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GENOMIKA-co to je?

= Sensu lato (v SirSim pojeti) zkouma STRUKTURU a FUNKCI
genom

= Pfedpokladem je znalost genomu (sekvenci)-
prace s databazemi

= Sensu stricto (v uzSim pojeti) zkouma FUNKCI
jednotlivych genti - FUNKCNi GENOMIKA

= pouziva zejména ptistupy REVERZNI GENETIKY

Genomics is a science discipline that is interested in the analysis of
genomes. Genome of each organism is a complex of all genes of the
respective organism. The genes could be located in cytoplasm
(prokaryots) nucleus (in most euckaryotic organisms), mitochondria or
chloroplasts (in plants).

The critical prerequisite of genomics is the knowledge of gene sequences.

Functional genomics is interested in function of individual genes.




GENOMIKA-co to je?
role BIOINFORMATIKY ve FUNKCNiI GENOMICE

Pristupy ,klasické* genetiky -Reverzné geneticky” pristup
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With the knowledge of gene sequences (or the knowledge of the gene files in the
individual organisms, i.e. the knowledge of genomes), Reverse Genetics
appears that allows study their function.

In comparison to "classical” or Forward Genetics, starting with the phenotype,
the reverse genetics starts with the sequence identified as a gene in the
sequenced genome. The gene identification using approaches of Bioinformatics
will be described later (see Lesson 02).

Reverse genetics uses a spectrum of approaches that will be described in the
Lesson 03 that allow isolation of sequence-specific mutants and thus their
phenotype analysis.

The necessity of having phenotype alterations in the forward genomics approach
introduces important difference between those two approaches. Thus, the gene is
no longer understood as a factor (trait) determining phenotype, but rather as a
piece of DNA characterized by the unique string of nucleotides. i.e. physical
DNA molecule.



Osnova

= Role BIOINFORMATIKY v sou¢asném pojeti FUNKCNI GENOMIKY

10



Bioinformatika

= Definice bioinformatiky (podle NIH védeckého a technologického
konsorcia pro biomedicinské informace)

Vyzkum, vyvoj nebo aplikace vypocetnich nastrojii a pristupl za

. ucelem zvysSovani rozvoje vyuziti biologickych, lékaiskych, dat o
chovani nebo zdravi, v€etné téch, které umoznuji takova data
ziskavat, ukladat, organizovat, archivovat, analyzovat nebo
vizualizovat.

A5

NIH WORKING DEFINITION OF BIOINFORMATICS AND COMPUTATIONAL BIOLOGY
July 17, 2000

The following working definition of bioinformatics and computational biology were developed by the BISTIC
Definition Committee and released on July 17, 2000. The committee was chaired by Dr. Michael Huerta of the
National Institute of Mental Health and consisted of the following members:

Bioinformatics Definition Committee BISTIC Members Expert Members
Michael Huerta (Chair) Gregory Downing

Florence Haseltine Belinda Seto

Yuan Liu

Preamble

Bioinformatics and computational biology are rooted in life sciences as well as computer and information
sciences and technologies. Both of these interdisciplinary approaches draw from specific disciplines such as
mathematics, physics, computer science and engineering, biology, and behavioral science. Bioinformatics and
computational biology each maintain close interactions with life sciences to realize their full potential.
Bioinformatics applies principles of information sciences and technologies to make the vast, diverse, and
complex life sciences data more understandable and useful. Computational biology uses mathematical and
computational approaches to address theoretical and experimental questions in biology. Although
bioirr?‘ormatics and computational biology are distinct, there is also significant overlap and activity at their
interface.

Definition
The NIH Biomedical Information Science and Technology Initiative Consortium agreed on the following

definitions of bioinformatics and computational biology recognizing that no definition could completely eliminate
overlap with other activities or preclude variations in interpretation by different individuals and organizations.

Bioinformatics: Research, development, or application of computational tools and approaches for expanding
the use of biological, medical, behavioral or health data, including those to acquire, store, organize, archive,
analyze, or visualize such data.

Computational Biology: The development and application of data-analytical and theoretical methods,
mathematical modeling and computational simulation techniques to the study of biological, behavioral, and
social systems.
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What is Bioinformatics?

» Interface of biology and computers

= Analysis of proteins, genes and genomes using
computer algorithms and computer databases

= Genomics is the analysis of genomes. The tools of
bioinformatics are used to make sense of the
billions of base pairs of DNA that are sequenced by
genomics projects.

