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Bi8920 Fluorescencni mikroskopie — Fluorescenéni mikroskopie v klinické praxi: molekularni cytogenetika

Osnova

= Fluorescence v klinické praxi — prehled metod

= Molekularni cytogenetika a fluorescence

= Fluorescencni hybridizace in situ (FISH)

= Vyuziti FISH

= Modifikace FISH
* Mnohobarevna FISH (M-FISH) a spektralni karyotypovani (SKY)
« Komparativni genomova hybridizace (CGH)
* Array-CGH
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Fluorescence v klinické praxi

= vyuzivana predevsim jako nedestruktivni cesta oznaCeni a analyzy
biologickych vzorku

= autofluorescence nebo znaceni s vyuzitim fluorochromu

Pristupy analyzy
= spektrofluorimetr (kyveta/mikrodestiCka)
= prutokovy cytometr/sorter

fluorescencéni mikroskop
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Excitacni
monochromator

Spektrofluorimetrie

(napf. xenonova whbojka)

Kyveta se zkoumanym
roztokem

= detekce proteinu, toxind, X =
biomarkeru

= detekce a méreni koncentrace
DNA a RNA

= testy aktivity enzymu
= testy toxicity, proliferace bunék

Absorpcni
monochromator

/\'\%’
Emisni

Fotonasobic monochromator  Fotonasobic

\/ Invitrogen Qubit® 3.0
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Spektrofluorimetr s digitalnim mikroskopem

kombinace fluorescencéni mikroskopie

(+ svétlé pole, fazovy kontrast) @ CteCky mikrodestiCek
(umoznuje snimat i mikroskopicka skla, Petriho misky nebo
kultivaCni lahve)

= moznost vyuziti standardnich fluorimetrickych
metod souCasné s automatizovanou analyzou
obrazu

= zobrazeni zivych bunék, snimani v Case,
fenotypizace, pocitani bunék/populaci...

Biotek Cytation 5

2

4 A : ; 3 N
Cell Counting Cell Viability Phenotypic Assays

Live Cell Imaging
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Prutokova cytometrie a FACS

Fluorescence activated cell sorting

= klinicka imunologie (imunofenotypizace lymfocytu, funkéni testy, stanoveni
produkce cytokinu, HLA typizace...)

= hematoonkologie (imunotypizace leukémii, stanoveni minimalni rezidualni
nemoci, tfidéni bunék pro nasledné analyzy — napf. FISH)

= nadorova a molekularni biologie (nadorové markery, proliferace, bunécny
cyklus, apoptdza, Iékova rezistence...)

Vyhody
= rychlost = vysoka frekvence analyzy Castic

= citlivost = |ze analyzovat velké mnozstvi
castic a detekovat i nepocCetné populace

Nevyhody

= potfeba bunék v suspenzi (nejCastéji zivych)

= nutnost zkuSené obsluhy pro nastaveni
pristroje i analyzu vysledku (bez intuitivni
vizualni kontroly)
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Zobrazovaci prutokova cytometrie

Imaging Flow Cytometry

Internalization Cell-Cell Interaction Cell Signaling Cell Cycle & Mitosis Spot Counting

Amnis |magestream®x Mark Il Co-localization Cell Death & Autophady Morphology DNA Damage & Repair  Emerging Applications

= jednotlivé Castice (udalosti) jsou snimany pri pruchodu kapilarou pomoci CCD
kamery — pro kazdou Castici existuje pfislusny obraz — obrazova analyza

kombinace vyhod prutokové cytometrie (rychlost, citlivost) a mikroskopie
(morfologie, lokalizace a Cetnost struktur...)
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Zobrazovaci prutokova cytometrie

Lokalizace transkripCniho faktoru NF«B FISH chrom. 8

NON TRANSLOCATED NUCLEAR TRANSLOCATION FISH-BF Overlay  FISH-BF Overlay
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http:/www.biocimaging2014.ineb.up.pt/LABS.html Basiji DA et al.Clinics in laboratory

medicine. 2007;27(3):653-viii.
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Fluorescencni mikroskop
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Molekularni cytogenetika a fluorescence

= molekularni cytogenetika predstavuje spojeni mezi klasickou cytogenetikou
a molekularni biologii

= Vyuziva poznatky molekularni biologie, fluorescence, mikroskopie a pocitaCove
analyzy obrazu ke studiu struktury a vlastnosti chromozomu (DNA)

= metody zalozené na pouZziti specifickych fluorescencné znatenych DNA sond

= umozAiuje analyzy pocetnich i strukturnich odchylek chromozomu
neidentifikovatelnych klasickymi cytogenetickymi technikami

= nevyzaduje pfitomnost mitdz (I-FISH: moznost analyzy bunék v interfazi)

t(11:14)
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Historie a milniky lidské cytogenetiky

