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Analyza genomovych zmen

= Detekce nebalancovanych genomovych zmén
amplifikace, delece — CNV — copy number variations
CGH Cipy

|

Detekce uniparentalni dizomie, genotypizace
SNP gipy

= Detekce mutaci, polymorfismu
Resekvenacni Cipy

= Analyza epigenetickych zmen
ChIP on chip, Cipy pro stanoveni metylace, DNAse-chip
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Vychozi material - DNA

= Kvantifikace DNA

Méreni absorbance nukleotidu A,
Stanoveni Cistoty

Assoianso — 1.8-2.0 (<1,8 kontaminace proteiny)

Assoia30 >2.0 (<2 kontaminace organickymi latkami
— guanidinium isothiokyanat, alkohol, fenol nebo jinymi
buné&nymi komponentami — karbohydraty.

Nanodrop — Mala spotfeba materialu (1ul)
PIny spektralni rozsah 190-840 nm
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Vychozi material - DNA

= Kontrola kvality DNA

Elektroforéza
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Cytogenetika na Cipu
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CGH - komparativni genomova hybridizace

Kohybridizace znacené DNA vzorku a kontrolni DNA

na normalni metafazni chromozomy na sondy navazané na sklicku
Klasicka CGH, HR-CGH BAMIFSONA . it DA array CGH
Metoda molekularni cytogenetiky U + U
-._._...--F"'f.-:;'.l;.rldn:;r:n“"--._,_____
srr-cGH
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www.medscape.com

Typy CGH

» Klasickd CGH (kallioniemi et al 1992)

RozliSeni 5 -10 MB
Citlivost — 50% aberantnich bunék

= HR-CGH — High resolution CGH (kirchhoff et al. 10998) £
PokrocCily algoritmus analyzy obrazu | 1 ET
Vy$§i rozlieni (~3 MB), vy$§i citlivost E E % E

u Arl‘ayCGH (aCGH, matl’iX CGH) (Solinas-Toldo et al. 1997)§ 6 é i Té h
Vysoké rozli§eni — zavisi na typu ¢ipu (1kb — 1IMB) C E q
Citlivost — 30-40% aberantnich bunék LEd e Bl KE

http://web.ncifcrf.gov (NCI-Frederick)
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Rozdeleni aCGH podle typu sond

= Useky genomové DNA vloZzené do vektort

YAC (Yeast Artificial chromosome) — 200-1000 kb
BAC (Bacterial Artificial chromosome) — 50-200 kb

PAC (Phage Artificial chromosome) — 75-200 kb
Kosmidy — 30-40 kb

= cDNA-1-2 kb
Pouze genové oblasti
Horsi schopnost detekce jednokopiovych zmén

= QOligonukleotidy - 25-85 bazi
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Rozliseni aCGH

= Rozliseni Cipu je dano délkou a hustotou
pokryti DNA sond

BAC ~ 1Mb
cDNA — 1-2 kb
Oligonukleotidy — 1 pod 1 kb
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Platformy aCGH

= Celogenomove

Sondy rozmisténé po celém genomu v urcitych intervalech
tilling arrays — presné mapovani deleci, zlomu

= Chromozdomoveée

= Cilené

Analyza vybranych ,hot spot” oblasti spojenych s konkréetnim
onemocnenim
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Tiling arrays
« Tiling = ,obklad"

Presné mapovani s vysokym rozliSenim

Genomic DNA on the chromosome

Tiling
Probes

Platform  Probe length Resolution Arrays in
whole genome set
Affymetrix 25-mer 35 bp 7
NimbleGen 50-mer 100 bp 38
Aptlent O0-mer 195 bp 3l

aCGH, resekvenacni, ChIP on chip, MeDIP-chip, DNAse-chip
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Oligonukleotidové aCGH

Agilent
Sondy 60 bazi, SurePrint technology — in situ synthesis printing
Ruzné formaty — vzdalenost sond ur€uje rozliSeni

Lidsky genom - 1x1M — rozliseni 2,1 kb/1,8 kb v RefSeq genech
— 2x400K — rozliseni 5,3 kb/4,6 kb v RefSeq genech
— 4x180K —rozliseni 13 kb/11 kb v RefSeq genech
— 8x60K — rozliSeni 41 kb/33 kb v RefSeq genech

