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Biomolekularne podatkovne baze



Examples of biomolecular databases

=  Sequence and structure databases

a

o O O O

Protein sequences (UniProt)

DNA sequences (EMBL, Genbank, DDBJ)
3D structures (PDB)

Structural motifs (CATH)

Sequence motifs (PROSITE, PRODOM)

= Genome sequences and annotations

a

a

Genome-specific databases (SGD, FlyBase, AceDB, PlasmoDB, ...)
Multiple genomes (Integr8, NCBI, KEGG, TIGR, ...)

= Molecular functions

a

a

a

Transcriptional regulation (TRANSFAC, RegulonDB, InteractDB)
Enzymatic catalysis (Expasy, LIGAND/KEGG, BRENDA)
Transport (YTPdb)

= Biological processes

a

a

a

a

Metabolic pathways (EcoCyc, LIGAND/KEGG, Biocatalysis/biodegradation)
Signal transduction pathways (CSNdb, Transpath)

Protein-protein interactions (DIP, BIND, MINT)

Gene networks (GeneNet, FlyNets)



Why databases ?

= biology has turned into data-rich science

= High-throughput genomics, proteomics,
metabolomics, ...

= \ast amount of data generated in
experiments (like MS peptide fragments)

= need for storing and communicating large
datasets has grown tremendously

= archiving, curation, analysis and
interpretation of all of these datasets are a
challenge

= convenient methods for proper storing,
searching & retrieving necessary

« Databases are the means to handle this
data overload




What can databases do ?

= Make biological data available ...

1. ... to scientists.

2. ... In computer-readable form.

* Analysis (computer based)
= Handle and share large volumes of data

* Interface for computer based systems
(Algorithms, Web interfaces)

= Store data

» Defined formats

» Automated storage and retrieval of
experimental data

= Link knowledge with external resources



Database classification I

= Type of data

Nucleotide or protein sequences
Protein sequence patterns and motifs
Macromolecular 3D structures

Gene expression data

Metabolic pathways

= Data entry and quality control

Scientists deposit data directly
Appointed curators add and update
Type and degree of error checking

Consistency, redundancy, conflicts, updates




Database classification II

= Primary or derived data

= Primary: experimental results directly into database

= Secondary: results of analysis of primary databases
= Technical design

= Flat-files

= Relational database (SQL)

» QObject-oriented database

= Exchange/publication technologies
(FTP, HTML, COBRA, XML, SOAP)

= Maintainer status

= Large, public institution funded by government (EMBL,
NCBI)

= Academic group or scientist

= Commercial company



:—_) GenBank® : niH genetic sequence database, an annotated
- NCBI collection of all publicly available DNA sequences. http://
www.ncbi.nim.nih.gov/genbank/

National Center for Biotechnology

E N A% ENA - The European Nucleotide Archive (ENA) captures and
presents information relating to experimental workflows that are

European Nucleotide Archive . ! .
based around nucleotide sequencing. http://www.ebi.ac.uk/ena/

@; DDB]J DDBJ - DNA Data Bank of Japan was established 1986. http://
DNA Data Bank of Japan| www.ddbj.nig.ac.jp/

INSDC - The International Nucleotide Sequence Databases
(INSD) have been developed and maintained collaboratively
between DDBJ, ENA, and GenBank for over 18 years. http://

insdc.org/

Ensembl? - Ensemblisa joint project between EMBL - EBI
and the Wellcome Trust Sanger Institute to develop a software
system which produces and maintains automatic annotation on
selected eukaryotic genomes. www.ensembl.org/index.html

EMBL-EB

UCSC Genome Browser - This site contains the reference

U C SC sequence and working draft assemblies for a large collection of
genomes. It also provides portals to the ENCODE and Neanderthal

Genome Bioinformatics prOjeC‘ts.
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How to find my database ?

Nucleic Acid Research offers
database issue every year

Database Journals

= Database: The Journal of
Biological Databases and
Curation

Database portals

= DBD (database of biological
database)

» Pathguide
Websearch
= http://Imgtfy.com/

PRAT IGEM. BROC-104
ORI maa: 1 3e2 4002

Nucleic Acids
Research

DATABASE

E S —————

Now Open Access
Mmoo harriers 0 acoess — all artides freely available online



Databases of databases

= There are hundreds of databases related to molecular biology and biochemistry.
New databases are created every year.

= Every year, the first issue of Nucleic Acids Research is dedicated to biological
databases

o http://nar.oupjournals.org/ NAR Data base |SSU€

o 2011 Issue:_http://nar.oxfordjournals.org/content/39/suppl_1
= The same journal maintains a database of databases: the Molecular Biology

Database Collection * Online collection of biological databases:
o http://www.oxfordjournals.org/nar/database/c/ .
= Some bioinformatics centres maintain multiple database, with cross-links http ://WWW-OXfO rdjourna |S.Org/nar/d ataba Se/C/
between them. The SRS server at EBI holds an impressive collection of 7% 3% 8%

3%

databases.
o http://srs.ebi.ac.uk/

@ nucleotide sequence @ RNA sequence/structure

[[] microarray/gene expression [] molecular biology

I nonhuman genomes [} human/vertebrate genomes
[[] human genes/diseases [] protein sequences

W proteomics data B structural data

[[] pathways/interactions [] organelle data

[ plant data [l immunological data



| & meteo.si - Uradna vremen % B (0l 4% Take a screen capture (pric % _‘

'='| [1 oxfordjournals.org/nar/database/subcat/5/17
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eva® Capri Sandal ... un

Nucleic Acids Research

Cxford Journals » Life Sciences » Nucleic Acids Research » Database Summary Paper

2014 NAR Database Summary Paper ¥ Compilation Paper
» Category List

¥ flphabetical List

¥ Category/Paper List

MNucleotide Sequence Databases » Search Summary Papers

RMA sequence databases
Protein sequence databases
Structure Databases
Genomics Databases (non-vertebrate)
MGD - Mouse Genome Database
The Gene Indices
Genome annotation terms, ontologies and nomenclature
Taxonomy and identification
General genomics databases
Animal Genome Size Database
BacMap
Biodefense Proteomics Resource Center
CAMERA
COG - Clusters of Orthologous Groups of proteins
CoGenT++
disrk
EBI Genomes
Entrez Gene
Entrez Genomes
EPGD
ERGO-Light
GenDis
GeneNest
Genolist
Genome Project Database
Genome Reviews
GIB-IS - Genome information broker
GOLD
GtRDE - Genomic tRNA Database
HOINVGEN
Inparanoid
Integrs (formerly Proteome Analysis Database)
KaryotypeDB
KEGG - Kyoto Encyclopedia of Genes and Genomes
MEGD - Microbial Genomne Database
MeGX
MetaCyc
Narcisse
NegProt - Negative Froteome database
NMPDR - National Microbial Pathogen Data Resource
orthoMCL
ParameciumDB
PartiGenzDBE
PEDANT
PEP: Predictions for Entire Proteomes
PhylomeDB
STRING
TDRtargets
The Comprehensive Microbial Resource
The Gene Indices
TMBETA-GENOME
TransportDB
Viral genome databases
Prokaryotic genome databases
Unicellular eukaryotes genome databases
Fungal genome databases
Invertebrate genome databases
Metabolic and Signaling Pathways
Human and other Vertebrate Genomes
Human Genes and Diseases




How to access the data ?

= Human Web interface (web based, small
scale)

= Common mode of search are keywords with
modifiers or identifiers

» Cross-references link the information of
different databases

Search last Align Retrieve D Mapping *

Search in Query

Protein Knowledgebase (UniProtkKB) v \ glucokinase homo sapiens || search |

= Web service (SOAP, CORBA)
= Flat files (script based, large scale)

= Database dump (script based, large scale)



Database Tools

= Database design (Model building)

= Determine the relationships between the different data elements.

= Superimpose a logical structure upon the data on the basis of
these relationships.

» Scheme development (paper & pencil)

= Scheme implementation and refinement (database designer like
MicroOLAP DB Designer)

= Relational database (Storage)
= MySQL, PostgreSQL, SQLite
= |nterfaces (Access)

= SQL queries
=  Administration tools (phpMySQL, phpPgAdmin)
= Frameworks & Webinterfaces (Django (Python), Hypernate (Java))



Primarne nukleotidne podatkovne baze



Nucleotide sequence databases

=
I I T
A A A
MWUCLEOTIDE ':" D)
SEQUENCE 3 I D D B
. DATABASE
f Ll . DNA Data Bank of Japan
= N\
73

I'-I’ "

» sequences submitted directly by scientists and genome
sequencing group, and sequences taken from literature and
patents.

= entries in the EMBL, GenBank and DDBJ databases are
synchronized on a daily basis

* accession numbers are managed in a consistent manner

= comparatively little error checking and fair amount of
redundancy.



Nucleic sequence databases:

GenBank, EMBL, and DDBJ

Genbank (NCBI - USA)

The EMBL Nucleotide Sequence Database (EBI - UK)

http://www.ebi.ac.uk/embl/

DDBJ - DNA Data Bank of Japan
http://www.ddbj.nig.ac.jp/

(¢ DDBJ

DNA Data Bank of Japan

DDB]

DNA Data Bank of Japan

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

Accession DNA Protsin Taxonomy Sits Search

National Center for Biotechnology Information
National Library of Medicine National Institutes of Health

[Accession numbers (Go)

o9 ®o08) Cunrot Oros Ooao Oprs Opatent
TaxBrowser Structure

Alphabetical List
Resource Guide

Search | All Databases

» What does NCBI do?

Established in 1988 as a national resource
for molecular biology information, NCBI

» Assembly Archive

= Contact

EMBL D

The EMBL Nucleotide Sequence Database (also known as EMBL-Bank)
Europe's primary nucleotide sequence resource. Main sources for DNA and RNA
sequences are direct submissions from individual researchers, genome sequencing
projects and patent applications.

The database is produced in an international ¢:

boration with GenBank (USA) and the

4 oS

Search/Analysis

HOME Submission

How to Use

» About DDBJ
» How to Use

P Qand A

FTP/WebAPI

DOBY has collaborated with EMBL/EBI and

Raport/Statistics

Contact Us » Japaness

. DNA Database of Japan (DDBJ). Each of the three groups collects a portion of the total archive of nutleo
An introduction to creates public databases, conducts research  * i'“ls‘e’s of sequence data reported worldwide, and all new and updated database entries are exchanged between the “‘ o <4 1'1‘ s “’:'”'j
i i i orthologous groups groups on a daily basis. The current database release (Release 96, September 2008), with accovdmg Release Ical annotation. Namely

NCBI :n CIOTpUtamlma_l biology, de;e::ps S:fmam EMBL Fetch ¥ | notes and user manual are available from the EBI servers. A sample database entry is shown here

ools for analyzing genome data, an Fetch an EMBL record by

X . ¥ o . » 2008 Oct 31. [Epub i Hot T » Mor
GenBank disseminates biomedical information - all for Coffee Break, id Aps in Nucleic Acids Research 2008 Oct 31. [Epub ahead of print] provides further information and | Hot Topics Mor
Sequence the better understanding of molecular :g"éﬁl& Ddibszaie' Go » Nov 25, 2008 o sequence dats of sn endosymblont within pro yin termite
a . . an: 0l . The EMBL nucleotide sequence database is part of the The Protein and Nucleotide Database Group
LR processes affecting human health and (PANDA,). This is jointly headed by Dr. Rolf Apweiler and Dr_ Ewan Bimey, with Dr. Birney taking responsibility X
and sotwers disease. More about NCBI... et v for Nucleotides. » Oct 29, 2008 New function is added to ARSA

» Electronic PCR BEOANCNG SEOUSNCE » Oct 24, 2008 Update of databases related to the H-lmitational
atur = = . SuRMISRIONS

dbGaP: NCBI's Genome Wide » Entrez Home o5 (EMBL roloase, alignments otc), EME | Maintenance » Mor

Association Database ation =
PubMed, CJI\AI!\“!.'\'I b Entrez Tocl Primary sequence submissions, third party annotation, Updales. » Nov. 28, 2008 Sus on of the DDBJ activity during the New Year Holidays
ﬁ‘;‘;'{‘;“d WLl NCBI's dbGaP (database of Genotype and S rissine i R e cormaton b Submtas, £A. o Eaianin Chaces » Nov. 26, 2008 NIG and DDBJ Network services temporary dowr
= Phenotype) provides data from Genome » Gene expression L EMBL atue tais, XML cooumeniat Profix » Aug. 15,2008 BportantiTermination of providing SRS(Ssqusnce Retrieval System) servics

Wide Association (GWA) studies, which are i Collaboratio N

omnibus (GEQ) oliaborations. Publicatior Group publications Sannenes Dats Bubsiasion FTP/Web API
Pa

Sequences,

helping elucidate the link between genes
and disease. For each study, users have
access to detailed information about the

» Human genome

® INSOC - International
Nucleotide Sequence
Database Collaboration

Group members
How 10 contact the EMBL Nucleotide Sequence Database

i Submit my sequences

i FTP ( ftp ddbj nig.ac jp )

structures, and rasources o List of recent changes on this site Orientation for the data submission Download data files
® NCEI - The Nucleotide
taxonom phenotypic variables measured and DAt 18
renciirad in

= To publish an article dealing with a sequence, scientific journals impose to have
previously deposited this sequence in a reference database.

