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* Obecné vyuziti NGS
» Aplikace v ruznych biologickych oborech

* Vyuziti v biomedicine a onkologii
 Hematoonkologie

* Aplikace pri studiu CLL a vyuziti na nasem
pracovisti
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Vyvoj sekvenovani
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* SNV = single nucleotide variants (mutace/SNP)
 CNV = copy number variation (inzerce/delece)
 strukturni aberace (translokace/inverze)

* genova exprese (MRNA) —
« epigenetika (metylované oblasti) l
» interakce DNA-protein
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Pristupy NGS

Whole genome

Exon baits
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Whole-exome (1%)

PCR amplicon

Transcriptome RNA Exon capture transcriptome

Predominant applications:
* Structural variants

*» Point mutations

* Copy number variation

Predominant applications:
* Point mutations
* Copy number variation

Predominant applications:
* Point mutations
s Deletions

Predominant applications: | | Predominant applications:

» Cene expression
» Gene fusions
* Splice variants

* Gene expression
» Gene fusions
* Splice variants

Genom Exom Amplikon Transkriptom

Simon 2013
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Sekvenace celé chromozomalni DNA — uplna

informace o genomu (pokryty | promotorove a
regulacni sekvence)

1. De novo asembly - vyuziva prekryvu

sekvenci, predpokladem dostatecné pokryti
(>10x)

2. Resekvenovani - mapovani na referencni
sekvenci
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« WES = whole exome sequencing

« Sekvenovani jen kodujicich oblasti = exom (asi
1 % genomu) Exons

. Efcve!(’tlvnejs!: rychlost, cena, ThoodbidbododTc
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« Targeted sequencing

o . 5_1
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 |dentifikace vzacneéjsich variant pod detekCnim
limitem Sangera (az 1% pri vysokem pokryti)

* Vyhody: rychlost, cena, méne prostoru pro
skladovani dat

* Pro sekvenovani velkého pocCtu vzorku
(screening) nebo validaci genetickych variant v
populaci
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Tri zpusoby pripravy knihovny

1. . AmpliSeq (Life Tech.) az 6144 paru
primeru

2. . Microdroplet PCR (RainDance
Tech.), Access Array System (Fluidigm)

3. (cileny ,zachyt® sondami) s
naslednou multiplex PCR: TrueSeq Amplicon

(llumina), HaloPlex (Agilent Tech.), SeqCap EZ
technology (Roche NimbleGen)
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Klinicke vyuziti

* Nejvhodngjsi ,targeted capture”

» diagnostické kity (panely genu ruznych
onemocneni)

* nadorove panely (zachyt hereditarnich nadorovych
onemocneni)

« panely genu dle prani zakaznika
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ATCACAGTGEGACTCCATARATTITTCT
CEAACCACCASCAZAR A RACA TR

SR CRERG T ARG U T RARGGGLE

Short sequence reddds
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ATEAARCATTAAAGTCAAACAATATGAA
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8-y .

lunctionreads == —— — = — poly[A) end reads
e == Maooedd sequence reads

RMA expression level

Fuclestids jresifca

Transkriptom =
soubor vsech
molekul RNA
(MRNA, rRNA,
tRNA a noncoding
RNA)

Wang 2009
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» Detekce somatickych mutaci, mezigenovych
fuzi a alternativnich sestrihovych variant

« Studium ncRNA: regulace proliferace,
diferenciace a apoptozy, regulace genove
exprese (MIRNA)

* Na rozdil od Cipovych technologii neni
limitovana predchozi znalosti genomu,
dynamickym rozliSenim nebo zkrfizenou (cross)
hybridizaci
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Metylace DNA: 80% C, umicCeni transkripce genu

Bisulfitova konverze + NGS: X
* konverze C —» U, Met-C se
nemeni
» presna identifikace jednotlivych .9_0_0:&@_
metylovanych bazi

bisulfite
i)

PCR

1
000060~
0000606
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Mundade 2014

Sledovani interakci
mezi proteiny, DNA a
RNA — vazebna mista
pro TF, histony, a dalsi
proteiny

Regulace genove
exprese, epigeneticke
modifikace chromatinu
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Studium (genotypizace):
» fylogeneze zivocCisnych druhu (Ellegren 2012)
 identifikace novych virovych variant (Kapgate 2015)
» Slechténi plodin v zemedeélstvi (Fridman 2012)

(a) # ok W?ﬁ' T . (b)
Phenotype ole-genome genotyping )
Comparative OMICs Plant Breeding Courses:
£ Population genetics
F s
P ® (yantitative genetics
Genetic variation -y Integrated - * Bioinformatics
Core collections L Analysis + ] Crop plant evolution
Structured populations = #
Doubled haploids = e + Genome technologies
SN FllliNG # # Plant system biology
s #  Advanced statistics
Candidate genes/markers:
-Associated with phenolype = Biotechnology
e EMBINEa 0} Beloaibe = Plant genetic resources
Releasing new Selection -Predictors of phenotype and g
varieties combining ability
Currant Opinion in Plant Biclogy
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. studium mikrobialniho slozeni v
ruznych typech prostredi (strevni mikroflora,
zubni plak, puda, koralové utesy, morske dno)

* bez potreby kultivace
 identifikace patogenu,
virulence, rezistence, atd.

