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“Life-cycle” of the life-science studies (past)
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“Life-cycle” of the life-science studies (current)
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Various life-science data resources/databases

« EMBIFEDETF DT —HFR— XD

sharing Ex

- , FAIRsharing
2,617 databases (as of Oct 25, 2025)

https://fairsharing.org/databases/

wwwww

Integbio Database Catalog In te biO
2,582 databases (as of Oct 20, 2025)

https://integbio.jp/dbcatalog/

NAR Database summary papers
2,397 databases (as of Oct 25, 2024)

https://www.oxfordjournals.org/nar/database/a/



Various life-science data resources/databases
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Example of database (literature)

« FT—INR=DAH| : PubMed https://pubmed.ncbi.nlm.nih.gov/
« HIRENTEAXZIRRTET DT —FIN—X
- FanRlFE. ERIFEROmXZ I/ —

Publmed._go-..- PubMed v @

US Mational Librany of
tMedicine National Institutes of Advanced Help

Health

PubMed

rom MEDLINE

ent from Pub

Using PubMed PubMed Tools More Resources
PubMed Quick Start Guide Pubtded tobile MeSH Database
Full Text Aricles Single Citation Matcher Journals in MCEI Databases
Pubted FAQS Batch Citation Matcher Clinical Trials
Publded Tutorials Clinical Querties E-Lttilities (AP
Mewr and Moteworthy Topic-Specific Cueries LinkCut
Latest Literature Trending Articles
Mew articles from highly accessed journals Publed records with recent increases in activity
Biochirn Biophys Acta (B) An Integrated Genome-wide CRISPRa Approach to
Functionalize IncRMAs in Drug Resistance.
Blood (2) cell. 2018,
Cancer (1] Canadian cod comeback derailed.

Plotieg 200110




Example of database (educational resource)

« TogoTV https://togotv.dbcls.jp/
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2DBCLS Research Services Contact About

DLy TR—Y [ TogoTVic2WT Q@#E%EZET > WATAMEET THETLENZ2ET MHAE Y w4

) TOGOOTV

il I = ERHEABICEI2ERLEREBNTEY 794 L TF,
ENTHERCHELBANETEIEANTEET, @

CF=RR=Z2PY =L OEET =2 T
( -EECHELEE. B -47Xb

S C )

#®FFI: PubMed , BLAST , NGSD /N> XF » EE

q 2¥NF -2 D LBT

S KD »ET
RAAA YT 2RONANT Y

- - v
e gﬁrmﬁﬁmﬁg% 'zRNi-?s: ;ﬁ SRR i;i-;{ o
RS, L#E1TH Ekics . 9 v - EBHT

oY —Nn BIT%*T3 7y —n (20204

< 48)

0125504 O 2zm244 © 2275 © 22:m575 © 153



11
Example of database (bioinformatics tool)

» SCRNA-tools https://www.scrna-tools.org/
« —HHRERNA-seqDEATICRALSNBY I RO T 7 ICEAT DT —INR—X

(/\:\/)SCRNA too].s Table Tools Analysis Updates Submit FAQs ’ O

Welcome to scRNA-tools!

The scRNA-tools database is a catalogue of tools for

analysing single-cell RNA sequencing data.

VIEW TOOLS

The scRNA-tools database records details of software tools designed for
analysing scRNA-seq data. Each tool is categorised according to the analysis
tasks it can 2

We use cookies
We use cookies and other tracking technologies to improve your browsing experience on our website, to show you

personalized content and targeted ads, to analyze our website traffic, and to understand where our visitors are coming
from.
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Terms for life-science data




Terms in life-science data

« )7/ —=3 > / annotation
« ZEST—AHVBEHRIC. BHSEKRBRRAEZNEIT B END, ZDBHREE=ZIET
o [GERR] [Sh01EHk] EBMFEENSD.
« TR (IHEEFT. HEODFELRSIFITOZEEIELIEED
« BIZ(ET ) LEFIHCDWT., EDBIDHELGF EVDEIBHRYS. BInFICDULWTED
WDEEBEZIF D CTL\B OV E

« XA55—4% [/ metadata
e D [FT—4] [CDLWT. ZOTFT—FDOABVEEREDIBIR/FT—F%IET
e« [F—4| %#ATD [F—4] EWDTET [ XAFF—4] EEEIND
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Classification of biomedical data resources/databases

« —/RT—AINR—2 (primary databases)
RS fUBIS—ASHX—ZX (repository-type databases)
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DNA sequence information