= There are 3 main repositories for nucleic acid sequences.

= Sequences deposited in any of these 3 databases are automatically

synchronized in the 2 other ones.



The sequencing pace

Nucleic sequences
o Genbank (April 2011) http://www.ncbi.nim.nih.gov/genbank/

e 126,551,501,141 bases in 135,440,924 sequence records in the
traditional GenBank divisions

* 191,401,393,188 bases in 62,715,288 sequence records in the
Whole Genome Ssequencing
Entire genomes

o GOLD Release V.2 (Oct 2011) contains ~2000 completely sequenced
genomes.

o hitp://mww.genomesonline.org/gold statistics.htm

Protein sequences

o Essentially obtained by translation of putative genes in nucleic
sequences (almost no direct protein sequencing).

o UniProtKB/TrEMBL (2011) contains 17 millions of protein sequences.
o hitp:/fwww.ebi.ac.uk/swissprot/sptr_stats/index.html

Nunber of entries in UniProtkKB/TrEHBL
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Proteinske podatkovne baze



Protein sequence databases

= UniProt KB

= mission to provide a comprehensive, high-quality and freely
accessible resource of protein sequence and functional
information

= SWISS-PROT is a protein sequence database which strives to
provide a high level of annotations (such as the description of the
function of a protein, its domains structure, post-translational
modifications, variants, etc.), a minimal level of redundancy and
high level of integration with other databases.

= TrEMBL is a computer-annotated supplement of SWISS-PROT
that contains all the translations of EMBL nucleotide sequence
entries not yet integrated in SWISS-PROT.

= PIR

= SWISS-PROT and PIR are different from the nucleotide
databases in that they are both curated



UniProt - the Universal Protein Resource

http://www.uniprot.org/
o Database content (Sept 2012)
a2 UniProtKB:

e 24,532,088 entries

* Translation of EMBL coding sequences
(non-redundant with Swiss-Prot)

o UniProtKB/Swiss-Prot section (reviewed):
* 537,505 entries
* annotation by experts
* high information content
* many references to the literature
* good reliability of the information

a2 The rest (90% of the entries)
* Automatic annotation by sequence

similarity.
& Features

o The most comprehensive protein database in
the world.

A huge team: >100 annotators + developers.

o Annotation by experts: annotators are
specialized for different types of proteins or
organisms.

a2 World-wide recognized as an essential
resource.

& References

o Bairoch et al. The SWISS-PROT protein
sequence data bank. Nucleic Acids Res (1991)
vol. 19 Suppl pp. 2247-9

a  The UniProt Consortium. The Universal Protein

Resource (UniProt) 2009. Nucleic Acids Res
(2008). Database Issue.
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UniProt example - Human Pax-6 protein

Header : name and synonyms

Reviewed, UniProtKB/Swiss-Prot P26367 (PAX6_HUMAN) [9”‘""’“‘9 :]
Send feedback
Last modified November 25, 2008. Version 110. C! History...

» « Clusters with 100%, 90%, 50% identity | . Documents (7) | | | Third-party data | | Customize display

Names and origin - Protein attributes - General annotation (Comments) - Ontologies - Binary interactions - Alternative products - Sequence annotation
(Features) - Sequences - References - Web resources - Cross-references - Entry information - Relevant documents

UniProt example - Human Pax-6 protein

Protein names Recommended name: . T
Paired box protein Pax-6 Human-based annotation by specialists
Alternative name(s):
Oculorhombin
Aniridia type I proteln Function Transcription factor with important functions in the development of the eye, r)ose central nervous system and
; pancreas. Required for the differentiation of pancreatic islet alpha cells L2y sm Oompeles ith PAX4 in binding to
Gene names Name: PAX6 a common ela::ent in the Jion I|r:sulm and St p Regulat oation of the veln(r;I r:euron

subtypes by establishing the correct progenitor domains =
switch that specifies target genes.

Subcellular location Nucleus.
Fetal eye, brain, spinal cord and olfactory epithelium. Isoform 5a is less abundant than the PAX8 shorter form.
Expressed in the developing eye and brain.

Defects i in PAXS are the cause of aniridia type Il (AN2) [MIM:106210]. AN2 is a bilateral panocular disorder

by pl or partial ab of the iris, absence of the fovea and malformations of the lens and
anterior chamber. Severe age-related comneal degeneration is a frequent complication which contributes to a poor
visual prognostis in aniridia. About one third of the cases are sporadic, and two thirds are familial, with autosomal

Synonyms: AN2 |. Isoform 5a appears to function as a molecular
Organism Homo sapiens (Human)
9606 [NCBI]

Eukaryota » Metazoa » Chordata » Craniata » Vertebrata » Euteleostomi » Mammalia »
Eutheria » Euarchontoglires » Primates » Haplorrhini » Catarrhini > Hominidae > Homo

Taxonomic identifier Tissue specificity
Developmental stage

Taxonomic lineage Involvement in disease

Sequence length
Sequence status
Sequence processing
Protein existence

422 AA.

Complete.

The displayed sequence is not processed.
Evidence at protein level.

Sequence similarities

dominant inheritance and high penetrance. Nearly one third of sporadic AN patients develop Wilms tumor in
association with genitourinary anomalies and mental ion (WAGR sy as a cor of

h Yg i pi ions of 11p13.

Defects in PAX6 are a cause of Peters anomaly [MIM:604229). Peters anomaly consists of a central comeal
leukoma, absence of the posterior comneal stroma and Descemet membrane, and a variable degree of iris and
lenticular attachments to the central aspect of the posterior comea.

Defects in PAXS are a cause of ectopia pupillae [MIM:129750). It is a congenital eye malformation in which the
pupils are displaced from their normal central position.

Defects in PAX8 are a cause of foveal hypoplasia [MIM:136520]. Foveal hypoplasia can be isolated or associated
with presenile cataract. Inheritance is autosomal dominant.

Defects in PAXS are a cause of aulosomal dominant keratitis [MIM:148190). It is an eye disorder characterized by

corneal i and ion, and by foveal hypoplasia.

Defects in PAXS6 are a cause of ocular coloboma [MIM:120200]; also known as inal b or b of
iris, choroid and retina. Ocular colobomas are a set of malf g from morphogenesis of the
optic cup and stalk, and the fusion of the fetal fissure (optic fissure). Severe cdobomalous malformations may cause
as much as 10% of the childhood blindness. The clinical p ion of ocular is variable. Some

mdquuals may present with mmlmal defects in the antenor iris leaf without other ocular defects. More complex
ions create a ion of iris, inal and/or optic nerve defects without or with microphthalmia or

even anophthalmia.

Defects in PAX6 are a cause of coloboma of optic nerve [MIM:120430].

Defects in PAX8 are a cause of bilateral optic nerve hypoplasia [MIM:165550]; also known as bilateral optic nerve

aplasia. Inheritance is autosomal dominant.

Belongs to the paired homeobox family.
Contains 1 homeobox DNA-binding domain.
Contains 1 paired domain.



UniProt example - Human Pax-6 protein UniProt example - Human Pax-6 protein

Structured annotation : keywords and Gene Ontology terms Protein interactions; Alternative products

Koywords With Entry #Exp. IntAct Notes

Biological process Differentiation

Transcription Dynll1 P63168 2 EBI-747278,EBI-349121 From a different organism.

Transofiption regulation HOMER3 QONSC5 2 EBI-747278,EBI-748420
Cellular component Nucleus

Coding sequence dversity Altenative splicing TRIM11  Q96F44 2 EBI-747278,EBI-851809
Disease Disease mutation
Domain Homeobox
Paired box
Ligand DNA-binding This entry describes 3 isoforms produced by alternative splicing. [Align] [Select]

Molecular function Developmental protein

Repressor

Technical term 3D-structure Isoform 1 (identifier: P26367-1)

Gene Ontology (GO) This isoform has been chosen as the canonical’ sequence. All positional information in this entry refers to it. This is also the sequence that appears in the

Biological process cell differentiation downloadable versions of the entry.

nferred from electronic annotation. Source: UniProtKB-KW
central nervous system development

Tracesble suthor statsment. Source: Profing Isoform Sa (identifier: P26367-2)
eye development
Tra

ceable author statem

ce: Protine

organ morphogenesis Also known as: PaxB-5a;

raceable author statement. Source: Profinc
regulation of transcription, DNA-dependent The sequence of this isoform differs from the canonical sequence as follows:
nferred from electronic annotation. Source: InterPro

o 47-47: Q = QTHADAKVQVLDNQN
visual perception (7= 17]

Traceable author statement. Source: Protinc
Cellular component nucleus Isoform 3 (identifier: P26367-3)
Also known as: Pax6-5A,6";

Molecular function protein binding
nlerred i

nteraction

sequence-specific DNA binding . The sequence of this isoform is not available.
wferred from electronic annotation. Source: InterPro

transcription factor activity

Tracsabe author statament. Source: Protine

Compiete GO annotation.

UniProt example - Human Pax-6 protein SO LGl P el

Detailed description of regions, variations, and secondary structure

Peptidic sequence

Sequence Length Mass (Da) Tools
Molecule processing o lIsoform 1 [UniParc). FASTA 422 46,683 [ Blast $)(e0)
Last modified July 15, 1999. Version 2.
o Chain 1-422 422 Paired box protein Pax-6 PRO_0000050185 Checksum: C33CDD2C1B13C397
Regions
10 20 30 40 50 60
Domain 4-130 127 Paired MQNSHSGVNQ LGGVFVNGRP LPDSTRQKIV ELAHSGARPC DISRILQVSN GCVSKILGRY
DNA binding 210 - 269 60 Homeobox —_— 70 0 90 00 10 20
o Compositional bias 131 - 209 79 GInGly-rich YETGSIRPRA IGGSKPRVAT PEVVSKIAQY KRECPSIFAW EIRDRLLSEG VCTNDNIPSV
m Compositional bias 279 - 422 144 Pro/Ser/Thr-rich 30 140 150 60 70 80
SSINRVLRNL ASEKQQMGAD GMYDKLRMLN GQTGSWGTRP GWYPGTSVPG QPTQDGCQOQ
Natural variations
9, 200 210 220 230
Altemative sequence 47 1 Q - QTHADAKVQVLDNON in isoform 5a. VSP_ 002388 EGGGENTNSI SSNGEDSDEA QMRLOLKRKL QRNRTSFTQE QIEALEKEFE RTHYPDVFAR
Natural variant 17 1 N - SinAN2. VAR_003808 250 260 270 280 290 300
e
Natural variant 8 1 G — W in AN2 and Peters anomaly. o ERLAAKIDLP EARIQVWESN RRAKWRREEK LRNQRRQASN TPSHIPISSS FSTSVYQPIP
Natural variant 22-26 5 Missing in AN2; sporadic form. VAR 008693 10 320 330 340 50 360
. . R - QPTTPVSSFT SGSMLGRTDT ALTNTYSALP PMPSPTMANN LPMQPPVPSQ TSSYSCMLPT
Experimental info 70 380 90 00 10 20
SPSVNGRSYD TYTPPHMQTH MNSQPMGTSG TTSTGLISPG VSVPVQVPGS EPDMSQYWPR
Sequence conflict 37 1 R — Lin AAAS9963 and AAASG962.
Sequence conflict 369 1 Y — Cin CAE45868. L0
Secondary structure « Hide
m  Isoform 5a (Pax6-5a) [UniParc). 436 48218 (Bast i) g0)

Helix Strand Turn

Checksum: 74926827347A20B5
Show »

Isoform 3 (Pax8-5A,6%) (Sequence not available). - -



UniProt example - Human Pax-6 protein

Cross-references to many databases (fragment shown)

