Zakladni metodicke

pristupy v
experimentalni grisglogii




Experimentalni modely v onkologii

Obecné zdasady pfi vyzkumu:

* Snaha porozumét fundamentdlnim procesdm funkce a vyvoje Zivych
organismu

» Formulace pfesné definovanych otdzek ve vymezené oblasti vyzkumu
» Vybér vhodného modelového systému (Mendel)

» Zjednoduseny, ale impaktni systém umoZzfiujici testovat specifickou
hypotézu a zda se dosdhne vysledného fenotypu

» Bunécné linie

- Caenorhabditis elegans

* Drosophila melanogaster
- Kvasinky

* Danio rerio

» Mus musculus



Pfiprava bunéénych linii
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Prace s eukaryotickymi bunécnymi liniemi

Optimdlni podminky kultivace (5-10% CO,, 37°C, pH, glukdza, rdstové
faktory, antibiotika)

Nebezpedli kontaminace jinou bunéénou kulturou [DSMZ, ATCC
(mikrosatelitni DNA fingerprinty)]

Buriky se déli a rostou dokud neobsdhnou cely prostor, pak nasleduje:
e Zdastava b. déleni kontaktni inhibici
« Indukce bunééné diferenciace kontaktni inhibici
« Akumulace apoptotickych a nekrotickych bunék

» Deplece nutricnich faktoru

Vyména média (pH), pasdzovani bunék, kryoprezervace



¥ Konfluence bungk, suspenzni vs. adherentni buriky

» Genové mani pulace

, 2D vs. 3D kultivace

{NH4] HCO3 PE"'HCLE 40-60 - Pul:y-g[yrena

3-D cell culture dish O

fabrication process D PU'YSW"&“E solution in
chloroform

-J =

Air dry and vacuum

Polystyrene Glass cover slip

Glass boltom Petri F‘f
dish with a well in the
center
(NH,4)HCO;3 ﬁNH3+GD2+H20 Eﬂ*“ﬂﬂ at 85°C
—I'
Cell seeding
Traditional 2-D

3-D cell culture

I cell culture I




Vyhody a nevyhody bunéénych linii

» Prakticky neomezena zivotnost
» Kontinualni a rychla proliferace
e Snadna prace

» Moznost pfipravit stabilni KO, transientni transfekce, a dalSi
genetické manipulace

—

 Atypické okoli nddorovych bunék

Transwell

* Nebezpedi kros-kontaminaci

Melanoma
cells

OOOOOOO
Filter

o Kumulace dalSich zmén

Endothelial
cell line




Bunécéné linie

Cell Index
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Vyuziti bunéénych linii v biotechnologii

» Pfiprava monoklonalnich protilatek

 Vyvoj bunécénych vakcin

Traditional method

Live wiruses are injected
inte chichken @« gg=. whars
thay grow amd rreultipily.

Ceall-culture Mmethod

Wiruses are added to a valt
cortadning dog—kidrnaw
cmlis, wihich mmaw
encourage Faster grows b

Two Ways to Produce a Flu Vaccine

thamn is possible with oggs.

A new Movartis plant in North Carolina will
make flu vaccines through cell culture
rather than the traditional techmnigue
invalving chicken eggs.
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Cancer Cell Line Encyclopedia
(CCLE) proiekt

Outliers- values that are greater than the UAV or lower than the LAV

Upper adjacent value (UAV):
the largest observation that is less
than or equal to the upper quartile

plus 1.5*IQR.

Upper quartile: 75" percentile

s I

. Mean
*

- Median

\ Standard deviation

Lower quartile: 25" percentile

Lower adjacent value(LAV): the smallest observation that
is greater than or equal to the lower quartile minus

1.5*IQR.



Caenorhabditis elegans
Dobfe péstovatelny na petriho misce

Velikost genomu 8x107 bp

Pohlavi determinovano chromosomem X

Drosophila melanogaster

Malé, snadno péstovatelné, kratky zivotni cyklus (2 tydny), relativné maly
genom (1,4x108 bp), existence polytennich chromosom, fada mobilnich
genetickych elementd.

Transformacni systém vyuZivajici mobilni geneticky element P, po injikaci
do embrya - tvorba mozajek (vyuziti napt. pfi studiu tkariové specifické
exprese)



Kvas inky (Saccharomyces cerevisiae, Schizosaccharomyces pombe)

Snadno kultivovatelné, 1. eukaryoticky organismus plné osekvenovany, celd

Fada funkéniCh homOIOQO Se SGVéimi bUﬁkami a Tranaformation \j If___(?
, _ . 2 (ry)