Treatment of DNA sequences

 DNA/RNAFCHIZ 5 A TR LTCiRX 2 9 S & (3. BdlT —5 =2ty
M RNIICERIDIENBREEH OITSNTLDS

- EFRITDUNT KU
« INSDC (International Nucleotide Sequence Database Collection) MUK kU
DL

https://www.ddbj.nig.ac.jp/about/insdc.html
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INSDC repositories for DNA sequences

https://www.insdc.org/
« DDBJ (DDBJ) / GenBank (NCBI) / EMBL (EBI)
« DNA/RNAESSN =B UTE—IRT—IR—X (URZ KY)
« EARB(C., WHFKENDNAESZETHZKL. NN D
« DNAESHITZIT TR, BDOXAIT—AE—EITEFRITD
e SMLETHEICT - U TS (ECOFT—IR—-X(TEFZLTH, Mol T
BRREEND)

-‘EﬁH%Z_EE‘E\ DDBJ (A7 - 19874F). GenBank (K - 19824F). EMBL (Z:MH -

19814F)

- KFES —4 > 5 —H3ES — 4 H(C DRA (DDBJ), SRA (NCBI), ENA (EBI) &(\S
URS NUBBEESINTLS (BRFTESHE)

« 4 DDOHDOUMNRT MU E U THEOSHNZ #EfiH

mmmmmmmmmm

< & M

al o = m
Data type DDBJ EMBL-EBI NCBI
Next Generation reads | Sequence Read Archive Sequence Read Archive
Assembled Sequences | DDBJ European GenBank

Nucleotide

Samples BioSample Archive BioSample
Studies BioProject BioProject

https://www.insdc.org/



Structure in INSDC

DNA sequence data
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Z5R I BT E Accession number
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Biosamples and Bioprojects
« DNAEZSIF—HF DO BEYUT (FZNENBIDURS K [CEREND

« EERITTDY > TILICDWTDIEER— BioSamples/\NEEk
« FT—AZESLIET O T MIDULWTDIEFHR— BioProject/\NEi%

BioSampIe (Former DRA Sample)

BioProject (Former DRA study)
BioSample SAMD|

* Publications

BioProject  PRJ D]
* Project description -
. Grants BioSample SAMD]
BioSample SAMD
e Sample description

Sequence Read Archive

~

f

Y

l hY

mRun DRR]

ﬂ

DRX

|

e Taxonomy ID

Experiment

e Library layout
¢ Sequencing platform
S

mé WRun DRF‘{‘]

m% mRun DRF;‘]

» Data files

mgﬁ Sequence data files (fastq, BAM)

Prefix of accession number

https://www.ddbj.nig.ac.jp/dra/metadata.html
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Secondary data resources of sequences

RefSeq
BB FZ KT DRNA/ 7 = BEALH 2= R E
RAIREMIEDEDNH D
NCBI (USA)IC K D12
Il https://www.ncbi.nih.gov/refseq/

Eensembl Genes

T LS TFRAIUVCRIERT - RNA - 7 = BRFCS

—— 5 ) NDRTE LT 2 IREEMRB D E DN %
; | e https://www.ensembl.org/

s GeNCOdE |
- == ENSEMBL genes(CHIX T, W\ DH\DY —RADF —
”ﬂ = Sz IB U TYERY SNTERIEEF - RNADT Y ~

L | X GENCODE Consortium(C & D 2fi

. .= | https://gencodegenes.org/

B FRIFEINE. SFTSFTRT—I#EAICHHA=NTLD
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Various information in genomic regions
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Figure 1: Depiction of different types of structural variants genome. Each different Telomeric repeats i .
mber represents a different gene. and heterochromatin SINEs = short interspersed elements
LINEs = long interspersed elements

https://en.wikipedia.org/wiki/Structural_variation_in_the_human_genome https://web.pdx.edu/~newmanl/typesofdna2.html



Representation of genomic regions
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Notations of genomic regions
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0-based Chrl: 3-6

01234567789
Chrl TAACCCTAA

1 23 456 789

1-based Chrl: 4-6




Data format of genomics regions
[5°J I\7BEI% ] DIEERZE IR T DIcsbDT—FHK ()

General formats

B Axt format

® BAM format

m BED format

m BED detail format

m bedGraph format

B barChart and bigBarChart format
m bigBed format

B bigGenePred table format

B bigPsl table format

m bigMaf table format

B bigChain table format

m bigNarrowPeak table format
m bigLolly table format

B bigWig format

® Chain format

ENCODE-specific formats
m ENCODE broadPeak format
m ENCODE gappedPeak format
® ENCODE narrowPeak format
m ENCODE pairedTagAlign format
m ENCODE peptideMapping format
m ENCODE RNA elements format
m ENCODE tagAlign format

