De _
‘ Institute
‘ of Mother and Child

Analiza wynikow badan
cytogenetycznych w praktyce

BEATA NOWAKOWSKA
ZESPOt PRACOWNI CYTOGENETYKI,
LAKLAD GENETYKI MEDYCZNEJ, IMID

Fundusze : Se . : AT
i Europejskie m Sizoeote @ Instytut Unia Europejska - edu-metgen.imid.med.pl

Wiedza Edukacja Rozwéj Matki i Dziecka  Evropeiski Fundusz Spoteczny




4 I
Cytogenetyka

Dziat genetyki zajmujacy sie badaniem chromosomow.
Koncentruje sie zarowno na ksztafcie jak i liczbie
chromosomow oraz na ich dziedziczeniu.

Rola i znaczenie badan cytogenetycznych :

- pre- i postnatalne rozpoznanie chorob i zespotow

uwarunkowanych aberracjami chromosomowymi

- Iidentyfikacja rodzin ryzyka genetycznego

- poznawania etiologii i patomechanizmu chorob
genetycznych
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Metody cytogenetyki klasycznej -

KARIOTYP

Tjio |.H; Levan A. (1956). "The chromosome number of
man'". Hereditas. 42: [—6.

> Klasyczne badanie cytogenetyczne - opiera si€ na analizie

chromosomow w stadium metafazy
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Metody cytogenetyki molekularnej

> cyto(genet)/ka molekularna - umoZliwia badanie materiatu genetycznego w

stadium 1In telfazy
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Sekwencjonowanie DNA- 1pz /
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FISH - 40-250 kpz

Mikromacierze CGH — 1 Mpz — 20 pz
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Metody analizy genomu w diagnostyce

kariotypu >5 Mpz
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Klasyczne metody oceny
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Schemat analizy DNA genomowego technikag
mikromacierzy CGH:
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CNV-

Copy Number Variations

Zmiany liczby kopii fragment(')w DNA
lagodne CNVs oraz patogenne CNVs

indel (insertion or deletion)
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CNV (copy number variants) -

zmiana liczby kopii sekwencji DNA
Large-scale copy number polymorphism in the human genome.

Sebat J, Lakshmi B, Troge J, Alexander J, Young J, Lundin P, Manér S, Massa H,
Walker M, Chi M, Navin N, Lucito R, Healy J, Hicks J, Ye K, Reiner A, Gilliam TC,
Trask B, Patterson N, Zetterberg A, Wigler M. Science. 2004 Jul

23;305(5683):525-8.

Detection of large-scale variation in the human genome.

|lafrate AJ, Feuk L, Rivera MN, Listewnik ML, Donahoe PK, Qi Y, Scherer SW, Lee C.
Nat Genet. 2004 Sep;36(9):949-51.

Aspects of the studies

Sebat et al. [20]

lafrate et al. [19]

Array construction and study design

Array coverage
Individuals tested

Number of different ethnic populations
CNP loci detected

Average frequency of CNP per individual|
Most common gain or loss

Major disadvantage

70mer oligonucleotides, in combination with
ROMA®

One measurement point every 35 kb”

20 phenotypically normal

9

76

1"

A gain (90%) at 14g11; a loss (90%) at 15g11
Relies on restriction digest representation of
the human genome

BAC clones; conventional array-CGH

One measurement point every TMb"

39 phenotypically normal; 16 with previously
identified chromosomal abnormalities

5

2bb

12.4

A gain(31%) at 14q12; a loss (38%) at 13g21.1
Limited resolution

“Abbreviation; ROMA, representational oligonucleotide microarray analysis.
*The average resolution of the two studies is difficult to compare on the basis of the presented data.



http://www.ncbi.nlm.nih.gov/pubmed/15273396?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15286789?ordinalpos=7&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
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CNV:

290 fenotypowo prawidlowych oséb pochodzgcych z rozZnych grup etnicznych
1668 CNVs (Srednio 11 CNVs na osobe)

Srednia wielkoS¢€ 340 - 465 kpz (100 kpz- 10 Mpz)

