Bioinformatics Databases
— Resource and Application
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Bioinformatics Databases

Can fill the gap between bioinformaticians and
wet-lab biologists

Can turn the omics data into knowledge

Can make a bridge from big data to big

discoveries



Historical Overview

* The 1%t biological database Protein Data Bank
(PDB) was started in 1977.

* The two DNA sequence databases EMBL and
GenBank were founded in early 1980°.

* The two protein sequence databases PIR and

Swiss-Prot were built in middle 1980°.
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NCBI Databases

PubMed — Biomedical literatures

PMC — PubMed Central

Bookshelf — Free online books

GenBank — Nucleic acid sequences

RefSeq — Reference sequences (DNA, RNA, Protein)
CDD — Conserved Domain Database

SRA — NGS sequence read archive

Genome — Genomic seguences and annotations
UniGene — Unigue RNA transcripts and ESTs
SNP — Single nucleotide polymorphism
Taxonomy — Classification of biological species
PubChem — Small molecules and drug compounds
Flu — Influenza virus resources



http://pubmed.org/
http://www.ncbi.nlm.nih.gov/pmc/
http://www.ncbi.nlm.nih.gov/books/
http://www.ncbi.nlm.nih.gov/genbank/
http://www.ncbi.nlm.nih.gov/refseq/
http://www.ncbi.nlm.nih.gov/cdd/
http://www.ncbi.nlm.nih.gov/Traces/sra/
http://www.ncbi.nlm.nih.gov/genome/
http://www.ncbi.nlm.nih.gov/unigene/
http://www.ncbi.nlm.nih.gov/snp/
http://www.ncbi.nlm.nih.gov/taxonomy/
http://pubchem.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/genomes/FLU/FLU.html

BRI AEMS B Bt ST RTEBI

o JNALT19944F, ARVKAE

L [E O R S 12 0% L Wellcome L 42

FRAR XN il 7 AEY) 2925 =EMBL K & $.42, B
FTNRTFERERE. EE. EEEFEREE .
o« IRFNCBIF EFRAEYE B Aty R & BRI 7 2% 3

AP R BEAYE B 5R

Arss, JFMNFEDEEB T K. %

M Fy A1 204 FEEMBL . 8 H 5t 7 51 A8 22 UniProt A 22 [A ZH 4%

$5 ZEEnsembl FHEBIA T1

B HRAT

o BB —AF FAE NS R 2 B b i AL 2% 2 Michael Ashburner,
Graham CameranfTE|E{T. 20034, ZE L EEAYE B SR

Janet Thornton¥Z/TEBI A

S{F, 20114, Rolf Apweiler (FEHZH

%) F1Ewan Birney (F:[KN4H%) {LE|EfE. 20154, Rolf
ApweileFflIEwan Birney 3L [F F4F.




EBI Databases

ENA — European Nucleotide archive

Ensembl — Genomic sequences and annotations
Expression Atlas — Differential and Baseline Expression
Array Express — NGS functional genomics experiments
DGVa — Database of Genomic Variants archive
TreeFam — Database of animal gene trees

Rfam — Database of non-coding RNA families

UniProt — Database of protein sequences

InterPro — Classification of proteins families and domains
Pfam — Collection of protein families and domains
Pride — Proteome identification database

IntAct — Database of molecular interaction

PDBe — Macromolecular 3D structures

PDBeChem — Chemical Components in the PDB



http://www.ebi.ac.uk/ena/
http://www.ensembl.org/
http://www.ebi.ac.uk/gxa/
http://www.ebi.ac.uk/arrayexpress/
http://www.ebi.ac.uk/dgva/
http://www.treefam.org/
http://rfam.xfam.org/
http://www.uniprot.org/
http://www.ebi.ac.uk/interpro/
http://pfam.xfam.org/
http://www.ebi.ac.uk/pride/
http://www.ebi.ac.uk/intact/
http://www.ebi.ac.uk/pdbe/
http://www.ebi.ac.uk/pdbe-srv/pdbechem/

Database Journals

Nuclel Acids Research (NAR) Database Issue -
Every January since 1996

The Journal of Biological Databases and
Curation (Database) - since 2009
Bioinformatics - Application Notes