>=—=> Vhodny model pro screening o~ : CL’%‘_?O; ~
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P Y Candidate @C‘j L9y
cDNAs encoding H Normal growth

potential targets

Table 1| Conservation between yeast and human pathways altered in cancer T e
-] cﬁ ~ @D e
Cancer-related pathway Human genes Yeast genes j of targets
DNA-damage checkpoint ATM, ATR RADS3
Dividi t cell
Replication checkpoit BLM, WRN1 5681 e
Mitotic-spindle-assembly checkpoint BUBT, BUBR1 BUB1 g
Mismatch repair MLH1 MLH1 &y &
Repair of DNA double-strand breaks BRCA RADS0, RAD52 & &
G1- to S-phase transition Cyclin D1, cyclin E CLNZ L’;‘;‘E‘E&”@?ﬁg% -
Response to mitogenic stimul TOR TOR1 b
Addition
Q > of inhibitor
e o
. 0 V4 w V4 . E
Pozitivni selekeni screening W/“ ~
Cancer cell Desired phenctype

expresaing target e.g. apoptosis



Active, acetylated Silent, deacetylated
chromatin Chromatin
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Pfiklad vyuziti kvasinek pfi screeningu b.
signalnich drah pfi testovani novych latek
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Drosophila melanogaster

Malé, snadno péstovatelné, kratky zivotni cyklus (2 tydny), relativné maly
genom (1,4x108 bp), existence polytennich chromosom, fada mobilnich

genetickych elementd.

Transformaéni systém vyuzivajici mobilni geneticky element P, po injikaci
do embrya - tvorba mozajek (vyuziti napf. pfi studiu tkdrové specifické
exprese)

Danio rerio (Zebrafish) jako model pro p53

p53-mutant vznik fumorud ze Schwannych bunék

p53-mutace + mutace B-raf vznik maligniho melanomu



Chemoterapie (jednoduchd aplikace, velké mnozstvi ryb, dlouhodobd Ié€ba x nespecifickd,
predominance jaternich tumoru, potencidlni riziko pro vyzkumnika)

Transplantace savcich bunék (rychlost, prihlednd embrya, lidské nadory, fluorescence x, nizka
penetrance fumoru)

Genetické knockouty (Inaktivace jednoho specifického genu - N-ethyl-N-nitrosourea
mutageneze, ,Human-like cancer" mutace x slabd penetrance, genové duplikace, rozdilné
spektrum tumord, ..background” mutace)

Exprese transgenu (jednoduse generovatelné injikaci, pouziti lidskych gent, pouZiti fluorescence,
tkdrové specifickd exprese x nedostatek specifickych promotoru)

A genome instability B cancer growth C invasion/metastasis




Panel novych mAb proti p53




Mus musculus

Pfiprava inbrednich kmen( - moZnost pokus( na geneticky uniformnich
organismech (vice jak 700 mutovanych kmen().

Obvykle se provadi tzv. ., gene knockkout”, tzn. funkéni geny jsou nahrazeny
nefunk&nimi nebo mirné pozménénymi variantami jez odpovidaji genetickym
zméndm vzniklym v nddorové burice.

Nejvyznamnéjsi pfispévek k pochopeni mechanismu lidskych nddorovych
onemocheéni.



Mus musculus

PFiprava inbrednich kmend - moznost pokust na geneticky uniformnich
organismech (vice jak 700 mutovanych kmen().

Obvykle se provadi tzv. ., gene knockkout”, tzn. funkéni geny jsou nahrazeny
nefunk&nimi nebo mirné pozménénymi variantami jez odpovidaji genetickym
zméndm vzniklym v nddorové burice.

Nejvyznamnéjsi pfispévek k pochopeni mechanismu lidskych nddorovych
onemocheéni.

4 metody pfenosu GT.

Infekce bunék kostni diené rekombinantnim retrovirem umozni
expresi preneseného genu v infikovaném zvireti

Infekce embrya pomoci rekombinantniho retrovirového vektoru
Transformace embryondlnich kmenovych bunék

Klonovand DNA muZze byt mikroinjikovana do fertilizovanych
oocytl a pfenesena do ndhradni matky
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Reimplantation j:‘ Lo
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(7) l

F, heterozygous transgenics Transgenic line

A 00

*Poprvé gen pro elastdzu, nezbytnd 134 bp regula¢ni oblast pro spravnou funkci
*Ndhodny charakter integrace - pozicni efekt Il (YACs & BACs)




.Hybridni transgen”

Regulatory sequences A

R I

Coding sequences A

HYBRID TRANSGENE

Regulatory sequences B

Coding sequences B

Coding sequences B

r 4
C --——

Regulatory sequences A

Identification of regulatory sequences

with a reporter gene
1

Functional studies and
physiopathological models
2

A\

Toxigenetics: cell ablation
3

l Immortalization

4

Production of proteins of

biological or medical interest
5



Blastacyst of dark
coat colour mouse

Embryonic stem cells (E5 cells)

Select transformed clone
of ES cells

= Blastocyst of light
* coloured mouse

Crow on feader layer
and transform with
cloned DHA

Implant in

peeudopragnant
surrogate mother

\
\

Masaic offspring detected
by spotted coat colour




Knockout and knockin

Cene of interest
{reporter gene, immortalizing gene,

selection paralog, mutated cDMA, ...}
2 3
l - . Targeting vector __- -
cassette -
) ATG  3TOP selection
* X * cassette X
1 2 3 4
I:,] - L .:I Endogenous allele H—
ATG STOP ATG STOP

' l

—— E——— —  Vodfiedalee I — . —

ATG STOP ATG  STOP STOP

(a) (b)

VyuZziti homologni rekombinace u ES bunék (vice jak 1000 gent "KQO")