180K 60K || 60K

400K -

180K 60K | | 60K

1Million - -

180K 60K | | 60K

400K I

Dal$i organismy: mys, krysa, krava, pes, o K {
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kufe, Simpanz, makak Rhesus, ryze )

Custom arrays
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Postup - Agilent

200-500 ng gDNA
Direct Method of Oligo aCGH Workflow

from blood, cells or frozen commercial source or isolation
tissue from blood, cells or frozen
tissue

Experimental gDNA isolation Reference gDNA from ‘

[Hestrictiun digestion of gD NA’]

-_____'t__________i____

( Labeling of gDNA ] (

[Hestrictiun digestion of gDNA"

v

[ Purification of labeled gDNA

)
Labeling of gDNA ]
)

[ Purification of labeled gDNA J

v

[ Preparation before hybridization J

or
40-hour (for 1x ar 2x microarrays)
hybridization (65°C)

v

Microarray washing ]
)
)

v

[
[ Microarray scanning
(

!

Feature extraction

50 ng gDNA

Amplification Method of Oligo aCGH Warkflow
| Experimental gDNA isolation l

Reference gDMNA from
from blood, cells or frozen commercial source orisolation
tissue from blood, cells or frozen

tissue
)

[ Amplification of gDNA ] [ Amplification of gDNA

v

[ Purification of amplified gDNA ]

[ Purification of amplified gDNA J

v +

(Quantitation and'cuncentratiun of
amplified-purified gDNA

Quantitation and concentration of
amplified-purified gDNA

Labeling of gDNA ] Labeling of gDNA ]

v Y

Purification of labeled gDNA ] [ Purification of labeled gDNA ]

v
Preparation before
hybridization
————— — — — — 1 — — — — — — — — — m— -
24-hour (for 4x and 8x
microarrays) or
40-hour (for 1x or 2x
microarrays)
hybridization (65°C)

v

Microarray washing J

-

[ Microarray scanning ]

¥

Feature extraction ]
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Oligonukleotidové aCGH

Roche NimbleGen
Sondy 60 bazi
Specifické aplikace
Cytogenetic Arrays - CGx
CNV Arrays

Whole Genome Tilinig Arrays
CGH Whole-Genome Exon-Focused Arrays

— O —

—

Formaty

4.2M, 2.1M, 3x1.4M, 3x720K, 6x630K, 12x270K, 12x135K, 385K, 4x72K
(Chromosome Tiling)

DalSi organismy: mys, krysa, krava, pes, kure, makak Rhesus, Caenorhabditis
elegans, Drosophila, Zebrafish, Saccharomyces cerevisiae, Schizosaccharomyces
pombe, Plasmodium falciparum
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Monoalelicka delece a kratka bialelicka
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SNP &ipy

= Cipy umozhujici rozlisit nejen CNV, ale i SNP

= SNP — jednonukleotidoveé polymorfismy

V lidskem genomu asi 15 mil identifikovanych
polymorfismu

Asociace s onemocnenimi
(Polymorfismus vs mutace)

= UrcCeni stavu alel, haplotypu
Genotypizace, asociacni studie

= Detekce ztraty heterozygotnosti/uniparentalni www.marshall.edu
disomie
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Uniparentalni disomie (UPD) / ztrata heterozytosity

CNN LOH - copy number neutral loss of heterozygozity

Vyskytuje se u rady onemocnéni
Somaticka vs germinalni

Heterodisomie vs isodisomie

monosomie
= > i
~Sa

Normalni UPD

karyotyp

mutace
trisomie
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Uniparental
heterodisomy

Biparental
heterodisomy
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Princip SNP Cipu

= Sondy pro detekci CNV jako u CGH &ipu + sondy
specialneé navrzene pro detekci SNP

= Pro analyzu SNP neni testovana DNA srovnavana s
kontrolni DNA

= VVyhodnoceni CNV

srovnani s kontrolni DNA hybridizovanou na jiném/stejném Cipu
porovnani s daty uloZzenymi v softwaru - soubor kontrolni DNA
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Affymetrix