J. Pevsner,
http://www.bioinfbook.org/index.php
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Bioinformatika

Bioinformatika ve funkéni genomice

Zpracovani a analyza sekvenacnich dat
» Identifikace referen¢nich sekvenci
= Identifikace genu
» |dentifikace homologu, ortologll a paralog
= Korela¢ni analyzy mezi genomy a fenotypy (v€etné Clovéka)

Zpracovani a analyza transkripénich dat
= Transkripéni profilovani pomoci DNA ¢ipd nebo next-gen
sekvenovani

Vyhodnocovani experimentalnich dat a predikce novych
regulaci v pfistupech systémové biologie
= Matematické modelovani genovych regulaénich siti
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Osnova

Databéaze
Spektrum ,on-line” zdrojl
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Spektrum on-line zdroju
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There are many of on-line resources that could be used.



Spektrum on-line zdroju

= EBI http://www.ebi.ac.uk/services

—— — —— I

......

Nowadays, the resources are interconnected and could be accessed via
dedicated web pages. Among the best and mostluy used www resources
integrating plenty of database resources belong www portal of European
Bioinformatics Institute (EBI) in Europe (Germany) and National Center of
Biotechnology Information (NCBI) in the USA (
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Tagfbmy PdpSet

Spektrum on-line zdroju
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Nowadays, the resources are interconnected and could be accessed via

dedicated web pages.
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Osnova

PRIMARNI, SEKUNDARNI a STRUKTURALNI databaze
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Primarni databaze

= zahrnuji soubory primarnich dat — sekvenci DNA a protein(

= Sekvence v databazich tzv. ,Velké trojky*:
EMBL

http://www.ebi.ac.uk/embl/

GenBank,

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

DDBJ,

http://www.ddbj.nig.ac.jp

= denné vzajemna vyména a zalohovani dat
=  velka datova naro¢nost (kapacita i software)

19



Sequences (millions)
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J. Pevsner,
http://www.bioinfbook.org/index.php
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Growth of GenBank + Whole Genome Shotgun
(1982-November 2008): we reached 0.2 terabases
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J. Pevsner,
http://www.bioinfbook.org/index.php
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Growth of GenBank
Aug 2016

Bases Sequences

= Prosinec 1982 680 338 bp, 606 sekvenci
] Duben 2002 19 x 10° bp, 17 x 108 sekvenci + WGS 692 x 108 bp, 172 768 sekvenci

=  Srpen 2016 218 x 10° bp, 196 x 106 sekvenci + WGS 1,6 102 bp, 360 x 108 sekvenci




Shotgun Sequencing
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i Fig 2: Short fragments of DNA sequence are ordered by overlapping
data to recreate the whole genome sequence

Fig 1: Genomic DNA is fragmented, ligated into viral DNA
and packaged inta viral particlas to creats a library Interactive concepts in biochemistry, Rodney Boyer, Wiley,
2002, http://www.wiley.com//college/boyer/0470003790/

Shotgun sequencing allows a scientist to rapidly determine the sequence of very long
stretches of DNA. The key to this process is fragmenting of the genome into smaller
pieces that are then sequenced side by side, rather than trying to read the entire genome
in order from beginning to end. The genomic DNA is usually first divided into its
individual chromosomes. Each chromosome is then randomly broken into small strands
of hundreds to several thousand base pairs, usually accomplished by mechanical
shearing of the purified genetic material. Each of the short DNA pieces is then inserted
into a DNA vector (a viral genome), resulting in a viral particle containing "cloned"
genomic DNA (Fig. 1).

The collection of all the viral particles with all the different genomic DNA pieces is
referred to as a library. Just as a library consists of a set of books that together make up
all of human knowledge, a genomic library consists of a set of DNA pieces that together
make up the entire genome sequence. Placing the genomic DNA within the viral genome
allows bacteria infected with the virus to faithfully replicate the genomic DNA pieces.
Additionally, since a little bit of known sequence is needed to start the sequencing
reaction, the reaction can be primed off the known flanking viral DNA.

In order to read all the nucleotides of one organism, millions of individual clones are
sequenced. The data is sorted by computer, which compares the sequences of all the
small DNA pieces at once (in a "shotgun" approach) and places them in order by virtue
of their overlapping sequences to generate the full-length sequence of the genome (Fig.
2). To statistically ensure that the whole genome sequence is acquired by this method,
an amount of DNA equal to five to ten times the length of the genome must be
sequenced. (Interactive concepts in biochemistry, Rodney Boyer, Wiley, 2002,
http://www.wiley.com//college/boyer/0470003790/)
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Growth of DNA Sequence in Repositories
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J. Pevsner,
http://www.bioinfbook.org/index.php
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Growth of DNA Sequence in Repositories
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Growth of DNA Sequence in Repositories
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Primarni databaze

= zahrnuji soubory primarnich dat — sekvenci DNA a protein(

= Proteinové sekvence:
PIR, http://pir.georgetown.edu/
MIPS, http://www.mips.biochem.mpg.de
SWISS-PROT, http://www.expasy.org/sprot/
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Primarni databaze

=  Typy sekvenci v primarnich databazich

Standardni nukleotidové sekvence ziskané kvalitnim
sekvencovanim

ESTs (Expressed Sequence Tags)

HGTS (High Throughput Genome Sequencing)

- neanotované ,surové” vysledky sekvenacnich projektl
Referenéni sekvence anotovanych genomu

TPAs (Third Party Annotation)

- sekvence anotované jinymi nez pavodnimi autory

28



Primarni databaze

GenBank (NCBI) https://www.ncbi.nlm.nih.gov/

NCBI Home
Resource List (A-Z)
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Primarni databaze
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Primarni databaze
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Primarni databaze

=
S NCBI e e SNucleotide

32



Primarni databaze
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What is an Accession Number?

