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http://www.ddbj.nig.ac.jp

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

http://www.insdc.org

http://www.apbionet.orghttp://www.embnet.org

Data banks: the infrastructure

http://www.embl.de
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Why we need biological databases
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Data bank taxonomy

Metabolomic
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Ensembl genomes

https://ensemblgenomes.org/
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Ensembl: navigating the genomes

https://www.ensembl.org/index.html


matteo.ramazzotti@unifi.it  7/52

ENSEMBL genomes as an access point
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ENSEMBL genomes as an access point

Click to go to the browser

https://www.ensembl.org/index.html
https://www.ensembl.org/index.html
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BioMart: subsetting big databanks

BioMart is very useful for creating sub-databases of a main database. It expose all the 
features that can be extracted from a databank and allows to set filters to exclude part of 
the records.

Main dataset

Selection filters

https://www.ensembl.org/biomart/martview/5e5ff6aabc0afd6b83ae310dd70ce83f
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Genome Wide Association Studies: databases

“The database of Genotypes and Phenotypes 
(dbGaP) was developed to archive and distribute the 
results of studies that have investigated the 
interaction of genotype and phenotype”.

The catalog of Published Genome-Wide Association 
Studies of the NIH National Human Genome 
Research Institute (NHGRI)

www.ebi.ac.uk/gwas/

www.ncbi.nlm.nih.gov/gap

www.gwascentral.org

GWAS Central provides a centralized compilation of 
summary level findings from genetic association 
studies, both large and small.

https://www.ncbi.nlm.nih.gov/snp/

NCBI main repository of information about 
polymorphisms and their penetrance, possible 
molecular effects and functional role.

http://www.ebi.ac.uk/gwas/
http://www.ncbi.nlm.nih.gov/gap
http://www.gwascentral.org/
https://www.ncbi.nlm.nih.gov/snp/
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www.uniprot.org

UniProt: the reference protein database

Highly accurate and detailed, 
with manual annotations about 
function, structure, PTM and 
much more.

Contains in silico translation of 
each coding sequence in the 
EMBL primary database. Huge 
but inaccurate.

The direct descendent of the 
Dayhoff Protein Atlas, the best 
protein database available.

http://www.uniprot.org/
http://us.expasy.org/sprot/
http://www.ebi.ac.uk/trembl/


matteo.ramazzotti@unifi.it  12/52

www.uniprot.org

UniProt: the reference protein database

Click to go to the browser

http://www.uniprot.org/
http://www.uniprot.org/
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UniProt: the reference protein database

UniProtKB 204,052 results
HumanTotal
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UniProt: the reference protein database

Provide clustered sets of 
sequences in order to 
obtain complete coverage 
of the sequence space at 
several resolutions

UniRef 100: identical 
sequences and sub-
fragments are merged.

UniRef 90: clustered if they 
share >90% identity.

UniRef 50:  clustered if they 
share >50% identity.

Is a collection organized by 
sequence of proteins 
coming from databases all 
over the world.

1 sequence => many IDs 
and annotations.

The entry is classified with 
a stable and unique 
identifier (UPI), that is never 
removed or changed.

Searching in uniparc is like 
searching in many DBs.  

A proteome is the set of 
proteins thought to be 
expressed by an organism. 

The set of proteins that 
constitute the proteome is 
classified using the 
proteome identifier (UPID),  
consisting in of the 
characters ‘UP’ followed by 
9 digits.

UPIDs are stable across 
releases.

UniProtKB collects and join 
Swiss-Prot and TrEMBL 
and is an interface and a 
data bank that integrate 
annotations coming from a 
huge variety of sources in 
an integrated framework.

The possibility of having a 
common interface to look at 
proteins makes UniProtKB 
the reference source for 
protein records. 
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The concept of  “signature” is of 
paramaount importance in bioinformatics: 
a pattern of residues that is found in a 
protein can describe many of its properties 
and may lead to automatic functional / 
structural classification.

InterPro allows to automatically scan a 
protein against several signature data 
banks, searchign for signatures, domain 
(functional or structural) or patterns.

InterPro: a consensus signature engine
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PS: ProSite

PF: Pfam

SSF: SuperFamily

PS: ProSite

SM: SMART

G3DSA: Gene 3D

PTHR: Panther

Topology predictors

It is a 820 AA residue long protein with an Ig domain (so, extracellular), with 
a transmembrane region and a protein kinase domain, with several 
phoshporylation sites and a signal peptide typic of ER produced proteins: 
definitely a receptor.

InterPro: many hits make a result...
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NCBI Taxonomy – collector, indexer and accessor
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NCBI Taxonomy – collector, indexer and accessor
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The Reactome pathway database



matteo.ramazzotti@unifi.it  20/52

The Reactome pathway database
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Gli schemi di reactome possono essere dei semplici diagrammi o complesse 
rappresentazioni prese direttamente dalla bibliografia. Per ogni voce esiste una 
descrizione curata da esperti nel settore.

