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Functional annotation pipelines



InterProScan is the software package that allows sequences to be
scanned against InterPro's member database signatures. 

Running InterProScan
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Functional annotation pipelines



EggNOG-mapper is a tool for fast functional annotation of 
novel sequences. It uses precomputed Orthologous Groups 
(OGs) and phylogenies from the EggNOG database
(http://eggnog5.embl.de) to transfer functional information 
from fine-grained orthologs only.

Running EggNOG-mapper

evolutionary genealogy of genes: Non-supervised Orthologous Groups

http://eggnog5.embl.de/


Running EggNOG-mapper





To be continued …



The assumption of function transfer is that the function is retained in proteins

that have similar sequences and have evolved from a single ancestor. 

• Experimental characterization

• Automated prediction: 

1/ Search for similar genes/proteins in other organisms

2/ Transfer the annotation to the query sequence

How to assign a biological function to a gene/protein ?



How genes evolve ?
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LCA: Last Common Ancestor

How genes evolve ?
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Search for sequence silmilarity BLAST

Which database ? (quality redundancy …)
Which cut-off ? (E-value)



Local alignment searches suffer from some important caveats:

1.Excessive transfer of annotations. 

2.Annotation errors in the source database.

3.Threshold relativity. 

4.Low sensitivity/specificity. 

5.Paralogs versus orthologs. 

Local alignment searches suffer from some important caveats



Local alignment searches (BLAST) suffer from some important caveats:

1.Excessive transfer of annotations. 

2.Annotation errors in the source database.

3.Threshold relativity. 

4.Low sensitivity/specificity. 

5.Paralogs versus orthologs. 

6.Retreave essentialy poorly formatted text

Local alignment searches suffer from some important caveats



Functional annotation pipelines



Proteins can be classified into groups based on

Proteins classification

Proteins can be classified into groups according to sequence or structural similarity. 

These groups often contain well characterised proteins whose function is known. 

Thus, when a novel protein is identified, its functional properties can be proposed based on 

the group to which it is predicted to belong.

•the FAMILIES to which they belong

•the DOMAINS they contain

•the SEQUENCE FEATURES they possess



Protein families

Families
A protein family is a group of proteins that share a common evolutionary origin, reflected by 
their related functions and similarities in sequence or structure.

Protein families are often arranged into hierarchies, with
proteins that share a common ancestor subdivided into
smaller, more closely related groups. 

The terms superfamily (describing a large group of 
distantly related proteins) and subfamily (describing a 
small group of closely related proteins) are sometimes
used in this context.



Domains
Domains are distinct functional and/or structural units in a protein. 

Usually they are responsible for a particular function or interaction, contributing to the overall

role of a protein. 

Domains may exist in a variety of biological contexts, where similar domains can be found in 

proteins with different functions

Protein familly/subfamilly can often be defined by an specific domain arrangement

Protein domains



Family- and domain-based protein classification

Family- and domain-based classifications are not always straightforward and can overlap, since proteins are 
sometimes assigned to families by virtue of the domain(s) they contain. 

Protein domains



Protein sequence features

Sequence features are groups of amino acids that confer certain characteristics upon a protein

• active sites. 

• binding sites

• post-translational modification (PTM) sites.

• repeats.

Sequence features differ from domains in that they are usually quite small (often only a few amino acids

long), whereas domains represent entire structural or functional units of the protein



To classify proteins into families and to predict the presence of important domains or sequence features, 
we need predictive models known as protein signatures.

There are different types of signatures, built using different computational approaches. 
A common starting point is a multiple sequence alignment of proteins sharing a set of characteristics (e.g. 
belonging to the same family or sharing a domain). 

1/ When building the initial model, the level
of amino acid conservation at different positions in 
the alignment is taken into account. 

2/ The model is then used to search a protein
database in an iterative manner, refining the model 
as more distantly related sequences in the database
are identified. 

3/Once the model is mature, the signature is ready
and can be used for protein sequence analysis.

