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

Bioinformatika zahrnuje

— studium

— praktické uchovavani

— vyhledavani

— zobrazovani

— manipulaci

— a modelovani biologickych dat
Vyvoj vysoce vykonnych
technologii umoznujicich
ziskani molekularne
biologickych dat prispél k jejich
dramatickému narustu a tim
soucasne zvysil obtiznost
jejich zkoumani a hodnoceni
ve vztahu k biologickym
otazkam.
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Zakladni zdroje a aplikace bioinformatiky

Vypocetni zaklady Zdroje dat Aplikace bioinformatiky
Algoritmy Ziskavani dat
Grafika, vizualizace Obecné Nastroje pro piistup k databazim
Zpracovani signalu dostupné Mapovani a srovnavani genomil
Architektura hardwaru databaze Sefazeni sekvenci
Informacni teorie Identifikace gent
Sprava databazi Funk¢ni identifikace proteinil
Statistika Molekularni evoluce
Simulace Molekularni modelovani
Umé¢la inteligence o Predikce struktur
Zpracovani obrazu | ZPracovani Srovnavani struktur
Robotika labor?l;c;rmch Stanoveni makromolekularnich

Softwarové inzenyrstvi

struktur

Vyvoj 1€€iv na zaklad¢€ struktur




Soucasne biotechnologické nastroje

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




* Primarnim cilem techto analyz je
objasneni informacniho obsahu
biomaromolekul a porozumeni, jak
bioinformace primo ovlivauji vyvoj a
funkce u zivych organizmu.

— Hledani v databazich

— Srovnavani sekvenci nukleovych kyselin a
proteinu

— Hledani genu

— Funkéni genomika

— Klasifikace proteinu
— Fylogenetické studie




Vyukova stranka
http://orion.sci.muni.cz/kgmb/bioinformat/

Informacni zdroje pro molekularni biologii

Prawndla pro pract v uéebng COMEE

@ Uvod

@ Litersami informaéni zdroje pro biomedicinské obory

@ Databazoveé zdroje pro moelekulammi biologii (pirelhled)

@ Piiklady formati sekvenci

@ Obecny princip sekvencovani [PDF]

@ Hledani v databazich selvenci: nastroje pro lokalni sefazeni sekvenci

@ Nastroje mnohonasobné a globalni sei'azeni sekvenci DINA

@ Fylogeneticka analvza

@ Navih PCR-primerni a olisonukleotidii

@ Restikini analvza

@ Poiitaiove vvhledavani genit

@ Analvza sekundami shuktmy RNA

@ Nastroje pro analvzu sekvenci proteimi

@ Odlkazy na komplexni sady nastrojii pro bioinformatilu

@ Analvza metaboliclich drah
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Nejdulezitéjsi instituce zabyvajici se
shromazd'ovanim biomedicinskych
informaci

* \V soucCasne dobe je prostrednictvim Internetu dostupnych
priblizneé 550 databazi zabyvajicich se shromazdovanim
bioinformaci.

— Jejich prehled a popis je kazdorocne publikovan ve

specializovaném, volne dostupném Cisle Casopisu Nucleic Acids
Research

v = v v’

vyvojem nastrOJu pro JeJICh analyzu a poskytovanlm
iInformaci patti:

— 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 Iékarskeé knihovny (NLM) v USA
(http://www.ncbi.nim.nih.gov/),

— Centrum pro informacni biologii (CIB) zalozené jako oddéleni
Narodniho genetického institutu (NIG) v Mishimé&, Japonsko
(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 (v ramci
institutu EBI) — 1980

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

* TFi samostatné baze vznikly v dusledku potreby
rychlé dostupnosti databaze sekvenci na
jednotlivych kontinentech v dobe, kdy jeste

nebyly rozvinuté vysokorychlostni komunikacni
site.




Vsechny tri genomové databaze jsou volne
dostupne a prijimaji data ziskana v genomovych
centrech nebo na odbornych pracovistich
zabyvajicich se skvencovanim nukleovych kyselin.

V soucCasné dobe si jednotlive databaze predavaji
ziskana data, takze databanky
GenBank/EMBL/DDBJ prakticky sdileji stejna data v
jakoukoli dobu.

V soucCasné dobe databaze EMBL obsahuje
XXXXXXXXX sekvenci a xxxxxxxxX nukleotidovych
bazi pochazejicich celkem od vice nez 60 000
ruznych organizmu nebo viru.

Nové sekvence nukleovych kyselin se do databazi
vkladaji pomoci specialniho WWW formulare
nazvaného Banklt pro databazi GenBank, Webln
pro databazi EMBL nebo Sakura pro databazi
DDBJ.




GenBank http://www.ncbi.nim.nih.gov/Genbank/
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SEﬂIl::h[ Hucleotide s ifclr |barley HNADPH oxidase Go i Clear i
Limits PreviewIndes History Cliphoard Defails
[ Display |[ default 4 ][ save || Text | [ AddtoClipboard | [ GetSubsequence |
[ 1: A7251717. Hordewm vulgare p.. 2l 15282289] Links

LOCUS HVI2517 17 337 bp mEMNA linear FLN 12-JRAN-Z00Z2
DEFINITION Hordeum vulgare partial mENA for putative NAD(P)H oxidase (pHNRox
gene | .
ACCESSION AJ251717
VERSION AJ251717.1 GI: 15282289
KEYWCORDS HADFH oxidase; pHRox gene.
SOURCE Hordeum wvulgare subsp. vulgare
ORGANISM Hordeum vulgare subsp. vulgare
Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
Spermatophyta; Magnoliophyta; Liliopsida; Poales; Poaceae;
Pooideae; Triticeae; Hordeum.
FEEFEEENCE 1
AUTHORS Huckelhoven,R., Dechert,C., Trujill} sEATURES Location/Qualifiers
TITLE Diffe_tl'entia:!_ expregsion of putatiwvg source 1..337
near-i1sogenic, resistant and susceq {organism="Hordeum wvulgare subsp. wvulgare"
OURNAL  Plamt Mal. Biol. 47 (51, 735-748 (] A et
an . Biol. 5 - 3 —n . "
iEvii  Zicisaic [ men: s
REFERENCE 2 (bases 1 to 337) —=¥P= Y
AUTHORS Hueckelhowen, R. /dev_stage="7-days old plant
TITLE Direct Submission gene 1. '33?" R
JOURNAL  Submitted (02-DEC-1000) Hueckelhows { gene="pllhox
Fhytopatholgy and Applied Zoology, CDhs =1l..=337
Giessen, Ludwigstr. 23, 35390 Giesg {gene="pNAox"
/ function="superoxide generating enzyme"
fnote="gp%lpheox homolog"
feodon_start=2
/product="putative NAD(P)H oxidase"
.r"prc\t-ein_id="CM5 1517. 1"
fdb_wref="GI:15282290"
ftranslation="FKGIMNEIAELDORNI IEMHNY LTSVYEEGDARSALITMLOALN
HAaKNGVDVVSGTEVETHF AR FNFEEVLSEVARKHEYAK TGVEYCGAPVLACOELSNLCH
\ EFNGECTTKE"
BASE COUNT 102 a 70 e 81 g 23 t 1 others
ORIGIN
1l gtttaaagga atcatgaatg agattbtgetga actagatcaa aggaatateca tbtgagatgea
61 caactatcte acaagbgttt atgaggaagy ggatgetegg tecagrcactea tecacaatget
121 geaageteokte aaccabgeoca agaatggbgt cgatghbagtg btetggmacte gagtecggac
181 acattttgeca agaccaaatt ttaagagggt getgbectaag gtageegeca aacatectta
241 tgeocaagata ggagtgttet attgeggage tecaghttetg gegocaggaac taageoaaccet
301 tkbgeoecatgag ttcaakbggea aatgracgac aaaathe




Genomove databaze v NCBI — prokaryota
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Click on the rectangle to get BLAST neighbors for the gene of nterest
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Genomove databaze v NCBI - eukaryota
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Lineage: Eukaryota; Vitdiplantae; 5 treptophyta; Embryophyta; Tracheophyta; 5 permatophyta;
Magnoliophyta, endicotyledons; core endicats; Fosidae; enrosids IT; Brassicales; Brassicaceas;

Arahidopzis

MT ~ CHL

Arabidepsts thaliana  is a small flowering plant that is widely used as a model organism in plant
binlogy. Arabidopsis is & member of the mustard (Brassicaceae) family, which includes cultivated
gpecies such as cabbage and mdish. Arabidopsis is not of major agronomic significance, but it offers
important advanfages for basic research in genetics and molecular biology. Its genome has been
sequenced by an intermational collaboration collectively termed the Arabidopsis Genoime Initiative
(AGT (The Arabidopsis Genome Initiative, 2000, Mature, 405 .796-5135).