,Hypotonic Period" p " N i\*
= hypotonizace buné&k (KCI), kolchicin - akumulace mit6z (1951) ’,f . f»""( o r-'h"“*; .
= fytohemaglutinin (PHA) - stimulace lymfocytl periferni krve (1960) ’ ,,i ’if\' - \ ]
=  stanoveni pfesného poctu lidskych chromozomud — 1956 (Tjio JH, Levan A) ? § TN\
' e ’“3":"" & ")? a//’
,Trisomy Period { ) 7 '

= trizomie chromozomu 21 (1959)

= prvni deleéni syndrom - ,cri du chat” (1963)

,Banding Area“

=  pruhovaci techniky barveni chromozomud (1968 — 1970); G-, R-, C-pruhy

,Molecular Area“
= metoda hybridizace in situ (1970), fluorescencni ISH (1986)
= komparativni genomova hybridizace (CGH) (1992)
= spektralni karyotypovani (M-FISH, SKY) (1996)

= M-pruhovani (2001)

»Molecular karyotyping*

=  DNA Cipy



http://upload.wikimedia.org/wikipedia/commons/0/0e/Microarray2.gif
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Molekularni cytogenetika pri genetickém vysetreni

Geneticka Cytogeneticka Laboratof DNA/RNA
ambulance laborator diagnostiky

pacient

genealogické
vysetreni

molekularné-genetické
vySetreni

CCATCACGTATGCTTCCTGGGGACAA
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klasické molekularné-
cytogenetické
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Vybaveni molekularné-cytogenetické laboratore

= fluorescencni mikroskop vybaveny sadou
fluorescencnich filtra

= citliva Cernobila CCD kamera

= pocitaC a specificky software pro metody FISH,
M-FISH, CGH

= skener + software pro analyzu array-CGH Cipu
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Fluorescencni hybridizace in situ (FISH)

Fluorescence in situ hybridization

= 1969 Parduova a Gall — radioaktivni znaceni
= 1986 Pinkel et al. — fluorescen€ni znaceni sondy (FISH)

Hybridizace fluorescenéné znac¢ené sondy s DNA metafaznich chromozomu
nebo interfaznich jader na cytogenetickém preparatu

= zhotoveni kvalitniho preparatu obsahuijici cilové misto na DNA
(metafazni chromozdmy, interfazni jadra, tkariové preparaty)

= denaturace cilového mista (preparatu)

= denaturace sondy

= hybridizaCni reakce mezi sondou a cilovym mistem

= odstranéni nenavazané Ci nespecificky vazané sondy
= barveni pozadi

= vyhodnoceni a zpracovani fluorescencniho signalu
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Princip FISH

chromozomovych /*

preparatu 7
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Zdroje DNA pro pripravu sond

A
> i’
= klonované sekvence DNA inkorporované ; ~o. -

do vektoru, plazmid(, kosmid( & Q TR

= chromozomy ziskané 1 - o
FACS ‘“"’”“T
= mikrodisekce chromozomu ]‘
Ci jejich soucasti = o

Znaceni — dle zpusobu detekce sond

Primé znaceni Neprimé znaceni

= radioaktivne
= hapteny (biotin, digoxigenin) — nepfimé znaceni
= enzymy (HRP, AP)

= fluorochromy (FITC, TRITC, Texas Red, SpectrumGreen,
SpectrumOrange, SpectrumRed, SpectrumBlue, SpectrumGold)
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Fluorescencni barviva v genetice

DPA Eosin Fluoresceir Rhodamin B

BARVA
FLUOROCHROM  EXCITAGNi MAX. (nm)  EMISNi MAX. (nm)  FLUORESCENCE

a) znac€eni sond

500 nm AMCA 350 450 modra

Fluorescein - FITC 495 515 zelend
Rhodamin 550 575 Cervena
Cy3 ~ 540 nm Rhodamin - TRITC 575 600 Cervena
Alexa56=8\> Texas red 595 615 gervena
Cy3 552 565 Cervena
580 nm SpectrumOrange 559 588 Cervena

SpectrumGreen 509 538 zelena

SpectrumAqua 433 480 modra

620 nm

b) barveni pozadi

660 nm DAPI 355 450 modra
Hoechst 33258 356 465 modra
EXCITATION EMISSION Propidium jodid 530 615 gervena
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Typy sond dle mista vazby

= Lokusové specifické

= Centromerické
= Telomerické »

= Celochromozomové

.

-

..
B %
Centromere Telomere NOR Alu

probe probe probe probe

¢

L d

Gane-gpacilic Cantromexic Talomarnc Cheomosoma-painting
probe peobe probe probe
| J

Repettive-sequence probes

Arm specific Band specific Cloned DNA
painting probe probe probe probe
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Lokus SNRPN (Abbott Molecular)

= Delece v oblasti 15g11-q13 vedou ke 15p11.2 D
_ _ o - 7 | g 10D 1. 15Z1
vzniku mikrodele¢nich syndromu | (SPectrumGreen)
° , , 1 =
= Angelmannuv syndrom (maternalni (ssgelclnﬁi%srﬁi?]
chromozom) a Prader-Willi syndrom '\ 15q22 PML
(paternalni chromozom) (SpeconumOrange)
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FISH: pritomnost, pocet a poloha signalu!

