Od Mendela k
cytogenomice...

Petr Kuglik

Ustav experimentalni biologie PfF MU v Brné
Oddéleni genetiky a molekularni biologie
Laborator molekularni cytogenetiky a cytogenomiky




2022 - 200. vyrocCi narozeni J.G. Mendela a F. Galtona
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Mendel’s genome variants

from ancient DNA

1822-1884

Healthy men’s genome variants

from project ACGT

Number of variant 4055755
SNP 3451370
INDEL 616443

Number of variant 5011574
SNP 4074195
INDEL 942417

Dédicnost a
eugenika...

1822 - 1911

“eugenics”

“If a twentieth part of the cost and pains were spent in

measures for the improvement of the human race that is
spent on the improvement of the breed of horses and
cattle, what a galaxy of genius might we not create!”

— Francis Galton



Pathogenic variants or risk factors with incidence in non-Finnish Europeans < 309

1) AURKA gene: NM_198437.3:c.91T>A:p.Phe31lle (rs2273535)
- heterozygous state

- associated with increased susceptibility to cancer with low penetrance
(Ewart A et al. 2005, Carcinogenesis)

2) CASR gene: NM_000388.4:¢.2956G>T:p.Ala986Ser (rs801725)

- heterozygous state

- associated with with increased risk of stones in urinary tract
(Cole et al. 1999, The Lancet etc.)

3) €3 gene: NM_000064.4:¢c.304C>G:p.Arg102Gly (rs2230199)
- heterozygous state
- associated with increased risk of age-related macular
degeneration (yellow spot)
(Yates JRW et al. 2007, The New England Journal of Medicine)

https://www.clayeye.com/2018/02/07 /february-age-related-
macular-degeneration-low-vision-awareness-month/

Pospisilovad S. ESHG 2022



Mendelovy objevy...a chromozomy o

Versuche iiber Pflanzen-Hybriden.
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Gregor Mendel

(Vorgelegt in den Sitzangen vom 8. Kebroar and 8 3z 1865.)

jednotky dédi¢nosti (geny) jsou materialni povahy...

« dédiéné jednotky jsou parove...

« dédicné jednotky (geny) se prenaseji do dalsi
« generace prostrednictvim pohlavnich bunék...

L |
) maal me

« kombinuji se nezavisle...
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Hugo de Vries (1848-1935)

MUTATIONSTHEORIE.

THE
MUTATION THEORY




Hermann J. Muller (1890 — 1967)

Campos L. ESHG 2022
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Od genetiky k cytogenetice...

W. Sutton (1902)

W. Flemming (1879) H.W. Waldeyer (1888) T. Boveri (1903)
,chromatin, mitoza“ _chromosoma* ,chromozomova teorie
dédicnosti*

SUTTON, W. S., 1903 The chromosomes in heredity. Biol. Bull 4:231-251



1921 — 1956: clovéek ma 48 chromozomu

Figure 1 | Theophilus S. Painter. Reproduced
from REF. 26, courtesy of Centennial Photos,
Barker Texas History Centre.

b,

¢

Figure 2 | Camera lucida drawing of a human spermatogonial metaphase made by Theophilus
S. Painter. The drawing presumably shows 48 chromosomes. The cytological methods used were state
of the art for the time, but it is still difficult, if not impossible, to make an exact count. Reproduced with
permission from REF. 25 @ (1979) Springer Verlag.

Painter, T.S.: Studies in mammalian spermatogenesis.
J. Exp. Zool. 37, 291, 1923



Pocatek klinické cytogenetiky - spravne
spocitani lidskych chromozomu

Institute of Genetics, Lund

Albert Levan (1905 -1998)

B g R '
n ! ' Tjio, T.H., Levan, A.: The chromosome number of man.

. . | Heredi 42:1, 1956
Joe Hin Tijio (1919 - 2001) ereditas

Clovék ma v jadie kazdé své télni buniky 23 part chromozomd,
celkem ma tedy 46 chromozomu



Karyotyp - konference Denver 1960, Londyn 1963

Conference
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Figure 3 A solid-stained male karyotype showing classification of chromosomes into groups.




Objev prvni pocetni a strukturni
chromozomoveé abnormality u clovéeka

Jerome Lejeune (1926-
1994)

Internation Congress of
Genetics, Montreal, 1958

nadpocetny chromozom u 9 \ — s
déti s Downovym syndromem K o b R ag ¥4
publikovano v roce 1959 WO x 3% &6 AR
Syndrom kog&igiho kiku (Cri I
du chat)...delece 5p- T Taps B ’x‘?

Trisomy 21

publikovano v roce 1963

ig. 1. Origir yoty a y 2 ) me) after “solid” Giemsa staining. Since it is impossible to recognize
they are subdivided in several groups (A-G and sex chromosomes) based on their total length and location of the centromere




Vysetreni karyotypu pomoci G-pruhovani - 1971

Chromosome Banding 1969

Torbjérn Caspersson
1910-1997

Exp. Cell Res. 58: 128-140, 1969; Exp. Cell Res. 58: 141-152, 1969
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Caspersson, T., Zech, L., Johansson, C.: Analysis of human metaphase
chromosome set by aid of DNA-binding fluorescent agents. Exp. Cell Res.
62, 490, 1970

rozliSeni 5 —-10 Mb



Vyvoj novych cytogenetickych technik pro
detekci chromozomovych zmeén
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Od chromozomu ...k
analyzam DNA ...

1971 G-pruhovani (5 — 10 Mb)

1986 Molekularni cytogenetika
FISH (100 kb)

2000 NGS
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1997 array-CGH (oligo 0,06 kb)

2010 Optical mapping
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Cyto(genetics) plays an important role of
medicine!
"My doctors estimated that | -
| had an 87% risk of

breast cancer and a 50%
risk of ovarian cancer.”



Cytogenetika v mediciné dnes...

V CR jsou cytogenetické laboratofe souéasti Oddéleni Iékaiské
genetiky (velké nemocnice — Praha, Brno, Olomouc, Ostrava, Plzen,
Hradec Kralové, Ceské Budéjovice...)

- soukroma pracovisté (laboratore)... « Lekarska genetika
- 20 — 30 cytogenetickych laboratofi v CR... * Onkologie
* Reprodukcni
medicina
» Pediatrie
Cytogeneticka laborator/cytogeneticka diagnostika: . Kardio|0gie

a) prenatalni cytogenetika / . Eg;‘l?gle

b) postnatalni cytogenetika _
c) nadorova cytogenetika ° N_eur0|09|e
) aJ



— Insertion-deletions (“indels”) detection

| {e“m niaton | gonell Chromozomové aberace =

Sequence
variation

- SNPa- tagSNPs strukturni variabilita genomu

2 bp to 1,000 bp
Microsatellites, minisatellites

(—> Indels

*  |nversions
-
L

Di-, tri-, tetranuclectide repeats
VNTRs

Y Variation in genome structure. So-called "structural variation” (SV)

Reference —J}} B |
CNV Deletion —J—

SV Insertion —JIC B |

Structural variation
.,

BEBEBER
BERE B

,

CNV Duplication {8 i3
= Intrachromosomal translocations SV Inversion _“ ﬂ
=  Chromosomal abnormality .
— He;emmnrphisms SV Translocation —n n
*  Fragile sites
Whole chromosomal to whole genome
* |nterchromosomal translocations . o .

\- Fing chromosomes, isochromosomes Genomic structural variations (SVs) are generally defined
- arker cnromosomes . . . . . . .
~, Aneuploidy . as deletions, insertions, duplications, inversions, and
ti . . .

