Bioinformatika je disciplina na rozhrani
pocitacovych ved, informacnich technoloqii,
matematiky a biologie

Termin bioinformatika se objevil poprvé az v roce 1991

Predstavuje spojeni technologii z oblasti
— molekularni biologie
— informacnich technologii

Bioinformatika zahrnuje

— studium

— praktické uchovavani

— vyhledavani

— zobrazovani

— manipulaci

— a modelovani biologickych dat
Potreba pracovat s velice obsahlymi databazemi si vyzadala vyvoj
vypocetnich nastroju umoziujicich analyzu dat a stanoveni jejich
vzajemnych vztah.
Vyvoj vysoce vykonnych technologii umoznujicich ziskani molekularné
biologickych dat pfispél k jejich dramatickému narustu a tim soucasné
ZVyéE obtiznost jejich zkoumani a hodnoceni ve vztahu k biologickym
otazkam.



Trend narustu mnozstvi dat v

bioinformatickych databazich
Assembled/annotated sequence growth

Assembled/annotated sequence growth
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Zakladni zdroje a aplikace bioinformatiky

Vypocetni zaklady Zdroje dat Aplikace bioinformatiky
Algoritmy Ziskavani dat
Grafika, vizualizace Obecné Nastroje pro pristup k databazim
Zpracovani signalu dostupné Mapovani a srovnavani genomiu
Architektura hardwaru databaze Sekvenéni pfiloZeni, assembly
Informacni teorie Identifikace genii
Sprava databazi Funk¢ni identifikace proteint
Statistika Molekularni evoluce
Simulace Molekularni modelovani
Um¢la inteligence o Predikce struktur
Zpracovani obrazu Zpracova’m Srovnavani struktur
Robotika laborzt;rmch Stanoveni makromolekularnich

Softwarové inZzenyrstvi

struktur

Vyvoj 1€€iv na zékladée struktur




,..omiky" v molekularni bioloqii

Funkéni genomika
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* Mezi hlavni oblasti zajmu bioinformatiky
patri studium Sirokeho rozmezi
biologickych dat, zejména
— sekvenci nukleovych kyselin
— sekvenci proteinu
— genu a genovych map
— expresnich profilu
— organizace genomu
— interakce proteinu
— mechanizmy fyziologickych funkci



Nejdulezitéjsi instituce zabyvajici se
shromazd'ovanim biomedicinskych
informaci

« V soucCasne dobe je prostrednictvim Internetu dostupnych
priblizné 550 databazi zabyvajicich se shromazdovanim
bioinformaci.

— Jejich prehled a popis je kazdorocné publikovan ve
specializovaném, volné dostupném Cisle Casopisu Nucleic Acids
Research.

A VLD a4

vyvojem nastroju pro jejich analyzu a poskytovanim
informaci patfi:
— Evropsky institut pro bioinformatiku (EBI) se sidlem v Hinxtonu
v UK (http://www.ebi.ac.uk/),

— Narodni centrum pro biotechnologické informace (NCBI)
zalozené puvodné v ramci Narodni lekarské knihovny (NLM)
v USA (http://www.ncbi.nim.nih.gov/),

— Centrum pro informac€ni biologii (CIB) zalozené jako oddéleni
Narodniho genetického institutu (NIG) v Mishime, Japonsko
(http://www.cib.nig.ac.jp/).



http://www.oxfordjournals.org/nar/database/cap/
http://www.oxfordjournals.org/nar/database/cap/
http://www.ebi.ac.uk/
http://www.ncbi.nlm.nih.gov/
http://www.cib.nig.ac.jp/
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nukleovych kyselin a proteinu

« V kazdém ze tri hlavnich bioinformatickych
center je spravovana genomova databaze
sekvenci nukleovych kyselin a odpovidajicich,

z nich prelozenych proteinu.

— EMBL Nucleotide Sequence Database / European
Nucleotide Archive (v ramci institutu EBI) — 1980

— GenBank (v ramci institutu NCBI) — 1982
— DDBJ (The DNA Data Bank of Japan) - 1984

« Tfi samostatné baze vznikly v dus

edku potreby

rychlé dostupnosti databaze sekvenci na

jednotlivych kontinentech v dobe,
nebyly rozvinute vysokorychlostni
site.

kdy jeste
komunikacni



Mezinarodni spoluprace
sekvencnich databazi

« Databaze sdileji stejna data

NIH
NCBI

NIG EMBL
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* Ve sfere biotechnologii a mediciny je
dulezitou strankou bioinformatiky pristup
K publikovane vedecke literature a take
k patentovym archivum.

— Jednou z nejvetsich databazi na svete je
MEDLINE (PubMed), obrovsky archiv odkazu
z biologickych a biomedicinskych odbornych
casopisu pokryvajici obdobi od roku 1965 do
soucasnosti a v poskytujici kromé abstraktu
také odkazy na celé texty ¢lanku u
jednotlivych vydavatelu.



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi

Jak se data dostanou do databazi?

* Predani dat prostrednictvim WWW portalu
— Banklt (GenBank)
* http://www.ncbi.nlm.nih.gov/WebSub/?tool=genbank

— Submission Portal
» https://submit.ncbi.nlm.nih.gov/

— Webln (EMBL/European Nucleotide Archive)

* http://www.ebi.ac.uk/ena/submit

— Sakura (DDBJ)

* http://www.ddbj.nig.ac.jp/sub/websub-e.html

« Samostatna aplikace pro PC
— Sequin

* http://www.ncbi.nim.nih.gov/Sequin/download/seq_download.html
— pro delSi sekvence (genomy)
— fylogenetické, populacni nebo mutacni studie obsahujici sekvencni
prilozeni
* Tbl2asn — batch submissin
— command-line program for MAC a Unix
— automatizuje vytvoreni zaznamu sekvence
— urceny pro celé genomy, EST, STS a zaslani velkych davek sekvenci



http://www.ncbi.nlm.nih.gov/WebSub/?tool=genbank
http://www.ebi.ac.uk/ena/submit
http://www.ddbj.nig.ac.jp/sub/websub-e.html
http://www.ddbj.nig.ac.jp/sub/websub-e.html
http://www.ddbj.nig.ac.jp/sub/websub-e.html
http://www.ncbi.nlm.nih.gov/Sequin/download/seq_download.html

ldentifikace zaznamu v primarnich
sekvenchnich databazich

« GenBank

 EMBL-Bank (European Nucleotide Archive,
ENA)

- DDBJ
* Pristupovy kod (Accession Number)

LOCUS AY870395 553 bp DNA linear BCT 30-JAN-2005

DEFINITION Macrococcus brunensis strain CCM 4811 60 kDa chaperonin (cpn60)
gene, partial cds.