747105

., - - 'T
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Cytogenetika interfaze

1 Don't count, skip over. This could be two cells with
/ / one signal each or one twisted nucleus.
A
Cell = C 2 - - -
Nucleus © ount as 2 signals: one is very compact, the other i
/ . diffuse.
\ )
‘ @

Don't count, skip over. Observer can not determine
which cell contains the signals.

Hybridized
DNA

H Count as 2 signals. One signal is split.
Metaphase Uncondensed )
Chromosome Chromatin )2 @

Count as three signals.

e ©
0

Count as four signals.

1

Count as 3 signals. One is split.
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Cytogenetika interfaze
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Cytogenetika interfaze — vysetrovani translokaci
v onkogenetice

Filadelfsky

Two colour FISH for cancer chromozom

translocations (CML) = 1(9:22)(q34:q11)

= gen pro kinazu Abl
g I se translokuje do
. oblasti genu BCR
_ — expresi vznika
Normal interphase fuzni protein,
konstitutivni
kinazova aktivita
— deregulace
c-abl bunécného déleni

oncogene a dalSich procesﬂ
9 22
Normal metaphase t(9;22) metaphase
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Translokace BCR/ABL - interfaze

£(9:22)(q34:q11)
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Translokace SS18 — split sonda

= Translokace genu SS18 asociovana se synovialnim sarkomem — diagnostika
= Soucast molekularné patologického vysetreni — tkanoveé fezy

Centromere 18q11.2 Region Telomere

SHGC-140887
D185516
D185517
5518
RH79212

_ spms| e |
I
e ~1044 kb fa—— =650 kb ——]

LSI $S18 Dual Color, Break Apart Rearrangement Probe

SR

b LSI 8518 (18q11.2)
L l_Spec1ru mGreen
— SpectrumOrange
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FISH

Vyhody Nevyhody

= nevyzaduje pfitomnost mitdz (ve = neposkytuje celogenomovy pohled
vétsiné pripadu) — lze analyzovat = neni vhodna pro analyzu
bunky v interfazi i tkanove rezy neznamych aberaci

= rychlé (relativneé) zhodnoceni
velkého poctu bunék
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FISH a jeji modifikace

= Fiber FISH
= RxFISH
= ZOO-FISH

= Mnohobarevna FISH (M-FISH)
= Spektralni karyotypovani (SKY)
= Mnohobarevné pruhovani (M-banding)

= Komparativhi genomova hybridizace (CGH)
= Technologie array-CGH
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Fiber FISH

Fiber FISH

Princip
= extrakce vlaken DNA z jadra —
roztér na mikroskopické sklo —

jednotliva natazena vlakna
DNA

jednotlivé geny jsou viditelné
na zakladé fluorescencnich
signalu

rozliSeni kolem 1 kb
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Technika RxFISH

Cross-species color banding

hybridizace lidskych chromozomu s celogenomovou DNA sondou odvozenou
Z genomu gibona (x = cross species)

DNA Clovéka — DNA gibona: 98 % sekvencéni homologie, avSak u gibona se
vyskytuji mnohonasobné prestavby chromozomu

Vysledek:

18 part s mnohobarevnym vzorem (r = rainbow of colors)
= 6 paru v jedné barvé

muizeme detekovat intrachromozomové prestavby
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FISH v komparativni cytogenetice — ZOO FISH

= komparativni cytogenetika — studium evoluce
lidského karyotypu

= zaloZena na pouziti celochromozomovych DNA
sond, které jsou hybridizovany na chromozomy
jiného druhu

= napf. chromozom 2 u lidi — fuze chromozomu 12 a
13 u Simpanze

=  ZOO-FISH: hybridizace DNA ruznych Zivocisnych
druhu
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Fig. 9.5. Schematic drawing of individual horse chromosomes showing segmental homology with human

nes (see human colour index at the bottom). The current status of physically mapped type
| loci (coding sequences; see Tables 9.5 and 9.7 for r is also p . Genes to vertical bars
spanning the entire length of the chromosome represent those mapped using somatic hybrid panel analysis, while
thase connected to a small vertical line represent those mapped using in situ hybridization. Each gene bears a
coloured circle indicating the human chromasome on which it is present, fallowed by the gene symbol and precise

human location {shown beside or below each gene symbol). Note that, for example, on ECA7 the colour for the C3
circle does not match the Zoo-FISH data.
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Mnohobarevna FISH (M-FISH) a spektralni
karyotypovani (SKY)

