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Osnova

= Schéma predmétu
= Definice

= Role BIOINFORMATIKY v soutasném pojeti FUNKCNi GENOMIKY

= Databaze
=  Spektrum ,on-line* zdroja
= PRIMARNI, SEKUNDARN| a STRUKTURALNI databaze
= GENOMOVE zdroje

= Analytické nastroje
= Vyhledavani homologii
= Vyhledavani sekvenénich motivl, otevienych &tecich ramcu, restrikénich
mist....
= Dalsi www genomové nastroje
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Schéma predmétu

Kapitola 01
= Uvod do bioinformatiky

o

o Kapitola 02
= |dentifikace genu

Kapitola 03
= Pristupy reverzni genetiky

m]

o Kapitola 04
= Pristupy genetiky pfimé

~ ot ERS, INVESTICE DO ROZVOJE VZDELAVANI
%I o 3 ’: Tato prezentace je spolufinancovans
0P Vadbtbvind {‘" \: v -
EVROPSKA UNIE i pro konkurenceschopnost AN ¥ a statnim rozpoétem Ceské republiky




Schéma predmétu

o Kapitola 05

= Pristupy funk&éni genomiky
o Kapitola 06

= Protein-protein interakce a jejich analyza
o Kapitola 07

= Soucasné metody sekvenovani DNA
o Kapitola 08

=  Strukturni genomika
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Schéma predmétu

o Kapitola 09
= Lokalizace gent a genovych produktt v burice
o Kapitola 10
= Genomika a systémova biologie
o Kapitola 11
= Praktické aspekty funkéni genomiky
o Kapitola 12

= Nastroje systémové biologie
= Modelové organismy, PCR a zasady navrhovani primeru
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Literatura

= Zdrojova literatura ke kapitole I:

= Bioinformatics and Functional Genomics,
2009, Jonathan Pevsner, Willey-Blackwell,
Hobocken, New Jersey
http://www.bioinfbook.org/index.php

= Uvod do praktické bioinformatiky, Fatima
Cvrckova, 2006, Academia, Praha

= Plant Functional Genomics, ed. Erich
Grotewold, 2003, Humana Press, Totowa, New

Jersey
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= Definice
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GENOMIKA-co to je?

=V 8irSim pojeti-zkouma STRUKTURU a FUNKCI genomu

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

= V uz8im pojeti zkouma FUNKCI jednotlivych genl -
FUNKCNIGENOMIKA

. pouZiva zejména pristupy REVERZNI GENETIKY
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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 FUNKCNI GENOMICE

Pistupy ,klasické“ genetiky ~Reverzné geneticky" pfistup
5TTATATATATATATTAAAAAATAAAATAAAA
GAACAAAAAAGAAAATAAAATA ... 3
] [ BIOINFORMATIKA

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

=< — AVERST, INVESTICE DO ROZVOJE VZDELAVANI
| o S 5,
%' . £ Z Tato prezentace je spolufinancovana
o; . %, \.—‘ Evrc
EVROPSKA UNIE i’ pro komkurenceschopoost ANA 8% a statnim rozpo&tem Ce

10



Bioinformatika

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

Vyzkum, vyvoj nebo aplikace vypocetnich nastroju a pristupu za

ucelem zvysovani rozvoje vyuziti biologickych, Iékarskych, dat o
chovani nebo zdravi, vcetné téch, které umoznuji takova data
ziskavat, ukladat, organizovat, archivovat, analyzovat nebo
vizualizovat.
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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 bioinformatics 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.