ACCESSION AYB8T70395 G

VERSTON AY870395.1 GIIS##Tdel



« Struktura zapisu sekvence ve formatu GenBank

http://www.ncbi.nlm.nih.gov/Genbank/
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SEEIIcl‘l[ Hucleotide = jfﬂrlbarley HNADPH oxidase

Limnits Preview/Indes History Cliphoard Details
[ Display ][ default = j l Save ” Text 1 [ Add fo Clipboard 3 [ Get Bubsequence _l
(] 1: A7251717. Hordeum swilgate p...[gi:15282289] Links

LOCus HVUZ51717 337 bp mENA linear PLN 12-JAN-2002
DEFINITION Hordeum wulgare partial mBENL for putative HAD|P)H oxidase |[pNAox
gene) .
ACCESSION AJ351717
WERSION AJ251717.1 GI:152BZZ289
\ KEYWORDS NADFH oxidase; pNAox gene.
SOURCE Hordeum wulgare suksp. wulgare
ORGANISM Hordeum wulgare subsp. wvulgare
Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophytaj
Spermatophyta; Magneliephyta; Liliopsida; Poales; Poaceae;
\ Pooideae; Triticeae; Hordeum.
REFERENCE 1
AUTHORS Huckelhoven,R., Dechert,C., Trujilll sEATURES anationfﬂual:li.fiers
TITLE Di EEe.tl'entia:!. expre?sinn of putatiwvg source 1..237
Tmteraciion with the powdeny milde forganisn Hordeun vulgare subsp. vulgare!
JOURNAL  Plant Mel. Biol. 47 (6), 739-748 (3 ;SE tw;{..tFa as "
MEDLINE 21643210 p_xref="taxon: 112309 "
REFERENCE 2 ([bases 1 to 337) ftissue_type='primary leaf"
AUTHORS Hueckelhowen, R. /dev_stage="7-days old plant
TITLE Direct Submission fene 1. '33?" .
JOURNAL  Submitted {02-DEC-1999) Hueckelhovd {gene="pNAox
Fhytopatholgqy and Applied Zoology, EDs <l..»337
Giessen, Ludwigstr. 23, 35390 Giess /gene="plNhox"
ffunction="superoxide generating enzyme"
/note="gp9lphox homolog"
feodon_start=2
fproduct="putative NAD|P)H oxidase"
fprotein id="CRCS51517.1"
fdb_xref="GI:15282290"
ftranslation="FKGIMNEIAE LDORNIIEMHNY LTSVYEEGDARSALITMLOALN
HAENGVDVV SGTREVETHFARFNFERVLESKE VAR HEPY AR IGVEFYCGAPVLAQE LENLCH
\ EFNGHKCTTEE"
BASE COUNT 102 a 70 e 81 g 83 t 1 others
ORIGIN
1l gtttaaagga atecatgaatg agattgeoctga actagatcaa aggaatatca ttgagatgea
61 caactatete acaagtgttt atgaggaagg ggatgetegg tecagecactea tecacaatget
121 geaagcoctete aaccatgeca agaatggbtgbt cgatgtagbtyg teoetggmacte gagteceggac
181 acattttgea agaccaaatt ttaagagggt getgtetaag gtageegeeca aacateetta
241 tgeecaagata ggagtgtbtet attgeoggage tecagbtbeotyg geogeaggaac taagoaaccet
301 ttgeocatgag tteaatggea aatgocacgac aaaatte




Genomoveé databaze v NCBI — prokaryota
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Bacillus anthracis A2012, unfinished sequence -
4171029..4221028
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Protein coding genes distribution map
To see map locations of genes, click on a region in the map,

Click on the rectangle to get BLAST neighbors for the gene of interest
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Genomoveé databaze v NCBI - eukaryota
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Fubmed Mucleotide Frotein . Genoame Structure Fu|:- et Taxonomy O | bt Help
Search for | on chromosome(s) | Find I
) #howr linked entries Help ETE
STz O EnErEE Arabidopsis thaliana genome view BLAST search Arabidopsis genome
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FTF SITE
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Lineage: Enkaryota; Vitdiplantae; 5 teptophyta; Embryophyta; Tracheophyta; S permatophyta;
Masnoliophyta; eudicotyledons; core eudicots; Fogidae; enmosids IT; Brassicales; Brassicaceae;

Arabidopsis

Arabidopsis thaliona s a small flowering plant that is widely used as a model organisim in plant
biology. Ambidopsis is a member of the mustand (Brassicaceae) family, which includes cultivated
species such as cabbage and radish. Arabidopsis is not of major agronomic significance, but it offers
important advantages for bagic research in genetics and molecular biology. Its genome has been
sequenced by an intemational collaboration collectively termed the Arabidopsis Genome Initiative
PAGD (The Atabidopsis Genome Initiative, 2000, Mature, 408:796-8 153,

This sequence, map, and annofations are the result of a collaboration beteeen TIGE, MIFPS, and TAIE.
The non-redundant sequence of the clhromosomes pseudomolecules) and their annotations were
provided to NCEI by TIGE. on behalf of the collabomators.