= Speicher et al., 1996 (M-FISH), Schrock et al., 1996 (SKY)

= vicebarevné FISH techniky — detekce vice znacenych sond na jednom
preparatu

= v jedné hybridizacni reakci simultanni vizualizace vSech 22 autozomu
a chromosomu X a Y v odliSnych barvach

= kombinatorni znaCeni —
2 fluorochromy 3 sondy (= chromozomy)
3 fluorochromy 7 sond
4 fluorochromy 15 sond o e
5 fluorochromu 31 sond ; |

S

N

Chromosome 1

Chromosome 2
Chromosome 3

Pocéet kombinaci: 2N - 1

Chromosome
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M-FISH a SKY

= hybridizace preparatu se smesi ; : T“:"i%_
24 chromozomové specifickych 1 =2
celochromozomovych sond == /= =

. , . , v , I 1 [EE= 1 L ]
vzniklych kombinatornim znacenim — =
(5 fluorochromu) e —

| | I - |
= kazds da ie charakteri 5 S )
azda sonda je charakterizovana =
emisnim spektrem, které umoziuje = = =
identifikaci chromozomu s W —
C—— 1 [ s
C— 1 1
I 1 - BT
L i 1 1 1

= =

7 [8]9[10]11]12]13]14]15]16]17 |18 19|20 |21 22| X | Y
Il Il Tl TEESE Eem
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X
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M-FISH

Mikroskop vybaveny:

= 6 fluorescencnimi uzkopasmovymi
filtry (pro 5 fluorochromt + DAPI)

= citlivou CCD kamerou

= specializovanym softwarem pro
analyzu obrazu (napfr. Lucia MFISH,
MetaSystems Isis mFISH...)

Postup
= snimani jednotlivych fluorochromu
= slozeni obrazu

= pocCitaCova analyza — dle kombinace
fluorochromu pfifazeni pseudobarev

= vyhodnoceni
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M-FISH

Snimani jednotlivych fluorochromt, slozeni obrazu

http://lwww.lucia.cz/cs/front-page/lucia-mfish
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M-FISH

PocitaCova analyza — prifazeni pseudobarev, vyhodnoceni

2e El 4 o0 Se

Te 8 e 9e 10 > 11

° e 12 ve
€oe 7 ees

18 es

20 000 21 ve 2200 Xe Y o0

http://ww.lucia.cz/cs/front-page/lucia-mfish
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Spektralni karyotypovani (SKY)

= mikroskop vybaveny filtrem pro DAPI a specializovanym systémem
(interferometr) pro méreni spektra emitovaného svétla (GenASIs
HyperSpectral)

= emise fluorochromu (Spectrum
Orange, Spectrum Green, TexasRed,
Cy5, Cy5.5) snimana najednou
(rozdil oproti M-FISH)

= systém méfi spektrum pro kazdy pixel
obrazu

= specialni poCitaCovy program priradi
na zakladé méreni vinovych délek
kazdému paru chromozomu barvu, ty
se oznacuji jako pseudobarvy

GenASlIs HyperSpectral (Applied Spectral Imaging )
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Analyza obrazu pomoci software HiSKY

Software automaticky rozlisi chromosomy dle zméreného spektra a zobrazi je
v odpovidajicich pseudobarvach — Ize snadno rozliSit chromozomove pary
a pripadné chromozomalni aberace. Automaticky sestavi karyotyp...
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= Pacientovi diagnostikovan neuroblastom. Pomoci SKY detekovana translokace
t(11;22) specificka pro Ewinglv sarkom — zména diagndzy a léCebného
protokolu.
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M-FISH a SKY

Vyhody
= odhaleni balancovanych prestaveb
= detekce aberaci v jednom kroku
« Kkryptické translokace a inzerce
* marker chromozomy
« nadbyte¢ny material neznamého puvodu
« komplexni prestavby

Nevyhody

= vyzaduje kvalitni mitézy — vhodny material, metodicky a Casové narocné
= uspésna hybridizace

= finan¢né nakladné

= nelze detekovat inverze, duplikace/delece mensiho rozsahu
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Mnohobarevné pruhovani
(M-banding)

= parcialni malovaci sondy ze specifickych oblasti
chromozomu

= fluorescencni signaly jednotlivych sond se podél
sledovaného chromozomu CastecCné prekryvaji a
dochazi k jejich kombinaci

1(5)(p10)

» -
True olour Pseudo Colour
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Mnohobarevné pruhovani (M-banding)

Chromsom 1 Chromosom 5 Chromosom 7

oo

[ 1 R N[ d%)

DIDEAC
EFITC
B Spectrum Crange

B Texas Red
Clcys
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s
-
=

TVALEC))
in der(1)
#4 del(4)

= charakterizace mista zlomu
= rozliseni intrachromozomovych prestaveb
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Komparativni genomova hybridizace (CGH)

