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Genome-wide association studies (GWAS) are a powerful approach for identifying 
genetic variants and genes underlying common, complex traits such as diabetes 
and human height. As of 2025, the GWAS Catalogue has documented more than 
one million genetic associations across over 5,000 complex traits. The Division of 
Digital Genomics aims to systematically identify genetic associations underlying 
common complex traits and to elucidate their molecular mechanisms by integrating 
cutting-edge molecular biology assays with advanced mathematical and statistical 
methodologies.

1.   Discovery of genetic determinants for child 
health and development

Natsuhiko Kumasaka

Understanding how genetic and environmental 
factors jointly influence human health—particularly 
during early life—is essential for predicting long-
term health outcomes. This project leverages the Ja-
pan Environment and Children’s Study (JECS), a 
population-based prospective birth cohort, to con-
duct large-scale genetic analyses using questionnaire 
data, biological samples, and physical measurements 
collected longitudinally from parents and their chil-
dren starting from pregnancy.

JECS is a nationwide birth cohort established by 
the Ministry of the Environment, Government of Ja-
pan, to evaluate the effects of environmental expo-
sures on children’s health and development. More 
than 100,000 pregnant women were recruited across 
15 geographically distinct regional centers, capturing 
the broad genetic diversity of the Japanese popula-
tion. Detailed questionnaire data and biological and 
physical measurements have been collected, with fol-
low-up surveys conducted every six months for ap-
proximately 70% of participating children until four 

years of age.

My role is to perform large-scale genome-wide as-
sociation studies across a wide range of child health 
and developmental phenotypes and to disseminate 
the results publicly. We identified 5,685 common 
genomic loci, of which 2,218 passed the phe-
nome-wide significance threshold (P = 4.4 × 10⁻¹¹). Ap-
proximately 15–17% of these loci represent novel as-
sociations not previously reported, including 
potential therapeutic targets.

In addition, longitudinal GWAS of body mass in-
dex (BMI) using Gaussian process regression identi-
fied 153 novel dynamic genetic associations across 
childhood development. These results enable predic-
tion of individual growth trajectories based on genet-
ic background. The findings have been compiled into 
a flagship manuscript entitled “Genome-wide associ-
ation study on longitudinal and cross-sectional traits 
of child health and development in a Japanese popu-
lation,” which has been posted on medRxiv and is 
currently under revision at Nature.
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2.   Development of a novel in-vitro approach to 
validate and elucidate underlying molecular 
mechanisms of genetic associations discov-
ered through GWAS

Yuji Miyatake, Kotoe Katayama1, Seiya Imoto1, Ka-
zuaki Yokoyama2, Yasuhito Nannya2, Atsushi Fuku-
da3, Natsuhiko Kumasaka
1Division of Health Medical Intelligence, Human 
Genome Center, IMSUT, 2Department of Hematolo-
gy/Oncology, IMSUT, 3School of Medicine, Tokai 
University

Although GWAS have identified hundreds of 
thousands of genetic associations for complex traits, 
more than 90% of GWAS variants reside in non-cod-
ing regions of the genome. This presents a major chal-
lenge in pinpointing causal variants, target genes, and 
regulatory mechanisms. Moreover, the relevant cell 
types and cellular states in which these variants exert 
their effects often remain unknown.

Expression quantitative trait locus (eQTL) map-
ping provides a powerful framework for linking 
non-coding variants to gene regulation. Recent ad-
vances in single-cell genomics further enable the 
identification of specific cell types and states in which 
GWAS variants modulate gene expression. However, 
conventional eQTL studies are often costly and la-
bor-intensive, particularly when sample acquisition is 
challenging, such as in human brain tissue or differ-
entiated neurons derived from large numbers of 
pluripotent stem cell lines.

An emerging alternative combines single-cell 
RNA sequencing with massively parallel CRISPR in-
terference (CRISPRi) screening, enabling eQTL map-
ping through targeted perturbations rather than natu-
ral genetic variation. While this approach 
substantially reduces experimental burden, it has not 
yet been widely applied to brain cell types relevant to 
neuropsychiatric or neurodegenerative diseases.

To address these limitations, we integrate stem 
cell biology, CRISPR-based gene regulation, and ad-
vanced machine learning. We have developed a novel 
CRISPR perturbation framework using human pluri-
potent stem cell–derived midbrain organoids, cou-
pled with Gaussian process–based modeling. We es-
tablished GASPACHO (GAuSsian Processes for 
Association mapping leveraging Cell HeterOgenei-
ty), a computational framework for mapping eQTLs 
across continuous cellular states. In this context, the 
presence or absence of a guide RNA is treated analo-
gously to genotype variation.

We have generated inducible CRISPRi and CRIS-
PRa iPSC lines expressing dCas9-KRAB or dCas9-p300 
under doxycycline control, enabling stable culture 

and precise temporal control of perturbations. As of 
December 2025, we have established midbrain orga-
noid systems suitable for studying Parkinson’s dis-
ease GWAS loci and sequenced approximately 500,000 
cells across multiple time points. Integration with 
public human fetal midbrain single-cell datasets re-
vealed partial overlap with developmental transition 
states and mature neuronal populations. Using differ-
entiation state scores derived from reference data, ex-
ploratory analyses indicate differentiation-dependent 
effects of PD risk loci. Ongoing work applies nonline-
ar Gaussian process latent variable models to identify 
high-confidence eQTLs and elucidate molecular 
mechanisms underlying PD pathogenesis.

3.   Development of novel statistical approaches 
to map genetic associations using Gaussian 
Processes

Yuji Miyatake and Natsuhiko Kumasaka

Gaussian processes (GPs) provide a flexible and 
powerful framework for modeling nonlinear biologi-
cal phenomena. This project focuses on developing 
GP-based methods for genetic association mapping 
across continuous cellular states and longitudinal 
outcomes. We are currently developing a robust qua-
si-Poisson generalized linear mixed model frame-
work that enables sensitive detection of dynamic ge-
netic effects for both Gaussian and non-Gaussian 
outcomes, while ensuring appropriate statistical cali-
bration.

4.   A Genotype-Tissue Expression project using 
Pan-cancer data

Teru Ebihara3, Yuji Miyatake, Masahiro Yoshida4, 
Kotoe Katayama1, Seiya Imoto1 and Natsuhiko Ku-
masaka
3Department of Otorhinolaryngology, The Jikei 
University School of Medicine, Tokyo, Japan.
4Division of Respiratory Diseases, Department of In-
ternal Medicine, The Jikei University School of 
Medicine, Tokyo, Japan.

The Genotype–Tissue Expression (GTEx) Project 
has systematically characterized genetic regulation of 
gene expression across multiple human tissues, but 
its findings are predominantly based on European 
populations. To address this gap, we analyze data 
generated under the AMED Innovative Cancer Thera-
peutics Program, comprising over 8,000 tissue sam-
ples from more than 7,000 Japanese cancer patients 
with matched RNA sequencing and whole-genome 
sequencing data.

We are mapping tissue- and cell-type–specific 
eQTLs by integrating bulk RNA-seq data with state-
of-the-art single-cell–based deconvolution methods. 
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This effort will produce the largest publicly available 
tissue- and cell-type–resolved eQTL catalogue in an 

Asian population.
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