Gemonove mapy - MapView
http://www.ncbi.nim.nih.gov/mapview/

Other ¥ertebrates

Click the (&) to BLAST

Click the & to search the group
Click on the binomial to view
the genome overview

Invertebrates

(&) Anophefes gambize (mosquito)

() Caenorhabditis elegans (nematode)
&) Drosophifa melanogaster (fruit fly)

(B} Fungy

(3 Saccharomypces cerevisize (baker's yeast)
B Schizosaccharomyces pombe (fission yeast)
O Newrospora crassa

() Magraporthe grises

Protozoa
B plasmodiaom Falciparam

(3) Danio rerio (zebrafish)

Mazmmzls

(3 Homo sapiens (human)
(3 Mus muscufus (mouse)
(3 Rattus norvegicus (rat)
(3 Bos tauras (cow)

3 Sus scrofa (pig)

(3 Caris famifiaris (dog)

Plants (5O
(5 Arabidopsis thalizna (thale cress)
(3 Avena sativa (vat)
3 Hordeum vulfgare (badey)
(3 Orpza sativa (rice)
3 Friticum aestivam (wheat)
(5) fea mays (com)
(5 Lycopersicon escalentuem (tomato)
(&) Glycine max (soybean)

See more about () Bacteriaz, () Organelles, (3 Virases


http://www.ncbi.nlm.nih.gov/mapview/
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Databaze sekvenci proteinu

» Sekvence proteinu, u nichz byly experimentalné
stanoveny jejich aminokyselinové sekvence,
charakterizovany jednotlivé proteinove domeny a
stanovena jejich funkce jsou ukladany v databazi

SWISS-PROT zaloZené na Univerzité v Zenevé v roce
1986.

- Databézi spravuje Svycarsky institut pro bioinformatiku
(SIB), ktery se podili na vytvareni sité propojenych
databazi sekvenci.

« Kompletni databazi sekvenci proteinu obsahuje SWISS-
PROT spolu s doplnkem oznaCcenym TrEMBL, ktery
obsahuje automaticky doplhované preklady kodujicich
oblasti z databaze sekvenci nukleovych kyselin EMBL.



« EXPASY hitp://www.expasy.ch

| Site Map | Seaich EIPASI | Contact us

ExPASy Molecular Biology Server

. The ExPASy (Expert Profein Analysis System) proteommics server of the 5 wiss Institute of
Bioinformatics (818) is dedicated to the analysis of protein sequences and structures as well as 2-D

PAGE Disclaimer / Eeference).

[Anmonmcements] [Job opening] [Blirror Bites)

Tools a1d software packages

o SWISS5-PROT and TrEMBL - Protein # Proteomics and sequence analysis tools
knowledgzebase o Profeomics [Feptldent, Peptidfeldass, ...
o PROSTTE - Protein families and domains o DHA -= Protein [Translate]
o SWISS5-2DPAGE - Two-dimensional polyacrylamide o Similarity searches [BELAST]
gel electophoresis o Pattern and profile searches [SranProsite]
o ENZYME - Enzyme nomenclature o Post-translational modification and
o SWISS-IDIMAGE - 5D images of proteins and other topology prediction
binlogical macromolecules o Primary structure analysis [ProtFarsm
& SWISE-MODEL Eepository - Automatically pLIII%, Protfeals)
generated protein models o Secondary and fertiary stucture prediction
s CDdO0Lbase - CD40 ligand defects [EWIHE-MODEL, Suriss-Pdb iewer]
o SeqAnalRef - Sequence analysis bibliographic o Aliznment [T-COFFEE, S#IM]
references o Binlogical text analysis

& Melanie 3 - Eoftware for 2-D PAGE analysis
& Links to many other molecular biology databases o Roche Applied Science's Biochemical Pathways


http://www.expasy.ch/

Dulezitou databazi spojenou s proteiny je PDB (The Protein Databank), ktera se
zabyva archivaci a analyzou 3-D proteinovych struktur.

* PDB http://www.rcsb.org/pdb/

DEPOSIT data " - " ‘?j
DOWNL OAD files P RO DAT A N K RCSE Contact Help
browse LINKS ' Hu e 5
BETA TEST new features ' _
BETA mmCiF files welcome to the PDE, the single worldwide repository for the Oid wou find wihat yvou

processing and distribution of 3-D biological macromalecular nanted
structure data.
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Molecule of the Month:
Cytochrome ¢
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The Protein Data Bank (PDED iz
opetated by Futgers, The State
University of Mew Jersey ; the San
[riego Supercornputer Center at the
University of California, San Diego;
and the National Institute of Standards
and Technalogy —— three members of
the Bezearch Collaboratory for
Structural EBiainfarmatics (RCSE). The
FDE is supported by funds from the
Mational Science Foundation, the
Cepartrnent of Energy, and two units of
the Mational Institutes of Health: the

ABOUT PDE | DATA UNIFORMITY | RECENT FEATURES | USER GUIDES |

FILE FORMATS | EDUCATION | STRUCTUR AL GENOMICS | FUBLICATIONS |

SOFTY ARE

Search the Archive @

Enter a PDB 1D or keyword

Query Tutorial

| Fiud a stuchie i

D queny by PDB id anly D match exact wword

remove sequence homologues

Searchlite keywword search form with examples
SearchFislds customizable search form
Status Search find entries awaiting rele ase

Complets Hews
Henml ethar

News

23-Dec-2002

Happy Holidays from the PDR! The FDB
staff wish to extenc] our best wishes to the
corrnuity for a happy holiday season and
a wonderful new year!
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Textoveé vyhledavani v databazich

Mnozstvi dulezitych molekularné-biologickych dat se
zvysuje tak rychle, ze je nezbytné mit k dispozici
prostfedky, pomoci kterych muzeme k témto datum
snadno pristupovat.

Existuji tri prostredky na ziskavani informaci, které
umoznuji vyhledavani v molekularne biologickych
databazich.

Tyto prostredky jsou vstupnim bodem do mnoha

integrovanych databazi a kazdy z nich byl vyvinut
v jednom ze tri hlavnich center pro bioinformatiku.