— Aneusomy e translocations of at least 50 bp in size

—  Termn defined or discussed in Box 1

Scherer 2007 Nat Genet 39: s7



Strukturni variabilita genomu a jeji dusledky

SVs are an important source of genetic variation in the human genome and they are involved in multiple
diseases, including cancer and developmental disorders.

Variation between two human genomes by
number of base pairs impacted

Mb
10
9
8
L
6
5
4
3
2 -
1 Combined from:
0 Shi, L. et al. (2016). Nature Communications.

Seo, J. et al. (2016). Nature.

SNVs (1bp) Indels (<50bp) SVs (>50bp) Pendleton, M. et al. (2015). Nature Methods.
Huddleston, J. et. al. (2017). Genome Research.

Hoischen A. ESHG 2020



“Progress in science depends on new
technigues, new discoveries, and new ideas,
probably in that order.”

Sydney Brenner, 2002 Nobel Prize Winner




Chromosome sequencing:
the fifth and final era of cytogenetics

The modern history of cytogenetics fits into five eras:

chromosome spreading
chromosome banding
chromosome painting (FISH)
chromosome arraying

and now chromosome sequencing !!!

Ferguson-Smith et al. 2017



Vznik cytogenomiky aneb revoluce v
cytogenetice...

ISCN2016

A International System for
man Cyt g omic Nomenclature (2016)
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Transformace cytogenetiky v cytogenomiku

a) stale vetsi vyuzivani modernich molekularné
genetickych technik (MLPA, gPCR, NGS) pri
studiu chromozomovych poruch...

b) integrace genomickych a cytogenetickych
pristupu a s tim souvisejici bioinformatické
analyzy...

c) snaha zvysit diagnosticky zachyt ...poskytnout
genetickou diagndzu stale vétSimu poctu pacientu

d) hledani univerzalni metody (testu), ktery by odhalil
vSe....“all in one*

Review

From Human Cytogenetics to Human Chromosomics

Thomas Liehr

Jena University Hospital, Friedrich Schiller University, Institute of Human Genetics, Am Klinikum 1,
D-07747 Jena, Germany; Thomas.Liehr@med.uni-jena.de; Tel.: +49-36451-9396850

L r
Received: 10 January 2019; Accepted: 12 February 2019; Published: 14 February 2019 updates

Review
Chromosomics: Bridging the Gap between Genomes
and Chromosomes

Janine E. Deakin *0, Sally Potter 2>, Rachel O’Neill **, Aurora Ruiz-Herrera >°1,
Marcelo B. Cioffi 7, Mark D.B. Eldridge 300, Kichi Fukui 8, Jennifer A. Marshall Graves 190,

Darren Griffin 1°0, Frank Grutzner 1, Luka$ Kratochvil 120, Ikuo Miura 3,
Michail Rovatsos 112/, Kornsorn Srikulnath ), Erik Wapstra 15 and Tariq Ezaz L

Molecular Cytogenetics in the Era of
Chromosomics and Cytogenomic
Approaches

Thomas Liehr*

Jena University Hospital, institute of Human Genetics, Friedrich Schiller University, Jena, Germany



Cytogenetika 21. stoleti = cytogenomika ?

Cytogenomics is used as a general term that encompasses conventional, as well as
molecular cytogenetics (fluorescence in situ hybridisation (FISH), microarrays) and
molecular-based techniqgues (Silva et al. 2019).

We define “cytogenomics“ as the study of the numerical and structural

variation of the genome at the chromosomal and subchromosomal level using methods
that cover the entire genome (Hochstenbach et al. 2020)

The term Cytogenomics was intended to create a designation comprising all
approaches suited to the study of genomes....with aims to collect all classical and new
cytogenetic and molecular genetic/genomic a bioinformatics approaches under one
rooff (Lienr 2021)




21. stoleti — konec klasické cytogenetiky aneb
budeme jesté vysetrovat karyotypy?

From art...

V' HiSeq 2500

Euwropean Journal of Medical Cenetics 53 (2016) 11=15
ARy Contents lists available at ScienceDirect [=
SN European Journal of Medical Genetics
vl _ . : . h——t !
ELSEVIER journal homepage: http://www.elsevier.com/locate/ejmg
Genetic forum
Karyotype is not dead (yet)! @c_mm

Laurent Pasquier * *, Mélanie Fradin *, Elouan Chérot *°, Dominique Martin-Coignard °,
Estelle Colin “, Hubert Journel “, Florence Demurger °, Linda Akloul *, Chloé Quélin *,
Vincent Jauffret "Josette Lucas ", Marc-Antoine Belaud-Rotureau ”, Sylvie Odent * ’
Sylvie Jaillard ™'




Karyotyp vysetrujeme pomoci automaticke
vyhledavacky mitoz a analyzy obrazu

A LIM Karyotyping tel:+420-2-7931576
Luzia| Laboratory Imaging s.r.o. Prague fax:+420-2-7931577
http://www.lim.cz

Cytogenetic Report

Patient name: Jifi Novak Case ID: 432-00
Personal 1D: 70 05 23/0567

Clinical diagnosis: sekundarni sterilita

Slide No.: 1w Metaphase loc: 58-36,6
Material: periferni krev Technic: Karyo, G400
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Karyotype: 46,XY
Conclusion: v normé

Date: 2000-3-20 Dr. Wernerova




Postup zpracovani vzorku pri vySetreni karyotypu

Lab 1 Lab 2

Prljem Vzorku7 Priprava vzorku Vyhledavani, snimani Lab 2....10
Zapls do LIS H""”l" Kapani

e /S > &
&7

(4]
V. /4

@[x

. I Analyza (karyotyp)

Databazovy server



Pocty vysetrovanych pre- a postnatalnich karyotypu v nékterych
cytogenetickych laboratorich v CR v letech 2020 az 2022

Q@ Genomics of Rare Diseases
AC.:‘\[;EMIC Understanding Disease Genetics Using Genomic Approaches
Laborator A — Brno (V) 1900
. Chapter 2 - Karyotyping as the first genomic
Laborator B — Brno (R) 1700 approach
Laboratof C — Brno (H) 700
Show more
CM BG FN Brno 1200 + Addto Mendeley <g Share %8 Cite
Laborator Praha 7000
Laborator Karlovy Vary 1000 . Ml molgen
Laboratof Pardubice 400 5. M others
o
Laborator Plzen 3200 5
2
Laborator Olomouc 400 5

4]

<39y 40 - 49y 50-59y  60-69y >70y
Pram. vék cytogenetikl registrovanych v EBMG v roce 2019 (Hochstenbach el. al 2021)



Nektere geneticke diagnozy jiz nepozaduji
vysetreni karyotypu....

Klinicke indikace pro vysetreni chromozomovych abnormalit

problémy ¢asného rustu a vyvoje (neprospivani, opozdéni, mala
postava, obojetny genital, mentalni retardace — stigmata -
abnormalni fenotyp)*

narozeni mrtvého plodu a umrti novorozence
problémy s fertilitou, opakované aborty

rodinna anamnéza (znama chromozomova abnormalita u
pribuznych I. stupnée)

tehotenstvi u zen (abnormalni UZ Ci vysledky biochem.
scereeningu, pokrocily vék, chrom. aberace u rodicCe...)”

nadorova onemocnéni

‘ *odborna doporuceni: array-CGH (mikro€ipy) namisto
karyotypu...jako prvoliniovy test..



Array CGH: ~ 1000-krat vetsi rozliseni nebalancovanych
zmen nez klasicka cytogenetika, ale nedokaze detekovat
balancované prestavby chromozomu...!!!
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Doporuceni SLGG

Spolec¢nost Iékarské genetiky a genomiky
Ceské lékarské spolednosti Jana Evangelisty Purkyné, z. s.

