Analyza sekvencnich dat v molekularni
biologii

Bioinformatika je disciplina na rozhrani poCitacovych véd, informacnich
technologii, 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 vztahu.
Vyvoj vysoce vykonnych technologii umoznujicich ziskani molekularné
biologickych dat pfispél k jejich dramatickému narustu a tim soucasné
zvyélg 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 genomu
Architektura hardwaru databaze Sekvenéni pfiloZeni, assembly
Informacni teorie Identifikace genii
Sprava databazi Funk¢ni identifikace proteint
Statistika Molekularni evoluce
Simulace Molekularni modelovani
Umeéla inteligence o Predikce struktur
Zpracovani obrazu Zpracova}n Srovnavani struktur
Robotika laboratornich Stanoveni makromolekularnich
dat struktur
Softwarové inZzenyrstvi Vyvoj léCiv na zakladé struktur




,..omiky" v molekularni bioloqii

Funkéni genomika
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Nejdulezitéjsi instituce zabyvajici se
shromazd'ovanim biomedicinskych
informaci

. LV aLD 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 |ékafské knihovny (NLM)
v USA (http://www.ncbi.nlm.nih.gov/),

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

* V soucasne 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.



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



Sdileni dat ve trech zakladnich databazich

V kazdém z bioinformatickych center jsou dostupné jednoduché nastroje pro manipulaci s daty

Ge nBan k = http://www.ncbi.nlm.nih.gov/
NCBI g Natlonal Center for Biotechnology Information (NCBI)

E MBL: http: /}’WWW ebi.ac.uk

EMBL
European Bmmformatlcs Instltute

DDB) [
National Institute of Genetics (NIG)

-; ‘ EXPASy http://tw.expasy.org
Expert Protein Analysis System



http://www.ncbi.nlm.nih.gov/
http://www.ebi.ac.uk/index.html
http://tw.expasy.org/
http://www.ddbj.nig.ac.jp/

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



Mezinarodni spoluprace
sekvencnich databazi

« Databaze sdileji stejna data

NIH
NCBI

NIG EMBL
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Ziskani dat a manipulace se sekvencemi
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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

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 vztahujicich se k dalsim informacim



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

« Entrez je vyhledavaci systém pro molekularné biologické databaze

vyvinuty v NCBI

« Je vstupnim bodem pro prizkum 45 rdznych 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

e Entrez, The Life Sciences Search Engine

Ertrez | HuUMan Genome [ GenBank | Mapviewer | BLAaST

Search across databases |

| L‘"l’—-lw"' Help

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

Entrez Molecular Sequence Database System

NCBI hitp://www.ncbi.nIm.nih.gov/
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Deposit data or manuscripts
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Use NCEI APls and code
libraries to build applications
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About the NCEI | Mission | Organization | NCEI News & Blog

Download

Transfer NCEI data to your
computer

Analyze

|dentify an NCEI tool for your
data analysis task

ier for Biotechnology Information advances science and health by providing access to

Learn

Find help documents, attend a
class or watch a tutorial

Research

Explore NCEI rezearch and
collaborative projects

pformation (NIH) | SARS-CoV-2 data (NCBEI) | Prevention and treatment information (HHS) | Espanol

nd structural racism and achieve racial equity in the biomedical research enterprise

Popular Resources
PubhMed

Eookshelf
FPubMed Central
BLAST
Mucleotide
Genome

SNP

Gene

Protein
FPubChem

NCBI News & Blog

Data for SARS-CoV-2 variants now
available at NCEI

23Apr 2021
Looking for genomes for the B.1.1.7
SARS-CoV-? variant? NCRI now

MNew NCEI Datasets home and
documentation pages provide easier
access

20 Apr 2021
NCEI Datasets. the new set of services
Remembering Mark Boguski

144pr 2021
It is with much sadness that we recently
leamed of the passing of Mark Boguski
MM PhN & former Senior Investinator in


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

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

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

» Unikatni je propojeni na databazi KEGG (Kyoto
Encyclopedia of Genes and Genomes), coz je databaze

regulaénich a metabolickych drah u organizmu ze
znamvm aenomem.

Link-only Databases
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http://www.genome.ad.jp/dbget

Jak se data dostanou do databazi?