The Reactome pathway database
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The Reactome pathway database

Click to go to the browser

https://reactome.org/
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The KEGG pathway database

KEGG Pathways offers the possibility of looking at the complexity of the network in cell 
signaling or metabolism using predefined sets of images (maps) that are cross-
connected through proteins or metabolites. The interactive maps are shared across 
organisms, so that organism specificity can be fully understood.
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1. Metabolism
 1.1 Carbohydrate Metabolism
 1.2 Energy Metabolism 
 1.3 Lipid Metabolism
 1.4 Nucleotide Metabolism
 1.5 Amino Acid Metabolism
 1.6 Metabolism of Other Amino Acids
 1.7 Glycan Biosynthesis and Metabolism
 1.8 Metabolism of Cofactors and Vitamins
 1.9 Biosynthesis of Polyketides and Terpenoids
 1.10 Biosynthesis of Other Secondary Metabolites
 1.11 Xenobiotics Biodegradation and Metabolism
 1.12 Overview
2. Genetic Information Processing
 2.1 Transcription
 2.2 Translation
 2.3 Folding, Sorting and Degradation
 2.4 Replication and Repair
3. Environmental Information Processing
 3.1 Membrane Transport
 3.2 Signal Transduction
 3.3 Signaling Molecules and Interaction
4. Cellular Processes
 4.1 Transport and Catabolism
 4.2 Cell Motility
 4.3 Cell Growth and Death
 4.4 Cell Communication

5. Organismal Systems
 5.1 Immune System
 5.2 Endocrine System
 5.3 Circulatory System
 5.4 Excretory System
 5.5 Nervous System
 5.6 Sensory System
 5.7 Development
 5.8 Environmental Adaptation
6. Human Diseases
 6.1 Cancers
 6.2 Immune System Diseases
 6.3 Neurodegenerative Diseases
 6.4 Cardiovascular Diseases
 6.5 Metabolic Diseases
 6.6 Infectious Diseases
7. Drug Development
 7.1 Chronology: Antibiotics
 7.2 Chronology: Antineoplastics
 7.3 Chronology: Nervous System Agents
 7.4 Chronology: Other Drugs
 7.5 Target Based Classification
 7.6 Structure Based Classification
 7.7 Skeleton Based Classification

The KEGG pathway collections
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1.2 Energy Metabolism
 Oxidative phosphorylation
 Photosynthesis
 Photosynthesis - antenna proteins
 Carbon fixation in photosynthetic organisms
 Reductive carboxylate cycle in photosynthetic bacteria
 Methane metabolism
 Nitrogen metabolism
 Sulfur metabolism

Schemes and interactive maps and diagrams
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Orthologous 
Genes (KO)

Reference maps and selections

Blind map

Enzymes

Reactions

Organisms 
(> 1000)
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Reference maps get colors according to selections
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Reference maps get colors according to selections
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Reference maps allow access to cross-annotations
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Reference maps allow access to cross-annotations
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Reference maps allow access to cross-annotations



matteo.ramazzotti@unifi.it  32/52

The Gene Ontology Database (GO)
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Cellular component

A cellular component is just that, a 
component of a cell, but with the 
proviso that it is part of some larger 
object; this may be an anatomical 
structure (e.g. rough endoplasmic 
reticulum or nucleus) or a gene 
product group (e.g. ribosome, 
proteasome or a protein dimer). See 
the Documentation on the cellular 
component ontology for more details.

Biological process

A biological process is series of 
events accomplished by one or more 
ordered assemblies of molecular 
functions. Examples of broad 
biological process terms are cellular 
physiological process or signal 
transduction. […] It can be difficult to 
distinguish between a biological 
process and a molecular function, but 
the general rule is that a process 
must have more than one distinct 
steps.
A biological process is not equivalent 
to a pathway; at present, GO does 
not try to represent the dynamics or 
dependencies that would be required 
to fully describe a pathway.

Molecular function

Molecular function describes 
activities, such as catalytic or binding 
activities, that occur at the molecular 
level. GO molecular function terms 
represent activities rather than the 
entities (molecules or complexes) 
that perform the actions, and do not 
specify where or when, or in what 
context, the action takes place. 
Molecular functions generally 
correspond to activities that can be 
performed by individual gene 
products, but some activities are 
performed by assembled complexes 
of gene products. Examples of broad 
functional terms are catalytic activity, 
transporter activity, or binding; 
examples of narrower functional 
terms are adenylate cyclase activity 
or Toll receptor binding. 

In informatics the term “ontology” refers to a controlled vocabulary of terms and definitions 
that can be used to describe objects and relationships among them. GO is an accurate 
and complete collection of definitions used to describe genes.

