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Analyza genomovych zmen

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

|

Detekce uniparentalni dizomie, genotypizace
SNP ¢&ipy

= Detekce mutaci, polymorfismu
Resekvenacni Cipy

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

= Kvantifikace DNA

Méreni absorbance nukleotidu A,
Stanoveni Cistoty

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

Asoan30 >2.0 (<2 kontaminace organickymi latkami -
— guanidinium isothiokyanat, alkohol, fenol nebo jinymi ? N
bunécnymi komponentami — karbohydraty.

Nanodrop — Mala spotfeba materialu (1ul)
Plny spektralni rozsah 190—840 nm
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Vychozi material - DNA
= Kontrola kvality DNA

Elektroforéza
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CGH - komparativni genomova hybridizace

Kohybridizace znacené DNA vzorku a kontrolni DNA

Patisent s DHA Referencs DNA

e

na normalni metafazni chromozomy U ' U na sondy navazané na sklicku
Klasicka CGH, HR-CGH array CGH
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Typy CGH

» Klasicka CGH (kaiioniemi et a 1992)
Rozliseni 5 -10 MB
Citlivost — 50% aberantnich bunék

www.medscape.com

1
22 (19) 3 ﬁ

“Source: Am J Clin Pathal © 2003 American Society of Glinical Pathologists, Inc.

= HR-CGH — High resolution CGH (kirchnoft et al. 1998) :

Pokrocily algoritmus analyzy obrazu

VySSi rozliseni (~3 MB), vysSi citlivost

u ArrayCGH (aCGH matrIX CGH) (Solinas-Toldo et al. 1997) &
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Vysokeé rozliSeni — zavisi na typu Cipu (1kb — 1MB)

E}E
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Citlivost — 30-40% aberantnich bunék W F I van e
http. //Web ncifcrf.gov (NCI Freder/ck)
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Rozdeleni aCGH podle typu sond

= Useky genomové DNA vloZené 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-1-2kb

Pouze genové oblasti
HorsSi 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

= Cilené

Analyza vybranych ,hot spot” oblasti spojenych s
konkrétnim onemocnenim

= Chromozdémoveée

= Celogenomoveé

Sondy rozmisténé

rovhnomerneé po genomu
v urcitych intervalech

tilling arrays — presné mapovani deleci, translokaci
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Tiling arrays
= Tiling = ,,obklad"”

Presné mapovani s vysokym rozliSenim

Interval Markers

e —E———
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Tiling Resolution

aCGH, resekvenacni, ChlIP on chip, MeDIP-chip, DNAse-chip
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Oligonukleotidovée aCGH

Agilent

Sondy 60 bazi, SurePrint technology — in situ synthesis printing

Ruzné formaty — vzdalenost sond urcuje rozliSeni

Lidsky genom — 1x1M - vzdalenost sond 2,1 kb/1,8 kb v RefSeq genech
SurePrint G3 — 2x400K - vzdalenost sond 5,3 kb/4,6 kb v RefSeq genech
| | (M| =M= 4x180K - vzdalenost sond 13 kb/11 kb v RefSeq genech
o - — 8x60K - vzdalenost sond 41 kb/33 kb v RefSeq genech

L]0 S0K | &
TMillian

180K §0K | | 60K
400K

..................

DalSi organismy: mys, krysa, krava, pes, kure, Simpanz, makak Rhesus, ryze
Custom arrays
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Oligonukleotidovée aCGH

Roche NimbleGen
Sondy 60 bazi
Specifické aplikace
Cytogenetic Arrays - CGx
CNV Arrays
Whole Genome Tiliinig Arrays
CGH Whole-Genome Exon-Focused Arrays

Formaty

4.2M, 2.1M, 3x1.4M, 3x720K, 6x630x, 12x270x, 12x135K, 385K, 4x72k
(Chromosome Tilling)

DalSi organismy: mys, krysa, krava, pes, kufe, makak Rhesus, Caenorhabditis elegans,

Drosophila, Zebrafish, Saccharomyces cerevisiae, Schizosaccharomyces pombe,
Plasmodium falciparum
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Postup - Agilent