B CRAM format

m GenePred table format

B GFF format

m GTF format

m HAL format

® Hic format

m Interact and biginteract format
B | ongrange longTabix format
m MAF format

m Microarray format

®m Net format

m Personal Genome SNP format
m PSL format

® VCF format

m WIG format

https://genome.ucsc.edu/FAQ/FAQformat.html



BED format

chrl 10609 10687 FCHS 1 O 10619 10687 0,0,255
chrl 29398 29439 FCHS 2 O 29398 29432 255,202, 74
chrl 588413 588453 FCHS 3 O 588423 588453 255,202,774
chrl 605408 605588 FCHS 4 O 605433 605562 255,202,774
chril 629081 629273 FCHS 5 O 629081 629229 255,202,774
chril 629469 630126 FCHS 6 O 629469 629922 204,0,0
chril 629938 630317 FCHS 7 O 629955 630144 153,0,0
chril 630319 630749 FCHS 8 O 630330 630749 255,202,774
chril 631483 631721 FCHS 9 O 631483 631535 255,202,774
chrl 631715 631857 FCHS 10 O 631715 631824 255,202,774
chril 632051 632425 FCHS 11 O 632051 632269 255,202,774
1. Rk 7GR Genome Browser CFRoR < & D nflE %z
2. TEIEBMDBIR{IE (0-based) ST B DF — AR

3. TRIRMDIZ TLE (0-based)

s 2 T, R IRSEIRT — 4 DI
5. A7

6. ANS> K (+or-or.) o

7. A< R IBEHOBIAAIE 1~35M 6D T Iui’A _

8. A< FILEEODE TS 45| HLAFIIMER (95sbF THEDSBED T 77
9. FnE - )% BEDIZN & HECHK)

10. SRR T OwW %8 (exon’2 &)
11. IOV IDES (, TO<)
12. £ 0w O DRIBALE ( TEL)

ZOR (B O EBINT A & B a]EE
I Z(E. BED9+ e & BECE)



GFF format (gff3)

##gff-version 3

10609

29398

588413
605408
629081
629469
629938
630319
631483
631715

chri fanta.bio CRE

chril fanta.bio CRE

chril fanta.bio CRE

chri fanta.bio CRE

chri fanta.bio CRE

chri fanta.bio CRE

chri fanta.bio CRE

chri fanta.bio CRE

chri fanta.bio CRE

chri fanta.bio CRE

1. RBHEH

2. T—HDI—=X

3. TEIRMDIEER

4, TEIDFIGAIE (1-based)
5. PEIBODFR TAE (1-based)
6. A1)

7. ARS> R (+or-or))

8. JI—X (dRZHDAIE)
9. E%fE

10686

29438

588452
605587
629272
630125
630316
630748
631720
631856

O OO OO O o o o o

ID=FCHS_ 1;Name=FCHS 1
ID=FCHS_2;Name=FCHS 2
ID=FCHS_3;Name=FCHS 3
ID=FCHS 4 ;Name=FCHS 4
ID=FCHS_5;Name=FCHS 5
ID=FCHS 6 ;Name=FCHS 6
ID=FCHS_7;Name=FCHS 7
ID=FCHS_8;Name=FCHS 8
ID=FCHS_ 9;Name=FCHS 9
ID=FCHS_ 10;Name=FCHS_10

M Z IR I D HDT—IEH (hV2

DENSHD)

GFF version 1S I8FE > T, tESNGH

5 version 3OERHT

GFF2 WSiik&E UTSIELF R A (CHF
{EUEZ GTFIERNEWVLWD EDEDD
(958D (C gene_id & transcript_id DECIRHY

WA LTRD)
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Reference genomes

- RENESY ) ARFIEES TUED & SERERICERIEN < BD
(EIC L ET — FRHET & (CEEDERABER S I2)

cVIF7VLRTG ) I B—DT J AEcH)2Ek U, £EETHECFIAT S
KDCLIEEBED

« human, mouse, rat, zebrafishi, chicken (C DU\ TC(E Genome
Reference Consortium (GRC)H 51zt

Genome reference consortium

EHIREHNBD. TNTNC/N—S3>
DI BNTNS

« BRFTARIE
. £ : GRCh38 (GRCh38.p14)
(2022/2/32769)
« T : GRCM39 (2020/6/247388)
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Data resources of genomic region information

UCSC Genome Browser ENSEMBL Genome Browser
https://genome.ucsc.edu/ https://www.ensemble.org/