). Pev
nttp:/

vw.bioinfbook.org /index.php
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Bioinformatika

Bioinformatika ve funkéni genomice

Zpracovani a analyza sekvenacnich dat
= |dentifikace referen¢nich sekvenci
= |dentifikace genu

Identifikace homologu, ortologt a paralogu
Korelaéni analyzy mezi genomy a fenotypy (v€etné ¢lovéka)

NS

O = Zpracovani a analyza transkripénich dat

|\ = Transkripéni profilovani pomoci DNA ¢&ipu nebo next-gen
sekvenovani

| = \Vyhodnocovani experimentalnich dat a predikce novych

regulaci v pfistupech systémové biologie
Matematické modelovani genovych regulagnich siti
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Osnova

= Databaze
=  Spektrum ,on-line* zdroju
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Spektrum on-line zdroju
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There are many of on-line resources that could be used.
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Spektrum on-line zdroju

o EBI http://www.ebi.ac.uk/services
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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 (




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



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.ip

denné vzajemna vyména a zalohovani dat
velka datova naro€nost (kapacita i software)
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Sequences (millions)
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Growth of GenBank + Whole Genome Shotgun
(1982-November 2008): we reached 0.2 terabases
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Growth of GenBank
Aug 2016

Bases Sequences
e - Gen 1000 000 000 Gen
1000 000 000 wes wes
100 000 000
100 000
10 000 000
10 000 000 000
1000 00
1000 000 000 ! 9
n 100 000
100 000 000
10 000
1 000 000 1000
1985 1990 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010 2015

=  Prosinec 1982 680 338 bp, 606 sekvenci
= Duben 2002 19 x 10° bp, 17 x 106 sekvenci + WGS 692 x 106 bp, 172 768 sekvenci

=  Srpen 2016 218 x 10° bp, 196 x 10° sekvenci + WGS 1,6 10'2 bp, 360 x 10° sekvenci
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23
Shotgun Sequencing = (
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Fig 2: Short of DNA are ordered by overlapping
data to recreate the whole genome sequence

=

Fig 1: Genomic DNA is fragmented, ligated into viral DNA
and packaged into viral particles to create a library
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Konkurenceschopnost

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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Arrival of next-generation sequencing:
In two years we have gone from 0.2 terabases to
71 terabases (71,000 gigabases) (November 2010)
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DDBIJ/EMBL/GenBank accepts both complete and incomplete genomes. Whole
Genome Shotgun (WGS) sequencing projects are incomplete genomes or
incomplete chromosomes that are being sequenced by a whole genome shotgun
strategy. WGS projects may be annotated, but annotation is not required.

The pieces of a WGS project are the contigs (overlapping reads), and they do not
include any gaps. An AGP file can be submitted to indicate how the contig
sequences are assembled together into scaffolds (contig sequences separated by
gaps) and/or chromosomes. We must have the contig sequences without gaps as
the basic units for all WGS projects.


http://www.ncbi.nlm.nih.gov/genbank/wgs.submit#agp

Primarni databaze

= zahrnuji soubory primarn

=  Proteinové sekve

ich dat — sekvenci DNA a proteinu

nce:

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 sekvenciv primarnich databazich

Standardni nukleotidové sekvence ziskané kvalitnim
sekvencovanim
ESTs (Expressed Sequence Tags)

HGTS (High Throughput Genome Sequencing)

- neanotované ,surové“ vysledky sekvenaénich projektu

Referenéni sekvence anotovanych genoma

TPAs (Third Party Annotation)

- sekvence anotované jinymi nez plvodnimi autory
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Primarni databaze

23 NCBI  Resources
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Primarni databaze
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Primarni databaze
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£ NC_002377.1: 145K..148K (2.9Kbp)~ | ‘| QD | - = { + i xR
po [145,400 |145600 (145800 (146 K (146,200 (146,400 (146,600 (146,800 [147 K (147,200 |147,400 (147,600 |1

= 0/2 NP_059797.1
NP_059797.1: two-component VirA-like sensor kinase 1,400 | 1,600 1,800 2 K
total range: NC_002377.1 (145,694..148,183)
total length: 2,490 ——
strand: plus
protein product length: 829
Links & Tools
[0 ) GenBank View: NC 002377.1 (145,694..148,183), NP 0597 |
NC_(K!ZB_LLUE_Q.MJ@}.L NP 059797 |

