and H2AK119ub1 in 293T and NOMO-1 cells. 
We found the co-enrichment of ASXL1 with CDC20 in 
the promoter regions and that H2AK119ub1 was 
markedly reduced during mitosis. In contrast, the 
ChIP-seq data from the overexpression of CDC20 in 
myeloid leukemia cells exhibited markable 
H2AK119ub1 enrichment. With our in vitro and in 
vivo experimental results that the ectopic expression 
of CDC20 leads to an attenuation of myeloid leuke-
mogenesis, the results suggest that APC/C induces 
the accumulation of H2AK119ub1 and acts as a tumor 
suppressor by counteracting the PR-DUB complex in 
myeloid leukemia.

6.  Integrative transcriptomic analysis for lacrimal 
gland organoids generated from human pluri-
potent stem cells

Sung-Joon Park, Toru Okubo8, Yuki Ishikawa8 and 
Ryuhei Hayashi8

8Department of Stem Cells and Applied Medicine, 
Osaka University Graduate School of Medicine

Lacrimal glands that maintain a healthy tear-film 
are a target tissue for regenerative therapy and drug 
discovery using human pluripotent stem cells, where 
its dysfunction occurs in one of the most common au-
toimmune diseases, Sjögren’s syndrome. In this 
study, using a SEAM (Self-formed, Ectodermal, Au-
tonomous, Multi-zone) that is a 2D eye-like organoid 
generated from the 201B7 human iPS cells, lacrimal 
gland-like primordia were successfully sorted and 
subjected to the 3D culture that showed budding, 
with a multi-branched gland-like morphology emerg-
ing at day 14. To investigate molecular processes dur-
ing the differentiation, we performed time-course 
transcriptomic analyses incorporating microarray, 
bulk RNA-seq, and single-cell RNA-seq data. These 
analyses revealed that transcription factors involved 
in lacrimal gland development (e.g., PAX6, SOX9, 
BARX2, RUNX1, SIX2, and FGFR2) were transiently 
upregulated during lacrimal gland differentiation 
culture. Single-cell RNA-seq indicated that at day 10 
of 3D cultivation, lacrimal gland-like progenitors 
transiently expressed the proliferation marker, 
MKI67, along with epithelial-mesenchymal transition 
markers, VIM and FN1. The expression of these mark-
ers decreased by day 20, and AQP5-positive acinar 
cells started to express the functional lacrimal gland 
proteins, LCN28 and DEFB1, for lipocalin and defen-
sin, respectively. The day-20 organoids, moreover, 

contained major cell clusters including acinar, ductal, 
and myoepithelial-like cells. These expression pheno-
types during the cultivation suggest that lacrimal 
gland maturation starts during in vitro 3D culture 
and will continue in situ after implantation, which is 
an advantage for use in future regenerative therapies 
to treat disorders. Indeed, these immature organoids 
transplanted above the rat eyes properly functioned 
with an increased expression of lacrimal gland-relat-
ed differentiation markers.

7.  Investigating putative dendritic cell precursors 
(pre-DC) with neutrophil progenitor properties

Phit Ling Tan, Ken Ishii9, Florent Ginhoux10 and 
Kenta Nakai
9Division of Vaccine Science
10Singapore Immunology Network (SIgN), A*STAR

Previously, we found a potentially interesting 
new group of cells while studying the aggregated sin-
gle-cell transcriptome data of human blood/bone 
marrow cells: a subtype of putative dendritic cell pre-
cursors (pre-DCs) that expresses certain neutrophil 
progenitor markers. Other than expressing these 
markers, this subtype exhibits similar expression pro-
files to conventional dendritic cells (cDCs) and Axl+Si-
glec6+pre-cDCs. Trajectory inference analyses suggest 
that this group is a precursor of DCs. After further 
investigations, we found that these cells are divided 
into two sub-groups: one is Axl+Siglec6+ pre-cDCs, 
whereas the other is located among CD33+ granulo-
cyte-monocyte progenitors (GMPs). GMPs are com-
monly known to be homogeneous oligopotent cells. 
However, recent studies have proposed that GMPs 
are heterogeneous. Furthermore, a group of early 
uni-potent neutrophil progenitors was revealed in 
GMPs. This suggests the existence of early uni-potent 
DC progenitors in GMPs. To verify the hypothesis, 
identification of cell surface markers of the putative 
pre-DCs are necessary. COMET, a tool for selection of 
candidate marker panels from scRNA-seq data, sug-
gests LGALS1+ITGAX and LGALS1+HAVCR2 as the 
potential marker panels.

