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— Epigenetickd modifikace ovliviujici spoustu procesu:

— Embryonalni vyvoj, genomovy imprinting, strukturu
chromatinu, transkripci genll, umlcovani transpozond...

— Abnormalni methylace byla objevena u Alzheimerovy
choroby a rakoviny.

e Jak stanovit 5meC v DNA?



Bisulfitové sekvenovani

* Bisulfit: konvertuje nemethylované cytosiny na uracily
(po PCR prevedeny na thyminy), 5meC zUstava

nezmenen
L I
. .ATTCGACGACTT. . . .CGACCCGAATAA.. . .CGACCCGAATAA. . Methylated genome
| l |
[ Sodium bisulphite conversion ]
} | v
. .ATTCGACGAUTT. . . .UGAUUUGAATAA. . . . UGACUCGAATAA.. Bisulphite converted fragments
! ! |
[ PCR amplification and sequencing ]
| | |
. .ATTCGAACGA L .. TGA 'AGAATAA. . . . TGAC CAGAATAA. . Sequenced reads

Hardcastle PlantMethods 2013, 9:16
* Umoznuje zachytit methylaci cytosint na Urovni
jediného nukleotidu

e Dochazi ke zméné v sekvenci C-G > T-A
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* Princip sekvenace: * Na rozdil od metod 454 a
Emuision Bead g o lllumina vyuziva sekvenovani
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Second interrogation of base

e Drive: délka 35 bp a presnost 99,85 %
* Dnes: 85 bp a 99,99% * Vystup: color-space reads




e Jak zarovnat sekvence, které obsahuji hodné
S mutaci“?
— tezko

Odkud obtiznost prameni:

e Sekvenované ready maji misto nekterych C - T,
resp. misto G - A (na druhém vlaknu)

 SOLiID — snadna detekce SNPs, ale bisulfitem
indukované nukleotidové substituce (BINS) jsou
Casté a zpusobuji priliSs mnoho nespravnych
spojeni (mismatch).



Pristupy zarovnani sekvenci

* Pouzit 4 referencni sekvence: puvodni a plné
konvertovanou bisulfitem pro obé vlakna
(Watson a Crick vlakno) - zarovnat tradi¢nimi
nastroji pro SOLiD

— Problém: ready obsahuji jak methylované tak
nemethylované cytosiny (,,napul methylované“ se

neprifadi) me
>>CCGGCATGTTTAAACGCT >>
<<GGC$GTACAAATTTGCGA<<

I
mC mC mC
Top strand Bottom strand
Bisulfite conversion

>>UCGGUATGTTTAAACGUT>> <<GGUCGTACAAATTTGCGA<<

l/ PCR amplification l

OT >>TCGGTATGTTTAAACGTT>> >>CCAGCATGTTTAAACGCT>> CTOB
CTOT <<AGCCATACAAATTTGCAA<K< <<GGTCGTACAAATTTGCGA<< OB



Pristupy zarovnani sekvenci

* Pouzit 4 referencni sekvence: puvodni a plné
konvertovanou bisulfitem pro obé vlakna
(Watson a Crick vlakno) - zarovnat tradi¢nimi
nastroji pro SOLiD

— Problém: ready obsahuji jak methylované tak
nemethylované cytosiny

* Prevest SOLID ready z dvounukleotidového
kddovani na retézec nukleotidu a zarovnat

existujicimi nastroji, které jsou tolerantni k
BINS (predpoklada absenci sekvenacnich

chyb).



Zarovnani sekvenci vyjadrenych jako
retézec nukleotidu

e Zarovnani BS-seq dat — mensi mnozstvi
informace dostupné pro zarovnani k
referencnimu genomu oproti klasické
sekvenaci.

e 2 pristupy:
— unbiased alignment (zarovnani bez chyb-mismatch()
— biased alignment



* Unbiased alignment (three-letter alignment):

— In silico konverze vSech cytosint na thyminy,
(sekvenované readech i referencni sekvence)

— Vysledkem jsou sekvence obsahujici pouze 3 baze
(A,G,T), méné readu je prirazeno jednoznacné

— BS-Seeker,Bismark, MethylCoder, BRAT

« {ATTCGACGACTT ...

|

. .ATTCGACGATTT. .

|

. .CGACCCGAATAA. .

|

.. TGA GAATAA. .

|

m m
||

. .CGACCCGAATAA. .

