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Definice mentalni retardace (MR)

» mental retardation = intellectual disability (ID) (mental handicap,
mental disability, cognitive impairment, intellectual developmental
disorder)

= charakterizovana signifikantné podpriumérnymi
intelektualnimi funkcemi s nastupem pred 18 rokem
véku s narusenymi schopnostmi prizpusobit se okoli

» narusené schopnosti u dvou a vice z
nasledujicich dovednosti: komunikace,
starostlivost o sebe, plnéni béznych
domacich ukonu, socialni interakce,
sebeovladani, zdravi a bezpecnost,
prace a zabava, zaclenéni do
spolecnosti

= u déti < 5 let —» opozdéni vyvinu



Klasifikace MR

IQ Score Distribution

» zaloZena pfedevsim na méreni IQ A
(prvni pokusy o méfeni rozumovych schopnosti —

Francis Galton na konci 19. stoleti; moderni 1Q testy:
prostorové a verbalni dovednosti, pamét)

» subnormalita s poruchami uceni (IQ 85-70)
= mirna MR (IQ 50-70)

= sttedni MR (IQ 35-50)

= tézka MR (1Q 20-35)

= hluboka MR (IQ pod 20)

» neklasifikovatelna

Zastoupeni MR
= anglosaska literatura: lehka a tézka (1Q < 50)

MR Loy, A% 2%
B lehka
Prevalence ;fvttio!m
= postihuje asi 1-3 % populace ézka ’
= 2,5 % lehky defekt [ hluboka

vy, 84%
» 0,3 - 0,5 % tézky defekt

= pomér pohlavi 1,3-2M:1F




Lehka vs. tezka MR

Lehka MR Tézka MR

" statisticky vyznamne vyssi = vyskyt rovnomérné bez ohledu
vyskyt u socio-ekonomicky na socio-ekonomicky status
znevyhodnenych skupin = 40 % s neznamou pricinou

= pfiCina neznama u 70 % pfipadu

040"

Siblings of
severely rearded A\
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Figure 8.1 Siblings of mildly retarded children tend to have lower than average
10s. In contrast, siblings of severely retarded children tend to have normal IQs.
These trends suggest that mild retardation is familial but severe retardation is not.
(From Nichols, 1884.)



MR syndromicka a nesyndromicka

Syndromicka (S-ID)

= MR rtizného stupné (Castéji tézka)

» s prfidruzenou VVV i komplexem VVV,
= viditelna stigmatizace

Nesyndromicka (NS-ID)

» MR ruzného stupné (Castéji lehka)

» bez pridruzenych VVV

= zadna nebo mirna a nespecificka
stigmatizace

» neni jen odrazem nasi neschopnosti
adekvatné popsat vsechny fenotypové
odchylky u raritnich pripadi?

MR s uréenou a neurcenou
genetickou pri¢inou.



Vsuvka:
Vrozene vyvojove vady (VVV)

Vrozena vyvojova vada (VVV) - kongenitalni anomalie
- je morfologicka/funkéni abnormalita

- je nasledkem abnormalniho prenatalniho vyvoje
- je pritomna pri narozeni ditéte

- je pro sveho nositele potencialne patologicka

 Malformace - abnormalni vyvoj tkané/organu, vyvoj
patologicky jiz od poCatku (napfr. rozstépoveé vady)

* Disrupce — abnormalni vyvoj tkané/organu, vyvoj
narusen az v prubéhu uréitym zevnim zasahem
(trauma, infekce, teratogen) (napf. deformity po
thalidomidu)

« Deformace - abnormalni fyzicky zasah (mechanicka
sila), ktery naruSi vyvoj jinak zdravé tkané/organu
(napf. komprese plodu zplsobena
oligohydramnionem)

« Dysplazie - abnormalni organizace bunék ve

Rujiwetpongstorn a

tkani/organu (napf. achondroplazie) Tongson, pernatol, 2008




Klasifikace VVV P m

Izolovana vada
- vada vyskytujici se samostatné (izolovana polydaktylie).

Mnohoc¢etné vady
- napr. soucast syndromu |zolované nevyznamné anomalie Ize najit

az u 14% novorozencu (Jones, 1997).

Co vSe je vrozena vyvojova vada?

Vrozené vady organu (srdce, ledvin, stfev, mozku,
michy, plic, pohlavnich organu, a dalSich)

Vrozené vady koncetin

RozsStepy (vrozené rozstépové vady neuralni trubice,
vrozené obliCejoveé rozstépy, vrozeneé rozstépove
vady briSni stény)

Syndromy Downuyv, Edwardsuyv, Patauuyv, Turnerav

Vrozené choroby (fenylketonurie, cysticka fibroza,
svalové dystrofie, hematofilie)




Graf ¢islo 1: Incidence vrozenych vad v Ceské republice — celkem
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Zdroj: Moore K. L, Persaud T. V. N.; The Developing Human: Clinically Oriented Embryology, 6th Edition; 1998
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. Vrozené vyvojové vady
Vrozené Informaéni portél o vrozenjch vadach a jejich vjskytu v CR
vady Hiavni
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Hlavni - Vrozené vady - Ctvrtletni data Partnerské stranky

Aktuslni data

Zakladni informace
Podi

Zakladni informace g Celkové incidence vrozenych vad v CR, 19942015 (’r Z
é informace 373 kb IS

a souéasnost Celkove Incidence 1994-2015 pdf

= Vyskyt VW v CR
Sledované vady
» Genetika obecné .. Absolutni poéty vrozenych vad (dle skupin) v CR, 1994-2015
» Informaéni letacky 406 kb nemacnice
Pocty_WV_1994-2015 pdf

Primarni prevence

Celkové incidence vrozenych vad v jednotlivych krajich CR, 1994-2015
415 kb
Incidence_Kraje_CR_1994-2015 pdf

— ivni pot y i ¢ 5 GYNSTART
+ Primémi prevence ?%ﬂ):glm poctty vrozenych vad (dle skupin) v CR, 1994-2015
dinfonnatnimaterkly Relativni_Incidence VV_1994-2015,pdf

Mezinarodni den VV

.. Klouzavé priméry incidence vrozenych vad (dle skupin) v CR, 1994-2015
= Informace 437 kb
Klouzave_prumery_VV_1994-2015.pdf

IVE .
+, Trendy incidence vrozenych vad (dle skupin) v CR, 2000-2015
» Zakladni informace 405 kb
Trendy_Incidence_2000-2015 pdf
Percentilové tabulky
+ Hypotrofie Star$i - Kvartalni data

Clanky a prezentace [ECYVELIT

= Prazentace

http://www.vrozene-vady.cz



Etiologie mentalni redardace

B komplexni etiologie; asi u 50-60 % pripadu nelze zjistit kauzalni
priCinu (naruSeni vyvoje mozku)

B negenetickeé pri€iny (prenatalni, perinatalni, postnatalni)

B genetické pri¢iny (monogenni, chromozomovée, multifaktorialni)

Chromosome 11%

Single Gene 7%

Other
Genetics 7%

Prematurity 4%

Environmental
10%

Srivastava and Schwartz, 2014
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Negenetické priciny MR
Prenatalni obdobi

Fyzikalni faktory

RTG zareni

« do 10. tt vice nez 100 mSV - letalni efekt

* pozdéeji vice nez 100 mSV - PMR, VVV
lonizujici zareni (gama zareni apod.)

