Posuzovani podobnosti
sekvenci
Nastroje pro parove prilozeni (pairwise

alignment) a vyhledavani lokalnich
podobnosti sekvenci



Hledani v databazich

* Textové vyhledavani pribuznych sekvenci
v databazich
— Neefektivni - chybi anotace rady sekvenci
— Nejednotna nomenklatura genu

* Prohledavani databazi podle podobnosti

sekvenci

— Vypocet lokalniho/paroveho prilozeni
(alignment)
= usporadani do 2 pod sebou leZicich fadku
tak, aby identicke zbytky lezely pod sebou

— Vypocet mnohonasobneho prilozeni (multiple
alignment) pro 3 a vice sekvenci



Vyznam sekvencniho prilozeni

Pouziti Princip

Predikce, extrapolace Klasifikace necharakterizovanych sekvenci do
rodin / skupin

Hledani v databazich Identifikace podobnych sekvenci, charakterizace
gentl

Identifikace vzoru Stanoveni konzervovanych vzort, profild a
identifikace funkcnich oblasti a domén

Fylogeneticka analyza Rekonstrukce evoluce z ortolognich sekvenci

Predikce struktury Kwvalitni ptiloZzeni umoziuji predikei sekundarni

struktury vyuzivané pii konstrukci 3D modeli

Sestaveni celogenomovych  Vyuziva techniky ptiloZeni pro vytvareni kontigi
sekvenci (assembly) ze sekvenacnich dat

Analyza oligonukleotidii Design primeri a sond, posouzeni sekundarnich
pro PCR struktur




Terminologie pouzita pro
srovnavani sekvenci

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

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

« Homologie sekvenci (Sequence homology),
termin pouzitelny pouze u evolucné pribuznych
sekvenci, napf. stanoveni ANI (average
nucleotide identity) z celogenomovych sekvenci
nebo data z DNA-DNA hybridizaci



Princip hledani podobnosti

« Sekvence jsou tvoreny symboly abecedy

« Komplexita sekvence je urCena pocCtem ruznych
znaku, které se mohou vyskytovat v sekvenci
(DNA =4, proteiny = 21)

 Algoritmy vyuzivaji
— heuristickou analyzu pro identifikaci kratkych

homologickych subsekvenci bez mezer s naslednym
rozsirovanim vyhledavani v okoli subsekvenci s cilem
ziskat lokalne usporadané sekvence, do nichz mohou
byt vlozeny mezery tak, aby prilozeni bylo optimalni
— Metodu dot-plot matic
— Dynamicke programovani



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
e Altschuletal.,, 1990 - Lipman a Pearson 1985

e dostupny na serveru < dostupny na serveru
NCBI EBI



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

Co Je to BLAST?

 Basic Local Alignment Search Tool

— Hledani lokalnich podobnosti

— Heuristicky pristup zalozeny na Smith-
Watermanove algoritmu

— Vyhleda nejoptimalnéjsi 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 nute
BLAST finds reglons of simllarity between biologlcal sequences. The program
compares nuclectide or protein sequences to sequence databases and
caleculates the statistical significance. Learn more

MCE! staff will introcduce bwve new BLAST datab ases: the RefSeq Rep esentative
Genomes datab ase and the Modeal Organisms ar Land mark pmotzin d atabass.
Fri, 07 Dot 2016 180000 EST B Moe BLAST news...

Vychozi
stranka
BLAST

BLAST Genomes

Mizphes

Standalone and APl BLAST

' Download BLAST B sz BLAST API Use BLAST in thecloud
L] Gt BLAST clatabasas anclsecutabies W CallBLAST fromyour applcation Startan Instance at a clouc provicer

Specialized searches

Find proteing highly similario Design primers specific to Cormp are bvo sequences Fincl conserved domains in
FOurduery your PCR templatz acmss theirentie span YOUr sej e e
(M= l=rmars Wunss hy

Find rnak hes to gene Szar h immunzglob uling and Sear h ssquences forvector Finel sexiuences with similar
expression profiles T el Ereptor ssuences contarmination conserned damain
are hitss ture

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



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

N|H U.S. National Library of Medidne NCEBI Signinto NCBI
®
BLAST :: blastn suite Home  Recent Results  Saved Strategies  Help

blastn | blastp | blastx

Uzivatelské rozhrani BLAST

Standard Nucleotide BLAST

tblastn | tblastx

ELASTM programs search nuclectide databases using a nuclectide query. more... Resetpage
Bookmark
Enter Cluery Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) Clesr Cuery subrange &

From

To
-~

Or, upload file Wybrat soubor | Soubar nesbran Q@
Job Title

Erter a descriptive tithe far your BLAST search &

Align two or more sequences &

Choose Search Set

Database

Organism
Dptioral

Exclude
Dptioral

Limnit to

Dpti oral
Entrez Query
Dptioral

Human genomic + transcript CMouse genomic + transcript = Others (nr etc):
Mucleotide callection (nrint) T |
Exclude ¥
Enter organism comman name, hinomial, or tax id. Only 20 top taxa will be shown &

Models (KMEP) L Unculturedienvironmental sample sequences

Sequences fram type material

YoullD) create custorn database
Enter an Ertrez gquery to limit search &

Frogram Selection

Optimize for

r

. BLAST

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

Chooze 3 BLAST algorithm &

Search database Nucleotide collection {(nrint) using Megablast (Optimize for highly similar sequences)
Show results in = new window

(#] Algorithm parameters

Home Tab: Odkaz na uvodni
stranku

Recent Results Tab: Odkaz
na vysledky, které jste ziskali
za poslednich 36 hodin

Saved Strategies Tab:
Vyplnéné vstupni formulare
pro hledani, kterée jste ulozili
do MyNCBI