This sequence, map, and annofations are the result of a collaboration between TIGE, MIPE, and TAIE.
The non-redundant sequence of the chiomosomes pseudomolecules) and their annotations were
provided to NCEI by TIGE. on behalf of the collaborators.




Gemonové mapy - MapView
http://www.ncbi.nlm.nih.gov/mapview/

Click the (3 to BLAST Other ¥ertebrates
Click the € to search the group &) Dario rerio (zebrafish)
Click on the binomial to viewr
the genome overview

Mz mrm afs

&) Homo sapiens (human)
3 Mus muscufas (mouse)
3 Rattus norvegicus (rat)
(&) Bos taurus (cow)

3 Sus scrofa (pig)

3 cCaris famifiaris (dog)

Invertebrates

(3 Anopheles gambize (mosquito]

B Caenorhabditis efegans (nematode])
O Drosophils melanogaster (fruit fiy)

B Funagl

) Szecharomypees cerevisize (baker's yeast)
B Schizosaccharomypoes pombe (fission yeast)
) Newrospora crassa

) Magnaporthe grisea

Blants (O
(3 Arabidopsis thaliana (thale cress)
3 Avena sativa (oat)
O Hordeum vulgare (badey)
) Orpza sativa (rice)
Protozroa ) Friticum aestivem (wheat)
(2) Zea mays (com)
(O Lycopersicon escufentun (tomato)
() Glycine max (soybean)

G plasmodiom Falcparam

See more about 5 Bacteriz, () Organelles, () Virwses




Droseplila melanogaster Map View
Chromozome: X2L2E[3L ] 3E 4
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Databaze sekvenci proteinu

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

SWISS-PROT zalozené na Univerzité v Zeneveé v roce
19886.

- Databazi 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 oznacenym TrEMBL, ktery
obsahuje automaticky doplnovane preklady kodujicich
oblasti z databaze sekvenci nukleovych kyselin EMBL.




« EXPASY http://www.expasy.ch

| Site Map Search EXPASY Contact us
'Hosted by CEE. Canada Mimor sites: Bolivia (China Korea S witzerand Taiwan USA

ExPASy Molecular Biology Server

The ExPAS y (Expert Protein Analysis System) proteomics server of the Swiss Institute of
Bininformatics (31E) is dedicated to the analysis of protein sequences and structures as well as 2-D
PAGE Dizclaimer / Eeference).

[Announcements] [Job opening] [Mirror Bites]

Tools aud software paciages

o SWISS-PROT and TrEMBL - Protein @ Proteomics and sequence analysis tools
knowledgebase o Proteoinics [Peptldent, Peptideldass, ...]
& PROSITE - Protein families and dorains o DHA -= Protein [Translate]
8 SWIS5-2DPAGE - Two-dimensional polyacrylammicde o Similarity searches [BLART]
gel electrophoresis o Pattemn and profile searches [#eanFrosite]
o ENZYME - Enzyme nomenclahre o Post-franslational modification and
8 SWIS5-IDIMAGE - 3D images of profeins and other topology prediction
binlogical mactomolecules o Primary stucture analysis [ProtParam
8 SWISS5-MODEL Repository - Antomatically pIDI%, ProtBeale]
generated protein models o Secondary and tertiary structure prediction
s CDd0Lbase - CD40 ligand defects [BWIRE-MODEL, Suriss-FibWiswet]
o SeqAnalRef - 5equence analysis bibliographic o Alisnment [T-20FFEE, #IM]
1eferences o Biological text analysis

@ Melanie 3 - Software for 2-D PAGE analysis
& Links to many other molecular hioloey databases & Roche Applied Science's Biochemical Pathwavs




Dullezitou 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

DOWNL OAD fifes
browse LINKS

BETA TEST new feaiures
BETA mmCIF files

Current Holdings

19623 Structures
Last Update: 30-Dec-2002
PDE Statistics

Molecule of the Month:
Cytochrome ¢

The Protein [ata Bank (PDE) is
operated by Rutgers, The State
University of Mew Jdersey : the San
Criego Supercormnputer Center at the
Univer=zity of California, San Diegao;
and the Mational Institute of Standards
and Technology -- three rmembers of
the Besearch Collaboratory for
Structural Bisinformatics [(RCSE). The
FLE is supported by funds from the
Mational Science Foundation, the
Cepartroent of Energy, and two units of
the Mational Institutes of Health: the
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structure data.

ABOUT PDE | DATA UNIFORMITY | RECENT FEATURES | USER GUIDES |
FILE FORMATS | EDUCATION | STRUCTUR AL GENOMICS | FPUBLICATIONS |
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Search the Archive @ PDE Mirrors
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| Find a structure 1 San Diego Supercomputer
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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, ktere
umoznuji vyhledavani v molekularne blologlckych
databazich.

» Tyto prostredky jsou vstupnim bodem do mnoha
iIntegrovanych databazi a kazdy z nich byl vyvinut
v jednom ze tfi hlavnich center pro bioinformatiku.

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




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

Entrez je vyhledavaci systém pro molekularne biologicke databaze
vyvinuty v NCBI

Je vstupnim bodem pro pruzkum 45 rtiznych integrovanych databazi
z nichz rada je virtualnich.

K nejvyznamnejsim
databazim patri

e Entrez, The Life Sciences Search Engine

- data béze P u bIVIed, u mOZh UJ |’C|’ Entrez | Human Genome | GenBank | Map Viewer | BLAST
pFI'Stup k |Iterémi databéZ| Search across databases | | MM Help
M ED LI N E Welcome to the new Entrez cross-database search page

— databaze sekvenci nukleovy’ch B rubvied: it dicattaratie hatidns andidh st K Books: online books
kyselin a protein( Wl i it e o il K ovis onftve el tohekarics i man

— databaze 3-D struktur MMDB
([)M(t)lebcu Ia)r MOdeIIng MeSLI:ldetaiIed information about NLM's controlled
a a ase vocabulary

— skupina databazi genom

i ’ . . m Site Search: NCBI web and FTP sites
“ Journals: detailed information about journals in Entrez

“ Mucleotide: sequence database (GenBank) p UniGene: gene-oriented clusters of transcript sequences
. , e
- taxonovm I,Cl(,a ,dat,ab,az,e , C:I:' Protein: sequence database t, CDD: conserved protein domain database
usnadnujici ziskavani sekvenci _ .
l“ Genome: whole genome sequences ﬂ 3D Domains: domains from Entrez Structure

na zakladé taxonomickych

Skupln j_ Structure; three-dimensional macromolecular structures |"]l‘- UniSTS: markers and mapping data

s y ’ 4 Taxonomy: organisms in GenBank ﬂD PopSet: population study data sets
Ze tri vyhledavacich =S _ |
Hin SMP: single nuclectide polyrmorphism i GED: expression and molecular abundance profiles

prostifedkl je Entrez
uzivatelsky nejpfijatelngjsi

Gene: gene-centered information 7] | #£5=% GEO DataSets: experimental sets of GEO data

[ A ) O B o I 1




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

« SRS je homogenni rozhrani pro pfistup k vice nez 160 molekularné
biologickym databazim vyvinuté v EBI
. Typy databazi zahrnuji
sekvence a z nich odvozena data
— metabolické drahy
— transkripCni faktory
— 3-D struktury
— Genomy
— Mapovani
— Mutace
— Jjednonukleotidové polymorfizmy
— vysledky ziskané pomoci analytickych nastrojl
« Webove rozhrani umoznuje provadét pred vyhledavanim vyber

z jednotlivych databazi a poskytuje alternativni formulare pro zadavani
vyhledavacich dotazu.