« efekt zavisi na délce a intenzité pusobeni (davce)
Vysoka teplota (hypertermie)

e prvnich 6 tt

* napf. sauna — 3x vysSi riziko VVV

« horeCka > 38,5 °C déle nez 48h — SA, IUGR, MR, VVV CNS...
VysSetreni plodu UZV a MR nema prokazané skodlivé uc€inky.
Chemické faktory

Chemikalie

« uzivané v prumyslu Ci zemédélstvi (organicka rozpoustédla, barviva, PCB, tézké kovy)
Navykové latky

« Alkohol (Fetalni alkoholovy syndrom)

« Nikotin (prokazan byl i teratogenni ucinek koufeni marihuany)

« Jiné drogy (kokain), doping (steroidy)

Léky

« Cytostatika, antiepileptika, antibiotika, warfarin, ACE-inhibitory, i vysoké davky vit. A




Negenetické priciny MR

Fetalni alkoholovy syndrom (FAS)

» incidence 1/1 000 déti; poskozeni
nervovych bunék alkoholem

» chronické uzivani alkoholu (2g/kg/den),
narazova nadmérna konzumance

= alkohol v téhotenstvi % zen, 1/3 do 3.
meésice gravidity

= Rustova retardace plodu (novorozenci
jsou vétsinou hypotroficti, poruchy rustu
Casto pretrvavaji i v détstvi, postizené déti
celkové neprospivaiji)

» Typicka kraniofacialni dysmorfie
(rizny stupen mikrocefalie, hypoplasticka
maxilla, vyhlazené philtrum, plocha
stfedni Cast obliCeje)

= Poskozeni CNS (ruzny stupeni mentalni
retardace, kognitivni poruchy, poruchy
chovani)

Small head
circumference

Low nasal bridge

Eye folds

Short nose
Small midface

Thin upper lip
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Negenetické priciny MR
Prenatalni obdobi

Biologické faktory

Infekéni agens

TORCH (akronym)

» Toxoplasma gondi

* Ostatni (Treponema pallidum, HIV atd.)
* Rubivirus

« Cytomegalovirus

» Herpesvirus

- ohrozuijici jsou zejmeéna primoinfekce

Chronické onemocnéni matky
« Diabetes mellitus (DM)

* Fenylketonurie (PKU)

* Thyreopatie

« Astma, epilepsie...

HCMV Human Cytomegalovirus



Negenetickeé priciny MR
Perinatalni obdobi

= problemy pri porodu - krvaceni do mozku, hypoxie
» pfedCasny porod, nedonosSenost
* nizka porodni hmotnost
— predcasny porod, tehotenstvi mladistvych,
viceCetné porody
- Spatna vyziva
- muze vést az k 40-60% redukci mozkovych bunék




Negenetické priciny MR
Postnatalni obdobi

» infekce (Cerny kasel, nestovice, meningitida)
- muzou zpusobit MR, pokud neni poskytnuta
adekvatni lekarska péce
* Urazy hlavy
" intoxikace
- toxiny v zivotnim prostredi
- tezké kovy — rtut, olovo
= Spatna vyziva




Negenetické priCiny MR
Prevence

Primarni — prevence vzniku choroby
Sekundarni — prevence narozeni postizeného ditete
(Terciarni — prevence komplikaci choroby)

Primarni prevence — planované rodicovstvi

» reprodukce v optimalnim veku

= vCasna diagnostika leCitelnych onemocnéni — hypotyredza

» kompenzace nékterych onemocnéni pred pocCetim — diabetes,
astma, epilepsie, hypertenze

» Uprava nekterych onemocnéni — napr. antikoagulacni léCba

» vyvarovat se kontaktu s teratogeny - infekce, oCkovani,
minimalizovat radiaCni zatez

= zdravy zpusob vyZivy s dostatkem vitaminu a stopovych prvku



Geneticke priciny




Geneticke priciny MR

B MR spojena s monogenni dédi€nosti

B MR podminéna poruchami chromozomu -
aneuploidie, CNVs

B MR podminena multifaktorialné (polygennée)
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Genetické priciny MR
Monogenni dedicnost

* MR jako pfiznak je popisovana u ~ 1000 syndromu popsanych v
databazi OMIM...

Autosomaineé Autosomalné X —vazané
recesivni dominantni

metabolicke vady: = Tuberozni skleréza = syndrom fragilniho X
» Fenylketonurie » Costello syndrom = Rettlv syndrom

» Smith-Lemli-Opitz sy... = Cornelia de Lange... = Coffin-Lowry...

... a U nékolika stovek genu u tzv. nesyndromické MR - AR, AD,
X-vazané

Curated lists of genes involved in ID have been published by some groups. Gilissen et al. created two lists
including 528 genes with a “confirmed” pathogenetic role and 628 “candidate” genes with mutations
reported in fewer than five patients. Another comprehensive list (DDG2P) was prepared to assist the
Deciphering Developmental Disorders Study, including 925 “confirmed” developmental disorder genes
up to November 2013. Yet another list of 565 genes associated with ID (253 “known” and 312
“candidate”) has been reported by Grozeva et al., who used the two previous lists as a starting point.

Chiurazzi et al., 2016



Genetické priciny MR

Monogenni dedicnhost - AD

* Intenzivni studium prfedevsim v poslednich letech

» Pravdépodobny model dédi¢nosti predevSim u NS-1D

= MBD5 gen (2923.1), DOCKS8 (9p24)...

= Na odhaleni AD genu se vyuziva mapovani mist zlomu u
translokaci a CNVs spolu se sekvenovanim kanditatnich genu

Cornelia de Lange sy 1 (CDLS 1)

- OMIM: 122470

- mutace v genu NIPBL (5p13.1) a vykazuje autozomalné dominantni dédi¢nost.
Charakteristika:

- difuzni svalova hypertrofie

- extrapyramidové poruchy

- psychomotoricka retardace ,\; &



Genetické pfiiny MR - |i| ,i\ -
A\ 4

Monogenni dedicnhost - AR %

=ie
=i
=)
-

Metabolické poruchy |

| AA Aa C (ztrétOVé mutace, vad né 25% 50% 25%

funkce protéinu)
m témér vzdy AR, heterozygoti s 50% e e

rezidualni aktivitou alely jsou klinicky

beta-oxidace a OAU

normalni
m VSechny patofyziologické dusledky
enzymopatii mohou byt pripsany akumulaci o
substratu €i nedostatku produktu .
m Poruchy metabolismu aminokyselin, cukr,
lipidd, purinud, pyrimidinu aj.
m fenylketonurie, alkaptonurie,
galaktosemie

peroxisomalni
3%

substrat

produkt

http://sfm.gynpor.cz/kozich.htm



People with PKU Have a Defective
PAH Enzyme

v
290 S0 After they are eaten,
. P(‘?!gll: proteins are broken down
into individual amino acids
L]

Fenylketonurie (PKU)

et ©
One of these

amino acids is .)

phenylalanine

B prvni dukaz genetického defektu jako priciny

Vg

mentalnich retardaci (Fohling, 1934) ) P T el
m porucha metabolismu fenylalaninu zpusobena — o o
mutacemi v genu pro fenylalaninhydroxylazu & °*"\ %0,
(PAH) — pfeména fenylalaninu na tyrozin - o %e
v v ’ v g Normally, the PAH People with PKU have a
m 1/7-10 000 Zivé narozenych déti enmefress down el A e
m u pacientll s PKU dochazi k hromadéni el bodes.

toxického fenylpyruvatu v organizmu — nelécené
onemocneni vede k poskozeni vyvijejiciho se
mozku

m fenotyp: mirna stigmatizace, svétle vlasy, modre
oCi

B |écCba: specialni dieta s omezenym mnozstvim
fenylalaninu

B nedodrzovani diety v gravidité muze vést k
hyperfenylalaninémii a naslednému poskozeni
plodu

* 400 riznych mutantnich alel

* 6 z nich - 80 % mutaci




Genetické priciny MR

A4

Monogenni dedicnost — X-vazaneé

Asi nejlépe zmapovany typ dédicnosti

i . o . v ] Xp22.32-p22.31 BN o e s 2
— diky hemizygozité u XR dédiCnosti Xp2212 RPSSKAS | e
Xp21.3 ARX I
Xp21.3-p21.2 ILIRAPLY Mentsl retardation X-linked 21/34
Xp11.3-p11.2 SYNL P ooty
Xp11.23 PQBP1 Reapenning searome
xp11'22 mx mu;:mxl-lnhd.nn&oﬂ(.
quz m mmx-lm-ﬂ
CENTOGENE Xq13.1 BRI oo ororens e vt 1
X-linked intellectual Xa132 T [ —
ATRX synerome, X-iked
Xq21.1 ATPTA Owtmibemondiine
NON-SYNDROMIC SYNDROMIC EENEY Ve et
FORMS FORMS
: Xa23 Dex Sicarnc et o, e
o Only isolated MR/ID o MR/ID + other symptoms e
o e.g. Fragile X syndrome, o e.g. Coffin-Lowry syndrorpe, ik T, Mo erdtn i o
XLMR type 90 X-linked alpha thalassemia
MR syndrome Xq27.1 SOX3 o e
ucm xumuu(m::::'m-
MECP2

MR = Mental retardation defined as 1Q <70 ID = Intellectual disability Xq28
Nett pyrarome
Mergal retardation X-lmhes 13

“Adl of these genes ane Included In the CENTOGENE X-inkad memial retardation panel.