SNP6 R
Délka sond 25 bazi lmmﬁmj
946 000 CNV sond, 906 600 SNP sond W o 0 g 13
Nerovnomeérné rozloZzeni sond — vice v genech
Vyssi rozliseni pro UPD, vhodné pro genotypizaci

i
T
3
i

CytoScanHD
Délka sond 49 bazi
2.6 millionu CNV sond z toho 750,000 "genotype—able" SNPs
Vzdalenost sond v genovych oblastech 0,4-0,8kb
Detekce oblasti identickych pldvodem
Stanoveni mozaicismu

OncoScan FFPE
Pro degradovanou DNA z parafinovych blo¢kd (FFPE — formalin fixed parafin
embedded)
~900 nadorové asociovanych genu
Detekce LOH, CNN LOH + nékteré somatické mutace
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Princip SNP Cipu - Affymetrix

25b sondy

zamena 13. nukleotidu -

nejvetsi vliv na silu vazby
pri neshodeé

SNP

Genomic DNA referepce sequence

(A)

Tiling

Quartet

PMA TTGCAGTGCAA

MMA TTGCAGTGCAAG RACAGTAAGCTCA
PMB TTGCAGTGCAA CAGTAAGCTCA
MMB TTGCAGTGCAAGE’ACAGTAAGCTCA

CAGTAAGCTCA
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Postup - SNPG6

' ' } t } '
Nsp | Nsp | Nsp | Sty | Sty | Sty |
l RE digestion l RE digestion
e I
— —
I I

1 Nsp adaptor ligation l Sty adaptor ligation

l PCR: One primer l

PCR: One primer
amplification

amplification

Complexity

reduction cleanup
l Fragmentation and
end-labeling

R

— —

Bl - Hybridization
[— and wash
—

= =

500 ng gDNA
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lllumina Bead array

= BeadChip

= Vice formatu
o 4,12, 24 vzorku na Cip
= 300 tis - 2,45 mil markeru
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Princip SNP Cipu - lllumina

= (gDNA) T* ) A (gDNA)
|nﬁ_ni_um [ | gif';telzzl tp;::)e:s A* ) \1::
Infinium HD C - == ( '___, < —
G*

@ Hybridize samples on BeadChip © Extend/Stain samples on

BeadChip

1x 50b, single base extension; pouze A/G, A/C, T/C, T/G
(dvoubarevna metoda)

= = \ & PN
Infinium | C=—= C—
\___/mismatch \__“/mismatch

® Hybridize samples on BeadChip @ Extend/Stain samples on
BeadChip

2X 50D, allele specific extension
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Agilent

Human Genome CGH+SNP Microarrays
2x400K, 4x180K

60b, SNPs pouze v mistech rozpoznavanych
restrikCnimi endonukleazami
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Princip SNP Cipu - Agilent

——e e — €GTC ————
1 Restriction Digestion 1
Labeling
— R B AG
. — R core WM

‘ Hybridization 1

0-\ SNP = C; UNCUT

high signal
P=A; T :
—— Microarray
low signal
Probes
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Bluegnome

CytoSNP - 850K

24sure — PGS

Preimplantacni screening — detekce aneuploidii vSech 24
chromosomu

24sure+ - PGD

PreimplantaCni geneticka diagnostika — screening emryi nositell
reciprokych translokaci

Dalsi specifické
Cytochip-focus — Spatna kvalita DNA — amniocentéza, odbér
choriovych klku

CytoChip Cancer
CytoChip ISCA (The International Standards for Cytogenomic Arrays)
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Vysledky SNP arrays - analyza CNV

amplifikace + delece

Cd474 A8 CytoScanHD _LabCorp_BetaTest-1_CBE_06022011.cvhd.cychp: Copy Number State (segments)

C474_A8_CytoScanHD_LabCorp_BetaTest-1_CB_06022011.cyhd.cychp: Weighted Log2 Ratio
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Vysledky SNP arrays — analyza CNV

monoalelicka + bialelicka delece

CLLE34_1205805_(CytoScanHD_Array).cyhd.cychp: Copy Number State (segments)

