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PB051 Vypocetni metody v

Kontaktnl, l:ldaj e bioinformatice a systémové

biologii - Tyden 1

Informace o kurzu

Dr. Matej Lexa, C506 (lexa@fi.muni.cz)
Kurz: Ut 16:00-17:50 (C525)
Konzultace: Ct 13:00-15:00 (C506)
http://www.fi.muni.cz/"lexa/teaching.html
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PB051 Vypocetni metody v

Kontaktnl, l:ldaj e bioinformatice a systémové

biologii - Tyden 1

Informace o kurzu

» Dr. David Safranek, C518 (xsafran1@fi.muni.cz)



oy PB051 Vypocetni metody v
KI aS I fl kace bioinformatice a systémové

biologii - Tyden 1

Informace o kurzu

» Hodnoti se
» Ukoly 4 x 5 bodu
» Semestralni Ukol 30 bodl
» Zkouska 50 bodl
» Kilasifikacni stupnice
A91-100
B 81-90
C71-80
D61-70
E 51-60
F méné nez 51
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PB051 Vypocetni metody v
OS n Ova bioinformatice a systémové

biologii - Tyden 1

Informace o kurzu

Analyza dat v genomovém kontextu

Staticka analyza siti

Dynamicka analyza siti

Aplikace Markovovskych modell v bioinformatice
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Analyza dat V genomOVém kontextu bioinformatice a systémové

biologii - Tyden 1

Informace o kurzu

» Prohlize¢e genomd (UCSC, Ensembl, Argo, GBrowse)

» Pokrocilé funkce UCSC Genome Browser a Table
Browser

» Programovatelny pfistup ke genomu pfes rozhrani
Biomart z prostredi R/Bioconductor

» Bioinformatika genové regulace (TRANSFAC,
Matinspector))

» Datové zdroje tykajici se interakCnich siti
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N é,pl h p‘fed m étu - éa’,st Systé m OVé b i O I Og i e bioinformatice a systémové

biologii - Tyden 1

Informace o kurzu

» metody a néstroje statické analyzy a integrace dat
» integrace dat
» rekonstrukce sité genovych interakci z experimentalnich
dat
» analyza interakéni sité jako obecného grafu
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MetOdy a néstrOje Statické analyzy bioinformatice a systémové

biologii - Tyden 1

Informace o kurzu

» staticka analyza siti a integrace dat
» nastroje: Cytoscape s nékolika moduly

» rekonstrukce genovych regulacnich siti z microarray
dat

» nastroje: GeneNetworks, GinSim

» dynamicka analyza pravdépodobnostnich modeld
genovych siti
» nastroje: Dizzy
» metabolické sité a jejich analyza
» nastroje: KEGG, metacyc, COPASI



Aplikace Markovovskych modell v
bioinformatice

Informace o kurzu

Markovovy fetézce

Markovovy fetézce proménného fadu
Skryté Markovovské modely (HMM)
HMM profily

HMM pro identifikaci genu
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Informace o kurzu

Struktura genomu

Dynamika genomu

Genomové data prohlizece
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PB051 Vypocetni metody v
bioinformatice a systémové

Biologie genomu biologii - Tyden 1

Informace o kurzu
Struktura genomu
Dynamika genomu

Genomové data prohlizece

Nucleasome
core particle

30-nm diber

10-nm fiber



PB051 Vypocetni metody v
bioinformatice a systémové

Biologie genomu biologii - Tyden 1

Informace o kurzu
Struktura genomu
Dynamika genomu

Genomové data prohlizece

Intergenic DHA
1000 Mb

Genes and Gene Related Sequances.
1200 Mb

Genes (Exons) Relaled Sequences
48 b 1152 pb




Biologie genomu

Exons (regions of genes coding
for protein, rRNA, or tRNA) (1.5%)

Alu elements
(10%)

Simple lemanee

Large-segment
DNA (3%) duplications (5-6%)

PBO051 Vypocetni metody v
bioinformatice a systémové
biologii - Tyden 1

Informace o kurzu
Struktura genomu
Dynamika genomu

Genomové data prohlizece



Genome compacting
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PB051 Vypocetni metody v
bioinformatice a systémové
biologii - Tyden 1

Informace o kurzu
Struktura genomu
Dynamika genomu

Genomové data prohlizece



Eukaryotic transcription
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PB051 Vypocetni metody v
bioinformatice a systémové
biologii - Tyden 1

Informace o kurzu
Struktura genomu
Dynamika genomu

Genomové data prohlizece
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Selected organizational characteristics of =~ serermsicessinas
genomes

Struktura genomu

» by topology

» modular

» hierarchical

» discrete, but elements sometimes fuzzy
» by end-product

» DNA (structure)
» RNA (tRNA, ncRNA, rRNA, siRNA...)