* Predani dat prostrednictvim WWW portalu
— Banklt (GenBank)
* http://www.ncbi.nim.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

e http://www.ncbi.nlm.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

Zapis sekvence

Sekvence — zapis posloupnosti
jednoznacnych znaku odpovidajicich
jednotlivym zbytkim (monomerum), které
se nachazeji v odpovidajici posloupnosti v
dane makromolekule

DNA nebo RNA od 5‘-konce k 3‘-konci
5’ CAAACGTCGTCTAZ'

protein od N-konce k C-konci
(NH,-) MKRLSALGPGGLTRR (—COOH)

pouzivaji se jednopismenové kody dle
pravidel IUPAC



Standardni kody pro sekvence
nukleovych kyselin podile IUB/IUPAC

adenosin

cytidin

guanidin

thymidin

uridin

G/A (puRin)

T/C (pXrimidin)

G/T (nukleosid s Keto skupinou)

A/C (nukleosid s aMino
skupinou)

S X< CHOO

G/C (silna = Strong vazba)
A/T (slaba = Weak vazba)
G/T/C (not A)

G/A/T (not C)

A/C/T (not G)

G/C/A (not T)

A/G/C/T (jakykoli)

mezera (gap) neurCené délky

Z < I O0OWSOW®”



Vyuziti zapisu s degenerovanymi
nukleotidy

TACGGT
TATAAT
TATAAT
GATACT
TATGAT
TATATT

Konsenzni sekvengy:\iy.V:\y
Degenerovana sek KAYRNT



Standardni kody pro sekvence
aminokyselin podle IUB/IUPAC

alanin

kys. asparagova nebo asparagin
cystein

kys. asparagova

kys. glutamova
fenylalanin

glycin

histidin

isoleucin

lysin

leucin

metionin

asparagin

prolin

glutamin

arginin

serin

treonin

selenocystein

valin

tryptofan

tyrosin

kys. glutamova nebo glutamin
jakakoli aminokyselina

* X N<XS<C-HWAAPOPUITVZ=2rX—-—-IOMMmMOoOoOTD>

translaéni stop (terminacni kodon)

mezera (gap) neuréené délky



MuUze obsahovat vice sekvenci

Zacina specifickym zahlavim ,>“ za kterym nasleduje definice
Priklad:

>U03518 Aspergillus awamori internal transcribed spacer 1 (ITS1)
AACCTGCGGAAGGATCATTACCGAGTGCGGGTCCTTTGGGCCCAACCTCCCATCCGTGTCTATTGTACCC
TGTTGCTTCGGCGGGCCCGCCGCTTGTCGGCCGCCGGGGGGGCGCCTCTGCCCCCCGGGCCCGTGLCCGL
CGGAGACCCCAACACGAACACTGTCTGAAAG

>LinB protein
MSLGAKPFGEKKFIEIKGRRMAYIDEGTGDPILFQHGNPTSSYLWRNIMPHCAGLGR
LTACDLIGMGDSDKLDPSGPERYAYAEHRDYLDALWEALDLGDRVVLVVHDWGSALG
FDWARRHRERVQGIAYMEATAMPIEWADFPEQDRDLFQAFRSQAGEELVLQODNVEVE
QVLPGLILRPLSEAEMAAYREPFLAAGEARRPTLSWPRQIPTAGTPADVVAIARDYA
GWLSESPIPKLFINAEPGALTTGRMRDECRTWPNQTEITVAGAHFIQEDSPDETIGAA
IAAFVRRLRPA

Pouziti: univerzalni format pro zapis sekvence vhodny jako
vstupni data pro vétSinu software.



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

Start from :I:I Search for gene| HFi”d]

37 protemn coding genes ®  Find Open Eeading Frames

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

ot click on the overinew below to see a distant region to zoom in on that region
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Translation, ribosomal structure and biogenesis
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Genomoveé databaze v NCBI - eukaryota

o T
N enl o 8 " uGenome

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
Frominent arganizms
FTF SITE
Related [atabazes:
A0S I I I11 AN Y HT HL

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.




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/

RCSB PDB Deposit ~ Search ~ Visualize ~ Analyze ~ Download ~ Leam ~ More ~ Documentation ~ MyPDB ~
(= 177219 Biological . ~ . \

'l\:/_‘_.] Macromolecular Structures Enter search term(s) n

= Enabling Breakthroughs in

PROTEIN DATA BANK ResearchandEducation Advanced Search | Browse Annotations Help &

- e e —— Celebratin m YEARS OF

) PDB-101 E‘ DB 8 Dakeon: .l |Jmﬂl Pross Out Bk ? o Protein Data Bank

A Structural View of Biology April Molecule of the Month

This resource is powered by the Protein Data Bank archive-information about the
3D shapes of proteins, nucleic acids, and complex assemblies that helps
students and researchers understand all aspects of biomedicine and agriculture,

F i
* Deposit from protein synthesis to health and disease.

As a member of the wwPDB, the RCSB FDB curates and annotates PDB data.

Q Search ) _
The RCS3B PDB builds upon the data by creating tocls and resources for

research and education in molecular biology. structural biology, computational
Lal Visualize biology, and beyand.