Help Tab: Katalog s
dokumentaci a napovédou




:'_, BLAST P NCBI Home > Genomic Biology» BLAST

Home @ RecentResults Saved Strategies Help ('j Goach I Map Viewer v[ i [
» NCBI BLAST Home BLAST =
BLAST finds regions of similarity between biolo seqy Overview BLAST Drosophlla melanogaSter
FAQs
Learn more about how to use the new BLAST desig News seq uences.
Manual
BLAST Assembled Genomes e

RAbAave rosils ® Enter an accession, gi, or a sequence in FASTA format:

Choose a species genome to search, or list all genomic BLAY s
Genome Project

0 Human 0 Oryza sativa
o Mouse O Bos taurus

O Rat 0 Danio rerio
0 Arabidopsis thaliana o

Drosophila melai| =
© or, choose a file to upload

l I Prochazet

Basic BLAST Set subsequence: (optional)
Choose a BLAST program to run. From: [:J To: [:
Search a nucleotide database usi patabase;
nucleotide blast | Search a nucleotide database using a n £ I 5 _
Algorithms: blastn, megablast, disco I Geoess petSrancaaxiy) l 6 sequences
. Search protein database using a proteir| Program:
protein blast Algorithms: blastp, psi-blast, phi-blag | megaBLAST: Compare highly related nucleotide sequences
blastx | Search protein database using a transla Optional parameters
tblastn | Search translated nucleotide database Expect Filter Descriptions Alignments
0.01 % | |default v| (100 ¥ 100 ¥

thlastx | Search translated nucleotide database l l l ]

Advanced options:

Specialized BLAST

Choose a type of specialized search (or database name in pare

| Begin Search | [ Clear Input ]

Search trace archives

Find conserved domains in your sequence (cds) )
Find sequences with similar conserved domain architect Get the URL with preset values ? SRy
Search sequences that have gene expression profiles (G

Search immunoglobulins (IgBLAST)
Search for SNPs (snp)

OO oooao




Basic BLAST — vybér programu

Vyuziti jednotlivych programi BLAST

Dotaz

DNA
Protein
DNA
Protein
DNA

Databaze

DNA
Protein
Protein
DNA
DNA

Uroven
srovnani

DNA

Protein
Protein
Protein

Protein

Pouziti

Hledani identickych sekvenci DNA

Hledani homolognich proteinu

Hledani genti a homolognich proteinii na DNA

Hledani genti u necharakterizovanych DNA

Studium struktury gent


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

Priklady vyuziti algoritmu BLAST

Volba programu, jestlize Vase sekvence je NUKLEOTIDOVA

. Data- | - . s BLAST
Délka . UcCel vyhledavani
baze Program
MEGABLAST
Identifikace dotazované sekvence Standard
BLAST (blastn)
DNA Vyhledani podobnych sekvenci jako Standard
dotazovana BLAST (blastn)
20 bp nebo Vohledant o K oroKl
delsi yhledani Podobnyc proteinu k prekladu Translated
dotazované sekvence BLAST (tb (tblastx)
v prelozenych databazich DNA S
_ Vyhledani Podobnych proteint k prekladu Translated
Protein | dotazované sekvence (R ———
- . . BLAST (blastx)
v databazich proteinu
7-20bp DNA Vyhledani vazebnych mist primeru nebo Search for short, nearly
exact matches

kratkych motivu



http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&AUTO_FORMAT=Semiauto&CLIENT=web&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=%3e(none)&EXPECT=10&FILTER=L&FORMAT_BLOCK_ON_RESPAGE=None&FORMAT_ENTREZ_QUERY=(none)&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&LAYOUT=TwoWindows&MEGABLAST=on&NCBI_GI=on&PAGE=MegaBlast&PERC_IDENT=99&PROGRAM=blastn&SERVICE=plain&SET_DEFAULTS.x=28&SET_DEFAULTS.y=12&SHOW_OVERVIEW=on&WORD_SIZE=28&END_OF_HTTPGET=Yes
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&AUTO_FORMAT=Semiauto&CLIENT=web&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=%3e(none)&EXPECT=10&FILTER=L&FORMAT_BLOCK_ON_RESPAGE=None&FORMAT_ENTREZ_QUERY=(none)&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&LAYOUT=TwoWindows&NCBI_GI=on&PAGE=Nucleotides&PROGRAM=blastn&SERVICE=plain&SET_DEFAULTS.x=24&SET_DEFAULTS.y=11&SHOW_OVERVIEW=on&WORD_SIZE=11&END_OF_HTTPGET=Yes
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&AUTO_FORMAT=Semiauto&CLIENT=web&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=%3e(none)&EXPECT=10&FILTER=L&FORMAT_BLOCK_ON_RESPAGE=None&FORMAT_ENTREZ_QUERY=(none)&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&LAYOUT=TwoWindows&NCBI_GI=on&PAGE=Nucleotides&PROGRAM=blastn&SERVICE=plain&SET_DEFAULTS.x=24&SET_DEFAULTS.y=11&SHOW_OVERVIEW=on&WORD_SIZE=11&END_OF_HTTPGET=Yes
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&AUTO_FORMAT=Semiauto&CLIENT=web&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=%3e(none)&EXPECT=10&FILTER=L&FORMAT_BLOCK_ON_RESPAGE=None&FORMAT_ENTREZ_QUERY=(none)&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&GAPCOSTS=11+1&GENETIC_CODE=1&LAYOUT=TwoWindows&MATRIX_NAME=BLOSUM62&NCBI_GI=on&PAGE=Translations&PROGRAM=tblastx&SERVICE=plain&SET_DEFAULTS.x=41&SET_DEFAULTS.y=11&SHOW_OVERVIEW=on&UNGAPPED_ALIGNMENT=yes&WORD_SIZE=3&END_OF_HTTPGET=Yes
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&AUTO_FORMAT=Semiauto&CLIENT=web&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=%3e(none)&EXPECT=10&FILTER=L&FORMAT_BLOCK_ON_RESPAGE=None&FORMAT_ENTREZ_QUERY=(none)&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&GAPCOSTS=11+1&GENETIC_CODE=1&LAYOUT=TwoWindows&MATRIX_NAME=BLOSUM62&NCBI_GI=on&PAGE=Translations&PROGRAM=blastx&SERVICE=plain&SET_DEFAULTS.x=30&SET_DEFAULTS.y=5&SHOW_OVERVIEW=on&UNGAPPED_ALIGNMENT=no&WORD_SIZE=3&END_OF_HTTPGET=Yes
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&AUTO_FORMAT=Semiauto&CLIENT=web&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=%3e(none)&EXPECT=1000&FORMAT_BLOCK_ON_RESPAGE=None&FORMAT_ENTREZ_QUERY=(none)&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&LAYOUT=TwoWindows&NCBI_GI=on&PAGE=Nucleotides&PROGRAM=blastn&SERVICE=plain&SET_DEFAULTS.x=16&SET_DEFAULTS.y=8&SHOW_OVERVIEW=on&WORD_SIZE=7&END_OF_HTTPGET=Yes