» protein
» complexes and particles (membrane sensor, flagellum,

viral particle)
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Struktura genomu blonlormalio 2 systémors
» Geny
» proteiny (kédujici, exon, intron) Sl
» RNA
» Regulaéni sekvence

» promotory
» enhancery
> jiné
Repetitivni sekvence
» mikrosatelity (STR)
» minisatelity (VNTR)
» satelity
> DNA transpozony, helitrony
> retrotranspozony (LINE, SINE, LTR)
Cizi sekvence
> Viry
» endo(retro)viry
Oblasti (ne)podobnosti (homology)
» SNP
» delSi strukturni variace
» Genomické ostrovy
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Informace o kurzu

Struktura genomu

Dynamika genomu

Genomové data prohlizece
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Genome changes (in sequence or nUMber)  seomsice e

biologii - Tyden 1

v

topology unchanged

» SNPs (point mutations)

» tandem repeat expansion/contraction
1-point translocation

» chromosome breakage

» chromosome fusion
2-point translocation

» deletions, convesions and exchanges (recombination
effects)

» cut-paste (DNA transposon)

» copy-paste (retrotransposons)

» roling-circle (helitrons)

2-point translocation

» DNA methylation
» Histone methylation/acetylation

Dynamika genomu

v

v
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Genome module changes

» at DNA level
exonization
exon shuffling
gene migration
genome duplication
» at RNA level
» alternative splicing
» transcriptional fusion
» at protein level
» translational fusion

vy VvVYy

PB051 Vypocetni metody v
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biologii - Tyden 1

Dynamika genomu



Mutations

DNA (coding strand)
ou ] L
Transcription l
o Mol
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Amino acid sequence @—Lyn—m—ﬁly EA

DNA (coding strand)
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mANA

PB051 Vypocetni metody v
bioinformatice a systémové
biologii - Tyden 1

Informace o kurzu
Struktura genomu
Dynamika genomu

TACHOQTCAAACCGATT Genomové data prohlizece

aAvcfMAacuuueceCuana
@

(c) Nonsense mutation

&

TA m o AACCGATT

AUGAAGUUGGB,UAA"'

—
Amino acid sequence @-— Lys _m_. m

(b) Missense mutation

Cepyepa ©2010 Pawesn Easziton, we

O -E-B-

(d) Frameshift mutation



PB051 Vypocetni metody v
bioinformatice a systémové

Mutations

Informace o kurzu
Struktura genomu
Dynamika genomu

Genomové data prohlizece

Mature Reviews | Genatics



Tandem repeat expansion or contraction
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biologii - Tyden 1

Informace o kurzu
Struktura genomu
Dynamika genomu

Genomové data prohlizece



Chromosome breakage and repair

A. Breakage-and-reunlon

\‘ non-homologous
I end jolnlng

radlation makes
two breaks

simple
aberration
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PB051 Vypocetni metody v
bioinformatice a systémové
biologii - Tyden 1

Dynamika genomu

(i)

\“ non-homelogous I
I end jolnlng n

radiation makes
more than two breaks

complex
aberration

B. Recombinational misrepair (1-hit)

find local homologous
homology ﬂ repair”
radiation aberration

makes a break

C. Exchange theory

reciprocal
exchnnga

radiation makes
two lesions

abarratnon



Chiasma and crossing-over during meiosis
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PB051 Vypocetni metody v
bioinformatice a systémové
biologii - Tyden 1

Informace o kurzu
Struktura genomu
Dynamika genomu

Genomové data prohlizece
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Gene cross-over or conversion

biologii - Tyden 1

Dynamika genomu

/ %

GFane convearsion Crossover



Gene cross-over or conversion

DMA duplexes pair

Homologous strands are nicked

Broken strands exchange
betwesn duplexes

Crossover point moves
by branch migration

Second nicks made in same strand

pais

Second nicks made in other strand
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PB051 Vypocetni metody v
bioinformatice a systémové
biologii - Tyden 1