FASTA View:

BLAST Genomic: NC 002377.1 (145,694..148,183)
Graphical View: NP_059797.1

BLAST Protein: NP_059797.1

BLINK Resuits: NP_059797.1

Cmwlegmty

Related articles in PubMed
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Primarni databaze
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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
:l:’:ij;::;.:‘.bwowﬁbeO\.ng/indE‘x.LJ".p
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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_#HHHHHE
Complete chromosome NC_##HHHHE

Genomic contig NT_#HHHHE
mRNA (DNAformat)  NM_##EHH# e.g. NM_006744
Protein NP_##HHHH e.g. NP_006735

1. Pevsner,
http://www.bioinfbook.org/index.php
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RefSeq

[T prrr————
« -
two-component VieA ke sensor kinase

~ NCBI Reference Sequences (RefSeq)

PRI
Location:14 - 833
Biast Score: 294
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o
I y - :
A W OP Videlavani
EVROPSKA UNIE il bro konkurenceschopnost

~ Genome Annotation
» wa « o Explain
Reference assembly
Genomic
1. NC_0030653
Range 180831143332
owniosd  Gantank. FASTA. Seauence Viemsr (Gragney
MRNA and Protein(s)
1. NP 2964861 . 58]
UnProK B Bwasprot  £19840
Conterved Domaint () summary
SH00075  HATPaSe.
Location: 500 - 634 Tor enamgse ONA gyrase 8,
iast Score: 202 5990 oNA
srcsmna
SH090N2  MeRA
Location:466 - 530 A dmers
iast Score: 144 bundies.
va

PRX12837 tuo-component \rA- ke sanacr kinase Prowaons
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Vexsis
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NCBI’'s RefSeq project: many accession number
formats for genomic, mRNA, protein sequences

Accession Molecule Method
AC_123456 Genomic Mixed
AP_123456 Protein Mixed
NC_123456 Genomic Mixed
NG_123456 Genomic Mixed
NM_123456 mRNA Mixed
NM_123456789 mRNA Mixed
NP_123456 Protein Mixed
NP_123456789 Protein Curation
NR_123456 RNA Mixed
NT_123456 Genomic Automated
NW_123456 Genomic Automated
NZ_ABCD12345678 Genomic Automated
XM_123456 mRNA Automated
XP_123456 Protein Automated
XR_123456 RNA Automated
YP_123456 Protein Auto. & Curated
ZP_12345678 Protein Automated

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
Non-coding transcripts
Genomic assemblies
Genomic assemblies

Whole genome shotgun data
Transcript products

Protein products

Transcript products

Protein products

Protein products  J. Pevsner,
http://www.bioinfbook.org/index.php
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Primarni databaze

a2 %o
£ NC_002377.1: 145K..148K (2.9Kbp)~ | ‘{ LD | - = i + i xR

bJ |145,400 |145,600 [145,800 |146 K  |146,200 146,400 |146,600 146,800 |147 K  |147,200 |147,400 147,600 |1

Genes
= 0|2 NP_059797.1

- NP_059797.1: two-component VirA-like sensor kinase e T 1o 2%
total range: NC_002377.1 (145,694..148,183)

P 0997971 total length: 2,490 _

strand: plus
protein product length: 829
Links & Tools

GenBank View: NC 002377.1 (145,694..148,183), NP 0597 |
NC 002377.1 (145,694..148,183), NP 05979 |

|:_> FASTA View: ¥
BLAST Genomic: NC 002377.1 (145,694..148,183)
Graphical View: NP_059797.1
BLAST Protein: NP_059797.1
BLINK Results: NP_059797.1

Smblogrmphy

Related articles in PubMed
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Primarni databaze

nptey tetmngs © IASTA
B2 Change region shown B
© thonton 1200 s s iS00 iR .
o Satoctnd eguon
plasmid Ti, hom 145654 1o 148183