Bog

SANTH CRUL Sensmies 9 T Genome Browser T e

Genome er T Mirrors Download My Data

Tools BioMart > BLAST/BLAT > Variant Effect Predictor > a
. i
Al Expot custam datasats fror Soa senomen for ! arts ar d collec = d
Ensombi weh t g toal protein soqu funchonal coneoq Mart and the V.
Search
Meetings and Workshoj ;ome see us in person! i S and
Al species |for o, turbot, an
® CSHL: Genome Informatics 2023 - New York, NY - Dec 6-9, 2023 ® Plant and Animal Genomes 2024 - San Diego, CA - Jan 12-17, 2024 © ion with the GENE-SWaCH
#you aro mtore o rom the team % collaborate. get help, or ask any Guessons a the meetings. =4 SIGA et It ® OVt RAD, 1oer0e e SRR
00l 1808 In GFF
All genomes Favourite genomes ¢
= Genome Browser - Interactively visualize genomic data Nov. 22, 2023 - CRISPR Targets for Zebrafish (danRer10/danRer11) S amedes < Human
= BLAT - Rapidly align sequences to the genome Nov. 08, 2023 - New track decorators feature B pt Ensembl Repid Relesse
e
= In-Silico PCR - Rapidly align PCR primer pairs fo the genome Oct. 23, 2023 - eMERGE polygenic risk scores for human (hg19) Pig breeds New assemblies with gane and protein annotation every two
= Table Browser - Download and filter data from the Genome Browser Sop. 19, 2023 - EVA SNP release 5 for 36 assemblies ¥ e
w1 ® LiftOver - Convert ganoma coordinates botwoen assemblios Sap. 15, 2023 - New COSMIC Track for hg3s “ 3ACM9 o S
= REST API - Rotums data requestod in JSON format Sep. 07, 2023 - New GENCODE "KnownGene" V44 (hg38) and VM33 (mm39)
riant Annotation Integrator - Annotate genomic variants Zebiliah ' e F [
sbrafis .
Ryt ity Vs rovs..| i o B oy s

NCBI Genome Data Viewer

https://www.ncbi.nlm.nih.gov/genome/gdv/

B An offcial website of the United States government Here's o you kncos v

m National Library of Medicine Login

National for Bi nation

o GDV supports the exploration and analysis of NCBl-annotated and
Genome Data Viewer selected nor-NCB annotated eukaryotic genome assemblies

Currently, assemblies from over 2500 organisms are available.
Switch view Search organisms

NS IENANZREDDHS]

Homo sapiens (human)

New! Click on Switch view at the top to see another way of navigating genomes.

ch in genome.

MBICEBRFEDEYREICFHMELIZBD

e i3 O)Td: & . ;&% < ﬁEg_ 5

Assembly details

Name GRCh38.p14




=L yrenml =
Gene information



CNFETCOEGRIZFETIE. [EnF] Zz2F.0EU
JEAENZ <4Th1. Z<DOHMEMNMESNTULD,

[ EiaF] ZEfCFTEDHSNITER -
T—IVY—ANEELFEIT D




Description of genes

BT (B8] Oi&EIEE
- RARFEHER T BMALL DIFS (HGNCKD)

HGNC data for BMALA1
Approved symbol BMAL
Approved name basic helix-loop-helix ARNT like 1
Locus type gene with protein product

HGNCID & HGNC:701
Symbol status & Approved
Previous symbols ARNTL
Previous names " aryl hydrocarbon receptor nuclear translocator like
Alias symbols MOP3; JAP3; PASD3; bHLHe5; ARNTLA

Alias names & " brain and muscle ARNT-like 1 "
" basic helix-loop-helix family member e5 "
" PAS domain containing 3 "
" member of PAS superfamily 3 "

BMALL: IB{=F= > 7L (gene symbol)
ILT 7Ry S+ EFDFEV\ERI, BT (gene name) EMERC EEHD
basic helix-loop-helix ARNT like 1: IE{=F%4 (gene name)
XU\ CEeih U], EinFECih (gene description) EMFERNC EHEHD
ARNTL, MOP3, JAP3, PASD3, bHLHe5, ARNTL1: B4 (synonym)
BinF(CDIFBNERIDS > mIL
HGNC:701 : JE{=F ID (gene identifier)
BLFICAEUERNF. &5 —FUYV—-IXATHBEICHELTWNWS

35
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Official gene symbol

B UBLEFRDICELGTFS INILMEES SN TVWS I ENDD
- BEH(CEETS DRILEBETORRED (BFL) DIFTLEs
+ TR BIDBIEFIZEEZBNTVEEDNRE— D2 —R
-ﬁ%iﬂ@ﬁﬁ?tjﬁ%ﬂtmt>>ﬁ»t%%%%%cjw5nt>>ﬁwﬁ
25—
s ARIZ 25+ (CLDBIZ DZFDMEDNTNBT—X

 NIREBEFE ML ZRDDIEE
Human Mouse

HUGO Gene Nomenclature Committee (HGNC) Nomenclature Committee in IMGS/MGI

Dus to unavokdale mainisnanca, o HGNC and VGNC orling resouroes may bo unavalabls fiom 10:00 to 14:00 UTC on Sunday 3rd December

HGNC

The resource for appro n gene nomenclature

Lt ket 2020114

Guess the daily gene symbol with Genele

https://www.genenames.org/ https://www.informatics.jax.org/mgihome/nomen/
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Functions of genes

< EnF [HEEE] DELEHITE

« T X MIKBECH
Summary The protein encoded by this gene is a basic helix-loop-helix protein that forms a heterodimer with CLOCK. This heterodimer binds E-
box enhancer elements upstream of Period (PER1, PER2, PER3) and Cryptochrome (CRY1, CRY2) genes and activates transcription
of these genes. PER and CRY proteins heterodimerize and repress their own transcription by interacting in a feedback loop with
CLOCK/ARNTL complexes. Defects in this gene have been linked to infertility, problems with gluconeogenesis and lipogenesis, and
altered sleep patterns. The protein regulates interferon-stimulated gene expression and is an important factor in viral infection,
including COVID-19. [provided by RefSeq, Oct 2021