. . Amplification Metheod of Olige aCGH Workflow
Direct Method of Oligo aCGH Workflow
| Experimental sample gDNA | | Reference sample gDMA |
Experimental sample gOMNA Reference sample gOMNA v v
¥ ¥ | Amplification of gDNA | Amplification of gDNA |
Restriction digestion of gDMNA Restriction digestion of gDNA ¥ ¥
* [ | Purification of amplified gDNA | | Purification of amplified gDNA |
— E— : .
Quanttation and concentration of Ouantitation and concentration of
¥ L] amplified-purified gDNA amplified-purified gDNA
Purification of labeled gDMNA Purification of labeled gD MNA ¥ ¥
| | | | —
e ¥ L]
] . Purification of labeled gDNA Purification of labeled gDNA
Preparation before hybridization | ! |::atmnula it | | i mamnula Ferd |
¥ y
24-hour (for 4x44K and BX15K Preparation before
. hybridization
microarrays) or 7
40-hour (for 1x244K or 2x105K 24-hour (for 4x44K and Bx15K
microarrays| hybridization [85°C) microarrays) or
¥ 40-howr (for 1x244K or 2x105K
Microarray washing microarrays)
hybridization {65*C)
¥ ¥
Microarray scanning | Microarray washing |
L ¥
| Feature extraction | | Microarray scanning |
+*

| Feature extraction |

200-500 ng gDNA 50 ng gDNA

e L]
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Kratka delece mono a bialelicka
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SNP &ipy

Cipy umoznuijici rozlisit nejen CNV, ale i SNP

SNP — jednonukleotidove polymorfismy

V lidském genomu asi 15 mil identifikovanych
polymorfismu

Asociace s onemocnénimi
(Polymorfismus vs mutace)

UrcCeni alelového statusu, haplotypu
Genotypizace, asociacni studie

Detekce uniparentalni dizomie

www.marshall.edu
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Uniparentalni disomie (UPD)

CNN LOH — copy number neutral loss of heterozygozity
Vyskytuje se u rady onemocneni
Germinalni vs somaticka
Heterodisomie vs isodisomie

monosomie
S - i
. -
UPD
"1

Normaini mutace
karyotyp trisomie
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Princip SNP Cipu

= Sondy pro detekci CNV jako u CGH ¢ipu + sondy
specialne navrzene pro detekci SNP

= Jednobarevna detekce — na Cip se hybridizuje pouze
oznacena testovana DNA
= VVyhodnoceni

srovnani s kontrolni DNA hybridizovanou na druhem Cipu
porovnani s daty ulozenymi v softwaru - soubor kontrolni DNA
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S Affymetrix

Délka sond 25 bazi

946 000 CNV sond, 906 600 SNP sond

Nerovnomeérné rozlozeni sond — vice v genech

VysSSi rozlisSeni pro UPD, vhodné pro genotypizaci
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 pdvodem

Stanoveni mozaicismu

OnkoScan FFPE

Pro degradovanou DNA z parafinovych blo¢ku (FFPE — formalin fixed parafin
embedded)

~900 nadorové asociovanych genu
DetekceLOH, CNN LOH + nékteré somatické mutace
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Princip SNP Cipu - Affymetrix

25b sondy SNP

Genomic DNA referance sequence

zameéna 13. nukleotidu - A

nejvetsi vliv na silu vazby pri neshode

Tiling

Quartet

PMA TTGCAGTG m@\mmmsmm
MMA TTGCAGTGCAA CAGTAAGCTCA
PME TTGCAGTGCAA CAGTAAGCTCA

MME TTGCAGTGCAAGY ACAGTAAGCTCA

PMA
MNA
FMB
MMB
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[llumina Bead array

- BeadChip

= Vice formatu
= 4,12, 24 vzorku na Cip AT A
= 300 tis - 2,45 mil markeru ratTe e’
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" n AV lo) "
Princip SNP Cipu - lllumina
— (gDNA) T — A (gDNA)
Infini I I (Idgntlcal probes A* ] T:
infinium HD C;, el C G

G*

b.