Society of Medical Genetics and Genomics
Czech Medical Society of J. E. Purkyné

Sokolska 31, 120 26 Praha 2, Czech Republic, tel.: +420 224 266 201-4, fax: +420 224 266 212, e-mail: cls@cls.cz, www.cls.cz

Doporuceny postup genetického diagnostického prenatalniho vySetfeni (prenatalni
diagnostiku, PND).

Schvileno na schiizi vpboru SLG CLS JEP dne 11. 12. 2019 s platnosti od 1. 1. 2020

Zakladnim predpokladem provedeni PND je klinicko-genetické vy3etfeni obou partnert
provedené¢ lékafem se specializovanou zpusobilosti v oboru Iékarské genetiky dle ustanoveni
zakona 373/2011 Sb. § 28-29 v aktualnim znéni.

Nejcastéjsi indikace PND:

1/ Prekoncepéné definované riziko genetické vady u plodu

2/ Pozitivni osobni a/nebo rodinna anamnéza dédi¢ného onemocnéni

3/ Vysledek prenatalniho screeningového vySetfeni (multimarkerové systémy, NIPT
kontingenéni test, ultrazvukovy nalez)

4/ Teratogenni riziko (napf. intrauterinni infekce Cytomegalovirem, Toxoplasmou)
5/ Ad libitum (napf. vék matky, anxiosita)

PND musi byt provadéna laboratofi a metodami akreditovanymi dle CSN EN ISO 15189 dle
ustanoveni § 28-29 zakona 373/2011 Sb. v platném znéni. Pouzivané metody musi byt
akreditovany.

Metody PND:
A: Zakladni vySetfeni

Zakladnim vySetfenim pfi PND jakékoliv indikace je vySetfeni nebalancovanych
chromosomovych (genomovych) aberaci, které nejéastéji vznikaji de novo a vétdinou maji
zavazny klinicky obraz.

1/ Metodou prvni volby pfi definovaném riziku ¢astych aneuploidii je stanoveni poétu
chromosomii ¢. 13, 18, 21, X a Y rychlou kvantitativni fluorescenéni polymerazovou reakei
(QF-PCR) zaméfenou na chromosom specifické délkové polymortismy (Short Tandem
Repeats — STR). Toto vySetfeni je indikovano hlavné pii pozitivnim vysledku
multimarkerového screeningu nebo pfi ultrazvukovém nalezu suspektnim na ¢asté ancuploidie
(napf. vy33i nuchalni translucence plodu).

Vysledek vySetfeni je k dispozici fadove do 1-2 pracovnich dnii, coz je dilezité predevsim
v ptipadé CVS vzhledem k moZnosti v€asného ukoneni gravidity pfi pritkazu patologie.

Porovnanim DNA profili matky a plodu v oblasti STR markerii je v odebraném materialu
testovana pfitomnost ev. matefské tkané (maternalni kontaminace). Metodou QF-PCR mohou
byt vySetieny i jiné aneuploidie (napfiklad ast¢ aneuploidie produkti koncepcee z aborti),
polyploidie nebo vyznamné mozaiky.

2/ Dal$i metodou, kterd miize byt indikovana bud’ primarné (napfiklad u mnohocetnych vad
plodu) nebo néasledné po vylougeni ¢astych aneuploidii pomoci QF-PCR, je celogenomova
chromosomalni microarray (Chromosomal Microarray Analysis, CMA). CMA vySetfuje
submikroskopické zmény poétu kopii chromosomi — mikrodelece / mikroduplikace (Copy
Number Variation, CNV) s citlivosti 50-100 Kb. CMA pokryje spektrum viech
mikroskopickych chromosomovych nebalancovanych aberaci vyfetfovanych standardni
karyotypizaci a je 100-1000% citliv&jdi. CMA na rozdil od karyotypu nezjisti balancované
chromosomélni pfestavby a nizkofrekvenéni chromosomélni mozaiky.

3/ V ur¢itych indikacich (napfiklad pfi familidrni translokaci nebo pro verifikaci nalezu jinou
metodikou) je indikovano klasické vydetfeni karyotypu plodu, i po jiz proveden¢ analyze
CMA.

4/ Sekvenovani nové generace (NGS) — prenatalni vySetfeni exomu (WES): Toto vySetfeni
miize byt indikovino ve specifickych indikacich pfi negativni CMA (napfiklad pfi
opakovaném vyskytu vad plodu, vy338i nuchalni translucence nebo suspektnim fenotypu
plodu). Vzhledem k technické a ¢asové naro¢nosti jsou vysledky prenatalniho WES
pouzivany pfevazné pro zpfesnéni prognozy nasledujici gravidity. Prenatdlni WES je
zaméfeno na mutace v protein kodujicich oblastech genomu, které sice pfedstavuji jen asi 1-
2 % celkové genetické informace (genomu), ale jsou pfi¢inou az 85 % chorob s genetickou
etiologii. Pfi dostateéné hloubce sekvenace je moizné pii WES detekovat kromé SNP a malych
inserci a deleci 1 varianty poétu kopii (CNV) s vy3$i citlivosti nez vétSina technik CMA (~ 40
Kb). Teoreticky je mozné¢ pomoci WES detekovat CNV na drovni exonu (~ 200 bp) a téz
chromosomalni aneuploidie a jejich mozaiky.



Prenatalni diagnostika chromozomovych aberaci v CR 2011-2016

Syndrom XXX; 42; 2% Jiné gonosom.aberace;

48; 2% NejéaStéjéi
nalezy pri PGD

Klinefelteriv Syndrom XYY; 28; 1%

Turnertv syndrom; 179;
6%

Dow. syn., Edw. syn. a
Pat. syn. = 2/3 vSech
ytogenetickych nalezi !

Inverze; 55; 2%

Balancovaneé

IS translokace; 159; 6%

Delece autosomu;

LB Downiv syndrom;
1258; 45%
Triploidie; 125; 5%
Marker chromosomy; -
31; 1%
Jiné a ¢ast.trisomie
autosomu; 125; 4%
Patauliv syndrom ; 137;
5%
50. vyro¢ni cytogeneticka konference http://www.vrozene-vady.cz Vrozené
vady

Praha 6, Hotel DAP, 7. a 8. zari 2017



Masivni paralelni sekvenovani — NGS a cytogenetika

Princip
nové typy sekvenatort (odtud NGS — next generation sequencing) umoznuji paralelni
= nizSi naklady, uspora Casu....

Workflow
izolace DNA o Cilené (panel genu)
fragmentace e Exomové (WES)

priprava templatu neboli vytvofeni knihovny amplikonu - amplifikace
sekvenovani a detekce inkorporovanych nukleotidud
analyza dat — bioinformatické zpracovani

e Celogenomoveée (WGS)




NGS je stale levn
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Priklady vyuziti sekvenacnich technik

v cytogenetice

MATERNAL BLOODSTREAM

SSTEMAS
GENOMICOS

* neinvazivni prenatalni
diagnostika — detekce
trizomii chromozomu

13,18,21, XaY

pomoci sekvenovani

SG BABYTEST Pluny / Advanced

in pregnancy:

« Trisomy 21 ¢

« Trisomy

SG BabyTest range is designed to assess the risk of aneuploidy (abnormal number of chromosomes) in the fetus early