ZASBMB

=t Analyze

COvID-19 PDB50:
CORONAVIRUS A special symposium

Register by May 1

VIRTUAL EVENT. o ‘* ‘*i e
SARS-CoV-2 Spike and Antibodies

Bl Leam




Stanoveni podobnosti sekvenci

« Textove vyhledavani sekvenci v databazich
(podle klicovych slov)
— Neefektivni - chybi anotace rady sekvenci
— Nejednotna nomenklatura genu
— Rada nesouvisejicich vysledku

* Prohledavani databazi podle podobnosti
sekvenci
— Vypocet lokalniho/paroveho prilozeni (alignment)
= usporadani do 2 pod sebou lezicich fadku tak, aby
identicke zbytky lezely pod sebou
— VypocCet mnohonasobného prilozeni (multiple
alignment) pro 3 a vice sekvenci



Vyznam sekvencniho prilozeni

Pouziti

Princip

Stanoveni podobnosti

Identifikace stejnych (podobnych) zbytk( na zakladé
prilozeni

Hledani v databazich

Identifikace podobnych sekvenci, charakterizace
genu

Identifikace vzoru

Stanoveni konzervovanych vzoru, profilt a
identifikace funk&nich oblasti a domén

Predikce, extrapolace

Klasifikace necharakterizovanych sekvenci do rodin
/ skupin

Fylogeneticka analyza

Rekonstrukce evoluce z ortolognich sekvenci

Predikce struktury

Kvalitni pfilozeni umoznuji predikci sekundarni
struktury jak u RNA, tak proteinu

Sestaveni celogenomovych
sekvenci (assembly)

Vyuziva techniky pfiloZeni pro vytvareni kontigl ze
sekvenacnich dat

Analyza oligonukleotidt pro
PCR

Design primeru a sond, posouzeni sekundarnich
struktur




Terminologie pouzita pro
srovnavani sekvenci

 ldentita sekvenci (Sequence identity), podil
identickych aminokyselinovych nebo
nukleotidovych zbytku ve stejné pozici

 Podobnost sekvenci (Sequence
similarity/positivity), podil identickych plus
substituovanych zbytku s podobnymi
chemickymi vlastnostmi.

« Homologie sekvenci (Sequence homology),
termin pouzitelny pouze u evolucne pribuznych
sekvenci, napr. stanoveni AN| (average
nucleotide identity) z celogenomovych sekvenci
nebo data z DNA-DNA hybridizaci



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.

« 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=10/05/1990&_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 pristup zalozeny na Smith-
Watermanove algoritmu

— Vyhleda nejoptimalnejsi prilozeni sekvenci

— Poskytuje data o statisticke vyznamnosti

— Zobrazuje vzajemne parove prilozeni
sekvenci

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



Co je to BLAST?

« Basic Local Alignment Search Tool
— Hledani lokalnich podobnosti

— Heuristicky pristup zalozeny na Smith-
Watermanove algoritmu

— Vyhleda nejoptimalnejsi prilozeni sekvenci

— Poskytuje data o statisticke vyznamnosti

— Zobrazuje vzajemne parove prilozeni
sekvenci

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



Basic Local Alignment Search Tool
October 26th NCBI M inute

BLAST finds reglons of simllarity between blologlcal sequences. The program
compares nuclectide or protein sequences to sequence databases and
calculates the statistical significance. Learn maote

NEEI staff will introd uce oo newy BLAST databases: the RefSeq Rep msentative
Genomes d atab ase and the Model Organisms or Land mark protzind atabass.
Fri, 07 Oct2016 180000 EST B Mo BLAST news...

Vychozi
stranka
BLAST

BLAST Genomes

Standalone and APl BLAST

' Download BLAST W sz BLAST API Use BLAST inthecloud
L= Get BLAST clatabasas anclsecutabies W CallBLAST fromyour application Startan Instance at a cloudl provicer

Specialized searches

Find proteing highly similaro Design primers specific 1 Comp are two s uences Find conserved domains in
FOurguery your PCR template ac moss theirentire span FOUr s e e
(M=l lernarsWunss hy

Find rak hes to gene Szar h immunoglobuling and Sear h sequences forvactor Firdl seciuences with similar
expression profiles T el Ereptor s uences contarminatian consared domain
a hitss ture

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



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

Basic BLAST — vybér programu

Vyuziti jednotlivych programu BLAST

Program Dotaz

blastn

blasp
blastx

tblastn
tblastx

DNA
Protein
DNA
Protein
DNA

Databaze

DNA
Protein
Protein
DNA
DNA

Uroven ‘.o
. . Pouziti
srovnani
DNA Hledani identickych sekvenci DNA
Protein Hledani podobnych proteinu
Protein Hledani gent a podobnych proteinti na DNA
Protein Hledani gent u necharakterizovanych DNA

Protein 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

N|H U.S. National Library of Medicine NCBI
®
BLAST s o Home Recent Results

blastn | blastp

Uzivatelské rozhrani BLAST

Standard Nucleotide BLAST

blastx | tblastn @ tblastx

SigninteNCBI

Saved Strategies Help

EBLASTM programs search nuclectide databases using = nuclectide query. more. ..

