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Gene annotation
Find the genes.
− ab initio gene prediction (GeneMark, Glimmer etc).

− evidence based gene prediction (BLAST based).

Understand (predict) what these genes are doing 
(functional annotation).
− Computationally

sequence comparison

− BLAST, protein family (Pfam, COG, InterPro)
chromosomal context 

fusion

other source of information

− Experimentally

enzyme assays

mutants
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Functional annotation

Why do we need functional annotation?
− Metabolic reconstruction. What can an organism 

do and how?
− Evolutionaly analysis. How does an organism 

compare to the rest?

Metabolic reconstruction
• Predict the biochemistry and 

physiology of an organism based on 
its genome sequence

• Explain known biochemical and 
physiological properties
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Metabolic reconstruction

• Knowing the function does not mean that we can predict what an organism looks 
like and what it can do. A butterfly and a caterpillar share the same genome, but 
they are not alike.

• Knowledge of other parameters, such as positional and temporal regulation of 
genes,  is needed.

Before we start …

Correct gene prediction
− find missing genes
− delete wrongly predicted genes
− improve gene coordinates
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02/04/2008 7

Intergenic regions identify missed ORFs …
Find missing genes

02/04/2008 8

… and wrong ORFs

or2654 is 
unique and hides 
a real CDS which 
is acyl carrier protein
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02/04/2008 9

Everything looks perfect in this area of 
Nitrobacter winogradskyi, but …

02/04/2008 10

… hides a real ORF
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Function prediction

Similarity searches (BLAST).
Domain identification(Pfam).
Small sequence identification(PROSITE).
Localization (membrane, intracellular, 
extracellular).
Other sequence features.
Similarity to known structures.

Primary nucleotide/protein databases
EMBL/GenBank/DDBJ EMBL/GenBank/DDBJ 

((http://www.ncbi.nlm.nih.gov/http://www.ncbi.nlm.nih.gov/,http://www.ebi.ac.uk/embl,http://www.ebi.ac.uk/embl))

• Archive containing all sequences from:
• genome projects
• sequencing centers 
• individual scientists
• patent offices

• The sequences are exchanged between the three 
centers on a daily basis.

• Database is doubling every 10 months.
• Sequences from >140,000 different species.
• 1400 new species added every month.
• Database name nt / nr
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RefSeq

• Curated transcripts and proteins.
• reviewed by NCBI staff.

• Model transcripts and proteins.
• generated by computer algorithms.

• Assembled Genomic Regions (contigs).
• Chromosome records.

Secondary protein databases
• SWISS-PROT (1986) (http://ca.expasy.org/spro)

• Best annotated, least redundant

• Contains entries from >10,000 species

• Cross-references with >60 other databanks

• PIR (Protein Information Resource)(http://pir.georgetown.edu)
• More automated annotation
• Collaborations with MIPS and JIPID

• Uniprot (2003)
• UniProt (Universal Protein Resource) is a central repository of protein sequence 

and function created by joining the information contained in Swiss-Prot, TrEMBL, 
and PIR.



8

• Groups (families/clusters) of proteins based on…

• Overall sequence similarity.

• Local sequence similarity.

• Presence / absence of specific features.

• Structural similarity.

• ...

• These groups contain proteins with similar properties.

• Specific function, enzymatic activity.

• Broad function.

• Evolutionary relationship.

• …

Classification databases

Overall sequence similarity

Similarity spans the full length of the protein
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• COGs were delineated by comparing protein sequences 
encoded in 43 complete genomes representing 30 major 
phylogenetic lineages.
• Each Cluster has representatives of at least 3 lineages

• A function (specific or broad) has been assigned to each 
COG. Functions grouped to functional categories.

• Lineage information of organisms harboring genes 
assigned to COGs allow to  identify non homologous 
replacement events.

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

Clusters of orthologous groups (COGs)

COGNITOR

Programs for COG 
assignment:
COGNITOR
reverse psi BLAST (CDD)

Profiles & Pfam

A method for classifying proteins into groups exploits
region similarities(domains/profiles).
These domains/profiles can be used to detect distant 
relationships, where only few residues are 
conserved.
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Regions similarity

Small regions are common between several genes

PfamPfam

http://pfam.sanger.ac.uk

Methods to assign genes to Pfams
HMMs (hmmer).
reverse psi blast (CDD)
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TIGRfam

Full length alignments.
Domain alignments.
Equivalogs: families of proteins with 
specific function.
Superfamilies: families of 
homologous genes.
Grouping of TIGRfams to functional 
categories (roles).

http://www.tigr.org/TIGRFAMs/

Methods to assign genes to TIGRfams
HMMs (hmmer).