CLLE34_120608_(CytoScanHD_Array).cyhd.cychp: Weighted Log2 Ratio

CLLGE34_1205805_(CytoScanHD_Array).cyhd.cychp: Allele Peaks
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Vysledky SNP arrays
CNN LOH

CLL1298_131220_(CytoScanHD_Array).cyhd.cychp: Copy Mumber State (segments)

CLL1298_131220_(CytoScanHD_Array).cyhd.cychp: Weighted Log?2 Ratio

CLL1298_131220_(CytoScanHD_

CLL1298_131220_(CytoScanHD_Array).cyhd.cychp: Allele Peaks '

CLL1298_131220_(CytoScanHD_Array).cyhd.cychp: LOH (segments)
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Vysledky SNP arrays
chromothripse

CLL718_141010_(CytoScanHD_Array).cyhd.cychp: Copy NMumber State (segments)
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Vysledky SNP arrays

— identifikace oblasti identickych puvodem (stanoveni konsanguinity)
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Glykogendza, typ Il
autozomalné recesivné dedicné onemocnéni, mutace v genu AGL
(enzym ucastnici se degradace glykogenu)
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Vysledky SNP arrays

- genotypizace

SNP_A-4192495 (20071107 _123709 - SNP_5)
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Vyuziti CGH, SNP cCipu

= Nadorova genomika
V nadorovych bunkach ¢asto zmény genomu — primarni i sekundarni

= Klinicka genetika
PresnéjSi charakterizace mikrodele¢nich syndrom

|dentifikace genomovych zmén u pacientl s mentalni retardaci i jinymi
vrozenymi postizenimi

= Prenatalni a preimplantacni diagnostika

= Asociacni studie — asociace SNP i CNV s radou onemocnéni
(revmatoidni artritida, diabetes, nadorova onemocnéni)

= Farmakogenomika
= Evolucni studie
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Resekvenacni Cipy

= Paralelni sekvenace vice oblasti
= Detekce mutaci, na ktere je Cip navrzen
= Screeningova metoda

= Komercne dostupné ,diagnosticke” Cipy

Roche — platforma Affymetrix
Cytochrom P450 — FDA approval, CE-IVD
Amplichip P53
Neni nutné overovat vysledek
Jen 1 gen, ale velmi rychlé (protokol max 2 dny)

APEX
Dostupné Cipy pro konkrétni geny + mozny vlastni design
Nutné ovérit Sangerovym sekvenovanim
Research use only
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Resekvenacni Cipy - Affymetrix

Stejny princip jako detekce SNP
Kratké oligonukleotidy — 25mery
Typizovana baze na 13. pozici
SNP array — 4 sondy na jeden SNP
X resekvenovani — 8 sond na jednu pozici

TCGGTAGCCATGAATGAGTTACTAC Probe 1 Forward
TCGGTAGCCATGCATGAGTTACTAC Probe 2 Forward
TCGGTAGCCATGGATGAGTTACTAC Probe 3 Forward
TCGGTAGCCATGTATGAGTTACTAC Probe 4 Forward
g Genomic Sequence of interest

AGCCATCGGTAGATACTCAATGATG Probe 1 Reverse
AGCCATCGGTAGCTACTCAATGATG Probe 2 Reverse
AGCCATCGGTAGGTACTCAATGATG Probe 3 Reverse
AGCCATCGGTAGTTACTCAATGATG Probe 4 Reverse
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Resekvenacni Cipy Affymetrix - princip

TAGCCATCGGTAAGTACTCAATGAT
TAGCCATCGGTATGTACTCAATGAT
TAGCCATCGGTAGGTACTCAATGAT
TAGCCATCGGTACGTACTCAATGAT

ATCGGTAGCCAT -CATGAGTTACTAGTCGA

TAGCCATCGGTACGTACTCAATGATCAGCT

ATCGGTAGCCATACATGAGTTACTA
ATCGGTAGCCATTCATGAGTTACTA
ATCGGTAGCCATGCATGAGTTACTA
ATCGGTAGCCATCCATGAGTTACTA
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Resekvenacni Cipy Affymetrix - princip