8.  scIMC: a customized platform for benchmark-
ing comparison and visualization analysis of 
imputation methods for single-cell RNA se-
quencing data

Chichi Dai11, Ran Su11, Kenta Nakai and Leyi Wei12 
11College of Intelligence and Computing, Tianjin 
University
12School of Software, Shandong University

With the advent of scRNA-seq data, one major 
challenging is the so-called ‘dropout events’ that dis-
tort gene expression and remarkably influence down-
stream analysis in single-cell transcriptome. To ad-
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dress this issue, much effort has been done and 
developed several scRNA-seq imputation methods, 
including mode-based and deep learning-based 
methods. However, comprehensively and systemati-
cally compare existing methods are still lacking. In 
this work, we use 2 real scRNA-seq datasets and 6 
simulated datasets to comprehensively evaluate and 
compare the ability of a total of 11 available imputa-
tion methods from the following aspects: (1) evalua-
tion of recovering true gene expression distribution, 
(2) cell clustering analysis, (3) gene differential ex-
pression analysis, and (4) evaluation of reconstruct-
ing cellular trajectories. Based on comparative results, 
we observe that no one method can outperform other 
methods in all respects. In addition, we present the 
first online platform, namely scIMC, that integrates all 
available state-of-the-art imputation methods for 
comparative analysis and provide visualization re-
sults. 

9.  PepBCL: An interpretable contrastive learning 
framework based on protein language model 
to predict protein-peptide binding residues us-
ing protein sequences only

Ruheng Wang12, Junru Jin12, Kenta Nakai and Leyi 
Wei12

Identifying the protein-peptide binding residues 
is fundamentally important to understand the mech-
anisms of protein functions and drug discovery. Al-
though several computational methods have been 
developed, they highly rely on third-party tools or 
information for feature design, easily resulting in low 
computational efficacy and suffering from low pre-
dictive performance. To address the limitations, we 
propose PepBCL, a novel BERT (Bidirectional Encod-

er Representation from Transformers)-based Contras-
tive Learning framework to predict the protein-Pep-
tide binding residues based on protein sequences 
only. PepBCL is an end-to-end predictive model that 
is free with feature design. We demonstrate that our 
proposed method significantly outperforms the state-
of-the-art methods under benchmarking comparison 
and achieves more robust performance. Moreover, 
we found that we further improve the performance 
via the integration of traditional features and our 
learnt features. Our results highlight the flexibility 
and adaptability of deep learning-based protein lan-
guage model to capture both conserved and non-con-
served sequential characteristics of peptide-binding 
residues. 

10. Spatial transcriptome analysis of the brain of 
Ciona intestinalis

Takehiro Kusakabe13, Xin Zeng, Yutaka Suzuki7 and 
Kenta Nakai
13Faculty of Science and Engineering, Konan Uni-
versity

As one of the closest living relatives of vertebrates, 
the ascidian Ciona intestinalis serves a critical role in 
understanding developmental and physiological pro-
cesses that are comparable to – but far less complex 
than – those of vertebrates. The central nervous sys-
tem (CNS) of Ciona consists of approximately 330 
cells, of which around 177 are thought to be neurons. 
We aim to integrate scRNA-seq data of Ciona with 
spatial transcriptomics to analyze its brain function. 
To generate spatial maps of gene expression in the 
Ciona brain of its larvae and adult stages, Ciona sam-
ples are being prepared with the recently released 10x 
genomics Visium spatial transcriptomics system.
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