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Abstract

Modern medicine is increasingly focused on personalized medicine, and multi-omics data is crucial in understanding biological phenomena
and disease mechanisms. Each ethnic group has its unique genetic background with specific genomic variations influencing disease risk and
drug response. Therefore, multi-omics data from specific ethnic populations are essential for the effective implementation of personalized
medicine. Various prospective cohort studies, such as the UK Biobank, All of Us and Lifelines, have been conducted worldwide. The Tohoku
Medical Megabank project was initiated after the Great East Japan Earthquake in 2011. It collects biological specimens and conducts genome
and omics analyses to build a basis for personalized medicine. Summary statistical data from these analyses are available in the jMorp web
database (https://jmorp.megabank.tohoku.ac.jp), which provides a multidimensional approach to the diversity of the Japanese population. jMorp
was launched in 2015 as a public database for plasma metabolome and proteome analyses and has been continuously updated. The current
update will significantly expand the scale of the data (metabolome, genome, transcriptome, and metagenome). In addition, the user interface
and backend server implementations were rewritten to improve the connectivity between the items stored in jMorp. This paper provides an
overview of the new version of the jMorp.
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Introduction

The field of personalized medicine is rapidly advancing with
the increasing availability of multi-omics data which provide
a deeper understanding of individual biological characteris-
tics and disease mechanisms. One area of interest is genome-
based drug discovery, which can contribute to personalized
medicine. Additionally, it is important to note that different
ethnic groups have unique genetic backgrounds and diversity
in their genomes, which affect their susceptibility to certain
diseases and their response to various medications. Therefore,
to apply personalized medicine to a particular ethnic popula-
tion, multi-omics data are indispensable.

Prospective cohort studies have been conducted around
the world, such as the UK Biobank (1) in the United King-
dom, All of Us (2) in the United States, and LifeLines (3,4)
in the Netherlands, to deliver personalized medicine to each
population. As cohort studies progress, web databases dis-
playing the results of analyses of the data collected, such as
gnomAD (5) (https:/gnomad.broadinstitute.org/) and deCAF
(6) (https://decaf.decode.com/), have been developed. The To-
hoku Medical Megabank (TMM) project (7) was initiated af-
ter the Great East Japan Earthquake in 2011. The project is
conducting two prospective cohort studies of Japanese peo-
ple to realize constructive regeneration and recovery from
the great disaster: one is a community-based cohort (TMM
CommCobhort Study) (8), and the other is a Birth and Three-
Generation cohort (TMM BirThree Cohort) (9). The TMM
Project has approximately 150,000 participants involved in
the two cohort studies which are used to collect biological
specimens and perform typical genomic and omics analyses.
Statistics from these analyses are widely available through the
Japanese Multi-Omics Reference Panel (jMorp; https://jmorp.
megabank.tohoku.ac.jp) web database. jMorp uses a multi-
dimensional, multidisciplinary approach to handle the diver-
sity of the Japanese population from multiple perspectives. It
serves as a source of information for promoting personalized
medicine, especially through identifying mutations related to
cancer and undiagnosed rare diseases.

jMorp was launched in 2015 as a public plasma
metabolome and proteome analysis database and is updated
annually. In the 2020 update, new types of data, including
genome sequence (reference genomes) (10), genome variation
(SNV and short-INDEL) information (11), genome methy-
lation information (12), transcriptome information, and a
GWAS summary statistics repository, were added to jMorp,
as reported in a previous paper (13). In this update, we de-
scribe the extensive enhancement and addition of new types
of data, such as structural and copy number variations re-
garding the genomics, metagenomics, and pharmacogenomics
(PGx) of the Japanese population. In addition, the user inter-
face and backend server implementations were comprehen-
sively rewritten to enhance the links between the data stored
in jMorp. This paper provides an overview of the data in the
latest jMorp database and its use.

Materials and methods

Genome variation analysis
SNV and short-INDEL analysis
The 54KJPN panel was derived from the whole genome

sequencing of 69,014 Japanese individuals. The complete
methodology has been described elsewhere. Genomic DNA
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was obtained from peripheral blood, saliva, or cord blood
samples. It was sequenced on several platforms, including the
[llumina HiSeq 2500, HiSeq X Five, NovaSeq 6000, MGI
DNBSeq G400, and DNBSeq T7. Notably, Toshiba undertook
sequencing on a HiSeq X Five, and parts of the NovaSeq se-
quencing were managed by TaKaRa Bio Co. Ltd., iLac Inc.
and HaploPharma Inc.

The resequencing process adhered to GATK Best Practices.
Reads from each sample in FASTQ format were aligned to
the GRCh38 human reference sequence, primarily using either
BWA (14) 0.7.15 or BWA-mem?2 2.1. Following this align-
ment, SNV/INDEL calling was performed using GATK Hap-
lotypeCaller (15). Before initiating variant calls, the align-
ments underwent base-quality score recalibration (BQSR) us-
ing the GATK BaseRecalibrator tool. After individual variant
calling for all samples, multisample joint genotyping was per-
formed using Sentieon Genomics tools. These variants were
annotated using the GATK VariantQualityScoreRecalibration
(VQSR) tool.

The allele frequency for each variant was calculated from
the genotype information obtained from the joint genotyping
analysis. Since related samples were present in this genotyping
analysis, a filtering process was necessary to isolate unrelated
samples before determining the allele frequencies. This filtra-
tion was achieved using KING 2.3.1 software (16). From the
entire set, 54,302 samples were selected by KING, culminat-
ing in forming the 54KJPN allele frequency panel. A separate
article provides a more in-depth exploration of the construc-
tion of the 54 KJPN panel. A summary of the samples in the
54KJPN panel is provided in Supplementary Table S1.

Variation IDs of SNVs ans INDELs to link from external
databases

The current version of jMorp assigns a unique Variation ID
to each SNV and INDEL using VariantKey (17), with a digit
to specify the reference genome, which is used as a part of
the URL. For example, rs671 at chr12:111803962 G/A on
GRCh38 has a unique ID of 06354ff1d08c00000, and the
URL of this variant is https://jmorp.megabank.tohoku.ac.jp/
genome-variations/sr-snvindel/06354{f1d08c00000. The first
character of the variation ID is the reference genome. (0:
GRCh38, and 1: GRCh37), and the remaining characters were
calculated using VariantKey. Using VariantKey, it is possible to
express the genome coordinates and alleles of an SNV/INDEL
in a short form, which enables users to link all variation pages
in jMorp with this URL.

