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V soucasné dobé 1ze néktere problémy spojené s vyvojem plodu diagnostikovat
jiZ pii ultrazvukovém screeningu béhem téhotenstvi.

Spolu s rodi¢i se snazime najit odpovéd’ na otazky:

- Pro¢ k tomu doslo, jaka byla pti¢ina ?

- Jakeé to bude mit nasledky pro dité po porodu ?

- Jake je riziko opakovani ? Budu mit jesté zdrave dité ?
- Lze tomu predejit ?




PriCiny vrozenych vyvojovych vad %\W
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B Chromozomalni aberace 15%

= Mikrodelece 20%
Monogenni nemoci 10%
® Prenatalni expozice 10%
= Multifaktorialni 20%
® Neznama pri¢ina 25%

Z grafu vyplyva, ze chromozomalni aberace jsou pficinou jen malé ¢asti
vrozenych vyvojovych vad, dalsi pfi¢iny nam v soucasnosti vétSinou unikaji.
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An Online Catalog of Human Genes and Genetic Disorders pcrgﬂért%mr
Diagnostiky
OMIM Morbid Map Scorecard (Updated August 4th, 2023) :
Total number of phenotypes* for which the molecular basis is known 7.407
Total number of genes with phenotype-causing mutation 4,827
Distribution of Phenotypes across Genes (Updated August 4th, 2023) :
Number of genes with 1 phenotype 3.391
Number of genes with 2 phenotypes 870
Number of genes with 3 phenotypes 311
Number of genes with 4+ phenotypes 255

Nejuplnéjsi katalog geneticky v souCasnosti zahrnuje vice jak
7 400 genetickych onemocnéni a jejich pocet se neustale zvysuje. Tato onemocnéni
se oznacuji jako vzacna a jejich frekvence v bézné populaci je nizsi jak 1:2 000— 100 000.
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Discovery of DNA Structure by
First Genome Sequenced: Watson and Crick Centrum
Bacteriophage MS2 (3569bp) 1976 Prenatalnf
| Diagnostiky

Publication of Sanger sequencing

Development of PCR Method

technique

Sequencing of C.elegans Launch of Ist Automated Sequencer
genome 100 milion bp 198 Applied Biosystems Prism AB370A

Sequencing of Human genome
(3.2 billion bp)

Ist Solexa NG sequencer
Genome Analyser: Illumina

Ist single molecule sequencer
Pac Bio released the first single Helicos Genetic Analyser

molecule 'real time' sequencer

Ist Oxford Nanopore technologies

Sequenncer. Pocket sized: MinION SeqLL release the true

" single molecule Sequencing' platform

FIGURE specifies the timeline of DNA sequencing. Some of the most significant and
ground-breaking developments in DNA sequencing.
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moznosti laboratorni diagnostiky Diagnostiky

- Karyotyp
* CNV - arrayCGH
* bodové mutace
*panely genu pro specifické fenotypové skupiny
* napt. vrozené srdeCni vady, RASopatie, skeletalni vady........
* Heredity panel (klinicky exom 3332 genti)
*WES —(whole exome sequencing ) analysa kompletné celého souboru

kodujicich genu
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Next generation sequencing
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STEP 1. STEP 2: Template
Extraction Library Fr.‘ngmcm.n.nnl lPCR or RT-PCR
Prep
W Fragmented DNA Amplicons
— - e=
@ W Adapter Ligation PCR r -Ada;:g
i = Tq =53 -t— -
15
iRep.onoi.re
STEP 3: STEP 4:
Sequencing Analysis

FASTQ ’ BAM I ’ VCF l

Tato nova technologie umoznuje analysovat tisice az miliony molekul DNA soucasng.