Enter Query SEqUENCE

Eeset page
Bookmark

Enter accession number(s), gi(s), or FASTA sequence(s) Clear Cuerysubrange &
From
To
4
Or, upload file Wyhrat soubor | Soubor nevybran 7]

Job Title

Erter a descriptive title for your BLAST zearch &

Align two or more sequences

Choose Search Set

Database Human genomic + transcript CMouse genomic + transcript = oOthers (nretc):
Mucleotide collectian (nrint) T @
Organism T
o Exclude
Enter organism common name, hinormial, or tax id. Only 20 top taxa will be shown &
Exclude Models (<KMiFY L) Uncolturedienvironmental sample sequences
Dptioral
Limit to Sequences from type material
Dpti oral .
Entrez Query YoullID create custom database
Optional Enter an Entrez gquery ta limit search &

Program Selection

Optimize for

r

BLAST

= Highly similar sequences (megablast)
More dissimilar sequences (discontiguous megablast)
Somewhat similar sequences (hlastn)

Chooze 3 BLAST algorithm &

1 Search database Nucleotide collection (nrint) using Megablast (Optimize for highly similar sequences)

Shov results in 3 new windows

(#] Algorithm parameters

Home Tab: Odkaz na uvodni

stranku
Recent Results Tab: Odkaz

na vysledky, které jste ziskali
za poslednich 36 hodin

Saved Strateqgies Tab:

Vyplnéné vstupni formulare
pro hledani, které jste ulozili
do MyNCBI

Help Tab: Katalog s
dokumentaci a napovéedou



B

Jak pouzivat BLAST?

http://www.ncbi.nlm.nih.qov/IBLAST

Vybrat prislusny BLAST-program (blastn,
blastp, blastx, tblastn, tblastx, specializovane
varianty algoritmu)

Viozit sekvenci (DNA nebo protein nebo
Accession number)

Vybrat databazi, ktera ma byt prohledana
Upresnit nastaveni parametru algoritmu
Odeslat pozadavek na vyhledani


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

Jak BLAST pracuje?

* Proces zahrnuje 3 kroky

1. Priprava dotazu

— rozseka zkoumanou sekvenci na kratké
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



Jak BLAST pracuje?

* Proces zahrnuje 3 kroky

1. Priprava dotazu

— rozseka zkoumanou sekvenci na kratké
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



Tvorba dotazu pro nukleotidové sekvence
Dotaz: GTACTGGACATGGACCCTACAGGAA

Word size = 11 minimalni velikost = 7
TACTGGACATG blastn default = 11

tabulka se viemi ACTGGACATGG Megablast default = 28

slovy dotazu (16 - 256)
CTGGACATGGA

TGGACATGGAC
GGACATGGACC
GACATGGACCC
ACATGGACCCT



prilozeni sekvenci, ktere BLAST
muze nalézt

1 AATGGTAAAGACTACTGGATCATTAAGAACTCCTGGGGAG

LEEEE terrrreeerrrrrrrr te terrrrrrrrrr
1 AATGGAAAAGACTACTGGATCATCAAAAACTCCTGGGGAG

sekvence obsahuji definovanou shodu slova



prilozeni sekvenci, ktere BLAST
nemuze nalézt

1 GAATATATGAAGACCAAGATTGCAGTCCTGCTGGCCTGAACCACGCTATTCTTGCTGTTG

0 T T I O A B B R e RN e N R
1 GAGTGTACGATGAGCCCGAGTGTAGCAGTGAAGATCTGGACCACGGTGTACTCGTTGTCG

61 GTTACGGAACCGAGAATGGTAAAGACTACTGGATCATTAAGAACTCCTGGGGAGCCAGTT

RN T U O O O |
61 GCTATGGTGTTAAGGGTGGGAAGAAGTACTGGCTCGTCAAGAACAGCTGGGCTGAATCCT

121 GGGGTGAACAAGGTTATTTCAGGCTTGCTCGTGGTAAAAAC

I T T T I I I O R AR
121 GGGGAGACCAAGGCTACATCCTTATGTCCCGTGACAACAAC



Tvorba dotazu pro proteinové sekvence

Dotaz: GTQITVEDLFYNIATRRKALKN
GTQ Word size = 3

Velikost slova muze byt 2, 3 (default = 6
TQI y ( )

tabulka se vSemi QIT

slovy dotazu 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



Hodnoceni vysledku prilozeni

« K posouzeni vyznamnosti shody
nalezenych useku se pouziva numericka
hodnota oznaCcovana jako skore
sekvencniho prilozeni (S)

