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NBDC主要3サービス紹介

• DDBJ: DNAデータアーカイブ
• DBCLS: データベース統合基盤技術開発
• NBDC: 戦略立案、funding

https://dbcls.rois.ac.jp/about.html
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Dr.Bonoの生命科学データ解析 (2017) 
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! バイオインフォマティクス とは
コンピュータを実験デバイスとして使って、  
生物学的に有意な結論を引き出そうとする学問 
坊農秀雅「バイオインフォマティクス入門」羊土社 
2002
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かつては翻訳版の教科書がありました
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バイオインフォマティクスの範疇
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シミュレーション

イメージ解析

パスウェイ解析

遺伝子発現解析

アミノ酸配列解析 
塩基配列解析

臨床データの解析も
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バイオインフォマティクス研究者から見た職種別分類

• アルゴリズム屋 
• 方法を考える人 
• 「NP完全」がキーワード 

• 実装屋 
• プログラムやツールを書く人 

• 解析屋 
• プログラムを使って実際に生データを相手に手を動かす人
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数学的 
抽象的

生物的 
具体的

Biologistの範疇
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これからは、生物学者自身が
データ解析する時代なんです

誰もあなたのデータ解析はやってくれない 

→自分でやるしかない

 9バイオインフォマティクスは
専門技術ではなくなっている 
＝生命科学研究の主要な手法

Nature ダイジェスト 
2015年１月号
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これから始める人は幸運です

書籍が充実してきた 
各種プロトコール本 
生命科学データ解析の教科書 

インターネット上に膨大な情報 
統合TV（講習会の動画を含む） 
研究者のブログなど
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そして、公共データベース(DB)が充実！

https://togotv.dbcls.jp/ 

https://togotv.dbcls.jp/
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" 遺伝子発現DBのメタ解析
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公共塩基配列DBと公共遺伝子発現DB
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SRA
(Sequence Read Archive) 

GEO  
ArrayExpress

GEA
Genome 
Metagenome

RNAseq 
ChIPseq microarray (GeneChip, 

Oligoarray)
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DBCLS SRA 
(DDBJ search) AOE
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DDBJ search (DBCLS SRA)
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http://sra.dbcls.jp/
hypoxia
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DDBJ search (DBCLS SRA)
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AOE: index of  
ArrayExpress + GEO + GEA
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https://aoe.dbcls.jp/
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AOE 
手法別登録データランキング  
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https://aoe.dbcls.jp/
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もっと使ってもらうには
どうしたらいいか？
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低酸素(hypoxia)



public 
DB

© 2017 DBCLS Togo Picture Gallery / CC-BY 4.0

Manual 
data 

curation

up/down/
unchanged 

Classification

Data visualization 
& evaluation

Expression 
quantification

Meta-analysis of hypoxic 
stress

Bono H. BioRxiv https://doi.org/10.1101/267310

AOE利用実例: 低酸素刺激による 
トランスクリプトーム変動のメタ解析
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Data collection & curation (RNA-seq)

• Manually collecting RNA-seq data using public DB
• 23 pairs in 7 series from human
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1. Data processing (RNA-seq)

1. Data download from DDBJ FTP site

2. fastq-dump (.sra -> .fastq)

3. trim_galore (trimming -> fastqc)

4. RSEM (RNA-Seq by Expectation Maximization)
• https://github.com/bli25ucb/RSEM_tutorial

5. Differential Expression Analysis using EBSeq

• Hypoxia vs Normoxia

SRA

© 2017 DBCLS Togo Picture Gallery / CC-BY 4.0

Reference 
genome 

Genome 
annotation

https://github.com/bli25ucb/RSEM_tutorial
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2. Data processing (GeneChip)

• Normalization: justRMA() (in R/Bioconductor affy)
• Threshold: >1.5 fold for up/down regulated
• Ortholog gene mapping by Biomart (Ensembl)

 22

Pairs
Human 37
Mouse 53
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3. Data visualization & validation 
(GeneChip vs RNA-seq in human)

https://doi.org/10.1101/267310
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4. Data availability

 24

https://doi.org/10.1101/267310
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Data uploaded to figshare
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https://doi.org/10.6084/m9.figshare.c.3983880
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5. Data utility
• GeneChip(human)

•さらにCancer / non-cancerに分けて

 26

S6 Table. Hypoxic down-regulation of DNA damage recognition and repair genes in cancer 
and non-cancer cells analyzed using the NCBI Gene Expression Omnibus database. 