An accession number is label that used to identify a sequence. It is a string of
letters and/or numbers that corresponds to a molecular sequence.

Examples (all for retinol-binding protein, RBP4):

X02775 GenBank genomic DNA sequence

NT_ 030059 Genomic contig DNA
Rs7079946 dbSNP (single nucleotide polymorphism)
N91759.1 An expressed sequence tag (1 of 170) RNA
NM_006744 RefSeq DNA sequence (from a transcript)
NP_007635 RefSeq protein .
AAC02945 GenBank protein Protein
Q28369 SwissProt protein

1KT7 Protein Data Bank structure record

J. Pevsner,
http://www.bioinfbook.org/index.php

Page 27
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NCBI’'s important RefSeq project:
best representative sequences

RefSeq (accessible via the main page of NCBI)
provides an expertly curated accession number that
corresponds to the most stable, agreed-upon “reference”
version of a sequence.

RefSeq identifiers include the following formats:

Complete genome NC_#HHHHH
Complete chromosome  NC_###HHH
Genomic contig NT_#H#HHH#
mRNA (DNA format) NM_###HHH e.g. NM_006744
Protein NP_##H#HHE e.g. NP_006735

J. Pevsner,
http://www.bioinfbook.org/index.php

Page 27
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- NCBI Reference Sequences (RefSeq)
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NCBI's RefSeq project: many accession number
formats for genomic, mMRNA, protein sequences

Accession Molecule

AC_123456
AP_123456
NC_123456
NG_123456
NM_123456
NM_123456789
NP_123456
NP_123456789
NR_123456
NT 123456
NW_123456

Method

Genomic Mixed
Protein Mixed

Genomic Mixed
Genomic Mixed
mRNA Mixed

mRNA Mixed

Protein Mixed

Protein Curation

Note
Alternate complete genomic
Protein products; alternate
Complete genomic molecules
Incomplete genomic regions
Transcript products; mRNA
Transcript products; 9-digit
Protein products;
Protein products; 9-digit

RNA Mixed Non-coding transcripts
Genomic Automated Genomic assemblies
Genomic Automated Genomic assemblies

NZ_ABCD12345678 Genomic Automated Whole genome shotgun data
mRNA Automated Transcript products

Protein Automated Protein products

RNA Automated Transcript products

XM_123456
XP_123456
XR_123456
YP_123456
ZP 12345678

Protein Auto. & Curated

Protein products

Protein Automated Protein products 1. Pevsner,

http://www.bioinfbook.org/index.php
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Primarni databaze
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Primarni databaze
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Sekundarni databaze

= Databaze funkénich nebo strukturnich motivli ziskanych
srovnavanim primarnich dat (sekvenci)

= PROSITE, http://www.expasy.org/prosite/

Search el Frot ek o PREPATE iy
Toter = AU T s s o syl 28R w7 7o s = ERGSLLE

L " PRESITE dashases
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Sekundarni databaze

= Databaze funkénich nebo strukturnich
srovnavanim primarnich dat (sekvenci)
= PROSITE, http://www.expasy.org/prosite/

PIOCO00T PROMOT SULFATION Tyrasine sl fsion site [rele] [Warsing: rali with a high probabulity of cocirmenoc]

motivil  ziskanych

M CAMP_PROSTHO SITE ¢ AMP. and eliMF e predent priofen ks phospuon Letres vie [patiem] [Warmisg. ptten wth o begh probebbty of occunrence]

K PHUSPIIO_SITE Protein kinsss © phosphors btion site [pamem] [Warning: pattern with s high probabilits of cxenrrence]
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Sekundarni databaze

= Databaze funkénich nebo strukturnich motivl

srovnavanim primarnich dat (sekvenci)
PROSITE, http://www.expasy.org/prosite/

Hits for all PROSITE (release 2020_05) motifs on sequence USERSEQH :

found 2 s in 1 sequence

1122 3a)
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Sekundarni databaze

= Databaze funkcénich nebo strukturnich motiva
srovnavanim primarnich dat (sekvenci)

=  PROSITE, http://www.expasy.org/prosite/

Hits for all PROSITE (release 2020_05) motifs on sequence USERSEQ1 :
Tound 2 hats in 1 sequance

USERSEQN (1122 2a)

Legend:

dalidebidge  ach sle oo ranges’  olher e
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Far maons infoemation about how thess graphical repraseatations are constructed, go 1o baps \prosbe axpasy oig/mydomant.

hits by profiles: |2 hils (by 2 destinct profiles) on 1 sequence]

Upper case represents match postions, lower Case msen postions, and the ©" symbol represents deletions relative to the matcheg prodle.

