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Fluorescencni hybridizace in situ - FISH
(,Fluorescent in situ hybridization®)

Princip metody:

- primo Ci nepfimo fluorescencné znacené jednoretézcové DNA sondy hybridizuji na
specifické sekvence v despiralizovanych vlaknech DNA fixovanych jader nedélicich se
bunék (interfazni FISH) a sekvence DNA v metafdznich chromozomech (metafazni FISH)

denaturace
a hybridizace

fluorescencni / ™
Znaceni

1. denaturace sondy a cilové DNA
2. hybridizace sondy a cilové DNA — komplementarita
3. odstranéni nespecifickych signalu

Material:

- periferni a pupecnikova krev, choriové klky, plodova voda, bukalni stér, material
z potratu, vzorky z parafinovych bloc¢kl (xylen)

- nativni vzorky - pepsin
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FAST FISH — zachyt nejcastéjsich aneuploidii

Sondy:
- nutnost znat cilovou sekvenci v genomu - vzdy je tfeba predem urcit, jaké lokusy budou

vysetreny - hodnotime pritomnost, pocet, lokalizaci a intenzitu signald

- sondy o délce nékolika kb az 1 Mb nastépené na fragmenty o délce 200 az 400 pb

1) satelitni sondy — centromerické (a-satelitni DNA — unikatni pericentromerické oblasti)
a telomerické (repetice 6pb , TTAGGG")

2) lokus specifické sondy

3) celochromozomové (,malovaci”) sondy 16pter
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Vyhody : Nevyhody:
- rychlost a cena - nutnost znat cilovou sekvenci v genomu
- moznost hodnotit interfazni jadra - informace pouze o danych lokusech
- presna detekce mozaicizmu ve vzorku
- balancované aberace cilené detekovatelné
- polyploidie detekovatelné

Modifikace metody FISH:

WCP (,,whole chromosome painting“; obarveni celého chromozomu)
M-FISH (,, multicolour FISH“; mnohobarevna FISH)

SKY (,,spectral karyotyping“; spektralni karyotypovani)

M-BAND (,, multicoulour banding”; mnohobarevné pruhovani)

- aplikace na metafazni chromozomy odhali a upresni strukturni prestavby
chromozomu - vyuZiti pfedevsim v onkocytogenetice
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Laboratorni postup — 2. den
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Fluorescencni mikroskop:
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Analyza - software (Isis - MetaSystems, Lucia Cytogenetics ad.)
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Komparativni celogenomova hybridizace na cipu — array CGH
(,array Comparative Genomic Hybridization®)

Princip metody:

- odliSnymi fluorochromy znacené vysetfovana a referencni DNA kompetitivné
kohybridizuji se sondami na mikrocCipu

- vySetreni celého genomu a odhaleni submikroskopickych zisk( i ztrat genetického
materialu, tzv. variant v poctu kopii genomovych segmentt (CNV; ,,copy number

variations®)
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https://www.youtube.com/
watch?v=s7WWd7zsCdU
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,.‘"1 q Steps 1-3 Patient and control DNA are labeled with fluorescent dyes
and applied to the microarray.
__ﬂ,. Step4  Patient and control DNA compete to attach, or hybridize,
Step 3 ‘“Hv- to the microarray.
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Array CGH: The Complete Process

Step5  The microarray scanner measures the fluorescent signals.

\’7 Step6  Computer software analyzes the data and generates a plot.
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(zdroj: https://www.nature.com/scitable/content/diagram-of-the-microarray-based-comparative-genomic-41020/)



Sondy:

- mikroCip je v podstaté podlozni sklo s pevné navazanymi sondami - jednotlivé body
(spoty) mikroCipu jsou tvoreny klony:

1) sondy BAC - kratké usekU lidské genomové DNA o velikosti 75 az 200 kb amplifikované
pomoci umélych bakteridlnich chromozomu (BAC; , bacterial artificial chromosome®) —

knihovna BAC (oznaceni RP_cCislo) — nejdrive tvorba sond pro FISH

2) oligonukleotidy - uméle syntetizované oligonukleotidy o délce jen 25 az 85 bazi

fragmenty
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Platformy:

Agilent — SurePrint Technology (OGT, BlueGnome):

Odkaz na video:
https://www.youtube.com/watch?v=eSr5CxAdiww
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https://www.youtube.com/watch?v=eSr5CxAdiww
https://www.youtube.com/watch?v=zVdihEVbrBY

Roche — NimbleGen technology:
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Designy:
- mikroCipy navrzené k vysetrovani klinicky

vyznamnych gen( a regionll genomu

pro postnatdlni a prenatalni genetiku (tzv. oblasti ISCA), dale pro preimplantacni
genetiku, onkogenetiku, kardiogenetiku, neurogenetiku ad. (,,custom” Cipy)

