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Nr. and connections of molecular 
biology dbs. Back in 1996
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And nowadays...
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Publications about databases

Nucleic Acids Research  
„Database Issue” (every Jan)

 Nucleotide Sequence Databases
 RNA sequence databases
 Protein sequence databases
 Structure Databases
 Genomics Databases (non-vertebrate)
 Metabolic and Signaling Pathways
 Human and other Vertebrate Genomes
 Human Genes and Diseases
 Microarray Data and other Gene 

Expression Databases
 Proteomics Resources
 Other Molecular Biology Databases
 Organelle databases
 Plant databases
 Immunological databases

Database column: in Bioinformatics,
BMC Bioinformatics journals
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Different types of traditional molecular 
biology databases

Primary databases
 Nucleotide sequence dbs
 Other: i.e. protein structure dbs ← X-ray, NMR

Secondary or derived databases
 Protein sequence dbs ← translated from cDNS
 Motif dbs (i.e: promoters)

Tertiary: network databases
 Connections of components of primary and secondary 

dbs

Other databases
 Genome, taxonomic, publications, …
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The major nucleotide sequence 
databases

 EMBL - European Molecular Biology Laboratory: 
„European Nucleotide Archive”

 EBI (European Bioinformatics Institute) maintain it
 founded in 1980 Heidelberg (D)
 today: Hinxton (UK)
 http://www.ebi.ac.uk/ena/ 

 GenBank or Nucleotide
 NCBI (National Center for Biotechnology Information)
 founded in 1979 Los Alamos (New Mexico, USA)
 since 1992 Bethesda, Maryland
 http://www.ncbi.nlm.nih.gov/nucleotide/ 

 DDBJ - DNA Database of Japan
 CIB - Center for Information Biology, Mishima, Japan
 www.ddbj.nig.ac.jp 

http://www.ebi.ac.uk/ena/
http://www.ncbi.nlm.nih.gov/nucleotide/
http://www.ddbj.nig.ac.jp/
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Data exchange and synchronization 
between data warehouses

 INSDC: International Nucleotide Sequence 
Database Collaboration
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What is a database?

 Same quality of data
 Structured data
 Stored on computer
 Searchable
 Sortable
 Editable
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What is a data source?

 Online accessible
 Free (Open data)
 Community used
 Committee droved

 But in biology…
 we still name these 

as databases
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Data storing and seaching

 Information system: 
 NCBI Entrez (renamed to Search), Google, EBI

 Search engine:
 Blast, SQL, web service

 Storing system:
 Database system

 Data:
 Sequence, flat file, table, text
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Identifier or ID

 Name is NOT specific
 i.e: SMAD2 = hMAD-2, JV18-1, MADR2, MADH2, SMAD family 

member 2, Mad-related protein 2, Mothers against 
decapentaplegic homolog 2, MAD homolog 2, Mothers against 
DPP homolog 2, Receptor-regulated SMAD, R-SMAD

 ID indicates an entity in the database
 i.e. SMAD2: 

 Uniprot: Q15796
 Ensembl: ENSG00000175387
 NCBI Gene: 4087

  Translate between Dbs
 Mapping



Information about a nucleotide or 
protein sequence

More or less - depending on the authors and the database 
standards

 Sequence

 Genomic information: location on the chromosome, location 
of introns, UTRs, regulatory regions, etc.

 Structural information: protein structure, fold type, etc.

 Gene expression: in different tissues, developmental stages, 
phenotypes, diseases, etc.

 Evolution: homologs, taxonomic distribution, allele frequencies, 
etc.

 Functions: molecular function, role in a pathways, role in 
diseases, etc.
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Structure of an NCBI nucleotide 
record/entry

 Table (pl. GenBank)
 Record X

 Annotation  word based searching
 Fiels 1 (i.e. Locus)
 Field 2 (i.e. Definition)
 Etc.
 Feature table

 Sequence features: start, end, exons, introns, etc
 Sequence   similarity searching (BLAST)

 Field n (i.e. cgagcatgcatctagtagcagcgtactac)
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An NCBI nucleotide entry
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Submit a sequence to one of the 
primary nucleotide database

 From different research groups, genome sequencing programs

 sequence submission → unique accession number to every 
sequence entry

 it could be any kind of annotated sequence: gene, chromosome, 
redundant, partial or non-coding sequence as well

 sequence submission to one of the 3 main databases is required 
to publish the results in sci. journals
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Reliability

 It is important to know that a record 
contains information that the 
authors found important to gave 
(beside some obligatory parts)

 Therefore sometimes a record is 
not up to date or contains some 
incorrect informations 

 Double check everything using other resources 
as well!