Updare View
o Customize view O
Anatyze this sequence -
R BLAST

Retsted information -

bes

Mt Cartians o

Recent activity

B Aceain

Y U —

R ———
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Sekundarni databaze

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

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

TR Toemo

o LaPAN Mo pace e Mo Segech LaPAS. Lamtect ae S=pe Pra
ARTRITENEIEITIS USTRTT) (TN (RN Y AN O6m WTYT AN
—— ) ]

prw ScanProsite

e by e e e s of pumers e posfl sk fhe PROSIIT, b, v b
i e v s e yens s pamermn. Yos ey b

EVROPSKA UNIE i
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Sekundarni databaze

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

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

PROCOK0} PSOG00I SULFATION Tyrosine sl fation site {rule] [Warning: rele with a high prohability of cccurence]

4 CAMP_PROSPHO_SITE cAMP- and cGMP dependent protein kinase phosphorylation site [pattern] [Warning: patern with a high probability of occurrence].

SPKC_PHOSPHO_SITE Prosein kinuse C phasphorylation site [juttem] [Warming: pattern with 4 high probabulity of cceurrence]

INVESTICE DO ROZVOJE VZDELAVANI
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Sekundarni databaze

= databaze funkénich nebo strukturalnich motiva ziskanych srovnavanim
primarnich dat (sekvenci)

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

PDOCS0100 PSS0100 HES_KIN Histidine kinase domain [peofile]

Graphical summary of hits (jave applev)

[
k&

)

e ™ —

9% bits with 12 PROSITE eatries
[ SorSiemepan | SieMap | SachbaPAS | Commcw | Ssiabea | PROSIE
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Sekundarni databaze

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

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

EVROPSKA UNIE i’
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Sekundarni databaze

o TRANSFAC http://www.gene-regulation.com/

R )
g T5m TRANSFAC Saccharomyvces Module 0.1
The GBF
[Research

I S/MAR‘ DB The S/MAR transaction database (Release 2 1)

Scaffold/Matrix Attached Region transaction Database

TRANSFAC TR D g
Moleculas Biotechnology

I Service & Technology Transfer
I"News & Public Relations

» Bomnformates
> The eam
% : g1 @ This databas longet available on this ¢ t
: m W"Jﬁ!ﬁ' A s -:;nm-g;:k on this server. You can access iton
> Tools
> Links
The database of physiological systems, organs and cell types
CYTOMER
> ) AVERST, INVESTICE DO ROZVOJE VZDELAVANI
o S s
%I o 3 2 Tato prezentace je spolufinancovan
e W Evropekgm sociéinim fonder
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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

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

B DR 22

mlcom 10 the PDB, the single woridwide repository for the ng_,mm,m
bution of 3-D biological

Current Holdings Sractare ot
ABOUT PDE | DATA UNIFORMITY | 1 USER GUIDES |
EALE FORMATS | EDUCATION | | PUBLICATIONS |

Search the Archive . PDB Mirrors

Enter aPDBID OFKEYWOId 0y piane ok s
on

[ Fidastucti® | 500 Deoo Supercomouter

[ query by POB id only [ mateh exactword Conter”
[ remove saquence homologues Butoecs Unsverwity”
Uatonsl netiute of
Searchiite keyword search form with examples Standerds and Technology”
st bl h &
I Sareh A enbies smating release famrdoe O
—— Lavong! Urs verwity of
Sinoseore
Comolete tews i Archive
News e Sibacrive Cask Uk vecuty, Jaoan
23-Dec-2002 mw
:vm-— three members of 1 The PDB Mney Germ s, Erasl
Rezearch Colaboratory for Max Deibrick Conter for
Siructiral Beintermtcs (Rcsg) The | *1IT Wish 1o extend our best wishes to the Miiscuiar thccioe.
POB is supgorted by funds from the commuzity for « happy holiday season and Germany.
o he a wonderful new year! 8
Department of Ensegy, and two units of THER SIT!
the National institutes of Health: the - S0
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Strukturalni databaze

