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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 ruzné dlouhych fragmentti DNA
Dideoxy-NTPs — ukoncCeni polymerace
Gel — kapilarni elektroforéza

Znacené primery nebo ddNTPs

Cycle sequencing
3'-... GACTAGATACGAGCGTGA...-5' (template)

5-.. GTGAT ’( [primer)
...CTGATC J:)
‘ .CTGATCT ,
CTGATCTA ,.D
LLCTGATCTAT ,
. CTGATCTATG p

...CTGATCTATGC p
‘ Polymerase ...CTGATCTATGCT
dNTPs . CTGATCTATGCTC

Labeled ddNTPs .. .CTGATCTATGCTCG o

Electrophorsesis
(1 read/capillary)




PCR amplifikace jednotlivych DNA fragmentu

nebo

Sekvenovani jednotlivych DNA fragmentu

= Single molecule sequencing

1 3

Cycle 1 G

Cycle 2 C -

Cycle 3 A A A

Cycle 4 - T
Cycle 5 C
G

Cycle x

Sekvence je Ctena pfi syntéze noveého fetézce

Technologie a pfistroje pfizpusobeny paralelizaci

Stovky miliont jednotlivych PCR reakci a sekvenaci najednou
(bézné prodavané kapilarni sekvenatory jsou max. 96-kapilarni)

VétSinou kratSi sekvence — desitky bazi

(kapilarni — bézné az 1000 bazi)

n P CEITEC




Masivné paralelni sekvenovani

Sequencing by synthesis

Polymeraza

Sestavovani nového fetézce z jednotlivych nukleotidu

Probes

Sequencing by ligation T

o “_'ﬂﬁT'_{"'ﬂ_/a
Ligaza L LLLL

o | Maching
Sestavovani no

to anchor

ezce z oligonukleotidu et ongse  9€nomic DNA

Anchor

I

Adaptor

Genomic DNA

Non-enzymatic sequencing
Nanopory, elektronova mikroskopie

Primé ¢&teni sekvence



Masivne paralelni sekvenovani . .
Technologie lllumina

Bridge amplifikace

b lllumina/Solexa
Solid-phase amplification
One DNA malecule per cluster

Sample preparation
DA (5 ug)

Template

dNTPs

and

polymerase L

L

Bridge amplification

DPDCEITEC



Masivne paralelni sekvenovani .
Technologie lon

Emulzni PCR

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

4

emulsion PCR

-

_

X

e

parallel sequencing after bead enrichment

DPDCEITEC



Masivneée paralelni sekvenovani . .
Technologie lllumina

a lllumina/Solexa — Reversible terminators

Sekvenovani s "o 0y 0,
reverzibilnimi terminatory

colour imaging -

- c G R T

L= 'y - 1
leave dye

and terminating e

groups, wash

http://www.youtube.com/watch?v=199aKKHcxC4



http://www.youtube.com/watch?v=Zqr8_KiuzHU
http://www.youtube.com/watch?v=Zqr8_KiuzHU

Technologie lllumina

HiSeq 4000 NextSeq 500 MiSeq
Kapacita 12 genomu/béh Kapacita 1 genom/béh Kapacita 0515
(24/tyden), 1,5TB/béh (3/tyden), 120GB/b&h genomu/beh,




Masivne paralelni sekvenovani

Pyrosekvenovani

Single-stranded
DA template

CDD camera

Signal detection

‘ Pyrogram
T Mucleotide added

ﬁTACTG Mucleolide sequence

Technologie Roche/454




Masivne paralelni sekvenovani Technologie lon Torrent

Micro-machined wells

lon-sensitive layer

Proprietary lon sensef ———=

Two bases
are incorporated

Nucleotide——" .
incorporates Hydrogen ion
into DNA is released

Two hydrogen ions

are released No hydrogen
ion released

https://www.youtube.com/watch?v=WYBzbxlfuKs&list=PLGIvFEWL2wDEWIXSWNtEZRFrXXHJLxs8V&index=2