1 a0 200 e e =0 o o0 o 20 2000

ruler:

e —— -

ziskanych
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Sekundarni databaze

= Databaze funkénich nebo strukturnich motivli ziskanych
srovnavanim primarnich dat (sekvenci)

O PRINTS, http://www.bioinf.man.ac.uk/dbbrowser/PRINTS/
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Sekundarni databaze

= TRANSFAC http://www.gene-regulation.com/
@

@ T=m TRANSFAC Saccharomyces Module 0.1

The GBF
Research

Service & Technology Transfer Rt DB The S/MAR transaction dafabase (Release 2.1)

News & Public Relations

Scaffold/Matrix Attached Region transaction Database

Molcular Bintechmology 1 RAN SF AC WS PR (EEI )

» Bioinformatics

» The team

» Publications

» Pmiects l
» Databases 2
» Tools

» Links

Lr I!H_Lj'ﬂzl_lll‘frl '&‘}Q @fﬂﬁmz;g‘l‘mﬁ I e R BT

The database of physiological systems, o1gans and cell types

S/MARt DB (saffold/matrix attached region transaction database). This database
collects information about S/MARs and the nuclear matrix proteins that are
supposed be involved in the interaction of these elements with the nuclear matrix.
http://transfac.gbf.de/SMARtDB/index.html)



Strukturalni databaze

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

DEPOSIT data
DOWNLOAD ifiles
browse LINKS

BETA TEST new features
BETA mmCIF files

Current Holdings

19623 Structures
Last Update: 30-Dec-2002
st

Molecule of the Month
Cytochrome ¢

The Pratein Data Bank (FDE) s
aperated by Rutgers, The State
University of New Jersey; the San
Diego Supercomputer Center at the
University of California, San Diego;
and the National Institute of Standards
and Technology -- three members of
the Researel
Strustural B

Mational Seience Foundation, the

Cepar tment of Eners
the National Institutes of Health: the

rtment of Energy, and two units of

nj]_:)l@a

RCSE Contact Help
tome  Us

Welcome to the PDB, the single wor ldwide repository for the  Did you find wihat you
processi ng and distribution of 3-0 biological macromolecular wanted?

structure data

ABOUT PDB | DATA UNIFORMITY | RECENT FEATURES | USER GU

ES |

EILE FORMATS | EDUCATION | STRUCTURAL GENOMICS | EUBLICATIONS |

W ARE

Search the Archive

Enter a PDB ID or keyword

Query Tutorisl

[ remove sequence hemelogues

Ssarohlite keyword search form with examples

Searchfislds customizable search form
Status Search find entries awaiting release

Find a structure

[ queryby FDBid only [ mateh exactward

PDB Mirrors

“Please hoshmark 2 mimor
ittt

S Disgo Supsrsomputsr
vl

Butgsrs University”
Hstonsl institts of
Standards and Technology®

Cambridge Crystallogrsy
Dsta Gentre, UK

HaBonal University of

Complets Hews  pdbd Archive
News e frorri

23-Dec-2002

Happy Holidays from the PDB! The FDB
stalf wish to extend our best wishes to the
conuunity for & happy holidey season and
& wonderful new yearl

Singapore
Ossks Uni varsity, .Japan
Uni versidads Fsdsrsl da
Mnaa Gersis, Era.

Max Delbriick Center for
Molscular Msdicins,
Germany.

OTHER SITES
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Strukturalni databaze

PDB http://www.rcsb.org/pdb/
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Strukturalni databaze

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

48



Osnova

=  GENOMOVE zdroje
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Genomové zdroje

1 NCBI Genome Data Viewer https://www.ncbi.nlm.nih.gov/genome/gdv /

Genome Data Viewer i il

Homeo sapiens (human) genome

Assembly

Annctation Relaass |

s
i
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Genomove zdroje

1 Genome Browser Gateway https://genome.ucsc.edu/

e e T T e
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Genomové zdroje

0 Human Genome Browser http://genome.ucsc.edu/cgi-bin/hgGateway

[ e P———— =T = -
il — A e — - o

ucsc

]
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Genomové zdroje

0 Human Genome Browser http://genome.ucsc.edu/cgi-bin/hgGateway

il I I T T
T T [ —— s & o
Devcrptan 1t g rsgetan beta 198,

ety i . oot

ot - e g4 4
S
Timmcop. s, et e VELAR! 1 BURAAG  [§ ) S0 | ety At | W
T Wt 1 Ao et 0500 301 et ot 3