No ID UP DOWN UN UP DOWN UN Gene Symbol Description
1 223758_s_at 0 23 6 1 6 3 GTF2H2 general transcription factor IIH, polypeptide 2, 44kDa [Source:HGNC Symbol;Acc:4656]
2 223758_s_at 0 23 6 1 6 3 GTF2H2C general transcription factor IIH, polypeptide 2C [Source:HGNC Symbol;Acc:31394]
3 227766_at 0 21 8 0 6 4 LIG4 ligase IV, DNA, ATP-dependent [Source:HGNC Symbol;Acc:6601]
4 209903_s_at 0 20 9 0 5 5 ATR ataxia telangiectasia and Rad3 related [Source:HGNC Symbol;Acc:882]
5 209902_at 0 19 10 1 5 4 ATR ataxia telangiectasia and Rad3 related [Source:HGNC Symbol;Acc:882]
6 223511_at 0 19 10 1 5 4 SPRTN SprT-like N-terminal domain [Source:HGNC Symbol;Acc:25356]
7 204531_s_at 1 19 9 0 4 6 BRCA1 breast cancer 1, early onset [Source:HGNC Symbol;Acc:1100]
8 222889_at 0 19 10 0 3 7 DCLRE1B DNA cross-link repair 1B [Source:HGNC Symbol;Acc:17641]
9 204768_s_at 2 19 8 1 2 7 FEN1 flap structure-specific endonuclease 1 [Source:HGNC Symbol;Acc:3650]