« EWSIAD >

1. Artificial induction of circadian rhythm by combining_exogenous BMAL1 expression and polycomb repressive complex 2 inhibition in human induced

pluripotent stem cells
Kaneko H, et al. Cell Mol Life Sci, 2023 Jul 8. PMID 37421441
2. Protective effects of brain and muscle ARNT-like gene 1 on oxidized low-density lipoprotein-induced human brain microvascular endothelial cell injury by

alleviating _ferroptosis

Yu S, et al. Hum Exp Toxicol, 2023 Jan-Dec. PMID 37343012
3. Bmal1 and Gut-lung_axis in SARS-CoV-2 infection: New insight into the effects of melatonin on COVID-19 patients?
Khezri MR, et al. Biomed Pharmacother, 2023 Aug. PMID 37257225, Free PMC Article

« Bz T > bO>— (Gene Ontology)

GO ID © Qualified GO term
GO:0000976 %> enables transcription cis-regulatory region binding

GO:0000978 3  enables RNA polymerase |l cis-regulatory region sequence-specific DNA binding
G0:0000981 33  enables DNA-binding transcription factor activity, RNA polymerase Il-specific
G0:0003677 %3  enables DNA binding

GO0:0003700°  DNA-binding transcription factor activity



Ontology

«ZA> bO2— (Ontology)

« “An ontology is a formal representation of a body of knowledge within a given
domain. Ontologies usually consist of a set of classes (or terms or concepts)
with relations that operate between them.”

« http://geneontology.org/docs/ontology-documentation/

FFEDDEFONARZRIBLIZED
BE, VSR (F—L - #=) £EOSAED
FRIETBNT D

relationship (part-of)

relationship (is-a)
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Application of ontology

A PO —ZEDSCETRODEIBRZENAIELTRD
c A ROS—DY—LZFESTET. FEOHEDOHR—ENTED
« F— LABIDOBREDBRZMES CET. DEIDENTEELD

DET ™

neural cell

neuron Ontology hierarchy

A
B
C neuronal cells
D

nerve cell sample

m sample by cell ontology B ; association

CL:0000540 (neuron)

A :

B CLO000540 (neuron) | - B B coose oy
C ' T ' ! A

D

CL:0000540 (neuron)
CL:0000540 (neuron) entries in category A categoryB  categoryC
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Gene ontology

- BEFA > bOS— (Gene Ontology)
(http://geneontology.org/)

« The Gene Ontology knowledgebase provides a computational representation
of our current scientific knowledge about the functions of genes (or, more
properly, the protein and non-coding RNA molecules produced by genes) from
many different organisms, from humans to bacteria.

* https://geneontology.org/docs/introduction-to-go/

Gene Ontology ([C KR BDAHNR—RIC KD T, BIaF (EHECITELRFHIOESRS
N3d45> )D& ) > -5+ >ZJRNA) DIEE(CR I RIRTEDORIFNIRE %
sTEM T TRIRIDCENTED

b molecular function
nucleic acid binding / \ enzyme
hiilsase .\dc nosine
DNA binding triphosphatase
chromakin_bindin\ \ \ / \
JChes o DNA ATPdependent  DNA-dependent
MCM3 Mcm3 Mcemd helicas adenosine
CDC54/MCM4 Mcmdd
CDC46/MCM5 Mcm = Ph ph.\ta
MCM6 Mcomé6 Mcomdé
CDC47/MCM7 Mem7 Memd
ATP- dcp dc l
DNA helica
MCM2
MCM3
lamin/chromatin CDCS4MCM4 Memd Example of Gene Ontology
binding CDC46/MCM5

B sAcCHAROMYCES COCOTMEM? Mot Ashburner M et al., Nat Genet, 2000,
o doi:10.1038/75556




Gene ontology

« SFEFEDA> FO>—

 Molecular function : 73> FBI#EE
« ZOEBIGFNSDEY(H > )\OEX ) > O—F « > ZJRNAYDE DD FHITHLRE
- {5 : DNAfES. B2k, U BEbLIRE

- Biological process : £¥)F 7Ot X
« ZOEGFHIEFDEMF LR RN D EART O R
- 5l : EREFHIE. KH. SO FH)IUmERE

« Cellular component
- TOEILFNSDENEEEZRIZ I HIRADEGFR. 82E
il : %, HHRE. MR/ E



Gene information resources (common & human)

nnnnnnnnnnnn

NCBI Genes (Entrez Genes)
RLIEYEZ D)\ —LTLD

https://www.ncbi.nih.gov/gene/

Eensembl Genes

) NDRTE UTARR IR EYIREDE DN B D

https://www.ensembl.org/

GeneCards

E bDHTHDIN. $RLIREHRZ D/ —LTND

https://gencodegenes.org/

Human Protein Atlas ‘
E hDIINDEDT—INR—AThoIEN, IR
E(IEGCF RS BIRAEL LS /I —NTNS

https://www.proteinatlas.org/
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Gene information resources (model organisms)