Odbér biologickeho materialu

Biologicky materidl pro genetickou analyzu

- Nesrazliva krev
- Kostni dren
- Mo¢
- Sliny
- Bukalni sliznice
- Fibroblasty (koZni biopsie)
- Tkané - N2
- FFPE




Izolace nukleovych kyselin

«  Umisténi bunék/tkdni do extrakéniho pufru
. Dlouhodobé uchovavani (RNA later, chelatacni ¢inidla)

Fenol/chloroformova extrakce a ndasledné etanolova nebo

isopropanolovad precipitace
vodna faze (NK)
\/

proteiny

MeTody adsorpéni fenol/chloroform (lipidy)

Adsorpce NK na silikagel v fﬁ'romnos’ri chaotropnich soli
(guanidin isothiokyandt, NaI), eluce pres kolonky

Metody vysolovaci

obchazi Eouih‘f organickych rozpoustedel, pfi izolaci z krve
nejprve hemolyza, ndsleduje izolace DNA z leukocytU



Koncentrace, kontrola cistoty a kvality DNA / RNA

A260 =1, c(dsDNA) = 50 ug/mi

A260 =1, c(ssDNA) = 33 pg/ml

A260 =1, c(ssRNA) = 40 ug/ml
A260/A280 v rozmezi 1,7 - 1,8 Cista DNA
A260/A280 < 1,7 DNA zneciSténa proteiny nebo organickymi latke
A260/A280 > 1,9 DNA znecisténa RNA nebo organickymi latkami
A260/A280=19-2,1 Cistd RNA
A260/A280< 1,9 RNA zneciSténa proteiny nebo organickymi latke

RIN 1

TRIN 10

Fluorescence




Hybridizaéni metody

Hybridization
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 Fluorescen ¢€ni in situ hybridizace (FISH)

— Lokalizace vybranych nukleotidovych sekvenci pfimo v burikach

— Schopnost jednofetézcové sondy vazat komplementarni tsek
cilové DNA fixované na mikroskopickém skle

— TOP2A, EGFR, Her-2/neu

TOP2A normal TOP2A rozsahla amplifikace




 Fluorescen ¢€ni in situ hybridizace (FISH)

— Lokalizace vybranych nukleotidovych sekvenci pfimo v burikach

— Schopnost jednofetézcové sondy vazat komplementarni tsek
cilové DNA fixované na mikroskopickém skle

— TOP2A, EGFR, Her-2/neu

amplifikace

TOP2A norma



RNA sondy

a Dye e
Linear ODN probe ’
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Target RNA
b
FRET ERET
Donor probe Acceptor probe Acceptor probe ( O Donor probe
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O
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Molecular GFP
beacon
MS2
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Probe
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Target RNA Target RNA MS2 stem loop
g GFP or YFP GFP or YFP
N-fragment C-fragment
RNA-binding RNA-binding
protein 1 protein 2
FRET Quencher Complementation and

activation
be Acceptor dye
sl | NN NN LUt T Y I I T Y

Target RNA Target RNA



Nizkohustotni arrays

RT PCR Znacéena
Izolace RNA + znafeni biotinem cDNA

o] il

Hybridizace

X
YR ? R -‘*‘%

Analyza




Prikaz onkologickych markerti pomoci DNA-
mikroaray testt

Tato technika spociva v umisténi tisict imobilizovanych DNA
sekvenci oligonukleotidovych zna¢ek v miniaturizovaném cipu.

Povrchy jako je sklo nebo plast umoznily vyuzit fluorescenéni
signadly, zvyseni reproducibility a rychlosti hybr. kinetiky.

Velmi zjednodusené Ize princip
metody: Nejprve se izoluje vzorek
DNA z bunék odebranych vysetfované
osobé a ten se oznaci fluorescenénim
¢inidlem. Oznacend DNA se pak
hybridizuje se vzorky ur€itych DNA
sekvenci (DNA array) na desticce. Po
promyti se méfi fluorecence na ,DNA-
array’ a hodnoti pomoci pocitace.

*genova exprese

-komparativni genomicka hybridizace
*SNP

-sekvenace




Komparativni genomova hybridizace

Soucasnd hybridizace dvou vzorkd DNA znacenych odlisnymi
fluorochromy na normdlni metafazni chromozomy

DNA pacienta (nddorovd) znacena zelené (FITC)

kon‘rrolni DNA (zdr. jedinec) znaCena cervené (TRITC)

extrakce DNA extrakce DMNA

N alni " .
ormalni i\% % Nadorova
— =

Nz
&

l Denaturace

o fiea Hybridizace ﬂ By
~Ties, ﬂenaturaceﬁ - on) -
=5 ; r_;_f 'I fead — |
___;4.':';- - |.'. - — Er:-_ _ e
= =

.