Syndrom fragilniho X

R P S

Fragile site

m incidence 1: 4000 chlapcu, 1:7000 divek

m  mentalni postizeni (1Q 20-60)

B Zeny - méneé postizené, ale 25% ma MR -
|Q<70, vétSina 75-90

m X-vazany dominantni pfenos

m velka hlava, dlouhy obliCej, prominuijici Celo a
brada, velké usSi, nizky svalovy tonus

m nékteré rysy autistického chovani —
nedostateCny oCni kontakt, mavani rukama,
uzkostna porucha

m tézké opozdéni vyvoje fecCi a jazykovych
dovednosti

= gen FMR1; Xq27.3
= pfiCina: zmnozeni repetice CGG

. 6 — 54 opakovani - zdravi
. 52 — 200 opakovani - premutace
. nad 200 - plna mutace

= efekt ANTICIPACE




Genetické priciny MR
Geny spojené s MR se podileji na
ruznych procesech v bunce

= Synaptické proteiny
= Synaptickeé vezikuly pro
vnitrobunecnou a
mimobunécnou komunikaci
* Proteiny asociované s
membranou
= Signalni drahy
- Rho GTPazy ~
- ERK/MAPK signalni draha _
Regulace transkripce g i"\‘é(ﬁ«;' o "
proteiny s motivy zinkovych prst( - il
Proteiny metabolickych procesu
Degradace proteinu
Remodelace chromatinu

72{ Ll ('i‘&fiﬂi}l p‘m‘m‘ J R RN '.W}JJ))
NN

NraoR

mzz i Y

ORI

Kaufman et al., 2010



Genetické priciny MR

A4

Monogenni dedicnost — moznost lecby?

U monogenné podminéné MR

* moznost genove terapie

- napf. MECP2 (Rett sy) — zavedeni genu u MECP2 null mysi
« exon skipping

— vyuzitim antisense oligonukleotidd anebo siRNA

« aminoglykosidy

- zprostredkované potlaCeni non-sense mutace




Genetické priciny MR

Chromozomové aberace

m Poéetni zmény chromozomu (aneuploidie) — 50 %

Downlv syndrom trisomie 21 ~1/700
Edwardsuv syndrom trisomie 18 ~1/7900
Pataulv syndrom trisomie 13 ~1/10000-1/200000
Turnerv syndrom 45X ~1/2500
Klinefeltertiv snydrom 47 XXY ~1/1000
Zeny 47, XXX 47, XXX ~1/1000
Muzi 47, XYY 47, XYY ~1/1000
Monosomie 8 mosaikové formy ~1/30000

m Strukturni zmény chromozomu:
o (mikro)delece/(mikro)duplikace - 10 %
o translokace, komplexni prestavby
o subtelomerické prestavby - 7 %



Komplexni chromozomove prestavby

vrozené komplexni prestavby se vyskytuji zfidka
jsou charakterizovany 3 nebo vice zlomy
lokalizovanymi na dvou nebo vice chromozomech
mozna asociace s
- mentalni retardaci
- vrozenymi anomaliemi
- opakovanymi spontannimi aborty

46,XY,1(1;14),(p34;924),t(4;6)(q25;p23)pat

Ete B

= = _

18 Je

= = - h

ii % 9 :

- 4

4
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Genetické priciny MR — CHA
Syndrom kociciho kriku (Cri du chat)

Jerome LeJeune, 1963

1:50000 Gromoamed |
delece 5p, kriticka oblast 5p15 1530

Spl5.a2

region

10 — 15 % potomci pfenasecu or cry |
translokace

typicky krik novorozence - -

laryngomalacie s el raglon’
mikrocefalie, kulaty oblicej PMR, oo |||
srdecCni vady, mikrognatie, hypotonie wanispts

5p13.3
5p13.2
5131
spl2——| |
spn— e,

centromere

long arm 5q

http://www.youtube.com/watch?v=TYQrzFABQHQ



Genetické pri€iny MR — CHA

Submikroskopicke prestavby
— mikrodelece a mikroduplikace - CNVs

B skupina geneticky
podminénych chorob, jejichz
priCinou jsou drobné delece
DNA segmentu, které nejsou
detekovatelné klasickymi
cytogenetickymi metodami

B pacienti maji specificke
klinické priznaky

W _Casty vyskyt MR

Nejznameéjsi mikrodele¢ni syndromy

Syndrom Oblast delece
Wolf-Hirschhorn sy 4p16.3
Williams Beuren sy 7911.23
Prader-Willy/ Angelman 15911-q13
Smith —Magenis sy 17p11.2
Miller- Dieker sy 17p13.3

Di-George/Velo-Cardio-Facial sy | 22q11.2

Kallman sy

Xp22.3

| Rubinstein-Taybi sy

16p.13.3

Prader-Willi Angelman  Williams

velo-cardio Langer-
facial Giedeon




Jakou ulohu hraje architektura lidského genomu pri
vzniku submikroskopickych prestaveb?

Nahodné (non-recurrent) prestavby |
- hachazené u jednotlivcu

- lisi se velikosti a misty zlomu na chrom.

- mUzZou vznikat nékolika ruznymi
mechanizmy — napf. nehomolognim
spajenim koncu (NHEJ)

Opakované se vyskytujici (recurrent)

- hachazené u vicero pacientl

- stejna velikost a stejné mista zlomu na N 7.\ b
chromozomech - /AN o il
- vznikaji diky specifické architekture e oo L
genomu e G . B

= ddlezitou ulohu hraji segmentalni
duplikace (SD) (opakovani s nizkym
pocltem kopii)
= bloky DNA (1-500 kb), z vice nez 95% sekvencné podobne,
lokalizovany v ruznych oblastech genomu



Vznik mikrodeleci/mikroduplikaci -
nealelicka homologni rekombinace (NAHR)

Diky velikosti a sekvencni homologii, mohou byt SD priCinou
prestaveb diky nealelické homologni rekombinaci.

Microdeletion syndromes caused by low-copy

repeats

Williams syndrome
DiGeorge / VCFS
Smith-Magenis

Angelman / Prader-Willi

______ X — X
wrong
7q11
22ql1
17p11
b right




Rekombinancni hotspots

- preferenéni mista rekombinace

- oblast v ramci SD majici 100% sekvencéni homologii (1-3 oblasti, o
velikosti 300 bp - >2kb)

- nalezeny pro nékolik znamych syndromu (Williams-Beuren, Smith-
Magenis, Sotos sy, atd.)

- ovliviiuje rekombinaci polymorfizmus v poctu kopii SD blokt u
rodicu?




Nealelicka homologni rekombinace
(NAHR) — Inverze

-dalSi rys lidského genomu, ktery hraje dulezitou roli pfi vzniku
chromozomovych prestaveb

- napf. Williams-Beuren, Angelman sy — rodiCe pfenasecCi maji inverzi
zahrnujici deletovanou oblast

- inverze muze zpusobovat NAHR

— — 17921.31 microdeletion located in a region
showing inversion polymorphism in ~20% of
Europeans
inverted repeats are M
not high risk for -l | A L L -
misalignment and s =) Ry e g
deletion B e e H1 [80%
— —
: " TR
\‘ ) ~900 kb sequence
90% g
Inversion e ...,i'?'“,:"': " T e .,: e T e — H2
polymorphism P o 1 e R 207
- - MAPT —
— | l |

10% Nova mikrodelece 17¢g21.31



Noveé objevené
mikrodelecni/mikroduplikacni
syndromy

Table 1. Continued

Name Size (Mb)? LCR MIM Clinical features

16p13.1 16 + - Association with autism, significance uncertain

microduplication

16p13.1 16 + - MR, MC, epilepsy, short stature, phenotypic

microdeletion variability

17p11.2 37 + 610883 MR, infantile hypotonia, failure to thrive,

microduplication® autistic features, sleep apnoea, and structural
cardiovascular anomalies

17921.31 0.5 + 610443 MR, hypotonia, epilepsy, FD, e.g. tubular or

microdeletion pear shaped nose with bulbous nasal tip,
heart anomalies, and renal/urological
anomalies

22q11.2 37 + 608363 Highly variable. MR, FD, e.g. widely spaced

microduplication eyes and downslanting palpebral fissures,

velopharyngeal insufficiency, conotruncal
heart disease

22q11.2 distal 1.4-2.1 + 611867 MR, prematurity, prenatal/postnatal growth

microdeletion delay, mild skeletal abnormalities, arched
eyebrows, deep-set eyes, smooth philtrum,
thin upper lip, hypoplastic alae nasi, small

pointed chin
Xq28 0.4-0.8 - - MR, severe hypotonia, progressive lower-limb
microduplication spasticity, absent or very limited speech

LCR, low copy repeat; MR, mental retardation; MC, microcephaly; FD, facial dysmorphisms
2 Common region
b Potocki-Lupski syndrome

Genetics of Mental Retardation, 2010, Editor: S.J.L.Knight

Fig. 2. Patients with newly recognized interstitial microdeletion syndromes. a 2p15p16.1 microdeletion, b 3929 .mi-
crodeletion, € 17g21.31 microdeletion and d distal 22q11 microdeletion. Informed consent was obtained for publica-

tion of photoaraphs.