Cotimg B 1054 Bark 4 100517 Bt 5. 340.51 v ot ©

e et Lk ol Camton ot At ahce 1T

|
O M S4TA T e Py
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Genomové zdroje

0 Human Genome Browser http://genome.ucsc.edu/cgi-bin/hgGateway

(] | i e e [Bipp et s | i % W
-+ -

[resr————
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Genomove zdroje

0 Human Genome Browser http://genome.ucsc.edu/cgi-bin/hgGateway

[T e T— r——— e e—————] | ———
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Genomove zdroje

1 The Arabidopsis Information Resource (TAIR) http://www.arabidopsis.org
il [ =

&0y n 5w @

The Arabidopsis information Rescurce

e peyre—

Click here
to try our new online submission form

56



AHP2

Genomove zdroje

1 The Arabidopsis Information Resource (TAIR) http://www.arabidopsis.org

-

\_;“"‘.r Homa  Help  Contsit  ABoutUs  Login

Search Browse Tools Stocks Portals Download

The Arabid e Inf i >

The Arabidopsis Infarmabon Resource {TAIR] maintains @ datasase of genetic and mo
oy data for the model higher plant Arabkdopsis thabans, Data available from TAIR incudes
he complete genome sequence along with gene structure. gene product infomation, metabolsm.

gena expression, DA and seed stocks. genome maps, genetic and physscal maskors

and mbout the resagich Gene product functon
data is updabod evary two weeks om the latest published ressarch Itertune and commuridy data
submasans, Gane STUCIUrES B0 Updated 1-2 BMes Dor Yo using computational and manual
mathods @8 well a8 comminity submissiens of now and updated genes. TAIR also provides
extansve inkouts from our dat pages to other Arabidopss rescurces

The Aratidopsis Biolo fesowre Center at The Ohic State Univarsity collects, reproduces.
presarves and distibutes soed ond DNA rescurces of Aradidopsis Maiisng and related species
Stock infoimaticn and ordering for the ABFC are fully inegrated inc TAIR

The NEW arabidopsis.org

W' aiiced new dropaown Ramsers wnd lofl Rgon birs Bnd reoMaNEed cur wib DEges
o ki i el 10 locit inforation and resources in TAIR. Ploase contact us i you
BREATENCE BNy ITbloMS with ouT New Sie

TAR (b =it e

The Arabigopsis Information Ressurcs

e =

Submit Nows

Breaking Nows

Data Updates Suspended
[Dctaber 19 2006;

Some TAIR data updates.
Including loacsng of new ABRC
stocks, will be suspended from
Ot 20-Nov 17 while we move
our sarvens

New Phenotype Search

Option

[Cctatsor 15, 2008]

Search for gones

germplasms. and

polymorphisme usog

ARSOEAOE EHONOlyE. BN bea

impoved prenotyp 2t
npiary el dotnil

pages

ASPO Prosentations

[August 15, 2006]

Foliowing heavy demand, the
TAIR workshap prosontations
given at the ASPR meatng in
Boston have been made
avadable from the TAIR webss
for download
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Osnova

Analytické nastroje

Vyhledavani homologii
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Analytické nastroje

Globalni vs. lokalni pfifazeni

Globilni pFiFazeni

---------- APATNIK-------PIQNYR-I------AKSETQRYMVIE

SLAVYTYIEFVRANAPATNIKSECVRAAPIQONYRRVEHVRATAKSETQRYMVIE

Lokdlni pFifazeni

SLAVYTYIEFVRANAPATNIKSECVRAAPIQNYRRVEHVRATAKSETQRYMVIE

,_—m
5

Cvrékova, Uvod do praktické bioinformatiky

Globalni pfifazeni pouze u sekvenci, které jsou si podobné a
podobné délky (za cenu vnaseni mezer do jedné nebo obou
sekvenci)

Globalni pfifazeni se pouziva predevS§im v pfipadé
mnohacetného pfifazovani (CLUSTALW, viz déle)

Lokalni pfifazeni umozni identifikaci a srovnani i v pfipadé
porovnavani pouze uUseki sekvenci s vyznamnou mirou
podobnosti, napf. i pfi zaméné pofadi proteinovych domén
béhem evoluce
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Analytické nastroje

1 Volba spravného typu pfifazeni pomoci bodového diagramu (dotplot)

Sekvence X ATTGATCGGTCTTGCACTGA
Sekvence ¥ ATTGCTCGGTATTGCTCTGA
' Mlirace diagonil

kratich nef 3

v g . v
Cvrékova, Uvod do praktické bioinformatiky
. vyneseni sekvenci proti sobé
. identifikace shody v okné o dané velikosti (napf. 2 bp)
= Lodfiltrovani* diagonal o délce mensi nez je mezni hodnota