— Hrubé skore (Raw score)

« Suma skore pro identity plus substituce minus
penalizace mezer

— Normalizované skore (Normalised score)

« Nezavislé na systému, umozrfiuje srovnani ruznych
prilozeni



Typy matic pro vypocet skore

« Matice identity
— Predevsim pro nukleotidové sekvence
— Neschopnée transformovat na jiné zbytky
— Pro prilozeni velmi podobnych sekvenci

* Matice podobnosti
— Pouzivané u proteinovych sekvenci

— Vyjadruji biochemicke/biologicke vlastnosti
aminokyselin

— VySSi ucinnost pri srovnavani sekvenci



Matice BLOSUM

BLocks Substitution Matrix

Matice BLOSUM jsou sestaveny na zakladé
analyzy mnohonasobnych prilozeni evolucne
pribuznych proteinu v databazi BLOCKS

BLOSUM-x pouziva analyzu pouze tech
proteinu, které maji alespon x % identitu
— BLOSUM45, BLOSUMS0, BLOSUM62, BLOSUMS80

Matice BLOSUM jsou vhodné pro hledani v
databazich

Zmeny probihajici behem dlouhodobée evoluce
nejsou casto vhodne pro vypocty a sledovani
malych recentnich zmen



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 —vystup, vysledky

@

BLAST » blastn suite » results for RID-SKGS6ZHW016 Home RecentResults Saved Strategies Help

< Edit Search | Save Search Search Summary ¥ © How to read this report? @3 BLAST Help Videos DBack to Traditional Results Page
Job Title Nucleotide Sequence Filter Results
RID SKGS6ZHWO16  Search expireson 10-17 23:57 pm  Download All v

i ] will ; | exclude
Program BLASTN@ Citation v Organism only top 20 will appear L
Database Nt Seedetails v Type common name, binomial, taxid or group name
Query ID lcl|Query_43165 + Add organism
Description None Percent Identity E value Query Coverage
Molecule type dna
to to to

Query Length 2774

Other reports Distance tree of results MSAviewer @ m Reset |
LocusLink
Graphic Summary Alignments Taxonomy

N\

Sequences producing significant alignments Download Manage

v show e

GenBank Graphi istance tree of results

serazeno podle hodnot E e T ol ¢ | R

I Score Score Cover walue Ideﬁt Accession
Staphylgcoccus hominis strain 19A chromosome, complete genome 1858 3951 &7% 0.0 96.07% 7.1
Staphyll cus hominis strain FDAARGOS_745 chromosome 1842 3647  T79% 0.0 95.80% CP050982.1
Staphyll ominis strain FDAARGOS_136 chromosome, complete genome 1831 3923 &7% 0.0 95.48% CP014107.1
Staphyl inis strain FDAARGOS_762 chromosome, complete genome 1825 1825 41% 0.0 95.39% CP054006.1
. R11327.3 chromosome, complete genome 1821 2098 41% 0.0 100.00% CP051909.1
I l n k *0 enT r‘ez Staphylococcus hominis J6 genome assembly, chromosome: | 1805 1805 41% 0.0 9527% LT963442 .1
Staphylococcus hominis J11 genome assembly, chromosome: | 1805 1805 41% 0.0 9527% LT963438.1
Staphylococcus hominis strain FDAARGOS 575 chromosome, complete genome 1799 1799 41% 0.0 9518% CP033732.1
Staphylococcus hominis strd 3464 T9% 0.0 95.18% CP046306.1
Staphylococcus hominis strd Defau IT e Val ue CUTOff 0.05 b 1794 41% 0.0 95.10% CP054883.1
Staphylococcus hominis str 7 OO 1794 4% 0.0 95.10% CP046301.1
Staphylococcus aureus strain ER02693.3 chromosome, complete genome 1777 2053 Ate—10.0 99.19% CP030605.1




£ Edit Search

BLAST —vystup, vysledky
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Lokalni versus mnohonasobné srovnani

Dosud jsme srovnavali pouze dvé sekvence navzajem

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

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

Muze identifikovat podobnosti a identifikovat konzervativni motivy,
které nejsme schopni identifikovat lokalnim srovnanim
Vyuziti mnohonasobnych sekvencnich prilozeni:
— Analyza struktury genu (identifikace konzervativnich domén, konzervativnich
regulacnich oblasti)
— Analyza pfibuznosti, konstrukce fylogenetickych stromu z ortolognich gen
— Assembly sekvenacnich dat