Subtelomerickeé prestavby

Telomery

ochrana koncl chromozomu pfed pusobenim
exonukleaz

parovani homolognich chromozomu v mei6ze
udrzuji architekturu interfazniho jadra
replikace koncu linearni DNA (telomeraza)

= starnuti bunék — zkracovani
delky telomer

The telomere

B 1] 3-20kb (TTAGGG)

W

Telomere

100-300kb
I associated repeats

¥ Unique telomere region
(site of FISH probes)

centromere

l

- LI
= pokud chybi— pfestavby 'T‘.‘?/%kz <%
chromozom( (napt. translokace, AINLTA L M
p s ws s ./' P % '\ - ?Ll
fuze, kruhové Ci nestabilni NN | s SN
dicentrické chromozomy) o T L e
% § . e 0 &
N T -1 T’"
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Klinicky vyznam prestaveb telomer

= subtelomerické oblasti na chromozomech — nejvétsi hustota genu v
genomu

= aberace v této oblasti - pfiCina spontannich abortd, VVV a MR
= vetSinou neexistuje vyrazna korelace genotyp-fenotyp
= jsou vSak i specifické syndromy:

« delece 1p36 (Slavotinek)

« delece 9934

« delece 22q13 (Phelan-McDermid)

Fig.1. Clinical photographs of patients with subtelomeric deletions. a 1p36 deletion, b 9q34 dele-
tion and € 22q13 deletion. Informed consent was obtained for publication of photographs.



Jak hledat pri¢inu u pacienti s MR (a/nebo VVV)?




ProcC hledat pricinu MR?

» Umozni urcit prognozu (predevsim u malych déti) -
stanoveni vhodnych vySetfeni — snizeni neefektivnich testu

* Umozni stanovit vhodny plan péce a lecbu

» Umozni stanovit riziko pro postizenou rodinu a podklady
pro geneticke poradenstvi



Co by jste jim jako genetici rekli?

AR,

14 14 21 21

46,XY 45,XX,der(14;21)
‘ MNormal Parent Carrier Parent
1

Sl 1D
[ S—— ¥ o
21 ‘ ) =D =

14 ’ . A cz

[ ]
b OIe nGoErrmn:TIEp;?sﬂl | | 6 types of gametes from carrier parent
“\.\EIZ:D C 1 o2 oo
46,XY,der(14;21),%21 (. —r—
MNormal zygole: Carrier zygote:  Trisomy-21 zygote: Monosomy-21 zygote: Trisomy-14 zygote: Monosomy-14 zygote:

Mormal individual Mormal phenolype|Down syndroma Inviable Inviable Inviable

prenasec der(14;21) — teoretické riziko postizeni ditete D.S. 33 %
populaéni studie —10 az 15 %
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Postupy pri vysetrovani pricin MR

Klinicka Cast:
genealogicka analyza — solitarni vyskyt vs. suspektni X-vazane,
AR, AD onemocnéni, nemendelovsky vyskyt onemocneni

A0 &
“1° "T° 53— H

° I o eONMLC ©

osobni analyza — hledani moznych pfi€in MR — od prenatalnich po
postnatalni vlivy

fyzické zhodnoceni - zhodnoceni fenotypu, pridruzenych VVV,
dalSich anamnestickych dat

== Klinicka diagnoza



Postupy pri vysetrovani pricin MR

Laboratorni ¢ast:
,,Cilené* genetické vysetreni

pri klinickem podezreni na konkrétni jednotku

karyotypizace, cilené vySetfeni mikrodelecnich syndromu (FISH,
MLPA), cilené molekularné-genetickeé vysetreni, FRAX

»,Necilené“ genetické vysetreni

karyotypizace, necilena detekce submikroskopickych prestaveb
(MLPA), array-CGH, NGS

Specializovana vysetreni:
VySetfeni metabolickych vad
Zobrazovaci vySetfeni a antropologicke vysSetreni
DalSi odborna vysetreni —p  Konec¢na diagnoza



Postupy pri vysetrovani pricin MR

osobni a rodinna anamnéza
zhodnoceni fenotypu
zhodnoceni pridruzenych nalezu

' N

bez jasného zavéru suspekce na konkretni syndrom
.necilene” vySetreni  dalSi odborna vysetreni cilené vysSetreni
karyotyp zobrazovaci vys. / \
— * antropologické vys. Dg. nepotvrzena Dg. potvrzena
ocni, ORL JV ‘l'
STP neurologické
‘v kardiologicke.... dif.dg. moZnost
arrayCGH v‘ zvaZzované genetického
‘, jednotky poradenstvi

NGS? cilené vySetreni pro rodinu



Metody pri vysetrovani pricin MR

* Metafazni cytogenetika e Cytogenetika zaloZena na izolaci DNA
' i b MLPA |||. TNV RE—,
(( )l it DA s A

s L ) L] oM o=
RCEE _;l_ it} _& % E;l'__.z__.LT-_:lq_-_«-ngE:_l__JE

Mikro€ipové technologie

e Interfazni cytogenetika
— FISH

t(11:14)

NGS




Metody pri vysetrovani pricin MR

» FraX (zachyt 1-2%)

» Karyotyp (balancované prestavby?)

» FISH — cilené vySetfeni, ovéfovani nalezu z MLPA a aCGH,
mozaiky

» MLPA - skrinink subtelomerickych prestaveb a znamych
mikrodelecnich/duplikacnich syndromu, detekce deleci/duplikaci v
znamych genech (MECP2, DMD)u vybranych pacientt

80

"aCGH — celogenomovy
skrinink u vybranych
pacientu (10-15%)

= NGS - celogenomovy
(exomovy) skrinink

70

60

50

40

30

Diagnostic yield for ID (%)

1970s - conventional karyotyping. @

1990s - Sanger sequencing and FISH (+6—10%)

Beginning of this century - genomic microarrays (+15-23%). 1

;81‘2 _WV\(I;ESS( (-;26?)-/_)33%) 019-70 1975 1980 10‘85 1990 1995 2000 2005 2010 2015
- + 0),

Year
An overall diagnostic yield of 55-70% for moderate to severe ID. ) .
Vissers et a|., 2015 Nature Reviews | Genetics

10




Molekularni karyotypovani — 1000x

citlivejsi nez klasicka cytogenetika

Resolution Coverage
a Cytogenetics Karyotyping > 10 Mb Complete
SKY >2 Mb Complete
Traditional CGH > 2 Mb (cytoband) Complete
FISH (interphase) > 20 Kb Probe Specific
FISH (metaphase) = 100 Kb Probe Specific
b aCGH BAC 100 Kb (Spectral Genomics - 2 Mb) Complete
cDNA 2 Kb Genes Only
Oligo (60-mer) 0.06 Kb Complete
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Moderni metody analyzy genomu:

DNA &ipy

» princip: hybridizace znaCené vysetfované DNA s
imobilizovanymi sondami na Cipu

» sondy: jednotlivé molekuly DNA o znamé sekvenci,
které jsou upevnény ve shlucich (spoty) na pevhém
podkladu (sklo, mikrokulicky...)