Sequence databases
[ Em8L ) M77844 mRNA. Translation: AAA59963.1.
M77844 mANA. Translation: AAA59962.1.
M83650 mRANA. Translation: AAA36416.1.
AY047583 mRNA. Translation: AAK95849.1.
BX640762 mRNA. Translation: CAE45868.1.
795332, Z83307 Genomic DNA. Translation: CAG38363.1.
283307, 295332 Genomic DNA. Translation: CAG38087.1.
BC011953 mRNA. Translation: AAH11953.1.
. . PIR A5B674.
UniProt example - Human Pax-6 protein FefSeq NP_000271.1,
. » . . NP_001121084.1.
References to original publications NP_001585.2.
UniGene Hs.591993
3D structure databases
&kids iarge-scalet remreroos [PoB ) Entry Method Resolution (A) Chain Positions PDBsum
[1] "Positional cloning and ch ization of a paired box- and h b g gene from the aniridia region.” 2CUE NMR - A 211-277 [»]
Ton C.C.T., Hirvonen H., Miwa H., Weil M.M., Monaghan P., Jordan T., van Heyningen V., Hastie N.D., Meijers-Heijboer H., Drechsler M., Royer- BPAX X-ray 2.50 A 4-136 [»]
Pokora B., Collins F.S., Swaroop A., Strong L.C., Saunders G.F. ModB h
Cell 67:1059-1074(1991) [PubMed: 1684738) [Abstract] cdBase Search...
Cited for: NUCLEOTIDE SEQUENCE [MRNA]. Protein-protein interaction databases
[2) "G ic str ) luti y conservation and aniridia mutations in the human PAX6 gene.”
Glaser T., Walton D.S., Maas R.L. IntAct P26367.
Nat. Genet. 2:232-239(1992) [PubMed: 1345175] [Abstract] PTM datal
Cited for: NUCLEOTIDE SEQUENCE [MRNA).
[3] LiuJ., Zhang B., Zhou Y., Peng X., Yuan J., Qiang B. PhosphoSite P26367.
Submitted (JUL-2001) to the EMBL/GenBank/DDBJ databases - o
Cited for: NUCLEOTIDE SEQUENCE (ISOFORM PAXS). '
[4] The German cDNA consortium Ensembl ENSG00000007372. Homo sapiens. [Contig view]
Submitted (AUG-2003) to the EMBL/GenBank/DDBJ databases GenelD 5080.
Citad for: NLICI FOTIDF SFOLIFNCF 1l ARGF SCALF MRNAT (ISOFORM 5A) KEGG hoa:5080,

R IO T T e N e

[24] "A novel PAX6 gene mutation (P118R) in a family with genital nystag iated with a variant form of aniridia."
Sonoda S., Isashiki Y., Tabata Y., Kimura K., Kakiuchi T., Ohba N.
Graefes Arch. Clin. Exp. Ophthalmol. 238:552-558(2000) [PubMed: 10955655] [Abstract]
Cited for: VARIANT NYSTAGMUS ARG-118.

[25] "Mi ion at the C-termi of PAX6 negatively modulates homeodomain function.”
Singh S., Chao L.-Y., Mishra R., Davies J., Saunders G.F.
Hum. Mol. Genet. 10:911-918(2001) [PubMed: 11309364] [Abstract]
Cited for: VARIANTS AN2 GLN-375 AND ARG-422,

[26] "Mutations of the PAX6 gene detected in patients with a variety of optic-nerve malformations.”
Azuma N., Yamaguchi Y., Handa H., Tadokoro K., Asaka A., Kawase E., Yamada M.
Am. J. Hum. Genet. 72:1565-1570(2003) [PubMed: 12721955] [Abstract]
Cited for: VARIANT MORNING GLORY DISK ANOMALY SER-68, VARIANT OCULAR COLOBOMA SER-258, VARIANT PETERS ANOMALY PRO-363, VARIANTS OPTIC
NERVE HYPOPLASIA/APLASIA ILE-282; ARG-378; VAL-381 AND ALA-381.

- Additional computationally mapped references.



Sekundarne bioloSke podatkovne baze



Secondary Databases

= Sometimes known as pattern databases
= Contain results from the analysis of the sequences in the

primary databases

= Examples

= PROSITE

= Pfam
= PRINTS

Contribution
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Motifs and secondary structure

praSite
= PROSITE [HEXOKINASES PS00378] ———

= Database of protein domains, families and functional sites

= Hexokinases signature: Pattern  [LIVM]-G-F-[TN]-F-S-[FY]-P-
X(5)-[LIVM]-[DNST]-x(3)-[LIVM]-x(2)-W-T-K-x- [LF].

PS00378 / #=59

Motifs and secondary structure

C « Pfam [Hexokinase_2 PF03727] Piam
= The Pfam database is a large collection of protein families, each

represented by multiple sequence alignments and hidden
Markov models (HMMs)

HXK2_HUMAN

This is the summary of UniProt entry HXK2 HUMANC? (P52789F).

HRK3_HUMAN/236-475

0.990 HXK3_HUMAN/677-916 Description: Hexokinase-2 EC=2.7.1.1
1.000 #HXKL_BOVIN/671-910
HXK2 _HUMAN/671-910 Source organism: Homo sapiens (Human)c? (NCBI taxonomy
1,000 :Hmz,mmwzza—asz View Pfam proteome data.
. Hikl _BOYIN/223-462
.540 HK_PLAFA/250-485 Length: 917 amino acids
0o 1 000 [=HXK1_SCHPD/228-463
0 'Ii‘x: ﬂﬁeﬁgg: :ig Please note: when we start each new Pfam data release, we take a copy of the UniPro
ops2 0 .n\[‘* HAKB_YEAST /225-473 removed after a Pfam release, these entries will not be removed from Pfam until the ne.
HXKA_YERST/225-472 R
0,860 HRKG_VEAST/243-500 Pfam domains
S

HXK2,_SCHPO,/213-449
This image shows the arrangement of the Pfam domains that we fount
boundaries for each of the domains

HiK4_HUMAN/219-458

o Hexokinase 1 fexokinase 20 o Hexoki » Hexokinase)

Hexokinase 1
Pfam A  Hexokinase 2 223 462
m A  Hexokinase 1 464 669

*fam A Hexokinase 2 671 910



Prosite - protein domains, families and functional sites
http://www.expasy.ch/prosite/

[ i EXPASy Home page Site Map | Search ExPASY | contactus | swissProt | ENZYME
Search [ prosiTe %) for (Go) (Clear)

Home ScanProsite ProRule Documents Downloads Links Funding

pr_ A e— Database of protein domains, families and functional sites

PROSITE consists of documentation entries describing protein domains, families and functional sites as well as associated patterns
and profiles to identify them [More details / References / Disclaimer / Commercial users].

PROSITE is complemented by ProRule, a collection of rules based on profiles and patterns, which increases the discriminatory
power of profiles and patterns by providing additional information about functionally and/or structurally critical amino acids [More
details].

Release 20.40, of 26-Nov-2008 (1539 documentation entries, 1315 patterns, 819 profiles and 819 ProRule|
PROSITE access
e.g: PDOC00022, PS50089, SH3, zinc Browse:
finger = by documentation entry
Search « by ProRule description
« by taxonomic scope
« by number of positive hit

1 add wildcard ™'

SRS - Sequence Retrieval System
PROSITE tools
Scan a sequence against PROSITE patterns and profiles - « ScanProsite - advanced scan
quick scan « PRATT - allows to interactively generate conserved patterns
from a series of unaligned proteins.
« MyDomains - Image Creator "™ - allows to generate
custom domain figures.

(Output includes graphical view and feature detection)

D D i
Enter your sequence or a UniProtKB (Swiss-Prot or TTEMBL) ID WW“ LA

or AC [ help ]:

(‘scan ) ( Clear )

# exclude patterns with a high probability of occurrence

Prosite - aligned sequences and logo
http://www.expasy.ch/prosite/

Some of the sequences that were
used to built the Prosite profile for
the Zn(2)-C6 fungal-type DNA-
binding domain

(ZN2_CY6 FUNGAL 2,
PS50048).

The Sequence Logo (below)
indicates the level of conservation
of each residue in each column of
the alignment.

Note the 6 cysteines,
characteristic of this domain.

PSSO/ B=112

ACE2_TRIRE/6-38
ACR2_NEUCR/21-49
ACU15_NEUCR/23-53
AFLR_ASPFL/28-58
AFLR_ASPPA/28-58
AFLR_EMENI/27-57
ALCR_EMENI/11-51
AMDR_ASPFU/26-59
AMDR_ASPOR/25-58
AMDR_EMENI/19-52
ARGRZ_YEAST/20-48
AROBO_YEAST/24-60
ATG2_PICPA/631-660
CATB_YEAST/69-99
CBF3B_YEAST/13-44
CHA4_YEAST/43-72
CTF1A_FUSS0/60-92
CTF1B_FUSS50/52-83
CZF1_CANAL/317-347
DALEB1_YEAST/149-181
ECM22_YEAST/43-73
FCR1_CANAL/25-54
FLUF_NEUCR/10-39
GAL4_YEAST/10-40
GRT1_SCHPO/13-42
HAL9 YEAST/135-168
HAP1_YEAST/63=95
LACY_KLULA/94-124
LEUR_YEAST/36-69
LYS14_YEAST/158-188
MAL13_YEAST/12-41
MAL33_YEAST/7-36
MAL63_YEAST/7-36
MOC3_SCHPO/35-63
NIRA_EMENI/41-72
NIT4_NEUCR/52-83
OAF1_YEAST/65-95
PDR1_YEAST/45-74
PDR3_YEAST/14-43
PDRB_YEAST/30-61
PIP2_YEAST/24-54
PPR1_YEAST/33-63
PRIB_LENED/19-52
PRO1_NEUCR/54-84
PUT3_YEAST/33-62




Prosite - Example of sequence logo
http.//www.expasy.ch/prosite/

il EXPASY Home page Site Map [ Search ExPASy Contact us PROSITE [ Swiss-Prot |
Search | swiss-Prot/TrEMBL [3] for (Go) (Clear )

Home ScanProsite ProRule Documents Downloads Links Funding

prcSite A
——at-  Sequence logo for Zn(2)-C6 fungal-type DNA-binding domain profile (PS50048)

PS50048 / #=112

bits

N

Number of UniProtKB/Swiss-Prot true positive hits used to build the logo:112 [More details]

‘ il EXPASY Home page Site Map Search ExPASy

Hosted by K SIB Switzerland | Mirror sites: | Australia | Brazil | Canada | China | Korea

Contact us PROSITE Swiss-Prot

PSSOOTL/ $=1541

Prosite - Example of domain signature

http://www.expasy.ch/prosite/

| |
are characteristic of a domain.

ZN2_CY6_FUNGAL_1, PSD0463; Zn(2)-C6 fungal-type DNA-binding domain signature (PATTERN)
[GASTPV] - C - x(2) - C - [RKHSTACW] - x(2) - [RKHQ] - X(2) - C - X(5,12) - C - x(2) - C - x(6,8) - C

e e The 6 C's are zinc ligands

Sequences known to belong to this ALL
class delected by the pattern:

Other sequence(s) detected in . .
Swiss-Prot: human ultra high-sulfur keratin.

« Retrieve an alignment of Swiss-Prot true positive hits:

Clustal format, color, condensed view / Clustal format, color / Clustal format, plain text / Fasta format

* Retrieve the sequence logo from the alignment

+ Taxonomic tree view of all Swiss-Prot/TrEMBL entries matching PS00463
» Retrieve a list of all Swiss-Prot/TrEMBL entries matching PS00463

= Scan Swiss-Prot/TrEMBL entries against PS00463

- view ligand binding statistics

Matching PDB structures: 1AJY 1AWE 1CLD 1D66 ... [ALL]

bits

The domain signature is a string-based pattern representing the residues that

PSS0048 1 #=112




InterPro (EBI - UK)

http://www.ebi.ac.uk/interpro/

Search ., InterPro: — )
InterPro: Home

InterPro is a database of protein families, domains, repeats and sites in which identifiable features found in
known proteins can be appiied 10 new protein sequences.

Release News
Announcement
« InterPro 18.0 s released and covers 75.6% of UniProtKB, with new methods from PROSITE,
GENESD and SUPERFAMILY.
PRO hes are now evalualed to either TRUE (T) or UNKNOWN (?) using minprotiies
or associated existing PROSITE profiles.

Please see Hoies 3 for further details.

