&% ACTGGTGACCOGATE. Zos, ATOGATCOAATAACRAR

(i Tl
*@:-.- ].'-'-{-_

ol

V107 Bioinformatika 1

A

B
E
E
B
E
e

#* Dr. Matej Lexa, C505, lexa@fi.muni.cz
* Prednaska: Ut 8:00 - 9:50
* Konzultace: Ct 13:00 — 15:00
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V105 — Seminar z bioinformatiky P (podzim)
i V106 — Seminar z bioinformatiky G (at 12:00)
.'i} ; V108 — Bioinformatika Il (podzim)
| ’ IV110 — Projekt z bioinformatiky (podzim)
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Obor Bioinformatika

* | ze zvoliti v prabéhu studia

* Kromé zakladnich pfredmétu Fl
Biochemie (LF)
Molekularni biologie (PrF)
Bioinformatika (FI)
Pocitacova chemie (FI)
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V107 Dulezité informace

* Prednasky: s 13x
* Kviz: 23 27.3.
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D.E.Krane and M.L.Raymer (2003).
Fundamental Concepts of Bioinformatics.
Benjamin Cummings, London, 320 s.
(IEEEey ISBN 0-8053-4633-3

J.-M.Claverie. (2003).

il Bioinformatics for dummies.
Biginformatics Hoboken, Wiley Publishing, 452 s.
SUNMIES [l ISBN: 0-7645-1696-5
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http://www.f1.muni.cz/~lexa/links.html
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Briefings in Bioinformatics
Bioinformatics

Bioinformatics
Theoretical Biology

and Medical Modelling

GB.c

Journal of Bioinformatics
Genome Biology

and Computational Biology :":' SBIEﬂ '[:ET'IErFOH: D
ISH |

BMC Bioinformatics Science



§ A0TOTGANCOGATRC 255 OOATIORTBA00S

e M

V107 Klasifikace

* kviz: nad 50%, max. 1x oprava
* Zkouska:
A —91-100 %
o B—81-90%
| C—71-80%
D—-61-70%
E-41-60%
F- 0-40%
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In lews, leachers niusl cope wil the sl hal o ology has ils owen

cakh 22: "Everyhing r bio cgy i3 unde standekle a3 long a3 you

krow evarything " say: Cerald Audesirtk. Hz recalls tha: he and his

In this part .

+ Bi.lil.lun:m'it'!ﬁlﬁ a new discipline. which means that
obody should feel sshamed If he or ghe dpesn’t

have aviuc whel e caciioumn’'s all alroal. Dvear'l wo y
after finlehing thiz book, vou'll ke gpasking blalnformatics.
gpeak with the bezl of tham

Ve start you off in Part | with a quick reminder ¢f whal
youn needd fo know atwsut TA aned prodeins fo make sense
of this book lac FivE VoW &b DVErVIEW Ol the mzin

bicintormatics 1ools avallabie on the nierne

We doa’t ghve too many details here, but if all you need Lo
Enow B which Internet page to open and which Dutton to
e press, come on in. 'cur wews got ust what vou need!
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V107 Osnova

* Historie a zaméfeni bioinformatiky

* Zaklady molekularni biologie - Organizace zivé hmoty - Struktura a funkce DNA -
Struktura a funkce proteint - Evoluce na urovni genu a proteinu
* Data v bioinformatice - Generovani dat - Bézné formaty dat
* Verejna sekvencni data a pfistup k nim
*  Analyza sekvence DNA
*  Analyza sekvenci proteinu
*  Strukturni a funkéni data
* Hodnoceni a vyhledavani podobnosti
* Jina data a analyzy
| *  Prace s expresnimi daty
3 o *  Stépeni proteind a hmotnostni spektra
: *  Analyza dat v literature
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Bioinformatika

metody pro shromazdovani a analyzu
rozsahlych souboru biologickych dat

~ Vypodetni nebo matematicka biologie
matematicke pristupy k reprezentaci a zkoumani
biologickych procesu, casto simulace
% ®  Lékarska informatika
m | prace s medicinskymi daty, pfevazné zaznamy
e pacientu
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Bioinformaticka data

« Clovek se sklada z asi 10**14 bunek. Kazda obsahuje
3x10**9 vesmeés stejnych part bazi DNA, které vytvareji
svymi kombinacemi kolem 30 000 genu. Kazda bunka
aktivuje v kazdé chvili urcitou podmnozinu této sady.