(threshold)
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Analytické nastroje

1 priklady srovnani sekvenci pomoci bodového diagramu

B C D

Cvrekové, Uvod do praktické bioinformatiky

] globalné Ize srovnavat pouze sekvence A, B

] ostatni sekvence proSly béhem evoluce zaménou domén a je
nutné je porovnavat lokalné

] bodovy diagram lIze ziskat pomoci srovnavani programem
BLAST2 (viz dale)
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Analytické nastroje
=  BLAST http://ncbi.nim.nih.gov/BLAST/

BLAST
nucleotide-nucleotide X8 b

Tranzlatio R et

i an RID

=
o

Choose database [

Y ‘BLAST! R oo Yo

FETE
acaccatcat cattatcatc atogtbbtgg gogoatgbtg tgtggbteca
goghattaat
gepwp |abaattaatt tattocacat gagatatgat atgatatact atgbabbtbb
T |tgtttttttt
ttatttgbaa acctttaata taacaagaac tacaaaaaat gaaaa
[AT¥
et subsequence me:| Ta |
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BLAST

Basic Local Alignment Search Tool

= Velikost vyhledavaciho slova (word size): 10-11 bp, resp. 2-3 aa

= Primarni podobnosti (seed matches)

] Rozsifovani oblasti homologie doprava i doleva

= Hodnoceni homologie pomoci matice PAM (Point Accepted Mutation) nebo
BLOSUM (BLOcks Substitution Matrix)

= Zobrazeni vysledku

I(\/Ie‘\!tice PAM 250

LR

-1 0 - s
] -1 - LI
| a[r/G[c __-<|||udllnm nepdru G-A | - a0 1|2
Al 1] 0| e | L3 = gy oo
T[o|1]0/0 R R
| e NS piru G-G C =R Y
~ L3 -2j1 0 0 1/0 3 §
clo 0] 1 " Gfz-3-2-12 0 0]6
| 1 =1|=2 =@ =k =2|e2 =t =2} 2 &
| 1 43 432|234 o2 6
N . T v -1|-2 =2 =2 ~2|-2 -2 =22 4 2 &
Cvrékova, Uvod do praktické bioinformatiky P S| 65 5|2 % 5|0 1 2]
M 52 % 4 [0 % 4|-2 -1 -1-2[7 W
w -¥|-4 -7 -1 -5|-3 2 -3|-4 -5 -3 6|0 0 17
GIN D E Q/W R KM I L VIF T W
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BLAST

Basic Local Alignment Search Tool

[ >gi|5016088 |ref|NM 001101, 2|

E= expectancy
actin, beta (ACTB), mRNA

value
Length = 1793 =

Score = 1110 bits (360), E= -0
Identities = 965/1100 (B7%
Strand = Plus / Plus
Query: 156 getctagoatgtgcasggecqgatttgceggagacgatactecccgegee 215  mm—_—

II\IIIHIIHII\IIIHIIHIIHIHIIIIHIIHIIHIHIIIII |2bo 1500
Shjek: 101 gtegacaacggetcoggeatghtgeaaggecggettegegggegacgatgeceeccgggee 160
Query: 216 gtettcccatecgattgtgggacgteccegtcaccagggtgtgatggteggeatgggecag 275 | m———

II\IIIH VUL TEEEE AT T T P TTT TETELTTL TTHTTT 11 =
Shjek: 161 gtettcecctecatcgtggggegecccaggeaccagggegtgatgatgggcatgggteag 220 =
Query: 276 aaggactcgtacgtgggtgatgaggcgeagageaagegtggtatectecaccotgaagtae 335 | =

VETTE LE LTI TE TETT T T 1T II\IIIHIIHII\III E
Shjek: 221 aaggattectatgtgggegacgaggcceagageaagagaggeateckeaccetgaagtae 280 =
Query: 336 attgageacggtatecgtgaccaactgggacgatatggagaagatotggeaccacace 395 |4

II\II T \III\ II\IIIHIIHII IIIHIII III\IIIHII\III E
Shjek: 281 ecceaktcgageacggeatcgheaccaactgggacgacatggagaaaatetggeaccacace 340 =

= Lexpectancy-vaine udavapredm

nebo lep3i—podobnostr—rpr—vyhfedavant—ve—steiné—velké databazi
sloZené z AehedRyeRselveRo———————————————

L] vysledek udava frakci totoznych a u proteint i podobnych pozic, pfip.
pocet vloZzenych mezer
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[P ey —— | Pr————
a0 -

‘S NC_002377.1: 145K.148K (29Kbp) > ‘& | QD | - u

Primarni databaze

A

;ll? |145,400 |145,600 ll'IdS:IﬁEl? [146 K !14_8,?00 ‘|4I5,-!U1?__14I5_.§UQ |146,800 [147K |147.200 |147,400 (147,600 |1