Nutnost sjednotit aCGH design, protokol a

interpretaci vysledku vedla ke vzniku ISCA:

sInternational Standard Cytogenomic Array Consortium and Public Database ,,
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(zdroj: Miller et al, Am J Hum Genet, 2010)
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Referencni DNA:
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Indikace k vysetireni metodou array CGH

e Postnatalni:

materidl — vendzni krev, bukdlini stér, biopsie kiiZe ad. (tkarn plodu)

pacienti bez kauzalniho nalezu spliujici indikacni kritéria:
. opqid_éniFr:sychomotorického vyvoje, intelektualni nedostatecnost, poruchy
autistickeho’spektra, ADHD, poruchy reci a uceni...

J abnormalit¥‘CNS (ageneze corpus callosum, sy Dandy-Walker), zachvaty,
hypotonie, hypertonie...

e VVV (napf. srdce, gastrointestindlniho/urogenitalniho traktu, koncetin a dalsi)
e makrocefalie/mikrocefalie, facidlni stigmatizace, dysmorfické rysy...
e prenatalni/postnatalni porucha rlstu, neprospivani...

ke zpresnéni nebalancovanych prestaveb, zejména jejich rozsahu a vylouceni
pripadné dalsi kryptické prestavby

s nalezem balancované aberace, ale s abnormalnim fenotypem (az 40 % je jen
zdanlivé balancovanych)

segregace CNV v rodiné

*  Prenatalni:

material — choriové klky, plodova voda, pupecnikova krev

UZ nalez (> NT, oligo/polyhydramnion, hydrops, VCC, VVV CNS/GIT/koncetin ad.)
=> vysetreni neni podminéno normalnim karyotypem

de novo marker chromozom, de novo translokace u plodu

nejasny nebo neuplny karyotyp (komplexni pfestavba, podezreni na intersticialni
aberaci ad.)



Postup metody array CGH: s ~N
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(video cas 0:00 — 8:48)
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Odkaz na video:

https://www.youtube.com/watch?v=zVdihEVbrBY
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https://www.youtube.com/watch?v=zVdihEVbrBY
https://www.youtube.com/watch?v=zVdihEVbrBY
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What's wrong with my arrays? ‘

»Troubleshooting @ PROBLEM @ IENTIFIER @ sowurion

Low A260,/260 volues » Profein Contominafign

» Re-puify samples using profeinase steps

High A260,/280 values » RIUA Contminaion|

» Ensure that your DNA extraction profocol includes RNose

» Re-puified by ethanol precipitation

Low A260/230 values
» Resuspending the DNA in TE buffer

DNA Sample QC

ple Concentration » High DNA concenfrofion (>350ng/

» Dilute DNA 1:2 in woter or suitable buffer

/N —J;__.JL_.

» Check temperatures with o calibroted thermometer
» Check incubation fimes ogainst profocol

» The wong rumpem(mes or fimes are being used

» Check corect volumes are being odded

¥ Incorrect volumes uled in mastermix preporation f |
I » Check pipettes are calirated correctly |

» Gently vortex all reagent tubes (2xcept Klenow)
» Flick mix Klenow fube
» Briefly spin to drive contents off fube walls

w Dye Incorporation—

I S » Insufficient mixi masterm
pmol/l or DNA concentration values) ing g oo, ook o stees

Labelling reaction

» Too much exposure fo light or oit » Use o dosed thermal cyder with heafed id |

» Use PR machine with o heated id
» If using fubes, make sure lids are fightly closed
» [f using plafes, use cops not o plate sealer

» Loss of solution from evaporation

» Engure the correct volume of hybridisafion solution hos been used

e of Hybpdisati
Black holes on arnay ime y‘h!ll sation solution » Check o lakage of hybisarionsoufionhos ocurd

e NN

» Check the backing slide seal is infoct and hos not cacked

Norurfm sinal nensiies | e » Report any gosket slide fuilures fo support@egt.om

» Check oven rofators are working

» Remove jigs from oven one of o fime

» Disassemble under wosh buffer ropidly

» Ensure dishes are regularly cleaned with oppropriate salvent
» Ensure clean gloves, forceps and dishes

» Cany out addifional acetonitrile wash for Imin af room femp

» Ensute dishes ore requlorly deoned with oppropriate solvent
» Ensure clean gloves and for

» Check stirer is producing o vortex pnur to odding slides in wash buffer
» Check temperature of oven ond washes

» Check protacol for correct wosh instructions
» Cover fubes with foil or use amber fubes