Priklady vyuziti algoritmu BLAST

Volba programu, jestlize Vase sekvence je PROTEIN

. Data- -~ o
Délka . UcCel vyhledavani BLAST program
baze
Identifikace dotazované sekvence nebo vyhledani Standard Protein BLAST
sekvenci podobnych proteint (blastp)
Vyhledani ¢lenu proteinové rodiny, tvorba vlastni
Protein poz[cr.le-spemflcke mz’altlce a k’on§trlvj.l§ce profilu —» PSI-BLAST
profil je potom srovnan a lokalné pfifazen k E—
sekvencim v proteinové databazi
15 . _ Vyhlgdafl.l !orotelnu podobnych dotazovanému v PHI-BLAST
aminokyselino- okoli uré¢itého vzoru —
vych zbytkd nebo Konzervativ
delél’ ra re " re v v
ni Vyhledar_n konzervativhich domén v dotazované CD-search (RPS-BLAST)
; sekvenci -
domeény
Konzervati | Vyhledani konzervativhich domén v dotazované Conserved Domain
vni sekvenci a identifikace ostatnich proteint s Architecture Retrieval
domény podobnou architekturou domén Tool (CDART)
DNA Vyhledani podobnych proteint v pielozenych Translated
databazich DNA BLAST (tblastn)
5-15 zbytku Protein Hledani peptidovych motivu search for short, nearly
exact matches



http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&AUTO_FORMAT=Semiauto&CDD_SEARCH=on&CLIENT=web&COMPOSITION_BASED_STATISTICS=on&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=%3e(none)&EXPECT=10&FILTER=L&FORMAT_BLOCK_ON_RESPAGE=None&FORMAT_ENTREZ_QUERY=(none)&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&GAPCOSTS=11+1&I_THRESH=0.005&LAYOUT=TwoWindows&MATRIX_NAME=BLOSUM62&NCBI_GI=on&PAGE=Proteins&PROGRAM=blastp&SERVICE=plain&SET_DEFAULTS.x=31&SET_DEFAULTS.y=8&SHOW_OVERVIEW=on&WORD_SIZE=3&END_OF_HTTPGET=Yes
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?ALIGNMENTS=250&ALIGNMENT_VIEW=Pairwise&AUTO_FORMAT=Semiauto&CDD_SEARCH=on&CLIENT=web&COMPOSITION_BASED_STATISTICS=on&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=%3e(none)&EXPECT=10&FORMAT_BLOCK_ON_RESPAGE=None&FORMAT_ENTREZ_QUERY=(none)&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&GAPCOSTS=11+1&I_THRESH=0.005&LAYOUT=TwoWindows&MATRIX_NAME=BLOSUM62&NCBI_GI=on&PAGE=Proteins&PROGRAM=blastp&RUN_PSIBLAST=on&SERVICE=plain&SET_DEFAULTS.x=22&SET_DEFAULTS.y=7&SHOW_OVERVIEW=on&WORD_SIZE=3&END_OF_HTTPGET=Yes
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?ALIGNMENTS=250&ALIGNMENT_VIEW=Pairwise&AUTO_FORMAT=Semiauto&CDD_SEARCH=on&CLIENT=web&COMPOSITION_BASED_STATISTICS=on&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=%3e(none)&EXPECT=10&FORMAT_BLOCK_ON_RESPAGE=None&FORMAT_ENTREZ_QUERY=(none)&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&GAPCOSTS=11+1&I_THRESH=0.005&LAYOUT=TwoWindows&MATRIX_NAME=BLOSUM62&NCBI_GI=on&PAGE=Proteins&PROGRAM=blastp&RUN_PSIBLAST=on&SERVICE=plain&SET_DEFAULTS.x=22&SET_DEFAULTS.y=7&SHOW_OVERVIEW=on&WORD_SIZE=3&END_OF_HTTPGET=Yes
http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
http://www.ncbi.nlm.nih.gov/Structure/lexington/lexington.cgi?cmd=rps
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&AUTO_FORMAT=Semiauto&CLIENT=web&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=%3e(none)&EXPECT=10&FILTER=L&FORMAT_BLOCK_ON_RESPAGE=None&FORMAT_ENTREZ_QUERY=(none)&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&GAPCOSTS=11+1&GENETIC_CODE=0&LAYOUT=TwoWindows&MATRIX_NAME=BLOSUM62&NCBI_GI=on&PAGE=Translations&PROGRAM=tblastn&SERVICE=plain&SET_DEFAULTS.x=23&SET_DEFAULTS.y=12&SHOW_OVERVIEW=on&UNGAPPED_ALIGNMENT=no&WORD_SIZE=3&END_OF_HTTPGET=Yes
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&AUTO_FORMAT=Semiauto&CLIENT=web&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=%3e(none)&EXPECT=20000&FORMAT_BLOCK_ON_RESPAGE=None&FORMAT_ENTREZ_QUERY=(none)&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&GAPCOSTS=9+1&I_THRESH=0.005&LAYOUT=TwoWindows&MATRIX_NAME=PAM30&NCBI_GI=on&PAGE=Proteins&PROGRAM=blastp&SERVICE=plain&SET_DEFAULTS.x=34&SET_DEFAULTS.y=3&SHOW_OVERVIEW=on&WORD_SIZE=2&END_OF_HTTPGET=Yes