Diagnosticka vytéznost jednotlivych

metod

Array-CGH

Trisomie

Turneruv syndrom
Triploidie

dalSi aneuploidie
nebalancované prestavby

(5-10 Mb)

Monogenni nemoci
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WES - celoexomové sekvenovani
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Human Molecular Genetics, 2014, Vol. 23, No. 12

doi:10.1093/hmg/ddu038
Advance Access published on January 29, 2014

3269-3277

Exome sequencing improves genetic diagnosis of
structural fetal abnormalities revealed by ultrasound

Keren J. Carss!, Sarah C. Hillman2, Vijaya Parthiban', Dominic J. McMullan3,

Eamonn R. Maher2, Mark D. Kilby>** and Matthew E. Hurles'

DOH 10, 1007/pd 4675 PREMATAL DIAGNOSIS

ORIGINAL ARTICLE

The NEW ENGLAND JOURMAL of MEDICINE

BRIEF REFORT

Clinical Diagnosis by Whole-Genome
Sequencing of a Prenatal Sample

Exome sequencing for prenatal diagnosis of fetuses with
sonographic abnormalities

1A 2. [ f U raryeriae? n 1 i
Hyweal Williams®, MNaiolie Truma', Chiisiopher Boustred', GO5Gena®, Micholos lench ', Richard H Scott!

@ Drury

| Genetics
o amran cotege ot s s s . ORIGINAL RESEARCH ARTICLE | inMedicine

Prenatal exome sequencing in anomalous fetuses: new
opportunities and challenges

Neeta L. Vora, MD', Bradford Powell, MD, PhD?, Alicia Brandt, MS?, Natasha Strande, PhD**,
Emily Hardisty, MS, CGC', Kelly Gilmore, MS, CGC', Ann Katherine M. Foreman, MS, CGC?®,
Kirk Wilhelmsen, MD, PhD®, Chris Bizon, PhD®, Jason Reilly, BA®, Phil Owen, BS®,
Cynthia M. Powell, MD, MS*7, Debra Skinner, PhD, MAZ, Christine Rini, PhD?,

Anne D. Lyerly, MD, MA'®, Kim A. Boggess, MD', Karen Weck, MD**,

Jonathan S. Berg, MD, PhD? and James P. Evans, MD, PhD*'°

Narust diagnosticke vytéznosti az o 25%
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Stigmatizovany plod

* nalez VVV nezapadajici do obrazu nejcastéjSich
chromozomalnich aberaci

® dvai vice drobnych nalezu

* diskrepance v biometrii

Jaka bude kvalita zivota ?
Jedna se o 1solovany nalez? — soucast genetickeho syndromu ?

Ultrazvukovy nalez doplnujeme v indikovanych pripadech
genetickym vySetrenim plodu
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- nespecifické — obtizna konsultace -

- pfiznak syndromu ??? Nebo varianta normy ?

- priznaky se vyviji pozdéji, nejsou ev. diagnostikovatelné uz

- nelze zaradit syndromologicky — vétSinou

- Frekvence 1: 2 000 - 1: 100 000
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Srdecni vada v ramci 1. screeningu v téhotenstvi — zietelné se plni jen 1 velka tepna.
Soucasn¢ se nedati zobrazit thymus plodu
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UZ 2. screening - atypicky nalez

Atypicky tvar obliceje, atypické drzeni prsti,
Hypoplasie corpus callosum
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Karyotyp plodu - muzsky karyotyp S

s terminalni deleci dlouhého raménka chromozomu 14
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Delece velikosti ~9,01 Mb v heterozygotnim stavu.

Deletovana oblast zahrnovala >400 genii, z toho je 25 gentu "disease-associated"
V databazi Decipher, nejCastéjSimi projevy jsou:

- intelektualni nedostatecnost,

- hypotonie,

- facialni malformace,
- abnormality koncetin.

Diagnosa:
Array CGH - komparativni genomova hybridizace



Kratsi prsty ??
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Nekteré znamky abnormalniho vyvoje plodu jsou velmi nendpadné
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U plodu muzsky karyotyp se
ziskem genetického materialu chromosomu X o velikosti ~ 26,5 Mb.

ATR-X syndromem OMIM 301040 .

