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Bioinformatics
 It was born in the late '70s in conjunction with the 

development of nucleic acid sequencing 
techniques.

 Since the invention of sequencing technology, the 
amount of biological data has increased exponentially.

Sequencing refers to any method 
or technology that is used to 
determine the exact order of the 
four bases (ACGT) in a strand of 
DNA.



Bioinformatics

Growth of data in EMBL database

                                       Total Nucleotides Number of entries



Bioinformatics
Growth of data in EMBL database

Installed (2008–2015) storage at EMBL-EBI



 All this data cannot be stored on paper!



 Advances in sequencing technologies 
led to the ever-increasing availability of 
genomic data 

 This surge in data led computers to 
become indispensable for the data  
management, data storage and data 
organization 

 Moreover, the advent of the 
internet allowed for an 
immediate way to 
exchange data

Bioinformatics



Bioinformatics
 Bioinformatics became essential to handle the 

large quantities of biological data:
 data management
 data storage 
 data characterization

 
 The evolution of bioinformatics had a huge 

advancement with the human genome project, 
 started in 1990 (first release in 2001) by the 
effort of an international public consortium
 AIM: to map and sequence all the human genome in 

order to identify genes and understand the 
associations between genes and genetic diseases
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Database
 In Computer Science, the term database  refers to a 

collection of data, which are:
 Elementary  and homogeneous  (regarding the 

same subject, or more topics related to each other)
 Ordered  (structured) and usable  to allow their use 

by software applications

 In addition to the primary data (e.g. sequence), a 
database also includes additional information 
(annotation) (e.g. organism, cell type, 
conservation...). 



What is a biological DB
 Biological databases are 

indispensable tools for an efficient and rational 
storage, accession, and dissemination of the 
huge amount of biological data

 Biological databases collect information and 
data coming from:
 Literature
 Experimental analysis (in vitro and in vivo)
 Bioinformatics analysis (in silico)



Biological data

Protein structures
 Experiments
 Models (homologues)Literature information

Original DNA Sequences
(Genome)

Protein Sequences
 Inferred 
 Direct sequencing

Expressed DNA sequences
( = mRNA Sequences
= cDNA sequences)
Expressed Sequence Tags 
(ESTs)



Databases classification
 Biological databases can be divided into primary, 

secondary or specialized:

 Primary databases are populated with experimentally-
derived data ("raw” data such as nucleotide 
sequence, protein sequence or macromolecular 
structure) produced by experimental laboratories. 
Experimental results are submitted directly into the 
database by researchers.



Databases classification
 Biological databases can be divided into primary, 

secondary or specialized:

 Secondary databases comprise data derived from the 
results of analyzing information found in primary 
databases. They are often referred to as curated 
databases but this is a bit of a misnomer because 
primary databases are also curated to ensure that the 
data in them is consistent and accurate. They are 
highly curated, often using a complex combination 
of computational algorithms and manual analysis and 
interpretation to derive new knowledge. They also 
draw upon information from numerous sources (other 
DBs, controlled vocabularies, literature)



Databases classification
 Biological databases can be divided into primary, 

secondary or specialized:
  
 Specialized databases collect only the information 

relating to a specific field, collected according to specific 
sorting criteria (particular organism, domains and 
protein motifs, protein structures, genes, transcriptome, 
expression profiles, metabolic pathways, etc.)



Essential aspects of primary and secondary 
DB



Primary Databases
Biological DB of amino acid sequences and protein 
structures:

 Atlas of Protein Sequence and Structure 
(65 amino acid sequences - the first effort to 
systematically collect the sequence information 
derived from the parallel development of the 
experimental sequencing techniques - 1968) 
later merged with PIR  (Protein Information 
Resource)

 Protein Information Resource  (PIR, NBRF – 
National Biomedical Research Foundation – 
1984)

 SWISS-PROT  (nowadays, UniProt joint project  
with TrEMBL and PIR– 1985)

 Protein Data Bank (BNL – Brookhaven National 
Laboratories – 1971) an archive for the 
maintenance and fruition of 3D structures  
experimentally obtained by X-ray 
crystallography or NMR



Primary Databases
 Biological DB of nucleic acid sequences (DNA, RNA):

