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OS n Ova bioinformatice a systémové

biologii - Tyden 1

Informace o kurzu

Genomové anotace

Vypocty nad sekvencemi, konsenzus, repetice,
mapovani

Aplikace Markovovskych modell v bioinformatice
Staticka analyza siti

Dynamicka analyza siti
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Analyza dat V genomOVém kontextu bioinformatice a systémové

biologii - Tyden 1

Informace o kurzu

» ProhlizeCe genom( (UCSC, Ensembl, Argo, GBrowse)

» Pokrocilé funkce UCSC Genome Browser a Table
Browser

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

» Bioinformatika genové regulace (TRANSFAC,
Matlnspector))



PBO051 Vypocetni metody v

Vypocty nad sekvencemi, konsenzus, oot 8 yance
repetice, mapovani

Informace o kurzu

» Mnohocetné zarovnani a konsenzualni sekvence
» Diagra "dot plot"a tandemové repetice
» Mapovani sekvenci (BLAST, Bowtie-2)



Aplikace Markovovskych modelld v
bioinformatice

Informace o kurzu

Markovovy fetézce

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

HMM pro identifikaci gen(
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N épl h p\fed m étu - éést Systé m oVé b i 0 I og i e bioinformatice a systémové

biologii - Tyden 1

Informace o kurzu

» metody a nastroje statické analyzy a integrace dat
> integrace dat
» rekonstrukce sité genovych interakci z experimentalnich
dat
» analyza interakéni sité jako obecného grafu
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M etOdy a n é.StrOj e Statické an alyzy bioinformatice a systémové

biologii - Tyden 1

Informace o kurzu

v

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

rekonstrukce genovych regulacnich siti z microarray
dat

» nastroje: GeneNetworks, GinSim
dynamicka analyza pravdépodobnostnich modell
genovych siti

> nastroje: Dizzy
metabolické sité a jejich analyza

» nastroje: KEGG, metacyc, COPASI
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Informace o kurzu
Struktura genomu
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Genomové data prohlizece

Nucleasome
core particle

30 nm

30-nm diber

10 fiber
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BiOlOgie genomu biologii - Tyden 1

Informace o kurzu
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Intergenic A
1000 Mb

Genes and Gane Rolated Saquances
1200 Bk

Genes [Exans) Relaled Sequences
48 Mb 1152 Mb




Biologie genomu

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

Large-segment
duplications (5-6%)
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Genome compacting o noe B ymimne

biologii - Tyden 1

Short region of Informace o kurzu

DNA double helix

fily 4 it ! [ A IZ nm
h . Struktura genomu
Dynamika genomu
“Beads on a string” 11 nm Genomové data prohlizece
form of chromatin \\

30 nm chromatin
fibre of packed
nucleosomes

30 nm

Section of
chromosome in an *
extended form

Condensed section
of chromosome

700 nm

Entire mitotic 1.400 nm  images/chromosgme:

chromosome
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Eukaryotic transcription

Informace o kurzu

Struktura genomu

general
transcription  RNA polymerase Il gene Dynamika genomu
gene regulatory proteins factors regulatory
X proteins Genomové data prohlizece
) geneX ——
1 () 1 A = _
me—— T -
, TATA )
[ I )
regulatory | spacer DNA b
sequence promoter

the gene control region for gene X

Mediator

~gene X

RNA transcript

Figure 7-44 iology
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Selected organizational characteristics of oot 8 yance
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 systemors
» Geny
» proteiny (kodujici, exon, intron) e g
» RNA
» Regulacni 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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Genome Changes (in Sequence or number) bioinformatice a systémové

biologii - Tyden 1

v

topology unchanged

» SNPs (point mutations)

» tandem repeat expansion/contraction
1-point translocation

» chromosome breakage

» chromosome fusion
2-point translocation

» deletions, conversions and exchanges (recombination
effects)

» cut-paste (DNA transposon)

» copy-paste (retrotransposons)

» roling-circle (helitrons)

2-point translocation

» DNA methylation
» Histone methylation/acetylation

Dynamika genomu
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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
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Dynamika genomu



Mutations

DNA (coding strand)

(a) Normal DNA molecule

DNA (coding strand)
TACTTCAAAQGCGATT

AuﬁAAGUuU!G@UAA
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biologii - Tyden 1

Informace o kurzu
Struktura genomu
Dynamika genomu

TACOTCAAACCGATT Genomové data prohlizece

AvucfMAacuuuceCuaa
@

(c) Nonsense mutation

#

TA @E AACCGATT

AUGAAGUUGGICUAA™

mRNA

=
Amino acid sequence @— Lys —Phe—-. | ston |

(b) Missense mutation
Coprrat©20%0 Paarion Eausaten

OB

(d) Frameshift mutation
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M utatio nS biologii - Tyden 1

Informace o kurzu
Struktura genomu
Dynamika genomu

Genomové data prohlizece

Mature Reviews | Genatics



Increase in repeat length

Tandem repeat expansion or contraction

Decrease in repeat length
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Chromosome breakage and repair

A. Breakage-and-reunion

\'\‘ rlon-homologom
I end jolnlng

radlation makes
two breaks

simple
aberration
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Dynamika genomu

(i)