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

Structure Explorer - 1P5Y

+ sad Matants

Maim: A Fragment: Soqoones Databse Revidors R V-

View Structure

v b graphic pdbld- 1PSY 1 317156 10643493848 bio- L& ot -show ke -0
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Strukturalni databaze

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

4 etal., Plant Journal (2011)
S e INVESTICE DO ROZVOJE VZDELAVANI
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* GENOMOVE zdroje
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Genomoveé zdroje

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

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

e e S (T T P e 1y
.o

L

UCSC Genome Browser on Human Feb. 2000 (GRCh37/hg19) Assembly
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Genomoveé zdroje

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

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

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

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

G

Sewch  Orews Tocen Petuts Ovemined bt - ABIC Scha

Benaning News
D Subncrae o newn oad
0 1o s Tt
) Join o Facabont grove

The Arabidopsis Information Resource

2013 MASC Mapart New
ey

Click here
to try our new online submission form
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Genomoveé zdroje

TAIR, The Arabidopsis Information Resource, http://www.arabidopsis.org

r
\;tair Mome Melp Contact AboutUs Login

Search Browse Tools Stocks. Portals Bownioad

The Arabidopsis Information Resource

The Arabidopss Information Resource (TAIR) mantans a d: baso of genetic and m:
biology data for the model higher plant Arabidopsss thaliana. Data avaitable from TAIR includes
the completo QENOMEe SEqUENCE AONG With QENe Sructure. gene Product INformation. metabolsm.
geno expression. DNA and seed stocks. genome maps. genetic and physical markers.

and about the rosoarch one product function
data is updated every two weeks from the latest published research iterature and community data
submissions Gene structures are updated 1-2 times per year using computational and manual
methods as wel as community submissions of new and updated genes TAIR aiso provides
extonsive knkouts from our data pages 10 other Arabidopsss resources

The Arabidopsis Biological Resource Center at The Ohio State University collects, reproduces.
preserves and distributes seed and DNA resources of Arabidopsss thalana and rolated speces
Stock information and ordering for the ABRC are fully integrated into TAIl

The NEW arabidopsis.org

We've added new dropdown headers and left navigation bars and reorganized our web pages.
to make it easier to locate information and resources in TAIR Please contact us if you
experience any problems with our new site

The Arabidopais Information Resource Bresning Hews

Gaore =

Submit News.

Breaking News

Data Updates Suspended
[October 19. 2006}

Some TAIR data updates.
ncluding loading of new ABRC
stocks. will be susponded from
Oct 20-Nov 17 while we move
our servers.

Now Phenotype Search

jon
[October 15, 2006]

Search for genes.
gormplasms. and
polymorphisms using
associated phenotype. and see
improved phenotype data
dispiay in results and detadl
pages

ASPB Presentations
[August 15, 2

Foliowing hoavy demand, the
TAIR workshop presentations
given at the ASPB meeting in
Boston have been made
avadable from the TAIR website
for download

~
I}G?r £ ;
Z
% .
M L OF Vadélvinl 1"4 \‘\\.
EVROPSKA UNIE il pro konkuronceschopoost  ANA Y

Vexsis

INVESTICE DO ROZVOJE VZDELAVANI

Tato prezentace je spolufinancovana
Evropskym socialnim fondem
a statnim rozpo&tem Ceské republiky

53



Osnova

= Analytické nastroje

. Vyhledavani homologii
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Analyticke nastroje

Globalni vs. lokalni pfifazeni

Globdlni pFiFazeni

Lokalni pFifazeni

SLAV-===m=mmmm APATNIK--=-=-~~ PIQNYR-I----~~- AKSETQRYMVIE
SLAVYTYIEFVRANAPATNIKSECVRAAPIQNYRRVEHVRATAKSETQRYMVIE

SLAVYTYIEFVRANAPATNIKSECVRAAPIQNYRRVEHVRATAKSETQRYMVIE

Cwrikova, 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)