- .brachydaktylie,

- hypogonadizmus,

.- kraniofacialni abnormality.

- mentalni retardace , autismus

Diagnosa:
Array CGH - komparativni genomova hybridizace
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Kluk nebo holka ??
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V 16. tydnu téhotenstvi je genital plodu plné diferencovan a pfi uz vySetieni
je stanoveni pohlavi jiz vétSinou zcela jednoznacné.




Muzsky karyotyp
Delece chromozomu 13 v oblasti 13q32.3q34 ~ 14,3 Mb

Deletovana oblast zahrnuje témér 150 geni,
Zahrnuje 13q33q34 delecni syndrom (OMIM 619148,
AD dédicnost)

- nizky vzrist,

- kardiovaskularni a skeletalni projevy,

- mentalni retardace, mikrocefalie, facialni dysmorfismus

- u muzského pohlavi malformace genitalu (hypospadie).

Diagnosa:
Array CGH — komparativni genomova hybridizace
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Nejpravdépodobnéjsi -

diagnosa??? Centrum
Prenatalnf
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N S

-y - -

Abnormalni profil obli¢eje, hypoplasie nosni kosti,
Stehenni kost tvar telefonniho sluchatka, hypoplasie okcipitalnich lalokit mozku
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Thanatoforni kostni dysplasie

mutace ¢.742>T v genu FGFR3

Incidence 1: 60 000

Diagnosa:
Sangerova sekvenace poradi nukleotidu ve specifickém genu



S1 Mnohocetné vyvojové vady -
jaké zvolit za vySetreni ??
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U plodu encephalokele, polycystickée ledviny




Meckel Gruber syndrom — ciliopathie

Panel: 13 genu:

B9D1, B9D2, CC2D2A, CEP290, MKS1, RPGRIP1L,
TCTNZ, TCTNG, TMEMG6/, TMEM107, TMEMZ216,
TMEMZ231and TMEMZ23/.

Gen TCTN3
Varianta u rodi¢i v heterozygotnim stavu

Dédicnost AR — riziko opakovani 25%
Frekvence 1:10 000 — 140 000
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NT+ 1:1600

S2 Hemodynamicky zavazna arytmie ???
Centrum
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Agenese ductus venosus

U plodu agenese ductus venosus, ~
Extrasystoly, hypertrofie myokardu, perikardialni vypotek




Kardiopanel - 225 genu

myopatie, srdecni arytmie, vrozené srdecni vady

Mutace c.1216G>A(p.Gly406Arg) v genu CACNAI1C
v heterozygotnim stavu. .

Timothy syndrom, LQT syndrom a Brugada syndrom

- srdecni arytmie s rizikem nahlé smrti
- neuropsychiatrickd onemocnéni

Popsano 100 ptipadua v literatufe.
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S2 — to dité ma mensi nos?? Cantum
Prenatalni

Diagnostiky
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ZSWIMG6 (Zinc Finger SWIM-Type ) is a Protein Coding gene.
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Diseases associated with ZSWIMG6 include Diagnostiky

* Acromelic Frontonasal Dysostosis
* Neurodevelopmental Disorder with Movement Abnormalities
* Autisistic Features

Diagnosa:
WES - klinicky exom




S1 - Kolik ma prstu ?2??
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NT+ 1: 2100
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NGS sekvencni varianta mutace v genu GLI3
Pallister-Hall syndromem
s AD dédic¢nosti

polydaktylie,
oligodaktylie

asymptomaticke bifidni epiglottis ,
hypotalamicky hamartom
laryngotrachealni rozstép

- urogenitalni anomalie, imperforovany anus,

Diagnosa:
WES - klinicky exom
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Abnormalni vyvoj mozku
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U plodu drobna meningokele v oblasti sagitalniho Svu +
ventrikulomegalie — dilatace mozkovych komor
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TRIO analyzou detekovana varianta : Centrum
Prenatalni

NM_001077365.2:¢.1243_1244del(p.Ser415HisfsTer17) v genu POMTI1 Diagnostiky
(OMIM * 607423) v homozygotnim stavu.