Protein domains and features have signatures



Different approaches can be used to generate signatures. These include:

•patterns
•profiles
•fingerprints
•hidden Markov models (HMMs)

Each approach starts with a protein multiple sequence alignment, 
and can focus on a single conserved sequence region
(known as a motif), multiple conserved motifs, or the full alignment
of the entire protein or a particular domain .

Protein signature types



Many important sequence features, such as binding sites or the active sites of enzymes, consist of 
only a few amino acids that are essential for protein function. 

The pattern of conservation within the sequence feature is then modelled as a regular expression. 
An example of a database that uses patterns is PROSITE.

Protein patterns



Profiles are used to model protein families and domains. 
They are built by converting multiple sequence alignments into position-specific scoring systems
(PSSMs). 
Amino acids at each position in the alignment are scored according to the frequency with which
they occur. 

Examples of databases
• CDD
• HAMAP
• PROSITE (which produces profiles as well as patterns) 
• The PRODOM database also uses a related approach, using

PSI-BLAST to create its profiles.

Protein profiles



Most protein families are characterised not by one, but by 
several conserved regions, which occur in a certain order. 

Fingerprints are composed of multiple short conserved
motifs. Each motif is converted into an individual profile (as 
described in the previous slide) to create a fingerprint
signature.

Fingerprints can distinguish individual subfamillies

Exemple of database: PRINTS

Protein fingerprints



Hidden Markov models (HMMs) can be used to convert multiple sequence alignments into position-specific
scoring systems. 

HMMs are adept at representing amino acid insertions and deletions, meaning that they can model entire
alignments, including divergent regions. 

Databases:
• Pfam
• SMART
• TIGRFAM
• PIRSF
• PANTHER
• SFLD
• Superfamily
• Gene3D

Hidden Markov Models



In InterPro, patterns, profiles, fingerprints and HMMs from a number of different databases are 
brought together into a single searchable resource, offering convenient access to their predictive
capabilities without the need to visit the member databases individually.

By combining the different databases and 
signature types, InterPro capitalises on their
individual strengths, producing a powerful tool for 
the prediction of protein function. 
InterPro aims to simplify and rationalise protein
sequence analysis for the user by combining and 
organising information in a consistent manner, 
removing redundancy, and adding
extensive annotation including GO terms and 
useful links about the signatures and the proteins
they match.

InterPro is an integrative database

InterProSan can scan a query sequence against all the signatures aggregated in InterPro



InterPro Entry types



InterPro 90.0 • 4th August 2022



The assignment of GO terms to InterPro entries is performed manually, and is an ongoing process

InterPro Entries are linked to GO terms

InterPro2GO

A total number of 35 086 GO terms mapped to InterPro entries.
These are available through the EBI GO browser QuickGO



• A way to capture 
biological knowledge for 
individual gene products
in a written and 
computable form

The Gene Ontology

• A set of concepts 
and their relationships 
to each other arranged
as a hierarchy

www.ebi.ac.uk/QuickGO

Less specific concepts

More specific concepts



The domains in GO

1. Molecular Function

2. Biological Process

3. Cellular Component

An elemental activity or task or job

• protein kinase activity
• insulin receptor 

activity

A commonly recognised series of events

• cell division

Where a gene product is located



Anatomy of a GO term

Unique identifier

Term name

Definition

Synonyms

Cross-references



GO evidence codes

Evidence codes fall into six general categories:

•experimental evidence

•phylogenetic evidence

•computational evidence

•author statements

•curatorial statements

•automatically generated annotations



What is Gene Ontology ?
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Inferred from Experiment (EXP)

Electronic (IEA) annotation are not manually reviewed No biological Data available (ND)

Inferred from Experiment (EXP)

What is Gene Ontology ?



What can we do with Gene Ontology ?



Results:

We present two novel algorithms that improve GO group scoring using the 

underlying GO graph topology. 

We show that both methods eliminate local dependencies between GO terms and 

point to relevant areas in the GO graph that remain undetected with state-of-the-art 

algorithms for scoring functional terms. 