Navzajem se lisi v databazich, které mohou prohledavat,
ve vazbach, které vytvareji mezi jednotlivymi databazemi
a ve vazbach vztahujcich se k dalsim informacim



Entrez http://www.ncbi.nim.nih.gov/Entrez/

« Entrez je vyhledavaci systém pro molekularné biologické databaze

vyvinuty v NCBI

« Je vstupnim bodem pro prizkum 45 ruznych integrovanych databazi

z nichz fada je virtualnich.

* K nejvyznamnéjSim
databazim patri
— databaze PubMed, umoznujici

pristup k literarni databazi
MEDLINE

— databaze sekvenci nukleovych
kyselin a proteinu

— databaze 3-D struktur MMDB
(Molecular Modeling
Database)

— skupina databazi genomu
— taxonomicka databaze
usnadnujici ziskavani sekvenci
na zakladé taxonomickych
skupin
« Ze tfi vyhledavacich
prostredku je Entrez
uzivatelsky nejprijatelngjsi

~ NCBI e Entrez, The Life Sciences Search Engine

LR FubMed | Entrez | HuUMan Genome [ GenBank | Mapviewer | BLAaST

Search across databases |

Welcome to the new Entrez cross-database search page

m PubMed: biomedical literature citations and abstracts
iﬁ PubMed Central: free, full text journal articles

ﬁ Journals: detailed information about journals in Entrez

MeSH: detailed information about MLM's controlled
wocabulary

. Mucleotide: sequence database {GenBank)

X N

#.0.¢ Protein: sequence database

'I’ Genome: whole genorne sequences

'?_ Structure: three-dimensional macrormolecular structures

4{ Taxonomy: organisms in GenBank

M SNP: single nucleotide palyrmorphism

& . .
'_l!. Gene: gene-centered information

g Books: online books
x OMIM: Online Mendelian Inheritance in Man

m Site Search: NCBI web and FTP sites
7

ﬂ UniGene: gene-oriented clusters of transcript sequences
‘, CDD: conserved protein domain database
é 3D Domains: domains from Entrez Structure
l"]b- UniSTS: markers and mapping data
aﬂ PopSet: populstion study data sets
Y
{_,iij GED: expression and molecular abundance profiles

GEO DataSets: experimental sets of GEO data

B E R E B @

=


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

Entrez Molecular Sequence Database System
NCBI http://www.ncbi.nim.nih.gov/

':—-’ O National Center for Biotechnology Information
-’ h B [ Mational Library of Medicine Mational Insfitutes of Health
Fubhied Entrez BLAST ChAlhd Books T axBrowmser Structure

Search | Nucleotide - a {for | [.EEJ

SITE MaF
Guide to HCBI resources

¥ What does NCBI do? Hot Spots

Established in 1988 as a national resource for molecular b Cancer genome
biology information, MCEBI creates public databases, anatomy project

ers. educators conducts research in cn_rnputatiunal hiology, develops B Clusters of orthologous
= public. software tools for analyzing genome data, and groups
disseminates biomedical information - all for the better
GenBank understanding of molecular processes affecting human B Coffee Break

Sequence submission health and disease. More...
support and sofhware [F Electronic PCR

Molecular databases Mouse Genome B Gene exprassion
J.£:--=_--:| uences, structures and amnibus
JAO N0 My

Resowrces: explore tools for _
mranipuiating the mouse genome. b Genes and disease

@ F Human genome
resources

Try these! map Viewsr Sequencing Hurnan-Mouse

Genamic |:I|II|III“ Progress Hormology

The human
I||I|'|||||-l !;||-r|

related resources (CBLink > and get results fast! :) B LocusLink

and Fubhied I.-:ntral

Pk Human/mouse
homology maps



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

Sequence Retrieval System (SRS)
EBI http://www.ebi.ac.uk/

-y M Nucleotide sequences o [ siesaecn [ R
BL-EBI

i Site Start
c Map SRS sessio

Furopean Bioinformatics Institute

EBI Home About EBI Research Services Toolbox Databases Downloads Submissions
SERMICES OWERMAEN F

Chtatanss
| Dxabamz Browsing
* SRS
| Huclkotida O xlabasas
Tl b ® BuviHL Mucleo. Sequence
| Homeology & Similarity * Ensembl
® Fasta ® Genomes Server
® WLl Blasty * Genome MOT
® NCHI-Blast? * BwiBL-ANign
. #® Blast? EWEC #® Simple Queres
*® Genome/Proteome Fasta ® db5TS Oueres
* P=rch *® Parasites
SLbmi aai cne * Soanps?.d * htations
| BWiBL via WEBRIN ® Parasite-Blast ® GT
L BiBL-Info. Submitters ® EGl-Blast
| SW/IS5-PROT — | Protzin Databases
| iebin Mign © SHF-Fastas Server * SS5-PROT
— POB-Auto Dep | Prot. Function. Analysi= * TrEuBL
. — ull AdExpres= ® CluSTr Search * |nterPro
Services Dl cads _% * |rterProScan * ClusTr
. FTP Server e AR T —
——— Overview Database Repository | Sequin Software *® FingerPRINTSean * 1Al
Sottuare Repositary *® ppeearch * GO0A
Downloads Help Files * Geneluiz #® Protecme Analysis
* Pratt * Hp|
* Hadar * |ritEnz



http://www.ebi.ac.uk/services/index.html

SRS http://srs.ebi.ac.uk/

EMBL Quick Search  [JNVELELT) Query Form Tools. Results rojects \Views Databanks
Reset Quick Search

[+] Expand all (=] Collapse all Show databanks tooltips:
1.Select the databanks
you want to search