Gene Ontology

The Gene Ontology Database (GO)
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Here is how GO define the term 
“nucleus”. If I refer to the nucleus 
as “GO:0005634”, al ambiguities 
are removed.

Clearly, the nucleus is contained in 
other cell structures (components) 
that will have an appropriate GO term 
and code.

A hierarchical structure forms, that 
exemplify the reasoning behind GO.

GO Cellular Component (CC)
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Here the definition of apoptosis 
(GO:000915): different criteria 
have to be used for a biological 
process, but the same 
hierarchical structure is 
presented. 

GO Biological Process (BP)



matteo.ramazzotti@unifi.it  36/52

Molecular function: now 
go defines how 
molecules or complexes 
acts. This is the deinition 
of superoxide dismutase 
activity (GO:0004784)

Note that each lemma in the “molecular function” class end with the term “activity”. We 
are not talking about specific gene or proteins, they are abstract cathegories.

GO Molecular Function (MF)
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E’ possibile cercare 
“temini” GO oppure 
direttamente i geni: 
chiaramente certe 
definizioni (es. ubiquitin) 
trovano collocamento in 
tutti e tre i domini GO…

AmiGO – search and browse GO
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EBI ArrayExpress

It is one of the most important transcriptomics repository. The International journals 
nowadays force authors of high throughput data to expose them into specialized data 
banks.

This is the the true data bank, that stores, 
collects and organizes experiments 
according to rigid submission protocols. All 
the experimental details, sample 
descriptions, and statistical procedures are 
also stored.

This is a gene centric version of the data 
bank where the measurement for a given 
gene is normalized across experiments to 
allow comparison.
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MIAME - Minimum Information About a Microarray Experiment 

The submission of microarray data (not only) follows a strict check: the MIAME standard 
ensure that all deposited experiment is correct and clearly understandable (and 
reproducible, in principle) by every user of the data bank...

Raw data

Preprocessed data

Ontology driven 
annotations

Experiment design

Array specifications

Experimental and 
informatic protocols



matteo.ramazzotti@unifi.it  40/52

ArrayExpress: experiment archive
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ArrayExpress: the gene expression atlas
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It is possible to see the gene expresion profiles of 
every sample.

Experimental data can be 
easily accessed.

Using the menus, it is possible to add the 
profiles of other genes selected by:

   - Name
   - Similar expression profile
   - Top variable genea in the sample

ArrayExpress: gene expression atlas
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Gene Expression Omnibus (GEO)
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GEO data are very clearly organized: platforms (GPL, types of 
chip) where samples (GPS) have been hybridized in series 
(GSE, the experiments).

Gene Expression Omnibus (GEO)
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GEO curators continuously check the GSE series in order to verify wheter they can be 
combined (due to experimetal and technical reasons) into dataset (GDS), the heart of 
the GEO gene profiles, i.e. the expression level of genes across different conditions.

The search for GEO Profiles follows the same 
rule sas all NCBI Banks, via the Entrez system.

GEO: datasets and profiles
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Microarray data, after background correction and normalization, can be analyzed in 
several multivariate ways, among which cluster analysis. Genes with similar profiles are 
precomputed in GEO.

GEO: cluster analysis
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GEO: neighbour analysis

The GEO systesm also extends the gene-based analysis by searching for neighbours 
in term of profile, sequence or position in the chromosome.

Profiles of the 
neighboring 
genes in the  
chromosome 

(same 
organism)

Profiles of genes 
with high 
sequence 

similarity (same 
organism)

Genes with 
similar 

profiles in 
the same 
dataset

Profiles of 
ortholog genes 
(high sequence 

similarity in 
(other 

organisms)
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PRIDE: PRoteomics IDEntifications database

This is the central repository for shotgun proteomics. Experiments are 
archived as in ArrayExpress and can be searched using filters and then 
download as raw or processd files. 
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PRIDE: PRoteomics IDEntifications database

Protein view Peptide view

Experiments can be accessed as raw 
machine files (gigabytes of data, actually) or 
in processed forms, displaying the 
assignment (e.g. via Mascot) of peptides 
and the corresponding proteins, as the 
result of a mass fingerprint.



matteo.ramazzotti@unifi.it  50/52

Human Metabolome Database
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MetaboLights

MetaboLights is a general purpose, open access repository for metabolomics studies, 
their raw experimental data and associated metadata. As all EBI repositories, it is highly 
interactive and allow to browse data by  
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STRING: interaction network

The interactions include direct (physical) and indirect (functional) associations and are 
derived from four several experimental or computational sources.

The network can be restricted to some or one type of interaction by 
removing information sources. The network simplifies alot.

It sometimes risk to be dominated 
by computational interactions such 
as “co-citation” or “homology” that 
partly hinders the true biological 
interactions
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