* Na Internetu bézi nékolik verzi SRS a kazda z nich obsahuje jinou sadu
databazi a analytickych nastroju.




EMBLEE] (Quick Search Library Page Quei Form Tools Results P‘m'leds Views Databanks

Search Options Available Databanks

[+] Expand all  [=] Collapse all Show databanks tooltips:

1.Select the databanks

you want to search
[+ Literature, Bibliography and Reference Databases

2. Enter your search terms [=] Nucleotide sequence databases

in the Quick Search hox, B 7 emeL [J EMBL {Release) [] EMBL {Updates) [] EMBL (WGS)
,?rruﬁragffwa Guenviionn ] EMEL (TPA) [] EMEL (Contigy [] REFSEQ ] EMSEMEL HUMAN
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DBGET/Link DB
http://www.genome.ad.|p/dbget

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

Poskytuje pristup do databazi, které mohou byt
dotazovany samostatne.

Jako vysledek DBGET prezentuje krome seznamu
vyhledanych zaznamu také prehled vazeb na souvisejici
iInformace ve vsSech integrovanych databazich.

Dalsi ojedinelou 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 omezenejsi vyhledavaci prostredek.




DBGET/Link DB

DBGET Database Links

DBGET

Integrated database retrieval system

GenomeNet
Japan

Basic Search [ DBGET Links Diagram | IDEAS Interface ]

Database name

Category

Full name | Abbreviation

-

FubMed

““‘-——-ﬁ

LITDE

OMIM

Z

L LY

i ™
KEGG - ~ | BRITE
) Pathway ——| OGlycan  LIGAND
Expression ——— ) S5DE
L] KO Compound - Reaction
Genome . . _“Hx — LIGAND
Genes —— Enzyme

N
N

FMD

E:l:lBank

EMBL

CarbBank

Iy

— |

Mot

Transfac ProDiom

Pfam

PRINTS

Nucleic acid sequences

Protein sequences

3D structures

Sequence motifs

Compounds and reactions

KEGG pathways
KEGG orthology

KEGG gene catalogs

KEGG organisms

Gene expressions

Wirus gene catalogs
Organelle gene catalogs
Genetic diseases
Protein mutants

Aming acid indices

Carbohydrate structures
Protein/peptide literature
MaHf literature
Biomedical literature

LinkDB Search
* LinkDE

Full Text Search

Compound narme

refseq s
. genbank b
embl emb
swissprot 5P
sptrembl trembl tr
N trembl_new trnew
protein
pir pir
prf frf
pdbstr str
pdb pdh
epd epd
tffactor tf
transfac -
trsite 15
prosite ps
blocks ol
motifdic prodom pot
prints pr
pfam pr
compound cpd
ligand glyciﬂn g
reaction m
enzyme ec
pathway path
ko ka
eukaryotes
genes |eubacteria for md?\iSu;(lEn?;mSmﬁ
archaea
genome an
expression e
vgenes v
ogenes og
omim mim
pmd pmd
e aa!ndeﬂ e
2aindex2 aax2
carbbank cesd
litdlb Iit
prosdoc et
medline ui

* STAG: Searching Texts in All over the GenomeNet - JAIST, Hokuriku

Last updaied. Sepiember 22, 2003

[ Feedback form | GenomeNet | KEGG | BLAST | FASTA | MOTIF ]

Original site

NCE
NCE
EBI
ExPASY

EBI

NBRF

RCSE
ISREC
GBF

ExPASY
FHCRC
INFA
UMBER
Wash.U £ Sanger

Kyoto

Kyoto

NCEI

NCEI
DDBJ

Kyoto

Teikya U/ U Georgia
PRF
EXPASY
NCEI




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
rozsirovanim vyhledavani v okoli subsekvenci s cilem
ziskat lokalne serazene sekvence, do nichz mohou byt
vlozeny mezery

« BLAST « FASTA
+ Altschuletal.,, 1990  * Lipman a Pearson 1985

+ dostupny na serveru  * dostupny na serveru
NCBI EBI




Co je to BLAST?

« Basic Local Alignment Search Tool
— Hledani lokalnich podobnosti

— Heuristicky pristup zalozeny na Smith-
Watermanove algoritmu

— Vyhleda nejoptimalnéjsi serazeni sekvenci
— Poskytuje data o statisticke vyznamnosti
— Zobrazuje vzajemne serazené sekvence

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




BLAST

Entrez BLAST il I Taxonormy atructure
HEW 15 Moy 2004 Download the BLAST poster from SC20041

Nucleotide Protein

* Clickly search for highly similar segquences * Protein-protein BLAST chlastp)
(megahlast * PHI- and PSI-BLAST

* Clickly search for divergent seguences & Search for short, nearly exact matches
(discontiguous megablast * Search the conserved damain database

* Mucleotide-nuclectide BLAST (blastn) (rpshlasth

* Search far short, nearly exact matches * Search by domain architecture (cdarf

* Search trace archives with megablast ar
discontiguous megahblast

Translated Genomes

* Translated queryvs, protein database (hlast) o Chicken, cow, pig, dog, sheep, cat

* Protein query ws. translated database (thlastn) * Erwiranmental samples

* Translated queryvs. translated database * Human, mouse, rat
ithlastsd * Fugu rubripes, zehrafish

* |nsects, nematodes, plants, fungi, malaria
* hicrohial genomes, other eukanotic genomes
~ Special Meta
Support
* Search for gene expression data (GED BLAST) * Retrieve results by RID
* Lontact us s Align two sequences (bl2sed)

* Screen forvector contamination fWecScreen)

* |[mmunoglobin BLAST (oBlasth

* ShF BLAST HEW




Jak pouzivat BLAST?

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

1. Vybrat prislusny BLAST-program (blastn,
blastp, blastx, tblastn, tblastx)

2. Vybrat databazi, ktera ma byt prohledana
Vlozit sekvenci (DNA nebo protein)
4. Odeslat pozadavek na vyhledani

—




Vyuziti jednotlivych programu BLAST

Program Dotaz Databaze g::\\/,:g‘ni Pouziti

blastn DNA DNA DNA Hledani identickych sekvenci DNA

blasp Protein Protein Protein Hledani homolognich proteint

blastx DNA Protein Protein Hledani gent a homolognich proteinti na DNA
tblastn Protein DNA Protein Hledani genti u necharakterizovanych DNA

tblastx DNA DNA Protein Studium struktury genu




Volba programu, jestlize Vase sekvence je NUKLEOTIDOVA

Délka Databaze | Ugel vyhledavani BLAST Program
. ) MEGABLAST
Identifikace dotazované sekvence Standard BLAST (blastn)
DNA Vyhledani podobnych sekvenci jako dotazovana Standard BLAST (blastn)
20 bp nebo delsi A v T :
Vyrlled?nl podobnych protelnu k prekladu dotazované sekvence Translated BLAST (tblastx)
v prelozenych databazich DNA
Protein Vyhleda’nl’ podobnyc[\ proteinu k pfekladu dotazované sekvence Translated BLAST (blastx)
v databazich proteinu
7-20bp DNA Vyhledani vazebnych mist primer(i nebo kratkych motivi i?j;ﬁz;or short, nearly exact
Volba programu, jestlize Vase sekvence je PROTEIN
Délka Databaze Ugel vyhledavani BLAST program
Identlflka’xce dotaz?vane se!(v?nce nebo vyhledani Standard Protein BLAST (blastp)
sekvenci podobnych proteinu
Protein Vyh_lved:':ml cle_n_u Rrotem_ove rogmy nebo tvorba vlastni PSI-BLAST
pozi¢né-specifické matrice skore -
Vyhledani proteini podobnych dotazovanému v okoli
15 aminokyselinovych uréitého vzoru PHI-BLAST
zbytk(i nebo delsi —
gg;zéir;/atlvnl Vyhledani konzervativnich domén v dotazované sekvenci CD-search (RPS-BLAST)
Konzervativni | Vyhledani konzervativnich domén v dotazované sekvenci Conserved Domain Architecture
domény a identifikace ostatnich proteinti s podobnou architekturou domén | Retrieval Tool (CDART)
DNA Vyhledani podobnych proteind v preloZzenych databazich DNA Translated BLAST (tblastn)
515 zbytk( Protein Hledani peptidovych motivi Search for short, nearly exact

matches




1.