NDR

oY b

RR

> g2 g)\T

M@ Mouse Genome Informatics

MGI (Mouse Genome Informatics)

https://www.informatics.jax.org/

RGD (Rat Genome Database)

e —

A Databass of Drosophila Genss & Genomes

https://rgd.mcw.edu/

WormBase

=

g

https://wormbase.org/

FlyBase

https://flybase.org/



HERDT—HIN—-X - T—FIJY—X
Databases/data resources developing in our
team
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Various sequence data related to transcriptional regulations

(Epiqenome ) (Genomic Variation )
ChIP-seq (18,214) ATAC-seq (7,765) Whole genome (44,015)
Bisulfite-seq (3,816) DNase-seq (864)
\_MeDIP-seq (639) FAIRE-seq (298) / \_ Y,
nucleosome . :
Genomic variants
// Silencer = Enhancer H—3
(( methylation \— /
// @ — Transcription start site (TSS)
// Promoter
WS (MRNA/NcRNA)
_ , -
EEE%—%IJ fElDIP#E Transcriptome A

= 2R CARIMIRIET — 5D
SIERB LIRS RN WA

(xxx) : the number of records in BioProject (as of 2025-10-20 in DDBJ Search)

RNA-seq (90,935) miRNA-seq (2,605)
L CAGE (1,234) Long-read RNA (905))




Database/resource activities in my team

AR —HEETO> T MMISMU.
T—ADIA—FT A X—>3>%(TD
(primary databases/resources)

NHEF—H&ERALUT. EERRE i (B
927 YUY —RZBEL. NHATD

(secondary databases/resources)
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Our data resources for transcription and their regulations

L\ﬂﬁref‘rss4

Q Human

refTSS 4
https://reftss.riken.jp/

$E'%_-Eﬁtl:l,m0)Uj L>
Atwv b

SCPortalen2

SCPortalen2: 5" end
data, new data
visualization and
limitless exploration.

SCPortalen 2
https://single-cell.riken.jp/

/\ﬁGD THRZRNA-seq
S—SIBHBDEHD
F—AINR—2R

nucleosome

// S|Iencer = Enhancer

4 L

u/ / methylation TF

S // Promoter

§°”FANTOM

FANTOMS web resource
https://fantom.gsc.riken.jp/5/

Ebk - YOXZEOEA
%H3,0000 > T )L &SR &
LieO€®—4— >
ALY DI S I8

Genomic variants

AY4
A

|—> Transcription start site (TSS)

Ws (MRNA/ncRNA)
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cis-regulatory elements (CRES)

SNP
| Silencer g
////
mRNA/ncRNA
—
promoter

- BFRERIROHFECENDT /) LAl
- [TJOE—45—1 - [I2)\>Y—] REIET— RIEEICH D EDH —HZH
 HHREEC L DIFENILFEIR & RN

- RFHE(CARIDIZE - ZEEINMEHT D

- EHFEIHEELELTHD




fanta.bio database for CRE information Farﬂa,b‘fo

fantabio

https://fanta.bio/

zzzzzzzzzzzzz

TMIMS  Rawew

Updates

NHF—SHZBIAIBL, T ) LAPOERE
HlENCEEDBDMEE (S XTL X2~
JCRE) ([CDWLT

« ) LFBRDCREDAIE

o« FHRZAENHARZIRREC & DCREDIETE
« CRECEAZRT DT JLAEE
DBIR=EFEEDET—HINR—X

&R ET DEVIE
- B~ YOX! JFEMERAE

150 S AT LA S bEBZ RS (GO
SEET D




Chromatin-based method to identify CREs

cSZTLAY MEETIEER MY DAFIULI VS —A0A—T > oO%F
ARRETR & DI B LR & C & % U

Hypersensitive Sites

. CH,
f v /
% 0 , O RNA polymerase
R 5 § éj \ /.
...-ti,,g%;gig gz ! g CH.CO L 7 "
\ C v % o"dy £ “o
(%) 2,
1 7)) e Il
Hi-C DNase-seq ChlP-seq WGBS ENCODE RNA-seq eCLIP
ChIA-PET ATAC-seq -TF RRBS Encyclopedia RAMPAGE Bind-n-Seq
Repli-seq -Histone methyl array -Registry of cREs miRNA-seq
-SCREEN
/ Genes
; 1 |===] ==
Long-range regulatory elements Promoters NS N\
(enhancers, repressors/silencers, insulators) Transcripts
7
W/ -/(‘V/ Based on an image by Darryl Leja (NHGRI), lan Dunham (EBI), Michael Pazin (NHGRI)

https://screen.encodeproject.org/

[E@%X?wmtxh)%ﬁ%t@%ﬂmwmﬁiwﬁ%ébﬁfﬁﬁ]
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Transcriptome-based method to identify CREs