Comparative genomic hybridisation

Hybridizace: metoda zalozena na technice FISH

Genomova: umoznuje v jedné hybridizacni reakci detekovat nebalancované
zmeny v celém genomu; stanovit chromozomové zmeény vedouci ke ztratam
(monozomie, delece) Ci zmnozeni (zisky, amplifikace) sekvenci DNA

Komparativni: zalozena na porovnavani dvou genomu
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Vyvoj CGH byl podnicen snahou o rozvoj cytogenetiky

solidnich nadoru

Kallioniemi et al. 1992

Comparative Genomic Hybridization for Molecular
Cytogenetic Analysis of Solid Tumors

Anne Kallioniemi,* Olli-P. Kallioniemi, Damir Sudar,
Denis Rutovitz, Joe W. Gray, Fred Waldman, Dan Pinkel

Comparative genomic hybridization produces a map of DNA sequence copy number as
afunction of chromosomal location throughout the entire genome. Differentially labeled test
DNA and normal reference DNA are hybridized simultaneously to normal chromosome
spreads. The hybridization is detected with two different fluorochromes. Regions of gain
or ioss of DNA sequences, such as deletions, duplications, or amplifications, are seen as
changes in the ratio of the intensities of the two fluorochromes along the target chromo-
somes. Analysis of tumor cell lines and primary bladder tumors identified 16 different
regions of amplification, many in loci not previously known to be amplified.

The discovery of genetic changes involved
in the development of solid tumors has
proven difficult. Karyotyping is impeded by
the low number of high-quality metaphase
spreads and the complex nature of chromo-
somal changes (I). Molecular genetic stud-
ies of isolated tumor DNA have been more
successful and have been used to detect

A Kallioniemi, O.-P. Kallioniemi, D. Sudar. J. W. Gray.
F Waldman, D. Pinkel, Division of Molecular Cytome-
try, Department of Laboratory Medicine, University of
California at San Francisco, San Francisco. CA 94143
D. Rutovitz, Medical Research Council Human Genet-
ics Unit, Western General Hospital, Edinburgh EH4
2XU. United Kingdom

*To whom correspondence should be addressed
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common regions of allelic loss, mutation, or
amplification (2, 3). However, such molec-
ular methods are highly focused; they target
one specific gene or chromosome region at a
time and leave the majority of the genome
unexamined.

We have developed a molecular cytoge-
netic method, comparative genomic hy-
bridization (CGH), that is capable of de-
tecting and mapping relative DNA se-
quence copy number between genomes. A
copy number karyotype can be generated
for a tumor by the comparison of DNAs
from malignant and normal cells, thereby
identifying regions of gain or loss of DNA.
In this application of CGH, biotinylated

SCIENCE * VOL.258 <« 30 OCTOBER 1992

CGH nevyzaduje mitotickou aktivitu zkoumanych
bunék — material pro CGH je DNA!
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Jednotlivé kroky metody CGH

= pfiprava normalnich metafaznich chromozomu (od zdravého jedince)
= jzolace DNA z nadoru, periferni krve, kostni drené (2—3 pg) + referencni DNA

= znaceni testované a referencni (normalni) DNA rozdilnymi fluorochromy
(nick-translace, fragmenty 600 — 2000 bp)

= denaturace, hybridizace znac¢ené DNA na normalni metafazni chromozomy
= snimani metafaz (10-20) citlivou CCD kamerou pod jednotlivymi filtry
= karyotypovani chromozomu nabarvenych DAPI

= statistické zpracovani a pocitacové vyhodnoceni poméru intenzit
fluorescence podél jednotlivych chromozomu pomoci specialniho
programu

VWV W awwVr

sekvenci DNA — profily
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Fluorescencni mikroskopie v klinické praxi: molekularni cytogenetika

Princip CGH

Test Sample

Reference 'Sample

Izolace a kvantifikace genomoveé

DNA

= v nasledujicich krocich pouzito
stejné mnozstvi testované a
referencni DNA

Znaceni (nick-translace) vzorku
DNA odliSnymi fluorochromy

= obvykle a
referencni Cervené

Smichani ekvivalentnich
mnozstvi DNA a aplikace smeési
na metafazni chromozomy —
hybridizace

= sondou je celogenomova DNA
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Princip CGH

Ve smeési vyuzita Cot-1 DNA

= pripravena z placentalni DNA

= potlacuje hybridizaci Alu a
dalSich repetitivnich sekvenci

Fragmentace znacené DNA

= optimalizace hybridizace na
metafazni chromozomy

Referenc¢na DNA |_._._.C°t'1.—.—.—| Testovana DNA
LI._I_I_I‘J | I ) I -}
l_l_l"l ° S&/ 1 <<<<</<\ \>>> ‘<</ ,_'_'%
& < I