Jak BLAST pracuje?

Proces zahrnuje 3 kroky

Priprava dotazu

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

2. Vyhledava shody v databazi
3. Rozsiruje vyhledavani v oblasti nalezenych

shod, tak aby byla splnena zadana kritéria




Slova pro nukleotidove sekvence
Dotaz: GTACTGGACATGGACCCTACAGGAA

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

tabulka se viemi ACTGGACATGG Megablast default = 28
lowdorzl orGGACATGGA
TGGACATGGAC
GGACATGGACC
GACATGGACCC
ACATGGACCCT




Slova pro proteinové sekvence
Dotaz: GTQITVEDLFYNIATRRKALKN

GO _ 3

TOT

tabulka se vsemi
slovy dotazu QI T

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

CATGCTTAATT  phregna shoda slova

~

1 nalezena shoda

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

GTQITVEDLFYNI
SEI YYN sousedici slova

— _
—~

2 nalezene shody




Serazeni sekvenci, které BLAST
muze nalézt

1 AATGGTAAAGACTACTGGATCATTAAGAACTCCTGGGGAG

LEerr rreeerrerrrrrrerr e rerrerrrrrr
1 AATGGAAAAGACTACTGGATCATCAAAAACTCCTGGGGAG




Serazeni sekvenci, které BLAST
nemuze nalézt

1 GAATATATGAAGACCAAGATTGCAGTCCTGCTGGCCTGAACCACGCTATTCTTGCTGTTG

N A e N R e e
1 GAGTGTACGATGAGCCCGAGTGTAGCAGTGAAGATCTGGACCACGGTGTACTCGTTGTCG

61 GTTACGGAACCGAGAATGGTAAAGACTACTGGATCATTAAGAACTCCTGGGGAGCCAGTT

R I T e L I I O I |
61 GCTATGGTGTTAAGGGTGGGAAGAAGTACTGGCTCGTCAAGAACAGCTGGGCTGAATCCT

121 GGGGTGAACAAGGTTATTTCAGGCTTGCTCGTGGTAAAAAC

T T T I I I R I R
121 GGGGAGACCAAGGCTACATCCTTATGTCCCGTGACAACAAC




BLAST - Moznosti nastaveni

7’

Options for advanced hlasting

Limit by entrez I

ot select from:| All organisms j
guery

Composition-based r
statistics

Choose filter W Low complexity [T Mask for lookup table onty [T Mask lower case
Expect I'I 0 < |

Word Size [3 7] < |
> Datsix |EILCISUMEE jGaanstlexistenu:e:H Extension: 1 j <

Paahd

Cither advanced I

PHI pattern I




Substitucni Matice

* Co je substitucni matice?

— Kompletni sada skore pro vsechny kombinace paru
zbytku se nazyva substituéni matice

— Stanovuje frekvenci pri které kazdy mozny zbytek v
sekvencich mUuze byt zménén za kterykoli jiny zbytek
béhem Casu (evoluce)

— Napr., hydrofobni zbytek ma vyssi pravdepodobnot
zachovani v prislusne pozici sekvence nez jiny.

— Kazda matrice je urCena pro urcity typ vyhledavani —
JE TREBA VEDET CO HLEDAME!




Substitucni Matice

ProC pouzivat substitucni matice?

. Stanovit pravdepodobnou homologii
dvou sekvenci.

. Substituce, které jsou vice
pravdepodobné ziskaji vyssi skore

. Substituce, které jsou méneé
pravdepodobnée obdrzi nizsi skore.




A

L-phenylalanine (F) L-tyrosine (Y)
3ézné ar
5

-2 6

¥\ 0 -2
/‘ -3 -4 -
3\ 1 Vzacn

HIDL

-1 0-2-3-2 1 2 -1 5

-2 -3-3-3-1 0 0-3 0 &6

-3 -1 -1-2-2-3 -3 -1-2-4 7
-1 0 0 0-1-2-2 O0-1-2-1

Negativni pro malo pravdepodobné substituce :1 _i :le

Yy 2 -2-2-3-2-1-2-3 2-1-1-2-1 -3
v 0-3-3-3-1-2-2-3-3 3 -2

X 0 -3 Pozitivni pro vice pravdépodobné substituce [2

A 1 N D T Y =& W o I L -~ m r P

Priklad matice BLOSUM®62

i vyznamnost

SSi vyznamnost

4

1 5

-3 -2

-2 -2 2 7

-2 0 -3 -1 4
O 0 -2 -1 -1 -1
S T W Y VvV X




Ruzné typy substituénich matic

* Matice identity
— Predevsim pro nukleotidove sekvence
— Neschopne transformovat na jiné zbytky
— Pro serazeni velmi podobnych sekvenci
— Vypada nasledovne ....




Matice identity

H Q @ P
I
w
+
=
I
w
|
w

CAGGTAGCAAGCTTGCATGTCA
e trrererrertr i skdére = 19-9 = 10

CACGTAGCAAGCTTG-GTGTCA




Matice PAM

- PAM

— Percent Accepted Mutation

— zalozeny na konceptu akceptovatelnych
bodovych mutaci za 108 let v globalnich
mnohonasobnych serazenich blizce
pfibuznych proteinu

— Stanoveny na zakladé vypoctu u blizce
pribuznych proteinu

— PAMA1 reprezentuje 1% zmeén

— PAM250 = (PAM1) 250




Matice BLOSUM

BLocks Substitution Matrix

Zmeny probihajici béhem dlouhodobé evoluce
nejsou casto vhodné pro vypocty a sledovani
malych recentnich zmeén

Matice BLOSUM jsou sestaveny na zakladée
analyzy mnohonasobnych serazeni evolucné
pribuznych proteinu v databazi BLOCKS

BLOSUM-x pouziva analyzu pouze téch
proteinu, které maji alespon x % identitu




PAM versus BLOSUM

« PAM Matice (Percent Accepted Mutation)
— Odvozené z pozorovani; malé mnozstvi sefrazenych dat
— vhodné pro evolucni modely
— VSechny vypocty provadeny s PAM1
— PAM250 je nejpouzivanegjsi

« BLOSUM (BLOck SUDbstitution Matrices)

— Odvozené z pozorovani; velké mnozstvi vysoce konzervovanych
sekvenci (BLOCKS)

— Kazda matice odvozena samostatné podle definované
procentualni identity

— BLOSUMG62 — vychozi matice pro BLAST

Blosum 45 Blosum 62 Blosum 90
PAM 250 PAM 150 PAM 100

Vice divergentni ﬁMéné divergentni




PAM versus BLOSUM

« PAM100 e — Blosum90
« PAM120 c= — Blosuma8&0
« PAM160 o= = Blosum60
« PAM200 o= — Blosumb2
« PAM250 = — Blosum45




Obecne zavery

« Klicovym elementem vyhodnocujicim vysledky
srovnani aminokyselinovych sekvenci je
substitucni matice

« Ruzné matice jsou pfizpusobené pro detekci
podobnosti u sekvenci, které se vyznacuji
ruznym stupném divergence

« BLOSUM je vhodnejsi pro lokalni srovnani
— BLOSUM-62 je optimalni pro detekci nizkych
podobnosti proteinu

— BLOSUM-45 je vhodngjSi pro detekci nizkych
podobnosti u dlouhych sekvenci




Vyznamnost shody

K posouzeni vyznamnosti shody nalezenych Useku se
pouziva numericka hodnota oznaCovana jako skore
sefazeni sekvenci (S)

Popisuje celkovou kvalitu serazeni sekvenci na zaklade
porovnani pravdepodobnosti vyskytu nalezenych
segmentu o urdité sekvenéni podobnosti

s pravdepodobnosti, ze se takova podobnost vyskytne
mezi dvema nahodnyml sekvenceml

v v N’

Ekvivalentem skore S je hodnota E (,Expectation
value®), ktera vyjadruje pocet ruznych serazeni sekvenci
se skorem shodnym nebo vysSim nez je hodnota S, jejiz
vyskyt je oCekavan pri nahodnem vyhledavani
v databazi.