Literature, Bibliography and Reference Databases
= Nucleotide sequence databases

2.Enter your search terms

" r r 7z in the Quick Search box, =l O EmBL [ EMBL (Release) [] EMBL (Updates) [] EMBL (WGS.
SRS je homogenni rozhrani pro pfistup k RIEESTE oumi  ommiiy Dm0 amm
Standard Query Forn [ ENSEMBL MOUSE [] EMSEMBL FLY [ EMSEMBL FISH [ IMGTHLA
H d 4 )4 4 r Extended Query Forn [0 IMGTAIGM-DB  [] PATENT DNa [ Livelists
vice nez molekularné databazim semmnl QU D
oticopibroscel ol =1l [ uniProt [J UniParc [ Unief100 [] Unifefan [] UniRefso
all the entries in any
r r s databanks [ UniProt/Swiss-Prot [ UniPrat/TrEMBL
First, 52':? tbhE data:;“k; [=] other protein sequence databases
ypy a a az I 2 a rl l uJ I Ml ot bl &l O 1e1 [ rerseqe [ EPO Proteins [ JEQ Prateins
Brouse Entries [J USPTO Proteins [ MHCBN [ BCIPER [ SWISSCHANGE

[=] Deprecated Protein Databases

) ,
— sekvence a z nich odvozena data B e el
_ 2l [ cpaIsLAND [] ENSEMBLCRG [] ERD [ Hehe

m eta bOI ické d ré h » bookmark this link to [] HSAGENES [] LOCUSLINK  [] MOUSEZHUMAN [ REBASE
— return to your project

y ¥ Linking 1 SRE? O IFcLass [0 IFCELL [ IEFACTOR [ IFGENE

= PllzrS s s Gl e [ TEMaTRIX [] TESITE [J UNIGENE [ UnILIB

for impartant infarmation

] v Vg
— regarding linking to our SRS O ute [J UTRsITE [ EMBLALIGN
ranskripcni rakiory 5 pesun frsaen s

= O pLocks [ TERPRO [ IPRMATCHES
[ IPRMATCHES ENSEMBL [ NICEDOM [ PEP (ORFs)
= S rU tU ry BookMarkLots 0 erams Dpeame [ pEamMSEED
[ PEAMHMMES [ pEAMHMMLS [] PRINTS
B [ pRODOM [ PROSITE [ PROSITEDOC
- e n Ol I I ST en [=] Protein structure databases
. Dua/RNA Seq sl [ psse [ Esse [ Hsse [ pOB [ PDBEINDER
y , - Structures [ rESID
— M a Ova n I [=] Enzymes, reactions and metabolic pathway databases
= O eme [JENZYME [ LCOMPOUND [] LENZYME [ LREACTION
[ mew. [ PATHWAY  [] UCOMPOUND [] UENZVME [] UIMAGEMAR

— jednonukleotidové polymorfizmy
— vysledky ziskané pomoci analytickych nastroju
Weboveé rozhrani umoznuje provadet pred vyhledavanim vybér
z jednotlivych databazi a poskytuje alternativni formulare pro zadavani
vyhledavacich dotazu.

Na Internetu bezi nekolik verzi SRS a kazda z nich obsahuje jinou sadu
databazi a analytickych nastroju.

[#[#][+]

SRS Release 7.1.1  Copyright © L1997-2003 LION bioscience AG, All Rights Reseread, Terms of Use Feedback



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

DBGET/Link DB
http://www.genome.ad.|p/dbget

DBGET/Link DB je integrovany systém pro ziskavani
dat z databazi vyvinuty v Institutu pro chemicky vyzkum
na Univerzite Kyoto v Japonsku

Poskytuje pristup do databazi, ktere mohou byt
dotazovany samostatne.

Jako vysledek DBGET prezentuje kromé seznamu
vyhledanych zaznamu také prehled vazeb na souvisejici
informace ve vSech integrovanych databazich.

Dalsi ojedinélou vlastnosti je propojeni na databazi
KEGG (Kyoto Encyclopedia of Genes and Genomes),
coz je databaze regulacnich a metabolickych drah u
organizmu ze znamym genomem.

V porovnani se SRS a Entrez je vSak DBGET
jednodussi a omezenegjSi vyhledavaci prostredek.



http://www.genome.ad.jp/dbget

Posuzovani podobnosti
sekvenci

Nastroje pro vyhledavani lokalnich
podobnosti sekvenci



Postup stanoveni podobnosti

» textové vyhledavani pribuznych sekvenci
v databazich

» prohledavani databazi podle podobnosti
sekvenci

» vypocet lokalniho prirazeni (alignment)
= usporadani do 2 pod sebou lezicich
radku tak, aby identické zbytky lezely pod
sebou



Nastroje pro vyhledavani lokalnich
podobnosti sekvenci

Sady programu zahrnujicich algoritmy pro vyhledavani podobnosti v
dostupnych databazich sekvenci bez ohledu na to zdali dotazovana
sekvence je DNA nebo protein.

Vyuzivaji heuristickou analyzu pro identifikaci kratkych homologickych
subsekvenci bez mezer s naslednym rozsifovanim vyhledavani v okoli
subsekvenci s cilem ziskat lokalné serfazené sekvence, do nichZ mohou
byt vlozeny mezery

« BLAST « FASTA
« Altschul etal., 1990 < Lipman a Pearson 1985

« dostupny na serveru -+ dostupny na serveru
NCBI EBI



http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WK7-45PV640-2J&_coverDate=10%2F05%2F1990&_alid=63471539&_rdoc=1&_fmt=&_orig=search&_qd=1&_cdi=6899&_sort=d&wchp=dGLbVzb-lSztb&_acct=C000045159&_version=1&_urlVersion=0&_userid=835458&md5=eb718a615642ef3b09304600e625f3b2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3162770&dopt=Abstract

Co je to BLAST?

Basic Local Alignment Search Tool

Hledani lokalnich podobnosti

Heuristicky pfistup zalozeny na Smith-
Watermanoveé algoritmu

Vyhleda nejoptimalnéjsi serazeni sekvenci
Poskytuje data o statistické vyznamnosti
Zobrazuje vzajemne serazene sekvence

Lokalizuje oblasti sekvenci s vysokou podobnosti a
umoznuje zobrazeni jejich primarni struktury a
funkce

Literatura: Nucleic Acids Res. 2004 Jul 1:32(Web Server issue)W20-5.
OPEN ACCESS : sals 3 full text T/—r|
in PubMed Central
BLAST: at the core of a powerful and diverse set of sequence
analysis tools.

