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Mikrodeleéni syndromy

« Skupina syndromu podminénych deleci malé ¢asti
chromosomu

» Tato strukturni zména neni (vetSinou) viditelna pfi standardnim
cytogenetickém vysetreni

* Delece zasahuje Casto vetSi mnozstvi dulezitych genu -
Syndromy pfilehlych genu (Contiguous gene syndromes -
CGS) nebo syndromy autosomalni segmentalni aneusomie

* Hlavni fenotypové projevy jsou
» Kraniofacialni dysmorfie
* Mentalni retardace



Mikrodeleéni syndromy

*1p36.33 deleéni syndrom
*2p16.1 mikrodelece

*3g29 mikrodelece

*4p16.3 Wolf-Hirschhorn syndrom
*5p15.3-25 Cri du Chat syndrom
*7q11.23 Williamsuv syndrom

*8024.11-12 Langer-Giedion/Trichorhinofalangealni syndrom

*9g22.3 mikrodelece

*10p15.1 DiGeorge oblast 2

*11p13 Wagr syndrom

+15q11.2-12 Prader-Willi/Angelman
*15¢24 dele¢ni syndrom

+16p13.3 Rubinstein-Taybi syndrom
*17911.2 NF1 mikrodelecni syndrom
*17921 mikrodelece

*17p11.2 Smith-Magenis syndrom
*17p13.3 Miller-Dieker syndrom
+22q11.21 DiGeorge syndrom
+2213.33 Phelan-Mcdermid syndrom
*MECP2 / Xq28 duplikace
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Observations on an Ethnic Classification of Idiots
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Cytogenetika

Klasické vysetreni karyotypu
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Immunolo method for mapping genes on Drosophila
polytene chromosomes
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FISH

* Molekularné-cytogeneticka metoda

* Principialné vychazi z principu in situ
hybridizace

* Relativné levna, rychla metoda

* Testuje se vetsinou jeden konkrétni lokus
» Komercne dostupné kity




FISH (Fluorescent In Situ Hybridization)

Gene
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MLPA

MLPA = multiplex ligation-dependent probe amplification

* Molekularne-geneticka metoda

* Principialné vychazi z real-time PCR

* Relativne levna, rychla metoda

» Lze testovat hned nékolik lokusu naraz
» Komercné dostupné kity

Synthetic oligonucleotide M1 3-derived oligonucleotide
(50-60 bp) 60-450 bp
f Primer sequence X
Primer Sequence Y  Hybridization sequence Hybridization sequence Stuffer sequence (green
will notbindtothe  piffarent for all targot (Difforent for all target part) and primer sequence

targot sequences) sequences) X wil not bind to the target.
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Forward Probe Reverse
Fluores-  primer oligo- Stuffer primer
centdye  sequence nudeotides sequence  saquence

t 4 s N

B EE—

Target
DNA

Denaturation
and hybridization

l Amplification
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T

capillary
electrophoress

M
M
Methylated Target 1

Unmethylated Target 2

Denaturation and ligation

L
. |

Ligation and digestion

r
\

Target1 Target 2
* l — Te—
M

PCR with universal primers Xand Y

Only ligated probes are
exponentially amplified

X Y

|

Fragment Analysis




1. LEKARSKA FAKULTA
UNIVERZITY KARLOVY V. PRAZES L A

' Probes ,chm[ Probema snfo

Neme Type Length  Actual length Gene Chrpos  MV36 Recomn *  Add probe.. ] ‘
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CGH

CGH = comparative genome hybridization

L Labeling of pencerde sumor DNA ased noewend pancenic control DNA by Niek masshtion

C * Molekularne-cytogeneticka metoda
e * Principialné vychazi z principu in situ
VA hybridizace
— HINLAD  Celogenomové mapovani
SRS M v * HorsSi rozlisovaci schopnost
?E_E:_E * Dnes se jiz v puvodni varianté prakticky

— — S = nepouziva

4 Reuk
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Array-CGH

* Molekularne-cytogeneticka metoda

» Modifikace array-metody

* Principialné vychazi z CGH metody

» Celogenomové mapovani

* NejlepSi rozliSovaci schopnost (nékolik kb)
» Cenové nakladna
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Array-CGH

A 4 B
A s P 4:0-1177093, 1.17 Mb
RS A 2 0
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GeneChip

Array-SNP

* Molekularné-cytogeneticka metoda
» Modifikace array-metody

* Principialné vychazi z detekce
jednonukleotidovych polymorfismu
(SNP)