B

Jak pouzivat BLAST?

http://blast.ncbi.nim.nih.gov/Blast.cqgi

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
Upfresnit nastaveni parametru algoritmu
Odeslat pozadavek na vyhledani


http://blast.ncbi.nlm.nih.gov/Blast.cgi

ViIozeni sekvence

Enter Query Sequence

Enter accession number, gi, or FASTA sequence [?] Clest Query subrange [7]

From |

To|

Or, upload file | Browse... | (7

Job Title [

Enter a descriptive tile for your BLAST search [7]

>priklad sekvence
GAATTCTTCAAAAAAGTATTCGTTGGATACACGGACAGTGAAGATCATTCAGAGGATTCTGCAAGTTCGTTACCCAGCTAACCCCCA
AAATGTTGAAGTAGCAGTTAATTCAAAATCTGCAACAGTTTCAGCAGAATAGGGGCTTTCAAAATAAATCAAAGGAGAATAATTTAT
GACTAAAACTTTAAAGGTTTATAAAGGAGACGACGTCGTAGCTTCTGAACAAGGTGAAGGCAAAGTGTCAGTAACTTTATCTAATTT
AGAAGCGGATACAACTTATCCAAAAGGTACTTACCAAGTGGCATGGGAAGAAAATGGTAAAGAATCTAGTAAAGTTGATGTACCTCA
ATTCAAAACCAATCCAATTCTAGTCTCAGGCGTATCATTTACACCCGAAACTAAATCAATCACGGTAAATGCTGATGACAATGTTGA
ACCAAACATTGCACCAAGTACAGCAACGAATAAAACGTTGAAATATACAAGTGAACATCCAGAGTTTGTTACTGTTGATGAGAGAAC
AGGAGCAATTCACGGTGTAGCTGAGGGAACTTCAGTTATCACTGCTACGTCTACTGACGGAAGTGACAAGTCTGGACAAATTACAGT
AACAGTAACAAATGGATAATTATTTGAGACGCAGAATATCTGCGTCT



Vyber databaze

Choose Search Set

Database ¢ Human genomic + transcript " Mouse genomic + transcript & Others (nr etc.):
| Reference mRNA sequences (refseq_rna) =17
Organism ¢" Any ¢ Human ¢ A.thallana ¢ Mouse © Custom...
Optionad
plat

duck-bllled ' 'ypus (taxid:9258) be shown
588 plarypus (taxid-9258)

duckbill platypus (laxid:9258)
I_ FPlatyhelminthes (taxid:6157) "
Entd Platyrrhini (taxid:9478)

Platichthys (taxid:8259)

Flatichibvws flesue (taxid-g260)

* Others (nr etc.) = cela databaze
(neredundantni nukleotidova nr/nt)

Entrez Query
Qptionad




Vyber podprogramu

Program selection

Optimize for & Highly similar sequences (megablast)
" More dissimilar sequences (discontiguous megablast)
" Somewhat similar sequences (blastn)
hoose a BLAST algorithm [?]



Uprava parametr( algoritmu

¥ Algorithm parameters Note: Parameter values that differ from the default are highlighted in yellow

General Parameters

Max target 100 v~
sequences 2 :

~
-

Select the maximum number of aligned sequences to display &

Short queries Automatically adjust parameters for short input sequences ‘&

Expect threshold  [4, | @

Word size 111 v| @

Scoring Parameters

Match/Mismatch [2 3 | @
Scores :

Gap Costs | Existence: 5 Extension: 2. vie

Filters and Masking

Filter Low complexity regions & :
[ Species-specific repeats for: |Human v | &
Mask Mask for lookup table only €
[0 Mask lower case letters ‘&
( BLAST ’\] Search database nr using Blastn (Optimize for somewhat similar sequences)
) W— J

[[] show results in a new window



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. Rozsiruje vyhledavani v oblasti
nalezenych shod, tak aby byla splnena
zadana kriteria



Slova pro nukleotidové sekvence
Dotazz GTACTGGACATGGACCCTACAGGAA

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

tabulka se viemi ACTGGACATGG Megablast default = 28
lowdetazd CTGGACATGGA
TGGACATGGAC
GGACATGGACC
GACATGGACCC
ACATGGACCCT



Slova pro proteinoveé sekvence

Dotaz: GTQITVEDLFYNIATRRKALKN
(ET_Q Velikost = 3

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

tabulka se vSemi QI T

slovy dotazu Sousedici slova

ITV — LTV, MTV, ISV, LSV, etc.
TVE
VED
EDL
DLF



Minimalni pozadavek pro shodu

ATCGCCATGCTTAATTGGGCTT
CfTGCETAAT? presna 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 nalezené shody



