Bioinformatika je nova disciplina na rozhrani
pocitacovych véd, informacnich technologii a biologie.
Bioinformatika zahrnuje studium biologickych dat a
jejich prakticke uchovavani, vyhledavani a modelovani.
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Vyznamna data sekvenace DNA

tRNA - (1964) - 75 bases (old, slow, complicated method)
First complete DNA genome: X174 DNA (1977) - 5386 bases
human mitochondrial DNA (1981) - 16,569 bases
tobacco chloroplast DNA (1986) - 155,844 bases
First complete bacterial genome (H. Influenzae)(1995) - 1.9 x 106 bases
Yeast genome (eukaryote at ~ 1.5 x 107) completed in 1996
Several archaebacteria
E. coli -- 4 x 106 bases [1997 & 1998]
Several pathogenic bacterial genomes sequenced
Helicobacter pyloris (ulcers)
Treponema pallidium (Syphilis)
Borrelia burgdorferi (Lyme disease)
Chlamydia trachomatis (trachoma - blindness)
Rickettsia prowazekii (epidemic typhus)
Mycobacterium tuberculosis (tuberculosis)
Nematode C. elegans ( ~ 4 x 108) - December 1998
Drosophila (fruit fly) (2000)
Human genome (rough draft completed 5/00) - 3 x 109 base
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Z.akladni zdroje a aplikace bioinformatiky

Vypocetni zaklady Zdroje dat

Aplikace bioinformatiky

algoritmy

grafika Obecné dostupné

zpracovani signalu databaze
architektura hardwaru
informacni teorie
sprava databazi
statistika

umeéla inteligence
Zpracovani obrazu Zpracovéni
robotika laboratornich dat

softwarové inzenyrstvi

ziskavani dat

nastroje pro pristup k databazim
mapovani a srovnavani genomu
serazeni sekvenci

identifikace genu

funkcni identifikace proteinu
molekularni evoluce
molekularni modelovani
predikce struktur

srovnavani struktur

vyvoj leCiv na zakladé struktur




Nucleotide Sequence Analysis

Enter the sequence

/ into the computer

Search the databases - :
.. Search for open reading

for similar sequences : ;
frames and regions with

* coding potential

Compare these / \
sequences with the ’ .
CODING NON-CODING
REGIONS REGIONS

original sequence

'

Multiple Sequence Translate mnto / \
Analysis protein Saarch for BB Srprs e

known potential
Protein sequence secondary

Bequence elements stracture
Analysis

Plan further

experiments
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Search for Design PCR
restriction primers

enzyme sites




Instituce zabyvajici se spravou dat a vyvojem
nastroju pro jejich analyzu a poskytovanim
informaci

* Evropsky institut pro bioinformatiku (EBI)

— Hinxton, Velka Britanie, genomova databaze EMBL

* Narodni centrum pro biotechnologické informace (NCBI)
— USA, genomova databaze GenBank, literarni databaze MEDLINE,

OMIM - Online Mendelian Inheritance in Man

* Narodni geneticky institut (NIG)
— Mishima, Japonsko, genomova databaze DDBJ




ExPASy Molecular Biology server

Napt. PROSITE - Database of protein families and

domains

Pdb Viewer -




Vyhledavani podobnosti sekvenci

BLAST
FASTA




Sanger Method: Generating Read

DNA Length

1. Start at primer

(restriction site)
2. Grow DNA chain
3. Include ddNTPs

4. Stops reaction at all

possible points

5. Separate products by

template strand

length, using gel
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Traditional DNA Sequencing

SHELG

DNA fragments

Known

Vector location
Circular genome (restriction
(bacterium, plasmid) site)




Different Types of Vectors

VECTOR Size of insert (bp)
Plasmid 2,000 - 10,000
y N\
Cosmid 40,000

BAC (Bacterial Artificial 70,000 - 300,000

Chromosome)
e s > 300,000
YAC (Yeast Artificial ) )
Chromosome) Not used muc

recently




Electrophoresw Diagrams
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Reading an Electropherogram
Filtering

Smoothening
Correction for length compressions

A method for calling the nucleotides —




Finding Overlapping Reads

Create local multiple alignments from the
overlapping reads
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Sequencing by Hybridization (SBH):
History pos
« 1988: SBH suggested as an an First microarray

. . totype (1989
alternative sequencing method. "~ " (1959
Nobody believed 1t will ever

work First commercial
DNA microarray

prototype w/16,000
features (1994)

 1991: Light directed polymer
synthesis developed by Steve

Fodor and colleagues. 500,000 features
per chip (2002)

* 1994: Affymetrix develops
first 64-kb DNA microarray




Komparativni genomové sekvenovani (NimbleGen)

29-mery piekryvajici se 0 22 bp

DNA
T e— - 2 x 162 574 hybridizaci na &ip

A\ 4

DNA

Kazdy nukleotid je detegovan nejmené 8 oligonuk.

Vysledky jsou pouzity pro pripravu sekvenacniho ¢ipu

Sekvenovani DNA pomoci

oligonukleotidli rozpoznavajicich
SNP




Nimbleen




in situ oligonucleotide synthesis
NimbleGen Systems Inc.

« Digital Micromirror
Device (DMD)

* Up to 386.000 features
per chip




Evolutionary Tree of Humans
(mtDNA)

The evolutionary
tree separates one
group of Africans
from a group
containing all five
populations.

Vigilant, Stoneking, Harpending, Hawkes, and Wilson (1991)




Human Migration Out of Africa

130,000 yrs |
. ,.i‘l 13,000 yrs

40,000-60,000 yrs

http:/ /www.becominghuman.org