» Celogenomové mapovani

» Velice dobra rozliSovaci schopnost
(nékolik kb)

» Cenové nakladna

* Detekce UPD, CNV
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Decipher

DEC'PHER o Search DECIPHER:

GRCh37
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Move to GRCh37/hg19

o All patient aberrations, genes and vanation data are now remapped to GRCh37 (hg19)

* When adding patient abarration data please ensure your data coordnates are in GRCh37. To map your coordinates from NCBIIS to
GRCh37 please see remaoping truchon

* Deaphar tracks are now avadable m the current Ensambl and UCSC GRCh37/hg19 webstes

Information Documents Forms Help

http:/decipher.sanger.ac.uk/
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Decipher
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Mikrodeleéni syndromy

*1p36.33 deleéni syndrom

*2p16.1 mikrodelece

*3g29 mikrodelece

*4p16.3 Wolf-Hirschhorn syndrom

*5p15.3-25 Cri du Chat syndrom

«7911.23 Williamsuv syndrom

*8924.11-12 Langer-Giedion/Trichorhinofalangealni syndrom
*9g22.3 mikrodelece

-10p15.1 DiGeorge oblast 2

*11p13 Wagr syndrom
*15q11.2-12 Prader-Willi/Angelman

*15924 delecni syndrom

*16p13.3 Rubinstein-Taybi syndrom
*17911.2 NF1 mikrodelecni syndrom
*17921 mikrodelece

*17p11.2 Smith-Magenis syndrom
*17p13.3 Miller-Dieker syndrom
+22g11.21 DiGeorge syndrom
+22q13.33 Phelan-Mcdermid syndrom
‘MECP2 / Xq28 duplikace
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Cri-du-chat syndrom

A . BB * Syndrom ,kocCiCiho kriku*
AR =B » delece 5p — konkrétné 5p15.2-p15.3
'A {\ E E « Typicky plac
*«&y EE * Vyrazna rustova retardace
PR, ... I » Hypotonie,mikrocefalie, tézka PMR
C e m « Kraniofacialni dysmorfie (epikanty,

strabismus, hypertelorismus, Siroky koren
nosu,symetrie obliCeje)
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Wolfuv-Hirschhornuv syndrom

* delece 4p — kriticka oblast 4p16.3

* rUstova retardace, hypotonie, mikrocefalie
- kraniofecialni dysmorfie (prominuijici celo,
asymetrie obliCeje, ,kapfi usta“, epikanty,
micrognacie, VVV oci)

» Tézka mentalni retardace, epilepsie
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Figure 2 —Characterized facies o f S4P, revealing hypertelorism,
prominent glabela and antimongoloid palpebral fissures.
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SUNKEN NASAL BRIDGE

PUFFINESS ARCUND S
THE EYES

CAN STILL SEE THE
EPICANTHAL FOLD
(EYE LID)

BLUE EYES WATH
A STARRY PATTERN

LONG UPPER LIP LENGTH
{PHILTRUM)

SMALL AND WIDELY
SPACED TEETH

WIDE MOUTH
{(EAR TO EAR SMILE)

PROMINENT
LOWER LP

SMALL CHIN

Williamsuv syndrom

* delece 7q11.23

* rustova retardace, stfedné tézka mentalni
retardace

- pratelska povaha, poruchy s krmenim

» Kraniofacialni dysmorfie

» VCC (supravalvularni aortalni stenosa,
stenosa plicnice)

* Vyvojové anomalie zubu

* vyvojove vady vyluCovaciho traktu

* hypermobilita kloubni
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Genetic Loci on Chromosome 11p

N =P

Centromere 2 1/

— BDNF —

—PAX6 =

— wT1 —

4 Mb

0.6 Mb

WAGR syndrom

* Delece 11p13

» Wilmsuav tumor

* Aniridie

» Malformace genitalu

» Mentalni retardace

» Déale pak rustova retardace, mikrocefalie



e L. : _”“\?.Isll‘ " 4 1
1. LEKARSKA FAKULTA | SRR
UNIVERZITY. KARLOVY V. PRAZES x et

£~




* Zpusoben deleci/inaktivaci oblasti 15911-
g13 paternalniho puvodu

» Hypotonie v novorozeneckém veku

» Hypogonadismus, kraniofacialni dysmorfie
(,mandlové oCi)

 Lehka-stifedné tézka mentalni retardace
 Rustova retardace

 Hyperfagie,obezita

« Existuje varianta zpusobena uniparentalni
disomii
« OCA2 a UBE3A geny
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PWS / Angelman - UPD

