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Informace je ulozena v DNA

Informace ulozena jako sekvence bazi A, C, G, T
V kazdé lidské burice je ~ 3 miliardy bazi = ~ 3 metry = ~ 6.6 pikogramu

Sekvence DNA je v kazde bunce stejna CELL NUCLEUS
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Vytvoreni rizné dlouhych fragmenti DNA
Dideoxy-NTPs — ukoncCeni polymerace
Gel — kapilarni elektroforéza

Znaceneé primery nebo ddNTPs

Cycle sequencing

3-... GACTAGATACGAGCGTGA...-5' (template)
5-.. CTGAT ,( 3 (primer)
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PCR amplifikace jednotlivych DNA fragmentu

nebo

Sekvenovani jednotlivych DNA fragmentu

= Single molecule sequencing

Sekvence je Ctena pri syntéze noveho fetezce

Technologie a pfistroje pfizplusobeny paralelizaci
Stovky milionu jednotlivych PCR reakci a sekvenaci najednou
(bézne prodavané kapilarni sekvenatory jsou max. 96-kapilarni)
VeétsSinou kratSi sekvence — desitky bazi

(kapilarni — bézne az 1000 bazi)

Cycle 1
Cycle 2
Cycle 3
Cycle 4
Cycle 5

Cycle x
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Masivne paralelni sekvenovani

I EEEEE

Sequencing by synthesis
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Polymeraza

Sestavovani nového fetézce z jednotlivych nukleotidu

Sequencing by ligation Probes
Ligaza FNTANRRAY
Sestavovani nového fetézce z oligonukleotidu o

Matchin
probe binds to
DMNA Il?ase binds genomic DNA
matching probe
to anchor

Anchor
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Genomic DNA
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Masivne paralelni sekvenovani Technologie lllumina

Bridge amplifikace

b Illumina/Solexa
Solid-phase amplification
One DNA maolecule per cluster

Sample preparation
DMNA (5 ug)

Template
dNTPs
and

Bridge amplification
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Masivne paralelni sekvenovani Technologie Roche/454

Emulzni PCR

DNA sample adapter ligation A-B adapter selection single stranded 454
sequencing library

emulsion PCR
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parallel sequencing after bead enrichment
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Masivne paralelni sekvenovani

Sekvenovani s
reverzibilnimi terminatory

http://www.youtube.com/watch?v=I99aKKHcxC4

Technologie lllumina
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Masivne paralelni sekvenovani

Pyrosekvenovani

Simgle-stranded
DN A templaie

CDD camera

Signal detection

‘ Pyrogram
T Mucleotide added

ﬁ.Tﬁ.CTG Mucleatide sequence

Technologie Roche/454




Masivné paralelni sekvenovani

Micro-machined wells

lon-sensitive layer

Proprietary lon sensor ———=

Two bases
are incorporated

Nucleotide———"
incorporates
into DNA

Two hylitagen Ione Nucleotide is not a match /

are released

Technologie lon Torrent

Hydrogen ion
is released

No hydrogen
ion released




Masivné paralelni sekvenovani

Sekvenovani (hybridizaci a) ligaci

Probes

c

Matchin

probe bi
DMNA Il?ase binds genomic DN.&
match nrg probe
to anchor

Anchor

Genomic DNA

qiar
Genamic DNA
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Masivne paralelni sekvenovani Technologie SOLID
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Masivne paralelni sekvenovani
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Technologie cPAL

400 — 500 bp -

Class llIs restriction
endonucleases

=

- O
O




Masivne paralelni sekvenovani Technologie cPAL

e~ Unknown Sequence
Newly Synthesized
Strand

Adapter 2
— T~ Ada pter 3

Circular ssDNA
Template

€ 300 nm >
DNANanoball
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Masivne paralelni sekvenovani

Technologie cPAL

o A
Nanoball

Flow Cell”