A simulation study demonstrates that the new methods exhibit a higher level of 

detecting relevant biological terms than competing methods

What can we do with Gene Ontology ?

TopGO:



Let’s have a look at InterProScan results



The TSV format presents the match data in columns as follows:
•Protein Accession (e.g. P51587)
•Sequence MD5 digest (e.g. 14086411a2cdf1c4cba63020e1622579)
•Sequence Length (e.g. 3418)
•Analysis (e.g. Pfam / PRINTS / Gene3D)
•Signature Accession (e.g. PF09103 / G3DSA:2.40.50.140)
•Signature Description (e.g. BRCA2 repeat profile)
•Start location
•Stop location
•Score - is the e-value of the match reported by member database method (e.g. 3.1E-52)
•Status - is the status of the match (T: true)
•Date - is the date of the run
•(InterProScan annotations - accession (e.g. IPR002093) - optional column; only displayed if -iprscan option is switched on)
•(InterProScan annotations - description (e.g. BRCA2 repeat) - optional column; only displayed if -iprscan option is
switched on)
•(GO annotations (e.g. GO:0005515) - optional column; only displayed if --goterms option is switched on)
•(Pathways annotations (e.g. REACT_71) - optional column; only displayed if --pathways option is switched on)

Let’s have a look at InterProScan results

go:0005515


What’s the fraction of annotated sequences ?
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84% are annotated

What’s the fraction of annotated sequences ?



The E-value (expectation value) is the number of hits that would be expected to have a score equal to or better than this
value, by chance alone. This means that a good E-value which gives a confident prediction is much less than 1. E-values 
around 1 is what is expected by chance. Thus, the lower the E-value, the more specific the search for domains will be.

How reliable is an InterProScan Hit ?
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How reliable is an InterProScan Hit ?



What’s the Pfam E-value distribution ?

1/ select Pfam hit lines
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1/ select Pfam hit lines



What’s the Pfam E-value distribution ?

1/ Compute and draw a histogram



What’s the Pfam E-value distribution ?



What’s the Pfam E-value distribution ?

Let’s filter out hit with E-value > 0.001 !



Let’s filter out hit with E-value > 0.001 !



What’s the Pfam E-value distribution ?



What’s the Pfam E-value distribution ?

(14126) (13269  -6%)



TIPS : the Split by group tool :
Split hits into one file per database



InterProScan GFF3 output can be imported into IGV

https://software.broadinstitute.org/software/igv/



InterProScan JSON output can be imported into IGV
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InterProScan JSON output can be imported into IGV



Functional annotation pipelines



Orthology-based functional annotation with eggNOG



eggNOG taxonomy level

Searches through eggNOG-mapper can 
be restricted to a taxonomy level
=> Trade off between specificity and
sensitivity



Orthology-based functional annotation with eggNOG

eggNOG is more specific but less sensitive than similarity (blast) or domains-based (InterProScan) methods



Let’s have a look at eggNOG-mapper results



annotations
This file provides final annotations of each query. Tab-delimited columns in the file are:
•query_name: query sequence name
•seed_eggNOG_ortholog: best protein match in eggNOG
•seed_ortholog_evalue: best protein match (e-value)
•seed_ortholog_score: best protein match (bit-score)
•predicted_taxonomic_group
•predicted_protein_name: Predicted protein name for query sequences
•GO_terms: Comma delimited list of predicted Gene Ontology terms
•EC_number
•KEGG_KO
•KEGG_Pathway: Comma delimited list of predicted KEGG pathways
•KEGG_Module
•KEGG_Reaction
•KEGG_rclass
•BRITE
•KEGG_TC
•CAZy
•BiGG_Reactions
•Annotation_tax_scope: The taxonomic scope used to annotate this query sequence
•Matching_OGs: Comma delimited list of matching eggNOG Orthologous Groups
•best_OG|evalue|score: Best matching Orthologous Groups (deprecated, use smallest from eggnog OGs)
•COG_functional_categories: COG functional category inferred from best matching OG
•eggNOG_free_text_description