Informace o kurzu
Struktura genomu
Dynamika genomu

Genomové data prohlizece



Gene conversion in immunoglobulin

q_ﬂ-llum
N l—
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Pseudogenes

PB051 Vypocetni metody v
bioinformatice a systémové
biologii - Tyden 1

Informace o kurzu
Struktura genomu
Dynamika genomu

Genomové data prohlizece
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EXOﬂ Shuffling bioinformatice a systémové
biologii - Tyden 1
Fg.21-14
________________ i Dynamika genomu
Epidermal growth *\
factor gene with multiple v
EGF exons [green) _.--=~. Exon Exon

shuffling duplication

Fibronectin gene with multiple
finger” exons [orange)

e
-

Plasminogen gene with a .
*kringle” exon (blue) = huffling

Portions of ancestral genes TPA gene as it exists today



PB051 Vypocetni metody v
bioinformatice a systémové

Alternative splicing

Informace o kurzu
Struktura genomu
Dynamika genomu

Genomové data prohlizece

DNA
RNA
17Alternative Splicing —1
1 2 3 4 5 1 2 4 5 1 2 3 5
mRNA
Translation

Translation

Protein A Protein B Protein C



Epigenetic regulation of gene activity

Mex iscrapr'-@ www.medscape.com

A. Transcriptionally active chromatin

B. Transcriptionally inactive chromatin

Sourcs: Neurasurg Focus &

05 Amarican Association of Neurological Surgeons

PB051 Vypocetni metody v
bioinformatice a systémové
biologii - Tyden 1

Informace o kurzu
Struktura genomu
Dynamika genomu

Genomové data prohlizece
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Transposons Eoormince s ysdment

biologii - Tyden 1

Transposable Elements

Dynamika genomu
DNA Transposons Retrotransposons

Transposase
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Transposons

Class | element

R
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Nature Reviews | Genetics
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Informace o kurzu
Struktura genomu
Dynamika genomu

Genomové data prohlizece



Transposase is the key protein in DNA
transposons

o Transposase

Transposase binds
the ends of Ac
and Ds elements.
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biologii - Tyden 1

Informace o kurzu
Struktura genomu
Dynamika genomu

Genomové data prohlizece



Transposons shape genomes of maize

varieties
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Informace o kurzu
Struktura genomu
Dynamika genomu

Genomové data prohlizece



PB051 Vypocetni metody v
bioinformatice a systémové
biologii - Tyden 1

Dynamika genomu
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Transposons shape phenotypes of maize

kernels



Transposons shape phenotypes of grape
varieties
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Nature Reviews | Genetics
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Informace o kurzu
Struktura genomu
Dynamika genomu

Genomové data prohlizece



Ziskavani experimentalnich dat o genomu oo

vV v v v v .Y

biologii - Tyden 1

Dynamika genomu

organizace (konfokalni a elektronova mikroskopie)
sekvenace

mapovani metylace, nukleozomi

mérfeni transkripce (RNA-Seq, DNA C&ipy)
identifikace regulacnich sekvenci (Chip-Seq)
funkce gen( - podrobny vyzkum



In silico anotace sekvence genomu Hoiormaies  ysénors

biologii - Tyden 1

Dynamika genomu

» predikce genll (napf. GeneMark)

» homologie (zjiStovani podobnosti sekvenci) (BLAT,
MUMMER, BLAST)

» identifikace opakovani (napf. RepeatMasker, LTR
Finder)



Informace o kurzu

Struktura genomu

Dynamika genomu

Genomové data prohlizece
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U C S C G e n O m e B rowse r bioinio'rmal‘i'ce a systémové

biologii - Tyden 1

CSC Genome Browser v134 - Konqueror

Location Edit View Bookmarks Tools Settings Help

Q0@ Q O ) B[4 id-733508218knownGene—full [+ 4| [T, [-4]

| & Human chr5:70,256,524-70,28... |

Struktura genomu

Dynamika genomu

. Genomové data prohlizece
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Ensembl Genome Browser
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Genomové data prohlizece
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G B rowse bioinformatice a systémové
biologii - Tyden 1

GBrowse view of the Pto DC3000 region near PSPTO_1375
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Synechocystis
3573470 bp

Photosy 5101688
011 5114348
Photosy Dpiee) 2

smr0004

Y

HINGTACCARTGTCTTCCCAACATTTGAGATATTCTGCCGGATTTTCGTCGTACAAAGATTTAAGHIH
(AIG6TTACAGAAGGGTTGTAAACTCTATAAGACGGCCTAAAAGCAGCATGTTTCTARATICCHIN
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