10 201202_at 1 19 9 0 2 8 PCNA proliferating cell nuclear antigen [Source:HGNC Symbol;Acc:8729]
11 209804_at 0 19 10 0 1 9 DCLRE1A DNA cross-link repair 1A [Source:HGNC Symbol;Acc:17660]
12 230177_at 0 18 11 0 7 3 GTF2H2C general transcription factor IIH, polypeptide 2C [Source:HGNC Symbol;Acc:31394]
13 206235_at 3 18 8 1 5 4 LIG4 ligase IV, DNA, ATP-dependent [Source:HGNC Symbol;Acc:6601]
14 209421_at 0 18 11 1 5 4 MSH2 mutS homolog 2, colon cancer, nonpolyposis type 1 (E. coli) [Source:HGNC Symbol;Acc:7325]
15 209849_s_at 0 18 11 0 4 6 RAD51C RAD51 homolog C (S. cerevisiae) [Source:HGNC Symbol;Acc:9820]
16 204767_s_at 1 18 10 1 1 8 FEN1 flap structure-specific endonuclease 1 [Source:HGNC Symbol;Acc:3650]
17 201523_x_at 0 18 11 0 1 9 UBE2N ubiquitin-conjugating enzyme E2N [Source:HGNC Symbol;Acc:12492]
18 222233_s_at 0 17 12 0 6 4 DCLRE1C DNA cross-link repair 1C [Source:HGNC Symbol;Acc:17642]
19 213007_at 1 17 11 0 4 6 FANCI Fanconi anemia, complementation group I [Source:HGNC Symbol;Acc:25568]
20 206066_s_at 0 17 12 1 4 5 RAD51C RAD51 homolog C (S. cerevisiae) [Source:HGNC Symbol;Acc:9820]
21 202330_s_at 4 17 8 1 2 7 UNG uracil-DNA glycosylase [Source:HGNC Symbol;Acc:12572]
22 205394_at 3 17 9 0 1 9 CHEK1 checkpoint kinase 1 [Source:HGNC Symbol;Acc:1925]
23 205162_at 0 17 12 0 0 10 ERCC8 excision repair cross-complementing rodent repair deficiency, complementation group 8 [Source:HGNC Symbol;Acc:3439]
24 235215_at 1 16 12 0 5 5 ERCC4 excision repair cross-complementing rodent repair deficiency, complementation group 4 [Source:HGNC Symbol;Acc:3436]
25 202907_s_at 0 16 13 1 5 4 NBN nibrin [Source:HGNC Symbol;Acc:7652]
26 212751_at 0 16 13 0 5 5 UBE2N ubiquitin-conjugating enzyme E2N [Source:HGNC Symbol;Acc:12492]
27 208694_at 1 16 12 0 3 7 PRKDC protein kinase, DNA-activated, catalytic polypeptide [Source:HGNC Symbol;Acc:9413]
28 204603_at 2 16 11 0 2 8 EXO1 exonuclease 1 [Source:HGNC Symbol;Acc:3511]
29 235609_at 4 16 9 0 1 9 BRIP1 BRCA1 interacting protein C-terminal helicase 1 [Source:HGNC Symbol;Acc:20473]
30 218689_at 0 16 13 0 1 9 FANCF Fanconi anemia, complementation group F [Source:HGNC Symbol;Acc:3587]
31 223785_at 2 16 11 1 1 8 FANCI Fanconi anemia, complementation group I [Source:HGNC Symbol;Acc:25568]
32 206554_x_at 0 16 13 0 1 9 SETMAR SET domain and mariner transposase fusion gene [Source:HGNC Symbol;Acc:10762]
33 205393_s_at 4 16 9 1 0 9 CHEK1 checkpoint kinase 1 [Source:HGNC Symbol;Acc:1925]
34 221540_x_at 0 15 14 0 6 4 GTF2H2 general transcription factor IIH, polypeptide 2, 44kDa [Source:HGNC Symbol;Acc:4656]
35 221540_x_at 0 15 14 0 6 4 GTF2H2C general transcription factor IIH, polypeptide 2C [Source:HGNC Symbol;Acc:31394]
36 208643_s_at 0 15 14 1 5 4 XRCC5 X-ray repair complementing defective repair in Chinese hamster cells 5 (double-strand-break rejoining) [Source:HGNC Symbol;Acc:12833]
37 208955_at 2 15 12 0 4 6 DUT deoxyuridine triphosphatase [Source:HGNC Symbol;Acc:3078]
38 239346_at 0 15 14 0 4 6 GTF2H3 general transcription factor IIH, polypeptide 3, 34kDa [Source:HGNC Symbol;Acc:4657]
39 219530_at 0 15 14 0 4 6 PALB2 partner and localizer of BRCA2 [Source:HGNC Symbol;Acc:26144]
40 205733_at 0 15 14 0 3 7 BLM Bloom syndrome, RecQ helicase-like [Source:HGNC Symbol;Acc:1058]
41 202633_at 0 15 14 0 3 7 TOPBP1 topoisomerase (DNA) II binding protein 1 [Source:HGNC Symbol;Acc:17008]
42 211851_x_at 0 15 14 0 1 9 BRCA1 breast cancer 1, early onset [Source:HGNC Symbol;Acc:1100]
43 238075_at 1 15 13 0 0 10 CHEK1 checkpoint kinase 1 [Source:HGNC Symbol;Acc:1925]
44 205436_s_at 0 15 14 1 0 9 H2AFX H2A histone family, member X [Source:HGNC Symbol;Acc:4739]
45 213677_s_at 0 14 15 1 5 4 PMS1 PMS1 postmeiotic segregation increased 1 (S. cerevisiae) [Source:HGNC Symbol;Acc:9121]
46 202520_s_at 0 14 15 0 4 6 MLH1 mutL homolog 1, colon cancer, nonpolyposis type 2 (E. coli) [Source:HGNC Symbol;Acc:7127]
47 205024_s_at 1 14 14 0 3 7 RAD51 RAD51 homolog (S. cerevisiae) [Source:HGNC Symbol;Acc:9817]
48 208644_at 0 14 15 0 2 8 PARP1 poly (ADP-ribose) polymerase 1 [Source:HGNC Symbol;Acc:270]
49 214426_x_at 0 14 15 0 1 9 CHAF1A chromatin assembly factor 1, subunit A (p150) [Source:HGNC Symbol;Acc:1910]
50 218397_at 1 14 14 0 1 9 FANCL Fanconi anemia, complementation group L [Source:HGNC Symbol;Acc:20748]
51 201524_x_at 0 14 15 0 0 10 UBE2N ubiquitin-conjugating enzyme E2N [Source:HGNC Symbol;Acc:12492]
52 228286_at 0 13 16 0 4 6 GEN1 Gen endonuclease homolog 1 (Drosophila) [Source:HGNC Symbol;Acc:26881]
53 203344_s_at 0 13 16 0 4 6 RBBP8 retinoblastoma binding protein 8 [Source:HGNC Symbol;Acc:9891]
54 1554883_a_at 0 13 16 0 3 7 ERCC8 excision repair cross-complementing rodent repair deficiency, complementation group 8 [Source:HGNC Symbol;Acc:3439]
55 225625_at 0 13 16 0 2 8 ALKBH2 alkB, alkylation repair homolog 2 (E. coli) [Source:HGNC Symbol;Acc:32487]
56 205395_s_at 2 13 14 0 2 8 MRE11A MRE11 meiotic recombination 11 homolog A (S. cerevisiae) [Source:HGNC Symbol;Acc:7230]
57 205301_s_at 0 13 16 0 2 8 OGG1 8-oxoguanine DNA glycosylase [Source:HGNC Symbol;Acc:8125]
58 203103_s_at 0 13 16 0 2 8 PRPF19 PRP19/PSO4 pre-mRNA processing factor 19 homolog (S. cerevisiae) [Source:HGNC Symbol;Acc:17896]
59 214727_at 1 13 15 0 1 9 BRCA2 breast cancer 2, early onset [Source:HGNC Symbol;Acc:1101]
60 203976_s_at 0 13 16 0 1 9 CHAF1A chromatin assembly factor 1, subunit A (p150) [Source:HGNC Symbol;Acc:1910]
61 208956_x_at 2 13 14 0 0 10 DUT deoxyuridine triphosphatase [Source:HGNC Symbol;Acc:3078]
62 209932_s_at 0 13 16 0 0 10 DUT deoxyuridine triphosphatase [Source:HGNC Symbol;Acc:3078]
63 202451_at 0 12 17 2 5 3 GTF2H1 general transcription factor IIH, polypeptide 1, 62kDa [Source:HGNC Symbol;Acc:4655]
64 224200_s_at 2 12 15 0 4 6 RAD18 RAD18 homolog (S. cerevisiae) [Source:HGNC Symbol;Acc:18278]