AGCCATCGGTACATACTCAATGATC
AGCCATCGGTACTTACTCAATGATC
AGCCATCGGTACCTACTCAATGATC
AGCCATCGGTACCTACTCAATGATC

AGCCATCGGTAC -TACTCAATGATC

ATCGGTAGCCATGCATGAGTTACTAGTCGA

TCGGTAGCCATGAATGAGTTACTAG
TCGGTAGCCATGTATGAGTTACTAG
TCGGTAGCCATGGATGAGTTACTAG
TCGGTAGCCATGCATGAGTTACTAG
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Resekvenacni Cipy Affymetrix - princip

GCCATCGGTACGAACTCAATGATCA
GCCATCGGTACG 'ACTCAATGATCA
GCCATCGGTACGGACTCAATGATCA
GCCATCGGTACGCACTCAATGATCA

AGCCATCGGTACG ACTCAATGATCA

CGGTAGCCATGCATGAGTTACTAGTCGA

CGGTAGCCATGCATGAGTTACTAGT
CGGTAGCCATGCTTGAGTTACTAGT
CGGTAGCCATGCGTGAGTTACTAGT
CGGTAGCCATGCCTGAGTTACTAGT
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Resekvenacn

AFFYMETRIX
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Resekvenacni Cipy Affymetrix

= Sekvenace mnoha kb soucasné

Format 49 100 169
Sequence | 300 kb 100 kb 50 kb
Capacity

= Citlivost - 10-25% mutovanych alel ve vzorku
= Problematické oblasti — GC bohaté, repetitivni
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Resekvenacni Cipy - postup
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Hybridization,
Wash, and stain

End-labeled fragments

Protokol - 3 dny
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Resekvenacni Ci

GeneChip DRA Anadlysis Software - [Resequence &nakysis]
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Resekvenacni Cipy
APEX

Arrayed Primer EXtension

Prodlouzeni sondy o jeden nukleotid komplementarni ke
vzorku

4-barevna technologie — nutné specialni vybaveni
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Epigenomika na Cipu
= ChIP on chip

= MeDIP-chip
= DNAse-chip

= Studium regulacnich oblasti genomu

Na Cipu sondy pro sekvence promotoru, enhanceru,
silenceru, responzivnich elementu
Tilling arrays
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ChIP on chip

= Chromatin immunoprecipitation on chip
= Mapovani vazby proteinu na DNA

= Studium vazebnych mist transkripénich faktoru,...
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Pratein-bound chromatin ‘ﬂ ‘ 'l'-.‘ 1 ‘-. 1 ‘ ‘

e T ChlIP-on-chip
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Removal of antibodies and end-labelling DNA fragments
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Hybridization to tiling array
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Identify protein binding sites genome-wide —

~ ﬁ ERS, INVESTICE DO ROZVOJE VZDELAVANI
o > <.
Iﬁr i.' M Tato prezentace je spolufinancovana
- MINISTERSTVO SKOLSTVI, opvméma:i

Evropskym socialnim fondem
a statnim rozpodtem Ceské republiky

* X %
% s
5 *
* *

* 5 *

EVROPSKA UNIE

VsV
#&
&,
VENstS

oty - &
MLADEZE A TELOVYCHOVY pro konkurenceschopnost ANA®



MeDIP-chip

= Methyl-DNA immunoprecipitation
= Detailni mapovani metylace celeho genomu

= DNA metylovana na cytosinu v CG dinukleotidech — regulace
genove exprese

Imunoprecipitace s protilatkou proti 5-metyl-cytosinu
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MeDIP-chip
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Sonication
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Hybridize to tiling array

Identify methylated cytosine

across genome 5'— ATTCGCGCTTAAGGCCTGCTGCGCATATAGCGCA ——3
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DNAse-chip

= Mapovani mist bez nukleosomu — otevieny chromatin,
transkripcné aktivni

= Hypersensitivni ke stepeni DNasou |

= Po stépeni fragmenty ~1,2kb

Predikce regulaénich elementu
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DNAse-chip

vvy v 7

Digest chromatin with DNasel el Ff VW _— > -~
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lsolate digested fragments

Hybridize to tiling array

Identify regulatory elerments L'P
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