Test PRENASCAN zjistuje zmény poctu PRENASCAN JE TEHOTNYM ZEN/ 2 <t oft c taneous abortion, as well as other less
{i le) nebo tvaru (delece) chromozomi DOPORUCOVAN PAL: = 3
. - plodu z vySetieni krve matiy. Nejcastéisi zménou common types of aneuploidy 1 e of chrom
» . . » je ztrojen (trizomie) chromozomd &, 21, 18 a 13, * zvyleném riziku trizomie chromazor N %
Trizome chromozom( vede k poruchdm vzhledu, @ 13 Zjisténém pfi blochemickém s¢ » Sex chromosome aneuploidies:
vadém wnitfnich organis a opozdéni dusevnino bez ultrazvukového nalezu , ” R
vyvoje. Nei¢astéjsi piicinou trizomie j& chybry wvoj * atypickém vyslecku screeningu s he o Turner syndrome (presence of a single X sex chror
vajitka, jeho? riziko stoupd s vilkem matky. [‘L\:‘;nu‘mm s o Klinefelter syndrome (XXY)
V souBasnosti neexistuje ani G&innd prevence - asistované reprodukal ] :
ani cllend I6¢ba chromazomainich vad a Zivotni — obavach o osud gravidity o Triple X syndrome.
progndza postizenych je &asto nepriznva. o Polysomy X
Algorithm CE-IVD marked for the d ion and evall of the risk of trisomy 21, 13 and 18

 volna fetalni DNA v

TEST PRENASCAN SE ZAMERUJE
ZEJMENA NA TRIZOMIE CHROMOZOMU:

PPRENASCAN 56 provadi od 10. tydnt
PO genetické konzultaci.

Test je zalazen na vySetieni volné DNA|
Ktera koluje v krvi matky. Test

Ve SpOlpraci s nejvitsi svitovou biote|
kou spoleénosti BGI

V pfipadé odhalen! zavazné v vé v

SG BabyTest Advanced, the amplified version of SG BabyTest identifies partial aneuploidies (CNVs) related to 10

known microdeletion syndromes*.

wvojov
L] SYNDROME INCIDENCE
se doporuduje ndlez potvrdt invazivnin CHROMOSOMAL
k rv I m a t k e .
] DALE TEST DOKAZE ODHALIT: Angelman Syndrome (15q11) 5-7Mb 1/12,000 - 20,000
« pohlavi plodu, Kleré je stanoveno prikazem RIZIKO VZNIKU DOWNOVA SY} Prader Willy Syndrome (15a11) 4-6Mb 1/10,000 - 30,000
DNA chvomozomu Y €
% o po Ekoh G Y K VEXU MATKY 1p36 deletion Syndrome 15-10Mb 1/5,000-10,000
* Zirdty pouze Easti chromozomd) (delece) - —— Crir-du-chat Syndrome (5p) 0.560- 40Mb 1/15,000- 50,000
napriiad deiec chromozomu 15, kterd je
piicinou Prader-Wil syndromu, delect Yolftmechhar b2l 1450000
chromozomu 5 Spojencu se syndromem S e i
Koditho kik (Cri du Chat) nebo syndrom
Van der Woude spojeny s deleci 2
S e A Jacobsen Syndrome (11623) 5-20Mb 1/100,000
Langer-Giedion Syndrome (8q24.1) 28-14Mb 0.2-1/1,000,000
DiGeorge Il Syndrome (10p14-p13) 49-12072Mb 1/200,000
16p11.2-p12.2 deletion 7.1-87Mb .
Phelan-McDermind Syndrome 0.1-9Mb
(Deletion 22q13.3) "



Preimplantacni geneticky screening aneuploidii
pomoci NGS
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» biopsie embrya 5.- 6. den (blastocysta)
analyza 5 — 10 bunék
« vitrifikace embryi po odbéru —

» dostatek ¢asu pro vySetfeni NGS

A BlueFuse software provides a complete solution for analyzing, storing, and reporting VeriSeq results. A. Sample database shows experimental information. B. Profiles
° tra n Sfe r Zd rave h O e m b rya for the sample (top) and DecisionTrack information (bottom). C. Karyotype chart for whole-genome view (top) and region view with the opportunity to annotate
{bottom). D. Reports per embryo or per cycle (embryo report shown).
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Nahradi NGS genomu vysetreni karyotypu u
deti s neurovyvojovym postizenim?

Genome
with ‘all’ variation

TTAACCCCTTCGAATGCTCATCARAATCGTATCTCCCGAAAATGTCTTTTATG
TATCTTACTTCCACCACATAATCTACGAACTATCAATGTTTATGATGETCAS
GITTGTTAACAAGTGATTTGAATCTGATAAT CCEAAGAGTTGCTAATAAT GA)
GCAAAAATACAAAAAATCTTCCATTCTATCCATAACAGCCCAGETECCAATC
TACAAATAAAAAGCTTACTTTGEATACTTT GACAGET GEACACT CAAAAGARA
TGCEAAGTTATATTAAT GECAAACGTATTCCT GAGACT GCCAGAGCT GTAAT)
TCTATGAATAAARCTGGCTTTATT GAAGTACCATCTTACATTT TAAACAAGT)
TGTTGTCTTTTATAATCACGTTACGAAAGAT AACATACTCAAAACTCTTCARN
AAGCTTTTCTAACATATATCAAAACTCATCATAATTCTCAAAATCCTTATAT)
GATTTAGCACAGAAGAATGGATATTTAACCTTGECTCCTAATTTCGET GATA)
AAAAAGEAMAGAGEAAGETGGTTTTGTAACTATT TGCAGACAT CCATCTAT ()
CTAATATCCAATCTGETATAATAAARACGAT CAGAAGGETTTACTAT TAACAT
ACAATTTGCACATCTTTT AATCOT AT TTT AT CEARAT CACAT GACAATAT
CAAATCCCCATGTGCCAATCTCGAACAAGCTTTGAT TAT GAACT CACGAAAT)
AAAATTCTATAACAACCAATCCAATCTTCCCCTTCOTCCAACATCAAATACT
AATAAGTTATATAGACGACAAAATTATACATATAACGATGCETTGET GAT T T

oo moTmomemm m maiTTAT mAm

 detekce de novo bodovych mutaci, indel,
CNVs — analyza tria — rodice - dité



Strategie vysetreni detskych pacientu s neurovyvojovymi onemocnenimi
Ustav Iékarské genetiky a genomiky FN Brno (ULGG FN Brno)

» V soucCasnosti kazdorocné > 200 déti s NDDs
» Vyrazna geneticka a fenotypova heterogenita karyotyp (G-pruhovani)

l / 3-4 %

A normalni/potvrzeni nalezu
« Komplexni pfistup
1. Spravna klinicka diagnoza /
2. Volba optimalni diagnostické strategie MLPA
3. Identifikace priciny manifestace / < 10%

patologii na molekularni urovni
4. Genetické poradenstvi

specificky
syndrom

normalni/potvrzeni nalezu

LS v

NGS array-CGH potvrzeni | FISH/gPCR FISH

25-60 % 10-20 % halezy 5-6 %

Vyzkumny grant AZV CR NU20-07-00145 ,Uloha patogennich genetickych variant detekovanych
pomoci exomoveho sekvenovani v etiologii détskych neurovyvojovych onemocnéni*