HLA analysis

HLA analysis and allele frequency calculations were per-
formed on the same population as the 54KJPN panel. A sum-
mary of the samples in the 54KJPN panel is provided in Sup-
plementary Table S1. Genotypes in the G group were obtained
for the following HLA genes with HLA*LA (18) 1.0.3 from
the short-read sequencing data for samples in the 54KJPN:
HLA-A, -B, -C, -E, -E -G, -DRB1, -DRB3, -DRB4, -DQAI,
-DQB1, -DPA1 and -DPB1. The obtained genotypes were re-
classified into the P group based on information from the
IPD-IMGT/HLA HLA Database (19), Release 3.53 (2023-
07) Version.

CNV analysis

We used GermlineCNVCaller from GATK for our CNV anal-
ysis based on our pipeline on GATK. Due to the challenge
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of processing hundreds of samples simultaneously, we broke
down the process as follows: First, we ran a Germline Co-
hort Workflow, analyzing 200 samples grouped by sequencer
and sequencing agency. Each of the 200 samples was subjected
to a separate Germline Case Workflow. We filtered out sam-
ples with unusual amplification and loss figures using the in-
terquartile range (IQR) method on the 54KJPN datasets to
ensure that our results were reliable. Through this process, we
determined the frequencies of 48,874 samples. A summary of
the CNV panel samples is presented in Supplementary Table
S2.

Transcriptome analysis

A separate paper will describe the whole-blood transcriptome
analysis, but a brief overview follows. In the TMM project
whole blood samples were collected from 4,337 participants
in PAXgene(R) Blood RNA Tubes and stored at —80°C. To
observe age-related differences in expression levels, 576 sam-
ples from males and females in their 30s and 60s were se-
lected from among the 4,337 samples, and transcriptome anal-
ysis was performed. Supplementary Table S3 summarizes sam-
ples from the whole-blood transcriptome dataset. Total RNA
was extracted using the PAXgene(R) Blood RNA Kit. Ribo-
somal RNA was removed, and RNA libraries were prepared.
DNA libraries were constructed using MGIEasy RNA Direc-
tional Library Prep Sets through the RNA libraries. The DNA
libraries were sequenced using an MGI DNBSEQ-G400 se-
quencer. Raw sequence reads were quality-controlled for data
analysis using Trimmomatic software (20). High-quality reads
were aligned to the GRCh38 human genome sequence using
STAR (21), and read counts and expression levels were calcu-
lated using RSEM (22). The expression levels of the individual
genes were adjusted by removing the effects of globin using an
in-house Python script.

Metabolome analysis

We have referred to our previous report (13) and other
metabolome analyses (23-26). Brieflyy, NMR metabolome
analysis was performed on plasma samples stored at -80°C.
The metabolites were extracted and subjected to NMR exper-
iments at 298 K using Bruker 600 MHz spectrometers. We
utilized standard NOESY and CPMG spectra for each sample
and analyzed the data using the Chenomx NMR Suite. Our
in-house software facilitates automatic metabolite quantifica-
tion (Aoki et al., in preparation). See Supplementary Table S4
for the NMR-analyzed samples.

For the MS metabolome, we employed G-Met analysis by
HPLC-Q-FT/MS and WT-Met analysis by GC-MS/MS on
cohort plasma samples following previously established pro-
tocols (24,27-29). Metabolite area ratios adjusted for batch
variation using gQC analyses (29) were derived from the
MS results. For UHPLC-MS/MS-based WT-Met analysis, co-
hort plasma samples were prepared using the AbsoluteIDQ(R)
p180 and MxP(R) Quant 500 kits. The LC and FIA modes for
UHPLC-MS/MS and the related parameters were set accord-
ing to the kit guidelines. Final values were computed and stan-
dardized using the MetIDQ Oxygen software. Supplementary
Table S4 shows the counts of the MS-analyzed samples.

Metagenome analysis

For the 16S-v4 region analysis and the 165-v3/v4 region anal-
ysis, details are described in Saito et al. (30). Briefly, amplicon
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sequencing analysis was performed using the Illumina MiSeq
Platform on saliva and plaque samples from the TMM cohort
participants. The reads obtained by sequencing were analyzed
using QIIME2 (31), and the relative abundance of microbes in
each sample was obtained. In total, 1,289 and 1,388 samples
were subjected to 16S-v4 analysis and 16S-v3/v4 analysis, re-
spectively.

Details of shotgun metagenomic analysis will be described
elsewhere. The summary of the analysis method is as follows:
metagenome sequencing analysis was performed using the II-
lumina NovaSeq 6000 on 315 fecal samples from the TMM
cohorts. The raw sequence reads were quality-controlled us-
ing fastp (32). Subsequently, host-derived reads were identi-
fied and removed using BMTagger (33) with the GRCh38 hu-
man genome sequence. The relative abundance of microbes
in each sample was estimated from the cleaned reads using
MetaPhlAn3 (34).

Enzymatic activity of CYP genes

Changes in the enzymatic activities of CYP variants have been
previously described (35-39). First, a resequencing analysis
was performed using the Sanger method to evaluate the ac-
curacy of the genetic polymorphism information identified
by NGS. Next, we constructed expression vectors inserted
CYP wild-type and variant cDNAs. All constructs were con-
firmed by Sanger sequencing. The expression vector used was
pcDNA3.4, a mammalian expression vector (Thermo Fisher
Scientific, Waltham, MA, USA). Cytochrome P450 oxidore-
ductase (CPR) and cytochrome b5 ¢DNA insertion vectors
have also been developed. CYPs were expressed in the human
fetal kidney-derived 293FT cell line or the African green mon-
key kidney-derived COS-7 cell line with either wild-type or
variant expression. For Western blotting, CYP protein expres-
sion was quantified using the Wes system and the Compass
software for SW ver. 4.1.0 (ProteinSimple, San Jose, CA, USA).
According to previous reports, CYP, CPR, and cytochrome b5
content were then measured (36). CYP activity of the wild-
type and variants was assessed by enzyme reaction kinetic
analysis using specific substrates for each CYP. For exam-
ple, for CYP3A4, midazolam 1’-hydroxylation, and testos-
terone 6(3-hydroxylation activities, and CYP2C9, S-warfarin
7-hydroxylation and tolbutamide 4-hydroxylation kinetic pa-
rameters (Km, Vmax and CLint) were calculated. Functional
change analysis of drug-metabolizing enzyme variants, other
than CYP genes, such as DPYD and DPYS, was performed in
the same manner as that for CYPs (40,41). Genomic variants
on the CYP genes were extracted from our genome variation
panel, and thus, the variants can be found in the Japanese pop-
ulation. In that sense, our PGx data is population-specific data.
Still, it is highly possible that the activity of CYPs would be
similarly changed if the same variants were observed in other
populations.