- [EESIER] (RNADSIHIC & BESHIAR) ZAVES X TL A R
rE

eRNA eRNA

P

uaRNA/PROMPTs K mRNA/ncRNA

JOE—45—

FR SRR OGP - AEA
mEE 2 T(CEE




CRE identification comparison (Pros & Cons)

DOXFUBEIMN—RADF*E

O BEEDRENZV (BRETEIEHENZW)

X 1RO IEBENNE (Histone ChIP-seq, ATAC-seq, FAIRE-seq)

SEEIBHA— R

O 1fEDS—U > > JEER(5 iR RNADS —T >3 2 70) DHFTRETED
O EE5EERS5ND. —HilEL NIV TERERRE

X REFOOVFINR—ADEDEETIFRL)

RE DEBEN R TENL, IEEHROGHEHRNUE LT )

[ 583R] (CXKDAEEZEEUTHL).
OOXFEHRIFHR— MIICHWS (TES>XEUTE)




CRE annotations in fanta.bio (tentative)

CRE names

Overlapped FANTOMS5 CAGE Peaks (promoters)
Overlapped FANTOMS5 Enhancers

Overlapped ENCODE SCREEN cCRE

Overlapped refTSS TSSs

Overlapped ChlP-Atlas TF and Others binding sites
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fanta.bio database interface anta.bio
https://fanta.bio/

fantabio

fanta.bio

BRI A —I

CRE annotation view
CRE[CDWTDEFE
V/)rr—=>3z
IFEROE 1 —

UCSC Genome Browser

CREDDYT ) IAETOHOE1—

UCSC Genome Browser on Human (GRCh38/hg38)
move <<< << < > >> >>> zoomin 15x 3x 10x base zoomout 15x 3x 10x 100x F Ntabio
multi-region | chr2:25,124,964-25,204,853 79,890 bp. | genc v ]
chr2 (p23.3) CREID: fbtmp_hg38_11
Scale 20kb ) N @SAMD11
chr2 | 25,140,000 25,150,000  25160,000|  25170,000]  25180,000]  25,190,000]  25,200,000|
Integrated CAGE CRE peaks
CAGE CRE Genomic Position ) 1.9
Integrated NET-CAGE CRE peaks
NET-CAGE CRE
1 Integrated CAGE total TSS activity oo st RS S —
CAGE total TSS Nearest transcript distance 1
Promoter GeneId 1
1
“ Integrated NET-CAGE total TSS activity Promoter HGNC ID/MGI 1D I
NET-CAGE total TSS Promoter UniProt ID AOAESTIIS, ADAIIWX?3
} Promoter Gene Names storile alpha motif domain containi
GM12878 ChiP-Atlas
PAXS RUNX3 Hakame3[ll  HeAZ SPI1 NFKB2 _ HaKame3 i T —" M
ZNF384 RNA polymerase Il SPI1 YY1
H3K4me1 HaKdmel YY1 YY1 Overlapped FANTOMS CAGE Poaks g1 i 648,402
H3K4me2 H3K27ac EBF1] EBF1 e )
STAG1 1 RNA polymerase II RUNX3 CREB1 EP300
H2A.Z HaKsKsac | RAD21 PBX3
creel prem A Overlapped refTSS TSSe
SMC1A ] ELF1 smecz|
EGR1 | HIK9ac PAXS |
smcs| GABPA |} ZNF384
2NF143 HoAZ FOXM1
2 2
A1 e ATF2 A P—
MAZ ETS1 ZNF143|
RUNX3 Yy} POURF2
YY1 CREB1| BHLHE40
TAF1 BCLAF1
| unocs e SRR — i
me ime
HeA Z RAD21 r
H3K4me1 CTCF
CTCF RUNX3
STAG1 H3K27ac
EBF1]| HaKsKsac ||
EP300 RNA polymerase Il §|
PAXS H3K4me2
BHLHE40 BHLHE40 | el L e ams Browser
SMC1A|




F—AINR—ARBEDIRTE ESEOER
Current and future of the database research




Current of the biomedical database research

Z e AR FET —IN— AT (SEREN DA,

¥R AQ 13 Al-like algorithm”Z
AWz A7 LADERL




Al and database
cAlET—A Y —XD2FEFEDOEH DA

« Al-based AT LAZHFEITBEHDT—FIIY —XADEHA

« TV - ERHFEITDIEHD Al-based > XFT LDEH



Al and database
cAlET—A Y —XD2FEFEDOEH DA

« Al-based S AT LZRHFEITDEHDT—FVY —XADEH

« TV - ERHFEITDIEHD Al-based > XFT LDEH
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Basic concept of Al / machine learning