Masivne paralelni sekvenovani Technologie lon Torrent

lon Torrent PGM lon Proton lon S5

Kapacita 2GB/béh Kapacita 10+GB/bé&h Kapacita 10+GB/bé&h



Masivne paralelni sekvenovani

Sekvenovani (hybridizaci a) ligaci

Probes

G

Matchin
probe bi
DNA Il?ase binds genomic DN.&
matching probe
to anchm'

Anchor

Genomic DNA

i e de
Genomic DNA

DPDCEITEC



Technologie cPAL

400 — 500 bp -

Class lls restriction
endonucleases

=
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Masivneé paralelni sekvenovani .
P Technologie cPAL

A Unknown Sequence
Newly Synthesized

Strand Adapter 2
/_‘\Adapter 3

Circular ssDNA
Template

€ 300 nm >
DNA Nanoball

DPDCEITEC



Masivne paralelni sekvenovani

Technologie cPAL

Flow Cell~ Nanoball

Etched pit
in Array

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

“ DPCEITEC




Masivneé paralelni sekvenovani .
P Technologie cPAL

Kompletni systém pro sekvenovani lidskych genomu a exomu
Vyrobce BGI (Cina)
Kapacita 12.000 genomU/rok, cena $ 12M

P CEITEC




Masivné paralelni sekvenovani
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.

https://www.youtube. com/watch’?v=v8p4ph2MAvI
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http://www.pacb.com/smrt-science
http://www.pacb.com/smrt-science
http://www.pacb.com/smrt-science
http://www.pacb.com/smrt-science

Masivneé paralelni sekvenovani
P 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.

DNA can be sequenced by threading it through a micrescopic pore in a membrane.
Bases are identified by the way they affect ions flowing through the pore from one
side of the membrane to the other.

&
DNA DOUBLE K
HELIX xf“]l v I:\

© Aflow of ions through
the pore creates a current.
Each base blocks the
flow to a different degree,
altering the current.

© One protein
unzips the
DNA helix into
two strands.

GATATTGC GATGCCG
—_—

A Asecond

protein creates

apore in the

membrane

and holds

an *adapter” :

molecule. © The adapter molecule
keeps bases in place long
enough for them to be

idenfified electronically.

m https://www.youtube.com/watch?v=CE4dW64x3Ts DCEITEC


https://www.nanoporetech.com/
https://www.nanoporetech.com/

ReadCoor

Fluorescent In Situ Sequencing

DPCEITEC




Masivne paralelni sekvenovani

Paired-end sequencing lllumina
Paired-End Sequencing *
Genomic DMNA insert ¢p1
4""" AE :
¥
Al SP1 5P2 .
A.llllll A1

Adapter (A1 and A2) with sequencing primer sites (5P1 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.

DPDCEITEC



Masivne paralelni sekvenovani

Mate-pair sequencing lllumina

Mata Pair Library Saquancing for Long Inserts * :Eﬁr::,-m»d Mate Pair library preparation is designed to
Al — Iragmasia generate short fragments that consist of two
Ganomic ONA ) segments that originally had a separaticn of
* Lgtin several kilobases in the genome. Fragments of
* Fragment Al 5Pt BApAEFS sample gencmic DNA are end-bictinylated to tag
A o the eventual mate pair segments.
e Self-circularization and refragmentation of these
. * Biotinylate large fragments generates a population of small
Bio he :’::H":" fragments, some of which contain both mate pair
Bic segments with no intervening sequence. These
Mate Pair fragments are enriched using their
" Chreulartze biotin tag. Mate Pairs are sequenced using a
similar two-adapter strategy as described for
paired-end seguencing.
+ Fr an-.ﬂ
BIm e first and
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Aplikace novych technologii

ﬁh:m:m Tanget Enrichment System
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Cileny screening
Targeted Sequencing Workflow Using the RDT1000

Target enrichment Prmer Library q
Hybridizace
na Cipu
v roztoku RDT1000
Sample DNA,
PCR Taq polymerase,
dNTPs J
bézna
mikrofluidni

3 : - Ereal:

- emulsion
2 million droplets PCR Ampllf ication Sequencing

?