A go%‘%
l_l_’_|_|_|,_'_'!_| (<</ ,

Cot-1 potlacuje
hybridizaciu
repetitivnych sekvencii

... hasleduje 48-72 h hybridizace, odmyti nenavazané sondy, podbarveni
chromozomi pomoci DAPI a snimani pod fluorescenénim mikroskopem.
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Nasnimani mitéz citlivou CCD kamerou v
modrém, zeleném a €erveném spektru — slozeny

obraz

= vyrazné barevné odchylky naznacuji pfitomnost
chromozomovych aberaci
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A RINY bi

b &6 68 x% 858 B3y 84

Pomoci DAPI podbarveni se na chromozomech vytvori pseudo G-pruhovani
= identifikaci jednotlivych chromozomu — zobrazeni jako karyogram
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Pocitacova analyza obrazu: Zelena s cervenou...

Referenéni DNA Testovana DNA
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enh — zisky, amplifikace
dim — ztraty, delece

Interpretace vysledku CGH

heterochromatin zelena - zisk

Y\

cervena - ztrata

vysledny pomeér
__—fluorescence

LT I DO
.

|| ' 12 [24]
/’“'ﬁiﬁ] \ / \
¢. chromozomu

hranice 0,8

hranice 1,2

pocet hodnocenych
hodnota 1 chromozumtu
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I EE TN | TN Tl

I i I ST T W
N TETEI O e TN

T W ImimE
N . ]
A T
(.

rev ish enh (15q)

E 4 E { E 1\ ﬁ ﬂ i| / J '1’98\(/:|,1'S\f(1)dim (17p,

Ukazka profilu CGH zpracovaného pocitaéovou analyzou obrazu u pacienta
s CLL
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Sumarizace vysledku z vice vzorku
|“"' = I|dentifikace
H | markerd
: = |dentifikace

"”\‘
H ‘ g onemocnéni
kauzalnich
||||‘I E E E E E aberaci
| ! LT
Eh E : E

- E 3
i F 8 B E ﬁ

12 20 21 22 ¥ b

Souhrny vysledek CGH u 15 pacientl s neuroblastomem
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Vyhody a nevyhody klasické CGH

VYhOdy Cot-1 DN,
= nevyzaduje mitézy pro testovany vzorek e D §( \fm.w

= poskytuje prehled numerickych zmén " | =—
v celém genomu v jedné hybridiza€ni reakci Chromtcomes _—-—=
——=
Nevyhody ol ot e
= nemoznost vyuziti u zmeén, pfi kterych se neméni e
poCet sekvenci — balancované aberace
(translokace, inverze) 2 |
= nenivhodna k odliseni ploidie (normalizace) 10
= moznost identifikovat jenom zmény pfitomné Bttt B e B
min. v 50 % bunék e amiamn, el

= rozliSovaci schopnost 10 Mb

— HR-CGH, aCGH
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Komparativhi genomova hybridizace s vysSim
rozlisenim (HR-CGH)

Kirchhoff et al., 1997

Princip HR-CGH:
laboratorni postup stejny jako v pfipade CGH

odlisné vyhodnocovani pomoci specialniho software — statistikal
(Laboratory Imaging s r.o., Praha)

rozliSovaci schopnost — 4 Mb
klonalni zastoupeni — 30 %
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Porovnani vysledku CGH a HR-CGH u pacientas CLL

CGH HR-CGH
BB B -
T T
e J R Bl V(-
L
;S . O (1. L L R B %L - i
LA perg T B

EX] v(12)

rev ish enh (15q) rev ish enh (15q)
rev ish dim (17p, 18q, Y) rev ish dim (4p, 9p, 9q12, 13q14,
17p, 18q, Y)



Bi8920 Fluorescencni mikroskopie — Fluorescencni mikroskopie v klinické praxi: molekularni cytogenetika

DNA &ipy

:
= skladaji se z jednotlivych molekul DNA o ii ?
znamé sekvenci (sondy), které jsou
upevnény ve shlucich (spoty) na pevném e //
-
>

A

podkladu (sklo, synteticke materialy) \w//

= pocCet spotl se pohybuje od radové stovek do
desetitisicti podle typu Cipu T

—

= umoznuji detekci chromozomovych aberaci,
mutaci a polymorfizmu, sekvenacni analyzy - 1 2%
ale i studium genové exprese l l

MICROARRAY

= principem metody je hybridizace znacené =5 7 =28
vySetfované DNA s imobilizovanymi sondami l
na Cipu ==X 3 =
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Aplikace DNA ¢€ipu

Analyza genomu
= material: genomova DNA
= array-CGH, SNP Cipy, resekvenacni Cipy

Expresni a funkéné specifické studie
= mMRNA, proteiny .