NGS ma vetsi diagnosticky zachyt....ale

e 7
high diagnostic yield of WES/WGS 2
i f Is f tnatal k typing :
referral diagnostic yleld of number diagnostic target reference
reason karyotyping/FiSH of cases yield of NGS genes
recurrent pregnancy loss 2.3% 2 couples 100% WES Ellard et al. (2015) Eur J Hum Genet 23:401-404
products of conception 11.0% 19 families 2% WES Shamseldin et al. (2015) Genome 8iol 16:116
WES Qjao et al. (2016) Mol Hum Reprod 22:364
WES Fu et al. (2018) Mol Med Rep 18:2027-2032
multiple congenital 8.5% WES Gilissen et al. (2014) Nature 511:344-347
anomalies; WGS Gllissen et al. (2014) Nature 511:344-347
developmental delay; WES Srivastava et al. (2014) Ann Neurol 76:473-483
mental retardation; WES Sawyer et al. (2015) Clin Genet 89:275-284
Inteflectual disability WES Nolan et al. (2016) J Child Neurol 31:887-834
WES Kuperberg et al. (2016) J Child Neurol 31:1534-1539
WGS Stravopoulos et al. (2016) NPJ Gen Med 1:15012
WES McRae et al. (2017) Nature 542:433-438
WES Anazi et al. (2017) Molec Psych 22:615-624
WES Gieldon et al. (2018) PLOS ONE 13(8):¢0201041
DSD with 13.0% 8 patients \7“/ 291 genes Dong et al. (2016) BMC Med Genet 17:23
XX karyotype 48 patients 17% 64 genes Eggers et al. (2016) Genome Biol 17:243
D3SO with 13.0% 40 patients 35% WES Baxter et al. (2015) J Clin Endocrinol Metab 100:£333
XY karyotype 13 patients 69% 219 genes Dong et al. (2016) BMC Med Genet 17:23
278 patients 43% 64 genes Eggers et al. (2016) Genome Biol 17:243
premature 6.6% 12 patients 17% 70 genes Fonseca et al. (2015) Fertil Steril 104:154-162.¢2
ovarian failure 100 patients 19% 19 genes Boullly et al. (2016) J Clin Endocrin Metab 101:4541-4550
36 famibes 36% WES Jolly et al. (2019) J Clin Endocrin Metab doi:10.1210/jc.2019-00248
short stature 3.5% 14 patients 35% WES Guo et al. (2014) Horm Res Paediat 82:44-52
12 families 4% 4,813 genes Kim et al. (2017) Clin Genet 92:534-605
200 patients 29% WES Hauer et al. (2017) Genet Med 20:630-638
91 patients. 9% 166 genes Yang et al. (2018) BMC Med Genet 19:212
114 patients 36% WES Huang et al. (2018) Cell Phys Biochem 43:295-305
male infertility 5.4% 1,112 patients 15% 107 genes Oud et al. (2017) Hum Mutat 38:1592-1605
40patients  10% 25 genes Nakamora et al. (2017) Andrology 5:824-831
8 families % 62 genes Fakhro et al. (2018) Genet Med 20:1365-1373
75 patients 13% 62 genes Fakhro et al. (2018) Genet Med 20:1365-1373
33 patients 2% 175 genes Rigra:Escamilla et al. 1(2019) Hum Reprod doi:10.1093/humtep/t

Hochstenbach et al. 2021



a) problemy s detekci strukturni variability (SV) -
pomoci NGS

1.) SVs are important
2.) SVs happen in complex regions

3.) Classical NGS is not ideal for SV detection

Structural Variations are the hardest to detect genomic variants

R—‘ Translocation

! i
T =g i i d—

=
Repeat o
Expa?\spie:n @(— }—Olnversion
\J
Single Nucleotide Structural Aneuploidy
Polymorphisms Variations
« (SNPs) (SVs)

1 base pair (bp) 100s bp to Millions bp Full Chromosomes



LINEs 20.5%

SINEs 13.1%

LTR retrotransposons 8.3%
A DNA retrotransposons 2.9%
‘ Single sequence repeats 3.0%

Segmental duplications 5.0%

NGS a strukturni variabilita

Repeat Elements

Miscellaneous
heterochromatin 8.0%

NGS attempts to puzzle together fragmented DNA
molecules to detect Structural Variation

2/3 of the genome is repetitive and SVs in repeat

regions are often invisible by whole genome sequencing

Short Read Sequencing

« kratka ¢teni <300 pb Illumina, nedetekuji >70 % SV vétsi nez 50 pb,
pritomnost repetitivnich sekvenci (telomery, centromery, akrocentr. chromozomy...)

Bocklandt S. 2021



European Journal of Medical Genetics 62 (2019) 103543

Contents lists available at ScienceDirect

European Journal of Medical Genetics

ELSEVIER journal homepage: www.elsevier.com/locate/ejmg

A survey of undetected, clinically relevant chromosome abnormalities when = )
replacing postnatal karyotyping by Whole Genome Sequencing 4
Ron Hochstenbach’, Ellen van Binsbergen, Heleen Schuring-Blom, Arjan Buijs,

Hans Kristian Ploos van Amstel

Department of Genetics, University Medical Centre Utrecht, Utreche University, Utrecht. P.O. Box 85090, 3508 AB, Utrecht, the Netherlands

Table 1
Mumbers of abnormalities undetectable by WGS in referrals for postnatal karyotyping to our laboratory during 2006-2015",

referral reason (subcategories/explanation) number of number of abnormal results undetectable by WG5S

referrals (percentage of referrals)
number percentage of percentage of
abnormal total
recuwrrent miscarriage (couples who had at least two unexplained a1 B& (1.5%) v 25.6% 0.37%
MISCArrages)
multiple congenital abnormalities and/or mental retardation (proeducts 3552 521 (13.2%) 14 2T 0.35%

of concepton, stillbirths, suspicion of trisomy 13 or trizsomy 18, all other
postnatal patients, from newboms to adults, including cytogenstic
follow-up of abnormel microarray resuls)

Down syndrome (suspicion of trisomy 21, usually in newbormns) &35 398 [62.7%) 1 0.25%% 0.14%
disorders of sexual development

child {usually newbom] with ambiguous genitalia 53 T 13.2%) o 0.0 0.00%
woman = 36 years of ags with POF 235 15 (6.6%) 11 73.3% 4820
child with short stature (< -3 x SD) = 24 (3.5%) 4 16.7%% 0.57%
girl with suspicion of Tumer syndrome 310 20 (6.5%) 2 10.0% 0.65%
boy or male with suspicion of Klinefelter syndrome 253 45 (1785 4 5.9 1.58%
reduced male fertility (infertile/subfertile male electable for ICSI) 1047 57 (5.4%) a7 47.4%% 2.58%
CArTier o mos TeArTan gement | amily member nas TS ZoZ [13.070) 33 .7 B

syndrome; family member has other chromosomal rearrangement)
total 14,957 1455 (9.7%] 118 E1% 0.7%%

* We did not include referrals of postnatal follow-up of abnormal prenatal findings in our survey,




NGS vs. cytogenetika

Urcité strukturni zmény nemusi byt zachyceny pomoci NGS !!!!

Pomoci WGS nelze spolehlive detekovat aberace v pfipade:

B) Robertsonovskych translokaci...
C) malych markerovych chromozomd... homosmes rndocat

D) balancovanych translokaci s mistem zlomu v nekodujicich
sekvencich...

A) malych mozaiek &i klond... NGS > 25 % ﬁ ﬁ H



NGS vs. cytogenetika pri detekci malych klonu u
nadoru

Vznik patologického bunécného klonu (prevzato od F. Mitelmana, Bertinoro, 2004).

FISH — jadra buneék

l

Array-CGH, NGS - DNA == [ S



b) zmény detekované na urovni DNA mohou byt zplusobeny
riznymi strukturnimi prestavbami chromozomu — nutno ovérit
na karyotypu!