/,_f-'

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

A
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Cileny screening

Exome sequencing
VSechny exprimované geny

VétSinou v€etné nekddujicich i _1 S——
2 PCA Product Cutieds

Hybridizace (v roztoku)

B
50 5o & I:_- Primers (1.7r)
Gene enrichment o Primer= | Siiwage- Sample )
Jeden gen — napf. dédiéné poruchy Temrem—r T
PCR, hybridizace Ay

multiplexing

%
o

Skupiny gent — napf. multifaktorialni nemoci, nadory
PCR, hybridizace

Useky genomu — strukturni aberace

hybridizace

DPCEITEC




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: €TTi- 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, snizena exprese

Modifikace histont

Aktivni | neaktivni chromatin

EPIGENETIC MECHANISMS HEALTH ENDPOINTS
are affechad by these iacions and procasses: « Cancer
+ Development (in utero, chidhoad) * Autoimmune dissass

+ Mental disorders

+ Diabetes

EFIGEMNETIC
o i FAGTOR
CHROMOSOME ,r’f

| Methyl group fan epigenetic factor found
in some digtary Sources) can tag DA
|| and acthade of repress ganes.

HISTONE TAIL

HIZTOME TAIL

DA accessibla, gena achive

Histone modification
The binding of epigenatic factors to histona “tails™
Histones ari proteins around which | HISTONE altars tha extent bo which DNA is wrapped arsund
DInA e wind for ompaction and DMA inacoessibla, gene inactive histones and the availability of genes in the DA

gene regulation. 1o ke activated.
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l} Cell lysis

b.\gfgwﬂf&’g‘ﬂﬂgl
Modifikované histony l Sonication
Acetylované, metylované ’ ﬂ&m S o.\ﬂ/

v s , vr s . Irmmunapredpitation
DalSi DNA vazajici proteiny

TranskripCni faktory ' bead-antibady-
protein=target DNA
RNA polymerazy P

Protein Digestion

.HL DMNA purification

Metylovana DNA
o

Kvalita protilatky / j \\

Zmeéna epitopu

formaldehyd

Sequencing

HPCEITEC



Metylace DNA

MeDIP - Imunoprecipitace metylované DNA
Protilatka rozpoznavajici Met-C

Pozice metylovanych usekl DNA

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

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

Nékteré dedicné choroby, nadory

DPCEITEC



Analyza NGS dat

Assembling — vytvoreni kontigu
De-novo

Mapovani na referencni sekvenci
|dentifikace variant

SNP (SNV)

In/del

Strukturni aberace — chromosomy, transkripty

Kvantifikace
DNA — amplifikace/delece, mista vazby transkripnich faktoru

RNA — tagy, exony, transkripty

DPCEITEC



Analyza NGS dat

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




Statisticka analyza
“klasickeé” statistické metody
T-test, ANOVA, neparametrické testy
Vicerozmeérné analyzy
ClusteCring (HCL, k-means), PCA
Klasifika€ni algoritmy ﬁfx&%@@% ‘?m"‘“ @

L
F2)
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Mutace objevujici se béhem vyvoje nemoci mohou vést ke zhorSeni pribéhu
Mutace TP53 u CLL

Vétsinou vyrazné horsi prabéh

5-10% pfipadu CLL

Casto diagnostikovany az v priib&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 vzorkl mutace nalezena i pred terapii

0.25-5% sekvenci

Selekce

Dalsi plany
RozSifeni poCtu vySetfovanych gen

Vétsi skupina pacientl

DPCEITEC



Dekuji za pozornost

Stfredoevropsky technologicky institut
c/o Masarykova univerzita
Zerotinovo nam. 9

601 77 Brno, Ceska republika

www.ceitec.cz | info@ceitec.cz
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