iMorp web server implementation
In jMorp, most of the data reside in the PostgreSQL database
(https://www.postgresql.org/). Each dataset has a dedicated
PostgreSQL instance, which is unified into a single vir-
tual instance using the postgres_fwd module. To manage
web browser requests, the Hasura GraphQL engine (https:
//hasura.io/) is implemented ahead of the PostgreSQL server.
Here’s how it works: Hasura, acting as a middleware, takes
in GraphQL queries. It then translates these into SQL, di-


https://www.postgresql.org/
https://hasura.io/

Nucleic Acids Research, 2024, Vol. 52, Database issue

Top page
(Figure S3)

D625

Genome

y
I SNV/INDEL page, | 1 Genome Browser

Gene page
pages (Figure 2, 54) CNV page (Figure 52)
(Figure S5, S6)
A 4 E ¥

L] L] /

Metagenome page PGx page Metabolite page GWAS page

(Figure 4) (Figure 58) (Figure 3, 57) (Figure S9)

Phenotype pages Omics pages Integrated analysis

result pages

Figure 1. Page structure of the jMorp database.

rects them to the PostgreSQL servers, and returns the results
in JSON format. This mechanism differs from the traditional
REST API. GraphQL is prominent because it can tap multi-
ple resources in a single query. In addition, it visualizes the
relationships between resources as a graph, streamlining the
search process for interconnected entries.

Supplementary Figure S1 shows a sample GraphQL query
that provides a clearer picture. This query fetches data on the
metabolite named ‘Glycine’ and any related GWAS analyses.
The main ‘metabolite { ...} structure filters by the metabolite’s
name. Meanwhile, nested blocks like ‘gwasTopHitSummary {
...} and ‘variationSummary { ...}’ source the top genome vari-
ations connected to that metabolite from the GWAS statistics.
This exemplifies GraphQL’s capability to interact with multi-
ple tables through one cohesive query, a feature that signifi-
cantly complements databases such as jMorp, which consoli-
dates diverse datasets.

Genome browser plugin-implementation

JBrowse2 (42) was employed to deliver a consolidated view
of diverse jMorp data, encompassing the SNV/INDEL ref-
erence genomes of 54K]JPN, structural variations such as
JSV1 and Japonica Array marker positions, and Manhattan
plots of GWAS. In addition, non-jMorp data were analyzed
using ClinVar, gnomAD, refSeq GENCODE, repeat masker,
and dbSNP annotations (Supplementary Figure S2). JBrowse2
genome browser was used to analyze each reference genome.
The current version of jMorp is equipped with three genome
browsers: GRCh37, GRCh38 and JG2.1.0. To facilitate a
more seamless integration with jMorp, we developed a plug-
in that allows users to navigate directly to relevant pages. This
plug-in also implements a function to search for and display
data by calling the GraphQL API. While normal JBrowse only
allows searches by gene name, jMorp’s JBrowse also allows
searches by dbSNP rs number and HGVS sequence variant

nomenclature, such as dbSNP ‘ALDH2 p.Glu504Lys’. This
has dramatically improved user experience.

Results and discussions

Overview and page structure of the jMorp

Figure 1 shows the configuration of the main pages of jMorp,
and Supplementary Table S5 provides a comprehensive list
of the datasets included in jMorp along with those related
to each page and differences from our previous report (13).
The pages were grouped according to the data category dis-
played on the page, and the background colors represented
the groups.

The Genome Pages consist of three types: The first is a
gene-centric page, called the Gene page (Figure 2). It shows
four types of data for each gene, including genome variations
(SNVs/INDELs and CNV frequencies based on short-read
WGS analysis of 54,000 and 48,000 participants from TMM
cohorts, respectively (TMM whole genome panels)), methyla-
tion states determined by 300 whole bisulfite sequences, gene
expression levels from short-read analysis of approximately
600 samples in TMM cohorts, long-read analysis of three
Japanese males, and GWAS analysis results. (See the next sec-
tion for further details.) The second type is variant-oriented
and includes the SNV/INDEL (Supplementary Figure S5) and
CNV pages (Supplementary Figure S6). The SNV/INDEL
page was generated for each TMM whole-genome panel vari-
ant. It presents some details on SNVs and INDELSs, such as
allele frequency from the whole genome panel and the gno-
mAD (5) database, gene annotations, correlation with other
SNVs and INDELSs calculated based on TMM WGS panels,
and liftover results for other genome assemblies. The CNV
page shows a table and a plot of the number of samples per
copy number variation. The third type is the Genome Browser
page (Supplementary Figure S2) which can be used to visual-



D626

A jMorp * oowaos @ e & prereRence 5 Loam
Gene information =
Gene 10 Entrez Gene D: 2177 / GENCODE Gere KD EN: % 1 UniPret 10: &
e AL N AL AL
Posiion (ReSes) vtz s sz
St
SNVS/INDELS Genome Variation data
[RefSeq] NM_D0D690.4 (Canonical) =
a m & Fows perpage: 20 = 13006118 B T
S — S
Mo Vtatormem T aawn. ¥ sieiie Y P EAS AF x PopMax AF T
"
=
SNV/INDEL density
T swvsnDELs - = e — _
. -
HM_000690.4 | [ i 11 |
NM_001204889.2 | I nin 1 I
CNVs
a m & Rowsperpage 20 = 1290181 v 2 3
MepenviID v Y Chromosome A d Start Y TMM Min CopyMumber b 4 TMM Max CopyMumber A 4
Gene Expression (ToMMo whole blood) @ Transcriptome data
P S T——

Nucleic Acids Research, 2024, Vol. 52, Database issue

| Gename Browser Integrated Viewer |

Gwas GWAS (Genome&Phenotype) data

Rows perpage 20 - 1200140 B 2 »

[Morp genome varistion name ¥ EEVI § [ § bem Y
24065 206
sites aoe

s28e8 oz

28805 o

HLA allele frequency &

Allele SHIPN Froquency
e PEn
amzoe 0114081
pre oosagi
aman 00s0084
waare oo
amow oosza

ae33030 0084567

w2090 0033837

Enzpme  Sustrale Metaboite Activity Anabysis method Actian

1 hytrarytuluralol Buiealol 1*-hydrorylation HPACFLD
Endoaiten N-Desmuthyltamaaiten & hydrasylation HPCFLD

LoMsMs

HAGAD

Figure 2. An example of a gene page. (A) Top of gene page for ALDH2 gene. The gene page aggregates and displays multiple layers of data, such as
genome variation and transcriptome, and this helps users get a quick look at the diversity in the Japanese population from various perspectives. (B)
Bottom of gene page for ALDH2 gene (continuation of (A)). (C) HLA allele frequency panel in gene page for HLA-A gene. (D) PGx link panel in gene page

for CYP2D6 gene.

ize genome-related data, including genome sequences, genome
variation (SNV/INDEL, CNV, SV) information, genetic maps
(or linkage disequilibrium maps), marker sites of Japanese-
specific SNV arrays (Japonica Array (43,44)), genome accessi-
bility data, GWAS results, and publicly available datasets such
as dbSNP (45) and ClinVar (46).