Metafize normalnich chromozomu



Komparativni genomova hybridizace
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RNA
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RNA:
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Genomic DNA:
Gene Dosage Analysis



Genomova array CGH

A) chromosome 8 | RN

(140 Mb): s
% —_-\
. 78.2 Mb 8.9 Mb
Sequence Contig: «~--~ gl
Genomic Clone - —0m8 — i

Tiling Path: Sea—

gespsol @ @ D 299D 9
>y
Array onfo ; glass slides

CGH: -+

B)

Nuimel  Tumouw
genomic  genomic
DNA

DNA Microarray Detection .
C) Array Spots: M@D@DCWM
Copy Numbe & §c§’ S é‘& :
o umber : 3
pyAnalysis: id & & oc‘?‘ w&?
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Vyhody a nevyhody

neni zapotfebi kultivace
bunék

(pouziti interfdznich
chromozomu)
odhali delece a
amplifikace vsech
chromozomu burnky
v jednom pokusu

moznad diagnostika
neznamé aberace

malé mnozstvi vzorku lze
amplifikovat PCR

nelze zjistit balancované
zmény (translokace,
inverze)

nelze odlisit diploidni a
tetraploidni tumory
nelze vysetfit zmény

v telomerickych a

v heterochromatinovych
pericentromerickych
oblastech

nutné aby alespori 50%
bunék neslo zménu
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Elektroforetické metody eniyme digestsof

plasmid DNA

size marker

gelova elfo <
PFGE
DGGE

Kapilarni elfo
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DMNA migration
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PCR umoznuje detekovat jediny leukocyt infikovany HIV mezi 10°
neinfikovanych bilych krvinek. K tomu je tfeba onen jediny leukocyt,
obsahujici sekvenci typickou pro HIV, pomoci PCR rozmnozit. Pri 30
PCR cyklech se puvodni pocet cilovych sekvenci znasobi 10° az 10°.

Vzorky pro PCR jsou biologicke kapaliny (cela krev, plasma, serum,
moc, sputum, sperma apod.), tkane, vlasy a vousy, stéry biologickych
stop, suché skvrny biologického materiall aj. Podle povahy vzorku se
voli i postup jeho Upravy. V podstaté se jedna o prevedeni vzorku do
suspenze Ci roztoku, popr. jeho homogenizaci, lyzu buriek a izolaci NA
bud' extrakci, nebo sorpci na vhodném sorbentu. Pro PCR je priblizné
tFeba 10 - 500 ug lidské DNA, 1 - 10 ug bakterialni DNA a 0,1 - 1 ug
plasmidové DNA. Konkrétni koncentrace se Fidi celkovym objemem
reakéni smési v PCR. Napf. z 1 ml celé krve se ziska cca 20-200 pg
DNA.

=

°2

&




Multiplex PCR
Zpétnd PCR (Reverse transcription)

PCR v redlném case
- vyhody: zpUsob detekce

méreni kinetiky v
brzkych fdzich

vyssi senzitivita

kvantitativni
charakter vysledki

- nevyhody:  ndkladnéjsi



Prubéh PCR reakce

e Faze PCR reakce

e Treshold

* Narust fluorescence je pfimo Umeérny mnozstvi
specificky naamplifikovaného produktu

plateau

PCR produkt

cyklus



Typy sond

1. Nespecifické (napf. interkalacni barviva)
2. Specifické (fluorescencné znacené sondy)
3. Fluorescenéné znacené primery

SYBR Green Emitted Light .r
Primer .

0 OLY

17773
-y i

‘] o

TR Polymerase




a Denature .\ll Reporter fluorescence quenched

Primer Probe

Anneal \h; Reporter fluorescence guenchad

e
(€)

Reporter luorescence detectad




Analyza dat

Relativni x Absolutni kvantifikace
ACt = Ct cil. gen - Ct endog. kontrola y=m.x+b
AACY = ACt vzorek - ACt kontr. vz. log input = (CTvzorku-b)/m
S 2-AACt mnoZstvi vzorku = 10" [log input]

c-Myc Standard Curve u=-2385x+25712
rf=po97o

.

~

Fluorescence

e

-1.5 -1 -0.5
Log ng Total RNA




Analyza exprese u onkologickych onemocnéni

Rozdil v expresnich profilech zdrava x nadorovad burika
Nejcastéjsi markery: MGB1, CEA, CK20, EGFR1, C-MYC, TH, TS, ...
Detekce MRD

10084 ., A0
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SAGE (Serial Analysis of Gene Expression)

1. Z izolované mRNA
je z kazdého transkriptu
ziskan jedinecCny tag.

2. Jednotlivé tagy
jsou nasledné zligovany
(spojeny), ¢imz vznikaji
dlouhé polynukleotidové
sekvence, které mohou byt
nasledné klonovany,
sekvencovany apod.

3. Ve finale je
zastoupeni jednotlivych
tagu kvantifikovano, coz
podava informaci o mife
exprese analyzovanych
transkriptu.