McGinnis S, Madden TL.




@ Vlychozi stranka BLAST

-

BLAST
Home RecentResults Saved Strategies Help

» NCBI BLAST Home

BLAST finds regions of similarity between biological sequences. more...

Learn more about how to use the new BLAST design

BLAST Assembled Genomes

Choose a species genome to search, or list all genomic BLAST databases.

8 Human 0 QOryza sativa
o0 Mouse 0 Bos taurus

o Rat 0 Danio rerio
o

Arabidopsis thaliana 0 Drosophila melanogaster

Basic BLAST

Choose a BLAST program to run.

nucleotide blast | S2arch a nucleotide database using a nucleotide query

Search protein database using a protein query

protein blast
—— Algorithms: blastp, psi-blast, phi-blast

Algorithms: blastn, megablast, discontiguous megablast

0 Gallus gallus
0 Pan troglodytes
o Microbes

o Apis mellifera

blastx | Search protein database using a translated nucleotide query

thlastn | Search translated nucleotide database using a protein query

thlastx | Search translated nucleotide database using a translated nucleotide query

Specialized BLAST

Choose a type of specialized search (or database name in parentheses.)

Search trace archives

Find conserved domains in your sequence (cds)

Find sequences with similar conserved domain architecture (cdart)
Search sequences that have gene expression profiles (GEO)

Search immunoglobulins (IgBLAST)
Search for SNPs (snp)

O ooooao

http://www.ncbi.nim.nih.qov/BLAST

My NCBI

|

[Sign In] [Reqgister |

News

New Human and Mouse pre-
indexed databases

Human and mouse genomic +
transcript megablast searches
now use a faster, indexed
algorithm that typically reduces
run time by two thirds, as
compared with standard
megablast.

2007-09-04 10:55:00

More BLAST news...

Tip of the Day

Using Genomic BLAST

Genomic BLAST pages are
helpful becausze they allow the
genomic context of a BLAST
=search to be displayed in the
Map Viewer. For example,
discontiguous (cross-species)
MegaBLAST against the human
RefSeq transcript for albumin
(MM_000477) can be used to
identify the homolog in the rat
geENome.

More tips...



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

Basic BLAST — vybér programu

Vyuziti jednotlivych programu BLAST

Program Dotaz

DNA
Protein
DNA
Protein
DNA

Databaze

DNA
Protein
Protein
DNA
DNA

Uroveni
srovnani

DNA

Protein
Protein
Protein

Protein

Pouziti

Hledani identickych sekvenci DNA

Hledani homolognich proteinu

Hledani gent a homolognich proteintii na DNA

Hledani gentl u necharakterizovanych DNA

Studium struktury genu


http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?CMD=Web&LAYOUT=TwoWindows&AUTO_FORMAT=Semiauto&ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&CLIENT=web&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=(none)&EXPECT=10&FILTER=L&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&NCBI_GI=on&PAGE=Nucleotides&PROGRAM=blastn&SERVICE=plain&SET_DEFAULTS.x=34&SET_DEFAULTS.y=8&SHOW_OVERVIEW=on&END_OF_HTTPGET=Yes&SHOW_LINKOUT=yes&GET_SEQUENCE=yes
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?CMD=Web&LAYOUT=TwoWindows&AUTO_FORMAT=Semiauto&ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&CDD_SEARCH=on&CLIENT=web&COMPOSITION_BASED_STATISTICS=on&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=(none)&EXPECT=10&FILTER=L&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&I_THRESH=0.005&MATRIX_NAME=BLOSUM62&NCBI_GI=on&PAGE=Proteins&PROGRAM=blastp&SERVICE=plain&SET_DEFAULTS.x=41&SET_DEFAULTS.y=5&SHOW_OVERVIEW=on&END_OF_HTTPGET=Yes&SHOW_LINKOUT=yes&GET_SEQUENCE=yes
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?CMD=Web&LAYOUT=TwoWindows&AUTO_FORMAT=Semiauto&ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&CLIENT=web&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=(none)&EXPECT=10&FILTER=L&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&GENETIC_CODE=1&NCBI_GI=on&PAGE=Translations&PROGRAM=blastx&SERVICE=plain&SET_DEFAULTS.x=37&SET_DEFAULTS.y=5&SHOW_OVERVIEW=on&UNGAPPED_ALIGNMENT=no&END_OF_HTTPGET=Yes&SHOW_LINKOUT=yes&GET_SEQUENCE=yes
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?CMD=Web&LAYOUT=TwoWindows&AUTO_FORMAT=Semiauto&ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&CLIENT=web&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=(none)&EXPECT=10&FILTER=L&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&GENETIC_CODE=0&NCBI_GI=on&PAGE=Translations&PROGRAM=tblastn&SERVICE=plain&SET_DEFAULTS.x=23&SET_DEFAULTS.y=10&SHOW_OVERVIEW=on&UNGAPPED_ALIGNMENT=no&END_OF_HTTPGET=Yes&SHOW_LINKOUT=yes&GET_SEQUENCE=yes
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?CMD=Web&LAYOUT=TwoWindows&AUTO_FORMAT=Semiauto&ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&CLIENT=web&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=(none)&EXPECT=10&FILTER=L&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&GENETIC_CODE=1&NCBI_GI=on&PAGE=Translations&PROGRAM=tblastx&SERVICE=plain&SET_DEFAULTS.x=21&SET_DEFAULTS.y=9&SHOW_OVERVIEW=on&UNGAPPED_ALIGNMENT=yes&END_OF_HTTPGET=Yes&SHOW_LINKOUT=yes

Jak BLAST pracuje?