 EMBL datalibrary (EMBL – European Molecular Biology 
Laboratory – Heidelberg 1982).  Nowadays, it is curated 
and maintained by the EBI (European Bioinformatics 
Institute)

 GenBank (realized and realised by NCBI – National Center 
for Biotechnology Information – Los Alamos National 
Laboratory 1983)

 DDBJ (DNA Database of Japan – 1984)
 There is an international agreement - International 

Nucleotide Sequence Database Collaboration (INSDC) – 
among the three data banks such that data entry added in 
one, involves the automatic insertion in the other ones

 In 2005 the INSDC collected over 100 Giga bases (109) 
extracted from more than 200,000 organisms



Biological Databases structure
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Entry
 Each biological database is characterized by a 

biological central element (in the case of DNA 
and RNA databases, the central element is the 
nucleotide sequence, for the protein data banks 
the central element is the protein sequence, etc.).

 The central biological element is characterized by 
a set of information defined as attributes or 
rather the annotation data of the sequence (name 
of the species, functions, the bibliographic 
references, etc ...)

 The biological central element together with its 
annotations are the "entry" of the database



Crossreferencing
 Several centers have been encouraged to 

integrate and share their data through the use of 
cross-references
 the exponential growth in the number of database
 the consequent possibility of having a comprehensive 

data visualization
 the need to decrease redundancy and available 

information overload 
 the need to have immediately access to distribute 

information among different databases
 Cross-referencing searches for a connection 

among data through the "relationship" existing 
between the data recorded in a specific database 
with data in other databases



Crossreferencing
 On internet this mechanism is implemented with 

the hyperlink 
 Essential prerequisite such that data in a database 

can be effectively shared through the cross 
references is the use of unique and stable 
identifiers (USI) or accession numbers

 In order to be consistent, it is necessary that this 
identifier remains constant over time

 The use of a protein name, often subject to 
revision or changes, as a stable identifier of a 
sequence is not a good choice.



NCBI
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NCBI – http://www.ncbi.nlm.nih.gov/

Bioinformatics

 NCBI - National Center for Biotechnology Information.
    It manages a large number of databases (DB) including:

 Gene
integrated collection of genes from a wide range of species.  A record may 
include nomenclature, Reference Sequences (RefSeqs), maps, pathways, 
variations, phenotypes,  and links to genome-, phenotype-, and locus-specific 
resources worldwide, and the related scientific literature.

 Nucleotide: 
Integrated collection of nucleotide sequences (both protein coding or non-
coding) from all the characterized species from several sources.

 Protein: 
It has the same structure of Nucleotide DB but is related to the amino acid 
sequences.

 Pubmed: 
collection of scientific publications of biological and biomedical topics.  For each 
article, the abstract is available.  PubMed Central contains articles freely 
downloadable.

 Taxonomy: 
A curated classification and nomenclature for all of the organisms in the public 
sequence databases
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NCBI – www.ncbi.nlm.nih.gov/gene
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NCBI – www.ncbi.nlm.nih.gov/gene
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NCBI – www.ncbi.nlm.nih.gov/gene
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NCBI – www.ncbi.nlm.nih.gov/gene
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NCBI – www.ncbi.nlm.nih.gov/gene
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NCBI – www.ncbi.nlm.nih.gov/gene

Gene structure: 
each row represents a splicing variant 
(variants differ in exons number and 

length )



Bioinformatics

NCBI – www.ncbi.nlm.nih.gov/gene

dark rectangles 
(coding)

thin 
lines

pale rectangles (non-coding, 
3’UTR)

Exons 

Introns 
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NCBI – www.ncbi.nlm.nih.gov/gene

PubMed
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NCBI – www.ncbi.nlm.nih.gov/gene
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NCBI – www.ncbi.nlm.nih.gov/gene
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NCBI – www.ncbi.nlm.nih.gov/gene



Bioinformatics

 More widespread systems to query DB are:

 Entrez 
 Developed by NCBI
 Integrated, text-based search and retrieval 

system from NCBI used to simultaneously 
search multiple life sciences databases at 
NCBI through a web graphic interface

 It allows to perform text-based searches on 
the DB by using different syntax for each 
DB