— Identifikace konzervativnich nebo jedinecnych cilt pro diagnostiku, identifikacni
databaze

— Klasifikace proteind, databaze sekvenénich motivi, domén (PROSITE, Pfam,
PRINTS, ProDom, SMART, Blocks) integrované databaze (InterPro, CDD
search)



Priklad analyzy mnohonasobneho prilozeni

el i i e ... .
hba_harse_1/1-142 MVIES A AT NVKAAWSIVCCHACEYEA FlL s HEEAR VKR
hba_horse_2/1-142 MVLSAABMTNVKAAWSEVGGHAGEYGA FRIL S HGE ARV K A
hba_caphi_1/1-142 MV LS AABMS NV KAAWCEYVGGNAGAYGA FEIL s HGE ARV KG
hba_caphi_2/1-142 MVLSAABMS NV KAAWCHV GGNAGAYGA FEL s HGSABV K G
hba_caimo/1-142 MVIESAAMMTNVKGYFSII GGHAEEYGA FELOHGE AR KA
Pigeon_hbad/i-140 - MLTD 5K |V QVWERV I RHP - DCGA FELHHGSDOBVRN
hbad_caimo/1-141 -MLT A EK LI VOVWERVACHOEEFGS FRLHPGEIERVRG

= ==

Conservation - . - l - i

fingerprint

motif

N\ A

insertions
cydeggis
Cyedg-gj.'i frequency weight matrix
cyeedatt ™ matrix (block)

cyhgdggs
cyrgdgnt




Prinos genomovych sekvenci
zalezi na kvalite anotace

« Anotace — Charakterizace vlastnosti genomu
— s pouzitim vypocetnich a experimentalnich metod
« Hledani genu:
— Predikce — Kde jsou geny lokalizovany?
— Podobnost — Jak geny vypadaji?
— Funkce — Jakou funkci maji kddované proteiny?
— Jakych procesu se uc€astni — V jakych metabolickych
drahach?
— Regulace — Oblasti dulezité pro expresi genu

— Evidence — Experimentalni dukaz genu / omiky (omics)
» Transkriptom
* Proteom



Hledani genu

* Geny tvori obsahovou slozku genomu
— Jedinecné sekvence odpovédné za funkcni produkt
 Variabilni délka
 Strukturni geny

— jednoduché
— slozené z exonU a intront

— Geny pro funkéni RNA
* rRNA (ribosomal RNA)
« tRNA, tmRNA (transfer RNA)
* snRNA (small nuclear)
* sSnoRNA (small nucleolar)
* RNAI (interfering RNA) a jiné regulacni RNA
* CRISPR lokusy
— Regulacni sekvence (ori, promotory, terminatory)



Co nas zajima pri hledani genu

U necharakterizované sekvence DNA zjistujeme:

— Ktera oblast koduje protein

— Ktery DNA retézec je kdédujici

— Ktery cteci ramec je vyuzivan

— Jaké jsou koordinaty genu

~ Kde jsou hranice exonu a intronu

— Kde se nachazeji regulacni sekvence
— Jakd je moduldrni struktura genomu

Sekvenovani RNA pak umoznuje popsat expresi
genu a jeji regulaci



Pristupy pro hledani genu

. Metody zalozené na hledani podobnosti
S jiZ popsanymi geny
. Metody srovnavaci genomiky

« Srovnani vice dokonenych genomu
Hledani konzervativnich oblasti, ktere jsou
vyuzity pro predikci genu
. Vyuziti algoritmu a statistickych metod
pro analyzu sekvence

. Integrované pristupy, automatickée
anotace



Priklady velikosti genomu

Druh Velikost | Genu | Genu na
Mb

H. sapiens 3200 Mb| 22 000 14
D. melanogaster 137 Mb| 13 338 97
C. elegans 85,5 Mb| 18 266 214
A. thaliana 115 Mb| 25 800 224
S. cerevisiae 15Mb| 6144 410
E. coli 46 Mb| 4300 934
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Prokaryoticky versus eukaryoticky gen
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Prokaryoticky versus eukaryoticky gen
vyzaduji odlisné pristupy

* Prokaryota

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

Zadné introny (vyjimky Archea,
fagy)

Hledani otevrenych Ctecich
ramcu

Doplnéno napf. hledanim

signall pro vazebna mista
ribozomu

Operony: jeden transkript,
mnoho genu

Uspésnost cca 99 %
Problémy: prekryvajici se
ORFs, kratké geny, mista TSS
a promotory

« Eukaryota

Velké genomy 107 — 100 bp

Nizka hustota kodujicich
sekvenci (<50%)