E=mn2-S
Potom plati, ze Cim je hodnota E nizsi, tim je skore
vyznamnejsi.




BLAST - Moznosti nastaveni

7’

Options for advanced hlasting

Limit by entrez I

ot select from:| All organisms j
guery

Composition-based r
statistics

Choose filter W Low complexity [T Mask for lookup table onty [T Mask lower case

Expect I'IEI
Wiord Size |3 "’I

Dl ateix |EILCISUMEE jGaansts Existence: 11 Extension: 1 j <

Paahd

Cither advanced I

PHI pattern I




BLAST - Moznosti nastaveni

7’

Options for advanced hlasting

Limit by entrez I

ot select from:| All organisms j
guery

Composition-based r
statistics

Choose filter W Low complexity [T Mask for lookup table onty [T Mask lower case
Expect I'I 0 < |
W ord Size I 3 "’I

Dl atix |EILCISUMEE j Gap Costs | Existence: 11 Extension: 1 j

Paahd

Cither advanced I

PHI pattern I




BLAST — Vystup (Vysledky)

Skladaji se ze 4 casti

1) uvud, ktery informuje o tom kde bylo vyhledani
provedeno a jaké databaze byly pouzity

2) seznam sekvenci v databazi, obsahujici segmenty
podobnych sekvenci, jejichz skore je alespon tak vysoke
Jako zadané parametry

3) setfazeni podobnych sekvenci s vysokym skore

4) kompletni seznam parametra pouzitych pro vyhledani.




Proteinovy BLAST

f.
3 NCBI

Nucleotide

protein—-protein B LAS ']:‘I

Retrieve results for

Search

Set
subsequence

Choose
database

Do
CD-Search

Protein Translations an RID

=

>Mutated in Colon Cancer
IETVYAAYLPKNTHPFLYLSLEISPONVDVNVHPTKHEVHFLHEESILER

VQQOHIESKLLGSNSSRMYFTQTLLPGLAGPSGEMVKSTTSLTSSSTSGSS
_II)KVYAHQMVRTD SREQKLDAFLQPLSKPLSS _ILl
4 F

From: | To: |

el

Protein database

|swissprot M

Now: @nr =T




BLAST — stranka pro formatovani

;.3 NCBI | formatting BLAS”T

Mucleotide Protein Translations Retriewe results for an RID

Your request has been successfully submitted and put into the Blast Queue.

Query = Mutated in Colon Cancer (131 letters)

Putative conserved domains have been detected, click on the image helow for detailed
results.

—_

20 4 G an 1og 120 131

——
OHA_nis_repair

uest ID is |1DEEEEEEE?—D1E?51—1 k0Gh
iicd >

The results are estimated to be ready m 36 seconds but may be done sooner.




BLAST — graficky vystup

Taxonomy reports

Distribution of 30 Blast Hits on the Querv Sequence

P40692

DNA mismatch repair protein Mlhl (MutlL protein homolog 1..8= 233 E=8e-A2

Color Key for Alignnent Scores

<40 40-50 50-80 . Bo-2on  [=E00
1_10436 m
1] RO 100

pohyb mysi




BLAST Output: Descriptions

4 ore E
Sequences preducing significal Serazeno pOdle hOanT E ite) Value
gi | 730028 |sp | P40692 [MLH]1 HUMAN DNA mismatch repair proteln .. 233 Be-62
gil13878583\ep | Q9JK91 |MLH]L MOUSE DNA 56 = de-ho
gil13878571 \p|P97679|MLHL RAT DNA mis 14 )( 1() otelin 212

gil1709056|| \P38920|MLH1 YEAST MUTL =TT L (DNA 12
gl 1171080 Q44494|MUTL HAETIN DNA mlsmatch repair proteln... 5]
gill13431695 V5?886|MUTL PASMUI DNA mismatch repair protei...

o hoooa i Mool | MUTL THEMA DNA mismatch repair protein.. ~ 43 de-06
" 1|MUTL BACHD DNA mismatch repalir protej 46 le-05
Ink TO enTrez MUTL ECOLI DNA mismatch repair prots” . 44 5e-05
gil127555sp|P141el |[MUTL SALTY DNA mismatch r i 44 Te-05
gil 6225738 |sp|Q9%C88 |MUTL RICPR DNA mismatch LOCUSLH‘]k .40 Te-04
gi114154544 |sp|QSPJGS |[MUTL CHLMU DNA mismatch 40 0.001
gi18928218 |=sp 084579 | MUTL CHLTE DNA mismatch repalr proteln... _ 39 0.001
g1 20043258 |sp |QSKEV1IZ | MUTL VIBCH DNA mismatch repair protei... 38 0.002
gi113631230sp |QS9RP6e |[MUTL CAUCE DMNA mismatch repair protei... 38 0.002
gi18928214 |sp 051229 | MUTL BORBU DNA mismatch repair protein... _ 39 0.002
gil1709188 |=sp | P49850 | MUTL BACSU DNA mismatch repair protein... _ 38 0.005
gi 8039787 |sp | 083325 |MUTL TREFA DNA mlsmatch repalr proteln. 36 0.013
gl|19856116|sp|P1l4]160 |HE§-—ssmnmar—oar _36 0.0z0
gil3914062 |sp | P70754 |MUTL 35 0.0z20
gil11386926|=sp|P57633 | MUT DefaulT e VGIUZ CUTOff 10 35 0.026
gil8928240|sp|Q9Z794 |MUTL CHLPN DNA mismatch reps @ - 35 0.02s6

gi|1709684 |sp|P54280 | PM3]1 SCHPO DNA mism . .
9113912081 [sp 1067518 [MUTL AQUAE DNA mism, Bacterial mismatch repair proteins
gi 1709685 |sp | PR4278 | PMSZ HUMAN PMS1 protein homolog 2
gi|1708686|sp|P54279 | PMSZ MOUSE PMS1 PROTEIN HOMOLOG 2 (DAY
gil8928222 |sp | PT35349 | MUTL SYNY3 DNA mismatch repair protein...
gi 1709683 | sp | PR4ZTT | PME1 HUMAN PMS1 protein homolog 1 (DWNA. ..
gill126232 |sp | POZ223539| LGBl LUPLU Leghemoglobin I
gill1l26238|sp | PO2240 | LGB2 LUPLU Leghemoglobin II




BLAST — vystup serazeni sekvenci

>gi|127552|sp|P23367 |[MUTL _ECOLI DNA mismatch repair protein mutL
Length = 615

Score = 44.3 bits (103), Expect = 5e-05
Identities = 25/59 (42%), Positives = 33/59 (55%), Gaps = 8/59 (13%)