Priklad

13 o o Ztraty DNA sekvenci
—i.2 o o
—i (array-CGH, NGS) mohou
— 23 byt zplsobeny riiznymi
s U—%e strukturnimi zménami
15 > termina deleion E— chromozomij !!!
CMAOrWGS | o -
/ Fig. 1 This example shows that a loss of a terminal segment of a
chromosome arm, as detected by CMA or WGS (in red), can be
caused by four different structural rearrangements. Current WGS

fEE e Mcods based on shorl-read, pared-end sequencing are not suited to
discriminate between these possible rearrangements because break-
points that are located within repetitive DNA sequences are not

 ting chromasama * nbalanced. recognized [4]. In contrast, these rearrangements can be discriminated
GTG-bandi FISH zoteisas by microscopy, using karyotyping and/or FISH. The simplest struc-
m bl DOpkar

tural rearrangement is a terminal deletion although an interstitial
deletion, a ring chromosome, or a derivative chromosome representing
an unbalanced translocation involving chromosome 15 and the very
terminal end of another chromosome arm (here 20p) can underlie such

chromosomes in the genomic age- Preserving cytogenomic a terminal loss. As ernphﬂSiZﬂd in current guidelines for Cy[Ugeﬂ()miC

t f di ti lab tori investigation [7], identification of the underlying rearrangement is
competence of diagnostic genome laboratories essential for determining the recurrence risk for the parents of the

fon Hochstenbach®' » Th Lichr? ~ Rosalind J. Hastinas? patient, for genetic mu.nsehng m’nfl for ll'le.lde!mﬁcauon of family
on Hochstenbach® omas Lie osalind J. Hastings members who are at an increased risk of having imbalanced progeny.

Received: 6 April 2020 / Revised: 26 October 2020 / Accepted: 17 November 2020
© The Author(s) 2020

Dulezité pro genetické poradenstvi !



Existuje univerzalni metoda, ktera by
nahradila vse?
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Next-Generation Cytogenomics
with Optical Genome Mapping is
Here! To stay!

ge’us X

ALZHEIMER'S

Alka Chaubey, Ph.D., FACMG

Chief Medical Officer, Bionano Genomics

2021

bionano
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REVOLUTIONIZING
CYTOGENOMICS

Bionano visualizes patterns on intact DNA molecules to detect
Structural Variation
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Optical mapping for clinical

structural variant detection

Alexander Hoischen

Associate Professor Genomic Technologies & Immuno-Genomics
Scientific Director Radboud Genomics Technology Center

Departments of Human Genetics and Internal Medicine
Radboud University Medical Center,
Nijmegen, The Netherlands

‘ Next generation cytogenetics <

Cytogenetics with 500,000 ‘bands’ i.e. labels ~10,000 improved sensitivity!
-Genomewide analysis
-Positional information
-Single molecule resolution




Co umi optické genomové mapovani (OGM)

Structural Variation Classes

Bionano
Variant Classes Variant types Variant Classes (Optical Genome Mapping)*
Monosomy Monosomy

*
Trisomy Trisomy v
Belitons Interstitial deletion v
Terminal deletion v
Copy Number Variants Tandem duplications y
Duplications Inverted duplications v
Insertion duplications v
Insertion of unknown sequence v
Insertions Insertion (of known sequence, copy 3
neutral)
Balanced translocations v
Structural Variants Translocations Unbalanced translocations v
Cryptic translocations v
. Inversion — pericentric fusion point v
Inversions
Inversion — paracentric fusion point V
Ring chromosome CNV and fusion v
LOH AOH/ROH/LOH Not currently
Repeat
Macrosatellite/microsatellite contraction Baves oo (g 1001 %
repeat contraction/expansion a. .
ox::::l::ns Repeat oxp:;:l:rr;sm(:)g Fragile X v (200 triplet repeats)
SNVs Indels, SNPs, SNVs No

* >500bp and larger



Optické mapovani genomu - postup

Vzorka:
krv/tkanivo
bunky/baktérie
)

Izolacia DNA
o vysokej molekulovej
hmotnosti

I
-

X

Znacenie $pecifickych
sekvencii DNA v celom
‘ genome

e

Prenos znac¢enej DNA
na Cip

Opakované cykly linearizacie
a snimania DNA v nanokanaloch
pre naskenovanie celého genému

Efektivne snimanie molekul DNA o dizke niekol’ko megabdz s vysokym rozlisenim

Premena snimanych obrazov
na opticki mapu

1

mm
Tmaiem awm
tmaism aam
tmuew awm
tmaism am

Tvorba konsenzualnych genémovych map
pomocou zostavovacich algoritmov

analyzujucich prekryvy
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WHI IMAm Wi ENE KW R s

A T

| Prirovnanie optickej mapy
k referen¢nej mape

-Automaticka detekcia
Struktirnych variantov
-Zostavovanie gendmu

Bionano Genomics (https://bionanogenomics.com/technology/platform-technology/)

. —
bionano

Visualize and Manipulate Maps and Structural Variants
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Bionano’s technology is Optical Genome Mapping with Saphyr

bionano

-W

0 0,5 1,0 Mb 4

1 1 %p;ga

mapa ziskana
in silico

katodovy pilitky nanokanalky anodovy
prostor mikrokanalky prostor

From 100x up to 1600X coverage

At no extra cost.
Toegelova H. 2016



Detekce chromozomovych aberaci pomoci
optickeho mapovani

——
Structural variant calling by optical mapping
GAIN/LOSS COPY NUMBER CHANGE BALANCED
Deletion > 500 bp Repeat array expansion Translocation > 50 kb

reference

S I

Insertion >500bp Tandem Duplication > 30 kb Inversnon > 30 kb

vzorek




OGM - priklad translokace (13;20)(g32;p13)
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Dremsek et al. 2021



OGM - priklady chromozomovych aberaci

delece
8p22p21.3

t(5;8)(p13.1;p11.2)

inverze 13q

marker X

13
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CNV call
SV call

n ref chr8

sample map

ref chr5
sample map

ref chr8

ref chr13

sample map

sample map
ref chrX

sample map

Mantere et al. 2021



Cytogenetika vcera a dnes — dve kazuistiky
nasich laboratori

WU N T S oanerer

LAl

Laboratore molekularni
cytogene}iky a cytogenomiky

Laboratofe molekulérni cytogenetiky a cytogenomiky jsou spe

ované laboratofe s vyzkumnou,

vyukovou a diagnostickou &innosti, které sdruZuji cytogenetické laboratofe Pfirodovédecké fakulty
MU (Oddéleni genetiky a molekularni biologie UEB) a vybrané laboratofe Sekce cytogenomiky CMBG

Fakultni nemocnice v Brné.

Nestabilita genomu &lovéka

— Diag 5 vyznam gend hTERC a MYCC p#i vani-
Nosnym tématem &innosti nadich laboratofi je wzkum nestability ku a wyvoji cervikéinich ich dysplézii a
genomu Elovéka na Urovni strukturnich i poéetnich zmén chromo- délozniho hrdla
zom{ pomoci K né cy! ych a y = y vyznam 3lni ych aberaci pri
metod. Ziskané poznatky maji prakticky vyznam pro |ékafskou ge- pouziti novych ych metod u I
netiky, slouZi k odhalovani pfi¢in nékterych vrozenych geneticky — Uloha genetickych abnormalit ve wvoji a progresi prekancerézy
inény i &i k blizsi rizaci y i ji wznamu
— Uloha i ickych variant ych pomoci

viastnosti zhoubnych nadord.

Chromozomové aberace

exomového sekvenovéni v etiologii détskych neurovyvojovych
onemocnéni. V' rAmci tohoto projektu zkoumame vzacné geneticka

Vyzkumné aktivity naich laboratofi jsou jiz fadu let
i na studium chromozomovych aberaci pomoci technik metafazni
ainterfazni fluorescencni hybridizace in situ (FISH), techniky MLPA,

technologii array-CGH a v sou¢asnosti hlavné pomoci i
nové (NGS). Ve s fadou Fskych pracovist
se podilime na rychlém zavadéni specializovanych cytogenetic-
kych a cytogenomickych vySetfeni do klinické praxe a provadime
diagnostiku pacientd.