* Proces zahrnuje 3 kroky

1. Priprava dotazu

— rozseka sekvenci na kratke useky a
sestavi z nich vhodnou tabulku

2. Vyhledava shody v databazi

3. Rozsifuje vyhledavani v oblasti
nalezenych shod, tak aby byla splnena
zadana kritéria



Slova pro nukleotidove sekvence
Dotazz GTACTGGACATGGACCCTACAGGAA

Velikost slova = 11 minimalni velikost = 7
TACTGGACATG blastn default = 11

tabulka se viemi ACTGGACATGG Megablast default = 28
lowderzd  cpGGACATGGA
TGGACATGGAC
GGACATGGACC
GACATGGACCC
ACATGGACCCT



Slova pro proteinové sekvence
Dotaz: GTQITVEDLFYNIATRRKALKN

G- 5

TQOI

tabulka se vSemi
slovy dotazu QI I

Velikost slova muze byt 2 nebo 3 (default = 3

Sousedici slova
ITV — LTV, MTV, ISV, LSV, etc.

TVE
VED
EDL
DLF



Minimalni pozadavek pro shodu

ATCGCCATGCTTAATTGGGCTT
Cf‘TGCETAATLI' presna shoda slova

1 nalezena shoda

* Nucleotidovy BLAST vyzaduje jednu presnou shodu
* Proteinovy BLAST vyzaduje dvé sousedici shody v tseku 40 aa

GTQITVEDLFYNI
SETI YYN sousedici slova

— _
~

2 nalezené shody



Substituc¢ni Matice

* Co je substituéni matice?

Kompletni sada skore pro vSechny kombinace paru zbytkl se
nazyva substituCni matice

Uplatriuje se pfi srovnani sekvenci proteinu

Stanovuje frekvenci pfi které kazdy mozny zbytek v sekvencich
muZze byt zménén za kterykoli jiny zbytek béhem Casu (evoluce)

Napf., hydrofobni zbytek ma vyssi pravdepodobnot zachovani v
prlslusne pozici sekvence nez jiny.

Kazda matrice je uréena pro urdity typ vyhledavani — JE TREBA
VEDET CO HLEDAME!



Substituc¢ni Matice

ProC pouzivat substitucni matice?

. Stanovit pravdépodobnou homologi
dvou sekvenci.

. Substituce, ktere jsou vice
pravdepodobné ziskaji vysSi skore

. Substituce, které jsou méneé
pravdepodobne obdrzi nizsi skore.



Priklad matice BLOSUMG62

L-phenylalanine (F) L-tyrosine ()

A

;i vyznamnost

5Si vyznamnost

6
-2 -4 7
-1 -2 -1 4

Negativni pro malo pravdépodobné substituce [1 = . _ _2@

Yy -2 -2-2-3-2-1-2-3 2-1-1-2-1 -3 -2 -2 2 7
v 0-3-3-3-1-2-2-3-3 3 = -2 -2 0 -3 -1 4

X 0 -1 Pozitivni pro vice pravdépodobné substituce 2 0 0 -2 -1 -1 -1
A I IN LLJ o A/ I \ & ] i § E N P IN I A/ r P S T W Y V X




BLAST — graficky vystup

Taxcnomy reports

Distribution of 30 Blast Hits on the Querv Sequence

P408%2 DNA mismatch repalir protein M1lhl (MutL protein homolog 1..8= 233 E=8Be-£2

Color Key for Alignment Scores

<40 40-510) 50-80 _ Bo-200  [EEODT
1_10436 R e e
0 50 100




BLAST — priklad vystupu u DNA

50-80 | 80-200 =200

0 500 1000 1500 2000 2500 3000 3500 4000 4500

= L] L] L] WL LL S .
. LS FF S— " =
WNEFFF S -

—_ i~
S L FF
s s

Score = 202 bits (102), Expect = 5e-48
Identities = 179/207 (86%)
Strand = Plus / Plus
Query: 2500 aagttaacttaaataatgcgcaagge------- gatttgggatatttaactgctggtaat 2559

FEEEEEEE e LRt rrrrrerrrrnl
Sbjct: 36439 aagttaacttaaataatgcgcaagggcgtttgggatttgggatatttaactgctggtaat 36498

Query: 2560 tactatgcaacaagagtgccggatttaccaggtagcgttgaaagttatgagggttattta 2619

Frrrrerrerrrrrrrrrerrerrre terrrrrr e e e e e e e e e
Sbjct: 36499 tactatgcaacaagagtgccggattt-ccaggtagcgttgaaagttatgagggttattta 36558

Query: 2620 actttagatgctatccagagggaaagacagatagacgnnnnnnnnnngaaagaaaacgac 2679

T T T I e A R L e e R R | Frererree 1l
Sbjct: 36559 accttagatgctattcaaaaagaaagagaaatagatgaaaagaaaaagaaagaaaatgat 36618

Query: 2680 aaaaatatacgcgatatgaaaatgtgg 2706

FEr teerr rerrrrerrrrernd
Sbjct: 36619 aagaacatacgtgatatgaaaatgtgg 36645




Lokalni versus mnohonasobné srovnani

Dosud jsme srovnavali pouze dvé sekvence navzajem

Podobnosti mezi dvema sekvencemi se stavaji
vyznamnymi, pokud se vyskytuji i u dalsich sekvenci

Mnohonasobné prilozeni sekvenci je srovnani tri a vice
sekvenci nukleovych kyselin nebo proteinl s mezerami
vlozenymi do sekvenci tak, ze useky sekvenci s uplnou
nebo CasteCnou homologii jsou serazeny nad sebou ve
stejném sloupci

MuUze identifikovat podobnosti a identifikovat
konzervativni motivy, které nejsme schopni
identifikovat lokalnim srovnanim