(napft. transkripéni faktory) Ogemm“ N Q:m — Eimwy ili

cross-link
and shear

Epigenetické studie

= ChlIP-on-Chip
(vazba proteinu/komplexu
na DNA)

S purify,
ChlIP-on-chip wet-lab portion of the workflow Q amplify,

and label

fluorescence 1ag

_,gy-@
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Array-CGH

= Solinas-Toldo et al., 1997
= vychazi z principu klasické (chromozomalni) CGH

= nahrazeni chromozomu separovanymi klony (BAC, c-DNA klony,
oligonukleotidy)

= duplikace, delece, amplifikace — CNV(copy number variants)
= nedetekuje balancované prestavby

CGH

CGH AFFH}"CGH A: conventional B: Amray-CGH

et L

RN BN RN II NI IS |0 N
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Array-CGH

Postup
= |zolace DNA
= Kontrola kvality, stanoveni kvantity
« Celogenomova amplifikace (WGA)
= Nastépeni DNA
= NaznacCeni DNA - fluorescence
= Hybridizace
= Odmyti
= Skenovani
= Analyza dat

Dostatecné mnozstvi
DNA pro array CGH

lzolace
Vzorek — DNA

Malo DNA pro
Sl |—\ WGA — Array-CGH
|




Princip array-CGH

CONTROL DNA PATIENT DNA
Patient and control DNA
labeled with fluorescent
&

dyes are applied to the
microarray.

& £ N

HygRrIDIZATION

[F32233%
U7

DNA GAIN DNA LOSS NO CHANGE

Patient and control
DNA are hybridized
to the microarray.
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The fluorescent signals
are measured by the
microarray scanner.

e allle

The data is then analyzed Cl:[.:l]:)

by computer software
which generates a plot.

DNA DOSAGE

© 2013 CANCER GENETICS, INC.
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Priprava DNA ¢ipu pro techniku array-CGH

1. Target loading 2. Assemble hybrid. chamber 5. Scanning

6. Analysis and
interpretation
!é-z&.i; T ;"f;i = = "'E'_‘“s" w.;'::‘.;,iq

E‘H._.
S A e
JTOH
T

www.agilent.com
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Vyhodnocovani array-CGH

- _— p - y
i 2 3 4 5 & 7 3 a 10 11 1z N 18 P=a
FREER I R L Ll
' : N HE o
I ! =
pli3 H
pl1 a2
1
o i !
=_1 ] :
* : :
o . d .
qi2.1 i o :
] I
13 14 15 18 17 18 19 20 21 22 x e ——
q12.3 = :
| =g
| I -
| o &
| q31.2 Pt B Y-
o+ i >
i q21.32 M R
/J i cp‘*"?@.
H HPr N A
H Nl
qz2.1 : :
e, 4
q223 :d:;g}w@ '
B )
= H «?2%\5
h— TR
b W

aCGH Analytics Software, Agilent Technologies
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Celogenomova analyza u pacienta s neuroblastomem
pomoci aCGH

Genome Ovarview

=

1z 3

12 14 A

5

5 B 7 8 9 10 11 1z
19 20 21 22 X Y

16 17 18

Analysis Settings
Aberration Alganthm  : ADM-1
Threshaold C 8.0
Ceniralization T ON
Bin Size -0
Ceniralization c 8.0
Threshald

5

1:292482-214373940, 214 Mb

0
BFe

1p36 delece a

MYCN amplifikace

2: 2854181-31045978, 28.1 Mb
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Rozliseni array-CGH

1. Velikost klont

Useky genomové DNA viloZené do vektord By e

= BAC (Bacterial Artificial chromosome) - 50-200 kb S w8t W

= PAC (Phage Artificial chromosome) - 75-200 kb Bnx

= RozliSeni ~ 1Mb

cDNA - 1-2 kb

= Pouze genové oblasti

= RozliSeni - 1-2 kb

Oligonukleotidy - 25-85 bazi

= RozliSeni pod 1 kb

= s kratkymi nebo dlouhymi oligonukleotidy

= v soucasnosti nejrozsirengjSim typem, pouzitelne Loss Gain
pro prakticky vSechny aplikace B

4 05 0 05 1

Loss Gain
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Rozliseni array-CGH

2. Rozlozeni a vzdalenost klonu

Cilena aCGH — vybrané oblasti zajmu, napr. mikrodelece, mikroduplikace
Chromozomoveé-specificka aCGH

Celogenomova aCGH

= sondy v urcitych intervalech

= prekryvajici se —tilling arrays

Table 1 List of genomic microarrays available

Microarray name Coverage Produced by

Interval Markers

Genome-wide microarrays
1 or 3Mb BAC array 1 BAC clone per 1 or 3Mb Academia/Spectral Genomics
(www.spectralgenomics.com)

32k BAC array 1 BAC clone per 95 kb Academia
44k Oligonucleotide array 1 oligonucleotide per 70 kb Agilent (www.agilent.com)
317k SNP array 1 SNP per 10kb llumina (www.illumina.com)