» Check temperature of oven and washes

bly untouched for foo long ofter hybridisaion
rotation malfunction

Bubble Scarring /Scotching

ystep contaminofion with fluorescent materiol

Florescent smears aross fhe sfide » Dried-out arrays during the hybridisation or wosh steps

Hybridisation and Wash

High Background Signal

» Overly stringent wash or hybridisation condifions

Foor Signal infensity » (y5abelled DNA wrs exposed 1o light

EEEAN U S G

Low Cy5 signol fowards the edges of o feature
» Ensure slides ore sconned immediately ofter washing
» Enclose scanners in o box with ozone sarubbers

» Dry ozone: Dagmdnlmn during seanning,

Low (y5 signal gradient with more
with exposed end ﬂeurudmg Quicker

signal loss of one end of the slide

Oxford Gene Technology

T +44(0)1865 856826
US: 914-467.5265)

Important QC metrics

We wwwoghcom
Tehnical sugpert: suppori@ogl.com
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SNP array / array CGH+SNP

SNP — ,single nucleotide polymorphism“ — zaména jednoho nukleotidu s frekvenci
v populaci > 1 %, polymorfizmus
(vs. susp. mutace < 1 %)




Princip metody: .2 Agilent Technologies

Homozygous CC Heterozygous CA Homozygous AA
Alu | & Rsa | cuts AGCT
—— CGCT— —— c8CT— —— AGCT—
—— CGCT — — AGCT— — ACT—
Workflow { { |
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digestion —— CGCT — —_AG AG
cr — _—
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high signal intermediate signal low signal

AGW 6.5/7.0

CGH+SNP - komparativni metoda - nutnost kontrolni DNA se znamym genotypem
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SNP array - nekomparativni metoda - bez kontrolni DNA
- relativni detekce CNV dle intenzity signall

Odkaz na video:
https://www.youtube.com/watch?v=IVG04dAAyvY
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https://www.youtube.com/watch?v=lVG04dAAyvY

LOH — , Joss of heterozyqosity” — ztrata heterozygotnosti:

No heterozygous SNPs

SNP

data

PAZMS 2 K Caw e

CGH
data

NAULZIL 2w A00K_CGH +5W

REE231_S40_CaSPICorvhunber )

SNP

CGH
data

(zdroj: agilent.com) No. of

uncut
alleles

Number of uncut alleles/
B allele frequency
J.r ‘ 0\ _Homozygous
: : : Allele AA

f

‘ i

Heterozygous
T alleleAB

Homozygous
Allele BB

Shaded area is Probes

significant LOH call

b
eessss - B DR AR T b BB a :: l E E
data e B2 ———=iAB » § I
- - - P - - - - M N ;
,ﬁ 1. i
= WR06231 S aa_C s | %
i
A o - —
bl -+ I | (Agilent) Tetrasomy Tetrasomy
o Hemizygous . (identical (non-identical
Diploid deletion Trisomy copies) copies)




Frekvence alely B (BAF; , B allele frequency”):

B-allele frequency calculation

[BI/[A] + [B]

Genotype AA=[0]/[2 +0] =0
Genotype AB=[1]/[1 +1]=0.5
Genotype BB =[2]/[0 +2] =1

A. Trisomy 13
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C. Partial Deletion 4p
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B. Partial Duplication 19q
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Konsangvinita:

Genome View (AMP:1, GAIN:4, LOSS:11, DEL:2, LOH:23)
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_

Practical Resolution >200kb  >10kb > 10 kb >10 kb
Genotyping - - + + /[ +*
UPD - - + +
Parent of ORigin - - + + /4%
E> Mosaicism + + + + [ 4H%
» Triploidy ; ) ) e
Input DNA >500ng >500ng 150 ng > 100 ng*
DNA from various sources + + i + /[ +*

(zdroj: de Leeuw, prezentace: SNP array analysis and interpretation in constitutional genome diagnostics, 2016)

* Depending on the array design
** With use of B Allele Frequency improved detection rate of mosaicism AND triploidy

Vyhody : Nevyhody:
- malé mnozstvi vstupni gDNA - balancované aberace a polyploidie
- vysoké rozliseni nedetekovatelné
- detekce mozaicizmu > 10 % - vysoka cena
- rychly vysledek (jiz do 2-3 dni) - obtiZzna interpretace VOUS — neuplnd

penetrance a variabilni expresivita

Zachytnost patologii u cca 10 % vzorkut (véetné VOUS cca 20 %)




SurePrint G3 CytoSure Cytoscan
CGH+SNP ISCAUPD

UniParental Disomy

Homozygous regions = z + +
Allele sharing - - + +
Parental origin of ) ) . .
aberrant allele