’

. . TGACTCGAATAA. .

'

Methylated genome

Sequenced reads

/, « .ATTTGATGATTT. .
+ ATTTGATGRATTT o

.« TGA GAATAA. .
. . TGATTTGAATAA. .

.. TGA GAATAA. .
. . TGATTTGAATAA. .

.« TGATTTGAATAA. .
.. TGATTTGAATAA. .

.. TGA GAATAA. .
. . TGATTTGAATAA. .

N

Unbiased alignment




* Biased alignment (Wildcard alignment):

— Sekvenované thyminy jsou konvertovany na 'Y (C
nebo T), resp. Cvgenomu =2 Y

— Jednoznacnéjsi prirazeni nez u unbiased
alignment, vyuziva maximalni moznou informaci

— BSMap, RMAP-BS

m m
||

. .ATTCGACGACTT. . . .CGACCCGAATAA. . . .CGACCCGAATAA.. Methylated genome
. .ATTCGACGATTT. . .. TGA GAATAA.. . . TGACTCGAATAA.. Sequenced reads

;

}

!

. AYYCGACGAYYY. .
. .ATTCGACGACTT. .

<. YGA GAAYAA. .
. .CGACCCGAATAA. .

<+« YGA GAAYAA..
. . TGATTTGAATAA. .

. . YGACYCGAAYAA. .
. .CGACCCGAATAA. .

\

Biased alignment




* Biased alignment (Wildcard alignment):

— Sekvenované thyminy jsou konvertovany na 'Y (C
nebo T), resp. Cvgenomu = Y

— Jednoznacnéjsi prirazeni nez u unbiased
alignment, vyuziva maximalni moznou informaci
— BSMap, RMAP-BS

— Mozné vyuzit upravenou skorovaci matici

a C g t
a 6 -18 -18 -18
C -18 6 -18 3
g -18 -18 6 -18
t -18 -18 -18 3

Sloupce znazornuji baze v sekvenovanych readech, radky baze

v referenénim genomu.
Frith Nucleic Acids Research 2012, 40:13



SOCS -B

e Algoritmus na zarovnani ,barevnych” sekvenci, ktery
dovoluje bisulfitem indukované nukleotidové
substituce i sekvenacni chyby.

e Spustitelny soubor ani zdrojovy kod jiz nejsou dostupné
* Popis algoritmu: zalozeny na Rabin(ové)-Karp(oveé) alg.
— Vytvoreni hasovaci tabulky (snizuje pocet zarovnani)

— Ohodnoceni zarovnani porovnanim sekvenovanych readu
vyjadrenych v barevném modu s ,,barevnou” referencni
sekvenci (obé faze tolerantni k BINS i sekv. chybam)

* Hashe jsou vypocitany na zakladé prekladu , barevnych” readl do
nukleotidové sekvence. Pocitaji se vsechny 4 preklady.

— Klice upraveny tak, ze berou C a T jako stejny symbol.
* Pro vypocet nejpravdépodobnéjsiho stavu kazdého mC
vyuziva dynamické programovani

Citace Scopus: 1x2011, 5x2012, 6x2013, ?2014



Rabinuv-Karpuv algoritmus (1987)

e Algoritmus pro vyhledavani v textu, vyuzivajici
hashovaci funkce.

function RabinKarpSet (string s[l..n], set of string subs, m):

set hsubs := emptySet
for each sub in subs

insert hash(sub[1l..m]) into hsubs
hs := hash(s[1..m])
for 1 from 1 to n—-m+l

if hs € hsubs and s[i..1+m-1] € subs

return 1

hs := hash(s[1+1..14+m])

return not found
Wikipedia — Rabintv-Karp(v algoritmus

Predpokladame, ze vSechny podretézce maji pevnou délku m



riklad dynamické programovaci

tabulky (SOCS-B)

Second base

A CGT

asegq jsii4

= O O »

@) o @) ®
Read T 3 3 2 3 1 3 1
C — T C G T
T — A — T — C T
Reference A C C A C G T

Tmava pismena oznacuji povolené stavy. Prvni nukleotid musi
odpovidat sekvenci adaptoru. Posun po zelenych Sipkach
neovliviuje skére, Cervené Sipky odpovidaji sekvenacnim
chybém (3. a 4 nukleotid CT, TC, TT 1 sekvenaénichyba)
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AT
CG
GC
TA

AG
CT
GA
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AC
CA
GT
TG
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GT
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Testovani algoritmu

Analyzovano bylo 54 705 478 readl z genomu
A. thaliana (bisulf.)