= pocet spotu: od Fadové stovek do miliont podle typu
Cipu

» historie: Southern blot (polovina 70. let), skute¢né
mikrocCipy - polovina 90. let 20.st., pak masivni rozvoj a
vyvoj riznych adaptaci a variaci; komercni trh

Array-CGH: detekce zisku a ztrat na urovni DNA
SNP-arrays: oblasti ztraty heterozygotnosti (AOH)




Typy DNA cCipu
Zdroje cilovych DNA

Genome  Gename
Fesolution Coverage

Diagnostic s
[ M- E H B Bl BN NTES) NN Besd =10Mb o 100%
S-Banding
Driscoverny
e T T e e e el F 170K 9E%

¥
=10Kh =1 %

e ey

I /C Areys

Oligonucleotide arrays (25 — 85mer)



Agilent ISCA CGH+SNP Microarray

Whole-genome plus Targeted Array Design

CGH probes MM BN DR VA1 00
— B —
pter-< »cen- »qter

Resolution

S Telomere FISH clone

mmm Unique centromere FISH clone ~20 kb

Il Known clinically relevant targets
]| ~25 kb interval backbone ~100 kb

60K SNP probes ~5-10 Mb LOH
Baldwin et al., Genet Med 2008



Agilent Human CGH Microarray

1BOK GOK || 60K
400K N e i e Copy
180K g0k || BOK | CGH data . \A ‘.' et insrase number
1Million R I e GHETGES
1B0K GOK || 60K
400K : : LOH/UPD
180K BOK || 80K
f— — —
)| (==
F| — A ==
CGH-only
Description Part Number Number of targeted ISCA  Backbone probe density
regions
ISCA 4x180K v2 G4826A ~500 25 Kb
AMADID 031748
ISCA 8x60Kv2 G4827A ~500 60 Kb
AMADID 031746
ISCA 2x105K v2 G44258 ~500 35Kb
AMADID 031750
ISCA 4x44Kv2 G4426B ~230 75 Kb
AMAﬁD!DﬁOM?U
Part Median CGH Area of LOH/UPD
Format . .
Number probe spacing Focus resolution
2x400K G4B42A 7kb Exons ~5-10Mb

4x180K G4890A 25kb ISCA" regions  ~5-10Mb



Step1  Patient
DNA

Step 3

Step 4

o

Equal
hybridization

> ¥F

DNA DNA
dosage loss dosage gain

<

e 4 Control Step2
DNA

J

Array CGH: The Complete Process

Steps 1-3 Patient and control DNA are labeled with fluorescent dyes

and applied to the microarray.

Step4  Patient and control DNA compete to attach, or hybridize,
to the microarray.
Step5  The microarray scanner measures fluorescent signal intensity.
Step6  Computer software gathers the data and generates a plot.
Step 5 Step6
DNA dolsage loss
— =
=
COMPUTER DATA PLOT
SOFTWARE (Chromosome 7)
\ Y,

1
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-CGH

i array

I 4

Vyhodnocovan

aCGH Analytics Software, Agilent Technologies
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Princip hodnoceni array-CGH dat

Single Copy Deletion(-1) Normal Amplification, 3 copies (+0.58)

2 Copy Deletion (-2)  ~_ \ |
3 -2 A1 0 1 +2 +3

+0.58
c oAl Probes
S Dos -
3 Red 1copy |
o Deletion
t_U Exp ><\\
= Significant Aberration
o Regions
g Amp
= Del 1 copy
o amplification
— Data shown inLog2 R =
N - Log2 (Exp Sample/Ref)
(&) N
Description s:r‘;‘:rl‘;ggN RefCN | Ratio (S/R) | Ideal Log2(Ratio) | Actual data
Diploid 2 2 1 0 0
Deletion 1 2 0.5 -1 -0.9
Trisomy 3 2 {5 +0.58 +0.53
Hodnotime rozdil mezi intenzitou fluo signalu mezi 50% mosaic |, 2 | os o .
, v , . deletion ) ' ' ’
vzorkem DNA a referenci vyjadieny jako log,X(= vzorek onmosas | a0 |, - i~ ”
. . , o s . . 1. +0. +0.
/ reference). Data jsou lehce komprimovana kvuli tisomy
. . , . g v 20% mosaic
biologicke variabilité vzorku deletion e 2 09 o o
Ul 2.2 2 1.1 +0.14 0.12

trisomy




Porovnani zachytu chrom. aberaci
pomoci HR-CGH a oligonukleotidovych
Cipu — ruzny format

Pacient s del(1)(p36), ~ 3,2 MB

L @ Q | 1: 0-9992226, 12.5 Mh L Q B | 1: 9407-5578157, 5.56 Mh L L @ Q |

P\

1[26]

Karyotyp HR-CGH 8x15K 4x44K 2x105K
normalni negativni negativni del(1)(p36) del(1)(p36)

Human CGH Microarray, Agilent Technologies, CGH Analytics 3.5, Aberration algorithm: ADM-1, Treshold: 6.0, Genome: hg18



Vyhody a nevyhody array-CGH

Advantages of array-CGH

Ability to analyze DNA from nearly
any tissue, including archived tissue or
tissue that cannot be cultured.
Detection of abnormalities that are
cytogenetically cryptic by standard
G-banded chromosome analysis.
Better definition and
characterization of abnormalities
detected by a standard chromosome
study.

Ability to customize the platform to
concentrate probes in areas of interest.
A ready interface of the data with
genome browsers and databases.

Genetics in Medicine volumel5, pages901-909 (2013)

Limitations of array-CGH

The inability to detect genetic events
that do not affect the relative copy
number of DNA sequences, e.g.,
molecularly balanced chromosomal
rearrangements.

Low-level mosaicism for unbalanced
rearrangements and aneuploidy may not
be detected.

Ploidy levels may be difficult to detect.
Copy number variations (CNVs) of
genomic regions not represented on the
platform will not be detected.

Current array-CGHs are not designed to
detect duplications and deletions below
the level of detection according to
probe coverage and performance, point
mutations, gene expression, and
methylation anomalies that may
contribute to the patient’s phenotype.



Vyznam array-CGH u pacientu s MR

 hledani pficin u pacientd s MR, VVV, dysmorfickymi ¢rtami a normalnim
anebo zdanlivé balancovanym karyotypem

« definovani a upfesnéni mikrodelecnich/mikroduplikaénich syndrom
« puvod nadbyte¢ného materialu, marker chromozomu ...

REVIEW

Array CGH in patients with learning disability (mental
retardation) and congenital anomalies: updated
systematic review and meta-analysis of 19 studies
and 13,926 subjects

Gurdeep S. Sagoo, MSc, PRD', Adam S. Butterworth, BA, MSc’, Simon Sanderson, MRCP, FFPH’,
Charles Shaw-Smith, MA, PhD*, Julian P. T. Higgins, BA, PhD', and Hilary Burton, MA, FFPIF

Table 2 Genetic abnormalities identified by array CGH in idiopathic learning disability and congenital anomalies

Patients with Patients with
noncausal False-positive casual
Author (year) Resolution Patients abnormality yield (%) abnormality Diagnostic yield (%)
Vissers et al. (2003) I Mb 20 1 50 2 100
Shaw-Smith et al. (2004) 1 Mb 50 5 10.0 7 14.0
de Vries et al. (2005) S0Kb 100 5 50 10 100
Schoumans et al. (2005) I Mb 41 NS NS 4 98
Menten et al. (2006) 1 Mb 140 9 64 19 136
Miyake et al. (2006} 1.4 Mb 30 20 66.7 5 16.7
Rosenberg et al. (2006) 1 Mb 81 7 8.6 13 16.0
Sharp et al. (2006) Targeted 290 7 24 16 535
Aradhya et al. (2007) 35Kh 20 3 15.0 7 350
Baris et al. (2007) 1 Mb 234 12 5.1 13 j6
Baross et al. (2007) 30Kb 100 1 Lo 11 1.0
Engels et al. (2007) 0.5 Mb 60 1 L7 6 10.0
Fan et al. (2007) 30-35Kb 100 1 Lo 15 150
Lu et al. (2007 Targeted 2444 231 95 171 70
Shaffer et al. (2007) Targeted BTR9 445 51 604 68
Shen et al. (2007) 35Kh pall 9 43 16 76
Thuresson et al. (2007) 1 Mb 48 2 42 3 6.3
Wagenstaller et al. (2007} 236 Kb &7 13 194 11 164
Pickering et al. (200%) 1 Mb 1101 47 43 86 18

“Not stated: a total of 151 copy number polymorphisms (CNP) detected in number of paticnts with CNPs not stated

Zachyt CNVs pomoci array CGH u
pacientl s MR/VVV zavisi na:

= typu Cipu, rozliseni
= pokryti znamych syndromu
= kritériich vybéru pacientt

Literarni Udaje: 4 az 28 %

1 Mb BAC array 44K oligonucleotide array

unknown
Siisai sngmflocance
e ” babl
S probably
> <l normal
6%

probably
normal
54%

Buysse et al., 2009



Doporucena kritéria urcena pro klinickou
preselekci pacientl s MR (de vries et al. 2001)

Vyskyt MR v rodiné 1
Prenatalni rastova retardace 2
Postnatalni ristové abnormality 2
Mikrocefalie, kratké koncetiny, po 1 bodu
Makrocefalie, dlouhé konéetiny (max.2)
Facialni dysmorfie — dva a vice priznaku, zejména 2
hypertelorismus, anomalie nosu, usi

Jiné vrozené abnormality, zejména srdecni vady, po 1 bodu
hypospadie (max.2)

skore 2 3, senzitivita = 1.00, specificita = 0. 27




Array-CGH a variabilita v poctu kopii (CNVs)

- se stale se zvysujicim rozliSenim je
stale obtiznéjsi nalézt hranici mezi

benignimi (polymorfnimi) a
patogenimi CNVs

- ziskat data je snadneé

- interpretovat vysledek je obtizné

 existuje normaini karyotyp?
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Array-CGH a CNVs

Global variation in copy number in the human genome
Richard Redon et al.: Nature. 2006 November 23; 444(7118). 444—-454.