The Omics pages now contain Metabolite pages (Figure
3), including the frequency distribution of metabolite con-
centrations, trends by age and sex, and correlations with
other metabolites obtained by plasma metabolome analyses
of 63,000 participants from the TMM cohorts. The Pheno-
type pages consist of a metagenome page and a PGx page.
The metagenome page (Figure 4) displays microbial abun-
dance data obtained by 16S amplicon sequencing of plaque
and saliva samples and shotgun sequencing of fecal samples
obtained from participants in the TMM cohorts. The PGx
page (Supplementary Figure S8) displays the results of iz vitro
analysis of enzyme activity changes for 14 drug-metabolizing
enzymes, with genome variations involving 382 amino acid
substitutions associated with drug susceptibility.

The Integrated analysis pages consist of GWAS pages (Sup-
plementary Figure S9), each providing summary statistics of
the GWAS performed as part of the TMM project. These pages
are interconnected with other pages, as indicated by the ar-

rows in Figure 1 so that users can quickly access multiple types
of data in an integrated manner. For example, the Metabo-
lite page (Figure 3) contains a panel that lists the results of
GWAS performed on that metabolite as a trait, and the panel
is linked to the GWAS page. The GWAS page (Supplementary
Figure S9) displays a list of genomic variations with signifi-
cant p-values in the GWAS analysis, and users can use the list
to jump to the SNV/INDEL and gene pages.

The jMorp database is organized into multiple data lay-
ers that are easily navigated, enabling a comprehensive under-
standing of the diverse Japanese population. In later sections
of this paper, we focus on the latest updates and developments
made to the gene, metabolite, metagenome, and GWAS pages.
Supplementary Figures S2—S9 provide screenshots and sum-
maries of the remaining pages.

Gene page

The best example of the multilayered nature of jMorp is the
gene page. Searching for the gene name as a keyword in the
search box at the top of the start page opens the correspond-
ing gene page. For example, Figure 2A and B shows the jMorp
gene page for ALDH2. The gene information panel at the top
of the page shows the gene’s ID, symbol, and position in a ref-
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erence genome, as well as links to external databases. Below
the information panel, the analysis results related to the gene
from the TMM project are displayed from genomic to pheno-
typic information in the order of the central dogma.

Genomic variation data are displayed in three pan-
els: SNVs/INDELs, SNV/INDEL density and CNVs. The
SNVs/INDELSs panel shows the locations and allele frequen-
cies of SNVs and INDELSs. In addition, we provide allele fre-
quency information from our 54KJPN panel, which is based
on the whole genome data of approximately 54,000 Japanese
individuals, as well as from the gnomAD (5) database oper-
ated by the Broad Institute. By displaying the allele frequen-
cies of 54KJPN and gnomAD side-by-side, users can easily
confirm the differences between the Japanese and other ethnic
groups. Clicking on the SNV/INDEL ID directs the user to
the SNV/INDEL detailed page, which describes the content
in the next section.

The SNV/INDEL density panel graphically displays the
density of SNVs and short INDELs in the gene. As shown
in Figure 2A, the panel contains four horizontal bars. The
first and second bars show the density of the genome vari-
ations calculated using the S4KJPN panel and gnomAD, re-
spectively, each representing the length of the gene. SNV and
INDEL densities were calculated for each 10 kb bin and are
shown with different color intensities, where black indicates
a high number density of variants in the bin and white indi-
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cates lower densities. The SNV/INDEL density panel graph-
ically displays the densities of SNVs and short INDELs in a
gene. The two horizontal bars display the locations of exons
in the gene for the corresponding transcripts. Horizontal bars
indicate whether three or more transcripts are reported for a
gene. Mutations are unlikely to occur in regions that are not
important for maintaining gene function. Thus, this density
panel can be used to determine where mutations are likely to
be introduced and how they differ in each population.

The CNVs panel lists the copy number variations (CNVs)
of a gene. CNV frequency data were based on short-read WGS
analyses of approximately 48,000 participants in the TMM
cohorts (JCNVv1 panel). The panel displays a table contain-
ing the ID assigned to each CNV, its position in the reference
genome, and minimum and maximum copy numbers. Detailed
information is obtained by clicking on the CNV ID (Supple-
mentary Figure S6).

Transcriptome data for genome variation-related data are
available below. jMorp now provides three kinds of transcrip-
tome data: (i) gene expression of whole blood samples; (ii)
gene expression of CD4 T-lymphocytes, monocytes, and neu-
trophils and (iii) full-length transcriptome using ISO-seq tech-
nology (47). In this update, (i) and (iii) have been added. (a)
RNA-seq of whole blood samples was performed to provide a
reference distribution of the transcriptome in a Japanese pop-
ulation. Since gene expression level is sensitive to sex and age,
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Figure 4. Metagenome page examples. (A) Microbe tree page for 16S-v3/v4 dataset. The phylogenetic tree of the microbe is displayed on this page.
Users can view lowerlevel microbes by clicking the button on the right end of the node. In addition, by clicking on the name of a microbe, users are
navigated to an analysis result page (Figure 4B). (B) Metagenome analysis result page for Fusobacteriota (TTBP_0003).

we included samples of females and males in their 30s and
60s. In addition, some of the younger females were pregnant;
therefore, we furtheir divided them into pregnant and non-
pregnant groups and showed the distribution of each category.
For the full-length transcriptome (iii), we provided a reference
structure for the transcript using long-read sequencing tech-
nology. The details of the full-length transcriptome have been
previously described by Otsuki ez al. (47). Note that (i) and
(iii) target specific cells for gene expression analysis. There-
fore, there is a limitation that genes specifically expressed in
those cells can be captured. In addition, it should be noted that
(i) currently targets only genes on autosomes and does not in-
clude gene expression information on sex chromosomes. Each
(i), (ii) and (iii) has both advantages and disadvantages. Whole
blood data (ii) is considered helpful in the sense that it includes
gene expressions that cover a variety of cells. On the other
hand, we believe that (i) and (iii) are also valuable because
they evaluate transcripts of specific cells with high precision.
In this way, jMorp shows gene expression data at various reso-
lutions, making it possible to observe the diversity of Japanese
people from multiple perspectives.