Zefektivnéni a vyuziti metod molekularni cytogenetiky
a cytogenomiky

V uplynulych letech jsme se v (zké spolupréci s lékafskymi
pracovisti pracovali na feSeni (ikoli zam&fenych na rozpracovéni
jednotlivych metod molekulémi cytogenetiky a cytogenomiky a jejich
vyuziti z hlediska p a i alni
i cytogenetiky nékterych hematologickych malignit a solidnich tu-

&feny u jicich duevni zdravi, jeho cllem
ie ani a vyuZiti i
) pro Ggely g ké analyzy détskych pacientd
{ 1na OLG se zévaznym i i Zenil
a g pek y yvojovymi vadami.

BakalaFské a diplomové prace
Bakalafské a diplomové prace feené v nadi laboratofi se zabyvaji
alni Feni y ych aberaci u jed-

notlived i rodin nékterym

Kontakt:

doc. RNDr. Petr Kuglik, CSc. (vedouci pracovi§ts)
kugl@sci.muni.cz

RNDr. Viadimira Vallové, PhD.

mord. i znalosti a X projektd, napf.: viavra@mail.muni.cz
— Y iho glio-
- 5 Mgr. Markéta Wayhelova, PhD.
blastomu pomoci techniky fluorescenéni hybridizace in situ,
2 : it 5 marketa. il.muni.cz
a array-CGH. Ustav experimentalni biologie
— Di ya iktivni vyznam molekul: L itni kampus ice, budova D36

markert u embryonalnich nédord détského véku

EVROPSKA UNIE NE
Evropské strukturdini a nvesticni fondy N
Opesaci program Vyzkum, vivj a vzdéivan

&Y,

Kamenice 753/5, 625 00 Brno-Bohunice, Ceska republika

HTTP IWVI1.SCI.MUNI.CZ/CYTOGENLAB

cy(t/kl)ogenetici FN Brno




Priklad cytogenetické analyzy
KAZUISTIKA z OLG FN Brno z roku 1998

« chlapec (nar. 1984) - indikovan kvuli mirné psychomotorické
retardaci a nizkému vzrustu;

« karyotyp stanoven 47,XY,+matr;
 marker vznikl de novo

Markerovy chromozom - maly nadbyteCny chromozom, ktery neni
mozno analyzovat cytogenetickymi pruhovacimi metodami:

* bez euchromatinu — nemusi mit vliv na fenotyp
S euchromatinem — parcialni trizomie !!!



Markerové chromozomy mohou zpusobovat riizné postizeni —
duplikace genu (parcialni trizomie) !
Populaéni cetnost 0,043 %

Frequency of “marker” chromosomes

cases marker chromozomes
newborm 153701 T0(0.046%) 1:2195
unselected prenatal 688030 514 (0.075%) | 1-133%
suspicions prenatal ultasound H05 9 (0.204%) 1:430
patients with mental retardation ™ 69332 200 (0.288%) 1:347

males with fartility problems 21841 36 (0.165%)  1:607

famales with fertility problems 9163 200,022%)  1:4582




Vznik markerovych chromozomu

Dewald, 1983

11

the U-type exchange model

c
>

© Miller 2013
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Ag-NOR banding



PACIENT 1 - postup FISH vysetreni

markerovy chromozom pochazi od nektereho chromozomu
13, 14, 15, 21 nebo 22

centromericka sonda a celochromozomova sonda 15 —
obé negativni;

centromericka sonda 14/22 — pozitivni;
celochromozomova sonda 22 — negativni;

celochromozomova sonda 14 — pozitivni;

ale urcili jsme puvod, avSsak nezname jaké geny marker
obsahuje...euchromatin?




cen. 14/22



Priklad cytogenomickeé analyzy
KAZUISTIKA z OLG FN Brno z roku 2018

Divka viethamského puvodu nar. 1996
Z 2. fyziologickeé gravidity, AMC pro vekovou indikaci

Prenatalné nalezena t(2;5) de novo, stanoveno vyssi riziko
manifestace vrozené odchylky fenotypu

Cilené UZ vysetreni na VVV a VSV s fyziologickym nalezem

Porod tyden po terminu, SZ, 28509g / 48cm, poporodni adaptace v
norme

Opozdény PMV, chlize az ve 20 mésicich....

Rodice zdravi



FENOTYP PACIENTKY

Neprospivani

Tézka PMR, od narozeni znamky opozdénéeho PMV

chlze az ve 20. mésici, v 7 letech neumi sama jist ani pit, neudrzuje Cistotu,

pfikazim rozumi jen z¢asti, nemluvi, vydava neartikulované zvuky, umi fict pouze ,NE*

tIZ))isItkrétnl' stigmatizace - naznaCeny ptaci profil, hypertelorismus, nize nasedajici usni
oltce,

rachiticky hrudnik, napadna arachnodaktylie zejm. na HKK.

Instabilita

Susp. porucha sluchu




KARYOTYP 46,XX,t(2;5)
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VYSETRENI PACIENTKY - ovéfeni FISH - nalez

Na translokaci se podili dalsi chromozom !
WCP 2,5

vySetfovany material periferni krev

1(2:5:?)

Cambio StarFISHOchromosome-specific painting Probe, Cambridge, United Kingdom;
LUCIA-KARYO/FISH software, Laboratory Imaging, Praha, Ceska Republika



VYSETRENI PACIENTKY - Spektralni karyotypovani

vySetfovany material periferni krev
der(2)t(2;5) der(10)t(2;10) der(5)t(2;5;10)

IR I T
21 22

Sky Paint Kit — DNA H-10, Applied Spectral Imaging Inc., Ascomed spol. s.r.o.



REVIDOVANY KARYOTYP PACIENTKY - KOMPLEXNI
TRANSLOKACE'!

46,XX,t(2;5;10)(q21931;922;922.1)de novo
vySetfovany material periferni krev

(0l 1t

[IRIRINTRIRIRT
8 24 )9 TRIEY

8F 38 As $5 "

RodiCe normalni karyotyp



SCHEMA CHROMOZOMOVE PRESTAVBY

46,XX,1(2;5;10)(q21931;922;922.1)de
novo

2 der(2)t(2;5) 5 der(5)t(2;5;10)

10 der(10)t(2;10)

1




DALSI VYSETROVACI STRATEGIE

- Pacientka trpi mentalni retardaci

Karyotyp s komplexni chromozomovou prestavbou
Vznik prestavby de novo

Hypotéza:
Jsou translokace balancované?
Nemohou byt pricinou postiZzeni pacientky kryptické mikrodelece ¢i dizrupce genu v oblasti zlomi?

- Nutno dovysetfit !l = nové poznatk‘{lve svétle pouZiti
cytogenomickych technologii (array-CGH a NGS)

Funderburk SJ, Spence MA, Sparkes RS. Mental retardation associated with “balanced” chromosome rearrangements.
American Journal of HumanGenetics. 1977;29(2):136-141.

Redin C, Brand H, Collins RL, et al. The Genomic Landscape of Balanced C\étogenetic Abnormalities Associated with Human
Congenital Anomalies. Nature Genetics. 2017;49(1):36-45. doi:10.1038/ng.3720.



Zdanlive balancované chromozomové aberace u nasi

pacientky ?