Query: 9 LPKNTHPFLYLSLEISPONVDVNVHPTKHEVHF-—--- LHE---ESILERVQQHIESKL 59
L + P L LEI P VDVNVHP KHEV F +H+ + +L +QQ +E+ L
Sbjct: 280 LGADQQPAFVLYLEIDPHQVDVNVHPAKHEVRFHQSRLVHDFIYQGVLSVLQQQLETPL 338




BLAST — vystup filtrovani sekvenci

>gi| 730028 |sp|P40692 |MLH1 HUMAN DNA mismatch repair protein Mlhl 1)
Length = 756

Score = 233 bits (593), Expect = 8e-62
Identities = 117/131 (89%), Positives = 117/131 (89%)

Query: 1 IETVYAAYLPKNTHPFLYLSLEISPQONVDVNVHPTKHEVHFLHEESILERVQOHIESKLL 60
IETVYAAYLPKNTHPFLYLSLEISPONVDVNVHPTKHEVHFLHEESILERVQOHIESKLL
Sbjct: 276 IETVYAAYLPKNTHPFLYLSLEISPQONVDVNVHPTKHEVHFLHEESILERVQQHIESKLL 335

Query: 61 GSNSSRMYFTQTLLPGLAGPSGEMVKXXXXXXXXXXXXXXNKVYAHOMVRTDSREQKLDA 120
GSNSSRMYFTQTLLPGLAGPSGENMVK ODKVYAHOMVRTDSREQKLDA
Sbjct: 336 GSNSSRMYFTQTLLPGLAGPSGEMVKSTTSLTSSSTSGSSOKVYAHQMVRTDSREQKLDA 395

Query: 121 FLQPLSKPLSS 131 gpkvence s hizkou komplexitou

FLQPLSKPLSS
Sbjct: 396 FLQPLSKPLSS 406




BLAST — priklad vystupu u DNA

<40 40-50 50-80

0 500 1000 1500 2000 2500 3000 3500 4000 4500

- - - . WL LSS .

WP S S I Sem— L]

Bl
LI
o

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

FErrreerrrrrerrrrrrrerenl FEEEEEErrrrr et rerrnd
Sbjct: 36439 aagttaacttaaataatgcgcaagggcgtttgggatttgggatatttaactgctggtaat 36498

Query: 2560 tactatgcaacaagagtgccggatttaccaggtagcgttgaaagttatgagggttattta 2619

Freerrerrrereerrrerrerrert rrrerr et ettt et e e rrred
Sbjct: 36499 tactatgcaacaagagtgccggattt-ccaggtagcgttgaaagttatgagggttattta 36558

Query: 2620 actttagatgctatccagagggaaagacagatagacgnnnnnnnnnngaaagaaaacgac 2679

0 1 e e 1 I I B A FErrreeer il
Sbjct: 36559 accttagatgctattcaaaaagaaagagaaatagatgaaaagaaaaagaaagaaaatgat 36618

Query: 2680 aaaaatatacgcgatatgaaaatgtgg 2706

FE e b terrrerrerrrrnd
Sbjct: 36619 aagaacatacgtgatatgaaaatgtgg 36645




BLAST — vystup, prfehled parametru

Datalbhase: L1l non-redundant GenbBank CD3

translations+FPhE+3wissProt+PIR4+PREF excluding enwvironmental saanples
Posted date: oot 5§, 2004 12:07 AM

HNutbher of letters in database: 637,525,253

HNutber of sedquences in datasbhase: 2,075,303

Larkbda E H

0.316 0.133 0.332
Gapped
Larbda K H

o.267 O.0410 O.140

Matri=x: EBLO3IUTMAZ

Gap Penalties: Existence: 11, Extension: 1

MNutnbher of Hit=s ta DE: 155,300,126

MNutnbher of Sedquences: 2075303

MNutnbher of extension=s: 6355952

Nutber of successful exten=sions: 16755

Nutbher of sedquences bhetter than 10.0: 54

Nutnbher of H3P'=s khetter than 10.0 without gapping: <40
MNurber of HSP's successfully gapped in prelim test: 14
MNurber of HSP's that attempted gapping in prelim test: 16640
MNumber of HZIP'zs gapped [(non—-prelim): 73

length of gquery: 6lo

length of database: 697,528,283

effectiwve H3FP length: 132

effective length of query: 454

effective length of database: 423,585,287

effective sSsearch space: 205016730903

effectiwve search space used: 205016730205

T: 11

L: 40

X1: 16 [ 7.3 bit=)

X2: 35 (14.6 bit=)

X3: 64 ([(24.7 bit=)

31: 41 (21.6 bit=)

32 77 [(34.3 bit=)




Mnohonasobné serazeni
sekvenci
(multiple alignment)

Definice: Mnohonasobne serazeni
sekvenci je srovnani tri a vice sekvenci
nukleovych kyselin nebo proteinu
s mezerami vlozenymi do sekvenci tak, ze
useky sekvenci s uplnou nebo Eastednou
homologii jsou serazeny nad sebou ve
stejném sloupci.




Lokalni versus mnohonasobné
srovnani

* Dosud jsme srovnavali pouze dve
sekvence navzajem

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

« Mnohonasobné serazeni muze
identifikovat podobnosti a identifikovat

konzervativnhi motivy, které nejsme
schopni identifikovat lokalnim srovnhnanim




Duvody provedeni
mnohonasobného serazeni

Organizace dat a manipulace s daty
tykajicimi se podobnych sekvenci

Dedukce fylogeneze

Vyhledani konzervativnich mist nebo
oblasti

Vyhledani variabilnich oblasti
Odhaleni zmén ve stuktufe genu




Algoritmus:

mnohonasobnée serazeni = hledani optimalni cesty
vice konzervativnich sloupcu = lepSi sefazeni

vstu

X koordinata

y koordinata

3
G

Z koordinata

S>=1>(v]
I SR 2 SR N
OO O]|I>

vystup
* Vysledna cesta v 3-rozmernem(x, y,z) prostoru:

(0,0,0)—(1,1,0)—(1,2,1) —>(2,3,2) —(3,3,3) —>(4,4,4)




Vypocet skore serazeni

Sequence Column A Column B Column C
1 i Novtrrrriiiiiiiiinnnns Nottrrrriiiiiiiiiinnnn N
2 iieieeieeeceeees Novtrrrriiiiiiiiinnns Nottrrririiiiiiiiinnnn N
e Novtrrrriiiiiiiiinnnns Novtrrrriiiiiiiiiinnnn N
4 e Novtrrrriiiiiiiiinnnns Nottrrrrriiiiiiiiinnnn C
5 i N O C
,//' \\\
e ” ‘\ \\\
,’ 1 \ ~
. ’ \ AN
,/ 1 \ ~
N somm=7-==-= SR\ |
\ \\\ /l ‘\ e II
\ S (’ I}
\ AN e \ 1
\ / \\/’ \ 1
\ / < \ 1
v - N v
\II ,,’ oo
‘(/: _________ :‘_.‘ll
N N

No. of N-N matched pairs (each scores 6):
10 6 4
No. of N-C matched pairs (each scores -3):
0 4 6




Vytvoreni konsenzni sekvence

* Nejjednodussi forma:
Jedna sekvence, ktera reprezentuje vyskyt
nejbéznéjSich zbytku v kazdé pozici

K K 1 5 K K
OHdH O O O
Q Q@ 1 Q@ @ U
Q Q@ Q Q@ @
P OH H P
< BB g
< < < < 1
MO O H H H
A A A
H B < B B B




Vytvoreni profilu

VVLVLLU
H 1 1 00
(& T T T
1 1 OO
S L S U
OO0
OOHH
S R
H BHHH
OO0
([ R

LVVLUVLU

A G G C T A T C

SR

BH O OO

< OV H |




ClustalW

« Obecne pouzivanym programem pro
mnohonasobné serazeni sekvenci je Clustal W
(Higgins et al., 1994), ktery pocita optimalni
shodu mezi sekvencemi a umoznuje i graficke
znazorneni jejich podobnosti formou kladogramu
nebo fylogenetického stromu.