The genome browser (Figure 2B) is displayed below the
transcriptome analysis data panel. The genome browser can
graphically check gene structure, SNVs/INDELs, CNV and
other genome-related information.

The GWAS results are also available below the genome
browser. jMorp includes a repository for aggregating GWAS
performed in the TMM project that contains GWAS study
summaries and summary statistics data. The GWAS panel ex-
tracts and displays GWAS analyses in which a significant vari-
ant is found in the gene from the GWAS summary statistics file
in jMorp. Users can check the trait overview by clicking on the
name of the GWAS trait. If a GWAS trait, such as a metabo-
lite, is an item recorded in jMorp, it can jump to that entry by
following a link.

In addition, the gene page also includes a panel that dis-
plays genome methylation information (Supplementary Fig-
ure Supplementary Figure S4A) and transcriptome informa-
tion (Supplementary Figure S4B) recorded in the IMETHYL
(12) database, which is operated by a partner of TMM, Iwate
Medical Megabank (IMM), and a panel that displays tran-
scriptome (ISO-Seq) data from long-read WGS analysis (Sup-
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plementary Figure S4C), which were omitted from Figure 2
due to the limit of figure size.

We have provided additional information on the HLA-and
drug metabolism-related genes. Figure 2C demonstrates the
HLA allele frequency panel displayed on the HLA-A page. The
gene encoding HLA is located on the short arm of chromo-
some 6 and has multiple alleles. In addition to many alleles,
there are pseudogenes with similar sequence structures; there-
fore, accurate HLA typing is difficult with short-read WGS-
based SNV/INDEL analysis methods. The SNV/INDEL panel
also displayed the SNV/INDEL frequency information for
the HLA gene. However, the allele frequencies displayed in
the panel are based on ordinal germline variant analysis us-
ing normal short-read WGS, and the results may require cor-
rections. Therefore, in jMorp, the results analyzed using the
HLA-dedicated variant caller are displayed on the HLA panel.
Similar to the HLA genes, the CYP2D6 gene is shown in the
PGx panel on the gene page (Figure 2D) as an example of
drug susceptivity-related genes, where jMorp provides enzy-
matic activity measurement data for set of CYP450 genes. The
link of ‘view detail’ in the PGx table on the gene page directs
the user to the information on the enzymatic activity of the
enzyme for a representative drug molecule related to CYP450
on the PGx page (Supplementary Figure S8).

Metabolome page

jMorp contains NMR and MS metabolome analysis data for
the plasma of approximately 63,000 TMM cohort partici-
pants. A list of metabolomic analyses and the number of sam-
ples analyzed are provided in Supplementary Table S4. The list
of metabolites can also be viewed by clicking the ‘Metabolome
2023’ link on the right side of the jMorp top page (Supplemen-
tary Figure S3). The current version of jMorp contains 1,331
metabolites. By clicking the name of the metabolite of interest
from the list of metabolites, it is possible to move to a page
that displays the details of the metabolite. Figure 3 shows the
metabolome page of leucine data measured by NMR as an
example.

At the top of the page is a Metabolite Information panel
that displays basic information such as the ID assigned,
metabolite name, metabolite structural formula, measurement
method, and links to external databases. The Intensity Dis-
tribution panel is presented below. This panel presents a
histogram showing the concentration distribution of each
metabolite in the TMM cohort participants. The concentra-
tions were further grouped by age and sex and are represented
in boxplots. Accompanying the visual representations is a ta-
ble of summary statistics, which includes the number of sam-
ples analyzed, mean concentration, SD, and CV. Additionally,
statistical test results regarding differences in sex and age are
provided.

The following Postprandial Change panel shows the
changes in metabolite concentrations after meals. The concen-
tration of some metabolites changes with food consumption,
and this panel can be used to identify differences in plasma
metabolite concentrations depending on the elapsed time af-
ter a meal.

Pregnancy status is another significant factor in changing
the metabolome state; therefore, boxplots in the pregnancy
status panel illustrate metabolite concentration differences be-
tween pregnant, one-month post-delivery, and non-pregnant
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females. The second plot further breaks down these groups
by age (i.e. 20s, 30s and 40s).

The metabolome state is dynamic; therefore, the concen-
trations change with each assessment. The Repeat Assessment
panel features a scatter plot comparing metabolite concentra-
tions from the baseline and 3-5-year follow-up surveys of the
TMM cohort. Each dot, colored according to sex and age, rep-
resents a sample showing changes in concentration over time.

A correlation of metabolite concentrations among the
dataset helps understand the changes in metabolites. There-
fore, a correlation table of metabolites is provided below the
‘Repeat Assessment’ panel. This table lists Spearman’s rank
coefficients (Irsl > 0.2) and P-values. These relationships can
also be examined from a Network View using the ‘Network
View’ button (Figure 3 and Supplementary Figure S7). At the
end of the metabolite page, the results of the GWAS analysis
with metabolite concentration as a trait are displayed if any
significant associations were found in the TMM cohort. It is
possible to jump to the gene and SNV /INDEL pages using this
GWAS Analysis panel, making it possible to examine metabo-
lites from both omics and genome perspectives. This intercon-
nection among different types of omics data is the most im-
portant feature of jMorp.

Additional detailed statistics (mean, standard deviation,
and median values for each 5-year age group and sex) of the
metabolites measured by NMR, designated as the metabolic
index, is also available (the panel is omitted from Figure 3 due
to the limited size of the figure).

Metagenome page

The latest version of jMorp provides access to three metage-
nomic datasets derived from TMM cohorts. The first dataset
comprises microbial abundance data from both plaque and
saliva samples collected from 1,200 volunteers. These data
were determined using 16S amplicon sequencing targeting the
V4 region. The second dataset presented microbial abundance
data from plaque and saliva samples from another set of 1,300
volunteers. This set was assessed using 16S amplicon sequenc-
ing, focusing on both the V3 and V4 regions. Finally, the third
dataset features microbial abundance data from fecal samples
of 300 volunteers, measured using shotgun metagenome se-
quencing. Access to these datasets is conveniently available via
the links on the top page. A phylogenetic tree representing the
microbes within the chosen dataset appears upon the selection
of any of these links, as illustrated in Figure 4A. Furthermore,
users can conduct a more detailed microbial analysis by click-
ing on any tree node, as shown in Figure 4B. Notably, the na-
ture of the data displayed on the metagenome page differed
depending on the analysis method applied. For datasets ob-
tained via 16S-v4 and 16S-v3/v4 sequencing, this page high-
lights the relative microbial abundance across various groups.
These groups were categorized based on the sample type (e.g.
dental plaque or tongue debris), severity of periodontal dis-
ease, sex, age, smoking history and respiratory function. On
the other hand, the data from the shotgun sequencing dataset
is categorized to show relative microbial abundance based on
gender, age, and fecal condition, with the latter being deter-
mined using the Bristol Scale.