Oba rodice jsou prenaseci nalezené varianty.
Jedna se o deleci dvou nukleotidi, ktera vede k posunu ¢teciho ramce,

Varianty v genu POMT1 jsou asociovany s vyvojem:

Muscular dystrophy-dystroglycanopathy
(congenital with brain and eye anomalies),

Diagnosa:
WES - klinicky exom




Neuplna exprese onemocnéni

—

Centrum
Prenatalni
Diagnostiky




Varianta de novo u plodu v genu CREBBP.

Varianta, ktera je popisovana jako potencidlné patogenni

pro syndrom Rubinsten - Taybi, tj. syndrom Sirokych palci,
ktery ma autosomalné dominantni typ dédi¢nosti.

Frekvence 1: 125 000

Typické znaky

« Siroké palce HK, DK
» Zobakovity nos

* Mikrocephalie

« PMR

« VCC

* Dysplasie cerebella
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Diagnosa:
WES - klinicky exom
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Questions about rare

National Center " .
m) forAdvancing G AR Feneticanc hare Disensey Browse by Disease About GARD Contact Us Q diseases?
Q 1-888-205-2311

Home | Browse by Disease | Rubinstein-Taybi syndrome

Centrum
Sl
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Rubinstein-Taybi syndrome

Other Names: Broad thumb-hallux syndrome; Broad thumbs-halluces syndrome

Medical Term [ Description and Synonyms (i) Frequency |

Telecanthus Distance between the inner canthi more than two standard FIETIETS)

deviations above the mean (objective); or, apparently Very frequent

increased distance between the inner canthi 5

Synonyms: Comers of eye widely separated, Dystopia
canthorum; Increased distance between medial canthi;
Increased intercanthal distance

BOdy Systems Short stature A height below that which is expected according to age and Frequency

. gender norms. Although there is no universally accepted Very frequent
SIS Wl 10 7 Gleee vy i definition of short stature, many refer to "short stature" as s
different systems of the body. Use the ‘Filter and height more than 2 standard deviations below the mean for Uncommon — Always
Sort' function to learn more about which body age and gender (or below the 3rd percentile for age and
system(s) are affected by this disease and their gender dependent norms).

associated symptom(s). Synonyms: Decreased body height; Height less than 3rd

percentile; Short stature; Small stature; Stature below 3rd
percentile

Low-set ears Upper insertion of the ear to the scalp below an imaginary Frequency

horizontal line drawn between the inner canthi of the eye and Very frequent

extending posteriorly to the ear &

Synonyms: Low set ears; Low-set ears; Low-set pinnae;
Lowset ears; Melotia

U plodu nemusi byt vSechny znamky typické pro jednotlivé syndromy vyjadieny,
nebo se mohou projevit pozdéji az v pribéhu vyvoje.
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| objemdat | | zpracovini

NIPT Trisomy 0,6 GB tyden
arrayCGH 100 MB 10 dnti
Panel NGS 4 tydny
Klinicky exom 2,0 GB 2-3 tydny
WES 6-12 GB

WGS Vice jak 100 GB

V soucasné dob¢ jsme schopni zkratit dobu kompletniho vysetteni plodu na 2-3 tydny
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* UZ nalez — molekularni genetika — klinicky genetik
* Kilinicka korelace (co nejpodrobnéjsi popis fenotypu / prenatalni)

* Asociace varianty s fenotypem plodu?

* Reportovat jen patogenni / pravdépodobné patogenni varianty — relevantni k
indikaci

* VOUS? Sekundarni / Nevyzadané nalezy?

* TRIO analyza

» Klinické informace u rodi¢i — ¢asto nejsou k dispozici zadné informace

Stanoveni spravné diagnosy a prognosy vyzaduje kompletni tym tzce spolupracujicich
kvalifikovanych odbornikti




Dekuji za pozornost
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