Designing Growth Media
Identification of Pathogens

Genomics

Genatyping Virulence factor Detection

Metabolomics
Taxono my

) S : Deciphering complex Floras
Reverse vaccmulogy Antibiokic Resistance p 9 P

Community structure and
evolution

Metagenomics
Padmanabhan 2013
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Forenzni

genetika:

L
Yang 2014 \& a
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* molekularni diagnostika dedicnych chorob a
iInfekénich onemocnénich

* prenatalni diagnostika (neinvazivni, z fetalni
DNA v materske plazme)

« farmakogenomika (identifikace novych
terapeutickych cilu, studium rezistence)

* onkologie!
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« molekularni diagnostika nadoru

» analyza prognostickych markeru

* objasnéni mechanizmu kancerogeneze

(mutacni profi

y nadoru)

* hledani novyc

N rekurentné mutovanych genu

(nezachytitelnych standardnimi metodami)
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. : objev novych fizi genlt — mohou
byt vyuzity jako dg markery a potencialni
terapeutickeé cile (tkanové specifické nebo
univerzalni)

 translokace EML4- ALK u nemalobunéc¢ného
karcinomu plic

« translokace TMPRSS2- ERG u karcinomu prostaty
(Dong 2012)
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 |dentifikace (WES):

« familiarni nadory pankreatu (PALB2)
« deédicny feochromocytom (MAX)
« familiarni melanom (MITF)

» detekce 21 novych mutaci BRCA asociovanych s
hereditarnimi nadory mlecne zlazy a vajecCniku
(neodhalitelné Sangerem a MLPA) (walsh 2010)

T e -® SVERS, INVESTICE DO ROZVOJE VZDELAVANI
* * o o o,
: : Ef lKﬁr . S M % Tato prezentace je spolufinancovana
* 5k
MINIS ©
MLA

! , Evropskym socialnim fondem
- TERSTVO SKOLSTVI OP Vzdélavani
EVROPSKA UNIE U \DEZE A TELOVYCHOVY konkurencescho

a statnim rozpoétem Ceské republiky



transkriptomoveé sekvenovani
N G S zdravé/nadorové tkané

cilené (targetovang)
sekvenovani - —_ patologie
vybranych geni

celogenomové sekvenovani

celoexomoveé sekvenovani
zdravé/nadorové tkané zdravé/nadorové tkané
\J

analyza dat

klinicka interpretace panel multldlsm!:: linamich validace dat
expertu

Koubkova 2014;
Guan 2012
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International Cancer Genome Consortium (ICGC):

— charakterizace
genomickych, transkriptomickych a

nadoru

International
Cancer Genome
Consortium
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National Cancer Institute (NCI): projekt vytvoreni
atlasu nadorovych genu —
za ucelem zlepsit nadorovou
prevenci, vcasnou detekci a lecbu

v

~ The Cancer
: Gen"?me Atlas

- Understanding A =
* 1. genomics ad
to improve b~

cancer care
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Prvni sekvenacni projekt 2008:
porovnani nadoroveho a normalniho vzorku
tehoz pacienta s — identifikace osmi
novych somatickych mutaci (Ley 200s)

QO

< Igute myeloid leukemia
| £
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Studium pomoci WGS:
identifikace somatickych mutaci objevujicich se
pri relapsu (pravdepodobne diky cytotoxicke
terapii)

clonal fractions at initial diagnosis day 170 first relapse

4HSCs

J DNMTIA, NPMI, FLT3, PTPRT, SMC3

P

-
]
.0
e

AML1 / UPN933124

Chemotherapy

call type: mutations:

. fonrial . AML @ founding (cluster 1) relapse enriched (cluster 3) @ relapse specific (cluster 5)

<y pathogenic mutations
@ primary specific (cluster 2) @ relapss enriched (cluster 4) O random mutations in HSCs