General Information

* Maich.complete xm (UniProIKE) now contains 8 UniProtkB profeins nchxing Ihose nck maiching an
InterPro signaturs
+ UNParc (uhpart. match.ar g2) and UnMES (unimes_match tar gz) matches o InterPro methods have
been updated and are avaiable from the 1p e in XML format

PFAM ( Sanger Institute - UK) http.//pfam.sanger.ac. uk/

Protein families represented by multiple sequence alignments and hidden Markov models (HMMs)

Note: due 1o the large size of UniParc and UniMES the data has been divided into chunks and the latest
updates are provided in these fles at each InterPro release

Future proposed changes:

InterPro will be introducing new entry classification rules that will affect how an entry is typed:

Entries typed Repeat or Site wil remain the same.
Entries typed Familly or Domain wil fofow sticter criferia 1o ensure they conform more closely to
current biological conceps:
= Entries typed Family will contain signatures that cover all 5omains in the matching protens
o Entries typed Domain wil dentify biological unsts with defined boundaries, which includes
structural domains/subdomains as well as functional domains.
o Al remaining ntrie il be covered by a new type. Reglon ncuding ihose which cover mare
i . o.aim than one domain, as well as those cover tal domain(s).
Famlly- Zn_clus (PF00172) = B - 2 Newrelaionship rles wil e Introcuced thal willatect how dilrent eiries are elate 1o one anoiher
81 architectures 3469 Sequences 2 Interactons 85 Specles 24 Structures 'RSF R o in will continue within InterPro with thes existing
 Superfamily| Gefnitons, but the folowing changes will occur
o Eniry type wil no longer have any bearing on the relationships of that entry.Instead. only the

sequence covered by the signatures of an entry will be taken into consideration when forming
Summary mmary e3D relationships.
L  Pareni/Chkd taionaios wl be peried etween enresof derer ypes

N

{ wellcome trust
Sanger HOME | SEARCH | BROWSE | FTP | HELP P‘nm

institute keyword search ()

Domain o Al for an entry wil pl inthe section
" " . . A of an entry (currently, only the most specific are msdavedy
organisation Fungal Zn(2)-Cys(6) binuclear cluster doma Any conoams or comments regaring the propased changes should be drecled 1o £
Alignments
HMM | User support and feedback
0go We weicome feedback. particularty It you find errors or omissions please et us know. If you need information
Trees Interpro entry IPR001138

Curation & models| The N-terminal region of a number of fungal transcriptional regulatory proteins contains a Cys-rich

_ motif that is involved in zinc-dependent binding of DNA. The region forms a binuclear Zn cluster, in
Species which twa Zn atoms are bound by six Cys residues PUBMED: 2107541, PUBMED:1557122, A wide range
of proteins are known to contain this domain. These include the proteins involved in arginine, proline,

InterPro (EBI - UK)

Interactions - y . amide a - i i 7 /|
Evr’lm\d\ﬂe, quinate, maltose and galactose metabolism; amide and GABA catabolism; leucine Antennapedfa'llke Homeobox (entry IPROO1827)
Structures iosynthesis and others.
Example structure
Gene Ontology PDB entry 1d66: DNA RECOGNITION BY
GAL4: STRUCTURE OF A PROTEIN-DNA
Jump to... ¥ antTer ,

Cellular component  nucleus (G0:0005634) - - Search (), InterPro: )
enter Djace (5D 165 3] (view) Jumpto: InterProScan Databases Documentation FIPsie Heip & Advanced search - =

zinc ion binding (G0:0008270)

Molecular function 3 i i
transcription factor activity (G0:0003700) InterPro: IPR001827 Homeobox protein, antennapedia type
Biological process requlation of transcription, DNA-dependent (GO:0006355) Protein m: Q@
Overview:  sorted by AC, sorted by name.  of known structure, proteins with splice variants
i ried by AC. 0 otk Droteins with splice variants
Internal database links UniProtkB Detailed: sorted by AG sorted by name, nown siructure  proteins with spiice variants
Matches: Table For all matching proteins, of known structure
P Architectures
ScooP: EndIll 4Fe-2S Accession List
IPRO01827
External database links Type@ |Domain
Database D Name Proteins
PRINTS PRO00Z5 ANTENNAPEDIA 510

HOMSTRAD: GAL4 R Signatures &

PROSITE paitern PS00032 ANTENNAPEDIA 973

PANDIT: PFO01721% r n
interPro Relationships &)
PRINTS: PRODOS4 Parent][PRO01356 Homeobox
PROSITE: PDOCO0378 GO Term annotation &
- Process| GO 0006355 regulation of transcription, DNA-dependent
SCOP: 1de6 & Fumm@mmm
— Zn clus@ GO.0003700 transcription factor activity

InterPro annotation

The homeobox is a B0-residue molif first idenified in a number of Drosophila homeolic and segmentation pmlems but now known to be well-conserved
in many other animals, including 3). Proteins containing homeobox domains are likely 10 play an important role in deveiopment - most
are known to be sequence-specific DNA-binding transcription factors. The domain binds DNA through a o (HTH) structure.

Many homeodomain-containing proteins have now been sequenced and, while the homeodomain flanking regions vary, characteristic conserved
sequences upstream of the domain allow the proteins to be grouped into 3 sublamilies: the so-called antennapedia, engrailed and ‘paired box’ proteins.
which regulates the formation of leg Structures in Drosophila, was one of the first homeatic genes studied and led 1o the discovery of the
homeabox domain. Over expression of this gene in the wrong segment of the fruit fly can lead to the formation of leg structures in these segments. For
lexample, over expression in the head segment can lead 1o the formation of legs instead of antennae (hence the name antennapedia). The sequences of|
Abstract® (e teins contain a conserved residues upsiream of the homeobox. the specific funetion of which is unclear. The six

rosophila proteins that belang to this group are antennapedia (Antp). abdominal-A (abd-A), deformed (Dfd). proboscipedia (pb). sex combs reduced
(scr) and Ultrabithorax (Ubx) and are collectively known as the ‘antennapedia’ sublamily.

Hox as Hox-A2, A3, Ad, A5, A6, A7, Hox-B1, B2, B3, B4, BS, B6, B7, B8, Hox-C4, C5, C6, C8.

Hox-D1, D3, D4 and D8,
Caenorhabiis elegans lin-39 and mab-5 are also members of the ‘antennapedia’ subfamily.

|Arg and Lys are most frequently found in the last position of the hexapeptide: other amino acids are found in only a few cases
PDB - click here

Structural links & |SCOP a4 11
\TH: 1.10.10.60.20 , 1.10.10.60.4

MSD
Database links & PROSITE dos: Pooc0s2
Blocks: P BO




Peptide related information

= MEROPS - Peptidase Database
Peptide Database (Cancer) [example]

PeptideMass

» cleaves a protein sequence from the UniProt
Knowledgebase (Swiss-Prot and TrEMBL) or a user-
entered protein sequence with a chosen enzyme, and
computes the masses of the generated peptides. @v

SYSFPEITHI Gb
SYFPEITHI J

= SYFPEITHI is a database comprising more than 7000
peptide sequences known to bind class | and class |l
MHC molecules. The entries are compiled from
published reports only.

PeptideAtlas eptioe tlas

= multi-organism, publicly accessible compendium of
peptides identified in a large set of tandem mass
spectrometrv proteomics experiments.



Composite or Meta databases

These databases of databases collect data from different sources and make
them available in new and more convenient form, or with an emphasis on a
particular disease or organism.
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Many Datasets at NCBI

* The NCBI hosts a huge interconnected
database system that, in addition to DNA

and protein, includes:

— Journal Articles (PubMed)

— Genetic Diseases (OMIM)
— Polymorphisms (dbSNP)

— Cytogenetics (CGH/SKY/FISH & CGAP)

— Gene Expression (GEO)
— Taxonomy
— Chemistry (PubChem)

Saccharomyces
GENOME DATABASE

Analyze

About SGD

The Saccharomyces Genome Database (SGD) provides comprehensive
integrated biological infermation for the budding yeast Saccharomyces
cerevisiae along with search and analysis toals to explore these data,

anahlinA the diermsany af flinetinnal and

WormBase .
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YeasiMine: Batch Analysis or Advanced Search

on Literature Community

New & Noteworthy

Seminal Yeast Literature
08.27/2013

SGD has compiled a selection of seminal yeasl lileralure, comprising
landmark papers in yeast biology. The listis available on the SGD Wiki
and includes important publications on cell biology, early genetic maps
and genome surveys, and (he original S288C sequencing consortium.
Algo listed are key papers descrik’~ il e
strains of . cerevisiae. This new -

FB2013_04, ralsaced July 15th, 2013

already available on the SGD...re wFly Base A Database of Drosophila Genes & Genomes

See You at Yeast 2013!

08i26/2013

Deactnguster]| e
SGD staff will be attending the 26 welanegester | =mge
Genetics and Molecular Biology, \ Dnirilis
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BLAST GBrowsa QueryBuilder | RNA-Seq Search TermLink ImageBrowse || Baich Download
Fast-Track Your Paper QuickSearch &

FlyBase Forum

Find a Fly Person

Wha's popular on WormBase:

ou st et

g b b o e b o Wi

‘You can save kams an WormBase!
Wk s e o, el

iple’ Expression | Phenctype \{ GO References | Dala Type

Species: ] Include nan-Dmel species Search
Enter text:

MNote: Wil cards {*] can be added to your search term

Commentary  See all commentaries
FlyBaso RNA-Soq RPKM data bulk download

May 6 2013 FlyBase Is extending i1s initial
gene-level analyses of RNA-seq throughput data
from modENCODE and olhers. The algorithm for
RPKM (reads per kilobase per million mapped
1 reads) has been refined. additional datasets have
1 been analyzed. and these data are now available
for bulk download. . (More|




SNCBI  [AlDaubased®) ]
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NCBI Home -
g Welcome to NCBI Popular Resources
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e The Nationai Center for Biotechnology Information advances science and | 54T 5 (jNCBI

health and Booksheit .
Cremcats  Boassars o ~————— Welcome to NCBI ekt et o
About he NCBI | Mission | Organizaton | Research | RSS Fesds
Data & Softwara The National Cente for Biotechnology Information advances science and
DNA & RNA o heaith by provisng access 1o biomedical and genomic information NCBI Home !

Domains & Structures == s e ST = About the NCBI | Mission | Organization | Research | RSS Feeds Site Map (A-Z)
Genes & Expression Downloads: Get NCBI data or software All Resources for Biotechnology Information advances science and
Genetica & Medicne How-To's: Leam how 10 accompish specfic tasks at NCBI il Get Started o = é‘e’:“;‘m"? ccess 10 biomedical and genomic information.
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2l Servhinete st g BC Pt 910100 phitnibpe Firaers
71 ) mepretes: soyrognd gt e et s PHCID: PHCZATHES

o E ‘Suoplementany Maissal —_—

Search detal =

B L T pe——— O The ABG ransporter gene family of D wox gaphila"THeEN Tecad | O
12 bt w | 1 48 Masw curaved wromanen st e corvrind weesnsy 8
“ 2 e T sl o fi
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A E BDF-25  Susplementar Matesal baphnia| Figure/Table Coption) |v
0 Mesozoic fossis (>145 Mya) suggest ihe antiquity of the subgenera of Daphnia and their cosvolution with chacborid G Soe morm
s predators
Alexey A Kotov, Derek J Taylor e ——
BN Evol Bick 2011, 11, 125, Published onine 2011 May 19, ol 10.1188/14T1-2HB-11-128 Recent activity C
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Hierarchy of databases -
an illustrative example

Integrating databases Nucleotide Protein

Genbank/EMBL/DDBJ UniProt
Primary
dbSNP
Why integration?
el RefSeq
» Data is distributed to several sources Secondary

* That can prevent efficient access to data

» Genomics
» Study of whole genomes, knowledge of gene content, expression etc. needed Ensembl

» To get a better view to cells

» Systems biology
* Reductionism doesn't work by itself anymore, we need integration of knowledge

One PhD student, one gene ;( Data |nteg raﬁon

» Add protein studies, metabolomics, etc.

» Biomart www.biomart.org

BioMart is a query-oriented data management system developed jointly by
the Ontario Institute for Cancer Research (OICR) and the European
Bioinformatics Institute (EBI).

The system can be used with any type of data and is particularly suited for
providing 'data mining' like searches of complex descriptive data.

» Web services www.biocatalogue.org

Web services are application programming interfaces (API) or web APls
that are accessed via Hypertext Transfer Protocol and executed on a
remote system hosting the requested services
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Gene Ontology Database

http://www.geneontology.org/

Search[ |
the Gene Ontology 3608 o peown sames]

Open menus
Home

FAQ
Downloads
Tools
Documentation
About GO
Projects
Contact GO

Site Map

Gene Ontology Home

The Gene Ontology project provides a controlled vocabulary to describe gene and gene
product attributes in any organism. Read more about the Gene Ontology...