Expression Level

LT R -

- AAAAL
e AAAAA
AARAA
P AARAA
s AMAAA

AAAAL
AAAAA

Isolate SAGE tags

¢ Link tags together

¢ Sequence linked tags
Automated Data Collection
and Analysis

¢ Quantitate tags and determine

patterns of gene expression
10
]
6
4
2z
i}
A B C D E F & H

A B & D E F & H
Gene Product Gene Product
Mormal Disease

Expression Level
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Strategie v identifikaci DNA bodovych
mutaci a deleci

pfistupy zaméfené na stanoveni délky DNA fragmentt (RFLP)
techniky zaloZené na hybridizaci

PTT test (Protein Truncation Test)

techniky zaloZené na kvantifikaci DNA

DNA sekvencovani

metody zaloZené na principu heteroduplexni analyzy

Ale

1

2
S -

~ 19

2« ®
. AETEE

6
Al

Ad 2) Metoda ASO (Allele-Specific Oligonucleotide)zdfky 1-6 nakapany v duplikatu na
membrany a hybridizovany s A a S oligonukleotidygoxky 3 a 5 = heterozygoti; 1 a 4
homozygoti pro alelu A; 2a 6 homozygoti pro alelu S;



Ad 4) techniky zaloZené na kvantifikaci DNA
PCR s alelové-specifickymi primery ARMS (Amplification Refractory
Mutation System) v kombinaci se systémem ,Scorpion”
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Scorpions bi-probe

. Reporter

ji\

i‘ h

Quencher \L

PCR blocker

Scorpions uni-probe

T ,.r Loop

- |

0 .;5"';.
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" Stem
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PCR primer
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Mutacni analyza onkologickych onemocnéni

Kolorektdlni karcinom, kfery patfi k nejrozsifenéjsim nddorovym
onemocnenim v rozvinutych zemich, mize byt pfi velmi Casné
diagndze uspésné léCitelny Sv lokalizovaném stadiu az 90 %).
Existuji genetické abnormality, které vedou nejprve k benigni
proliferaci bunék sliznice tlustého stfeva tj. k Tvorbé polypu, dale
pak adenomi a hakonec ke vzniku adenokarcinomu, popfipadé
adenokarcinomu brzy metastazujicimu.

Asi 1/3 populace mivd po padesdtce adenomy tlustého stfeva; ale jenu
10 % vznikne karcinom. Tyto adenomy moZno klasifikovat podle jejich
velikosti, patologie (makroskopickd struktura) a dysplazie
(mikroskopickd struktura) na madlo a na vysoce rizikové.

Histopatologicka kritéria nejsou vdak dostatecné objektivni. Mnohem
lepsi je prikaz mutace genu K-ras, ktery patfti k protoonkogentim,
uplatfiujicim se v kaskadé transdukce signdlu a je tedy ¢dstecné
odpovédny za pfeménu adenomu na adenokarcinom. Mutace genu K-ras
se vétsinou objevuji v exonu 1, a to bud na kodonu 12 (66T) nebo 13
(6GC). Oba triplety (GGT i GGC) kdduji glycin. Vznikne-li mutace na
jedné z obou bazi (kupf. GGT®GCT), pak v sekvenci polypeptidu je
glycin nahrazen alaninem.



« SSCP
« DHPLC

Target DNA identical to Normal allele-specific DNA

Mormal DNA fragment

Target DNA fragment

Formation of Homoduplexes

Denaturing Tollowed

by reannealing
/

1 distinct band on denaturing

electrophonesis gel comasponding
torthe 1 hwbridization product

i
a

. I

1 distinct chromotagraph
peaks corresponding to
1 hybridization prod uct

Target DNA not identical to Normal allele-specific DNA
Formation of Heteroduplexas

Mormal DNA fragment

I

Tarngaet ONA fragment

»

Denaturing ollowed
by reannaalling

b

4 distinct band on denaturing
alectmophoresis gel comesponding
tothe < hybridization produects with
distinct makting tempaeraturas.

iy
ﬁ

A_A

4 distinct chromotagraph
poaks corrasponding to
the 4 hybridization products




Sekvencovani —

“Chemické (Maxam-Gilbetovo) sekvencovani

- pfiprava koncové znacenych jednofetézcovych fragmentu
- 4 paralelni vzorky - modifikace jednoho typu baze, kde je fragment
stépen

Enzymatické (Sangerovo) sekvencovani

- Syntéza komplementarniho vldkna k sekvenci kterou identifikujeme

A TG C

- 4 paralelni vzorky - do kazdeho jeden dideoxyribonukleotid



Pyrosekvencovani

Templale {origingl) DMA strand

5 —
3 Single-sivanded
E@ .E-. T DMA template
feif1] [\ /¢

unlabeled dNTPs fluorescently labelled ddMTPs

T ."'/ H
- n A e PP
— b pyra Sulfurylase

LA
— J,.'_'-LL ATP
¢ Luciferase
-— /G light
— [eh
- [a
L'._ . Signal detection

— LA Pyragram

|
T

T Muclestide added

AT.&C TG M ucleolide seguence



Library Preparation IS a

Library prep E ; :

Randomly shear DNA

P X -

End polishing, Z
Ligate adapters Limited PCR amplifies

only correct libraries

P4




Beads are
coated with P1
complementary

adapters

LR LIorially AITIPHIIES

Templated

bead
preparation

Library

=

PCR synthesizes a perfect copy
of the library fragment to the
bead

Simultaneously PCR amplifies
the original library fragment

And enables further copies of the
original library fragment to be
synthesized to the bead



vl pl O ¢ uunauy /—\IIIpIIIIES
Library

Templated
bead
preparation

’f At the end the beads are covered
with 20.000 to 40.000 clonal

copies of the original library

“é"
d";"\ T
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Sequencmg by ngatlon