PROSITE

http://au.expasy.org/prosite/

R-Y-x-[DT]-W-x-[LIVM]-[ST]-T-P-[LIVM](3)
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Finding a domain is not enough…

S2 S4S1S3
Seq. A

Seq. B

Seq. C
S4 ?

Identification of a domain in a protein is not enough to predict the 
function. Only some general predictions can be made.
Can we predict the function of C if we know the functions of A and 
B?

S5

Composite pattern databases

• To simplify sequence analysis, the 
family databases are being integrated 
to create a unified annotation 
resource – InterPro

• Release 16.1 (October 07) contains
14768 entries

• Central annotation resource, with 
pointers to its satellite dbs

http://www.ebi.ac.uk/interpro/
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* It is up to the user to decide if the annotation is correct *

ENZYMEENZYME

Grouping of proteins based on their function.
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ENZYME

http://ca.expasy.org/enzyme/ PRIAM is a standalone tool that does 
assignment of genes to EC numbers

KEGG
• Contains information about biochemical pathways, and protein interactions 

• Information is organized in maps that simplify the flow of metabolites in the cell

http://www.kegg.com
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Specialized databanks

There is a large number of databases devoted to 
specific organisms and specific protein families/ 
functions.

For some model organisms there are often 
concurrent systems. These databases are associated 
to sequencing or mapping projects.

Functional databanks contain extensive information 
about a group of functions. Good source of 
classification and current knowledge of this group of 
proteins.

Signal transduction, regulation, protein-protein interactions
TRANSFAC (Transcription Factor database) 
BRITE (Biomolecular Relations in Information Transmission and Expression 
database)
DIP (Database of Interacting Proteins)
BIND (Biomolecular Interaction Network database)
BioCarta

Biochemical pathways
KLOTHO (Biochemical Compounds Declarative database)
BRENDA (enzyme information system)
LIGAND (similar to Enzyme but with more information for substrates)

Gene order and co-occurrence
STRING

Other specialized databases

3D structures
PDB (Protein Data Bank)
MMDB (Molecular Modelling Data Base)
NRL_3D (Non-Redundant Library of 3D 
Structures)
SCOP (Structural Classification of Proteins)

Polymorphism
ALFRED (Allele Frequency Database)

Molecular interactions
DIP (Database of Interacting proteins)
BIND (Biomolecular Interaction Network 
Database)

Gene expression
GXD (Mouse Gene Expression Database)
The Stanford Microarray Database

Mapping
GDB (Genome Data Base)
EMG (Encyclopedia of Mouse Genome)
MGD (Mouse Genome Database)
INE (Integrated Rice Genome Explorer)

Protein quantification
SWISS-2DPAGE
PDD (Protein Disease Database)
Sub2D (B. subtilis 2D Protein Index)
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Databanks interconnection

SWISS-PROT

ENZYME

PDB

HSSP

SWISSNEW

YPDREF

YPD

PDBFINDERALI

DSSP

FSSP

NRL_3D

PMD

PIR

ProtFam

FlyGene

TFSITE

TFACTOR

EMBL

TrEMBL

ECDC

TrEMBLNEW

EMNEW

EPD

GenBank MOLPROBE

OMIM

MIMMAP

REBASE

PROSITE ProDom

PROSITEDOC
Blocks

SWISSDOM

Databases use common identifiers (e.g. Genbank acc.number, swissprot id)
Not all databases are updated regularly. 
Changes of annotation in one database are not reflected in others.

Summary
We have main archives (Genbank), and currated databases 
(Refseq, SwissProt), and protein classification database 
(COG, Pfam etc).
There are many more databases.
They help predict the function, or the network of functions, 
but not prove.
Systems that integrate the information from several 
databases, visualize and allow handling of data in an 
intuitive way are required.



17

Function prediction

Similarity searches (BLAST).
Domain identification(Pfam).
Small sequence identification(PROSITE).
Localization (membrane, intracellular, 
extracellular).
Other sequence features.
Similarity to known structures.