« Vysledkem je obrovské mnozstvi moznych stavu bunek,
asi tak 2**30000 jenom za pfedpokladu, Zze geny muzou
byt pouze aktivovany nebo deaktivovany.

B
% ~ « Samotné geny u jednotlivych organizmii jsou vybrané
| 2 sady ze zhruba 4**1000 moznych sekvenci DNA
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P « Zakladni forma
4 organizace Zivé hmoty

« Molekuly/geny/proteiny
 Proteinove komplexy/membrény
« Organely a jiné substruktury
g -+ Bunka
.« Tkan/pletivo
« QOrganismy
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Bioinformaticka data

« Sekvence DNA a RNA

« Sekvence proteinu

 Struktura proteinu

. Udaje o aktivité genti — DNA &ip, ,microarray*
. Udaje o expresi proteind — 2-D gely + MS

« Mapy interakci mezi proteiny a DNA

« Mapy interakci mezi proteiny navzajem
 Literatura
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Bioinformatik

« Biolog — uzivatel - navrh a interpretace
 Informatik — tvurce

Odhad: 80% rozsireného softwaru bylo vytvoreno
biology, kteri se naucili programovat

Vysledek: Pro informatiky, ktefi rozumi biologii
zustava hodné prace
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Co déla bioinformatik?

L

IN VINO VERITAS 162000 ~

-

VENI VIDI VICI 132000 = —=

R -
INVIVO = biolog 19100000
INVITRO =biochemik 12900000

=

IN SILICO = bioinformatik 349000 l
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Biochemists then recognized that a given type of protein (such as insulin or
myoglobin) always contains precisely the same number of total amino acids
(generically called residues) In the same proportion. Thus, a better formula
for a protein looks like:

insulin = (30 glycine + 44 alanine + 5 tyrosine « 14 glutamine « . . .)

o Finally, biochemists discovered that these amino aclds are linked together as
a chain, and that the true identity of a protein isn't only derived from Its com-
position but also from the precise order of its constituent amino acids. The

first amino-acid sequence of a protein — Insulin — was determined In 1351,
The actual recipe for human Insulin, from which all its biological properties
derive, is the [ollowing chain of 110 residues

insulin = MALWMRLLPLLALLALWGPDPAAAFVNQHLCGSH-
.. . |VEALYLVCGERGFFYTPKTRREAEDLOVGOVELGGGPGAGSLQPLALEGSLOKR-
h@’ GIVEQCCTSICSLYQLENYCN

More than 50 vears later, analyzing protein sequences like these remains a
central topic of bloinformatics in all laboratories throughout the world, Check
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Because of the centrality ol bioinformatics to cutting-edge developments in
molecular biology, people from many different fields have been stumbling
ACTT i 8. lf youre a biology, medical,
O o .;||||__||L1r_‘:' srjence student. & pr the ]_|.r-|;-||'n|.'|| 2kl indust Iy, 4
[awyer o a poliCéeman worrying about UMNA Testing, a consumer concerned

about GMOs (LGenetically Modilled Crganisms), or even a NASLDAL) Investor
Interest
bioimform |

s about. This chapter, then, is for you
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Co déla bioinformatik

« Umi pracovat s velkymi datovymi soubory
~+ Moudrymi triky ovlada vykonne pocitace

wﬁ « V datech hleda zajimavé subsekvence

e Srovnava podobné sekvence

« Predpovida strukturu a funkci genu a proteinu
 Studuje vyvoj sekvenci a organizmu

- Data a vysledky analyz zobrazuje graficky
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Co déla bioinformatik

biologie
iInformatika

- analyza sekvenci

o strukturni bioinformatika

« dynamické modelovani

« analyza obrazu

" ¢ databazy a vyhledavani znalosti
o I lingvistika
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Zpusoby nahlizeni na data

KLASICKY
smes biologie, chemie, fyziky atd.