© Extend/Stain samples on
BeadChip

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

AR O
o - — o,
it -— i, - )
Infinium | O—K:_}‘Imismatch C \_/mismatch

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

@ Hybridize samples on BeadChip

2X 50b, allele specific extension
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Bluegnome

CytoSNP - 850K
24sure — PGS

PreimplantacCni screening — detekce aneuploidii vSech 24
chromosomu

24sure+ - PGD

Preimplantaéni geneticka diagnostika — screening emryi nositelu
reciprokych translokaci

Dalsi specifické

Cytochip-focus — Spatna kvalita DNA — amniocentéza, odbér
chodiovych klku

CytoChip Cancer
CytoChip ISCA
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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

— AGTC ——

- CGTC ——

1 Restriction Digestion 1

Labeling
— 3 3 AG
- _*_*-_..u— ___*LL CGTC —*——‘*__
1 Hybridization 1
1T
L]
e TSP TN
LELL gt
I(.—-‘*‘—ﬁ-—"‘_
NRNNERN — SNP = C; UNCUT
high signal
SNP=A; QUY Microarray
low signal
Probes
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250 ng gDNA

Postup

- e—
4 4 4
Nsp | Nsp | Nsp |
l RE digestion
I —
[
e —
I —
l Nsp adaptor ligation
I —
[ —
—

l PCR: One primer
amplification

L o
— i-"‘_‘
— 'i"'._ —
L — - e :-",_ H}'bridiZEtiDn

-SNP6

4 4 '
Sty | Sty | Sty |
l RE digestion
|
|

l Sty adaptor ligation

Complexity
reduction cleanup

Fragmentation and
end-labeling

l PCR: One primer
amplification
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Ky SNP arrays — analyza
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snofmiRMNA

Markers Cytogenetics_Array dbSn;-

10000kb 12000kb 14000kh 22000khb
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32000kh
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Vysledky SNP arrays — analyza CNV
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Vysledky SNP arrays
- uniparentalni disomie
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Vysledky SNP arrays

identifikace oblasti identickych puvodem
(stanoveni konsanguinity)
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Vysledky SNP arrays

- genotypizace
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Vyuziti CGH, SNP Cipu

Nadorova genomika

V nadorovych bunkach Casto zmény genomu — primarni i sekundarni
= Klinicka genetika
PresnéjSi charakterizace mikrodelecnich syndromu

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

= Farmakogenomika
= Prenatalni a preimplantacni diagnostika

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

= Evolucni studie
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Resekvenacni Cipy

Affymetrix

Stejny princip jako detekce SNP

Kratke oligonukleotidy — 25mery

Typizovana baze na 13. pozici

SNP = testovany 2 varianty X resekvenovani = testovany 4

varianty
TCGGTAGCCATGAATGAGTTACTAC Probe 1 Forward
TCGGTAGCCATGCATGAGTTACTAC Probe 2 Forward
TCGGTAGCCATGGCGATGAGTTACTAC Probe 3 Forward
TCGGTAGCCATGTATGAGTTACTAC Probe 4 Forward
C
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

AFFYMETRIX
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Resekvenacni Cipy Affymetrix

= Sekvenace mnoha kb soucasné

Format 49 100 169
Sequence | 300 kb 100 kb 950 kb
Capacity

= Citlivost - 10-25% mutovanych alel ve vzorku
= Problematicke oblasti — GC bohate, repetitivni
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Resekvenacni

r

Cipy - postup
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Resekvenacni Cipy - vystup
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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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Resekvenacni Cipy - zaver

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

= Komercné dostupné ,diagnostické” Cipy
Roche — platforma Affymetrix
Cytochrom P450 — FDA approval, CE-IVD
P53 v testovani
Neni nutné ovérovat vysledek
Jen 1 gen , ale velmi rychlé, ,user friendly” (protokol max 2 dny)
APEX
Dostupné Cipy pro konkrétni geny + mozny vlastni design
Nutné ovérit Sangerovym sekvenovanim
Research use only
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Epigenomika na Cipu
= ChIP on chip

= MeDIP-chip
= DNAse-chip

= Studium regulacnich oblasti genomu

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

= Chromatin immunoprecipitation on chip

= Mapovani vazby proteini na DNA

= Studium vazebnych mist transkripénich faktord,...
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MeDIP-chip

= Methyl-DNA immunoprecipitation
= Detailni mapovani metylace celého 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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DNAse-chip

= Mapovani mist bez nukleosomu — otevieny chromatin,
transkripcné aktivni

= Hypersensitivni ke stepeni DNasou |

= Po stépeni fragmenty ~1,2kb

Predikce regulacnich elementu
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DNAse-chip
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...pokracovani priste — 29.10.2013

= Statistické metody u Cipovych technologii
= Boris Tichy

= Vyuziti Cipovych technologii v onkologii, mimo
onkologii
= Martin Trbusek
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