Kontrola: nastroj pro zarovnani poskytovany
Applied Biosystems (mapreads), referencni
sekvence: plné konvertovana Watson a Crick
vlakna a nekonvertované Watson vlakno.

SOCS-B: reference pouze nekonvertovany genom.

Algoritmus byl 2x citlivéjSi u readu obsahuijicich 3
a méne chyb

Errors Mapreads SOCS-B SOCS-B
permitted (reads aligned) (reads aligned) increase factor
0 1150378 8 701 800 7.56

1 3283347 13856042 4.22

2 6691811 18764 830 2.80

3 11159673 22656 148 2.03




Technické parametry

* Doba behu 30 h (Apple Mac Pro, dual 2.93 GHz Quad-
Core Intel Xeon with hyper-threading, 32GB RAM)

* Vice readi muze byt namapovano, pokud je
povoleno vice mismatch-u, cena: delSi doba
vypoctu, nizsi specificita.

* Mozné distribuované zpracovani.



Table 1| Softwars tools for the analysis and interpretation of DNA methylation data

Software

Deescription

Processing bisulphite-sequencing data

B-30LANA

Bizmark

Bis-5MP

BRAT

EEMAP

Bisulphite aligner for procesing bisulphite-z=quencing data obtained in
the twio-base encoding of AB| S0LD sequencers

Probabhy the most widely used three-lstter bizulphite aligner; supports
both Bowdtis (fast, gap-free alignment) and Bowtie 20 (zensitive, gapped
aligriment)

“ariant caller for inferring DA methylation levels and genomic variants
from bizulphite-z=quencing reads that have been aligned by other tools
Highly configurables and well-documented three-letter bizulphite aligner

Basic three-letter bisulphite aligner bazed on Bowti=

Probabhy the maost widely used wild-card bisulphite aligner

Wild-card bizulphite aligner included in & widely uzed genersl-purpos=
aligniment tool

Recent and well-validated wild-card bizulphite aligner included ina
general-purpoze alignment tool

Three-letter bizulphite aigner that can be used with sither Bowtie (high
speed) or GSMAP (high sensitidty)

Wild-card bizulphite aligner included in & general-purpose alignment tool

Wild-card bizulphite aligner included in & general-purpose alignment tool

“ariant of BSMAP that iz specialized on reduced-reprezantation
bisulphite sequencing (RRES) data

Wild-card bizulphite aligner included in & general-purpose alignment tool

Processing bisulphite microarray data

ComBat

lumina

Beadbean
Hlumina
CienomeStudic
iswva

e tlurmi
mirdi

RnBeads

R zoript for cormecting known or suspected batch efects using an
empirical Bayes method

Machine control and image proceszsing softwere for lllumina Infinium

i OrOaTTaY SOAMMeErs

Graphicel tool for data normalizetion, anabsis and visualization of
llurmine Infinium microareays (and other genomic date types)

R package for batch effect correction using an algorithm that iz based on
singular valus decompasition

R/ Bioconductor package for Infinium data normalizetion and general
data handling

F/Bioconductor package for Infinium data normalization, anahysis and
visualization

R package providing a software pipeline for Infinium data normalizetion,
gquality control, sxploratory visualization and differentially methyated
region (DMR) identification

F/Bioconductor package for correcting batch effects that are dirscthy
inferred from the data using surrogate veriable stimation

hittpsfgithub. comdbrentp'methyloode

hitpc/iwerscbioconductororg/packsges

T
bt T :

ag

hitp:/werecbinconductororg/packeges
j - :l ! 3 ;

Bock Nature Reviews Genetics 2012, 13
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Prakticky priklad: BiQ Analyzer HT

Mistné specificka analyza DNA methylace
Wildcard aligner
Vhodny pro zpracovani dat z 454 sekvenci

Zarovnavaci algoritmus: Needleman-Wunsch
(lokalni zarovnani)

Program zalozeny na jazyku Java — mozné
spusteni na jakémbkoli pocitaci

Prijemné grafické rozhrani pro , biology*,
mozna volba parametru a filtrovani dat

Lutsik Nucleic Acids Research, 2011, 1-6
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