Globéalni pfifazeni se pouziva predevSsim v pfipadé
mnohacetného prirazovani (CLUSTALW, viz dale)

Lokalni prifazeni umozni identifikaci a srovnani i v pfipadé
porovnavani pouze useku sekvenci s vyznamnou mirou
podobnosti, napf. i pfi zaméné poradi proteinovych domén
b&hemevoluce

EVROPSKA UNIE i
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Analyticke nastroje
Volba spravného typu pfifazeni pomoci bodového diagramu (dotplot)

filtrace diagonal
kratdich nez 3

Sekvence X ATTGATCGGTCTTGCACTGA
Sekvence Y ATTGCTCGGTATTGCTCTGA

YELGE
ATTGN X XTI
x
-
—
L =t Y

Cwrékova, Uvod do praktické bioinformatiky

. vyneseni sekvenci proti sobé

. identifikace shody v okné o dané velikosti (napf. 2 bp)

. Lodfiltrovani* diagonél o délce mensi nez je mezni hodnota
(threshold)

EVROPSKA UNIE i
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Analyticke nastroje

priklady srovnani sekvenci pomoci bodového diagramu

B C D

Curekovi, Uvod do prakticks

. globalné Ize srovnavat pouze sekvence A, B
. ostatni sekvence prosly béhem evoluce zaménou domén a je
nutné je porovnavat lokalné
. bodovy diagram lze ziskat pomoci srovnavani programem
BLAST2 (viz dale)
< o VERST, INVESTICE DO ROZVOJE VZDELAVANI
I '~_: h ¢ f /7 Tato prezentace je spolufinancovana
k— Ifﬁ/ :’ Evropskym sociainim fondem
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Analyticke nastroje

o BLAST http://ncbi.nim.nih.gov/BLAST/

Retrieve re:

ults for an RIC

SRUCAUT LgU
teat

gegtattaat

tgtttttttt

ataattaatt tattccacat gagatatgat atgatatact atgtattttt

ttatttgtaa acctttaata taacaagaac tacaaaaaat gaaaa -

8et sudsequence From: | To: |

[ BLAST! BfResarquery '/Reseral
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INVESTICE DO ROZVOJE VZDELAVANI
Tato prezentace je spolufinancovana

Evropskym sociainim fondem

a statnim rozpo&tem Ceské republiky

58



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)

A s Matice PAM 250
= Zobrazeni vysledku [
s o2
v o213
lv 3106
. ) 21 1 32
. ~3l31 6 -1 1 8
~ /1 010 0|2
A|T|G C ,‘" nepéru G-A » sloo-10 1|2«
e R ¢ Slaaeealiag
-1 - -1 ‘
| [=[o[2]o[0 Sodnota pdra GG | | ST e .
Gl ol o] o 8 <lo-1 029|011 1f2 6
= x_-sloo-1-1-2]1 060 103 s
Ccjojojoj1 N S212-13232-12 0 0]
1 21 0222222 2|2
R I T P ]
v 2101022 2-2f2-2-2]2 4 2 4
Cwrékova, Uvod do praktické bioinformatiky ’—_dT:l EE R R EEEIGEEREILEREE]IL
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BLAST

Basic Local Alignment Search Tool

E=expectancy
[ >gi|5016088 | re £]NM 001101.2] [V actin, beta (ACTB), mRNA
Length = 1793

Score = 1110 bits (560).
Identities = 965/1100 (87%

Strand = Plus / Plus

]

s..S=1213 E=0.0

.|
N L R TR R N e e "
Sbjct: 101 gtecg 99 tgt 99 geg! gatg: gggee 160
e RN R
Sbjct: 161 g 220 E’m_”
e e T T T T I T = 2
Sbjet: 221 tect tac 280 =
Q“',m T T e nnG > 2
Sbjct: 281 tegt: 340 E

pnci se stejnou

elké databazi

sloZené. z RERoaRyeR-CoRvenor

. vysledek udéava frakci totoZnych a u proteini i podobnych pozic,

prip. pocet vioZzenych mezer
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Primarni databaze