GWAS summary statistics repository

The jMorp GWAS summary statistics repository stores GWAS
analyses organized by study and publications usually describe
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each study. Currently, 11 GWAS have been registered, and
GWAS summary statistics files for 401 traits are stored in
iMorp. To the best of our knowledge, this is the largest repos-
itory of GWAS analyses of the Japanese population.

The jMorp GWAS repository has two main pages: the
GWAS study list (Supplementary Figure S9A), and the GWAS
trait list. Users can directly jump to these pages from the top
page of jMorp, but they usually access each GWAS result from
the gene and metabolome pages. The GWAS study list shows
all studies included in jMorp, whereas the GWAS trait list pro-
vides all available traits. By clicking on the GWAS study ti-
tle on the table, users can access the GWAS study detail page
(Supplementary Figure S9B), which includes the study title,
abstract, and analysis method summary (sample type, number
of samples, and analysis software). Each GWAS has unique
methods detailed on its page, including an overview and rel-
evant publication links. This page lists the analyzed sample,
platform, reference genome, software details, and variant fil-
tering criteria. Some studies uploaded data to jMorp’s GWAS
repository before publication, rendering publication links un-
available. The uploaded summary statistics were processed
using PheWeb (48) to extract significant genomic variations.
These variations were then integrated into the jMorp database
and displayed on the GWAS analysis detail (Supplementary
Figure S9C), Gene page and Metabolite page.

Future directions

This paper outlines the current contents of the jMorp database
and its use. We have been continuously developing and oper-
ating jMorp since 2015 and will continue to expand jMorp.
In future extensions, we will focus on two main points: (i)
expansion of the number of samples to be analyzed and (ii)
enhancement of information linking multiple layers. By in-
creasing the number of samples and improving the analysis
methods of each dataset, we aim to increase the accuracy of
analysis results. In addition, by expanding the links between
each layer and the links between the hierarchies, we would
like to contribute as a useful resource when examining com-
plex biological phenomena.

Data availability

The jMorp database is freely available at https:/jmorp.
megabank.tohoku.ac.jp. We clarified the Conditions of Use at
https://jmorp.megabank.tohoku.ac.jp/help/conditions-of-use.

Supplementary data
Supplementary Data are available at NAR Online.

Acknowledgements

We are indebted to all volunteers who participated in this
TMM project. We would like to acknowledge all members
associated with this project. The list of members is available
at the following URL: https://www.megabank.tohoku.ac.jp/
english/a230901/.

Funding

Japan Agency for Medical Research and Development
(AMED) [JP21tm0124005, JP22ama121019]; all computa-

Nucleic Acids Research, 2024, Vol. 52, Database issue

tional resources were provided by the ToMMo supercomputer
system, which is supported by AMED [JP21tm0424601].
Funding for open access charge: Research grant from AMED.

Conflict of interest statement

None declared.

References

1. Bycroft,C., Freeman,C., Petkova,D., Band,G., Elliott,L.T., Sharp,K.,
Motyer,A., Vukcevic,D., Delaneau,O., O’Connell,]., et al. (2018)
The UK Biobank resource with deep phenotyping and genomic
data. Nature, 562,203-209.

2. The All of Us Research Program Investigators (2019) The “all of
us” research program. N. Engl. ]. Med., 381, 668-676.

3. Tigchelaar,E.E, Zhernakova,A., Dekens,].A.M., Hermes,G.,
Baranska,A., Mujagic,Z., Swertz,M.A., Mufioz,A.M., Deelen,P.,
Cénit,M.C,, et al. (2015) Cohort profile: lifeLines DEEP, a
prospective, general population cohort study in the northern
Netherlands: study design and baseline characteristics. BM] Open,
5,¢006772.

4. Scholtens,S., Smidt,N., Swertz,M.A., Bakker,S.].L., Dotinga,A.,
Vonk,].M., van Dijk,E, van Zon,S.K.R., Wijmenga,C.,
Wolffenbuttel B.H.R., et al. (2015) Cohort Profile: lifeLines, a
three-generation cohort study and biobank. Int. J. Epidemiol., 44,
1172-1180.

5. Chen,S., Francioli,L.C., Goodrich,].K., Collins,R.L., Kanai,M.,
Wang,Q., Alfoldi,]., Watts,N.A., Vittal,C., Gauthier,L.D., et al.
(2022) A genome-wide mutational constraint map quantified from
variation in 76,156 human genomes. bioRxiv doi:
https://www.biorxiv.org/content/10.1101/2022.03.20.485034v1,
21 March 2022, preprint: not peer reviewed.

6. Halldorsson,B.V., Eggertsson,H.P., Moore,K.H.S., Hauswedell,H.,
Eiriksson,O., Ulfarsson,M.O., Palsson,G., Hardarson,M.T.,
Oddsson,A., Jensson,B.O., ez al. (2022) The sequences of 150,119
genomes in the UK Biobank. Nature, 607, 732-740.

7. Kuriyama,S., Yaegashi,N., Nagami,F,, Arai, T., Kawaguchi,Y.,
Osumi,N., Sakaida,M., Suzuki,Y., Nakayama,K., Hashizume,H.,
et al. (2016) The Tohoku Medical Megabank Project: design and
mission. J. Epidemiol., 26,493-511.

8. Hozawa,A., Tanno,K., Nakaya,N., Nakamura,T., Tsuchiya,N.,
Hirata,T., Narita,A., Kogure,M., Nochioka,K., Sasaki,R., et al.
(2021) Study profile of the Tohoku Medical Megabank
Community-based cohort Study. J. Epidemiol., 31, 65-76.

9. Kuriyama,S., Metoki,H., Kikuya,M., Obara,T., Ishikuro,M.,
Yamanaka,C., Nagai,M., Matsubara,H., Kobayashi,T.,
Sugawara,]., et al. (2020) Cohort profile: tohoku Medical
Megabank Project Birth and three-generation Cohort study (TMM
BirThree Cohort Study): rationale, progress and perspective. I7t. J.
Epidemiol., 49, 18-19m.

10. Takayama,]., Tadaka,S., Yano,K., Katsuoka,F., Gocho,C.,
Funayama,T., Makino,S., Okamura,Y., Kikuchi,A., Kawashima,].,
et al. (2021) Construction and integration of three de novo
Japanese Human genome assemblies toward a population-specific
reference. Nat. Commun., 12, 226.