BMC Bioinformatics
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The Journal of Biological Databases and Curation
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http://www.oxfordjournals.org/nar/database/c/
http://database.oxfordjournals.org/

g Database Commons - catalogue of biological databases

Home Browse Search Statistics Submit Help Database name Q

1565 databases

413 organisms
54 countries/regions

14 categories

Worldwide biological databases
1565 databases distributed in 54 countries/regions

News & updates
s Light-weight visualizations of
worldwide databases
+ More than 1000 databases
incorporated
» | atest additions:
o Epitome
o TED
o SoyGD
o RMD
o Plant MPSS databases

-
http://databasecommons.org/ 1w

Zhang Lab, Beijing Institute of Genomics, Chinese Academy of Sciences
ARt e 35k KT 20 Pl & 5K DR,


http://databasecommons.org/

Top 10 Countries

Spain Italy
Canada

India

France United States

Japan

Germany

United Kingdom China



Top 10 Organisms

Oryza sativa
Plant
Caenorhabditis elegans

Rattus norvegicus

Saccharomyces cerevisiae Homo sapiens

Arabidopsis thaliana

Bacteria

Drosophila melanogaster

Mus musculus



Data Types

Metabolic and Signaling Pathway
Phenotype
Structure
Standard, Ontology and Nomenclature

DNA

Disease

Interaction and Network

Expression Protein

RNA
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Databases from China

* NAR Database papers from China
- The PubMed list of database papers published
on NAR by authors from China.
« Database papers from China
- The PubMed list of papers published on the
journal Database by authors from China.
» QOther database papers from China
- The PubMed list of database papers published
on other journals by authors from China.

http://abc.cbi.pku.edu.cn/databases.php



http://www.ncbi.nlm.nih.gov/sites/myncbi/jingchu.luo.1/collections/49039502/public/
http://www.ncbi.nlm.nih.gov/sites/myncbi/jingchu.luo.1/collections/49044806/public/
http://www.ncbi.nlm.nih.gov/sites/myncbi/jingchu.luo.1/collections/49050004/public/
http://abc.cbi.pku.edu.cn/databases.php
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http://tubic.tju.edu.cn/zcurve2/introduce.htm
http://tlife.fudan.edu.cn/archaea/cvtree/cvtree3/cvtree.html
http://www.noncode.org/
http://brassicadb.org/brad/
http://dogsd.big.ac.cn/
http://sorgsd.big.ac.cn/
http://rv.psych.ac.cn/
http://www.bioguo.org/AnimalTFDB/
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Home Browse Plotting Z-curve Gene recognition ldentifying oriC Genome segmentation Special issue Search About

the Zcurve 2 X Y z Z X\ SRS segments

AC AE005173
DE Arabidopsis thaliana chromosome 1 bottom arm
SQ Length: 14668883 bp; 4744006 A; 4718470 T, 2608943 G; 2597461 C; 3 N.

Arabidopsis thaliana chronosone 1 bottomn arn, conplete sequence.

http://tubic.tju.edu.cn/zcurve/
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http://tubic.tju.edu.cn/zcurve/

CVTree3: Composition Vector Tree Version 3

>>> Previous Version

Description:

CVTree constructs whole-genome based phyvlogenetic trees without sequence alignment by using a Composition Vector (CV) approach. It was first developed to infer

evolutionary relatedness of microbial organisms and then suceessfully applied to viruses, chloroplasts, and fungi. CVTree3 makes comparison with taxonomy and reports

-
tree-branch monophyleticity from domain to species. Please read the Online User's Manual — for details.

Reference:
Ji Qi, Bin Wang, Bailin Hao (2004) Whole proteome prokaryote phylogeny without sequence alignment: a K-string composition approach, J Mol Evol, 58: 1 —11
Guanghong Zuo, Bailin Hao (2015) CVTrees web server for whole-genome-based and alignment-free prokaryotic phylogeny and taxonomy, Genomies Proteomics &

Bioinformatics, being submitted.