Py | pr——

€ " s o

©) NC_002377.1: 145K..148K (2.9Kbp)~ | "\ | G| - I + i »
bo (145,400 (145,600 (145800 (146K (146,200 (146,400 (146,600 (146,800 [147 K (147,200 |147,400 (147,600 |1

|

ienes

#=|0 2 NP_059797.1

NP_059797.1: two-component VirA-like sensor kinase 1, 460 1,600 1,800 2K
total range: NC_002377.1 (145,694..148,183)

total length: 2,490 —
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), 7

BLAST Genomic: NC 002377.1 (145,694..148,183)

Graphical View: NP_059797.1

BLAST Protein: NP_059797.1
—: % BLINK Results: NP_059797.1

~ Bibliography

Related articles in PubMed
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BLINK is a link to the pre-computed BLAST search results for the respective
sequence (see the next slide).

61



BLAST

Basic Local Alignment Search Tool

[T prre—r—— preres———— ETT

2 BUNK
~ Home TuxonomyReport Multiple Alignment  Blast  Help

Matching gie: 15163423.20141671.1019660.
Total (score > 100) : 147086 hits in 146754 proteins in 6309 species

Selected: 147086 hits in 146754 proteins in 6309 species Filter: Min Score: 100 |
Other views (Reports): Taxonomy report  Multiple Alignment  Blast

Retel oi fiters

» Choose Display Ogtions

1203 Archoes 138285 pactern (13 petgon (198 £ung 954 P [6

.
.
.
.
.
.
B
.
.
.
.

Pre-computed BLAST results for: qil16119781ire(INP_396486.1 sensor kinase

Vises 969

Resuts: 1-100 Naxt Page.

str. Cs8)

The Others reset seiecto
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BLAST

Specializované verze

V soucasnosti existuje cela fad specializovanych verzi programu BLAST

. vyhledavani podle zdroje (organismu) sekvenci, napf. znamych genom

mikroorganismu
. BLASTP
. vyhledavani podobnosti k proteinu v databazi proteinovych
sekvenci
. BLASTN

. vyhledavani podobnosti k nukleotidové sekvenci v databazi
nukleotidovych sekvenci

. dalsi varianty jako napf. MEGABLAST pro identifikaci
totoznych nebo velice podobnych sekvenci (vyhledava
dlouhé podobné Useky nukl. sekvenci)

= BLASTX
. vyhledavani podobnosti k proteinu v databazi -

nukleotidovych sekvenci preloZzenych do sekvence aa

| . z 2
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BLAST

Specializované verze

V soucasnosti existuje cela fad specializovanych verzi programu BLAST

B TBLASTN
vyhledavani k sekvenci nukleotidi prelozené do sekvence

aa v databazi proteinu

s TBLASTX
vyhledavani k sekvenci nukleotidli pfeloZzené do sekvence
aa v databazi nukleotidovych sekvenci prelozenych do

sekvence aa
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BLAST

Specializované verze

V soucasnosti existuje cela fad specializovanych verzi programu BLAST

= PSI-BLAST (Position-Specific Iterated BLAST)

. Prvnim krokem je standardni BLAST, pfi kterém PSI-
BLAST identifikuje skupinu podobnych sekvenci s E
hodnotou leps$i nez minimaini 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 mizZe znamenat funkéni konzervovanost

>

INVESTICE DO ROZVOJE VZDELAVANI

~ .
2 i— A AVERS/,
T3 S 1,
I g 5 Tato prezentace je spolufinancovana
4 >
| — Evropskym socialnim fondem
OP Vadblavinl 2 S d
EVROPSKA UNIE il pro konkurenceschopnost 2 a statnim rozpo&tem Ceské republiky

NSV
Vexsis

65



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 vioZit 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
Priklad vyhledavani pomoci PHI-BLAST