\\.\ﬂ "°:':.§’ e I
511

radiation makes
more than two breaks

complex
aberration

B. Recombinational misrepair (1-hit)

homologous

find local
ﬂ repair”
— |

homology
[
radiation
makes a break

aberration

C. Exchange theory

reciprocal
exchunga

radiation makes abarrat.on
two lesions



Chiasma and crossing-over during meiosis
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Gene cross-over or conversion

biologii - Tyden 1

Dynamika genomu

/ %
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Gene cross-over or conversion

DNA duplexes pair

Homologous drands ars nicked

Broken strands exchange
between duplexes

Crossover paint moves
by branch migration

Second nicks made in same strand

lyigy

-

Second nicks made in other strand

TETTITTTTTTTTYT

FEEFTE TR ‘

TrrTrTTTTITYYTYY

HHHHHHHH

AMLLLLLLILIARLL Ece oS )
Micks ore sealod 1033 over betveen

H duplexes, nd nicks

FEETFEE TR ITTiT are sealeil

Genomes are not recombinat,
but cortain heteroduplexregion

Reciprocal recombinat
genomesare generated

H -
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Genomové data prohlizece
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Gene conversion in immunoglobulin

Informace o kurzu
Struktura genomu
Dynamika genomu

Genomové data prohlizece
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Pseudogenes
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EXO n S h u ffl i n g bioinformatice a systémové

biologii - Tyden 1

Fg.21-10
................ T Dynamika genomu
EGF{iEGF | [EGF| E TS,

Epidermal growth *\

factor gene with multiple s

EGF exons (green) ..-==~. Exon Exon

- shuffling duplication
. x

Fibronectin gene with multiple
*finger” exons [orange)

Plasminogen gene with a .
“kringle” exon (blue) shuffling

Portions of ancestral genes TPA gene as it exists today
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Alternative splicing

Informace o kurzu
Struktura genomu
Dynamika genomu

Genomové data prohlizece

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

Protein C

Protein A Protein B



Epigenetic regulation of gene activity

nh:iﬁf.!apr‘@ www.medscape.com

A. Transcriptionally active chromatin

B. Transcriptionally inactive chromatin

Sourca: Neurosurg Focu!

05

American Assodiation of Naurclogical Surgeans
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Transposons

Transposable Elements

DNA Transposons

. Transposase

DRITR

(14 kb)

LTR Retrotransposons

ITR DR
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Dynamika genomu
RQN‘QIY@HSPOSOI‘\S

Non-LTR Retrotransposons

LTR

Non-autonomous

AATAAA Ay TS

TSD

TSD RT EN
Gag L L por | twr
LTR Prt
HERY (-9.2 kb), IAP (-5Kh)
Autonomous
TSD EN R1 [
I o7 K ORF 2
SUTR

L1 Element (6 kb)

R am
Alu Element (.3 kb)



Transposons

Class | element

R

Integrase

RNAPolLll 1o

Reverse transcription

Reverse transcriptase
RARAAR

Transport to
the nucleus

Integrase

Integration at a
new postion

b

New position

Class Il element

TR Transposase TIR

Excision

= o

Transposase Transposase
Integration at a
new postion
New position
Old position

Helitron

ATC CTRR T

Single- L Transposase

stranded nick l

ATC CTRRT

Strand displacement ~

Strand invasian

Target

Heteroduplex
formation

Target

Replication
resolution

Nature Reviews | Genetics
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Transposase is the key protein in DNA
transposons

o Transposase

Transposase binds
the ends of Ac
and Ds elements.

\
oo

lcleavage

Cod?

—

Target Integ Iito
DNA new target site
AcorDs at
new location
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Transposons shape genomes of maize

varieties
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Transposons shape phenotypes of maize

kernels

Dynamika genomu




Transposons shape phenotypes of grape
varieties

Cabernet

Chardonnay

7oy

LTR retroelement

l LTR recombination

-
X

s = = |

Ruby Okuyama

SN -

Nature Reviews | Genetics
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Ziskavani experimentalnich dat 0 genomu  senomeices ssenoie

vV v v v v .Yy

biologii - Tyden 1

Dynamika genomu

organizace (konfokalni a elektronova mikroskopie)
sekvenace

mapovani metylace, nukleozoml

méfeni transkripce (RNA-Seq, DNA Cipy)
identifikace regulacnich sekvenci (Chip-Seq)
funkce genu - podrobny vyzkum



In silico anotace sekvence genomu Hoiormates  sysmont

biologii - Tyden 1

Dynamika genomu

» predikce genll (napf. GeneMark)
» homologie (zjiStovani podobnosti sekvenci) (BLAT,
MUMMER, BLAST)

» identifikace opakovani (napf. RepeatMasker, LTR
Finder)
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Ensembl Genome Browser

Chr 8 band

DNA(cortigs)

Warkers

Ersembl Gznes

Vbga Havare Genes
rcRNA Geres

EST Genes

Gere kgerd

" Wemed Known Proteincoding
[ vega Havara Putative Processed trarscipt
=03 Havara Krown Protein codirg
RNA Pseudogene (Novel)
BEST gere

Havara Known Proteincoding
Vega Havare Processed pseudogene
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Golden Helix Genome Browser
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