Search the Gene Ontology Database

Search for genes, proteins or GO terms using AmiGO :

l )

@ gene or protein name 2 GO term or ID

AmiGO is the official GO browser and search engine. Browse the Gene Ontology with AmiGO.

GO website

® The latest news and views in the GO newsletter

. GQ downloads, including »o}ntology files, annotations and the QO database

* Tools for using GO, including OBO-Edit downloads, AmIGO, and the GO Online SQL
Environment.

* Request new terms or ontology changes or get help with new term submission

e Documentation on all aspects of the GO project and the GO FAQ

® Projects within the GO consortium, including Reference Genomes and immune system
annotation

e Gene Ontology mailing lists and contact details

The Gene Ontology Consortium is supported by a P41 grant from the National Human Genome Research
Institute (NHGRI) [grant HG002273]. See the full list of funding sources. The Gene Ontology Consortium

would like to acknowledge the assistance of many more people than can be listed here. Please visit the

Last modified Wednesday, 19-Mar-2008 17:10:11 POT
Cite GO « Terms of use « GO helpdesk
Copyright © 1999-Saturday, 29-Nov-2008 17:49:09 PST the Gene Ontology

Gene Ontology Database (nttp://www.geneontology.org/)

Example: methionine biosynthetic process

[ all : all [251524 gene products] Actions. ..
H G0:0008150 : biological_process [165760 gene products] ::::a‘”"": Reset the
B G0:0009987 : cellular process [78832 gene products] Graphical View
B H GO0:0044237 : cellular metabolic process [53731 gene products] View in tree browser
E @ G0:0006519 : cellular amino acid and derivative metabolic process [4751 Download...
gene products] :ggxm
B G0:0006520 : amino acid metabolic process [3961 gene products] GraphvViz dot

GO0:0008652 : amino acid biosynthetic process [1807 gene products]
H G0:0009067 : aspartate family amino acid biosynthetic process [485 gene products]
& B G0:0009086 : methionine biosynthetic process [171 gene products]
H G0:0000097 : sulfur amino acid biosynthetic process [288 gene products]
B G0:0009086 : methionine biosynthetic process [171 gene products]
GO:0009066 : aspartate family amino acid metabolic process [714 gene products]
B G0:0009067 : aspartate family amino acid biosynthetic process [485 gene products]

=

= B G0:0009086 : methionine biosynthetic process [171 gene products]
B GO0:0006555 : methionine metabolic process [281 gene products]
& @ G0:0009086 : methionine biosynthetic process [171 gene products)
H G0:0000096 : sulfur amino acid metabolic process [446 gene products]
B G0:0006555 : methionine metabolic process [281 gene products]
# @ G0:0009086 : methionine biosynthetic process [171 gene products]
B GO:0000097 : sulfur amino acid biosynthetic process [288 gene products]
= B G0:0009086 : methionine biosynthetic process [171 gene products]
E B G0:0044249 : cellular biosynthetic process [27813 gene products]
H (G0:0044271 : nitrogen compound biosynthetic process [2165 gene products]
H G0:0009309 : amine biosynthetic process [1996 gene products]
H G0:0008652 : amino acid biosynthetic process [1807 gene products]
® B GO0:0009067 : aspartate family amino acid biosynthetic process [485 gene products]
H GO:0009086 : methionine biosynthetic process [171 gene products]
GO:0000097 : sulfur amino acid biosynthetic process [288 gene products]
&= GO:0009086 : methionine biosynthetic process [171 gene products]
@ B G0:0044272 : sulfur compound biosynthetic process [S48 gene products]



Metabolic networks - pathways

= Kegg Pathways [glycolysis / gluconeogenesis hsa]
= MetaCyc (HumanCyc)

= Reactome - a curated knowledgebase of biological pathways
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Evolution of genome projects Database definition

2400
2300
- 7464 genome projects EEEE + What is a database ?
(June 2010) B 300 1708 — An organized body of related data
[ . . . .
« Number and Size of 5 1c00 N | — ltis presumed that (i) the volume of the data is large (ii) data have to be
2 1500 ; « »
projects grows at a rapid E 1400 accessed, retrieved, updated “frequently
rate $ 1200 — Database Management Systems (DBMS) are software that facilitates
-3 . . .
We have crossed the § 1000 the creation, administration and use of the database
* % 900
Terabyte threshold of £ o
i N 600
genomic data fom . - Some common database models:
* These data need to be %0 PR | By e O e
stored, curated and made 100 {2 5~~1'z~r—1977247774_211 rrrrrrrr : e 3
available for analysis and T RouteNo.  Mies  Acy | |t SPLOYEE L D EWDATA Dl ot || 2%
anay 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 cont " - DONMBER o Ei | DD e Lo Far 0
knowledge discovery Vear ecod ety FNAME : varcHan G0 MR e by
i 4 o SALARY : NUMBER iy Coce
Number of sequencing projects, 1995-2010 e be = s ADDRESS_D - NIVEER S e
Source: GOLD www.genomesonline.org Feeedi S0 * Cracksa i D P

How big are genomes ?

[GenBank Refease 173.0 — August 15, 2009

Species Genome size Bases Entries
Homo sapicns 300,000,000 13.669.851.495 12838795
Mus musculus 3454200000 8445993792 7,347,636

g s s v | DOGS - Databases Of Genome Sizes
wmn o mewmocmmmoml |y cbs.diu.dk/databases/DOGS *Genomes

Danio rerio 1900.000,000 3074615557 1.695362
Strongylocentrotus purpur  900.000,000  1,352.840.985 228,153 -
o

c tabacum 900,000,000 1.184330.809 1,752,654 4 C h romosomes ™S

1176024629 1.217983

What are the genomic data ?

c
O c 900000000 1146732476 1423046 v ,_!
180000000 1038512618 120,127 DNA EST RNA =
of ; == )
Qo 3577500000 997816950 213217 enes (C y S, Seq, =
: 100,000,000 950,139.115 2,240,601 - B {
[oF 100000000 93L176470 1434100 . l )
000OW  SI0TE0G8 G5 *Nucleotide sequences 2 B
c 1200000000 884489747 806871 . . %
LIIS000000 846429180  1,828912 G t I . . Phadiie Y
w 3,543.000,000 808,403,289 78410 enome yplca slizes: 0Pr0te|n Sequences = $ ’,
E 200000000 748153905 1.216.132 .
& 106.533,156.756_108.431.602 E
1 ]
= *Annotations i
o * Virus: 1 to 360 kb (mimivirus: 1.2 Mb ! :
S s irus: 1 to imivirus: 1. I H
o e «Structures
6 1000600000 e . ID  AE001437 2; parent: AE001437
F] 100000000 o . Bacterla . 0 . 5 to 1 3 M b .Et AC  AE001437; AB007513-AE00T868;
o E 10000000 . C_ .. FT gene 467..1807
~N = 1000000 L T /gene="dnaa"
100000 . FT /locus_tag="ca_c0001"
a » Eukaryotes: 8 Mb to 670 Gb ~203004-1 S semuence 1341 mR;
Ax. lengih MSLSLWQQCLARLODEL SMWTRPLOAELSDNTLALYAPNREVLDWVRDKYLNNTR atogctgcce aattasatga actgtggcaa asaaccataa acataataaa aggtgaatta 60
1000 | = e P e 2 it ttggat
o GLLTSFCGADAPQLRFEVGTKEVTQTPQARVTSNVAAPAQVAQTOPORAAPSTRSGHDNY ctatatctat tgataaagat 120
P 100 - - agtatacgcc ttagtgttcc aaatcaattt acaaaggaaa ttctcgaaaa tcgatataaa 180
1985 1990 1995 2000 2005 2010 PAPAEPTYRSNVNVKHTFDNFVEGKSNOLARAARAROVADNPGGAYNPLFLYGGTGLGKTH ‘tamattctat taat 240
Year LLHAVGNGIMARKPNAKVVYMHSERFVODMVKALQNNAIEEFKRY YRSVDALLIDDIQFF atttcctotg aagasgcttt ggamaccgat gaagatcasg asaccgatac sascaatgta 300
Elo) FHTFNALLEGNQQIILTSDRYPKEINGVEDRLKSRFGWGLTVAIEFPELE aatacagata ctagttcttc tatgcttaat ccaaaataca aatttgattc atttgtaatt 360
TRVAILMKKADEND IRLPGEVAFFIAKRLRSNVRELEGALNRVIANANFTGRAITIDFVR taatagt ttgct 420
EALRDLLATLOEKLVTIDNIQKTVAEYYKIKVADLLSKRRSRSVARPROMAMAT.AKELTNH gcctacaatc cattatttat tcttatgcaa 480

SLPEIGDAFGGRDHTTVLHACRKIEQLREESHDIKEDFSNLIRTLSS gctataggtc attacatact tgataataat ccaasagcta aagttgtata tgtttcttct 540




Data visualization

Genome Browsers (GBs) hold a central place in genomic projects

» Some popular GBs: Gbrowse, Artemis, Ensembl, UCSC,...

* Many GBs are now available
but the choice of a well adapted
GB can be a challenging task

* Web site:
genome.jouy.inra.fr/CompaGB

Generic
Section
MuGeN (20060919-Feb
2009)
=—=Ensembl (rS4-July 2009)
Data Technica Artemis/ACT (10.08-7.5.2)
Content and s
Connectivity CaNreS ——GBrowse (1.69-March 2009)
=——UCSC genome browser
(hg 19-April 2009)
Graphical
U“:,

Interface




Browsing genomes at EBI

 http:/ fwww.ebi.ac.uk/genomes /index.hml =5 ¢ | (Qr Genoscope

Main resources for genomes , —

EnBLEBI 2 I

Databases | Tools EBIGroups | Training Industry AboutUs | Heip

* Two main international resources:

. m,ﬂéa Genomes Pages - At the EBI

- EBI: European Bioinformatics Institute * Aeseanis DG s

B = Eukaryota

WWW. ebl . a C. u k/qenomes ot Q:g&;g::‘p\emd genomes from wruse‘séagr'v“aﬂg::and organen:i:ehr‘iij?“o;:iz Tr::]h‘?ngui’;dm Database in the early 1980's. Since then, mle‘v:Al‘aJnl:j\u’;:gyo!'

« Phage complets genoms sequences being added 1o the daiabase, including Archaea, Bacleria anc Eukarycia. These web [ of
. = A - Complets genomes, Nelp I5 avallabie 10 descrie e layout
- NCBI: National Center for Biotechnology Information s Wil o St Scuanio (G
. . « Virus Motade using wnalo gonamo shoigun data aro ucod 1o 9ain a largo amoLnt af gonoma covaraga far an organiem. WGS data for a growing nuMbor of organisms ara baing submittod to
WWW_ ncbl . nlm . nlh .QOV/GenomeS u Links MSE g;ﬁg:g:(a&m maae;vauzme via EBIs Sequence Retrieval System (SRS) at hitoisrs.ebl.acuk and the EBI FTP server at ftpzifip.ebi.ac.udpub/databases/embliwgs!.

WGS irfo

Genome Reviews

It (proeomes)  Te comploton ofho human draft gonomo soquanco wos announcod and puelihod in Fabruary 2001 in Natiro and Scioreo. Sinos the boginning ofthe Human Genomo Projcet, tho
: international Human Genome Sequencing Consortium has been subiting human drat sequence data to the Intemational Nudleofide Sequence Databases DDB./EMBL/GenBank.

Fasta33 Server High-throughpul human ssquences have been made availabie 1o he ia he EMBL Database N genome division (HTG), while

* Many other resources from sequencing institutions: e e

+ Sanger: the Welcome Trust Sanger Institute www.sanger.ac.uk Tho el Genoms Bt v et s ol anzaon, Qg a5 kSl Saassfor & o kAo Qenas g i,

MOuSe, 11asopNiiz, anopreles, Zebrais with oMers 1o ollow.

JCVI: the Craig Venter Institute (formerly TIGR)  www.jcvi.org 231 s oo anayss momaioncn  are nmerol oganss
JGI: the Joint Genome Institute (DOE) genome.jgi-psf.org Lot a0 Oenoms Enten

NB The genames pages are normally updated shead of SRS if links fail to work for recent genomes, please try in 1-2 days.