Konzervovanost UTRs
Struktura intron/exon

Statistické modely frekvenci
nukleotidu

Sledovani zavislosti pfitomnych
ve strukture kodonu

Obsah GC
Presnost dosahuje cca 50 %

Problémy: mnoho!
» postranskripéni modifikace
« alternativni sestrih



3. Predikce kodujici oblasti na
zaklade hledani (ab initio)

e \/yuziva pouze sekvencni data a vypocetni
pristupy integrujici analyzu sekvence a detekci
signalu

e Prokaryota

— Hledani otevienych Ctecich ramcu doplnéné hledanim
konzervativnich signalu v transkripénich jednotkach

— ORF Finder (Open Reading Frame Finder)
http://www.ncbi.nlm.nih.gov/gorf/gorf.html

e Eukaryota
— Predikce promotoru
— Predikce polyA-signalu
— Predikce mist sestfihu a start/stop kodonu
— Analyza frekvenci



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

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

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/

3. Predikce kodujici oblasti na
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signalu
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— Hledani otevienych Ctecich ramcu doplnéné hledanim
konzervativnich signalu v transkripénich jednotkach

— ORF Finder (Open Reading Frame Finder)
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e Eukaryota
— Predikce promotoru
— Predikce polyA-signalu
— Predikce mist sestfihu a start/stop kodonu
— Analyza frekvenci



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

Klicové signaly pro odhaleni genu

Iniciacni a terminacni kodony
promotory

vazebna mista pro ribozomy (RBS)
mista sestrihu

terminatory transkripce
polyadenylacni mista

vazebna mista pro transkripcCni faktory



Struktura prokaryoticke
transkripcni jednotky

RBS

RBS

RBS

promotor \ gen (CDS) \ gen (CDS) \gen (CDS) terminator

— 0—

1

\ stalrt stop

4

—_ 0

_/

~

operon



Struktura prokaryotického genu

Prepisovana oblast do mRNA

start kodon stop kodon

59

Promotor

/ S
I I Kodujici oblast I . 3

T

Neprekladane oblasti (UTR)

Zadatek transkripce (+1) Terminator transkripce

downstream (po smeéru)

upstream (proti sméru transkripce)




Konzervativni struktury
v promotoru prokaryot

mRNA
5w PUPUPUP UPUPUPUPU AUG
-30) 100+,
Promoter + ]
transcription start site
mRNA
-30 region -10 region
TTGACA TATAAT
AACTGT ATATTA
-36 -31 -12 -7 +1 +10 +20
Pribnow box Ribosomal blndlng site (RBS)
TTGACA TATAAT GGAGG  ATG
82 84 79 64 53 45% 79 95 44 59 51 96%

CONSeNnsus sequences protein



Signaly — senzory ve strukture ©
eukaryotickeho genu

Start codon codons  ponor site

[EEEEATGCCCTrCTCCAACAGe:

Transcription
start\

. -
Y
<
’ ~. _-7 N
/ ........ ~o

Promoter

Exon

Stop codon

GGCAGAAACAATAAA!Yelel.Te
GATCCCCATGCCTGAGGGCCCCTC 7(



Priklad konsenzni sekvence signalu

« Ziskana vyberem nejCasteji se vyskytujici baze v kazde
pozici mnohonasobného prilozeni prislusnée
subsekvence naseho zajmu

TACGAT
TATAAT
TATAAT
GATACT
TATGAT
TATGTT

konsensus sequence RINFYNS
konsensus (IUPAC)  TATRNT

 Vede ke ztraté informaci a ziskani mnoha falesné
pozitivnich i negativnich vysledku



Priklad poziCni vazene matice
* \lyjadfruje frekvenci kazdé baze v kazde pozici prislusné
sekvence

TACGAT 12 3456
TATAAT A 0O6 03 4020
TATAAT C0O0 1010
GATACT G10 0300
TATGAT T50 5016
TATGTT

« Skore kazdeho predpokladaného mista je vyjadreno
souctem hodnot z matice (prevedeno na
pravdépodobnosti)

* Nevyhody:
— Je vyzadovana hranicni hodnota
— Predpoklada nezavislost sousedicich bazi



Vazebné misto pro ribozém (RBS) a
iniciacni kodon ATG u E. coli
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Priklad signalu: mista sestrihu (mys)
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Statisticka analyza sekvence
predikovaneho genu

» Dulezité je posouzeni charakteru sekvence
— délka genu
— frekvence vyuziti kodonu

— obsah GC (indikace horizontalniho prenosu)

— GC skew a AT skew
. GC skew = (G - C)/(G + C)
« AT skew=(A-T)/(A+T)
— statistické modely modely frekvenci nukleotidu
(vyuziti hexameru)
— periodicita nukleotidu



