
Course 03: Storage of biological bioinformation (databases 

and data banks) 

1. Introduction and definitions: 

Recent molecular biology techniques generate a massive amount of data that cannot be 

managed by traditional publishing methods. In this context, repositories and databases are 

now a major source of information for the scientific community. 

 

Often the terms "bank" and "base" are used interchangeably. However, there is a difference not 

only for the user but also for their IT implementation: 

- Data banks:  

A dataset relating to a defined area of knowledge and organized to be made available for user 

consultation. 

- Database: 

A set of data organized for use by programs corresponding to distinct applications and in such 

a way as to facilitate the independent evolution of the data and programs. 

There are numerous databases of biological interest. This introduction will be limited to a 

presentation of the main public databases, based on the primary structure of sequences. We will 

distinguish between two types: generalist and specialized. 

These databases can contain information such as: (DNA, proteins, genes and genomes, 

taxonomy, etc.). They also include a bibliography and biological expertise directly related to 

the sequences processed. 

 

 



-Difference between data banks and databases 

It should be noted that a data banks is a database (because it is a structured table) but which 

contains heterogeneous biological information (viruses, bacteria, fungi, plants, animals) 

whereas a database is more specialized (a database specific to E. coli, to Bacillus, etc. ) . 

-Role of banks/databases 

-Collect information (sequences, physical mapping, genetics, structural and relational data, etc., 

from : biologists, literature, other databases) 

-Store and organize 

-Distribute information 

-Facilitate exploitation 

2. Types of data banks 

We will distinguish two types of banks, those which correspond to the most exhaustive possible 

collection of data and which ultimately offer a rather heterogeneous set of information ( 

generalist data banks) and those which correspond to more homogeneous data established 

around a theme ( specialized data banks ) and which offer added value from a particular 

technique or an interest aroused by a group of scientists. 

Table presenting some general databases 



Table showing some specialized databases 

 General data banks 

• These databases contain heterogeneous data: 

- Collection as comprehensive as possible 

-Enormous wealth of sequences in a single set; 

-Great diversity of organisms; 

-A lot of information accompanies the sequences 

- Nucleus sequence databases 

- Protein sequence databases 

• Advantage: everything can be viewed at once 

• Disadvantages: difficult to maintain, difficult to query 

 Specialized data banks  

• These databases contain homogeneous data 

• Collection organized around a specific theme 

•Their purpose is: 

- to identify families of sequences around specific biological characteristics such as regulatory 

signals, gene promoters, peptide signatures or identical genes from different species. 

- to group specific classes of sequences such as cloning vectors, restriction enzymes, or all 

sequences of the same genome. 

• For specific needs related to the activity of a group of people, or for bibliographic compilations 



• Advantages: ease of updating data, verifying its integrity, offering a user-friendly interface,… 

• Disadvantages: doesn't always target what you want; not all possible banks exist 

2.1 General-purpose sequence banks: 

2.1.1 Nucleotide Sequence data banks 

The data stored in these types of data banks comes from DNA and RNA sequencing. Three 

well-known nucleic acid databases share information and therefore contain nearly identical sets 

of sequences. These three data banks have systematically exchanged their contents since 1987 

and have adopted a common system of conventions: "DDBJ/EMBL/ GenBank" »: 

• The bank EMBL: created in 1980 and funded by EMBO ( European Molecularly Biology 

Organization ), developed within the European Laboratory of Molecular Biology located at 

Heidelberg (Germany), it is now distributed by the EBI: http://www.ebi.ac.uk/embl/. As of 

February 24, 2014, the bank contains 369.5 million sequences. 

 

• GenBank ( Genetic ) Sequence Databank ): created in 1982 by the company 

IntelliGenetics and now distributed by the NCBI (National Center for Biotechnology 

Information): http://www.ncbi.nlm.nih.gov/. As of February 2014, the database contained 

171,123,749 sequences. GenBank contains a sub-database of proteins, translated from nucleic 

acid sequences, called GenPept . 

 

• The DDBJ (DNA Databank of Japan ): created in 1986 and distributed by the NIG 

(National Institute of Genetics , Japan), recorded a total of 81,994,905 DNA sequences in 

December 2019 (DDBJ 2019). 