AREDFECAHWSD

TIN5 meas s
DFE
|
¥ (Training) Ml‘l.l\ \—|—|—L "
|

FBETILD
NS A—HRTE

Fove
U
) =

$B)(SA—H%
FAUNZHETE

RISHDOHETE%
LIEWARDT—5

HETE (inference)

Some images from TogoTV (© 2016 DBCLS TogoTV, CC-BY-4.0
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Basic concept of Al / machine learning

REDOFEBICAHWD

ToIMS mEps g
DFEH
i MIII - w

HTJ:ETM/OD

.Zﬁ%&.
<

HETE (inference) MIIII

FHI\SA—HSF%
ST

AISHh D#EEZ
LIZWART—4H

Some images from TogoTV (© 2016 DBCLS TogoTV, CC-BY-4.0



Al and database

c AlET—HNR—RD2IBRADEN DTS

« Al-based AT LAZHFE I DIcHDT —IN—ADEH

« T—HAINR—XAEHFEITDIEHD Al-based = XTLDEH
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Flow of life-science database development

c AMNBDT—HEED

« AFOJRERRT—A =N - UEL T, T —AINR—X(CIBINT=
DRICEMRT D
« >—AD curation {75

T IEAENT BT —IN— %D

« T—HETIVENE
« T—HIR-—AEEI 5T LADEIR

A AITT—R (FTUH—>3>) &ED
c F—HR—RCTICRAFTBODA 2SI T T — A RHFT S
« F—HIR—ZADRPEEAET S

Jl
|
\Q

—HR—2R

ML



Al-based systems applicable to database developments

c KIREEETET)L (LLM) ZRHVWERXOYY 'J —{ER% -
« chatGPT, SciSummary, Scholarcy, PaperBrain AI, --

1> E1—45—1— ROBENER - XiE
 GitHub Copilot, Google Cloud, IBM watsonx Code Assistant, TabNine

cA—Y—A2HTT - XOEBER - XiE

« Khroma, designs.ai, uizard, GeniusUI, Midjourney



Bioinformatics workflow generation with ChatGPT

You

FASTQ 74 s FEIFEDexpression table® 4 B § % nextflow workflow &

Ao
a1

@© chatGpPT
Nextflow? {£ FHLL=FASTQ 7 JLhvnF IR E Dexpression tabler & B 37— 70 % LT
CTLET . COBTIE. Trinity& AT RADUTN —LPE0 BRI, FD1E. Salmon®{E
ALTHRREOETEFITOET . 07000 - BB Th. EF0JOV IO EhE
TEETSLENEDFT,

nextflow () Copycode

// main.nf

/I AT 1LY
params.reads = "./data/*_R{1,2}.fastq.gz"

/! ORI A LR

outdir "./results"

1 WS2AOUT =LY

process trinity {

input:

file reads

output:

file "trinity_out/Trinity.fasta" into trinity_assembly

script:




Al-supports for life-science database development

c AMNBDT—HEED

« AFOJRERRT—A =N - UEL T, T —AINR—X(CIBINT=
DRICEMRT D
« -—/4D curation {15 LLM

Code generation

T IEAENT BT —IN— R ED

« T—HETIVENE
« T—HIR-—AEEI 5T LADEIR

Code generation

A AITT—R (FTUH—>3>) &ED
c F—HR—RCTICRAFTBODA 2SI T T — A RHFT S
« F—HIR—ZADRPEEAET S

LLM

Ul generation

Jl
|
\Q

—HR—2R

ML



Discussion

Al-like algorithm’& FHU /2R 4 138
SATFANEREENTLKBRET—FUY—X,
T —INR—=R(FEDIRD TV DM ?

Negative comments

s NHF—AUY—XFAFEZ(TEDONBIZIFICTIR>TUEDS?
o AIMMIARTIERLTINDINS., BFICTRT—AR—XEIEDIHERL?
o FT—AR—RZIHE> THEHIENRLKLIRD ?

Positive comments

¢« SETORHT —HR—X(CAl chatbot IRZRN DUV TIBEIRERRILAEN E) |
© ASRFTLRER(E ZIRT —HIN-RORBE - #FEENIRILTES
¢ THIR—X+ADRENSEIEITIERLIRD



Summary (Take-home messages)

RIEDQEMBIFRFRICHS N, /"HEDY —XDERFBEARR

FRATIREER - T—4 - M1 > —RY b EICEESINTHSD., FAET]
BE(C/ADTL\B

c NFHVY—XDBRDEHICE, SETOIHNEDKDICEBSNTE
TWDDON MDD EE

c NHUY —XDOIRMBEEERIAE - HRIEEHD 1D (SXXIL A N —
A R— D)

c SERIFAIZITVANLZEDKSICAVNDHEERDZENER (T -4
NR—ADEFICRST)
P AIZIVTUZ L - SRFLEBRE T, WHICTBITEEEZ DS
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