I

enes

=D& NP_059797.1

|:— NP_059797.1: two-component VirA-like sensor kinase

" G tot2l range: NC_002377.1 (145,654..148,183

NP 059797 R 1o 1mn§th: 2,490 t ]

strand: plus

protein product length: 829

Links & Tools

GenBank View: NC 002377.1 (145,694..148,183), NP 0597
FASTA View: NC 002377.1 (145,694..148,183), NP_059797
BLAST Genomic: NC 377.1 (145,694..148,183
Graphical View: NP_059797.1

BLAST Protein: NP_059797.1

—‘ BLINK Results: NP_059797.1

- Bibliography

Related articles in PubMed

BLINK is a link to the pre-computed BLAST search results for the respective

sequence (see the next slide).

65



BLAST

Basic Local Alignment Search Tool

Pracomputed BLAST results for:
Matching gis: 19153422201
Total (score > 100) : 147086 hits in 146754 proteins in §300 species.

Solecied: 14T bits in 144754 proteines in 8300 species  Filter: Min Score: 100 |
Othar views (Roporta):  Taxonomy report | Muliple Abgnment || Esast

Eiesel ol My

inasa J air. C5H]

¥ Shooss Disciay ooons v

*
-
-
-
.
*
*
*
*
-
.
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BLAST

Specializované verze

V soucasnosti existuje cela fad specializovanych verzi programu

- vyhledavani podle zdroje (organismu) sekvenci, napf. znamych genom
. BLASTP
. vyhledavani podobnosti k proteinu v databazi proteinovych
sekvenci
. BLASTN

. vyhledavani podobnosti k nukleotidové sekvenci v databazi
nukleotidovych sekvenci

. dal$i varianty jako napf. MEGABLAST pro identifikaci
totoznych nebo velice podobnych sekvenci (vyhledava
dlouhé podobné useky nukl. sekvenci)

L] BLASTX
. vyhledavani podobnosti nukleotidové sekvence prelozené
do sekvence aa v proteinové databazi

67



BLAST

Specializované verze

V souCasnosti existuje cela fad specializovanych verzi programu BLAST

. TBLASTN

. vyhledavani  podobnosti  proteinové  sekvence v
nukleotidové databazi prelozené do sekvence aa

. TBLASTX

vyhledavani k sekvenci nukleotidii prelozené do sekvence

aa v databazi nukleotidovych sekvenci preloZzenych do
sekvence aa
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BLAST

Specializované verze

V souCasnosti existuje cela fad specializovanych verzi programu BLAST

. (Position-Specific Iterated BLAST)

. Prvnim krokem je standardni BLAST, pfi kterém PSI-
BLAST identifikuje skupinu podobnych sekvenci s E
hodnotou lepsi nez minimalni hodnota (standardné 0,005)

. PSI-BLAST vytvafi pro kazdé pfifazeni tzv. PSSM (Position
Specific Substitution Matrix)

. PSSM matice zohledriuje vyskyt jedné aminokyseliny ve
stejné pozici se zvySenou frekvenci u sekvenci
identifikovanych jako podobné v prvnim kole pomoci
BLAST, coz muze znamenat funkéni konzervovanost
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BLAST

Specializované verze

V souCasnosti existuje cela fada specializovanych verzi programu BLAST

= PHI-BLAST (Pattern-Hit Initiated BLAST)

. Uréen k identifikaci specifické sekvence, napf. motivu
(pattern) v sekvenci podobnych proteinovych sekvenci

. Sekvenci motivu je tfeba vlozit pomoci specialniho syntaxu
. [LVIMF] znamena bud’ Leu, Val, lle, Met nebo Phe

. - je oddélovnik (neznamena nic)
. x(5) znamena 5 jakychkoliv aminokyselin
. x(3, 5) znamena 3 az 5 jakychkoliv aminokyselin
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BLAST

Specializované verze
PFiklad vyhledavani pomoci PHI-BLAST

>g1|4758958 |ref |NP 004148.1| Human cAMP-dependent protein kinase
MSHIQIPPGLTELLOGYTVEVLROOPPDLVEFAVEYFTRLREARAPASVLPAATPROSLGHPPPEPGPDR
VADAKGDSESEEDEDLEVPVPSRFNRRVEVCAETYNPDEEEEDTDPRVIHPKTDEQRCRLOEACKDILLE
KNLDQEQLSOVLDAMFERIVEKADEHV IDQGDDGDNFYVIERGTYDI LVTEKDNQTREVGOQYDNRGEECELA
YNT. T IVATSEGSLWGLDRVIFRRI IVKINNAKKRKMFESF IESVPLLKSLEVSERMKIVDVIGEK
IYKDGERIITQGEKADSFY I IESGEVE ILIRSRTEENKDGCGNQEVE IARCHKGOYFGELALVTINE PRAAS
AYAVEDVECLVMDVOAFERLLGPCMD IMERN I SHYEEQLVEMEGS SVDLGNLGD

[LIVMF] -G-E-x- [GAS] - [LIVM] -x(5,11) -R- [STAQ] -A-x- [LIVMA] -x- [STACVY] .
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Osnova

] Vyhledavani sekvenc¢nich motivd, otevienych ¢tecich ramc,
restrikénich mist....