Human Drat Genome

* Broad: the Broad Institute (Havard, MIT) www.broadinstitute.org Ot} W sy yaratariras e s

Genoscope: the french sequencing center www.genoscope.cns.fr awmico | covsa | rennmsknava e 2

27 MAV-201C | CQ8454431 | Human papilomay rus ype 121
* 27-MAY-2010 | GQ8458441 | Human papilomavrus type 122

2 conssass 2

NI

EBI: genomes of archaea ke T

EBI: genome of A. pernix K1

Integr8 - A.pernix:

8eno Genomes Pages - Archaea
[ <] » | + [ hup:s/usmw.ebi.ac.uk/genomes farchaea htmi (3 ¢ | (Q- Genoscope

[XeXe}

Give us

: fo; CETTETRG ETT TS o -
EMBL-EBI 3:* &, sears All Databases 4 | Enter Text Here Go b=

feedback | emeL-e8) & Go]] Rewst €
Dafabases | Tools EBIGroups | Training Indusry | AboutUs | Help | Site Incex [ Detabases | Tools EBIGroups | Training Industry AboutUs Help
= Complete genomes = Home EBI > D s >
« Archaea Genomes Pages - Archaea « localhelp ® P P
= Archaeal virus 84 organisms,
= Bacteria = Integr8 News
= Eukaryota Accession numbers of all the entries isled below may be downioaded as a text fiie for use In downioading using the Sequence Version Arciive = Focal Point archive Search for species 1 “ Search for genelprotein | I | in @ “
= Organelle Amoredetalied, Lab-gelmitad st s a1so avalavie. = Lalest Species Selected species A.pernix Change scops
= Phage 4
= Plasmid m ' = Browse Species Aeropyrum pernix (strain K1) - Tax ID: 272557 GAs: @,
= Viroid m A strictly aerobic hyperthermophilic archaeon isolated from a coastgffsolfataric thermal vent at Kodakara-Jima Island, Japan in 1993. It is a hets
s species Aciduliprofundum boonel = Apornix grows optimally at 90 to 95 dogroos Colsius, pH 7.0, and a salinityfbf 3.6%. It is spherical shapod and coverod by a cell onvolopo (S-layor-like ltruclum) iy
e EVaeie Coontest Py B Lerature. contains C25-isopranyl archaeol (glycerol diether) as the hy chain in the core lipid.
i WGS info e == :;:::ﬁ::::ny:s Uterature Genome Statistics  Proteome Analysis  Taxonomy 4
- Genome Reviews 2 Aeropyrum parnix Ki 1,660,606 BAO00002 BADODO02 211 Proteoms et Literature  Genome Statistics ‘|
Integr8 (proteomes) ‘species Archaeoglobus fulgidus
© Fasta33 Server 2 Archacoglobus fulgidus DSM 4304 2,178,400 AE000782 AE000782 104 Proteome
*Ensembl species Archacoglobus profundus
4 Archaeoglobus profundus DSM 5631 1,560,622 cp001857 CPOO1857 Proteome ——— .
L . o P @o
5 Caldviiga maguiingensis 1G-167 2,077,567|C2000852 CPO00RS2 17421 Proteome - T — w2 el ol
6 | Candidatys Korarchasym cryptofium OPFR 1,590,757|CR0009EE CPO00SEE 16525 Proteome —— s . G ——
species Candidatus Methanaregula boonel S st sctes Lnemin o
7 | Candidaius Mehanorsauls booni 648 2542043/ cp000780 | CPOOOTE0 18505 Frotoome I - — ——
e T Apor | Sromamern i S Toemans ariare ey F=s e
L] ‘Cenarchaeum symbicsum A (73 parts in a CON entry] 2,045,086 DP000238 DP000238 202 Proteome 1...”.‘. oot compostion | | Protein lenath ditibunon | [Trimie ueaae: 1
species Desulfurococeus kamehatkensis | |
9 Desuliurecoccus kamehatkensis 12210 1,865,223 €P001140 CP001140 28141 Proteoma I < = | £
‘species Ferroglobus glacidus A [l I
10 Eerrogobus placidus DSM 10642 2196266 CP001899 CPO01899 33635 Proteoma : A::wmm I || |||| II. I~ :
species Ferroplasma ackdarmanus: & hentionn [T L= : |
11 Ferropasma acidarmanus ferd (18 parts in a CON entry! 1,047,053 cM000428 CMO00428 230 va A = N




Il. Genome databases EBI: genomes of eukaryotes

7 7 Qr Genoscope

EMBL-EBI ::° 320 2 Al Databases + | Enter Text Here D Ghvaus

Databases Tools EBI Groups Training Industry te index T &

= Complete genomes

o Archaea Genomes Pages - Eukaryota
= Archaeal virus 114 organisms.
= Bacteria
« Eukaryota Acsesson nurersof  ino ot st boow may b downioaded 8 1 o o  downogang usng iho 840,91 Verson Atie,
genome this page no longer includes direct links to Ensembl genomes. Please use the link to browse
= Organelle them directly.
= Phage A more-detalied, 1ab-dolmied Iis! is also avalable.
= Plasmid
= Viroid Description Length (bp) Sequence Project Proteins
= Virus Plain HTML
= Links s
e — - Il. Genome databases  EB|: download genomic data of A. thaliana
Genome Reviews |2a | Anopheles gambiae str. PEST chromosome 2L (12 parts in a CON ent 49,364,325| CM000356 | CMO003S6 = -
Integr8 (proteomes) |20 | Anopheles gamoiae str. PEST chromosomo 2R (23 parts in a CON entry) 61,545,105 CM000357 | CMO00357
Fasta33 Server |2c | Anopheles gambiae str. PEST chromosome 3L (22 parts in a CON entry) | 41,083.435 ci000358 | CMO00ISS | 1438 L. -
Ementil [20 | Anopheles gambiae str. PEST chromosome 3R (10 parts in a CON entry) | 53,200,684 cM000359 | CMO003SS 800 Intagr8 - A.thaliana:
EZa 'mmnr. PEST chromosome X (13 parts in a CON entry) | 24,393,108 | CM000360 ';m !II, + (17 hup:f fwww.ebi.ac.uk /integr8/OrganismHomeAction.do?orgProteomelD=3 & M Qr Google
| T | 2
'3a Arabidopsis thalana mitochondrion 386,924/ Y08501 | Y08501 11796 .
|30 | Arabidopsis thaliana chromosome 1 botiom arm (116 parts in a CON entry) 14,668,883 AE005173 | AE005173 T — )
lac  Arabidopsis thaiana chromosome 1 top arm (149 parts in a CON entry) | 14221815 A00s172 | AEOSI72 EMBL-EBI ) s i I
[3a | Arabidopis thakana chromosome 3 (331 parts in a CON enry) | 20408080 paoooors [maoooors | o Daiabases | Tools | EBlGoups | Training | hdusty | Avouius | Help - |
/8¢ Arabidopsis thakana chromosome 4, long arm (76 parts in a CON entry) 14,497,843 | AJ270060 | AJ270060 == _ i
[at | Arabidopsis thaiana chromosome 4, short arm (16 parts in a CON entry) 3,082,119 73270058 | AJ27008 » Home EB) > Dambases > ke :
|3g | Arabidopsis thalana chromosome 5 (410 parts in a CON entry) | 23810767 paco0015 | BAGOO1S + local help ® Integrg : A.thaliana: |
'ah  Arabidopsis thakiana chioroplast 154,478 | AP000423 | APD00423 13181 oy i
[ai | Arabidopsis thakana chromosome 2 (255 oarts i a CON entry) | 19709060 ath2 . IFr::ecg\r Pointabive
species Asp ‘ L \ Lalsst Speces s;;lr:n for species m Search for gens/pratein
|42 Aspergaus igo sra Noos miochonarin 91,109 20207726 1572 . s | Soioctor Gpacics A hallane ChangSSISRS oo e
|48 |Asgiagite rigae siiparoonil 801, otwarriosoma may 21 (48 parly in s CON entry) ;J - Browse Species Arabidopsis thaliana (cultivar Golumbig) - Tax ID; 3702 GAS: a_;ﬂ,_( ©

Arabidopsis thaliana (meuse ear cress) is a small uninterasting-looking litile plant with a reseite of leaves, thin stems and small whits flowers, found on the rock 1
u Athaliana 1t =

Arabidopsis thali 3 htp: - ¢ W Q- congle
family, lke cabbag a A : -

these include amo
weeks from seed
vatety of stook o4 PIRY Aiveenses ¢+ Jererren vore =

| rdusiy | Aboutus Help

arve us
Fousitirih |

« B & I

Taxonomy — =
EBI Groups walning

ES| » Databuess » Iriegrd

= Home
= loeal help @ Integr8 : Download data for A.thallana:

= Inteqra News

= Foca| Paint arshive Soarzh tar spacics TN seorcn rar gonerprotein w [ Ashatiana T e
= Laiest Species Selectsd speces A fhaliana Crangs
= Browsn Spacios Compiste protecme - UniProtKB: =
Proteome sets (FastlnProbdL format) Gane gats (FeraEMBL format) o
= & thatiana
- Unaranure

Genome Stalistea
Pretearne Analysis

- Dawnloads
Taxonomy
Compones - UniPratkB: e
= Inquisior Benome companant EMBL Genome Reviews. Proteome sets (FastafliniProt format) Bene sots (Fasta/EMBL format)
siaus
Grramosome 2 <T485783 CT485783 GR Fasta UniProt Fasta EMBL
- Grramesome 4 CT486007 CT486007 GR Fasta UniProt Fasta EMBL
= BioMa
= Protenmes and Chromosome 3 BADDDO14 BADODO14 GR Fasta UniProt Fasta EMBL
Genomes FASTA Chromosome 5 BADDD015 BADODO1S GR Fasta UniProt Fasta BL
Criorapiast AP200423 AP099423_GR Fas@ uniPras Fasta EMBL
= About Integra Chromosome 1 CT485782 CT485782 GR Fasta UniProt Easta EMBL
= Publications MGE Do Tion. YOBS501 YO0B501_GR Fasta UniProt Fasta EMBL

= Integ 8 Web service




Il. Genome databases

Browsing genomes at NCBI

Genome biology

<> NCBI

PubMed  All Databases  BLAST OMIM

Search | All Databases %] for

NCBI

Site Map
guide ta NCBI
resources

Cancer
Chromosomes
chromosomal
abnormalities

Clusters of
Orthologous Grou|
analysis of complete
genomes

Gene
gene-related
information

Genome
complete genome
sequences

GEO
gene expression data

HomoloGene
orthologs betwesn
pairs of organisms

Map Viewer
map and genome
displays

» Genomic Biology

NCBI provides several genomic biology tools and resources, including organism-specific
pages that include links to many web sites and databases relevant to that species. We
invite you to explore the links provided on this page.

» A ly and A Infor

« The Genome Reference Consortium (GRC) ew
+ AGP Resources

« Annotation Information

« Assembly Information

-
.

Genome Glossary
NCBI Handbogok, Chapter 14: Genome Assembly and Annotation Process

» Announcements

Map Viewer - genome annotation updates:
Species Build Map Viewer Release
Drosophila melanogaster 5.10 MNovember 24, 2009
Drosophila pseudoobscura 2.3 November 24, 2009
;ﬁrr::;dggsts thaliana (mouse-ear 91 October 14, 2009
Homo sapiens (human 37.1  August 4, 2009
Vitis vinifera (wine grape IGGP 1 April 7, 2009
Taeniopygia guitata (zebra finch’ 1.1 March 5, 2009
Hydra magnipapiliata 1.1 January 28, 2009
Physcomitrella patens (moss 1.1 January 8, 2009
Ce it de) Ocmber 10, 2008

¢ [Q~ Coogle

Genome Resources

» Entrez Genome

» Pungal Genomes Central

» Genome Projects Database

Fungi
Insects
Mammals
Microbial
Plants
» Map Viewer
» Organelles
» Plant Genomes Central
» Viral Resources
Influenza Virus Resource
Retroviruses
Viral Genomes

Organism-Specific

@ Genome Resources

) BLAST

L) Map Viewer

) Genome Project DB
» Aphid new Qe
» Arabidopsis (8 TMTP ]
» Aspergillus QUUY

Al

N

Il. Genome databases

Prokaryotes genomes at NCBI

800 Complete Microbial Genomes

¢ | ( Q- NVBI genomes !