In cancer cells In Non-cancer cells
https://doi.org/10.1371/journal.pone.0192136.s006

https://doi.org/10.1371/journal.pone.0192136.s006
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Differentiated embryo chondrocyte plays a
crucial role in DNA damage response via
transcriptional regulation under hypoxic
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Abstract

Tumor hypoxia contributes to a biologically aggressive phenotype and therapeutic resis-

tance. Recent studies have revealed that hypoxia reduces expression of several DNA

damage recognition and repair (DRR) genes via both hypoxia-inducible factor (HIF)-inde-

pendent and -dependent pathways, and this induced genomic instability in cancer cells. We

show here that one of the HIF-target genes—differentiated embryo chondrocyte (DEC)—

plays a role in DNA damage response via transcriptional repression. Comprehensive gene

expression and database analyses have revealed systemic repression of DNA-DRR genes

in cancer and non-cancer cells under hypoxic conditions. Hypoxic repression in typical

cases was confirmed by quantitative RT-PCR and promoter reporter experiments, and

knockdown experiments indicated the critical role of DEC2 in such repression. Assessment

of histone H2AX phosphorylation revealed that recognition and repair of DNA double-strand

breaks (DSBs) induced by bleomycin or γ-ray irradiation were attenuated; moreover,

Cleaved Caspase-3 levels were decreased with pre-conditioning under hypoxia: opposing

phenomena were ascertained by knockdown of DEC2. Finally, pre-conditioning under hyp-

oxia decreased the sensitivity of cancer cells to DSBs, and knockdown of DEC2 increased

γ-ray sensitivity. These data imply that a critical reduction of DNA-DRR occurs via DEC-

dependent transcriptional repression and suggest that DEC is a potential molecular target

for anti-cancer strategies.
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Renewed data processing 2019

1. Data download from DDBJ or NCBI FTP site
• Convert files by fasterq-dump (.sra -> .fastq) 
• Compress files by pigz

2. Run ikra in https://github.com/yyoshiaki/ikra/ 
• Trimming by Trim Galore!
• Transcript quantification by Salmon

3. Count Differentially Expressed Genes (DEGs)
• Hypoxia vs Normoxia by tiny script at                          

http://github.com/bonohu/chypoxia/ 
• HN-score = [Up_regulated] - [Down_regulated]  

4. Visualization by TIBCO Spotfire
• Ortholog relationship by Ensembl Biomart 

SRA

© 2017 DBCLS Togo Picture Gallery / CC-BY 4.0

Reference 
transcriptome 

Gene 
annotation

https://github.com/yyoshiaki/ikra/
http://github.com/bonohu/chypoxia/
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Data collection & curation 2019

• Manually collect hypoxic transcriptomes by RNA-seq 
using public DB (SRA)
• +105 pairs in human => 128 pairs
• 52 pairs in mouse 
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More is better!?
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HN-scores 2018: human vs mouse
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n=37

n=53

Figure2 doi: https://doi.org/10.1101/267310

HN-score = [# of Up_regulated] - [# of Down_regulated]  
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MetascapeでEnrichment Analysis 2018
http://metascape.org/ 

Figure4 doi: https://doi.org/10.1101/267310

Metascape analysis of top genes up-regulated after hypoxic stress. For the extraction of a gene list for 
metascape input, the score called totaldiff was calculated for all genes. The totaldiff score was calculated 

by [count of human microarray UP]-[count of human microarray DOWN] + [count of human RNA-seq UP] - 
[count of human RNA-seq DOWN]. A list of gene was generated by extracting genes whose totaldiff score 

was over 15, where roughly 1% of all genes could be listed.



まとめ
誰でも利用可能なオープンデータ(公共DB)は
量、種類とも増えてきている＝メタ解析可能 
それをどのように医学研究にいかに活かして
いくか、が今後の鍵：More is better!!
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やってみいひん
とわからんで！