>gi|4758958|ref [NP_004148.1| Human cAMP-dependent protein kinase
MSHIQIPPGLTELLQGYTVEVLRQQPPDLVEFAVEYFTRLREARAPASVLPAATPRQSLGHPPPEPGPDR
VADAKGDSESEEDEDLEVPVPSRFNRRVSVCAETYNPDEEEEDTDPRVIHPKTDEQRCRLQEACKDILLF
KNLDQEQLSQVLDAMFERIVKADEHVIDQGDDGDNFYVIERGTYDILVTKDNQTRSVGQYDNRGSEGELA
LMYNTPRAATIVATSEGSLWGLDRVTFRRI IVKNNAKKRKMFESF IESVPLLKSLEVSERMKIVDVIGEK
IYKDGERIITQGEKADSFYIIESGEVSILIRSRTKSNKDGGNQEVE IARCHKGQYFGELALVTNKPRAAS
AYAVGDVKCLVMDVQAFERLLGPCMDIMKRNISHYEEQLVKMFGSSVDLGNLGQ

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

restrikénich mist....

Vyhledavani sekvenénich motivl, otevienych é&tecich ramc,
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Analytickeé nastroje

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

|

[ Sect A | Deseect At | e J BATCH | Ad |t | Deie | Copy | Vew J Dowion | Viewhecors

[BL55e0 ] BLeseqx ] BLASTN ]| BLASTX ]| TRLASTS ]| PASTA | FASTS | FASTY | SSEARCH ] CLUSTALW
[ CLSTAL WPROF J| ALIGN ] LALION | LFASTA ]| PATTERNMATCHDS ] PATTERNMATCH | TACC ] Privess |
[ASTATS | BESTSCOR ]| PFSCA ]| PRIMERCHECK | PRIMERTY ] SDrRAME ]| REVCOMP ] FANDSEQ
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Analytickeé nastroje

o Biology Workbench http://workbench.sdsc.edu/
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Analytickeé nastroje

o Biology Workbench http://workbench.sdsc.edu/
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Analytickeé nastroje

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

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

>170248 Translated - Frame 1
ELPWGARAK LFAKWKNIIPSVCNSYSI* INKGANLTILPL

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

>170248 Translated - Frame 2
SSLGGQGONFLLNGKILYQVEFVIVIQFELTKGQI*LECP
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Analytickeé nastroje

o Biology Workbench http://workbench.sdsc.edu/
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Analytickeé nastroje

o Biology Workbench http://workbench.sdsc.edu/
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Analytickeé nastroje

o Biology Workbench http://workbench.sdsc.edu/
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Analyticke nastroje
o Virtual PCR (VPCR) http://grup.cribi.unipd.it/cgi-bin/mateo/vpcr2.cgi

e I

VPCR 2.0 (WWW interface) - Please, enter mucleotide primer sequences (B codes allowed for degenerate primers). VPCR 2 0
seaiches the specified the primers. If matches aze found within 10000 bases, a PCR stmulation model
Cakulated PCR products are displayed within a minute
NOTE: AMlties of VPCR 2.0 are still linited by BLAST caqadilities aad settings, as well a5 iaadility of ow ewreat soltwre to deal with move thia &
shorter or rongAly eguil to 0w 11-Dase word size misses most matehes. Primers with
s, I you have a miaaes, pluace, It
fratwes will be tastalled oa

database for makhes o
Lfication
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Analyticke nastroje

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

= Dal$i 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
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Dalsi WWW zdroje

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

= Schéma prednasky
= Role BIOINFORMATIKY v sou¢asném pojeti FUNKCNi GENOMIKY

= Databaze
. Spektrum ,on-line* zdroju
. PRIMARNI, SEKUNDARNI a STRUKTURALNI databaze
*  GENOMOVE zdroje

= Analytické nastroje

= Vyhledavani homologii

. Viyhledavani sekvenénich motivl, otevienych &tecich ramca,
restrikénich mist....

= Dalsi www genomové nastroje
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Diskuse
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