* Proces zahrnuje 3 kroky:
1.) Konstrukce vSech parovych serazeni
2.) Vypocet vodiciho stromu
3.) Progresivni serazeni dle vodiciho stromu




ClustalW: krok 1

« Serazeni vSech paru sekvenci

* Vypocet matice podobnosti (hodnoty
procentualni identity)

Vi V, V3 Vy
v, | -
vy,| .17 -
vy| .87 .28 -
v,| .59 .33 .62 -




ClustalW: krok 2

« Z matice podobnosti vypocCisa shlukovou
analyzou vodici strom

* Pouziva statistickou metodu
Neighbor-joining

e Strom hrubé odrazi evolucni souvislosti

Vi Vo V3 V4
_ Vi
17 - Vs
.87 .28 - V4
.09 .33 .62 - V2
V7 3 = alignment (v;, vy
V1 3.4 = alignment ((v; 3), Vv,

V1234 = alignment((v; s J,V,)




ClustalW: krok 3

« Zacina serazenim 2 nejpodobnejsich
sekvenci

» Sleduje vodici strom a pridava dalsi
nejpodobnejsi sekvenci

\'4 1 4 1 4
* Podle potreby vklada mezery
FOS RAT PEEMSVTS-LDLTGGLPEATTPESEEAFTLPLLNDPEPK-PSLEPVKNISNMELKAEPED
FOS MOUSE PEEMSVAS-LDLTGGLPEASTPESEEAFTLPLLNDPEPK-PSLEPVKSISNVELKAEPED
FOS CHICK SEELAAATALDLG----APSPAAAEEAFALPLMTEAPPAVPPKEPSG--SGLELKAEPED
FOSB MOUSE PGPGPLAEVRDLPG—-=———- STSAKEDGFGWLLPPPPPPP-—-—-—-—=====——————— LPFQ
FOSB HUMAN PGPGPLAEVRDLPG—-=———- SAPAKEDGFSWLLPPPPPPP--—-—-—-=-—=——————— LPFQ

. * * . Kk oo Kk * * ) Kk .

HvezdiCky a teCky oznacuji stupen konzervovanosti sekvenci




Princip progresivniho serazeni

|

W= OINW-

l

|

A
g1
j_m
-
O




Problém presnosti

Pri progresivhim serazeni se mohou
kumulovat chyby.

“Once a gap, always a gap”
Feng & Doolittle, 1987




Prakticky provadené kroky

Ziskani sekvenci (databaze,
sekvencovani)

Manipulace se sekvencemi (zmena
formatu, orientaCni parove serazeni)

Vybér vzajemné odpovidajicich useku
Mnohonasobne serazeni
Nasledné fylogeneticke analyzy




Lokalni (parove) serazeni

BLAST 2 Sequences (NCBI)
http://www.ncbi.nim.nih.gov/blast/bl2seq/bl2.html

LALIGN local alignment program is available at
several servers:
http://www2.igh.cnrs.fr/bin/lalign-guess.cqi

http://www.ch.embnet.org/software/LALIGN for

m.html

LFASTA uses FASTA for local alignment of 2
sequences:
http://pbil.univ-lyon1.fr/lfasta.html




| _—_ . Netscape: Blast 25equences: m=|
Eack Forward  Reload Home Search  MNetscape [mages Print  Security  Shop Stop
| ' - —
«+| Loostioriz s [t -/ P nobinim nih.gev /b last/b125eq /b2 bl | €0 what's Related

BLAST 2 sequences BLAST
BLAST 2 SEQUENCES

This tool produces the alignment of two given sequences using BLAST engme for local ahgnment
The stand-alone executable for blasting two sequences (bl2seq) can be retrieved from NCBI fip site

Reference: Tatiana A. Tatusova, Thomas L. Madden (1999), "Blast 2 sequences - a new tool for comparmng protein and
nucleotide sequences”, FEMS Microbiol Lett. 174:247-250
Program Matrix (ot Applizable %]

Parameters used in BLASTN program only:

Reward for a match:[z Penalty for a mismatch:-z
O Use Mega BIAST  Strand option [Eofswands z]

Opengap [  and extensiongap [2  penalties
gap X_dropoff [S0  expect [10  word size [11  Filter &4

Sequence 1 Enter accession or GI or download from file |
or sequence i FASTA format from:| to:|

1]r] [4]¢

Sequence 2 Enter accession or GI or download from file |

or sequence in FASTA format from:| to:]

i[*] [4]®

MEIE

4]

=== [ e Ol & B2l ~F

7




Software pro mnohonasobne sefazeni

B ClustalX (1.81) -|0] x|
File Edit aAlignment Trees Colors Quality Help

Multiple Alignment Mode j Font Size:|1 0 Tl

- 36 EIEIE I X X ; X

1 CAS1_BOVIN FEVEGEEE
2 CAS1_SHEEF FEVEEEEN
3 CAS1_FIG QEHLQHIPDE P' SOER
4 CAS1_HUMAN PEELQHP FLES
5 CAS1_HKABRIT I.KI.TQEQ —VOTHEL
b CAS1_MOUSE 55 E— EOPEN LHEN
7 CAS1_RHAT QENSS EC FOFEEL

ruler 1....... ... .. 200....... al. ... an...... .. S0...... .. &0

-

=

File C:A\Documents and Settings\cathal\My Documents\Courses\Courselsequ

WIN_XP ftp://ftp.ebi.ac.uk/pub/software/dos/clustalx/clustalx1.83.XP.zip
WIN_9x ftp://ftp.ebi.ac.uk/pub/software/dos/clustalx/clustalx1.83.zip
UNIX ftp://ftp.ebi.ac.uk/pub/software/unix/clustalw/clustalw1.83.UNIX.tar.gz




Webove stranky

CLUSTALW http://www.ebi.ac.uk/clustalw/
Match-Box

http://www.fundp.ac.be/sciences/biologie/bms/matchbox_submit.shtml

MUSCA http://cbcsrv.watson.ibm.com/Tmsa.html
T-Coffee http://www.ch.embnet.org/software/TCoffee.html
MULTALIN http://www.toulouse.inra.fr/multalin.html

Dialign http://bibiserv.techfak.uni-bielefeld.de/dialign/




Editory mnohonasobnych serazeni:
GeneDoc

¢, GeneDoc - [LIPIDS] - 18] x|
E File Project Edit Arrange Shade Groups Score Tree Reporks  Plob  Window  Help _|E|1|

0|2|@| 2| 2% C|S|6| =oals=c| | =] ks [alm
=|=|#h| =|-=|:=[= [C Q[P|E[SIH|I|L| DJ% G| =[.|

* *
Hunlbpa @ @-—--BIGALARALPS-TILMMALLLT 5T PEALGA— N Pleafiy s o I33 ) = e = : 79
Rablphk DR -RIGTWARALLGS T LIS LLLAAAPGATLGT — I PlEImS o ) G SEERSY : g0
Ratlbp D R-—-RESATGPLLEP-TIWMELLLLET PRT QGW — I BAIGEE | ; |F e VISE Sy : 79
Humcetp @ Bl-——RLAATYVLT---LAMLGNAHACIEGT SH- EAREIRYCI ) & 5 ¥ : 77
Maccetp @ g-——-RLAATYVLT---LAMLCGNWHACIEGT 3 H- EAEIRNCIS ! i = 5 ¥ : 77
ElalbEedy : ——————————————————————— —E AlEIRYC it e CR Ay : &0
Humbpi 5 RENRIARGECHADPRT W SR 54
Eovbpi . —-——RILREPDT ARRWAT 80
1
=
Humlbpa : HS HECE 159
Rablphk i YSMENPRFE SLEISD'YIH ISE S I — —— VR K 160
Ratlbp : HEMEWROECO el —-—-"VERES 15%
Humcetp @ HNINOIWSHLS W2 S S AET T 3 T T AN 180
Maccetp |0 HNpOISHL S W %vﬁv AT TI =3 T T A 1&0
Rabcetp @ HNEMOISHLS W MR AET LN 3% T 3AW 143
Humbpi T YERIDIWEEE O %Hﬂ el — ——A0KE 185
Eovbpi : Fal QGEN DInEENE Do EEnE T IR E E T — — — AR KN 161
=k
Hunlbpa 241
Raklph =4z
Ratlbp 241
Humcetp 243
Maccetp 243
Rabcetp 226
Humbpi 248
Eovbpi ! 244
6 6he g gwe L I
. . . . . . . . =

