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® Databases used for the analysis of biological
molecules.

® Databases contain information organized in a
way that allows users/researchers to retrieve
and exploit it.

® Goals:

£aStore information.

#Organize data in a way that is easier to be
described and studied.

HPredict the functional role of an element.
£2Understand the way things work.




Overview

® Sequence databases
Z=Primary (contain “raw” data)
= Nucleotide
= Protein

Z=Secondary (processed information)
* Genes
e Proteins

® Classification databases
=aSequence classification
EFunction classification
#20ther methods

® Other specialized databases

EMBL/GenBank/DDBJ

( ,http://Awww.ebi.ac.uk/embl)
@ Archive containing all sequences from:
I genome projects

1 sequencing centers
4 individual scientists
7 patent offices

® The sequences are exchanged between the Growth of GenBank
three centers on a daily basis.

® Database is doubling every 10 months.
® Sequences from >140,000 different species.
@ 1400 new species added every month.
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® Contain coding sequences
derived from the translation
of nucleotide sequences

i GenBank
C =
- Valid translations (CDS) from nt C'j NCBI
GenBank entries.
= UniProtkKB/TrEMBL (1996) TrEMBL
- Automatic CDS translations TRANSLATED 11
from EMBL. el

- TrEMBL Release 37.6 (04-Dec-
2007) contains 5072048 entries.

‘al’ 'ra" r"r'rr;rr;
Errors.in-gatabases

® There are a lot of errors in the primary
sequence databases:
# In the sequences themselves:
e Sequencing errors.
* Cloning vectors inserted.

M For the annotations, the free submission of
entries involves:

« Inaccuracies, omissions, and even mistakes.
< Inconsistencies between some fields.
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® Another major problem
is redundancy. ° { E—

@ A lot of entries are
partially or entirely
duplicated:

|
= 20% of vertebrate >) {
sequences in GenBank.

Partial and complete
sequence duplications

Qverview

® Sequence databases

Primary (contain “raw” data)
* Nucleotide
* Protein

HSecondary (processed information)

= Genes
= Proteins

® Classification databases
& Sequence classification
& Function classification
#20ther methods

® Other specialized databases
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Genome
Assembly

® Curated transcripts and proteins.

M reviewed by NCBI staff.
® Model transcripts and proteins.

& generated by computer algorithms.
® Assembled Genomic Regions (contigs).
® Chromosome records.

Key Characteristics of GenBank versus RefSeq

GenBank RafSaq

sach molecule of major organisms

&l organisms
database
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@ SWISS-PROT (1986) (http://ca.expasy.org/spro)
I3 Best annotated, least redundant

T4 Contains entries from >10,000 species
I=3 Cross-references with >60 other databanks

@ PIR (Protein Information Resource)(http://pir.georgetown.edu)
T3 More automated annotation
=1 Collaborations with MIPS and JIPID

@ Uniprot (2003)

3 UniProt (Universal Protein Resource) is a central repository of protein

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

Key Characteristics of UniProt versus CenBank and RefSeq

UniFrot GenBank and RefSeq

Produced by S51B, EBI & Georgebown U
Protein data anly

Curated in Swiss-ProL, not in TrEMBL

Producad by INSDC and NCRI
Protein and nuclectide data
Curated in RelSeq, nol in GenBank

Qverview

® Sequence databases

Primary (contain “raw” data)
* Nucleotide
* Protein

#Secondary (processed information)
* Genes
e Proteins

® Classification databases
mSequence classification

miLunction classification
M Other methods

® Other specialized databases




® Groups (families/clusters) of proteins based on...
= Overall sequence similarity.
& Local sequence similarity.
& Presence / absence of specific features.
= Structural similarity.
® These groups contain proteins with similar properties.
g Specific function, enzymatic activity.
£ Broad function.
& Evolutionary relationship.
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Clusters.of orthologous groups (COG

® COGs were delineated by comparing protein
sequences encoded in 43 complete genomes
representing 30 major phylogenetic lineages.