To check for samE:Ie mix B + . .
up or non-paternity

Low-grade mosaicism + t t +
Triploidy - - - +

(zdroj: de Leeuw, prezentace: SNP array analysis and interpretation in constitutional genome diagnostics, 2016)

1. Agilent — CGH sondy v ISCA regionech a , backbone” + sondy SNP (,,number of uncut alleles”)
2. OGT — CGH sondy v ISCA regionech a ,,backbone” + sondy SNP (,,B allele frequency*)
3. lllumina — SNP array (,,B allele frequency”)

4. Affymetrix — SNP array (,,B allele frequency”)



Kazuistika ¢. 1:

» Dandy-Walkerova anomalie array CGH:
= opozdéni psychomotorického vyvoje
» facialni dysmorfie + duplikace terminalni oblasti
5p15.33p15.1 o velikosti 15 Mb zahrnujici
Chromosome View: chra (AMP 69 Ensembl gen(l, z toho 27 OMIM gend
=
— dle mean log ratio profilu duplikace (0,78)
se jedna o0 10-20% mozaiku

arr[GRCh37] 5p15.33p15.1(50093_15009591)x3

. G—pruhovani:

& e« 3 @ e 47,XY,+mar dn[10]/46,XY[28]




FISH:

* ish nuc 5p15.31(FLJ25076x4),5p15.2(CTNND2x4),5935(NSD1x2)[55/414]
* ish der(5)(p15.31p15.2)(FLJ25076+,CTNND2++,FLJ25076+,NSD1-)[30/112]

- 5p15.31
L] FLJ25076
; ) 5p15.2
- CTNND2 '
*
S
-
* 3 5q35
l NSD1
5 *
‘.
mar .

> Prokazana 15,8% mozaika aberantni bunécné linie s de novo nadbyte€nym

marker chromozomem derivovanym z chromozomu 5, jenz je invertovanou
duplikaci oblasti 5p15.33p15.1 s neocentromerou.




array CGH+SNP:

3 kopie: | chwamseme View chel iS4 kopie; | - Ghromosome iews ched. LW




Kazuistika ¢. 2:

postnat.: VCC — ASD, centralni hypotonicky syndrom, centralni koordinacni
porucha tézsiho stupnée, pes calcaneovalgus

14 mésica: kraniofacialni dysmorfie, hypotonie, statna pastézni postava,
hypoplasticky genital, nesestoupla varlata, celkové opozdény
psychomotoricky vyvoj

arr[GRCh37] 11q23.39q25(118210301_133382894)x3,11g25(133477198_134868407)x1

F

TTCIEAPOA

fu]
o
I
|

46,XY,dup(11)(q23.3g25)dn

o
=)
o
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1B TR
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122,50 Mb

125.0 Mb
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HEKjl  ZMFz02 SORLA
fCRWY ORSDE MIR100HE

CLOM DR2A1  BEX

q24

NSTTSA ORGXA WMIR100 0&F

=
U

127.43 fb

MIREOSZ  SEHE gusa ORSEZ UBASHIE POURFE  CO3G | APC

%Olgl"\él: 0 % g zlom =
q24i E “ ﬁ o :
I = 7
130.0 Mb P =
S 11
E = |7 der(11)
=z |
192:5 e =153 & karyotyp periferni krve:
5 ad z G-pruhovani s rozliSenim 450 pruh
§ a

135.0 Mb

S laskavym svolenim Mgr. Zmolikové

z laboratore CGB laborator a.s.,
array CGH periferni krve: SurePrint G3 ISCA v2 8x60K, Agilent Ostrava.




duplikace delece

Chromozome 11 kazuistika &. 1 R2:
g BN 9233 25| | 1D intelektuslni
e — nedostatec¢nost
auna B e coow KD — kraniofacialni dysmorfie
A 6L47Nb | MM — malformace mozku
N TFi kopie 8004h A004h J0000vh VCC - vrozend srdedni vada
R1 R2 R3
IHCD LTS KTH R3:
Pfeiff: d Schutz, 1993 ey 2N 7 avr P
SRS KTH — kongenitalni tfiselnd
Delobel et al., 1998 hernie
Burnside et al., 2009 pacient 1
Forsythe et al., 1988 pacient 1
Ben-Abdallah-Bouhjar et al., 2003; upraveno H . z b4 LY Y 4
( J praveno) —> patologicky nalez vysvétlujici
. - = fenotyp

homologni
chromozomy 8

dvojfetézcovy zlom
a"U-type exchange"

2pTel \

2qTel

zlom

DC

in dup del(2p)

del(2p)

2qTel

(Zuffardi et al., 2009; upraveno)

nerekurentni inv dup del:
dvouretézcovy zlom — fuze chromatid