 SRS - Sequence Retrieval System
 Developed by EBI – European Bioinformatics 

Institute

 DDBJ - DNA Data Bank of Japan
 It provides a method of search and data 

analysis via web (most of the same features 
that we will see for Entrez and SRS)

Querying Databases



Entrez  http://www.ncbi.nlm.nih.gov/gquery/

Bioinformatics

To search all NCBI 
databases

Main 
resources:
• Nucleotide 
• Proteins
• Genome
• Gene
• Taxonomy
• Pubmed



Entrez  http://www.ncbi.nlm.nih.gov/gquery/

Bioinformatics

Click 
Gene

Searching for human 
gene TP53
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Entrez 
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First item the right 
one

Filtering 
options

Entrez
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Entrez
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Entrez
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Entrez

First item is the right 
one
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Entrez

The GeneID,  the current official symbol or database 
identifier if no official symbol is available,  the full 
name,  the gene type, the RefSeq status of the name, 
the organism, a comma-separated set of aliases, brief 
summary
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Entrez

Taxonomy Browser: Organism 
classification
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Entrez

Organism 
classification
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Entrez

Database with Sequence information: here 
HGNC
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Entrez

Gene name and official gene 
symbol
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Entrez

Unique ID provided by HGNC: 
HUGO - Gene Nomenclature 
Committee
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Entrez

Alias
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Entrez

Gene position or 
chromosomal 
region
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Entrez

Link to related gene 
in other organisms 
(Mouse and Rattus)
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Entrez

• Accession Number 
(AF307851)

• Reference Sequence ID 
provided by NCBI 
(NM_000546)

• C =  Where links to external 
resources have been manually 
curated by a member of the 
HGNC
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Entrez

Click 
GenBank 
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TP53 entry in GeneBank DB 
(mRNA)

Entrez



Bioinformatics

Sequence Features:  
introns, exons, 
promoters, enhancers, … 

Translated 
sequence
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Link to the 
Protein 
Coding 
Sequence: 
pointed out its 
starting (136) 
and end points 
(1317)
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Nucleotide number 136 
represeting the starting point 
of the protein coding 
sequence

Nucleotide 1317 
representing the 
end point of the 
protein coding 
sequence
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Link to the 
corresponding protein
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…

Protein 
sequence
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mRNA 
sequence 
related to the 
gene 
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Visualization 
mode
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You can save your 
entry either in a 
file (named 
sequence.gb) or on 
the clipboard



Other Database

Bioinformatics 66

 SWISSPROT/UNIPROT (): original DB developed in Switzerland.
 It is a central access point for extensive curated protein 

information, including function, classification, and cross-
reference. 

 It is manually annotated and is reviewed. 
 It provides entry flat-file differing from EMBL mainly about the 

features that describe the presence 
of aa modified, peptide regions corresponding to isoforms,  
structural domains and sites of polymorphisms.

 Together with TrEMBL, it is part of the UNIPROT database. 
TrEMBL contains the translation of all the coding sequence 
contained in the EMBL database not yet integrated in Swiss-
Prot. TrEMBL entries are automatically annotated by computer 
softwares.



UNIPROT  http://www.uniprot.org
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UNIPROT  http://www.uniprot.org
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UNIPROT  http://www.uniprot.org

Bioinformatics 69



UNIPROT  http://www.uniprot.org

Bioinformatics 70



UNIPROT  http://www.uniprot.org

Bioinformatics 71

The 
Organism



UNIPROT  http://www.uniprot.org

Bioinformatics 72



UNIPROT  http://www.uniprot.org

Bioinformatics 73



UNIPROT  http://www.uniprot.org
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UNIPROT  http://www.uniprot.org

Bioinformatics 75



Ensembl Genome Browser

Paola.paci@iasi.cnr.it



Genome Browsers
 It is an interactive website offering access to 

genome sequence data from a variety of 
vertebrate and invertebrate species and major 
model organisms, integrated with a large 
collection of aligned annotations. Two major 
genome browser exist; both resources use the 
same assembly but each annotates it using their 
own pipeline with different gene definitions.

 Ensembl: http://www.ensembl.org/index.html
 UCSC: https://genome.ucsc.edu/



Ensembl

https://www.youtube.com/watch?
v=ZpnQOOxXufM



Biomart

https://www.youtube.com/watch?v=QvGT2G0-hYA
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