Ding 2012
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|dentifikace novych genu zahrnutych v patogenezi
— predefinovani typu DLBCL a ...
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.... halezeni novych potencialnich terapeutickych
cilu

enzastaurin RTK, BCR, GPCR Q

PI3K

boiles ibrutunib sotrastaurin
inhibitors : i

*
PI3K }__ PI3Kinhibitors
- = N ? * CBM complex Lpire ), (pes |
L e ¥ K PKCPB I""'"’ CARD11 * A
) P 4 e B i PDK1
1P3 DAG | == * MALT1 BCL10 *
L= ==/ PTEN

fosatinib

Phenothiazine AKT inhibitors _—-——‘\
derivatives TRAFE i * e 53

; - ~ | mom2 |
TLR ILR-1 v
I FOXO | s [ GSK3 ]

mTOR inhibitors "\ mIcRCL

{ Gell eyt el growth, |
e ) — s e
homodimerisation
* .. TIR domain e
MYD88 AN
: }—— IRAK4 inhibitors
Jardin 2014
TAK1 inhibitors
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Objev novych rekurentné mutovanych genu (WGS,
WES) — SF3B1, NOTCH1, BIRC3, MYD88 —

(Wang 2011, Puente 2012, Quesada 2012)

TP53
- SF3B1
S
8 & mrDss
£ o
g o ATM
1
5 c FBXW 7
% 2 NOTCHI
g S
S 2 ZMYM3
2
DDX3X
MAPK1
I | 1 | 1
0 4 2 12 16
No. of Mutations per 91 Patients Wang 2011
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— defekty zahrnuty v
nekolika signalizac-
nich drahach

Wang 2011
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— casne klonalni
(del13q, tri12, MYD&88) a pozdejsi subklonalni
aberace (TP53, SF3B1) — selekce |éCbou a

rychlejsi progrese PR Rp—
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Klinicky dopad — ultra-deep
sequencing (median alel. frekvence 2%) — Spatné
preziti, evoluce klonu pri relapsu a ucast na vzniku

chemorezistence

Sanger sequencing
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Prechod od Cipovych technologii k NGS — flexibilita,
citlivost, rychlost, cena, presnost

« Ultra-deep sekv. (MiSeq) — klonalni evoluce mutaci v
TP53 u CLL (Malcikova 2014)

« Detekce ATM mutaci u CLL a MCL (Miseq)

« Exomoveé sekv. (NextSeq) — germinalni mutace u
hematologickych malignit

« Celogenomové sekv. (EMBL, Heidelberg)
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Limity zavedeni do klinické praxe:

* cena celogenomoveho sekvenovani (cil 1 000
$ /béh/pokryti 30x, lllumina)

* obrovske mnozstvi generovanych dat (otazka
uchovavani — vysoké naklady)

« absence standardu pro urceni kvality sekv.
dat, rozdilne bioinformaticke strategie

» eticka otazka nakladani s NGS daty
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« Stratton 2009: The cancer genome.
« Simon 2013: Implementing personalized cancer genomics in clinical trials.
 Wang 2009: RNA-Seq: a revolutionary tool for transcriptomics

 Meaburn 2012: Next generation sequencing in epigenetics: insights and
challenges.

 Mundade 2014: Role of ChlP-seq in the discovery of transcription factor
binding sites, differential gene regulation mechanism, epigenetic marks and
beyond.

« Padmanabhan 2013: Genomics and metagenomics in medical microbiology.

« Ellengren 2012: The genomic landscape of species divergence in Ficedula
flycatchers.

« Kapgate 2015: Next generation sequencing technologies: Tool to study avian
virus diversity.
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 Fridman 2012: Next-generation education in crop genetics.

 Yang 2014: Application of next-generation sequencing technology
in forensic science.

 Dong 2012: Exploring the cancer genome in the era of next-generation
sequencing.

« Walsh 2010: Detection of inherited mutations for breast and ovarian cancer
using genomic capture and massively parallel sequencing.

 Koubkova 2014: Sekvenovani nové generace a moznosti jeho vyuziti v
onkologickeé praxi

 Guan 2012: Application of next-
generation sequencing in clinical oncology to advance personalized treatme
nt of cancer.

 Ley 2008: DNA sequencing of a cytogenetically normal acute
myeloid leukaemia genome.
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« Ding 2012: Clonal evolution in relapsed acute myeloid leukaemia revealed
by whole-genome sequencing.

« Jardin 2014: Next generation sequencing and the management of diffuse
large B-cell lymphoma: from whole exome analysis to targeted therapy.

« Wang 2011: SF3B7 and Other Novel Cancer Genes in Chronic Lymphocytic
Leukemia

 Landau 2013: Evolution and Impact of Subclonal Mutations in Chronic
Lymphocytic Leukemia

* Rossi 2014: Clinical impact of small TP53 mutated subclones in chronic
lymphocytic leukemia.
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EICEITEC

central european institute of technology
BRNO | CZECH REPUBLIC
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