CNVs — segmenty DNA vétSi - doposud detekovano 29 133 CNV
nez 1 kb pritomné ve

variabilnim poctu kopii v

porovnani s referenénim

e 12 % lidského genomu obsahuje CNV
e« 0,12 - 7,3 % rozdily v CNV mezi jedinci

genomem e 41 % vSech CNV pokryva geny
ATIONS IN OUR GENOMES CNV patogenni x benigni
Chromosome
o CNV nejasného vyznamu
>tnes from 0.7
NG5 reference B common
2008 0.6
M rare inherited
Deletion [ A B g 0.5 O chinically relevant
J
s 04
Insertion | A B C B D BNC .E
E 0,3
Inversion P O A | E 0,2
Copy-number _ : : z Sear 0.1
variant EYENEYEN KX ! -I_‘ AJ_‘ ﬂ H
. u | 1
- | A B B BEICH A BN B O ) 0 ] 0 0 0 ﬂa
duplication e o 1_3" @\ g-} 1@\
;'.SF “5@ @h N -;""

- & "‘y ;v :1|.I_.
'»@ 4,0? B Buysse et al., 2009



Interpretace CNV nalezenych pomoci array-CGH
v klinické genetice — rozhodovaci kriteria

A H\-_r

H F g .
Risk assessment of CNVs Se$: Karolinska
3 *@* 7 Institutet
Ty 18
Major Criteria Characteristic of Characteristic of
Pathogenic CNVs Benign CNVs
1 a CNV is inherited from a healthy parent X
b CNV is inherited from an affected parent X
2 a CNV is similar to a CNV in a healthy relative X
b CNV is similar to a CNV in an affected relative X
3 a CNV overlaps a genomic imbalance in DGV X
b CNV overlaps a genomic imbalance in
Decipher or ECARUCA X
4 CNV contains morbid OMIM genes X
5 a CNV is generich X
b CNV is gene poor X
Minor Criteria Characteristic of Characteristic of
Pathogenic CNVs Benign CNVs
1 a)CNV is a deletion X
b'CNV is a homozygous deletion X
2 a CNV is a duplication X
b CNV is an amplification X
3CNVis >3 Mbin size X

4 CNV is devoid of know regulatory elements X
Lee Nature Genetics 2007



Pouzivany algoritmus vysetreni
pomoci aCGH

oW dalldup
R ,.sz.&ﬁ

syndrome

Buysse et al. (2009)



Interpretace array CGH

Vzdy v kontextu S

- s fenotypem pacienta ’ oy ‘J L’ oniligmity D
* s vySetrenim rodicu e 80,8 i v

¢ s databézemi comparc l comparce

b dosage sensitive, J
imprinted,
recessive
genes
PATHOGENIC BENIGN
CNV CNV
UNCLASSIFIED

\—k/




Moderni metody analyzy genomu: ===

« zavedeno do genetickych laboratofi asi pred 10 lety
« dnes Siroce vyuzivana metoda, ktera nahrazuje (nahradila) klasické
sekvenovani

Tradicni sekvenovani vs. NGS

96 DNA fragmentd Milion DNA fragmentu
sekvenovano zaroven sekvenovano zaroven

#==Newcastle
University
Prof. J. Veltman,

Newcastle Univerzity, 2018
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Vyuziti NGS

Vyzkum

» objevovani novych genu asociovanych s lidskymi nemocemi

« odhalovani molekularniho podkladu komplexnich nemoci

Diagnostika

« v poslednich letech Siroké vyuziti i v klinické laboratofi

« kratka doba odezvy a snizujici se naklady

« dédiéné nemoci, infek€ni nemoci, nemoci imunitniho systému, neinvazivni

prenatalni diagnostika i onkologické onemocnéni |
Cost to sequence a human genome (USD)
$100M T TTTT TTTTTTT | TTTTTTT | TTTTTTT ‘ TTTTTTT ‘ TTTTTTT I TTTTTTT | TTTTTTT TTH
L i 3000 +
r g Disorder
$10M - = 5 ASD
L 5 BD
SIM = - & 2000+ EE
i 3 ID
i 7 £ scz
$ 100k — — 4
: 1000
$10k — ]
$1k L 04
T T T T
[ B 201 2012 2014 201
$100 Loy, Lo L L T L Liviin Lo Lo s 0 ) -
Year
2001 2003 2005 2007 2009 2011 2013 2015 2017 Number of publications in PubMed using the search terms “next-generation sequencing,” “autism spectrum
disorder” (ASD), “intellectual disability” (ID), “epileptic encephalopathy” (EE), “schizophrenia” (SCZ), and “bipolar
Prof. J. Veltman, Newcastle disorder” (BD) annually since 2009

Univerzity, 2018 Cold Spring Harb Perspect Med. 2017 Mar;7(3):a026864.



NGS a MR

Vyzkum
» objevovani novych genu asociovanych s MR

Priklad: Schinzel-Giedion syndrom
Zridkavé sporadické onemocnéni, bez rodinné historie

Variants in genes 12,196 3,331
Variants affectin
Teetnd 5,556 1,634
protein
Variants not in
. 180
normal population 1
Schinzel & Giedion. Am J Med Additional proof: Healthy parents do not carry the mutation!

Genet 1978
Hoischen et al. Nat Genet 2010



De novo mutace u pacientu s MR

Diagnostic ex % didate ID genes

—— Autosomal dominant genes

Gene description

i n 10( 5 — Autosomal recessive genes -
£ —— X-linked genes ‘
E 600 — TOtal genes : synaptic plasticity associated with NMDA
HH 7 = ' aling. Depletion of DLGA changes the ratio of
POSItlve d Iagn osis g : inhibitory synapses in hippocampal neurons.
. .
All mutations © ine phosphatase that mediates a feedback
g 500 - p38-pb3 signaling, thereby contributing to
De novo mutations -~ tion and suppression of stress-induced apoplosis.
c
% brane-associated small GTPase involved in
Autosomal domin o processes. In the synapses, it mediates the
3 400 ~ F-actin cluster formation by SHANK3.
i c
X-linked o F- activity and BMP-SMADI signaling. Functions
‘ =2 tional co-repressor,
Autosomal recess O
l h -t d t t- ) 7>) 300 f the spliceosome with pleiotropic roles during
nherited mutation: o ession. Functions in efficient cotranscriptional
c ing.
-li -—
X | n kEd o anscription factors regulating embryonic
| \q-) 200~ . Plays a critical role in neuronal progenitor
Autosomal recess| o by regulating the timing of differentiation.
g Lis nuclear ribonucleoprotein (hnRNP) functioning
H 4 hediated mRNA slabilization complex and SMN
Candldates 100 " in the APOB RNA editing complex.

al activator of matrix metalloproteinase 3
lator of various other transcriptional activators.