Prader-Willi Angelman A

Syndrome Syndrome I I




* Zpusoben deleci/inaktivaci oblasti 15q11-
g13 maternalniho puvodu

» TéZzka psychomotoricka retardace

» Tézka porucha reci

» Zachvaty ,smichu”

- Ataxie, abnormalni a nadpocetné pohyby
- Epilepsie

» Klasicky fenotyp (blond viasy,modré o¢i)
- Existuje varianta zpusobena uniparentalni
disomii

*« OCA2 a UBE3A geny



Deletion UBE3A Mutation
PM Repetitive DNA elements P-M Intragenic UBE3A
‘i’ cause chromosome o mutations disrupt
— alignment errors maternal UBE3A
leading to deletions. protein function
Maternal UBE3A is deleted
68% 13%
Imprinting Center Defect UPD
PM({P) A defect in the Imprinting PP Mitotic or meiotic errors
? Center shuts down remove the entire maternal
g — maternal UBE3A 15 chromosome and it is
activity, similar to the replaced by a normal
shut-off normally seen on paternal chromosome.
the normal paternally- Maternal UBE3A is absent
6% derived chromosome., 3%
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* Delece 16p13.3

 Stfedni — tézka mentalni retardace
 RUstova retardace, poruchy krmeni, zacpa,
GER

» Siroké palce na HK i DK, typicka uhlova
device, klinodaktylie

» kraniofacialni dysmorfie (Sikmo dolu
smeéfujici oCni sterbiny, prominujici nos
deviace osniho septa,nizko posazené,
malformované usi, nizka vlasova hranice)
* kryptorchismus, hirsutismus

« EEG abnormality, poruchy feci







* Delece 17p11.2

 Stfedni — tézka mentalni retardace

» Rustova retardace

 onychotilomanie, vysoky prah bolesti

» kraniofacialni dysmorfie
(brachycefalie,prominuijici ¢elo, Siroky kofen
nosu, plochy obli¢ej, protruze premaxilly,
malformovany horni ret, malformace usi)

« strabismus, myopie, ruzné VVV oci

« VCC, VV mocového traktu (dupliace)
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Milleruv-Diekeruv syndrom

* Delece 17p11.3

 ¢etné vyvojové vady CNS

- Lisencefalie

» Pachygyrie, hypoplasie corporis callosi
» Tézka PMR, hypotonie, epilepsie

» Mikrocefalie, bitemporalni zuzeni lebky,
maly nos s antevertovanymi nostrilami,
malformace boltcl)

« Cryptorchismus, sinus pilonidalis

Ellison & Love: Neuropathology 2e © 2004 Elsevier Lid.
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DiGeorguv syndrom

* Delece 22q911.21 ¢i 10p15.1

» \elokardiofacialni syndrom

 asociace CATCH 22 (Cardiac abnormality,
abnormal facies, thymic hypoplasia, Cleft
palate, Hypocalcemia, 22q11 deletion)
 Lehka mentalni retardace, poruchy uceni
« Kraniofacialni dysmorfie (prominujici nos,
mikrocefalie, vyhlazeny kofen nosu, uzké
oCni Stérbiny, vyhlazené filtrum)
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DiGeorguv syndrom

Neural crest ablation 3rd AAA
Alteration of Hox code of: iart
A e _AH[”mem (carotd artery

abnormahties)

retinoids 4th AAA

(1AA)

6th AAA
(PDA)

Defective
neurdl cresl
migration

1st brachial arch
(facia! dysmorphism)

Truncus
arteriosis
(PTA)

Thyroid diverticulum
(hypothyroidism)

Parathyroids”
thymus
(hypoparathyroidism
immunodeficiency)

Descending
aorta
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Incidence vybranych syndromia v CR

MKN - 10 [Diagno6za (Cesky) n| incidence Vyskyt 1 k
Q933 Delece kratkého raménka chr. 4 8 0,06 169130
10934 Delece kratkého raménka chr. 5 9 0,07 150338
“Q935 Jina delece Casti chromosomu 18 0,13 75169
I0938 Jiné delece autosomti 7 0,05 193291
10939 Delece autosomd, NS 7 0,05 193291

Sipek A., Gregor y., Sipek A. jJr., Horacek J., Klaschka J., Skibova J., Langhammer P., PetrZilkova L., Wiesnerova J.
Vrozené vady v Ceské republice v obdobi 1994 — 2007.
Ces. Gynek. 2009, 74, €. 1 s. 31-44

e
:

Vrozené
vady
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Unaffected Affecte

Transfer

* Preimplantacni geneticka diagnostika

* VV ramci asistované reprodukce (IVF)

» Cilené genetické vysetieni 1 blastomery
» MoZnost cytogenetického (FISH) i
molekularneé genetického vysetreni

* Limitace vySetrenim jediné bunky
» MoZnost embryonalniho mozaicismu

« Eticka problematika (embrya)
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Personalizovana medicina

Genes Determine Drug Effects

* Rozsireni genetického testovani
Bbsorpton  Multifaktorialni dédiénost
e >~ » civiliza¢ni“ choroby
* Onkogenetika
» Farmakogenetika
* Nutrigenetika
» Sportovni medicina

Gene

- Cipové metody
« Ruzné typy polymorfismu




Personalizovana medicina

EPIGENETIC MECHANISMS

ae affacted by thase tactors and processes

* Environmental chemicals
* Drugs/Pharmaceuticals

(¢ CHROMATIN

* Devalopment (n utero, childhood) .

Genome | r.uv.q,nplmnu} ‘ Proteome

Maodified
Genes R mRNAs s Protein > Modi
A X e proteins
(2x10%) (=10%) (>10°) (> 107)
Transcription Translation Cellular A
processing
HEALTH ENDPOINTS
* Cancer
= * Autoimmune disease
* Mental disorders
» Dinbetes
EPIGENETIC
&y FACTOR

DNA methylation

Methyl group (an epigenetic factor found
in some dietary sources) can tag DNA
and activalo of repress genes.

GENE HISTONE TAIL

Histones are proteins around which | HISTONE
DNA can wind for compaction and

) DNA inaccessaué, gene inactive
gene réguistion

HISTONE TAIL

DNA accessible, gene active

Histone modification

The binding of epigenetic factors to histone *tails™
alters the extent to which DNA s wrapped around
histones and the availabllity of genes in the DNA
10 be activated.

-

Enzymatic
reactions

Metabolome

Metabolites
(3 x107)
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DTC testovani

e * Direct-to-consumer

punschng Customers: Emerging - for Genetic
Roles fo Gene
°
Counscling ™"

il * Testy nabizené komercnimi firmami
RIS pfimo zakaznikum
S « Cetna rizika
* Diskutabilni kvalita
~-- < Diskutabilni vypovedni hodnota

Statement of th
; e
testing for hea| o

Puropens iy

HG on direct-to-
th-related Durpc?;:sto consumer genetic
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Neinvazivni prenatalni diagnostika

« extracelularni fetalni DNA

* vyuZivaji se rizné metody
R e el e e e sekvenovani nové generace (NGS)

» massively parallel shotgun
sequencing (MPSS)

* V soucasné dobe se dostava do
nabidky rady prenatalnich center test
na zakladni trisomie (T21, T18, T13)
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Genova terapie

Bacterium carryi 1q {Klug & Cummings 1997)
plasmid with clonei mal  Genetic IIy disabled

LT * Prvni pokusy od roku 1990
(7 . * Principem je nahradit (doplnit) nefunkcni
o 5274 S Usek molekuly DNA (gen), ¢i tento nefunkéni
Sreewses 0 USEK N@Opak umicet

T cells
with disabled ADA gene
isolated from SCID patient ¥
4 implanted
o produce ADA

Retrovirus infects =
wanet T cells, transfers s - ()
,\v ADA gene tocells  cglls

e @ 2« Virové &i jiné vektory
* Rizika komplikaci (onkologie)

* VV soucasné dobé omezené vyuzivano pro
terapii tézkych imunodeficiti, experimentalné
| dalSich chorob (svalové dystrofie,
onkologické choroby)




Take home message
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Mikrodeleéni syndromy

« Skupina syndromu

* Pricinou je delece chromosomu, v
rozsahu tak malém, Ze je] nezachyti
standardni vysetreni karyotypu

* Klasickeé diagnozy
* Nové diagnozy
» Dosud neinterpretovatelné nalezy



Mikrodele€ni syndromy - vysetreni

FISH
konkrétni . i
lokus Cipové metody
SNP-array, CGH-array...

celogenomové

Klasicka cytogenetika
véetné HRT

cotogenomo setfeni, vysokeé
vySetioni, pf ezlisent
- w V 4 4 .
rozlise MLPA - Molekularni

genetika

vysoce specifické, jen
konkrétni diagnézy
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