Apparently balanced chromosomal aberrations (ABCAs)

= Mostly benign for the carrier except possible reproductive issues

= May be inherited in families between healthy individuals

= Disease-causing ABCAs

» Usually occur de novo
Cryptic imbalances
Gene disruption

Alteration of gene regulation
Disruption of chromatin organization => neighboring genes

= Uncharacterized ABCAs cannot be classified:
= Remain as VUS

= Investigations are pursued while they are likely unnecessary

— Molecular characterization of ABCAs is key to understand the mechanism of the disease

Translocation I > 8 S
u

—e — 9009

Promoter Coding Dereguiated

region exXpIesSIon

»
-z —— 0 @
Coding Coding

rogon region protein

| e —— @ s
Translocation Disrupted coding region function

Roukos et Misteli, Nat Cell Biol 2014
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The Genomic Landscape of Balanced Cytogenetic Abnormalities
Associated with Human Congenital Anomalies

All BCAs
(mapped, n=248)
5.2% - Genomic imbalances

. 3 i i
21.4% - High confidence BCA interpretation
[l Pathogenic

[T Likely pathogenic

["] variant of Unknown
Significance (VUS)
12.5% - Likely candidate genes

7.3% - Predicted positional effects

De novo BCAs associated with congenital anomalies disrupt

functionally relevant loci. .
Redin et al. 2017
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DALSI VYSETRENI PACIENTKY - piehled

1996:

* Prenatalni stanoveni karyotypu (AMC)
Oligo arrays Agilent

2003: « 4x44K 43 kb rozliZenie
« Postnatalni stanoveni karyotypu (G-pruhovani, FISH, SKY) * 1x244K 9 Kb rozlisenie
+ CGH, HR-CGH - negativni - nizkeé rozliseni? { ‘ = @

([l
2011: \ (]| [l
* Array-CGH: OGT 4x44K (cca 43 000 CGH sond, celkova prumérna hustota — @1 }—;—J

sond 43 kb/sonda) - negativni
* Array-CGH: Agilent Technologies 1x244K (cca 240 000 CGH sond, celkova

primérna hustota sond 9 kb/sonda) - negativni

2017
* Array-CGH: Agilent Technologies 1x1M (cca 963 000 CGH, celkova
pramérna hustota sond 2,1 kb/sonda)




VYSETRENI PACIENTKY 2017
(array-CGH) 1M cip - nalezy

SurePrint G3 Human CGH Microarray 1x1M (963 000 sond, celkova primérna hustota sond 2,1 kb)
arr[GRCh37] 2931.3(181303304 181574921)x1,14923.3(67174974 67227131)x1

Nalezena mikrodelece oblasti 2931.3 (272 kb) — suspektni misto zlomu?
(gen SCHLAP 1)
2

2: 181091276-181815487, 724 Kb
4 ] ST 7 z B
Q= 8313 7 T ' = M
S .
e S
I 2921
s 2
I L 2 2931
3 10
i der(5)t(2;5;10)
i B 10
: 2
O - (i,_ 2 DL ™ }o- E & L der(lO)t(2;10)




VYSETRENI PACIENTKY
(array-CGH)1 M éip

Pridatny nalez
mikrodelece oblasti 14923.3 (53 kb) — pravdépodobné benigni varianta

(mala ¢ast intronu genu GPHN)
14 14: 67083985-67307804, 223 Kb

-4 -3 2 -1 0 1 2 3 4 |4

—_ q233 [T : : ] W
R H
P : E
Q : P
s L.

67.08 Mb

ql2
q13.2

67.15 Mb
|

q21.1

q21.3
q22.2

q23.1

q23.3

67.23 Mb
|

q24.2

g31.1

q31.3
q32.12

67.30 Mb

q32.2
q32.32




VYSETRENI PACIENTKY array-CGH ZAVER

Gen SCHLAP1 (2931.3):
V oblasti mikrodelece 2931.3 se nachazi cCast genu SCHLAP1, ktery koduje
dlouhou nekédujici RNA. Funguje jako regulator transkripce, antagonizuje funkci
komplexu SWI/SNF zeslabenim vazby SWI/SNF na pfislusné oblasti genomu.
V databazi DECIPHER se nenachazi zadny pacient se stejnou Ci podobnou
mikrodeleci oblasti 2931.3.

(www.omim.org)

Gen GPHN (14923.3)

Tento gen kdéduje gephyrin, organizacni protein, ktery shlukuje a lokalizuje inhibiéni
glycinové a GABA receptory na mikrotubularnim matrixu neuronalni postsynaptické
membrany. Gephyrin je esencialni pro postsynaptickou lokalizaci inhibiCnich
neurotransmiterovych receptord v CNS a pfi biosyntéze molybdenového kofaktoru
(MoCo) v ruznych perifernich organech. Heterozygotni delece exonti 3 a 5 genu
GPHN muze hrat roli u poruch vyvoje nervového systému, zejména poruch
autistického spektra a schizofrenie.

(www.omim.org)
Mikrodelece oblasti 14923.3 zahrnuje pouze maly usek intronu genu GPHN, jedna se
pravdépodobné o benigni variantu.




VYSETRENI PACIENTKY pomoci NGS

2015-2018 — pilotni studie NGS u 35 pacientu s
DID /VVV na OLG FN Brno

Spoluprace OLG FN Brno, LMC MUNI, CEITEC MU
NGS na lllumina MiSeq a lllumina NextSeq 500

panel 2742 genl
.ClearSeq Inherited Disease*
(Aqgilent Technologies, obsahuje >1200 genu spojenych s etiologii DID)

bioinformatické zpracovani Mgr. Jan Oppelt, Ph.D. (t.¢. CEITEC MU)

filtrace dat a vybrané varianty porovnany s databazemi ClinvVar, OMIM
atd. v korelaci s fenotypem pacientu

verifikace: Sangerovo sekvenovani

celkovy zachyt patogennich variant 26 % !



VYSETRENi PACIENTKY - cilené NGS - varianty nejasného

vyznamu

gen Genomova pozice (hg19) Uroven asociovany fenotyp
detekované sekvené€ni varianty | proteinu

RNF213 NC_000017.10:9.78291058T>C p.(Met961Thr) Moyamoya (vaskularni
* porucha intrakranialnich
tepen)

CDH15 NC_000016.9:9.89245912G>A p.(Arg44Glin) Mentalni retardace, facialni
* stigmatizace, abnormality
koncetin

LMNA NC_000001.10:9.156108510C>T p.(Arg644Cys) Dilatovana kardiomyopatie
* Pouze in silico predikce, varianta dosud nepopsana v literature Ci databazich

Varianta In silico predikce vlivu sekvencni varianty

(uroven na strukturu a funkci proteinu
proteinu)

Polyphen-2 Polyphen-2
Provean SIFT (HumDiv) (HumVar)
RNF213 p.(Met961Thr)  geleterious  damaging possibly damaging benign
CDH15 p.(Arg44Gin) neutral damaging probably damaging possibly damaging

LMNA p.(Arg644Cys) neutral damaging probably damaging possibly damaging



ZAVER

Vysetrili jsme genom pacientky dostupnymi citlivymi metodami.

Array-CGH 1 x1 M cCip — nalezeny

2 mikrodelece (53 kb a 272 kb) — disrupce genu SCHLAP1 a
GPH

NGS - nalezli jsme pouze varianty nejasného vyznamu nebo benigni
varianty.

Mikrodelece oblasti 2931.3 — kauzalni pricina postizeni?

¢

2033.1 deletions and other deletions
between 2931 and 2933 ?

Databaze...popsany podobné pripady...
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Cyto(genetika) 200 let po objevech J.G. Mendela

se transformovala do
,Next-Generation Cytogenomics“
avsak zustava

stale jednim z nosnych pilifri modernich
vysSetrovacich metod vyuzivanych v
oblasti lékarské genetiky, onkologie a
dalSich medicinskych oboru