Etched pit
in Array

> 2,5 miliardy jamek na ploSe velikosti podlozniho skli€ka (rozestup 0,7 mikrometru)

“ EPCEITEC




Technologie SMRT

(Single Molecule Real Time)

With an active polymerase
immobilized at the bottom of each
ZMW, nucleotides diffuse into the
ZMW chamber. In order to detect
incorporation events and identify
the base, each of the four
nucleotides A, C, Gand T are
labeled with a different fluorescent
color. Since only the bottom 30nm
of the ZMW is illuminated, only
those nucleotides near the bottom
fluoresce.

http://www.pacificbiosciences.com
/products/smrt-technology/

DPCEITEC



Masivne paralelni sekvenovani Oxford Nanopore

'Strand sequencing' is a technique that passes
intact DNA polymers through a protein
nanopore, sequencing in real-time as the DNA
translocates the pore.

https://www.nanoporetech.com/technology/analytes-and-applications-dna-rna-

m proteins/dna-an-introduction-to-nanopore-sequencing CETEC



Masivné paralelni sekvenovani

Paired-end sequencing lllumina
Paired-End Sequencing *
Ganomic DMNA insart ¢p1
Alllll' AE :
\ 4
Al SP1 5P2
Allllll A.I ‘

Adapter (A1 and A2) with sequencing primer sites (SP1 and
SP2) are ligated onto DNA fragments. Template clusters are
formed on the flow cell by bridge amplification and then
sequenced by synthesis from the paired primers sequentially.

DPCEITEC



Masivné paralelni sekvenovani

Mate-pair sequencing lllumina

S . * Enrich
Mata Pair Library Sequancing for Long Insarts bintiny latied Mate Pair library preparation is designed to
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Genamic DNA segments that originally had a separation of
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Bio e i fragments, some of which contain both mate pair
Bic segments with no intervening sequence. These
Mate Pair fragments are enriched using their
+ Chreularize bictin tag. Mate Pairs are sequenced using a
similar two-adapter strategy as described for
paired-end seguencing.
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Aplikace novych technologii
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Cileny screening
Targeted Sequencing Workflow Using the RDT1000

Target enrichment Primer Library !
Hybridizace
na Cipu
v roztoku
RDT1000
PCR Taapomerse, |
e . dNTPs J
bézna
mikrofluidni

3 : - Ereal:

- emulsion
2 million droplets PCR Ampllf ication Sequencing

?
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Tewhey, el. al. Nature Biotechnology 27,1025 (2009) fﬁj ;r, -
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Cileny screening

Exome sequencing
VSechny exprimovaneé geny
VeétSinou vCetne nekodujicich

A
b e Gample Inlatal
PCR Product Qutledis

Hybridizace (v roztoku)

B
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Gene enrichment and Primers e Sampia (3301
Jeden gen — napf. dédicné poruchy -y
Combine and na
PCR, hybridizace Armiplify
multiplexing -
Harvest PCR
Skupiny gend — napf. multifaktorialni nemoci, nadory Products

PCR, hybridizace
Useky genomu — strukturni aberace

hybridizace
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Transcriptome sequencing

Single-end — kvantifikace

Paired-end — struktura transkriptu
Tag sequencing

3' tagy, kvantifikace, bez informace o strukture
Degradome sequencing

5' tagy, identifikace cili microRNA
Small RNA sequencing

MicroRNA kvantifikace i de-novo identifikace
SAGE (Serial Analysis of Gene Expression)

Konkatemery tagu, pavodné Sanger sekvenace
RIP (RNA ImmunoPrecipitation)

Imunoprecipitace, RNA vazajici proteiny



In biology, and specifically genetics, epigenetics is the study of heritable
changes in phenotype (appearance) or gene expression caused by
mechanisms other than changes in the underlying DNA sequence, hence
the name epi- (Greek: eTTi- over, above) -genetics. These changes may
remain through cell divisions for the remainder of the cell's life and may
also last for multiple generations. However, there is no change in the
underlying DNA sequence of the organism;[1] instead, non-genetic factors
cause the organism's genes to behave (or "express themselves")

differently.