Vissers et al. Nature Genetics

2010; de Ligt et al. NEJM 201 0 T
1980 1985 1990 1995

T T T 1 ine kinase regulating chromatin assembly.
NA replication, transcription and rapair and
2000 2005 2010 2015 [ menton

Year

ligase invalved in the ubiquitin fusion degradation
rds against excessive spreading of ubiquitinated
damaged chromosomes in DNA repair,

Nature Reviews | Genetics

Lelieveld et al. Nature Neuroscience 2016



NGS a MR

TTAACCCCTTCGAATGCTCAT CAAATCGTATCTCCCGARAATGTCTTTTAT G
TATCTTACTTCCACCACATAATCTACGAACTATCAATCTTTATGATGGTCAG
GTTTGTTAACAAGTGATTTGAATCTGATAAT CCGAAGAGTTGCTAATAATGA)
GCAAAAATACAAAAAATCTTGGATTCTATCGATAACAGCCGAGGT GCCAATC
TACAAATAARRAGCTTACTTTGGATACT TT GACAGET GCACACT CARAAGAR]
TGECGAAGTTATATTAAT GGCAAACGTATTCCT GAGACT GCCAGAGCTGT AAT
TCTATGAAT AAAACTGGCTTTAT TGAAGTACCATCTTACATTT TAAACAAGT
TGTTGTCTTTTATAATCACGT TACGAAAGAT AACATACTCAAAACTCTTCAA
AAGCTTTTCTAACATATATCAAAAGTGATCATAATTCTGAAAATCCTTATAT
GATTTAGCACAGAAGAAT GGATATTTAACCTTGGCTCCTAATTTCGET GATA)
AABAAGGARRGAGGAAGGTGGTTTTGTAACTATTTGCAGACATCCATCTATC
CTAATATCCAATCTGGT AT AAT AAAAACAT CAGAAGCCTTTACTATTAACAT
ACAATTTGCACATCTTTT a7 O T AT T T C AT o AC AT A ATGACAAT AT
CAAATCCCCATGT GCCAAT CTCGAACAAGCTT TGAT TAT GAACT CACGAAAT
AAAATTCTATARCAAGCAATCCAATGTTCGGCTTGGTCCAAGAT CARATACC

Diagnostika
MR — velké mnozstvi genu, Siroké spektrum fenotypovych projevu

NGS
umoznuje testovat velky pocet genll zaroven — finanéné vyhodné

,wsechny” varianty v jednom experimentu
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Prof. J. Veltman, Newcastle
Univerzity, 2018
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De novo duplication on chr 4

dr e -'n:_: . it ) 1

M it \ .

Duplication in chr X

L. T PR T M¢mqéx<<<<<<w R
: ! ',J"'\t FHI‘

o A3 i ~ T

IQSEC2 -~ 5 S
(ex3-18) TENM3 . IQSEC2
(ex22-27) / (ex1-2)

. Duplication disturbs
chromosome X chromosome 4 lchromosome 4 chromosome X IQSEC2 gene

Prof. J. Veltman, Newcastle
Univerzity, 2018




Jakou strategii NGS testovani vybrat?

* Panel genu

+ Celoexomové sekvenovani (WES)
« Celogenomové sekvenovani (WGS)

[ a)

Gene panel

NGS testing

B)

WES

| Cons

Comparison of Targeted Panels, WES, and WGS Sunetal, 2015

DiResta et al., 2018

Targeted panel WES (60% coverage) WGS (60x% coverage)
Relative costs compared with | Depends on size of gene 1 ~3x% as expensive as WES
WES (2015) panel
| Gene panel coverage 100%, when complemented 97.5% >97.5%

with Sanger sequencing
Analysis of new disease - + +
genes
CNV-calling Depends on size of gene >3 exons All

panel
Intronic variants (>30 bp from - - +
splice site)
Incidental findings - + +
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[T]
p

6000 -
g Method
E Somatic mutations
zé 4000 4 Targeted sequencing
- WES
2 WGS
g X-linked
z
2000
0 :
2010 2012 2014 2018 | fCsHd
Vg

Year

Number of hits or publications per year in Google Scholar broken
down into sequencing strategy, using the search terms
“intellectual disability” + “whole-exome sequencing” (labeled
WES), “intellectual disability” + “whole-genome sequencing”
(labeled WGS), “intellectual disability” + “targeted sequencing”
(labeled “Targeted sequencing”), “intellectual disability” +
“somatic mutations” (labeled “Somatic mutations”), and
“intellectual disability” + “X-linked” + “sequencing” (labeled “X-
linked”).

Cold Spring Harb Perspect Med. 2017 Mar;7(3):a026864.
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WGS — nekodujici mutace

Overview of Tlan_s 'gt NM_006516.2

)

(1)

¥ J Genome - chr1:43,424,480-43,424,269 (GRCh37) - 212 bps
143424480 143424470 43424460 43424450 43424440 43424430 143424420 143424410 143424400 143424390 14342435 43424370 43424360 43424350 43424340 43424330 143424320 143424310 143424300 143424290 143424280 4
GTGCGGTCCCTCGTCCTCTGGTTTGCTGCCCCCAGCCTCAGTCTCAGCGTCACCCTCAGGGGCCTGGCCTCGTGCTCGGACTCGCCCTCTCGCGGEGAGLGTGCBEGCAGCGGTGGECGCATGGECCGCGTCGGTCTCGGTGETCGCGTCGCGACGGTACCTCGGGTCGTCGTTCCACTCAGCGCGCGGECGCCCGGEAGGGCGGTCCTT,
CACGCCAGGGAGCAGGAGACCAAACGACGGGGGTCGGAGTCAGAGTCGCAGTGGGAGTCCCCGGACCGGAGCACGAGCCTGAGCGGGAGAGCGCCGCTCECACGLLCGTCGCCACCCGCGTACCCGGCGCAGCCAGAGCCACCAGCGCAGCGCTGCCATGGAGCCCAGCAGCAAGGBTGAGTCGCGCGCCCGCGGGCCCTCCCGCCAGGAA

-4 ¥ Nucleotide Conservation

¥44 NM_006516.2: Homo sapiens solute carrier family 2 (facilitated glucose transporter), member 1 (SLC2A1), mRNA. @ @

Del/Delins

Subst O

Ins/Dup |c.-150 c.-140 c.-130 c.-120 c.-110 c.-100 c.-50 c.-30 c.-70 c.-60 c.-50 c.-40 c.-30 c.-20 c.-10 c.1 c.i0  c.18 c.18+10) 20 c.18+30

CACGCCAGGGAGCAGGAGACCAAACGACGGGGGTCGGAGTCAGAGTCGCAGTGGGAGTCCCCGGACCGGAGCACGAGCCTGAGCGGGAGAGCGCCGCTCGCACT CGTCGCCACCCGCGTACCCGGCGCAGCCAGAGCCACCAGCGCAGCGCTGCCATG%%}\GCAGCMGGTGAGTCGCGCGCCCGCGGGCCCTCCCGCCA{EAA
s [s | k|

c.18+.

Normal start site

De novo mutation in 5’UTR of SLC2A1! :
NM_006516.2:c.-107G>A
Chr1(GRCh37):9.43424429C>T

p.?

Mutation introduces a novel ATG start site, which
would lead to a premature stop codon in exon 2:

exonl [exon2

gagtccccqgaccggagcacgagcctgagcgqgagagcgccgctcgcacgcccgtcqccacccgcqtacccgchcaqccaqaqccaccagcqcachctqccatqgaqcccagcagcaa agctgacgggtcgcctecatgctgy
. MGVPGPEHEPERESAARTPVATRVPGAARATSAALPWSPAARSE'RVASCW
mutation

M E P 5 5SK KL T G R L M

:#= Newcastle
. Q' niversity
Willemsen et al. EJHG 2017

Prof. J. Veltman, Newcastle

Univerzity, 2018



Problemy NGS v klinické praxi

o Ziskani relevantnich dat — zkuSeni bioinformatici
» Interpretace ziskanych dat — co se vSemi témi variantami?