prilozeni sekvenci, ktere BLAST
muze nalézt

1 AATGGTAAAGACTACTGGATCATTAAGAACTCCTGGGGAG

L terrerreerrrrrrrr tr teerrrrrrrrn
1 AATGGAAAAGACTACTGGATCATCAAAAACTCCTGGGGAG

sekvence obsahuji definovanou shodu slova



prilozeni sekvenci, ktere BLAST
nemuze nalézt

1 GAATATATGAAGACCAAGATTGCAGTCCTGCTGGCCTGAACCACGCTATTCTTGCTGTTG

R N R T T 1 I
1 GAGTGTACGATGAGCCCGAGTGTAGCAGTGAAGATCTGGACCACGGTGTACTCGTTGTCG

61 GTTACGGAACCGAGAATGGTAAAGACTACTGGATCATTAAGAACTCCTGGGGAGCCAGTT

RN L I 1 I U B B O I O I
61 GCTATGGTGTTAAGGGTGGGAAGAAGTACTGGCTCGTCAAGAACAGCTGGGCTGAATCCT

121 GGGGTGAACAAGGTTATTTCAGGCTTGCTCGTGGTAAAAAC

1 T T I A R
121 GGGGAGACCAAGGCTACATCCTTATGTCCCGTGACAACAAC



BLASTN - Moznosti nastaveni

¥ Algorithm parameters

Note: Parameter values that differ from the default are highlighted in yellow

General Parameters

Max target 1007~J <::|

sequences : : .
q Select the maximum number of aligned sequences to display &

Short queries Automatically adjust parameters for short input sequences &

Expect threshold ‘10—‘ e < |
Word size |11 V @ <
[7

Scoring Paramég15 |

Match/Mismatch |2 3 v| @
Scores T
. | Existence: § Extension 2 v | &
Filters and Masking
Filter Low complexity regions ‘& <
Species-specific repeats for: “ 4
‘Human
Mask Mask for lookup table only &Rodents
,, |Arabidopsis
[ Mask lower case letters €' o,
Mammals

|Fungi |
' \

e —, : C. elegans
( |
, Bl_AST y Search database nr using Blast‘A e

[l show results in a new window|Zebrafish ‘
Fruitfly |

|somewhat similar sequences)




Proteinovy BLAST

NCBI/ BLAST/ blastp suite: BLASTP programs search protein databases using a protein query. more...

Reset page Bookmark

Enter Query Sequence

TPETKSITVNADDNVEPNIAPSTATNKILKYTISERPEFVIVDERTGAIHGVAEGTSVITATSTDGSDKSGQI

Or, upload file | [ Prochazet. | @

Enter a descriptive title for your BLAST search &)

Choose Search Set

Enter accession number, gi, or FASTA sequence & Clear Query subrange ©
>3A0RF1
MIKTLKVYKGDDVVASEQGEGKVSVILSNLEADT TYPKGT YQVAWEENGKE SSKVDVEPQFKINPILVSGVSFE From I

TVIVING To ‘ '

el

« - 4 |
Database ‘ Swissprot protein sequences(swissprot) Rl —_—

Organism \ o ; === ]
Optional ' ' : ‘

Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. &)

Entrez Query i l
Optional '

Enter an Entrez query to limit search &)

Program Selection

SO IETE ® blastp (protein-protein BLAST)
O PSI-BLAST (Position-Specific Iterated BLAST)

O PHI-BLAST (Pattern Hit Initiated BLAST)
Choose a BLAST algorithm &)

Search database swissprot using Blastp (protein-protein BLAST)

Protein database




BLASTp - Moznosti nastaveni

¥ Algorithm parameters

General Parameters

Note: Parameter values that differ from the default are highlighted in yellow

Max target ‘7170'07 v

sequences

Select the maximum number of aligned sequences to display &)

Short queries Automatically adjust parameters for short input sequences &

Expect threshold  [4, | @ <

Word size ‘737v‘ (2] <

Scoring Parameters

Matrix Brosuvez ¥| @ <

Gap Costs ':Existencet 11 Extension: 1 v | &
Compositional Composition-based statistics
adjustments ——

Filters and Masking
Filter

Mask [] Mask for lookup table only &

Q)

[ Mask lower case letters

BLAST \}. Search database swissprot

E] Show results in a new window

<

Low complexity regions &

using Blastp (protein-protein BLAST)




Hodnoceni vysledku prilozeni

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

— Hrubé skoére (Raw score)

« Suma skore pro identity plus substituce minus
penalizace mezer

— Normalizované skore (Normalised score)
« Nezavislé na systému, umozniuje srovnani ruznych
prilozeni



Typy matic pro vypocet skore

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

« Matice podobnosti
— Pouzivane u proteinovych sekvenci

— Vyjadruji biochemické/biologicke viastnostsi
aminokyselin

— VySSi ucinnost pfi srovhavani sekvenci



Matice identity a
moznosti vypoctu skore

A G C T
A +1 -3 -3 -3
G -3 +1 -3 -3
C -3 -3 +1 -3
T -3 -3 -3 +1

CAGGTAGCAAGCTTGCATGTCA
L et skore = 19-9 = 10

CACGTAGCAAGCTTG-GTGTCA




Penalizace mezer

Kvalitni (optimalni) prilozeni podobnych sekvenci
 maximalizuje pocCet srovnatelnych protéjsSku
 minimalizuje poCet mezer

Povoleni vlozeni mnoha nahodnych mezer vede k dosazeni
prilozeni nehomolognich sekvenci s vysokymi skore

Penalizace mezer ma za vysledek prilozeni s relativne malo
mezerami a nehomologni sekvence nejsou prilozeny



Priklad penalizace mezer

TATGTGCGTATA
C . I
Celkové skore: 4 AT @D T AT R E
TATGTGCGTATA
C e _ I I
Celkoveé skore: 8 + (-3.2) = 4.8 ATE@T o — - T AT A C
i
gap opening
Vypocet penalizace za vlozeni mezery:
d = 3 (gap opening)
e =0.1 (gap extension) " 1
= 3 (gap length matc -
9 (gap length) mismatch =0
Y@= -d-(g-1)e=-3-(3-1)0.1=-3.2




Substitucéni Matice

* Co je substitucni matice?
— Kompletni sada skore pro vSechny kombinace paru
zbytkl se nazyva substitucni matice

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

— Napfr. hydrofobni zbytek ma vysSi pravdepodobnot
zachovani v prislusné pozici sekvence proteinu nez

jiny.

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



Substitucéni Matice

ProC pouzivat substitucni matice?

. Stanovit pravdepodobnou homologii
dvou proteinovych sekvenci.

. Substituce, ktere jsou vice
pravdepodobné ziskaji vyssi skore

. Substituce, které jsou méne
pravdepodobne obdrzi nizsi skore.