Load/Create Project:

Enter Project Number to reload a previously completed project for checking or changing parameters and re-run. A blank input creates a new project. A project will be kept for

7 days after the last run.

| Example

— CREpNE Y

CVTrees web server is under final testing. Feedback and eriticism welcome! j; I IKJB —

CVtree ZiHfi 5

http://tlife.fudan.edu.cn/archaea/cvtree/cvtree3/cvtree.html



http://tlife.fudan.edu.cn/archaea/cvtree/cvtree3/cvtree.html
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International Society for Biocuration (I1SB)
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http://www.biocurator.org/
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PlantTFDB TR s IR 1 00 http://planttfdb.cbi.pku.edu.cn/
LSD TRV | 32 A http://psd.cbi.pku.edu.cn/
AHD PR TR SRR A | http://ahd.cbi.pku.edu.cn/
SeedGeneDB | T ¥~ & B AH I H: K K4 122 http://sgdb.cbi.pku.edu.cn/
SPD LB 73 B g http://spd.cbi.pku.edu.cn/
AutismKB HIBRE FH 52 A A 28 http://autismkb.cbi.pku.edu.cn/
HomeoDB R S AEAR SRR B % | http://homeodb.cbi.pku.edu.cn/



http://planttfdb.cbi.pku.edu.cn/
http://psd.cbi.pku.edu.cn/
http://ahd.cbi.pku.edu.cn/
http://sgdb.cbi.pku.edu.cn/
http://spd.cbi.pku.edu.cn/
http://autismkb.cbi.pku.edu.cn/
http://homeodb.cbi.pku.edu.cn/
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Doebley et al.(1997) Wang et al. (2005) Manning et al (2006) Nature Genetics,
Nature 386:485 Nature, 436:714 38:948

Kinishi et al (2006) Science, 312:1392 Jiao et al (2010) Nature Genetics, 42:541
Li et al (2006) Science, 312:1936 Miura et al (2010) Nature Genetics, 42:545



bZIP  bHLH CPP  Dof  EIL  FARL CAMTA  E2F/DP GATA  GRAS  BBR-BPC TF family
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ DNA binding domain
bzIP. 1 HLH  TCR  Zf-Dof EIN3  FAR1 CG1 E2F TDP GATA-zZf  GRAS  GAGA_bind Auxiliary domain
@ rorbidden domain
— With
LBD LFY NAC NF-YB NF-YC GeBP HRT-like Nin-like NF-X1 NZz/SPL S1Fa-like | Without
‘ ‘ ‘ ‘ ’ ‘ ‘ —fI— One domain
LOB FLO_LFY NAM NF-YB NF-YC DUF573 HRT-like RWP-RK Zf-NF-X1 NOZZLE S1FA Pl Two or more domains
SAP SBP SRS STAT TCP VOZ Trihelix Whirly WRKY YABBY NF-YA ZF-HD HSF
SAP SBP DUF702 STAT TCP VOZ Trihelix Whirly WRKY YABBY CBFB_NFYA ZF-HD_dimer HSF_dna_bind
y GARP B3 AP2/ERF
BES1 LSD G2-like ARR-B ARF B3 RAV AP2 ERF
DUF822 Zf-LSD1 o lilsEH-Ieu ! G2-like Response_reg Auxin_resp B3 AP2
MYB :
C2H2 MYB_related MYB DBB CO-like HD-ZIP HB-other TALE
] ) : ] HD-zIP_I/Il
Zf-C2H2 Myb_dna_bind WY Zf-B_box CCT or START BEELLLKor
MADS Homeobox HB
Wous type
;’H /GRF\ M tw homeobox PHD
L RRM_1 or _ ,
Zf-CCCH WRC aLQ SRF-TF K-box WOX HB-PHD
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Guo et al. 2005, Bioinformatics. 21:2568-9.
Gao et al. 2006, Bioinformatics. 22:1286-7.
Zhu et al, 2007, Bioinformatics, 23:1307-8.

Guo et al, 2008, NAR, 36:D966-9.
Guo et al, 2008, Gene, 418:1-8.

Zhang et al., 2011, NAR, 39:D1114-7.
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