[J]  COG2E13 165 RNA 61207 methylase RanC
[I]  COG1187 165 rRMA uridine-516 pseudouridylate synthase and related pseudouridylate synthases
2 - [J] COG1514 2'-5' RNA ligase
8 aumyszﬂdr beefghsnuixit- mias  [J] COGO621 2-wethylthioadenine synthetase
99 -o-pk-y-vdrlb-efgh-nuix--w R [J]  COG1670 Acetyltransferases, including N-acetylases of ribosomal proteins
43 aumykzyﬂdrllﬁcefghﬁnu]xlcw aaz [ COG0013 Alanyl-tRNA synthetase
sn [J]  £0G3231 Aminoglycoside phosphotransferase
onp lez: - ez [] COG2511 Archasal Glu-tRNAGIn smidetransferass subunit E (contains GAD dowain)
45 aompkzygvdrlbeefghsnuixity sz [J]  COGO018 Arginyl-tBNA synthetase
66 aon--—zygudrlbe-f-—-nujxitw eaea  [J] COGO154 Asp-tRNAASn/Glu-tRNAGIn amidetransierase A subunit and related amidases
3% aom--zygvdrlbe-f---nuixity sas [J]  COGDDE4 Asp-tRNAAsn/Glu-tRNAGIn emidotransferase B subunit (PET112 homolog)
30 aom--z-gudrlbe-f-—-nujxitw caec  [J] C0GO721 Asp-tRMAAsn/Glu-tRMNAGIn amidotransierase C subunit
[rp— yovdrlbeefghsnuixity sps  [J]  COGD173 Aspertyl-tRNA synthetase
[J]  COGOO17 Aspartyl/asparaginyl-tRNA synthetsses
[J] €OGD215 Cysteinyl-tRNA synthetase
[J] COG1490 D-Tyr-cRNAtyr deacylase
[J] COG1893 Deoxyhypusine synthase
[J] COGO030 Direthyladenosine transferase (rRHA methylation)
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Code [I]  £OG1798 Diphthemide biosynthesis methyltransferase DPHS
n [J] COGL736 Diphthamide synthase subunit DPHZ
[J] COG1976 Eukeryotic translacion initiacion factor 6 (EIFE)
L [J] COGIGG3 Fibrillarin-like rRNA mechylase
st 1! [JE] COGODS] GTPases - tramslation elongation factors
z [J] COGDOOB Glutamyl- and glutaminyl-tRNA synthetases
= [I]  £OGOT75Z Glycyl-tRHL synthetase, alpha subunit
[J]  C€OGD7S1 Glyoyl-tRNA synthetase, beta subunit
- [J]  £0G0423 Glycyl-tRML synthetase, class II
L [J] ©€OGD124 Histidyl-tRNA synthetase
ey 4 - [I] £OG1431 Homwologs of the eukaryotic argonaute protein, possikle role in translation
aompkzygedr lboefghsnujxity nes  [J]  COG0060 Isoleusyl-tRHA synthetase
onpkzygvdr bcetohanuigity Les (3] COG095 Leucyl-tfNk synthetase
nr T Tttt T
LT}
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® A method for classifying proteins into groups
exploits region similarities, which contain
valuable information (domains/profiles).

® These domains/profiles can be used to detect

distant relationships, where only few residues
are conserved.




HOME | SEARCH | BROWSE | FTP | HELP

Plam 22.0 (Juby 2007, 9318 families)

fam datab,

» 5 2 large cobection of protein families, each
dden Markow madels (HMMs ). Mors

ied by multiphe se

USING PFAM  ¥OU CAN FIND DATA IN PEAM IN VARIOUS WAYS... L ‘.’m’ “.'ﬂ-‘-‘-l‘"ﬁ—*—

SEQUENCE SEARCH  Analyza your protsn saguanca far Plam matchas B
VIEW A PFAM FAMILY  View Pfam famiy annotation and alignmants