11. Tadaka,S., Katsuoka,F., Ueki,M., Kojima,K., Makino,S., Saito,S.,
Otsuki,A., Gocho,C., Sakurai-Yageta,M., Danjoh,L., ez al. (2019)
3.5KJPNv2: an allele frequency panel of 3552 Japanese individuals
including the X chromosome. Hum. Genome Var., 6,28.

12. Komaki,S., Shiwa,Y., Furukawa,R., Hachiya,T., Ohmomo,H.,
Otomo,R., Satoh,M., Hitomi,J., Sobue,K., Sasaki,M., et al. (2018)
iIMETHYL: an integrative database of human DNA methylation,
gene expression, and genomic variation. Hum. Genome Var., 5,
18008.

13. Tadaka,S., Hishinuma,E., Komaki,S., Motoike,I.N., Kawashima,].,
Saigusa,D., Inoue,]., Takayama,]., Okamura,Y., Aoki,Y., et al.
(2021) jMorp updates in 2020: large enhancement of multi-omics


https://jmorp.megabank.tohoku.ac.jp
https://jmorp.megabank.tohoku.ac.jp/help/conditions-of-use
https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/gkad978#supplementary-data
https://www.megabank.tohoku.ac.jp/english/a230901/
https://www.biorxiv.org/content/10.1101/2022.03.20.485034v1

Nucleic Acids Research, 2024, Vol. 52, Database issue

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

data resources on the general Japanese population. Nucleic Acids
Res., 49, D536-D544.

Li,H. (2013) Aligning sequence reads, clone sequences and
assembly contigs with BWA-MEM. bioRxiv doi:
https://arxiv.org/abs/1303.3997, 26 May 2013, preprint: not peer
reviewed.

Poplin,R., Ruano-Rubio,V., DePristo,M.A., Fennell, T.]J.,
Carneiro,M.0O., Auwera,G.A.V., Kling,D.E., Gauthier,L.D.,
Levy-Moonshine,A., Roazen,D., et al. (2017) Scaling accurate
genetic variant discovery to tens of thousands of samples. bioRxiv
doi: https://doi.org/10.1101/201178, 24 July 2018, preprint: not
peer reviewed.

Manichaikul,A., Mychaleckyj,].C., Rich,S.S., Daly,K., Sale,M. and
Chen,W.M. (2010) Robust relationship inference in genome-wide
association studies. Bioinformatics, 26, 2867-2873.

Asuni,N. and Wilder,S. (2019) VariantKey: a reversible numerical
representation of Human genetic variants. bioRxiv doi:
https://doi.org/10.1101/473744, 15 February 2019, preprint: not
peer reviewed.

Dilthey,A.T., Mentzer,A.]., Carapito,R., Cutland,C., Cereb,N.,
Madhi,S.A., Rhie,A., Koren,S., Bahram,S., McVean,G., et al. (2019)
HLA*LA—HLA typing from linearly projected graph alignments.
Bioinformatics, 35, 4394-4396.

Barker,D.]., Maccari,G., Georgiou,X., Cooper,M.A., Flicek,P.,
Robinson,]. and Marsh,S.G.E. (2023) The IPD-IMGT/HLA
Database. Nucleic Acids Res., 51, D1053-D1060.

Bolger,A.M., Lohse,M. and Usadel,B. (2014) Trimmomatic: a
flexible trimmer for Illumina sequence data. Bioinformatics, 30,
2114-2120.

Dobin,A., Davis,C.A., Schlesinger,E., Drenkow,]., Zaleski,C., Jha,S.,
Batut,P., Chaisson,M. and Gingeras,T.R. (2013) STAR: ultrafast
universal RNA-seq aligner. Bioinformatics, 29, 15-21.

Li,B. and Dewey,C.N. (2011) RSEM: accurate transcript
quantification from RNA-seq data with or without a reference
genome. BMC Bioinf., 12, 323.

Koshiba,S., Motoike,l., Saigusa,D., Inoue,]., Shirota,M., Katoh,Y.,
Katsuoka,F,, Danjoh,l., Hozawa,A., Kuriyama,S., et al. (2018)
Onmics research project on prospective cohort studies from the
Tohoku Medical Megabank Project. Genes Cells, 23, 406-417.
Saigusa,D., Matsukawa,N., Tadaka,S., Motoike,[.N. and
Koshiba,S. (2019) Metabolome analysis of Human plasma by
GC-MS/MS in a large-scale cohort. Proteome Letters, 4, 31-40.
Saigusa,D., Hishinuma,E., Matsukawa,N., Takahashi,M., Inoue,].,
Tadaka,S., Motoike,I.N., Hozawa,A., Izumi,Y., Bamba,T., et al.
(2021) Comparison of kit-based metabolomics with other
methodologies in a large cohort, towards establishing reference
values. Metabolites, 11, 652.

Saigusa,D., Matsukawa,N., Hishinuma,E. and Koshiba,S. (2021)
Identification of biomarkers to diagnose diseases and find adverse
drug reactions by metabolomics. Drug Metab. Pharmacokinet., 37,
100373.

Nishiumi,S., Kobayashi,T., Ikeda,A., Yoshie,T., Kibi,M., Izumi,Y.,
Okuno,T., Hayashi,N., Kawano,S., Takenawa,T., et al. (2012) A
novel serum metabolomics-based diagnostic approach for
colorectal cancer. PLoS One, 7, €40459.

Nishiumi,S., Kobayashi,T., Kawana,S., Unno,Y., Sakai,T.,
Okamoto,K., Yamada,Y., Sudo,K., Yamaji,T., Saito,Y., et al. (2017)
Investigations in the possibility of early detection of colorectal
cancer by gas chromatography/triple-quadrupole mass
spectrometry. Oncotarget, 8, 17115-17126.

Saigusa,D., Okamura,Y., Motoike,I.N., Katoh,Y., Kurosawa,Y.,
Saijyo,R., Koshiba,S., Yasuda,]., Motohashi,H., Sugawara,]., et al.
(2016) Establishment of protocols for global metabolomics by
LC-MS for biomarker discovery. PLoS One, 11, e0160555.
Saito,S., Aoki,Y., Tamahara,T., Goto,M., Matsui,H., Kawashima,].,
Danjoh,l., Hozawa,A., Kuriyama,S., Suzuki,Y., ef al. (2021) Oral
microbiome analysis in prospective genome cohort studies of the
Tohoku Medical Megabank Project. Front. Cell Infect. Microbiol.,
10, 604596.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

4S.

46.