Testovani exonu — vyuziti kodonu

AA codon /1000 frac
Ser TCG 4.31 0.05
Ser TCA 11.44 0.14
Ser TCT 15.70 0.19
Ser TCC 17.92 0.22
Ser AGT 12.25 0.15
Ser AGC 19.54 0.24
Pro CCG 6.33 0.11
Pro CCA 17.10 0.28
Pro CCT 18.31 0.30
Pro CCC 18.42 0.31

AA codon /1000 frac
Leu CTG 39.95 0.40
Leu CTA 7.89 0.08
Leu CTT 12.97 0.13
Leu CTC 20.04 0.20
Ala GCG c.72 0.10
Ala GCA 15.80 0.23
Ala GCT 20.12 0.29
Ala GCC 26.51 0.38
Gln CAG 34.18 0.75
Gln CAA 11.51 0.25

Codon usage database: http://www.kazusa.or.jp/codon/



Obsah G+C — priklad vyuziti pro
identifikaci mobilniho elementu

Scaffold 2

Odlisny obsah G+C indikuje horizontalni pfenos



GC skew — priklad vyuziti pro
identifikaci poCatku replikace
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Markovovy modely

* NejCasteji pouzivane statisticke modely pro
hledani genu

 Vyjadruji pravdepodobnost sekvencnich udalosti




Hidden Markov Models (HMM)




Priklad komplexniho algoritmu se
skrytymi Markovovy modely (HMM)




R A Rapid Annotation using
subsystem Technology

The NMPDR, SEED-based, prokaryotic gemome annotation service.
For more information about The SEED please visit theSEED.org. http//rast theseed Org/FIG/raSt Cg|

RAST (Rapid Annotation using Subsystem Technology)

- Anotace na zakladé vlastni pipeline

- Vyuziva integrovany pfistup vCetné NCBI databaze (BLAST)

- Klasifikace genu do subsystému a identifikace metabolickych drah podle
KEGG: Kyoto Encyclopedia of Genes and Genomes (https://www.genome.jp/kega/)

- Pfiklad parametrt anotovaného genomu:

Organism Overview for Massilia sp. CCM 8692 (6666666.478097)

BTG Massilia sp. CCM 8692 For each genome we offer a wide set of information to browse, compare and download.
i Bacteria
Do Browse | Compars ‘ Download ‘ Annotate |
Taxonomy Bacteria; Massilia sp. CCM 8692
. vView closest neighbors Browse through t_he features of Massilia sp. CCM
e 8692 both graphically and through a table. Both
Size 7,576,397 allow quick navigation and filtering for features of
53.8 your. interest., Each feature is linked to its own
GC Content detail page.
N50 191842
150 11 Click here to get to the Genome Browser
Number of Contigs (with PEGs) 141
Number of Subsystems 475

Number of Coding Sequences 5582
Number of RNAs 104


https://www.genome.jp/kegg/

- RAST rozdéli anotované geny do jednotlivych funkCnich kategorii, ty zahrnuji
dalSi podkategorie — napr. geny zapojené do jednotlivych metabolickych drah

Subsystem Information

Subsystem Statistics Features in Subsystems

Subsystem Coverage Subsystem Category Distribution Subsystem Feature Counts

@ W Cofactors, Vitamins, Prosthetic Groups, Pigments (327)
364
: '

m W Cell Wall and Capsule (145)

@ @l Virulence, Disease and Defense (116)

@ W Potassium metabolism (19

@ [l Photosynthesis (0]

Miscellaneous (45)

@ MW Phages, Prophages, Transposable elements, Plasmids (13)
Membrane Transport (248)

@ W Iron acquisition and metabolism (18]
RMA Metabolism (135%)

m [l Mucleosides and Nucleotides {108)
Protein Metabolism (343)

2 @ W Cell Division and Cell Cycle (39)

— e ——— Maotility and Chemotaxis (280)

@ W Regulation and Cell signaling (71)
Secondary Metabolism (5)

DMA Metabolism (116)

@ W Fatty Acids, Lipids, and Isoprencids (178)
@ [l Nitrogen Metabolism (63)

@ W Dormancy and Sporulation (4)
Respiration {118)

Stress Response (222)

Metabolism of Aromatic Compounds (24)
Amino Acids and Derivatives (428)
Sulfur Metabolism (&2)

Phosphorus Metabolism (57)
Carbohydrates (348)

(53]
|

BHEEEE®
|



KEGG mapa vSech metabolickych drah nalezenych u daného organismu dle

automatické anotace RASTem.
- moznost sledovat jednotlivé metabolické drahy
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