Epigenomika

DNA metylace
C — Met-C, sniZzena exprese

Modifikace histonu

Aktivni | neaktivni chromatin

EPIGENETIC MECHANISMS HEALTH ENDPOINTS
are affectad by these aciors and processes: « Cancer
+ Development {in utero, chidhood) = Audoimmune disease

* Mental disorders

+ Diabetes

EFIGENETIC
‘FA.GTDFI

| Mathyl group (an epigenstic factor found
|| insome distary sources) can tag DNA
|| and activate of repress genes.

HISTONE TAIL

HISTOME TAIL

DMA accessibla, gena achive

Histone modification
The binding of epigenatic tactors to histona “talls®
alters the extent to which DNA is wrapped around
DMA cin wind for compaction and DMA inaccessibla, gene inactive histones and the avallability of genes in tha DA
ene rigulstion. o e activated.

Histones dre proteins around which | HISTONE
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Modifikované histony

Acetylované, metylované

DalSi DNA vazajici proteiny
TranskripCni faktory

RNA polymerazy

Metylovana DNA

Kvalita protilatky
Zmeéna epitopu

formaldehyd

@ Eagailink bl fECHEY

l/ Cell lysis
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\L Immunoprecipitation

bead-antibody-
protein—target DNA
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Protein Digestion
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Metylace DNA

MeDIP - Imunoprecipitace metylované DNA
Protilatka rozpoznavajici Met-C

Pozice metylovanych usekd DNA

Bisulfite treatment
Konverze C — U, Met-C se neméni
Presna identifikace jednotlivych metylovanych bazi

Human Meolecular Genenics, 2005, Vol 14, Review Dssue T

Nékteré dédicné choroby, nadory

EPCEITEC



Analyza NGS dat
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Assembling — vytvoFeni kontigu
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De-novo

Mapovani na referen¢ni sekvenci
|dentifikace variant

SNP (SNV)

In/del

Strukturni aberace — chromosomy, trans%’ty
Kvantifikace

DNA — amplifikace/delece, mista vazby transkripénich faktoru

RNA — tagy, exony, transkripty

EPCEITEC



Analyza NGS dat

Integrace dat
Databaze
Protein-protein interakce
Ontologie — GO (GeneOntology), MeSH terms
Transkripcni faktory, microRNA targets
Expresni profily — GSEA, profily chemickych latek
RuUzné typy dat
ChIP + RNA + metylace + DNA copy number




Statisticka analyza
“klasické” statistické metody
T-test, ANOVA, neparametrické testy
Vicerozmérné analyzy
ClusteCring (HCL, k-means), PCA
KlasifikaCni algoritmy
Linearni (LDA), nelinearni (KNN)
Vazba s dalSimi informacemi (analyza anotaci)
Over-reprezentace
Sité
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Mutace objevujici se béhem vyvoje nemoci mohou vést ke zhorSeni prabéhu
Mutace TP53 u CLL

VétSinou vyrazné horsi prubéh
5-10% pfipadt CLL
Casto diagnostikovany aZ v prib&hu nemoci

Asociace s terapii



Mutace TP53 diagnostikované v pribéhu nemoci po podani terapie

Indukce nebo selekce mutaci?

Hledani mutaci TP53 ve vzorcich pred terapii
Potfeba vysoce citlivé metody (mutace v <1% bunék)
Ultra-deep sekvenovani — pokryti >5000x
Roche GS Junior



Somatické mutace u Chronické Lymfocytarni Leukemie

Vysledek

U 9 z 10 vzorkll mutace nalezena i pred terapii

0.25-5% sekvenci

Selekce

Dalsi plany
RozSifeni poCtu vySetfovanych genu

Vétsi skupina pacientd

EPCEITEC



Dekuji za pozornost
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