 

2.1.2. Protein banks 

The data stored in these databases comes from the translation of DNA sequences or from protein 

sequencing (rare because it is long and expensive ): 

• The SwissProt bank : is a protein bank created in 1986 at the University of Geneva and 

maintained since 1987 as part of a collaboration between this university (via ExPASy , Expert 

Protein) and other institutions. Analysis System) and the EBI. It also includes annotated 

sequences from the PIR-NBRF database as well as translated coding sequences from the 

EMBL. As of February 2014, the database contained 542,503 sequences compressing 

192,888,369 amino acids. 

 

• PIR-NBRF ( Protein Information Resource-National Biomedical Research Foundation 

) created in 1984 by the NBRF (National Biomedical Research Foundation ). It is now a dataset 

from MIPS ( Martinsried Institute for Protein Sequences , Munich, Germany) and the Japanese 

bank JIPID ( Japan International Protein Information Database ); 

 

2.2 Specialized Bases 

• The Protein Data Bank (PDB), created in 1971, is the reference database of protein structures 

obtained experimentally by X-ray crystallography, NMR spectroscopy, and cryo -electron 

microscopy (the most recently used technique). The coordinates of the atoms forming a 

protein's structure, the sequence details, and the crystallization conditions are the main pieces 

of information available for each structure in the database. Structural homologs are detected 

from this database. 



 

ECD: based on the nucleic acid sequences of Escherichia coli. 

NRL3D: database of protein sequences whose three-dimensional structure has been 

determined. 

TFD: transcription factor base. 

Prosite : databases of protein motifs. It can be considered a dictionary that lists protein motifs 

with biological significance. 

CATH: based on hierarchical (ordered) classifications of protein structures. IMGT: database 

of immunoglobulin and T-cell receptor sequences. 

GENATLAS: database of information derived from the mapping of human genes. 

KEGG: basics of metabolic pathways. 

The basics of patterns: 

We know that certain DNA or protein segments are crucial in sequence analysis because they 

correspond to specific sites of biological activity, such as gene regulatory elements or peptide 

signatures. This is why specialized databases have naturally developed around these sequences. 

The use of specialized databases, such as motif databases, has become an essential tool in 

sequence analysis for attempting to determine the function of unknown proteins or to identify 

the family to which a previously uncharacterized sequence belongs. 

• TFD or IMD: are used for gene promoter sequences 

• Prosite or BLOCKS: are used for unknown proteins or protein sequences translated from 

cDNA or genomic sequences. 

To detect a feature on a sequence, it is enough to run a program which will try to identify the 

presence of certain patterns listed in these databases and thus predict whether the tested 

sequence belongs to a group of sequences having a common signature. 

Immunological banks 

They specialize in the following information: 



- Sequences 

- Receptor (T cell, for example) 

- Complex MHC (Major Histocompatibility Complex ) 

- HLA system 

2D or 3D Structured Banks 

They specialize in the following information: 

- 3D coordinates of proteins * 

- Secondary structure of proteins 

- Structural domains 

- Active center of enzymes 

- Receptor-ligand complexes 

- Atlas of structural topology of proteins 

2.3 Bibliographic Databases 

Bibliographic databases list all categories of bibliographic objects: books, scientific journals, 

articles… 

For example, PubMed is a bibliographic database in the biological and biomedical sciences, 

with coverage beginning in 1946 and containing over 30 million references. In addition to 

articles indexed in MEDLINE, PubMed also contains supplementary references, including open 

access articles from PubMed Central and books from the NCBI. It was developed by the NCBI 

and is hosted by the U.S. National Library of Medicine (NLM) of the National Institutes of 

Health . 

 

 

 

 



3. Structuring and organization 

Large general-purpose sequence databases such as GenBank or EMBL are international 

projects that are leaders in the field. They have now become indispensable to the scientific 

community because they bring together essential data and results, some of which are no longer 

reproduced in the scientific literature. 

3.1. Files and formats  

The sequences are generally stored as text files which can be either personal files (present in a 

personal space), or public files (sequences from banks) accessible by Web tools. 

The format corresponds to the set of presentation rules (constraints) to which the sequence(s) 

in a given file are subject. The format allows: 

- Automated formatting 

- Homogeneous storage of information 

- The subsequent computer processing of the information. 