Matice BLOSUM

BLocks Substitution Matrix

Zmeny probihajici behem dlouhodobé evoluce
nejsou casto vhodné pro vypocty a sledovani
malych recentnich zmen

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

BLOSUM-x pouziva analyzu pouze tech
proteinu, které maji alespon x % identitu
— BLOSUMA45, BLOSUM50, BLOSUMG62, BLOSUMS80



Priklad matice BLOSUMG62

L-phenylalanine (F) L-tyrosine (YY)

A

i vyznamnost

3Si vyznamnost

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

. . . ) . 1 -2 -1 1 5
Negativni pro malo pravdepodobné substituce |; 1 _, _3 _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 Ppozitivni pro vice pravdépodobné substituce (2 0 0 -2 -1 -1 -1
A I IN LJ o N/ I | & f ¥ § L a1 IN M T P S T W Y V x

.Y




Matice PAM

« PAM

— Percent Accepted Mutation

— zalozeny na konceptu akceptovatelnych
bodovych mutaci za 108 let v globalnich
mnohonasobnych pfrilozenich

— Stanoveny na zakladé vypoctu u blizce
pribuznych proteinu s identitou > 85%; 1572
proteinovych sekvenci z 71 rodin

— PAML1 reprezentuje 1% zmen (1 mutace na
100 aminokyselinovych zbytku)

— PAM250 = (PAM1) 250



Nevyhody substitucnich matic

* Neberou v uvahu vzdalené interakce mezi
aminokyselinovymi zbytky

* Predpokladaji, ze identické zbytky v
sekvenci jsou rovnocenne. Ve skutecnosti
zbytky v aktivnich mistech enzymu
podléhaji jinym evolucnim tlakim nez
stejne zbytky mimo tato mista

* Predpokladaji, ze evolucni rychlost je
konstatni.



PAM versus BLOSUM

« PAM Matice (Percent Accepted Mutation)
— Odvozené z pozorovani; malé mnozstvi srovnavanych dat
— vhodné pro evolucni modely
— Vsechny vypocty vychazeji z PAM1
— PAM250 je nejpouzivanejsi

« BLOSUM (BLOck SUbstitution Matrices)

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

— Kazda matice odvozena samostatne 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




BLAST — graficky vystup

Taxchnomy reports

Distribution of 30 Blast Hits on the Querv Sequence

P408692 DNA mismatch repalir protein M1lhl (Mutl protein homolog 1..8= 233 E=8e-62

Color Key for Alignment Scores

<40 40=-50 50-80 _ go-200  [G=E000
1_10436 S e R B B B e e
0 a0 100

pohyb mysi




BLAST: popis vystupu

Sequences producing significa

serazeno podle hodnot E

gi| 730028 |sp | P40692 |[MLH1 HUMAN DNA mismatch repair proteln

gi|136878583\sp | Q9JKY1 |IMLH]1 MOU

oE  DNA m

gil13878571 \p|P97679|MLH] RAT

DNA mis 11 >( 1() 56 otelin

gi|1709056|] \P38920|MLHL YEAST MUTL ploocmmromomoorl (DNA.

gi|1171080| Q44494|MUTL HAEIN DNA mismatch repalr proteln...

gil1343169 V5?886|MUTL PASMU DNA mismatch repair protei...

acd 1000000 MooE |MUTL THEMA DNA mismatch repair protein..

: 1| MOTL BACHD DNA mismatch repalr prote
lnk 1-0 enTrez MUTL ECOLTI DNA mismatch repair protg?

gl|127553splP141el [MUTL SALTY

gi|e225738 |sp|092C88 [MUTL RICPE DNA mismatch LOCUSL”’]k A

DA mismatch r

gi]14194944 [sp|Q9PJG5 |MUTL CHLMU DMNA mismatch

gi|8928218 |sp 084579 |MUTL CHLTR DNA mismatch repair protein...

gi 120043258 |sp |Q9KV13 |MUTL VIBCH DNA mismatch repair protei...

gi]13631230|sp|Q9RP6G |MUTL CAUCR DMNA mismatch repalr protei...

gi|8928214 |sp|0h1229 | MUTL BORBU DNA mismatch repair protein...

gi|1708188 |sp|P49850 | MUTL BACSU DNA mismatch repair protein...

gi|8039787 |sp 083325 | MUTL TREPA DNA mlsmatch repalr proteln...

LT LIT

gil|l96856lle|sp|Pl4160 |HE—===

. | Default e value cutoff 10

gi|8928240|sp | 097794 |[MUTL CHLPN DNA mlsmatch r@b\\ \IL.

gi|1709684 [sp | P54280 | PMS] SCHPO DNA misme

gi| 3914081 |sp|067518 |MUTL AQUAE

gi|170%9685|sp|PH4278 | PM32 HUMAN PMS1 protein homolog 2

gi|1709686sp | PE4279 | PMS2 MOUSE PMS]1 PROTEIN HOMOLOG 2

{ DIAS

gi| 8928222 |sp | PT3349 |MUTL SYNY

3 DMNA mismatch repalr protein...

gi|1709683 |sp|PL4277 | PM31 HUMAN PMS1 protein homolog 1 (DNA...

gil|lZ2e232 |sp|PO2239 | LGE1 LUPLU

gi|126238 |sp | PO02240 | LGEB2 LUPLU

Leghemoglobin I
Leghemoglobin IT

ore E

ite) Value
233 Be-62

= Je-56 A
21

le-06
4e-06
le-05
5e-05
Te-05
Te-04

0.
001
002
002
L00%Z
005
013
.020
020
.0Z6
.026

[ R T R T T I T R

001

pNA mism: Bacterial mlsma‘rch repalr pro‘rems




Statistika lokalniho prilozeni

« Statistiky jsou odvozené ze skore prilozeni

« Popisuji jeho celkovou kvalitu na zaklade
porovnani pravdepodobnosti vyskytu
nalezenych segmentu o urcité sekvencni
podobnosti s pravdepodobnosti, ze se takova
podobnost vyskytne mezi dvema nahodnymi
sekvencemi

— p-value (hodnota p)

« Pravdepodobnost, ze alignment s timto skore se vyskytne
nahodne v databazi pouzité velikosti
— e-value (hodnota e) (,Expectation value®)

* vyjadfuje pocet riznych sekvencnich pfiloZzeni se skérem
shodnym nebo vysSSim nez je dosazena hodnota, jejiz vyskyt
je oCekavan pfi nahodném vyhledavani v databazi.