< ENTREZ e —— RO i 0
> NCBI m discovery
PubMed Nucleotide Protein Genome Structure PopSet Texonomy OMIM
‘Sem )
| Organisminfo = Compl . G in progr \
group: [ - All -~
Tools legend: T - TaxMap; P - ProtTable; C - COG Table; L - BLAST; § - CDD search; G - GenePlot; X - TaxPlot; M - gMap; F - FTP; R - Publications.
" size is esti d, otherwise genome size is based on existing
1181 C lete G [A] - 86, [B] - 1095 save
“;';S;" GPID Organism King Group *Size GC #chr #plsm GenBank RefSeq  Released Modified Center Tools
49725 30807 Nostoc azollae' 0708 B Cyanobacteria “553 383 CPO02039.1 NC 0142481 03/06/09 06/16/10 DORoietGenome —— p — p
Institute [more]
Genome Sequencing
ngr_(gxlm
12997 12997 MBIC11017 B Cyanobacteria 836 470 1 9 CPO00828.1 NC 009925.1 10/16/07 05]27/]0 University (WashUj TRPCL X ER
School of Medicine
[more]
. AT . M g
31129 31120 pE PR B 333 531 1 6 APOLI121.1 NC 013200.1 08/26/09 04/16/10 =L TPELS X RE
ek : - iv
31141 EQ32§!01 2C B 323 531 111 08/26/09 1 fiixie)
i . . . Yamaguchi Univ.,
EINKIS m3283 03 B 333 §31 APO11128 08/26/09 e
i ; . Yamaguchi Univ..
3 s 531 08/26/09 Sumemiy St
33 m P 333 APO11135 1 Gl
i 3 L . . Yamaguchi Univ.,
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II. Genome databases

Acetobacter Pasteurianus proteome at NCBI

800 uid=25031 Genome Result

[» ][+ tp://waww.ncbi.nlm.nih.gov/sites fentrez?db=genome&emd = Retrieve&dopt =Protein+ Tabledlist_uids=25031

& | (Q~ NVBI genomes

Comparative genomics resources

UCSC Genome4 Bioinformatics genome.ucsc.edu

Display [ Protein Table ) Show [20 #](sendro 3]
All: 1 \IZ
Acetobacter pasteurianus IFO 3283-01, complete genome
Position: from | begin to end Length: from 0 to inf ( Refresh ) ( Reset
Length histogram.
Cickan 2 barto seect ‘ength range
r =

1 2008

2628 protein(s) shown

Legends:® Structure
Product Name Start ‘ End Strand | Length | Accession GenelD | Locus Locus_tag | COG(s) el Structure
Holliday junction resolvase RusA 388 813 141 YP_003186539.1 | 8434306 || rusA APAD1_00010 | COG4570L CLSK2557702
phage integrase 1208 | 2420 404 | YP_003186540.1 | 8436902 | - APAD1_00020 | COGO582L CLSK2541448 |
hypothetical protein APAQ1_00030 2681|3160 - |158 | vP_oo31ee541.1 | 8434307 |- APAQ1_00030 | COG1671S | CLSK2402752
hypothetical protein APAD1_00040 3400 | 3927 + |175 [vP_oo31ses4z.1 | 8434308 | - APAD1_00040 | - CLSK935951
multidrug resistance transporier Bcr/CRIA 4064 5311 + 415 YP_003186543.1 | 8434309 | ber/cA APAD1_00050 | COG2814G CLSK936199
hypothetical protein APAQ1_00080 5336 | 5722 - |128 | vr_oo31ee544.1 | 8436518 | - APAQ1_00060 | -
hypothetical protein APA01_00070 5753 5938 61 YP_003186545.1 | 8434310 || - APAD1_00070 | COG28358 *
Lon-like ATP-dependent protease La 5965 6669 234 YP_003186546.1 | 8434311 || - APAQ1_00080 | COG2802R CLSK936150
thioredoxin 6684 7643 319 YP_003186547.1 | 8434312 | - APAD1_00080 | COG31180 CLSK936149 *
hypothetical protein APA01_00100 7706 7819 37 YP_003186548.1 | 8434313 | - APA01_00100 || -

“Omics” databases

Transcriptomics

SMD
ArrayExpress
GEO
Proteomics

SWISS-2DPAGE

OPD
PARIS

genome-wwwb.stanford.edu/cgi-bin/SMD/login.pl

www.ebi.ac.uk/microarray/ArrayExpress/arrayexpress.html

www.nchi.nlm.nih.gov/geo

expasy.org/ch2d

bicinformatics.icmb.utexas.edu/OPD

genome.jouy.inra.fr/paris

Protein-Protein interactions

DIP dip.doe-mbi.ucla.edu
BIND www.bind.ca

BRITE www.genome.ad.jp/brite
STRING string-db.org
Metabolomics

Kegg www.genome.ad.jp/kegq
Metacyc biocyc.org/meta/

WIT wit.mcs.anl.gov/WIT2

Ensembl

MapViewer

VISTA Genome Browser
Comparative Regulatory Genomics
GALA

EnsMart

PipMaker and MultiPipMaker
VISTA server

MAVID server

zPicture server

rVISTA server

COGs

MOSAIC

www.ensembl.org
www.ncbi.nlm.nih.gov/mapview
pipeline.lbl.gov
corg.molgen.mpg.de
www.bx.psu.edu
www.ensembl.org/EnsMart
www.bx.psu.edu
www-gsd.lbl.gov/vista
baboon.math.berkeley.edu/mavid
zpicture.dcode.org
rvista.dcode.org
www.ncbhi.nlm.nih.gov/COG
genome.jouy.inrafr/mosaic

Databases of Motifs and Mobile elements

Regulation motifs
Transfac

www.biobase-international.com/pages/index.php?id=transfac

RegulonDB

regulondb.ccg.unam.mx

Protein motifs
Interpro

www.ebi.ac.uk/interpro

Pfam

www.sanger.ac.uk/Software/Pfam

Mobile elements
Isfinder

www-is.biotoul.fr/is.html

ACLAME aclame.ulb.ac.be

Repeat elements
Repbase

www.girinst.org/repbase/index.html

CRISPRdb

crispr.u-psud.fr/crispr




Genome databases: Why genome databases?
Ensembl, UCSC, MapViewer

Genome structure

Gene identification

Complete catalog or blueprint

Rapid identification of proteins

Genetic, transcriptome, proteome analysis
Comparative genomics

What are genome databases?

» Genome databases contain, well, genomic information collected from
many sources.
+ Genome assembly
*+ Gene predictions
*+ Known genes, mRNA, ESTs, proteins - .
+ Genetic maps, markers and polymorphisms Some ConSIderatlonS
+ Gene expression and phenotypes
» Annotations
- Interspecies homologues » Selection of the database
» Organism content
» Speed (MapViewer can be slow)

» Organism specific databases can be more up-to-date than general
databases

» Genome databases are not a one stop shop for all information,
other databases like EMBL and UniProt are still needed
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UCSC Genome Browser (university California Santa Cruz - USA) U C SC

http://genome.ucsc.edu/
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Compar ative gen omics Integr8 - genome summaries

http://www.ebi.ac.uk/integr8/
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Genome resources challenges

Some biological challenges :

= Genome annotation: Merging automated, experimental and curated
information : “reference genomes” vs “draft genomes”

» Dealing with multiple genomes concerning: individuals, strains and
related species

» Linking polymorphisms with phenotypes and functional studies

Conclusion

Some bioinformatics challenges :

= Data archiving : format, volume and standardization problems

* NGS (Next Generation Sequencing) technologies provide more and

= Data integration: physical, virtual, semantical
more data at ever lower cost.

= Data visualization of large volume of data in a visually intuitive format

* Diversification of projects: de novo sequencing, re-sequencing,
metagenomics, RNAseq,...

Example: the 1000 genomes project www.1000genomes.org

* We will have to deal with increasing amounts of sequencing
data and it is still a challenging task to provide adequate
structures to produce, store and analyze data



Table 1. A variety of resources for the study of collections of prokaryotic genomes

Excellent sources of information about a wider range of databases and web services are the special database and web server issues of Nucleic

Acids Research, which are published every January and July, respectively (http://nar.oupjournals.org/).

PROKARYOTIC GENOMIC RESOURCES

Monitoring completed and ongoing genome projects
Genomes Online Database (GOLD)
http://www.genomesonline.org

Provides access to lists of complete and ongoing genome projects
from prokaryotes and eukaryotes
Primary international databases of complete genome sequences
DNA Database of Japan (DDBJ)
http://gib.genes.nig.ac.jp/

Genomes at DDB]J in the Genome Information Broker system
European Bioinformatics Institue (EBI) Genomes at EBI
http://www.ebi.ac.uk/genomes/
National Center for Biotechnology Information (NCBI) Genomes at NCBI in the Entrez Genomes system
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db = Genome
Specialized databases

A Systematic Annotation Package for Community Analysis of  Genome sequences, annotations and experimental data for multiple

Genomes (ASAP) organisms plus an interface for direct community contributions
https://asap.ahabs.wisc.edu/annotation/php/logon.php
Molligen Website dedicated to mollicute genomes allowing BLAST searching,
http://cbilabri.fr/outils/molligen/
Oral Pathogens database
http://www.oralgen.lanl.gov/
Pathema In-depth curatorial analysis of pathogen genomes
http://www.tigr.org/pathema/index.shtml
STDGen and the Oral Pathogens database
http://www.stdgen.lanl.gov/

whole-genome alignment
Databases of oral pathogens, bacterial and viral

Databases of genomes responsible for sexually transmitted diseases

Comparative genomic databases
KEGG: Kyoto Encyclopedia of Genes and Genomes Enzyme and pathway information about complete genomes
http://www.genome.jp/kegg/
Comprehensive Microbial Resource (CMR)
http://www.tigr.org/tigr-scriptsf CMR2/CMRHomePage.spl
Integrated Microbial Genomes (IMG)
http://img.jgi.doe.gov/vl.0/main.cgi
Microbial Genome Database for Comparative Analysis (MBGD) Provides orthologue identification, paralogue clustering, motif

Provides access to a wide range of information and analyses about
all complete bacterial genomes

Facilitates the visualization and exploration of genomes from a
functional and evolutionary perspective

http://mbgd.genome.ad.jp/ analysis and gene order data

Virulogenome Access to complete and incomplete genomes, including Artemis

applet and ACT comparisons

Genomic feature databases

Clusters of Orthologous Genes (COGs) Individual proteins or groups of paralogues from at least three

http://www.ncbinlm.nih.gov/COG/ lineages corresponding to ancient conserved domains
FusionDB A database of bacterial and archaeal gene fusion events

http://igs-server.cnrs-mrs.fr/FusionDB/
Genome Atlas

http:/fwww.cbs.dtu.dk/services/GenomeAtlas/ GenBank files to create custom plots

High-quality Automated and Manual Annotation of microbial ~HAMAP families are a collection of orthologous microbial protein
Proteomes (HAMAP) families, generated manually by expert curators

http://www.expasy.org/sprot/hamap/

http:/fwww.vge.ac.uk/index.html

Genome Reviews
http://www.ebi.ac.uk/GenomeReviews/ genomes

Homologous Sequences in Complete Genomes Database Database of homologous genes and access to phylogenetic trees
http://pbil.univ-lyon1.fr/databases/hogenom.html

Merops Information resource for peptidases and the proteins that inhibit
http://merops.sanger.ac.uk/ them

Visualization of features within large regions of DNA; users can upload

Up-to-date, standardized and comprehensively annotated view of the

Table 1. cont.