Annotation based on best hits

74.21

72.56

We usually predict a gene to have the same function as its best 
hit, especially if the e-value is very low.
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Don't forget

A functional prediction has to make sense 
in the context of metabolism
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When the BLAST hits are not very good, we could misannotated a gene 

Although this gene in Bacillus, would make sense in the context of the  
metabolism to be annotated as diacylglycerol kinase…

there is another gene in Bacillus that has this function.
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Based on the BLAST hits we get a hint that TP0671 in 
T.pallidum is a Phosphatidyl transferase (CEPT).
This enzyme is frequently found in Eukarya. 
In order to accept this annotation in T. pallidum we 
have to verify that other related functions are present.

+

CDP-Cho + DAG PtdCho

CDP-Etn DAG PtdEtn

CPT

EPT

Eukarya

Eukarya

Pathway

What is a pathway?

A sequence of reactions transforming one metabolite to another

choline Phospho
choline

CDP-
choline

Phosphatidyl
choline

Choline
kinase

Phosphoholine
cytidylyltransferase

Phosphatidyltransferase

Take known sequences of kinase and cytidylyltransferase and check whether
they exist in the organism (T. pallidum)
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All genes of the pathway are present

choline Phospho
choline

CDP-
choline

Phosphatidyl
choline

Choline
kinase

Phosphoholine
cytidylyltransferase Phosphatidyltransferase
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Gene function prediction. Chromosomal 
neighborhood

ac
cC

ac
cD

ac
cA

fa
bZ

ac
cB

fa
bG

fa
bD

ac
pP

fa
bH

fa
bI

fa
bF

fa
bK

fa
bM

Osterman & Overbeek. Curr. Op. in Chemical Biology. 7(2003) 238-251

The presence of genes in the chromosomal neighborhood of genes of a pathway 
is an indication of their implication to the same pathway. They are candidates for 
missing functions from this pathway.

Function prediction. Fusions

Osterman & Overbeek. Curr. Op. in Chemical Biology. 7(2003) 238-251

Fused genes are 
functionally related. 
The fusion of a known 
gene(pink) with an 
unknown 
function(yellow) 
suggests a function 
for the latter. The 
function must 
complement the 
pathway that the pink 
gene participates.
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Current Status of annotation

~ 50-80% precise, accurate prediction
~ 10-30% “twilight zone” predictions
~ 10-30% genome specific genes

Poor quality data can lead to incorrect 
metabolic reconstruction
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Is Bacillus anthracis Ames a 
histidine auxotroph?

The genes have not been predicted
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Genome comparison. Profiles
Common/unique genes

− Speficy a group of organisms.

− Find genes that are shared between 
genomes.

− Find genes that are unique in an 
organism.

Profiles

− Find abundant genes.

Finding unique genes
Obligate parasite of horses

Causes human disease in tropical areas 
(melioidosis)



28

Find unique genes based on similarity

Genes involved in adherence 
and invasion

Don’t trust the computer…

• Phylogenetic profiler finds 548 unique genes in B. mallei
• However, 497 of them in fact exist in B. pseudomallei, but they have 

not been called as real genes.
• The difference in gene models reveals 89.2% error rate in unique genes



29

Genome comparison. Synteny

Identify syntenous regions
− Pathogenicity islands
− Insertion of transposons, 

phages.
− ...

Mavromatis etal. J.Bact. 188:11(2006). 4015-4023.  

General predictions can be made even without 
similarity information

Ehrlichia canis lacks a peptidoglycan cell wall.

Secreted/Membrane proteins create cell envelope

Cell wall structure is enhanced by disulfide bonds

Candidates proteins for the formation of the cell wall:

36 Cys rich proteins 27 of unknown function

16 membrane associated (transmembrane, or secreted)

These proteins are conserved in rickettsial genomes

Cytoplasm

S ~ S S ~ S

Periplasm

Mavromatis etal. J.Bact. 188:11(2006). 4015-4023.  
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Ser/Thr rich proteins
Six proteins have been verified to be glycosylated

O-linked glycans (attached to Ser/Thr residues)

Function 
− Cell wall formation

− Pathogen – host cell interaction

− Antigens

180 proteins exhibit increased Ser/Thr content

67 are membrane associated
− All identified glycoproteins

− 9 Vir related proteins

− Proteins of unknown function

− 7 Membrane associated proteins unique to 
rickettsial/ehrlichial genomes exhibit increased Cys, 
Ser/Thr content

Cytoplasm

S ~ S S ~ S

Periplasm

Mavromatis etal. J.Bact. 188:11(2006). 4015-4023.  