- Cim bliZe je hodnota e k 0, tim lep§i je pfiloZeni



Vypocet hodnoty E (Expectation value)

E = poCet nalezu v databazi, které mohou byt ojeveny nahodné

E=mn2-S
Potom plati, ze Cim je hodnota E nizSi, tim je skore vyznamnéjsi.

]

J  vourscore

expected number of
random hits

Alignments

Score



BLASTp — hledani
konzervativhich domeén proteinu

:.'j NCBI formatting BLAST

Mucleotide Fratein Translations

Retrieve 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 heen detected, click on the image helow for detailed
results.

[

20 40 Gl a0 ion iz0 131

————
DHA_nis_repair

The request ID i |1D3888855?-D1 2751-16086
or G

The results are estimated to be ready m 26 seconds but may be done sooner.




BLAST — vystup u srovnani
proteinovych 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 LPKNTHPFLYLSLEISPQNVDVNVHPTKHEVHF----- 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 IETVYAAYLPKNTHPFLYLSLEISPQNVDVNVHPTKHEVHFLHEESILERVQQHIESKLL 60
IETVYAAYLPKNTHPFLYLSLEISPONVDVNVHPTKHEVHFLHEESILERVQOHIESKLL
Sbjct: 276 IETVYAAYLPKNTHPFLYLSLEISPQONVDVNVHPTKHEVHFLHEESILERVQQHIESKLL 335

Query: 61 GSNSSRMYFTQTLLPGLAGPSGE XXXXXXXXXXXXXDKVYAHQMVRTDSREQKLDA 120
GSNSSRMYFTQTLLPGLAGPSGE DKVYAHQMVRTDSREQKLDA
Sbjct: 336 GSNSSRMYFTQTLLPGLAGPSGE STTSLTSSSTSGSSDKVYAHQMVRTDSREQKLDA 395

Query: 121 FLOPLSKPLSS 131 gpkyence S hizkou komplexitou

FLOPLSKPLSS
Sbjct: 396 FLQPLSKPLSS 406




BLAST — priklad vystupu u DNA

50-80

0 500 1000 1500 2000 2500 3000 3500 4000 4500

- - " El LSS I E—— .

L Ll ] -

et g
L L
e il

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

FEEErrrerrrerrrrerrrrertl 0108 4 ST (LR L1
Sbjct: 36439 aagttaacttaaataatgcgcaagggcgtttgggatttgggatatttaactgctggtaat 36498

Query: 2560 tactatgcaacaagagtgccggatttaccaggtagcgttgaaagttatgagggttattta 2619

Lrrrrerreerrrrrrrrerreeerr rerrerrrrerrrrrrr et e rrrrrrrrrnd
Sbjct: 36499 tactatgcaacaagagtgccggattt-ccaggtagcgttgaaagttatgagggttattta 36558

Query: 2620 actttagatgctatccagagggaaagacagatagacgnnnnnnnnnngaaagaaaacgac 2679

1 U 1 1 U 1 e 0 I O O I A RIRISIRIEITuiN gl
Sbjct: 36559 accttagatgctattcaaaaagaaagagaaatagatgaaaagaaaaagaaagaaaatgat 36618

Query: 2680 aaaaatatacgcgatatgaaaatgtgg 2706

FEE rerrr el
Sbjct: 36619 aagaacatacgtgatatgaaaatgtgg 36645




Aplikace pro lokalni prilozeni na EBI
http://www.ebi.ac.uk/Tools/sss/

FASTA

FASTA @

FASTA is another commonly used sequence similarity search tool which uses heuristics for

fast local alignment searching.
Genomes “ Whole Genome Shotgun

Protein “ Nucleotide

SSEARCH @

SSEARCH is an optimal (as opposed to heuristics-based) local alignment search tool using
the Smith-Waterman algorithm. Optimal searches guarantee you find the best alignment

score for your given parameters.

Protein “ Nucleotide * Genomes = Whole Genome Shotgun

PSl-Search @

PSI-Search combines the sensitivity of the Smith-Waterman search algorithm (SSEARCH)
with the PSI-BLAST profile construction strategy to find distantly related protein sequences.

Protein

GGSEARCH performs optimal global-global alignment searches using the Needleman-
Wunsch algorithm.

Protein “ Nucleotide

GLSEARCH @
GLSEARCH performs an optimal sequence search using alignments that are global in the
query but local in the database sequence. This can be useful when you want to match all of

a short query sequence to part of a larger database sequence.

Protein “ Nucleotide

BLAST

NCBI BLAST @

NCBI BLAST is the most commonly used sequence similarity search tool. It uses heuristics to
perform fast local alignment searches.

Protein “ Nucleotide “ Vectors

WU-BLAST @

WU-BLAST is similar to NCBI BLAST but combines multiple parameter options into a simpler
'sensitivity' setting.

Protein “ Nucleotide

PSI-BLAST @

PSI-BLAST allows users to construct and perform a BLAST search with a custom, position-
specific, scoring matrix which can help find distant evolutionary relationships. PHI-BLAST

functionality is also available to restrict results using patterns.

Protein

ENA Sequence Search

EMBL-EBI has a new nuclectide search tool which is far faster than BLAST for large datasets, with

only a marginal loss in search sensitivity.