SO B

System
Sequencing

SOLID™ Substrate
1 hm LEEERRRERARERNBIEENNRAIRHERA -
l:r"aLja'i‘d .5" =
F1 Adapter Template sequence

Glass Slide



SOLID™System Seqguencing
- Sequencing by Ligation:
Propg{qu, of the Probes

TEMPLATE
TITITEYY,.
o & Jobololicbonod Znd Base 5
‘ A 66 T
¥ GCTnnnzzz% | .
o
,TITITTYY.. W
3 nninz|z z 2 _ =
3 ATnnnz|z z 5

Cleavage Site

Probes are octamers:

* n = degenerate bases, z = universal bases
4> combinations = 1024 probes,
» 256 probes per color



Sequeﬁcing by Li'gation i

SO TN

System
Sequencing

Ligation and Imaging Excite Fluorescence

L,

I11'I'I'I1'I'I1'I1'I'I'I'I/*

JUUDUUUUI UL UUUULULUULILUL, o
TA

Cleavage Agent *
\

\

Cleavage '\\L - HOWJ

AT

T
LLLLLARRRRRRARRRRRRNIRRRE], ~
TA

Repeat Ligation, Imaging, Cleavage
Ligation cycle 1 2 3 4 5 6 7 . (n eyeles)

%£|||AA||| TTPET T T TTENRTT T 1



Seque}]cing by I_'igationu

SOLID™
System
Sequencing

Unwersal seq primer (n-1)
3 TETTTTTTINTITITIT .. 2. Primer reset

Reset

£ 1. Mett off extended

: T geguence
1 ¥
bgaq;] ® 3
Repeat steps 1-6 with new primer repeat
PRIMER ROUND 2
-1
Universal seq primer (in-1) CG Ad TA CC

£ i R
Hrm :
bead ® 3

T GC TT AT GG



Enéoding

SOLID™
System
Sequencing

Ligation Cycle
1 a 3 4 5 6 7

8. Repeat Reset with , n-2, n-3, n-4 primers
Primer Round

1 Universal seq primer (m)
3 TR TR 6,7 "n12 16,177 21,22 26,27 31,32
) Reset Universal seq primer n=1)

3 TITTITITITITIITT < 5(6 10,1 15,16 20,21 2526 30,31

14,15 19,20 24,25 29,30

Reset Universal seqprimer (m-2
3 ¢ primer (n-2) U |;,|10

Y e TR Bridge Probe 4,5

Reset Universal seq primer (n-3 -
4 3,'“?.,?1"".(1“: Bridge Probe 3, 4 3‘3‘ ’1_3,‘14 18,19 23,24 28,29

5 Reset Universal seq primer (n-4)

3 T PTITTITTTTTITIIT < Bridge Probe 2,3 78 12,\2‘ 1718 2223 2728

e Each position isnterrogated twice in independent extension
reactions with different primers

« Dual interrogation providescreased confidencan calls



SOLID™ System Sequencing
- Seqguencing by Ligation: 2 Base
Encoding

Double Interrogation

With 2 base encoding each ’ o .

base is defined twice

2nd Base Decoding
. . Color Space Sequence
TA AC AA (GA)
® GC CA CC TC Pocsible Dinucleotid
< cG GT AG ossible Dinucleotides
1z AT TT CT Base Zero
: © |
AT GG Decoded Sequence
Y Y Y

AT G G A Base Space Sequence




Why Do We Use Color
Space?

... you will always find a two color change

ACGIGTCGTCGTGTGCGT

ATGIGTCGTCGTGTGCGT
e —

If you have a true base change....

Single color changes can only come from sequencing errors and are corrected



Alignment of Sequencing Tags

and Differentiation of Real SNPs From Correctable
Mis-reads

Sequence reads

2 color change = SNP 1 color change = mis-read

Reference sequence



Sekvencovani v onkologii

Studium mutaci a polymorfismd (K-RAS, BRCA1, p53, RB1)

Fragmentacni analyza napf. RB1 - mutacni scanning na drovni
DNA i RNA pomoci pfimého sekvenovani, vyhledavani velkych
deleci pomoci MLPA analyzy, analyza metylace promotorové oblasti
vysetfeni periferni krve / nddorové tkané

Schéma konstrukce para sond

\ AN J \ AN J \ J
Y Y Y Y Y
komplementarni Stuffer  komplementarni
sekvence k \\ W, sekvence sekvence k
univerzalnimu YT univerzalnimu
primeru Y specificka hybridiza éni primeru X

sekvence



Princip MLPA

ds DNA
l DENATURACE (98°C)

ss DNA

ss DNA
l HYBRIDIZACE (98°C)
l LIGACE (54°C) Ligaza-65
l inaktivace ligazy p Fi 98°C

===F PCR
l R pouZiti univerzalnich
primer O

l fragmentova analyza

SEPARACE



Detekce deleci

A) NORMALN{ HOMOZYGOT B) DELETOVANY HOMOZYGOT

EVRYRY i, o) S
ARV, o o/ i/
e R — —3/ —3/

‘{

C) HETEROZYGOT

— — — s s/




RNAi technologie

Synthatic molecules for RMAI Vector-based exprassed BMA] in vitro synthasized RMNAI