Variant Variants in  Variants in [ S eauenced on SOLID' Plus Systom ]
type Genome Exome
Read 'mapping and
S NV 3 ’440 ’ 782 21’575 [ varia t::allg ........ ] ..... » Default mapping settings
. ....::.'.'.'.' » High-stringency \{ariant calling
Insertion 263,282 2172 d R
i [ Variant analysis ]
D e I et | O n 2 7 2 , 2 6 6 242 lT e » Exclude nongenic, intronic and synonymous
""""" *> Exclude known SNPs and in-house database
5 e | A mamsam | o Aesvs | * Exclude inherited
Deletion/Ins 90,263 380 :
e rt i O n [ Validation ]

CNVs 270 45 ( ]
TOtal 410661863 22 ’514 Gene function j \ Mutation impact

Trio 1 2 3 4 5 6 T 8 9 10 Average
High-confidence variantcalls 20,810 21,658 21,338 22647 17,694 22,333 21,369 22,658 24,085 22,962 21,755
After exclusion of nongenic, intronic and synonymous variants 5,556 5,665 5,691 5,991 4,607 5,567 5,716 5,628 5,985 5,994 5,640
After exclusion of known variants 165 159 157 155 120 136 120 149 96 171 143

After exclusion of inherited variants - 7 3 7 T 2 2 6 6 7 5

Nature Genetics volume42, pages1109-1112 (2010)



Interpretace nalezenych variant

Interpretace zalozena na klinickych nalezech, populacnich
frekvencich, publikovanych pripadech, predikénich databazich

Kritéria hodnoceni nalez stanovena podle ,American college of medical
genetics and genomics” (ACMG)

a. disease causing (class V): the sequence variation is previously reported and
recognized as causative of the disorder

b. likely disease causing (class IV): the sequence variation is not previously
reported as expected to cause the disorder, frequently in a known disease gene

c. variant of unknown clinical significance (VUS; class Ill): the sequence
variation is unknown or expected to be causative of disease and is found to be
connected with a clinical presentation;

d. likely not disease causing (class Il): the sequence variation is not previously
reported and it is probably not causative of the pathology;

e. not disease causing (class |): the sequence variation is already reported and
documented as neutral variant.



Vysetrovani ,trii“ — pacient + rodicCe

[

Coverage

Coverage

Coverage

Patient
reads

Mother
reads

Father
reads

NewcastI:

4 million inherited variants, 100 new mutations per person University

Prof. J. Veltman,
Newcastle Univerzity, 2018




Predikcni programy, populacni studie

a All sites D Missense variation C  Missense variation (all defined)
1.0 14 -
130,000 — : L -
0.84 i _ atino
120,000 — g African
2 064 ] | 110,000 — W Ashkenazi Jewish
£ - . B European
z : 100,000 — o -
G 0.4 i C score (93.05%) 4 u C score (93.02%) SOuln Asia
» m GerpS (85.14%) m GerpS (84.42%) 90,000 — W East Asian
m PhCons (83.65%) m PhCons (82.83%)
0.2 1 W C score (91.64%) | M phyloP (83.46%) E M phyloP (82.71%) 80.000 —
H GerpS (84.79%) | PolyPhen (87.52%) | PolyPhen (91.42%) N
= PhCons (83.09%) W SIFT (87.92%) m SIFT (89.18%) 70,000 —
[EES | | phonP (BB 03%) 1 [ ] Granlham (63 45%) 4 = Grantham (63.68%) i
O 02 04 06 08 10 O 02 04 06 08 10 0 02 04 06 08 10 60,000 —
1 — specificity 1 — specificity 1 — specificity 50.000 —
L]
CADD Combined 63 annotations into one meta-score (C score)  http://cadd.gs.washington.edu/ 40,000 —
for the entire genome based on a SVM 30.000 —
Eigen Spectral approach to the functional annotation of genetic  http://www.columbia.edu/~ii2135/eigen.html 20,000 —
variants in coding and non-coding regions. '
DANN DANN used the same feature set and training data as https://ebelics.uci.edu/public_data/DANN/ 10,000 —
CADD to train a deep neural network (DNN). () — e _
FitCons Predictions of pathogenicity for the entire genome based  http://compgen.cshl.edu/fitCons/
on evolutionary conservation and functional data 1000 Genomes ESP ExAC gnomAD
SPANR/SPIDEX Trained a model optimized for the prioritization of splice  http://www.deepgenomics.com/spidex
site variants with a deep learning approach . .
R o ! - A The ExAC browser: displaying reference data
HAL Prioritization of splice site variants based on their effect  http://splicing.cs.washington.edu . .
of (alternative) RNA splicing information from over 60 000 exomes
PHIVE Analysis of exome variants by computing phenotype http://www.sanger.ac.uk/resources/databases/exomise  Konrad J. Karczewski'?*, Ben Weisburd!2, Brett Thomas'2, Matthew Solomonson'-2,
similarity between human disease phenotypes and Douglas M. Ruderfer®, David Kavanagh®, Tymor Hamamsy?®, Monkol Lek'2, Kaitlin
phenotype information from knockout experiments in E. Samocha'?, Beryl B. Cummings'2, Daniel Birnbaum'?, The Exome Aggregation
model organisms Consortium, Mark J. Daly'? and Daniel G. MacArthur'2
RVIS The Residual Variation Intolerance Score or RVIS is a http://genic-intolerance.org/

gene based score tf) prio.ril>ize disease genes based on Ana.IYSiS Of prOtein- COding genetiC
intolerant to genetic variation Variation in 60 706 humans

Monkol Lek!234, Konrad J. Karczewski'2#, Eric V. Minikel">5*, Kaitlin E. Samocha'236: + Eric Banks?, Timothy Fennell?,
Anne H. O'Donnell-Luria'27, James S. Ware28:91011, Andrew J. Hill22, Beryl B. Cummings" ru Tukiainen'?,
Daniel P. Birnbaum?, Jack A. Kosmi aramie E. Duncar engmei Zhao'?, James Zou’,
Emma Pierce-Hoffman'2, Joanne Berghout'*, David N, Cooper'® ark DePristo'®, Ron Do 20412,
Jason Flannick2%, Menachem Fromer-*1%2024 | aura Gauthier', Jackie Goldstein'2¢, Namrata Gupta?, Daniel Howrig
< mi Levy Moonshine'®, Pradeep Natarajan®26-7-%, Lorena Orozco®, Gina M. Peloso?
lentin Ruano-Rubio'?, Samuel A, Rose®, D«mgm M. Rudum"’ Khalid smm“‘
ns?, Brt:(PThUm:l\l

a
Rulh \lv.l’hkw
Jeremiah M. Scha P
Hugh C. Watkins*~°, J.mm( %

arno Palotie!
ari920.24.53.54 pay

0, , Mark J. Dal\'“‘ D:mu

e
6 Jaakko Tuomﬂehlns‘ \lmgT Tsua
Arthur'? & Exome Aggregation Consortium#

Kircher et al. Nat Genet 2014; Lelieveld, Veltman & Gilissen. Hum Genet 2016 Nature 2016: Nucleic Acids Research 2017
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WES/WGS jako vynikajici nastroj pro odhalovani
pricin MR
vs. vedlejsi (nechténé) nalezy

Conclusive dominant de novo cause (60%) According to the European Society of Human
e Genetics (ESHG) guidelines, the targeted
e diagnostic testing should be performed
minimizing the likelihood of detecting
incidental findings, focusing only on genes
clinically actionable.

It means that genetic testing should aim to
analyze the causative genes associated to the
primary clinical questions, even if a broader
panel of genes or the WES/WGS sequencing
has been performed.

SNV

DiResta et al., 2018

CNV . o . . . -
In particular, if it can bring minor consequences or if a clinical

intervention is possible, then the variant should be reported.

On the contrary, if the variant is associated to a late onset
disorder or has major consequences, counselling and consent
will determine if and when the variant can and should be
reported to the patient.

Gilissen et al. Nature 2014



Genetické presahy u pacientu s MR
a autismem

« MR a ASD - dve diagnozy s i
vyraznym piesahem autism S
« Autismus — problémy s feci, socialni (o
a stereotypy
- Vyskytuji se i u pacientd s MR
- Naopak az 67 % pacientl s
autizmem ma neéjakou formu MR
Mnoho genu je asociovano jak s

Schizophrenia

Mental retardation

MR tak s ASD feB1

Casta neuplna penetrance téchto b

genﬁ ﬁzqn.g 1
ety

Fig. 2. Schematic overview of genetic overlaps between
mental retardation, autism and schizophrenia.
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Zaver

» etiologie mentalni retardace je stale nedoreseny problem a
predstavuje vyzvu nejen pro genetické poradenstvi

= mnozstvi pfFicin zpusobujicich MR svédc€i o komplexnosti lidské
Inteligence - je proto pomérné snadné jeji vyvoj poskodit
geneticky i negeneticky

= se vzrustajicim rozliSenim modernich metod prudce roste pocet
nalezenych variant

» moderni technologie ,pfedbéhly” nase klinické znalosti, Casto
tedy nejsme schopni ziskane vysledky spravne interpretovat

* pouze Vv pripadé prokazané asociace je mozno poskytnout
rodine cilené genetické poradenstvi
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