Try it out at ENA Sequence Search.



http://www.ebi.ac.uk/Tools/sss/

Fasta3

(EBI)

EMBL-EBI
Databases

= Help Index

= General Help

= Formats

= Gaps

= Matrix

= References

= Fasta Help

= \View Help

= VisualFasta Help

= View all Fasta's at EBI

= Fasta Programmatic
Access

= Database Information

= Similar Applications
~Fasta
-Blast
“MPsrch
“-scanps

EB-¢

Reset (7) Give us
24 All Databases v |Enter Text Here Go, "esel D . feadbeck

EBI Groups Training Industry About Us Help Site Index N &

EBI > Tools > Similarity & Homology > Fasta

Fasta - Nucleotide Similarity Search

Provides sequence similarity searching against nucleotide and protein databases using the Fasta programs.
Fasta can be very specific when identifying long regions of low similarity especially for highly diverged
sequences. You can also conduct sequence similarity searching against complete proteome or genome
databases using the Fasta programs .

g_l Download Software
PROGRAM DATABASES RESULTS SEARCHTITLE  YOUR EMAIL
fasta3 ¥ | | Nucleic Acid ¥ | | email VI ISequence
EMBL Release »~
EMBL Updates =
EMBL Coding Sequence ¥/
EXPECTATION EXPECTATION
MATRIX GAP OPEN GAP EXTEND KTUP UPPERVALUE LOWER VALUE
inone  v||-14 v |4 v| |6 v| [10.0 v| |defaut v
MOLECULE
DNASTRAND  HISTOGRAM TYPE
[both ano V| {DNA V}
SEQUENCE DATABASE STATISTICAL
SCORES ALIGNMENTS RANGE RANGE FILTER ESTIMATES
|50 VI l50 Vl |START-END ISTART-END none Vl IRegress V‘

Enter or Paste a| DNA/RNA % Sequence in any format:

Upload a file: |[_Prochazet. |




Metoda teCckove (Dot-Plot) matice

Bodovy diagram vzajemné podobnosti sekvenci

- nejjednodussi

pomucka pro grafické znazornéni oblasti podobnosti.
Horizontalni a vertikalni rozméry odpovidaji porovnavanym

sekvencim.

Kazdy zbytek z jedné sekvence je srovnavan s kazdym zbytkem ve

druhé sekvenci

Prvni sekvence tvori osu x a druha sekvence osu y; shoda je

vyjadiena teckou

V oblastech, kde jsou si obe sekvence navzajc s

- - 1 __ VM7

MTFRDLLSVSFEGPRPDSSAGGSSAGG

radek vysokych skore diagonalni linii pres tecl!
Podobne sekvence pak tvori prerusovane
diagonalni linie.

Po odfiltrovani diagonal kratsich nez 3 teCky
je vysledkem grafické vykresleni podobnosti
sekvenci ve formé Ctvercové nebo
trojuhelnikové matice zobrazene

v Sedé Skale

o ™

O SRV D D IO MBS G

X X X X X X

X X XX X X

X X X X X



Priklad: Dot-plot pro 3 virove genomy
s ruznym stupném podobnosti
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Typy sekvencnich prilozeni

* Pro optimalni lokalni alignment pozadujeme dosazeni
nejlepsino skore kdekoli v matrici

LOKALNI — nejlepsi sekvenéni prilozeni segmentu
bez ohledu na zbytek sekvence

Smithav-Watermanuyv algoritmus

* Pro optimalni globalni alignment pozadujeme dosazeni
nejlepsiho skore v celem radku/sloupci

GLOBALNI — nejlepsi sekvenéni pfilozeni celych
sekvenci

Needlemanuv-Wunschuv algoritmus



Sekvencéni prilozeni muze posuzovat
podobnost celych dlouhych sekvenci

Nalezeni nejefektivnejsi transformace jedné
sekvence do druhé predstavuje vyuziti dynamickeho
programovani pro konstrukci prilozeni
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Priklad globalniho prilozeni - MAUVE




Lokalni sekvencni prilozeni

1 AGGATTGGAATGCTCAGAAGCAGCTAAAGCGTGTATGCAGGATTGGAATTAAAGAGGAGGTAGACCG. ... 67

1 AGGATTGGAATGCTAGGCTTGATTGCCTACCTGTAGCCACATCAGAAGCACTAAAGCGTCAGCGAGACCG 70

14 TCAGAAGCAGCTAAAGCGT

FEEErrrrr rerrrrrnd
42 TCAGAAGCA.CTAAAGCGT

1 AGGATTGGAATGCT

FETTEETTEErTT
1 AGGATTGGAATGCT

39 AGGATTGGAAT

FEEEErrrrnd
1 AGGATTGGAAT
I

62 AGACCG

FEEEn
66 AGACCG



Globalni sekvencni prilozeni

1 AGGATTGGAATGCTCAGAAGCAGCTAAAGCGTGTATGCAGGATTGGAATTAAAGAGGAGGT---AGACCG 67

LEErrrrrrrrrrr | AR | 1 NN
1 AGGATTGGAATGCTAGGCTTGATTGCCTACCTGTAGCCACATCAGAAGCACTAAAGCGTCAGCGAGACCG 70

Dvé sekvence sdileji oblasti s lokalni podobnosti (end-to-end alignment)



Lokalni vs. globalni prilozeni

Lokalni: Globalni:
- Citlivé k modularni strukture - Vysledek ovlivnén vkladanim mezer
- Vhodné k hledani v databazich - Neuvazuje modularni strukturu sekvenci
| \.. | \.
N\




Poznamky na zaver

Substitucni matice a penalizace mezer vnasi do
algoritmu pro prilozeni biologicky vyznam
Existuje mnoho zpusobu, jak prilozit dvé
sekvence

Prilozeni jeste neznamena, ze dveé sekvence
sdileji spoleCnou biologickou

historii. Vyznamnost musi byt posouzena
statistickym skore.

Neverte, ze vase prilozeni je jediné spravne,
zejmeéna u sekvenci, které maji méné nez 20%
podobnost. K prozkoumani techto sekvenci jsou
potrebné dalSi metody.