PROKARYOTIC GENOMIC RESOURCES

ORFanage

http://www.cs.bgu.ac.il/ ~ nomsiew/ORFans/
OrphanMINE
http://www.genomics.ceh.ac.uk/orphan_mine/
Pathogenomics
http://www.pathogenomics.bc.ca/IslandPathExamples.html
SEED
http://theseed.uchicago.edu/FIG/index.cgi
TransportDB
http://www.membranetransport.org/

tRNAdb

http://lowelab.ucsc.edu/GtRNAdb/

BioCyc
http://www.biocyc.org/
MetaCyc
http://metacyc.org/
STRING
http://string.embl.de/

Mulitple
A Genome Comparison Tool (ACT)
http://www.sanger.ac.uk/Software/ACT/
Mauve
http://gel.ahabs.wisc.edu/mauve/
Multi-LAGAN
http://lagan.stanford.edu/lagan_web/index.shtml
MultiPipMaker
http://pipmaker.bx.psu.edu/pipmaker/
Multiple Genome Aligner (MGA)
http://bibiserv.techfak.uni-bielefeld.de/mga/

PyPhy

http:/fwww.cbs.dtu.dk/staff/thomas/pyphy/
Phylogenomic Display of bacterial genes (Phydbac)
http://igs-server.cnrs-mrs. fr/phydbac/

EnteriX

http://globin.cse.psu.edu/enterix/
Multiple Genome Navigator (MuGeN)
http://www-mig.jouy.inra.fr/bdsi/MuGeN/

CMR’s Genome Properties
http://www.tigr.org/Genome_Properties/
GenomeMine
http://www.genomics.ceh.ac.uk/GMINE/
Integr8 www.ebi.ac.uk/integr8/

NCBI Genome Projects

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db = genomeprj

Systematic Analysis of Completely Sequenced Organisms
(SASCO)

http://www.pasteur.fr/ ~ tekaia/sacso.html

Access to singleton, paralogous and orthologous ORFans in bacterial
genomes

Database of bacterial proteomes with access to lists of orphans that
can be filtered by a variety of criteria

Identification of horizontally transferred genes and genomics islands,
including pathogenicity islands

Expert curation of genomic subsystems, or sets of functionally or
phenotypically related genes

Database describing the predicted cytoplasmic membrane transport
proteins

Genomic tRNA database which contains tRNA identifications made
by the program tRNAscan-SE

Pathway and protein interaction databases

A collection of curated databases each of which describes the genome
and metabolic pathways of a single organism

A database of nonredundant, experimentally elucidated metabolic
pathways

A database of known and predicted protein-protein interactions

genome alignment tools
A DNA sequence comparison viewer (usually BLASTN or tBLASTX)
based on the Artemis genome visualization tool
Multiple genome alignments in the presence of large-scale
evolutionary events
One of several packages in the LAGAN tool set for mulitple alignment
of genomes
Summarizes similarity between multiple sequences using ‘percent
identity plots’ (Pips)
Computation of multiple genome alignments of large, closely related
DNA sequences
Phylogenomics
Automatic, large-scale reconstructions of phylogenetic relationships
of complete microbial genomes
Web interactive tool that displays phylogenomic profiles of bacterial
protein sequences

Visualization of multiple genomes

Visualization tools for bacterial genome alignments

Tool for visual exploration of features of multiple genomes

Genomic metadata

Numerous attributes whose status can be described by numerical
values or controlled vocabulary terms
Database of information about all complete genomes

Access to species descriptions, literature, statistical analysis and
summary information about proteomes

Organism-specific overviews that function as portals for all projects
in the database

Information on base composition, amino acid composition,
ancestral duplication, ancestral conservation and organisms’
classification
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SUPERFAMILY 1.75 including a domain-centric
gene ontology method

David A. de Lima Morais™*, Hai Fang', Owen J. L. Rackham', Derek Wilson?,
Ralph Pethica', Cyrus Chothia? and Julian Gough'*

SUPERFAMILY —sophisticated comparative
genomics, data mining, visualization and phylogeny

Derek Wilson'*, Ralph Pethica?, Yiduo Zhou?, Charles Talbot?, Christine Vogel®,
Martin Madera?, Cyrus Chothia' and Julian Gough?

SUPERFAMILY provides structural, functional and
evolutionary information for proteins from all com-
pletely sequenced genomes, and large sequence
collections such as UniProt. Protein domain assign-
ments for over 900 genomes are included in the
database, which can be accessed at http://supfam.
org/. Hidden Markov models based on Structural
Classification of Proteins (SCOP) domain definitions
at the superfamily level are used to provide struc-
tural annotation. We recently produced a new model
library based on SCOP 1.73. Family level assign-
ments are also available. From the web site users
can submit sequences for SCOP domain classifica-
tion; search for keywords such as superfamilies,
families, organism names, models and sequence
identifiers; find over- and underrepresented families
or superfamilies within a genome relative to other
genomes or groups of genomes; compare domain
architectures across selections of genomes and
finally build multiple sequence alignments between
Protein Data Bank (PDB), genomic and custom
sequences. Recent extensions to the database
include InterPro abstracts and Gene Ontology
terms for superfamiles, taxonomic visualization of
the distribution of families across the tree of life,
searches for functionally similar domain architec-
tures and phylogenetic trees. The database,
models and associated scripts are available for
download from the fitp site.

SUPERFAMILY is a database of structural
and functional annotation for all proteins and
genomes.

The SUPERFAMILY annotation is based on
a collection of hidden Markov models,
which represent structural protein domains at
the SCOP superfamily level. A superfamily
groups together domains which have an
evolutionary relationship. The annotation is
produced by scanning protein sequences
from over 2,478 completely sequenced
genomes against the hidden Markov models.

The SUPERFAMILY resource provides protein
domain assignments at the structural classification
of protein (SCOP) superfamily level for over 1400
completely sequenced genomes, over 120 meta-
genomes and other gene collections such as
UniProt. All models and assignments are available
to browse and download at http://supfam.org. A
new hidden Markov model library based on SCOP
1.75 has been created and a previously ignored
class of SCOP, coiled coils, is now included. Our
scoring component now uses HMMERS3, which is in
orders of magnitude faster and produces superior
results. A cloud-based pipeline was implemented
and is publicly available at Amazon web services
elastic computer cloud. The SUPERFAMILY refer-
ence tree of life has been improved allowing the
user to highlight a chosen superfamily, family or
domain architecture on the tree of life. The most sig-
nificant advance in SUPERFAMILY is that now
it contains a domain-based gene ontology (GO) at
the superfamily and family levels. A new methodo-
logy was developed to ensure a high quality GO
annotation. The new methodology is general
purpose and has been used to produce domain-
based phenotypic ontologies in addition to GO.
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Reorganizing the protein space at the Universal
Protein Resource (UniProt)

1,2,3,4,%

InterProScan 5: genome-scale protein function classification

Philip Jones'*, David Binns', Hsin-Yu Chang’, Matthew Fraser', Weizhong Li',

Craig McAnulla', Hamish McWiliam', John Maslen'?, Alex Mitchell'*, Gift Nuka',
Sebastien Pesseat’, Antony F. Quinn', Amaia Sangrador-Vegas', Maxim Scheremetjew’,
Siew-Yit Yong', Rodrigo Lopez' and Sarah Hunter'™*

The UniProt Consortium

The mission of UniProt is to support biological
research by providing a freely accessible, stable,
comprehensive, fully classified, richly and accur-
ately annotated protein sequence knowledgebase,
with extensive cross-references and querying

ABSTRACT interfaces. UniProt is comprised of four major

Motivation: Robust large-scale sequence analysis is a major chal-
lenge in modern genomic science, where biologists are frequently
trying to characterize many millions of sequences. Here, we describe
a new Java-based architecture for the widely used protein function
prediction software package InterProScan. Developments include im-
provements and additions to the outputs of the software and the com-
plete reimplementation of the software framework, resulting in a
flexible and stable system that is able to use both multiprocessor
machines and/or conventional clusters to achieve scalable distributed
data analysis. InterProScan is freely available for download from the
EMBI-EBI FTP site and the open source code is hosted at Google
Code.

Availability and implementation: InterProScan is distributed via FTP
at ftp://ftp.ebi.ac.uk/pub/software/unix/iprscan/5/ and the source code
is available from http://code.google.com/p/interproscan/.

components, each optimized for different uses:
the UniProt Archive, the UniProt Knowledgebase,
the UniProt Reference Clusters and the UniProt
Metagenomic and Environmental Sequence
Database. A key development at UniProt is the pro-
vision of complete, reference and representative
proteomes. UniProt is updated and distributed
every 4 weeks and can be accessed online for

searches or download at http://www.uniprot.org.

Representative  proteomes. There are hundreds of
complete proteomes not included in the UniProt
Reference Proteomes and this number is expected to
increase many fold with sequences from new organisms
as well as additional 1solates and strains of existing organ-
isms. This flood of new proteomes will decrease the sensi-
tivity of sequence and text searches. To help cope with
this, we are working on a computationally derived set of
RPs. A RP is the proteome that can best represent all the
proteomes in its group in terms of the majority of the
sequence space and annotation (7). Each RP 1s selected



Bibliografske/Literaturne podatkovne baze



Literature Databases

PubMed / MEDLINE

= Database of citations and abstracts for
biomedical literature

= OMIM (Online Mendelian Inheritance in
Man) [Glucokinase] OMIM

Online Mendelian Inheritance in Max

= Catalog of human genes and genetic disorders
with textual information and copious links to
scientific literature

GO ®)

scholar

= Google Scholar

= CiteXplore B
P Cite|
= combines literature search with text mining tools Xplore
for biology. -

= Arxiv

= Open access to 601,910 e-prints in Physics,

Publed ¢

Bibliographic databases

» Pubmed: www.pubmed.org
» Comprises more than 19 million citations for biomedical literature from
MEDLINE, life science journals, and online books.
« Citations may include links to full-text content from PubMed Central and
publisher web sites.

» |ISI Web of Science: wokinfo.com/products tools/multidisciplinary/webofscience
» Aresearch platform providing access to the world's leading citation databases
* Web of Science information is carefully evaluated and selected.

* Free access journals: authors pay to get the papers free
* The Biomed Central BMC initiative: www.biomedcentral.com
* The Public Library Of Sciences initiative: www.plos.org

Mathematics, Computer Science, Quantitative
Biology, Quantitative Finance and Statistics

Taxonomy

= UniProt taxonomy [homo sapiens]

= Organisms are classified in a hierarchical tree structure.

= next to manually verified organism names, external links, organism
strains and viral host information is provided.

= NCBI taxonomy [homo sapiens]

Mnemon ic HUMAN

Taxon identifier 9606 )

Scientific name Homo sapiens

ey [ f.t

Synonym ﬁ ‘
.

Rank Species




Problemi oz. tezave bioloskih podatkovnih baz



Towards biological complexity

The main databases currently available are focussed on one type of molecular
entity : nucleic sequences, proteins, compounds, ...

Issues for biological databases

= Dealing with biological complexity

This type of organization is very convenient as far as the information to be
represented is simple (e.g. DNA sequences, structures of small molecules and
macromolecules).
It becomes more difficult if we want to represent

o the interactions between biological objects,

= Data content o the integration of various elements in a biological process (metabolic pathways, protein
interaction networks, regulatory networks, ...)

o complex concepts such as "biological function”

o Coverage
o Information content

= Data quality

o Data structure
= Query capabilities
= Interfaces

o User interfaces
o Programmatic interfaces

= Annotation

= Scope of the database
o types of biological objects represented
=  Number of entries
= Funding o coverage of the current knowledge
= Information content
o Level of detail in the description of the biological objects
= References to the source of information



Data quality

s Data Consistency
o always use the same name to indicate the same object
o (this seems trivial, but its is unfortunately still not always the case)
o event better: define an ID for each objects, and allow to retrieve it by any of its
synonyms
o spelling mistakes
= Data Structuration
o distinct fields for distinct attributes of the biological objects
= Reliability
o Evidences ? Level of confidence ?
o Assignation of function by similarity
® recursive process — propagation of errors

Query capabilities

= Browsing (click and read)
= Simple search

o select records with some constraints
= More elaborate search

o select specific fields of some records with constraints on some fields (~SQL
SELECT)

= Complex querying
o ability to return an answer that results from a "live" computation, and was not part
of any record of the dabatase

= User interfaces
user-friendly
convenient browsing
intuitive query forms
o visualization (graphical output)
= Programmatic interfaces
o communication with external programs:
* other databases (concept of distributed database)
® analysis tools

= Problem
o The flow of available data is increasing exponentially

= Strategies
o internal curators
o selected external experts
o public submission
o computer-based extraction of information from biological texts

0o 0D O



= Public funding

o Problem: easier to obtain public funds for creating a new database than for
maintaining or expanding existing resources

= Private funding
a Industrial companies are
* ready to invest in good data and good query capabilities
* interested by academic expertise
= Solutions
a All users pay (per query for example)
* Note: academic users are anyway funded by public funds
a Hybrid solution
® access is free for academic users, not for companies

®* companies can buy the whole database an install it in-house
(+ add their own private data)

® academia-industry interface is often ensured by a spinoff company



A final rant ...

* Open access to sequences is not only essential
for all of the work we do, if it was not there,

Bio-databases: A short word on there would be no bioinformatics, no BLAST,
no CBP
problems
* Even today we face some key limitations * As critical as open access to sequence
— There is no standard format information is the open access to the

* Every database or program has its own format literature.

— There is no standard nomenclature

* Every database has its own names

What to take home

— Data is not fully optimized

* Some datasets have missing information without indications of it
* Databases are a collection of data

— Need to access and maintain easily and flexibly

— Data errors
* Data is sometimes of poor quality, erroneous, misspelled

* Error propagation resulting from computer annotation ) . ) . . )
* Biological information is vast and sometimes very

redundant

* Computers can only create data, they do not give
answers