VIEW A CLAN  Ser grou

- Back to Plam
of rolated famiies : : = - + Sacunats g
VIEW A SEQUENCE Look 3t the domain organisation of 3 UniProt sequence

VIEW A STRUCTURE  Find the domains on a PDB structure

KEYWOHRD SEARCH  Query Plam by

Or view the help pages for more informati

Citing Plam Mirrors

1f you find #fam useful, please
that describas this

Tha Relleving srs Sl Bham glrar ahui

LIS

#50C, Swedend’

N FRC, USAE

sucleic Acids Research (2006) Databace lssue
4T-D251

http://pfam.sanger.ac.uk




@ Full length alignments.
@ Domain alignments.

® Equivalogs: families of
proteins with specific
function.

@ Superfamilies: families of
homologous genes.

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

TIGRFAMs Ordered by Role Category @

[# Amino acid biosynthesis

[ Biosy is of cofactors, pi ic groups, and carriers
[ Cell envelope

[ Cellular processes

[# Central intermediary metabolism

i=l DNA metabolism

[ DNA replication, recombination, and repair
B Restriction/modification
[ Degradation of DNA
B Chromosome-associated proteins
E Other
[# Energy metabolism
[# Fatty acid and phospholipid metabolism
[# Hypothetical proteins
[# Mobile and element
[# Protein fate
[# Protein synthesis
[# Purines, pyrimi i and
[# Regulatory functions
[# Signal transduction
[# Transcription
[ Transport and binding proteins
[ unclassified
[ unknown function

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

a Release 16.1 (October 07)
contains 14768 entries

u  Central annotation resource, with
pointers to its satellite dbs

Member database information

Si e Datab, Version [All Signatures |k d §
PANTHER 6.1 26313 2072
Pfam 210 |azs7 8957
PIRSF 270 |7 1034
PRINTS 38.0  [1500 1398
ProDom 2005.1 |35938 1054
PROSITE patterns |20.0  [1331 1331
PROSITE profiles  |20.0 675 654
SMART 5.1 724 721
TIGRFAMs e 2933
GENE3D 300 |[2147 537
SUPERFAMILY 1.69 1538 692

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

Oxidoreductases.
Aercing on the CH-OH group of donors.
With NAD(+) or MADP(+] as acceptor. 4, -. —.- Lyases.
ith & cytochrome a2 scceptor. 4. 1 Carbon-carbon lyases.
With oxygen as acceptor. 4, 1, 1.- Carboxy-lyases.
ith & disulfide as acceptor. 4. 1. Z.- Lldehyde-lyases.
With & gquinone or similar compound as acceptor 4 4, 5, _ Oxo-acid-lyases.
With other acceptors. . 1.99,.- Other carbon-carbon lyases.

Aercing on the aldehyde or oxo group of donors.

Isomerases.

Racemases and epimerases.
Aeting on amino acids and derivatives.
Leting on hydroxy acids and derivatives.
Aeting on carbohydrates and derivatives.
Aoting on other compounds.
Cis-trans-isomerases.

Transferases.

Transferring one-carhon groups.
Mechylcransferases.
Hydroxymethyl-, forwyl- and related
Carboxyl- and carbawmoyltransferases.
Amidinotransferases.

Hydrolases.

Aocting on ester honds.
Carboxylic ester hydrolases.
Thiolester hydrolases.
Phosphoric monoester hydrolases.
Phosphoric diester hydrolases.

Ligases.

Forming carbon-oxygen bhonds.
Ligases forming sminoacyl-tRNA
Forming carbon-sulfur bhonds.
Aeid--thiol ligases.