Standand siHYA, tea 1™ Rhidi shhfA sopression. miflkls Cicar processing

I T _'ﬂImmmmO _uﬂm]]mmo al long dsilia,

w oo | RS

l Ciie
V09 % 6V % 40 A e

sk in mammaiancel : )
+ ipoal of 21-23 nt aRAs)

RISC loading
siEM A urvainding
laraet recoanition

Target mit s

Celular rrieasag e 15 destroyed




Stealth™ RNAI Collection

-] 1-J-R-F-3-T-F - F-F-1-]
ufafu Bl pufaRualuBufuds
R 3-3-1-1-3-1-1-1-3-1-]
ooo000%00000
DOV OQTNGDQ0
-1 0-R-2-3h-X-1-1-1-
- J-1-J-R-R-3- Q-0 F-F-T-]
00 OROORIED

-

Reporter assay
Cellsensor™ p-lactamase

o o0

Stealth™ duplexeas
Fluorescent control

Blank welk for

custom controls

Stealth™ RMAT Positive Cortral
pa3, Stealth™ RHAI Megative
Cortrol Low GC, Medium GC
and High GC

1. Transfer and dilute Stealth™
RMAT into transfection plate

2. Add Lipofectamine™

2000
Reagerit

3. Add cells

Reverse transfection®

20000000 ODAD
oocooofoOoCOO
20000 QURGOOR
P00ASDODODAD
02000000000
20000000000
0Q0QQDODQ0N0
o000 000O00

Screening

afn

Gene expression

g PCR L™ Primers

Ex = 485 nmi

Fluorescerce

H Lrmrameca e

IR
rl;ll'l"-l-lhl- 11

0 10000 0000 10000 40000 SOGO0
Murmbe=r ofcels

Cell proliferation
CyQUANT Cel
Praliferation Assay

Protein expression

Alexa Fluor®

immunacytochemistry



miRNA s vlastnostmi

Funkce miRNA ve zdravé tkani néddorového supressoru

Blokovani translace

Pri-miRNA T ""‘f'—-e_-." OgDJ @& Onkoprotein |

. FAAYAYATAYAY Nadorova transformace:
. nacny proliferace
L ( ACE , diferenciace o +diferenciace
Y apopliza
‘“-H.____.-\.?
2idnmﬁ transformace: ; - e
bunétny rist a proliferace T
+diferenciace MEnnpa 7(; Sasach & )
apoptdza i 7
MGppsG -vu—ﬁn——ﬁmm
miRNA e

s vliastnostmi onkogenu



Fokl
cleavage

)'\ domain

Zinc Finger
Array

\

Figure 2 Schematic of zinc finger nucleases. Left panel shows structure of a three-
finger ZFM. Right panel shows a dimer of three-finger ZFNs bound to their target
cleavage site. MNote that the “spacer” sequence shown is typically 5 to 7 base pairs in
length. Red arrows indicate cleavage paoints on the DMA,




Designed ZF Nucleases Mediate Sequence Modifications

—
e

1 DSB

=I/,I\\=

+donor? no  yes  yes

A RN

NHEJ: HDR: HDR:
— —— — A
Gene Disruption Gene Correction DNA Insertion

DNA repair mechanisms are invoked, resulting in precise genome modifications



ZFN technologie

JFH Pair Recaqnizes
anid Hoterod imsenires
argund Tasget She

IFH Panr Makes Dowble
Steandd Break and
dissoclates from DRA

HO REPAIR TEMPLATE
coviransfecbed with

IFM Fair 1-20% of cells
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i o Garsp Dletion

Cellular Process Usesd: Kon-
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Transcription Activator-Like Effector Nuclease (TALEN)

@) LTPDQVVAIASHDGGKQALETVQRLLPVLCQDHG

------ ~——— ______..---—-"'"""""_ NLS AD
N | Y Il C
B ’/' é DNA Binding Domain é‘ é
HID NI NG HD NN HD HD NI HD NG NI HD HD NN NG
U D AR (A (N A N R Y N A A
5 CATCGCU CACTACT CGT
‘ Target DNA
HD—=>C NI—-A NG—=T NN—G
(b)
NLS NLS
\ o . —
B, ! DNA Binding Domain .

-
\ -
-

A

S - -
5 -ACGTAGCTGCATCGCCACTACCGTATGATi!ﬁCTGTGCAGTTGTGGTTTGTCTACCGTA
3n —TGCATCGACGTAGCGGTGATGGCATACTA%GACACGTCAACACCAAACAGATGGCAT

Cermak T et al. Nucl. Acids Res. 2011;nar.gkr218

© The Author(s) 2011. Published by Oxford University Press. Nuc[eic Aﬂ'ds RESEEl'Ch



Golden Gate assembly of custom TAL effector and TAL  EN constructs using module, array,
last repeat and backbone plasmids.