D631

Bolyen,E., Rideout,].R., Dillon,M.R., Bokulich,N.A., Abnet,C.C.,
Al-Ghalith,G.A., Alexander,H., Alm,E.]., Arumugam,M.,
Asnicar,F, et al. (2019) Reproducible, interactive, scalable and
extensible microbiome data science using QIIME 2. Nat.
Biotechnol., 37, 852-857.

Chen,S., Zhow,Y., Chen,Y. and Gu,J. (2018) fastp: an ultra-fast
all-in-one FASTQ preprocessor. Bioinformatics, 34, 1884-1890.
BMTagger (2023)
ftp://ftp.ncbi.nlm.nih.gov/pub/agarwala/bmtagger/, visited at
2023-08-31.

Beghini,E, Mclver,L.]., Blanco-Miguez,A., Dubois,L., Asnicar,F,
Maharjan,S., Mailyan,A., Manghi,P., Scholz,M., Thomas,A.M.,

et al. (2021) Integrating taxonomic, functional, and strain-level
profiling of diverse microbial communities with bioBakery 3. Elife,
10, ¢65088.

Watanabe,T., Saito,T., Rico,E.M.G., Hishinuma,E., Kumondai,M.,
Maekawa,M., Oda,A., Saigusa,D., Saito,S., Yasuda,]., et al. (2018)
Functional characterization of 40 CYP2B6 allelic variants by
assessing efavirenz 8-hydroxylation. Biochem. Pharmacol., 156,
420-430.

Kumondai,M., Hishinuma,E., Gutiérrez Rico,E.M., Ito,A.,
Nakanishi,Y., Saigusa,D., Hirasawa,N. and Hiratsuka,M. (2020)
Heterologous expression of high-activity cytochrome P450 in
mammalian cells. Sci. Rep., 10, 14193.

Kumondai,M., Gutiérrez Rico,E.M., Hishinuma,E., Ueda,A.,
Saito,S., Saigusa,D., Tadaka,S., Kinoshita,K., Nakayoshi,T., Oda,A.,
et al. (2021) Functional characterization of 40 CYP3A4 variants
by assessing midazolam 1’-hydroxylation and testosterone 6 8
-hydroxylation. Drug Metab. Dispos., 49, 212-220.
Kumondai,M., Ito,A., Gutiérrez Rico,E.M., Hishinuma,E., Ueda,A.,
Saito,S., Nakayoshi, T., Oda,A., Tadaka,S., Kinoshita,K., ez al.
(2021) Functional assessment of 12 rare allelic CYP2C9 variants
identified in a population of 4773 Japanese individuals. J. Pers.
Med., 11, 94.

Kumondai,M., Gutiérrez Rico,E., Hishinuma,E., Nakanishi,Y.,
Yamazaki,S., Ueda,A., Saito,S., Tadaka,S., Kinoshita,K., Saigusa,D.,
et al. (2021) Functional characterization of 21 rare allelic CYP1A2
variants identified in a population of 4773 Japanese individuals by
assessing phenacetin O-deethylation. J. Pers. Med., 11, 690.
Hishinuma,E., Narita,Y., Obuchi,K., Ueda,A., Saito,S., Tadaka,S.,
Kinoshita,K., Maekawa,M., Mano,N., Hirasawa,N., et al. (2022)
Importance of rare DPYD genetic polymorphisms for
S-fluorouracil therapy in the Japanese population. Front.
Pharmacol., 13, 930470.

Hishinuma,E., Narita,Y., Rico,E.M.G., Ueda,A., Obuchi,K.,
Tanaka,Y., Saito,S., Tadaka,S., Kinoshita,K., Maekawa,M., et al.
(2023) Functional characterization of 12 dihydropyrimidinase
allelic variants in Japanese individuals for the prediction of
S-fluorouracil treatment-related toxicity. Drug Metab. Dispos., 51,
165-173.

Diesh,C., Stevens,G.]., Xie,P., De,]., Martinez,T., Hershberg,E.A.,
Leung,A., Guo,E., Dider,S., Zhang,]., et al. (2023) JBrowse 2: a
modular genome browser with views of synteny and structural
variation. Genome Biol., 24, 74.

Kawai,Y., Mimori,T., Kojima,K., Nariai,N., Danjoh,l., Saito,R.,
Yasuda,]., Yamamoto,M. and Nagasaki,M. (2015) Japonica array:
improved genotype imputation by designing a population-specific
SNP array with 1070 Japanese individuals. J. Hum. Genet., 60,
581-587.

Sakurai-Yageta,M., Kumada,K., Gocho,C., Makino,S., Uruno,A.,
Tadaka,S., Motoike,I.N., Kimura,M., Ito,S., Otsuki,A., et al. (2021)
Japonica Array NEO with increased genome-wide coverage and
abundant disease risk SNPs. J. Biochem., 170, 399-410.
Sherry,S.T. (2001) dbSNP: the NCBI database of genetic variation.
Nucleic Acids Res., 29, 308-311.

Landrum,M.]., Lee,].M., Benson,M., Brown,G.R., Chao,C.,
Chitipiralla,S., Gu,B., Hart,]., Hoffman,D., Jang,W., et al. (2018)
ClinVar: improving access to variant interpretations and
supporting evidence. Nucleic Acids Res., 46, D1062-D1067.


https://arxiv.org/abs/1303.3997
https://doi.org/10.1101/201178
https://doi.org/10.1101/473744
ftp://ftp.ncbi.nlm.nih.gov/pub/agarwala/bmtagger/

D632 Nucleic Acids Research, 2024, Vol. 52, Database issue

47. Otsuki,A., Okamura,Y., Aoki,Y., Ishida,N., Kumada,K., 48. Gagliano Taliun,S.A., VandeHaar,P., Boughton,A.P., Welch,R.P,,
Minegishi,N., Katsuoka,F., Kinoshita,K. and Yamamoto,M. (2021) Taliun,D., Schmidt,E.M., Zhou,W., Nielsen,].B., Willer,C.]., Lee,S.,
Identification of dominant transcripts in oxidative stress response et al. (2020) Exploring and visualizing large-scale genetic
by a full-length transcriptome analysis. Mol. Cell. Biol., 41, associations by using PheWeb. Nat. Genet., 52, 550-552.
e00472-20.

Received: September 13, 2023. Revised: October 6, 2023. Editorial Decision: October 14, 2023. Accepted: October 17,2023

© The Author(s) 2023. Published by Oxford University Press on behalf of Nucleic Acids Research.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse,
distribution, and reproduction in any medium, provided the original work is properly cited.



	Graphical abstract
	Introduction
	Materials and methods
	Results and discussions
	Data availability
	Supplementary data
	Acknowledgements
	Funding
	Conflict of interest statement
	References