Forming carbon-nitrogen boncds.
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ENZYME

rot Enzyme nomenclature database

SwisP

ENZYME is a repository of information relative to the nomenclature of enzymes. It is primanily based on the recornmendations of the Momenclature Committee of the International Unien of
3iechemistry and Molecular Biclogy (TUBME) and it describes each type of characterized enzyme for which an EC (Enzyme Commission) number has been provided [More details / References /
Disclaumer]

Release 33, Octoher 2003, and updates up to 29-Nov-2003 {4208 entries)

Access to ENZYME

o wBCmmber| | [ [ | Seah]

o by enzyme class

o by description (official name) or altermative name(s Search
o by chermical compound

o by cofactor

o by search in comments fines

« SRS - Sequence Retrieval System

http://ca.expasy.org/enzyme/

@ Contains information about biochemical pathways, and protein
interactions

M Information is organized either based on genes or genomes

THIAMINE METABILEM
4 AminnS W meymemyd
- - 2 metyipyrimidios 2-Meilid-duni-5
( Puite nembilissn - — = —O—{ TG w0271 ZTAT ) bz e iy isilive
— 1 ‘bt 4 e diplaplat
e dAming 2 el £
UnNATOM [ALRY phasphamatAp i dine
27415
Gl ssblelde 3P - E
T 3762
& 1 5-(2-Halmxyethd) Thiamine ] 1
— e il kil shosphar [
{ twaleia ) — 29150 4_-_' 35128—0
S — J AHal-5 H s Thamine
3 Linl e tphs %
N =0 il e
Tymivnn 313 |20 89 T
;
| } ’)4|_'—H‘—| 230
35992 L 11323 b 11323
15592 Thiamiie Thisios
aldehile
5
Heteoop it e
00730 TNZNS

http://www.kegg.com
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® Sequence databases

ZZPrimary (contain “raw” data)
* Nucleotide
e Protein
Z=Secondary (processed information)
* Genes
e Proteins

® Classification databases
aSequence classification
#2Function classification
#20ther methods

® Other specialized databases

NCing.projects

® GOLD

= Information for ongoing “
and finished genomic
. Archasal Tres Bactarial Tres
rojects. =-

= Information about the
phylogeny and phenotype
of genomes.

incomgiete  Nkankrnship K1

e Wond M

mcomplete | Bichaniven P
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banks

® There is a large number of databases
devoted to specific organisms.

® For some model organisms there are often
concurrent systems.

® These databases are associated to
sequencing or mapping projects.

http://www.ncbi.nlm.nih.gov/Pubmed
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® Signal | ® Gene expression
i TRA & GXD (Mouse Gene Expression Database)
B BRI & The Stanford Microarray Database
Expl oM i
appin
& DIP Pping

& GDB (Genome Data Base)

E.INC & EMG (Encyclopedia of Mouse Genome)
- = MGD (Mouse Genome Database)
® Biocher

= INE (Integrated Rice Genome Explorer)
;;‘; ® Protein quantification
g LIG, = SWISS—ZDP_AGE_ o)
® Gene o = PDD (Protein D!§ease Datal?ase)
. 2 Sub2D (B. subtilis 2D Protein Index)

arconnection

Blocks
MIMMAP - PROSITEDOC
PDBFINDER REBASE

ENZYME SWISSNEW
HSSP

l ECDC ERD
YPDREF
PMD

EMBL I—-' EMNEW |
YPD TFSITE
TIEMBLNEW
=
PIR

TrEMBL

SWISSDOM

MOLPROBE |

TFACTOR

Not all databases are updated regularly.

Changes of annotation in one database are not reflected in others.
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Concludingsrernarks

® We have main archives (Genbank), and
currated databases (Refseq, SwissProt), and
protein classification database (COG, Pfam).

® This is the tip of the iceberg.

® They help predict the function, or the network
of functions.

® Systems that integrate the information from
several databases, visualize and allow handling
of data in an intuitive way are required

Thank you for your attention
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® Profiles are scoring e AR o O

ore puaan ML o ey

tables derived from e i A
. . TRFE_BOvm MR VAL LA
domain alignments wm»=:." :
= i i mn:-w.ulllvlm'. nm v
they define which oo AT Ao I

residues are allowed
at given positions

# which positions are
conserved & which 3
degenerate

# which positions can
tolerate insertions