MECHANISTICKY
z1v€ bunky jsou stroje, které chceme pochopit a
ovladat

EVOLUCE A ZIVOT JAKO HRA
sekvence jsou defini¢ni soubory hracu

GENETICKE INFORMACE JAKO JAZYKY
sekvence se skladaji z frazi a slov s urcitou
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Jim Kent

- autor Aegis Animator, Cyber Paint a Autodesk Animator

- po shlédnuti 12 CD-ROM vyvojového prostiedi pro
Windows 95 pfesedldva na bioinformatiku s odiivodnén
ze lidsky genom se vejde na jedno CD
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- autor Genome Browser

- sehrava dileZitou roli v honicce o pfecteni a
skompletovani lidského genomu (GigAssembler)
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LCSC Genome Browser on Human May 2004 Assembly
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- N Human

* A variation every 1000 nucleotides.

* 90% of human variation is within African
populations.

* There are enough humans, and the
mutation rate is high enough, that on
average each base is mutated several
times in each generation.

| * Humans each carry hundreds of bad
mutations. Most are recessive, only
show up with inbreeding.
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Human vs. Chimpanzee

* A difference every 100 bases.
* A new transposon every 50000 bases

* Two chromosome in one species fused compared
to the other.
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In general 40% of bases have changed.
In functional regions only 15% of bases have
changed.

Looking for conserved regions between human
and mouse helps identify functional parts of
human genome.



R ACTOOTRACCOGATRL \‘“ %_' TRRATACAATRANGAR

AT LigT
WUMANG ARE
RECOGNITING
SUR GENETTC.
@Hlﬂ“h’f—i&fﬁ

el M

"TiE ResfecT )

WHE

‘DEE:EH"JL
—— 7

Ta

-'\-"n



Zgh.

R ACTOATRACCOGATAS _*—:f:“ m TRRATAOARTAANGAR

B
i

5 i

Co déla bioinformatik
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Co déla bioinformatik
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1953 — Watson, Crick, Franklin
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We wish to suggest a structure e
: for the salt of deoxyribose :
i nucleic acid (D.N.A.). This

structure has novel features

which are of considerable

biological interest.
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1951 — Pauling struktura proteinu

1952 — Turing chemické zaklady vyvoje
1953 — Watson and Crick struktura DNA

1956 — Gamow et al. geneticky kod

1969 — Britten and Davidson  génova regulace

1959 — Chomsky gramatiky

1962 — Shannon and Weaver  informacni teorie

1966 — Martin-Lof nahodné fetézce

1966 — Neumann automata

Koreny BIOINFORMATIKY sahaji do 60. let




':I- -. <
tg Al
%. iy

1965 — Zuckerkandl and Pauling
1967 — Fitch and Margoliash
1970 — Needleman and Wunsh
1974 — Chou and Fasman

1975 — Tanaka and Sheraga
1978 — Dayhoff

1981 — Smith and Waterman
1984 — Kabsch and Sander
1986 — Bilofsky et al.

1986 — Hamm and Cameron
1987 — Feng and Doolitle

1987 — Gribskov

1990 — Altschul et al.
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prvni pouziti sekvence v evolucni studii
sestrojeni prvnich fylogenetickych stromi
uziti dyn. programovani k zarovnavani
predikce sekundarni struktury proteint
simulace skladani proteinti

prvni sbirka sekvenci proteini
modifikace algoritmu pro zarovnavani
modelovani struktury proteint
GenBank

EMBL Data Library

mnohondsobné zarovnani sekvenci
analyza sekvencnich profila

efektivni hledani lokalnich podobnosti

1998 — The journal Comp Appl Biosci becomes Bioinformatics
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CENTRALNI DOGMA DNA — RNA — PROTEIN
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PROTEIN/GEN — STRUKTURA - FUNKCE

transkripéni
aktivator fungujici
Met-Asn-Gly-Asn- v nervovych
-Thy-Gly-Ala-Ile- burikach
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Aktualni problemy

i

A
N

AAC GGT AAA Assembler?

Asn-Gly-Asn

MASAQSF

/ | \ C++?/English

/ \_/ \_/ WA VAY/

a
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Aktualni problemy

BIOLOGICKE SEKVENCE JAKO JAZYK

PROTEIN/GEN STRUKTURA  FUNKCE

VETA SYNTAX VYZNAM
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Aktualni problemy

Mam z toho velkou radost.
Mam toho kocoura dost.

Mamztohovelk ouradost.

Mém;toho kocouradost
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Aktualni problémy

010001010010000011111
110101001001010100101
< 010101001010010010100
010100101010100010010
010101001010101001010
101010100101010100101
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Protein synihesis
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Centralni dogma

« DNA -> RNA -> PROTEIN