Priklad analyzy mnohonasobného
prilozeni

File Edit Functions Options Windows Help
: : | Seguence Features HHE
List: | fusers/thompson/seqlab/working. list .YS
Edit Add Faise Delete
Mode: Editor Display: Features Coloring 1:1
Show: Features at cursor
LEd + ¥ i = Tnsert Wra Irnwert
T é:uw TFRSTE PF&ET IHFO | GROUP P .. LI-RR _
Kk 1= atch [ 12 - .:l
Fla EIMEQ TS 0ADVALLVVPADQGEFEGAF SKEG (TREHALLAF TLGVEQM IV IAATTP K.Y SETER Ea
=f11 =i GEEETHINIVWIGHVDSGESTTTGHL IYECGGIDRTIEFFEEEABEMGEGSE - TAWVL Iv
efl ' GEEETHINIVVI TTITGHLIYECGGID  RTIEEFEEEAMEMGEGSE T ATVL IV
ef1l” TOTGHLIVECGGID RTIEEFEREAAEMGEGSF TAWVL IV
=fl TTTGHLIVECGGIDERTIEFFEREAAEMGEGSFETAWYL Iv
efl TTTGHL IVECGG IDERTIEEFEREAAEMGE GSFETAWVL Featurestart 14 IV
efl TTTGHL IVECEGIDERTIEKFERE AAEMGE GSFEYAWVL FeatuceFnd | o1 v
efl TTTGHLIYECGGIDERTIEEFEEEAAEMGEG SFETAWVL : IV
o MotifW Atp Gtp A
efl LYKFETAKYTVTI IO ROF IENMITRTSQADCAVLY | o PR 1
efl TSTGHLIYECGGIDERTIEEFEEEAAEMGEG SFETAWVL IV
efl TTTGHLIYECGGIDERTIEEFEEEAAEMGEG SFETAWVL IV
efl TTTGHLIYECGGIDERTIEEFEEEAAEMGEG SFETAWVL IV
efl TTTGHLIYECGGIDERTIEEFEEEAAEMGEG SFETAWVL IV
efla TTTGHLIYECGGIDERTIEEFEEEANEMGEG SFETAWVL IV
efl TTTGHLIYECGGIDERTIEFFEREAQEMGE G SFETAWYL Close Help In
efl GHLIYECGGIDERTIERFEREANEMGEG SFEYANVL Ly EX
efl GHLIYECGGIDERTIERFEREANEMGEG SFEYANVL Ly EX
=fl TI'I'GHLIYKDGEID RTIEFFEEEAQEMGEGSE TAWVL - Vi
efl TTTGHLIYECGGIDERTIEEFEEEANEMGEG SFETAWVL LWEFETAEYY HTI@.DF TFNMITGTSOANCAYVOID
LZ0 L30 1] 1] Led ] LE0 S} 11n

pos:17 col:17  efll human --:




|dentifikace konzervativnich motivu

fingerprint
motif
\ insertions
cydeggis
cyedg_g}i frequency weight matrix
Cyeeggit =+  wix (block)

cyhgdgys
cyrgdgnt

C-¥Y-x2-[DG]|-G—x—-{8T]
regular expression



Klasifikacni databaze proteinu

PROSITE | - Databaze sekvenénich motivi

Dfam predstavuji znacne roztristeny
SRINT soubqr zdroju

S = Asi 30 databazi
ProDom

. Céastedné se prekryvaji, ale
SMART nejsou navzajem propojeny
Blocks
* Integrované vyhledavani ve vice

databazich umoznuje napr.
InterPro InterPro Scan




Hledani genu

« Geny tvori obsahovou slozku genomu
— Variabilni delka
— JedinecCné sekvence
— Mnohdy sloZené z exonu a intronu
— Geny pro funkéni RNA

« Jakym zpusobem vyhledavat geny?
— 1. Metody zalozené na hledani podobnosti s jiz popsanymi geny
— 2. Metody srovnavaci genomiky
« Srovnani vice dokonCenych genomu

— 3. Vyuziti algoritmu a statistickych metod pro analyzu sekvence
« Hledani signalu



Vyhledani otevienych ¢tecich ramcu
(http://www.ncbi.nlm.nih.gov/projects/qgorf/)

ORF Finder (Open Reading Frame
W8 Finder)

PubMed Entrez BLAST OMIM Taxonomy Structure
NCBI The ORF Finder (Open Reading Frame Finder) is a
graphical analysis tool which finds all open reading
frames of a selectable minimum size in a user's
Tools sequence or in a sequence already in the database.

for data mining

This tool identifies all open reading frames using the

GenBank standard or alternative genetic codes. The deduced

sequenct amino acid sequence can be saved in various

submission suppart formats and searched against the sequence

and software database using the WWW BLAST server. The ORF
_ Finder should be helpful in preparing complete and

FTP site accurate sequence submissions. ltis also

download data and packaged with the Sequin sequence submission

software software.

Enter Gl or ACCESSION

or sequence in FASTA format

FROM: TO:

Genetic codes
| 1 Standard M



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

Signaly — senzory ve strukture
eukaryotickeho genu

Start codon codons  ponor site

ATGCCCTTCTCCAACAG
Transcription
start

/

Promoter

S'UTR +

Exon

Stop codon

GGCAGAAACAATAAALY.To
GATCCCCATGCCTGAGGGCCCCTC 7(



Prokaryoticky versus eukaryoticky gen
vyzaduji odlisne pristupy

* Prokaryota

malé genomy 0.5 — 10-10° bp
Vysoka hustota kddujicich
sekvenci (>90%)

Zadné introny (vyjimky Archea,
fagy)

hledani otevienych Ctecich
ramcu

doplnéno napr. hledanim

signalu pro vazebna mista
ribozomu

Uspé&snost cca 99 %
Problémy: prekryvajici se
OREFs, kratké geny, mista TSS
a promotory

« Eukaryota

Velké genomy 107 — 1079 bp

Nizka hustota kodujicich
sekvenci (<50%)

Struktura intron/exon

statistické modely frekvenci
nukleotidu

sledovani zavislosti pritomnych
ve strukture kodonu

Obsah GC
Presnost dosahuje cca 50 %
Problémy: mnoho!