Array plasmids
pHD1-pHD10, pNG1-pNG10, efc. ‘ , pFUS_A , pFUS_A30A, pFUS_A30B, and
(SWigiB readon) D{ges_ﬂon & pFUS_B# (pFUS_B1 through pFUS_B10)

Ligation

* Esp3l overhangs differ in different
array plasmids. See Step 2.

spec
(= ts ]

I 1l

Last Repeat plasmid

| __-- (pLR-HD, pLR-NG, etc.)
5 spec | spec | - B e
B . pFUS_A30A pFUS_A30B = B STETEE T o

+

Backbone plasmid pTAL1 or pTALZ2 (no STOP) Backbone plasid pTAL3 or pTAL4 (LEUZ in place of HIS3)

Digestion & g ) - ; Digestion &
- ingle reaction, ingle reaction e ds

B s Ligation < B 8 : Ligation s B
: T T |
NLS AD B

[ or

amp HIS3
TAL effector (with or without stop TALEN in yeast vector (with HIS3 or
codon) with array of 12-31 RVDs LEU2 marker) with array of 12-31 RVDs

Cermak T et al. Nucl. Acids Res. 2011;nar.gkr218

© The Author(s) 2011. Published by Oxford University Press. thic Ad'ds Reseaﬂ:h



TALEN or TAL effector construct assembly timeline.

3 white colonies

DNA prep &

Day 1 Day 2 Day 3 Day 4 Day 5
Target and Pick and culture DNA prep & Pick and culture
design verify by digest

Perform Golden
Gate reaction 1

to build arrays
of 10 and 1-10
repeats

each

Perform Golden

Gate reaction 2
to join arrays in
a backbone
vector

3 white colonies
each

verify by digest
(or sequencing )

Constructs
ready to test in
yeast (TALENs)

or Xanthomonas

(TAL effectors)

or to subclone

into vector of
choice

Cermak T et al. Nucl. Acids Res. 2011;nar.gkr218

© The Author(s) 2011. Published by Oxford University Press.

Nucleic Acids Research



DNA metylace a nadory

Distribuce metylace je v genomu nddorovych bunék casto pozménéna:

rozsahlé hypometylované
oblasti

v nddorovych bunkdch dochazi k
rozsahlym demetylacim
repetitivnich sekvenci a stupen
hypometylace koreluje s
progresi onemochéni.

hypometylace repetitivnich
sekvenci muze byt casnou
udalosti kancerogeneze a muze
predisponovat burku k
prestavbdm genomu
mechanismem rekombinace

zmeény specifické genové exprese

hypermetylace ve specifickych

oblastech

hypermetylace se v nadorovych bunkach
objevuje v promotorech genu pro
nadorove supresory, genu
Ucastnicich se mezrbunecnych
adhezi, oprav DNA,

epigenehcke zmm'm)nr mohou byt
postupne: DNA metylace a
acety ace histonu fungu,jl Jako tzv.
Jfranskripcni reostat"

hypermetylace promotoru potencialné
reverzibilni: epigeneticka plasticita
muzZe odrazet dynamiku nékterych
procesu béhem kancerogeneze -
napr. behem tvorby metastaz

zmena aktivity i hladiny DNMT




Mutace zprostredkované

replikace reparace
——c—
o D G—
Evoluce genu x nadory:

1) amplifikace sekvenci navodi metylaci

2) reverzibilni inaktivace

3) mutace meC - irreverzibilni inaktivace

4) vznikly pseudogen - masivni mutace (bez selekéniho tlaku)

5) vznik a reaktivace genu s novou funkci
’, s, . s, o
x) mutace u nadoru - nové funkce aktivovanych genu




Bisulfitové mapovani

NaHSO;, zvysené pH
1. denaturace c
2. modifikace C na U (bmetC nezménén)
3. PCR, sekvenace

puvodni sekvence - metylovand

modifikovana sekvence - UNM

N
Hgo NH4+

A

cytosin cytosinsulfondt uracilsulfondt uracil




Restrikéni Stépeni

CH3 CH3

MPUC(40—3000)PUC
@ digestion by
McrBC
CH3

—Pu(IJ— CH3 /\ PuC PuC
PuCl) PuC PuC
Methylated DNA Unmethylated DNA

McrBC control McrBC control




Analyza souvislosti mezi
metylaci genu E6 HPV16 a
rizikem vzniku onemocnéni

. S —
s 8 g & EIHPVA16 pos.
a: 3' NS Qo Qo 80 1-----pagagoccccocc: B<O0010 e HEHPV16 ne
S G\e 03\8 S S EF S P<0.001 ¥
S ¥ ¥ O O O O & O > 601 Rl R
digested g
samples & - e --uwes @9 59b>bp s M- T |
control Eue BEUEE B .
— 0 asympt.w.. CINIT " CIN I/l ‘carcinomas
L0 —
Omethylated 0.12 P=0,009
L e Bunmethylated .
S _|P=0.21 _ 0.10 T
I —E— S 0.08
S P<0.001 7
3 . 8 0.06
o 40 P<0:001 g a
2 & 0.04
200 gy &2 0.02 l
0 : , — e == mean
asympt.w. CIN | CIN I/lIl carcinomas 0.02 5meaniSE

U
”’nethylated MGthy/ated Imean=1.96SE