 Use reference sequences (RefSeq)!
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Size of EMBL ENA

Year Million 
(mega) 
sequence 
record

Billion 
(giga) 
bases

2019 2,374 6,223

2016 759 1,855

2013 327 689

2011 199 301
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Non redundant databases

 NCBI RefSeq
 http://www.ncbi.nlm.nih.gov/refseq/ 
 extensive, integrated, well annotated
 genomic DNA, cDNA, protein
 Reference genome sequences

http://www.ncbi.nlm.nih.gov/refseq/
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Protein sequence databases: 
History

 Swiss-Prot 
 Since 1986
 It was maintained by SIB (Swiss Institute of Bioinformatics) and EBI
 Best annotated database (annotations by hand)
 → it was integrated to UniProt

 TrEMBL
 Translated EMBL, automated sequence translations and annotations
 → it was integrated to UniProt

 PIR (Protein Identification Resource) http://pir.georgetown.edu/

 It was founded in 1960s by Margaret Dayhoff and the National 
Biomedical Research Foundation (USA)

 annotations by hand
 → it was integrated to UniProt
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Protein databases

 UniProt: Universal Protein Resource: http://www.uniprot.org

UniProt Consortium (2002)
 three layers of the database :

 UniProtKB: UniProt Knowledgebase, well annoteted protein database
 2 parts:

Reviewed: manually annotated (Swiss-Prot), 560,000 protein sequences

Unreviewed: automatically annotated (TrEMBL), 168,000,000 p. seq.s
 UniRef: UniProt Reference Clusters, protein sequence clusters → 

speeds up sequence similarty searches (BLAST)

 UniParc: UniProt Archive, a comprehensive and non-redundant 
database that contains most of the publicly available protein sequences 
in the world.

http://www.uniprot.org/
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UniProt
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A UniProt entry in text format
ID   RBL_WHEAT               Reviewed;         477 AA.
AC   P11383; Q7YKX2;
DT   01-JUL-1989, integrated into UniProtKB/Swiss-Prot.
DT   01-AUG-1990, sequence version 2.
DT   31-JUL-2019, entry version 136.
DE   RecName: Full=Ribulose bisphosphate carboxylase large chain;
DE            Short=RuBisCO large subunit;
DE            EC=4.1.1.39;
DE   Flags: Precursor;
GN   Name=rbcL;
OS   Triticum aestivum (Wheat).
OG   Plastid; Chloroplast.
OC   Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
OC   Spermatophyta; Magnoliophyta; Liliopsida; Poales; Poaceae; BEP clade;
OC   Pooideae; Triticeae; Triticum.
OX   NCBI_TaxID=4565;
RN   [1]
RP   NUCLEOTIDE SEQUENCE [GENOMIC DNA].
RA   Terachi T., Ogihara Y., Tsunewaki K.;
RT   "The molecular basis of genetic diversity among cytoplasms of Triticum
RT   and Aegilops. VI. Complete nucleotide sequences of the rbcL genes
RT   encoding H- and L-type rubisco large subunits in common Wheat and Ae.
RT   crassa 4x.";
RL   Jpn. J. Genet. 62:375-387(1987).
RN   [2]
...
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The same UniProt entry on the 
website
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Other databases
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Genome browsres

 Ensembl:
 http://www.ensembl.org 
 Maintained by EBI and Sanger Inst.

 NCBI Genome Data Viewer:
 https://www.ncbi.nlm.nih.gov/genome/gdv/ 

 UCSC Genome Browser:
 http://genome.ucsc.edu
 University of California

http://www.ensembl.org/
https://www.ncbi.nlm.nih.gov/genome/gdv/
http://genome.ucsc.edu/
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Protein structure

 PDB - Protein Data Bank
 https://www.rcsb.org/ 
 3D structures of molecules
 ~144,000 protein stuctures (and a few structures of 

DNA and RNA molecules)

https://www.rcsb.org/
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Below the protein

 Domain, families:
 Pfam
 InterPro
 PROSITE

 Motif
 ELM
 Phosphosite
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Gene ontology: GO

 The Gene Ontology Consortium
 http://www.geneontology.org/ 

 GO is a major bioinformatics initiative to unify the representation 
of gene and gene product attributes across all species.

 GO is the world’s largest source of information on the functions 
of genes.

 It has a hierarchical structure
 Unified terminology
 3 main parts:

 Molecular function (i.e. RNA binding)
 Biological process (i.e. reproduction)
 Cellular component (i.e. mitochondria)

http://www.geneontology.org/
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GO ancestor chart
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Expression Datadases

 NCBI, GEO - Gene Expression Omnibus
 http://www.ncbi.nlm.nih.gov/geo/

 EBI, ArrayExpress
 https://www.ebi.ac.uk/arrayexpress/ 

 Microarray, RNAseq
 Sample, experiment base storing

http://www.ncbi.nlm.nih.gov/geo/
https://www.ebi.ac.uk/arrayexpress/
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Taxonomy database

 NCBI Taxonomy
 https://www.ncbi.nlm.nih.gov/taxonomy/
 A curated classification and nomenclature for all 

of the organisms in the public sequence 
databases.

 It contains 452,352 species, and all together with 
higher and lower taxa: 604,541 entry.

 This currently represents about 10% of the 
described species of life on the planet.

https://www.ncbi.nlm.nih.gov/taxonomy/
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Thank you for your attention



Proteins

 RASK (KRAS)
 ERK1 (MAPK3)
 JAK1
 IGF1R
 GSK3B
 AXIN1
 SMAD2
 NOTCH1
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