A single piece of information in a database is called an "entry". 

To help users find their way around, all this information is made available to the scientific 

community according to an organization into sections or fields. 

3.1.1. The FASTA format 

There are several formats, the most common of which is the FASTA format: 

Also called format (Pearson) is a text file format used to store biological sequences of a nucleic 

or protein nature. 

The sequence, in the form of lines of up to 80 characters, is preceded by a title line (name, 

definition, etc.) which must begin with the character ">". Several sequences can be placed in 

the same file. 

The simplicity of the FASTA format makes the manipulation and reading (or syntactic analysis) 

of sequences easy through the use of text processing tools and programming languages such as 

C++, Java, Python, R, Matlab or Perl. 

Thus, a FASTA file has the following format (the Xs representing nucleic acids or amino acids): 



 

Typical examples: 

Here is an example of a nucleic acid sequence: 

 

3.1.2 The EMBL format 

https://www.ebi.ac.uk/ena: An example of a genomic DNA sequence from the microorganism 

Saccharomyces cerevisiae 



 

An explanation of the EMBL format organization is given below: 

ID : Identifier, this is the name of the entry containing the sequence. This line has the following 

structure: 

entry name ; data class; molecule; division; length. The name is followed by the indication of 

the data class, then the type of molecule DNA, RNA or cDNA (XXX if the entry has not been 

annotated); then the division to which the entry belongs and finally the length of the sequence 

in base pairs ( bp ). 

AC : The accession number of the entry, which does not change across successive versions of 

the database. There can be multiple accession numbers for the same entry. Indeed, when two 

entries are merged into one, a new number may be assigned to the new entry, and those from 

the former independent entries are retained. 

DT : Gives the date of incorporation into the database (1st line) and the date of the last update 

of the entry (2nd line). 



FROM : This line contains descriptive information about the sequence such as the gene name, 

the region of the genome from which it originates, etc... It is in fact the title of the sequence. 

KW : Provide the keyword(s) designated by the authors. These can be used to retrieve the entry 

in the database. Keywords separated by semicolons are listed in alphabetical order. 

OS : Specifies the organism from which the sequence originates; most often, the Latin name is 

given followed by the English common name in parentheses. In the case of hybrids, the OS/OC 

lines are specified for each organism in the hybrid. 

RN : Unique number assigned to each bibliographic reference in the entry. This number is used 

to designate the reference in the comments (CC comments ) and the biological characteristics 

field (FT features ). 

RP : Gives the region of the gene for which the bibliographic reference is associated. 

RX : Provides the MEDLINE reference associated with the bibliography. MEDLINE is a 

bibliographic database that compiles literature related to the biological and biomedical sciences. 

The database is managed and updated by the National Library of Medicine (NLM). 

RA : Indicates the authors of the cited article or work. Authors are cited in the order given in 

the publication. 

RT : Indicates the article title. If the sequence has been submitted to the database but not 

published, the line will contain only a semicolon. 

RL : Provides an abbreviated list of the journal's references. For an article currently in press, 

the volume and page number will be 0. 

DR : Establishes links with other databases that contain information related to this entry. For 

example, if the protein translation of a sequence exists in the SWISS-PROT database, the DR 

line will point to the corresponding entry in SWISS-PROT. This line is composed of several 

fields, which are as follows: 

• Database identifier: The database identifier is the common short name given to this database. 

• Primary identifier: points to the entry in this database and depends on the referenced database. 

It points to the accession number if the database is SWISS-PROT, to the ID field if the database 

is TFD or FLYBASE, and to the entry code if the database is EPD ( Eukaryotic). Promoter 

Database ) 

• Secondary identifier: complements the information given by the primary identifier and 

depends on the referenced database, for example it is the name of the entry for UniProt . 

CC : Provides comments on the sequence. 

FH : This line is used to improve the readability of an entry when it is printed or displayed on 

the terminal screen: it is the header of the FT ( feature ) field. 

FT : Sequence characteristics ( features ). 

SQ : Sequence (60 nucleotides per line in the direction 5'--->3'). 

CC : Comments 



// End of entry. 

3.1.3. The Genbank format 

GenBank : M10154.1 

 

 

 