For Help, press F1 |Cn|umn: 1 l_ LI




Editory mnohonasobnych serazeni: BioEdit
(North Carolina State University)

% BioE dit Sequence Alignment Editor

File Edit Sequence Alignment Miew Accessory Application  BMA  Waorld Wide Web  Options  \Window  Help

= 0

. |
5 E:\Roman\Dokumenty\Ruko pisy\Opice\Sekvence\Sdruhu.aln E]@
. G tatal zequences " -
) CourerMew — =|{11  ~| B |shade threshold 100% |- |
Mode: e Selection: 0 Sequence Mazk: Mone
oee |SE|EEt illes J Positior: Murmbenng Mazk: Mone
— — 'r'rm: - * GAT 'r'rm: Scrall L
@ 1 0 I D G en -+ BRI TN el PwE 7 g
J 'fI'f'f'f'fl'f'f'f'fI'f'f'f'fI'f'f'f'fI'f'f'f'fI'f'f'f'fl'f'f'f'fl'f'f'f'fl'f'f'f'fI'f'f'f'fI'f'f'f'fl'f1h
| 10 20 30 40 50 &0 o
E L Aaureus h - O = - |"|‘ = h :‘ b ;'.‘ :" = a3 o~ ] — :-a o mal 4 a A
S.aur.anaero
8. oplice £
S.epidermidi e
S.warneri £
Tlustal Cons
| el | '

http://www.mbio.ncsu.edu/BioEdit/page2.html




Globalizované lokalni serazeni

A B A B C
DB A A C
A A B C
B Local A B C Local
A B A B C
== === Global =mmm———— Gobal




Format sekvenci — multi FASTA

>S.nepalensis

AATACATGCAAGTCGAGCGAACAGATAAGGAGCTTGCTCCTTTGACGTTAG
CGGCGGACGGGTGAGTAACACGTGGGTAACCTACCTATAAGACT GGAATAACTCCGGGAAACCGGGGCTA
ATGCCGGATAATATTTAGAACCGCATGGTTCTAAAGTGAAAGATGGTTTTGCTATCACTTATAGATGGAC
CCGCGCCGTATTAGCTAGTTGGT GGGGTAATGGCTTACCAAGGCAACGATACGTAGCCGACCTGAGAGGG
TGATCGGCCACACTGGAACTGAGACACGGTCCAGACT CCTACGGGAGGCAGCAGTAGGGAATCTTCCGCA
ATGGGCGAAAGCCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTCTTCGGATCGTAAAACTCTGTTATT
AGGGAAGAACAAATGTGTAAGTAACTGTGCACGTCTTGACGGTACCTAATCAGAAAGCCACGGCTAACTA
CGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGCGCGTA
GGCGGTYTTCTTAAGTCTGATGT GAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGAAACT
TGAGT GCAGAAGANGAAAGTGGAATTCC

>S.cohnii.Lepidoptera
AATACATGCAAGTCGAGCGAACAGATAAGGAGCTTGCTCCTTTGACGTTAGCGGCGGACGGGT GAGTA
ACACGTGGGTAACCTACCTATAAGACTGGAATAACTCCGGGAAACCGGGGCTAATGCCGGATAATATTTA
GAACCGCATGGTTCTAAAGTGAAAGATGGTTTTGCTATCACTTATAGATGGACCCGCGCCGTATTAGCTA
GTTGGTGGGGTAATGGCTCACCAAGGCAACGATACGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGA
ACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGCGAAAGCCTGAC
GGAGCAACGCCGCGTGAGTGATGAAGGT CTTCGGATCGTAAAACTCTGTTATTAGGGAAGAACAAATGTG
TAAGTAACTGTGCACGTCTTGACGGTACCTAATCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGG
TAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGCGCGTAGGCGGTTTCTTAAGTCT
GATGTGAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACT GGGAAACTTGAGTGCAGAAGAGGAAA
GTGGAATTCC

>S.cohnii.cohnii

AATACATGCAAGTCGAGCGAACAGATAAGGAGCTTGCTCCTTTGAC
GTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTACCTATAAGACTGGAATAACT CCGGGAAACCGG
GGCTAATGCCGGATAACATTTAGAACCGCATGGTTCTAAAGTGAAAGATGGTTTTGCTATCACTTATAGA
TGGACCCGCGCCGTATTAGCTAGTTGGTAAGGTAACGGCTTACCAAGGCAACGATACGTAGCCGACCTGA
GAGGGTGATCGGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTT
CCGCAATGGGCGAAAGCCTGACGGAGCAACGCCGCGTGAGTGATGAAGGT CTTCGGATCGTAAAACTCTG
TTATTAGGGAAGAACAAATGTGTAAGTAACTATGCACGTCTTGACGGTACCTAATCAGAAAGCCACGGCT
AACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGC
GCGTAGGCGGTTTCTTAAGT CTGATGTGAAAGCCCACGGCTCAACCGTGGAGGGT CATTGGAAACTGGGA
AACTTGAGTGCAGAAGAGGAAAGTGGAATTCC

>S.cohnii.urealyt

AATACATGCAAGTCGAGCGAACAGATAA
GGAGCTTGCTCCTTTGACGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTACCTATAAGACTGGA
ATAACTCCGGGAAACCGGGGCTAATGCCGGATAACATTTAGAACCGCATGGTTCTAAAGT GAAAGAT GGT
TTTGCTATCACTTATAGATGGACCCGCGCCGTATTAGCTAGTTGGTAAGGTAACGGCTTACCAAGGCAAC
GATACGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGAACTGAGACACGGTCCAGACT CCTACGGGAG
GCAGCAGTAGGGAATCTTCCGCAATGGGCGAAAGCCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTCT
TCGGATCGTAAAACTCTGTTATTAGGGAAGAACAAATGTGTAAGTAACTGTGCACGTCTTGACGGTACCT
AATCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAA
TTATTGGGCGTAAAGCGCGCGTAGGCGGTTTCTTAAGT CTGATGTGAAAGCCCACGGCTCAACCGTGGAG
GGTCATTGGAAACTGGGAAACTTGAGTGCAGAAGAGGAAAGTGGAATTCC

>S.xylosus. type

AATACATGCAAGTCGAGCGAACAGATAAGGAGCTTGCTCCTTTGAA
GTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTACCTATAAGACTGGGATAACTTCGGGAAACCGG
AGCTAATACCGGATAACATTTAGAACCGCATGGTTCTAAAGTGAAAGATGGTTTTGCTATCACTTATAGA
TGGACCCGCGCCGTATTAGCTAGTTGGTAAGGTAACGGCTTACCAAGGCGACGATACGTAGCCGACCTGA
GAGGGTGATCGGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTT
CCGCAATGGGCGAAAGCCTGACGGAGCAACGCCGCGTGAGTGATGAAGGGTTTCGGCTCGTAAAACTCTG
TTATTAGGGAAGAACAAATGTGTAAGTAACTGTGCACATCTTGACGGTACCTAATCAGAAAGCCACGGCT
AACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGC
GCGTAGGCGGTTTCTTAAGT CTGATGTGAAAGCCCACGGCTCAACCGTGGAGGGT CATTGGAAACTGGGA
AACTTGAGTGCAGAAGAGGAAAGTGGAATTCC