385k oligonucleotide array 1 oligonucleotide per 8 kb Nimblegen (www.nimblegen.com)
H HEN ' NN N 10 or 100 or 500k SNP any 1SN per 300 0r 300r 6Kb Ayt (waffymeticon)

Davies et al., 2005

esolution

Targeted microarrays
SignatureChip

GenoSensor

Chromosome microarray analysis array

Prenatal array

subtelomeres and microdeletion
syndrome regions

subtelomeres and microdeletion
syndrome regions

subtelomeres and microdeletion
syndrome regions

1 BAC clone per 10Mb, higher
density at microdeletion
syndrome regions

Signature Genomics
(www.signaturegenomics.com)
Vysis (www.vysis.com)

Baylor College of Medicine
(www.bcmgeneticlabs.org)
Wellcome Trust Sanger Institute
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Agilent Human CGH Microarray

Oligo arrays
8x15K
4x44K
2x105K
1x244K

custom chip
43 kb rozliseni
21 kb rozliseni
9 Kb rozliSeni

Nové typy — Sure Print G3 Human

8x60K
4x180K
2x400K
1x1M

41 Kb rozliseni
13 Kb rozliseni

5 Kb rozliseni
2 Kb rozliseni

( 180K \ {sm( ‘BUK
400K ) i
180K {sm( ‘BUK
1Million )
180K ‘sm( ‘BUK
400K )
|\'IIIIIIQMI.I1IIII 1 leIIIEEI!II!HIIII: |’|||||!g!!!|||| " M&M|
del(l)(p36) cca3 Mb
©|_ :}l
1 £ |
1 (28]
HRCGH 8x15K 4x44K
negativni negativni del(1)(p36)

2x105K
del(1)(p36)
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Array-CGH

Vyhody
= prehled numerickych zmén v celém genomu v jedné hybridizacCni reakci
= presna lokalizace zmén — vysoke rozliSeni

Nevyhody

= neodhali balancované aberace (translokace, inverze)
= neodhali zmeény ploidie (napf. tetraploidni nador)

= Casova a finanCni naroCnost
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Molekularni karyotypovani — 1000x citliv
klasicka cytogenetika

Array Preparation

Genome map assembly

B.  Select
Clones

Preparation of BAC DNAs
& synthesis of spotting

solutions

Probe Preparation

Tissue
- Microdissection &
= e DNA isolation

. B

«

C. Spotting DNA onto microarray slides % &
Justuquifuls ol Cyanine 3 Cyanine 5
labeled labeled

<| E. Co-hybridization of

F. Image analysis

.

Specialized software programs
convert scanned images to
graphic displays

normal and test DNA probes ‘ :

i I et

TR

TN IR T

T

Ratios

o o Log2 Signal Intensity ®

EN B 8l 8} =it g Et:'

Cytogenetics

:E E : : E i
b aCGH
Normal
Reference DNA Test DNA
. B n

Karyotyping

SKY

Traditional CGH
FISH (interphase)
FISH (metaphase)

BAC
cDNA
Oligo (60-mer)

A4

jSi nez

Resolution

> 10 Mb

>2Mb

> 2 Mb (cytoband)
> 20 Kb

> 100 Kb

100 Kb (Spectral Genomics - 2 Mb)
2 Kb
0.06 Kb

Coverage

Complete
Complete
Complete
Probe Specific
Probe Specific

Complete
Genes Only
Complete

I ALE ! Redukuje informaci o heterogeniteé
analyzované bunécné populace
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Klinicka cytogenetika:
Prenatalni cytogeneticka diagnostika

Vysetrovany material
= kultivované i nekultivované bunky plodové vody,
fetalni krev, choriové klky

FISH

AneuVysion Assay Kit (Abbott Vysis)

= trizomie chromozomu 13, 18, 21 (Patau, Edward, Down sy)
= vySetfeni sestavy a poctu gonozomu (XX, XY)
Mikrodele¢ni syndromy

= DiGeorge sy (del(22)(gq11.2))

Array-CGH:
= Celogenomovy screening
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Prenatalni cytogeneticka diagnostika

61-09 PV

trizomie
chr. 18

Normalni
bunky

der(15) t(13,15)
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Klinicka cytogenetika:
Postnatalni cytogenetické analyzy

Vysetrovany material

periferni lymfocyty, bukalni stéry

MikrodeleCni syndromy — FISH

« DiGeorge sy, Prader-Willi/Angelman sy, Williams-Beuren sy, 1p36
mikrodelec€ni sy a dalSi

Pdvod marker chromozomu — CGH, SKY, WCP FISH

|ldentifikace a specifikace numerickych a strukturnich chr. aberaci — CGH, SKY
Detekce gonozomalnich mosaik — FISH (X/Y sondy)
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Postnatalni cytogenetické analyzy

DiGeorge syndrom

-+—— del 22q11

SKY: identifikace marker
chromosomu (chr. 11)
FISH: DiGeorge syndrom