72



Analytické nastroje

= Biology Workbench htip://workbench.sdsc.edu/

[seect Al | essiet || Wy | s |[ naa | [ Dot | oy )f vew || Dnion | vewrecorcs |
[ELsiER J BLoskox J BLASTN | BLASTS || ToLASTR J FASTA ]| FASTX || FASTY ] SeEARcr ] cLusTALW |
[ CLUSTALWPROR J ALIGN ] LALIGN J| LFASTA J| PATTERNATCHD J| PATIERNMATCH ]| TaCO J| PRIMERS |

e

ACEIMTEG
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Analytické nastroje

= Biology Workbench htip://workbench.sdsc.edu/

ACEIMTEG
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Analytické nastroje

= Biology Workbench htip://workbench.sdsc.edu/
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Analytické nastroje
= Biology Workbench htip://workbench.sdsc.edu/

Nicotiana tabacum glucan beta-1,3-glucosidase gene, complete cds. Tran

>170248 Translated - Frame 1
E LEFWGARAK LFAKWENI IPSVCNSYSI* INKGANLTILPL

Nicotiana tabacum glucan beta-1,3-glucosidase gene, complete cds. Tran

>170248 Translated - Frame 2
S5LGEQGONFLINGK I LYQVFVIVIQFELTRGOI+LECP

ACEIMTEG

76



Analytické nastroje

= Biology Workbench htip://workbench.sdsc.edu/

GCEITEC

77



Analytické nastroje

Biology Workbench http://workbench.sdsc.edu/

By B

-

80
ki

k.

;

ACEITEC
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Analytické nastroje

= Biology Workbench htip://workbench.sdsc.edu/

ACEIMTEG
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Analytické nastroje

o Virtual PCR (VPCR) http://grup.cribi.unipd.it/cgi-bin/mateo/vpcr2.cgi

SEARCH b PR

VPCR.2.0 (WWW inferface) - Please, enter nuclsotide primer sequences ((UB codes allowed for degenerate prime1s). VRCR 2.0
searches the specified database for matches to the primess. If matches are found within 10000 bases, a PCR simulation model
predicts amplification. Calculated PCR. products are displayed within a mimute
HOTE: Abilitias of VPCR 2.0 sre 3till imited by BLART sapabilities and settings, o3 well a5 tnsbility of ow sumeat softvare 1o Sesl with more them a
couple thousand matelhes per primer. For ssemle, using primers shorter or roughly equsl to our 11-base wonl size misses most mukehes . Primers with
CrPTepREs e SeqUELPeS CHNSE BrODLES & Well, W are oW IS Solving most of these OIS, Tlénse, M4 Tatient, IF you Lave & Tinute, pleist, Jt
us knsw what kind of expestations you. bave for WPCR 2.0 ete. CUrently, this aidress i for testing VPCR 2.0, stable Cestures vill be fnstalled on
VPCR 2.0 Homepss.

M musculng
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Analytické nastroje

o Virtual PCR (VPCR) http://grup.cribi.unipd.it/cgi-bin/mateo/vpcr2.cgi
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Osnova

Dalsi www genomové nastroje
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Dalsi WWW zdroje

TIGR (The Institute for Genomic Research), http://www.tigr.org/software/

Recently part of the J. Craig Venter Institute

e e |
St gy T horwes Twghty Wivems Viipegitn
A - 2 MACTR

0 £ £ [+ memnan s nce ™~
Gene G . [ 5ot |
PHACTRA phosphatass and actin regulator & [ Homo sapins |

83



Dalsi WWW zdroje

= Online Mendelian Inheritance in Man (OMIM) http://www.omim.org/

—— — — ——— = &
e

(Tr—x
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Shrnuti

= Schéma prednasky

Role BIOINFORMATIKY v sougasném pojeti FUNKCNi GENOMIKY
= Databaze

Spektrum ,on-line* zdrojl

PRIMARNI, SEKUNDARNIi a STRUKTURALNI databaze
. GENOMOVE zdroje

= Analytické nastroje

] Vyhledavani homologii
] Vyhledavani sekvencnich motivl, otevienych c¢tecich ramcu,
restrikénich mist....

Dalsi www genomové nastroje

85



Diskuse
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