1gcznie CNVs stanowily 360 Mpz

o 0o o o Od

co stanowi 12% ludzkiego genomu (obecnie w internetowej bazie zmiany fagodne

pokrywajg 29% genomu)
0 UwaZa si€, Ze CNVs s3 odpowiedzialne za
- ewoluj€

- zmiennoS$C osobniczg ( np. HIV - Gonzalez et al. 2005 , choroby
autoimmunologiczne -Yang et al. 2007)

- odpowiedZ na leki (np. onkologia - Ouahchi et al. 2006)

- podatnoé(': na powstawanie chorob
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Oddziatywanie CNVs na fenotyp:
0 Modyfikacje dawki produktu danego genu
0 Zmiana ekspresji genu
0 Zaburzenie funkcji elementow regulatorowych
0,,Odstoni€cie” alleli recesywnych

Q55 T @, iz [ edu-metgen.midmed p




Interpretacja wynikow badan metoda
aCGH

= pochodzenie CNV

* informacje z baz danych dotyczgcych polimortizmow
» wielkoSC stwierdzonej zmiany
= zawartoSC genetyczng badanego regionu genomu

* informacje kliniczne z baz danych typu DECIPHER,
OMIM

= informacje od lekarza kierujgcego pacjenta na badanie
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Interpretacja wynikow badan metoda
aCGH

e Rodzicielskie pochodzenie CNV

Mniejsze prawdopodobieflstwo patogennoéci

>99% dziedziczonych CNV to CNYV fagodne
y g

ale w interpretacji wyniku trzeba uwzgl€dnic:

Ocen€ fenotypu rodzica, nosiciela CNV (zroZnicowanie ekspresji, niepelna
penetracja, mozaikowoSC — odziedziczone CNV np.1q21.1; 1q41q42; 3q29;
15q11.2; 15q13.2q13.3; 16p11.2; 16p13.11; 22q11.2 mogg byC patogenne

Czynniki epigenetyczne (CNV zawiera pi€tnowany locus, np. del UBE34 od
matki skutkuje chorobg u dziecka)

MozliwoS€ ujawnienia si€ mutacji recesywnej gdy dotyczy drugiego allelu genu

znajdujgcego si€ w obrebie CNV odziedziczonego od rodzica
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arr[hg19] 1p34.2(43,413,516-43,437,837)x3

Overview

/10— letni chlopiec, opdZnienie rozwoju mowy, padaczka, wady kofczyn dolnych
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31 probes displayed
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Mutacje w genie SLC2A1 opisywane byly u pacjentow z padaczkg idiopatyczng (OMIM 614847)!,
dzieci€cg padaczkd nieSwiadomoSci (ORPHA:64280)?, dziedziczng kriohydrocytozg z obniZonym
poziomem stomatyny (OMIM 608885)', encefalopatig spowodowang niedoborem GLUT1 (OMIM
606777)', napadow dyskinezg wywolywang wysitkiem (OMIM 612126)' oraz napadow3
choreoatetozg dystoniczng z epizodyczng ataksjg i spastycznoScig (OMIM 601042)'.
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2- letni brat, opdZnienie rozwoju mowy
arr[hg19] 1p34.2(43,413,516-43,437,837)x3

Overview
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10- letni chlopiec, op6Znienie rozwoju mowy, padaczka, wady kofczyn dolnych

arr[hg19] 1p34.2(43,413,516-43,437,837)x3

"
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777777

Duplikacja w regionie 1p34.2 obejmuje ckson 1 wraZliwego na dawke genu SLC241 (OMIM 138140)'.
Mutacje w genie SLC2A1 opisywane byly u pacjentow z padaczkg idiopatyczng (OMIM 614847)!, dziecigcg
padaczkd nieSwiadomoSci (ORPHA:64280)%, dziedziczng kriohydrocytozd z obniZonym poziomem
stomatyny (OMIM 608885)", encefalopatig spowodowang niedoborem GLUT1 (OMIM 606777)", napadowq
dyskinezg wywolywang wysilkiem (OMIM 612126)! oraz napadowd choreoatetozg dystoniczng
z epizodyczng ataksjq i spastycznoScig (OMIM 601042)'. Duplikacja w regionie 1p34.2 naleZy do zmian
o charakterze potencjalnie patogennym. Pomimo, Ze duplikacja 1p34.2 zostala odziedziczona od
ojca niewykazujgcego objawow klinicznych, to najprawdopodobniej jest odpowiedzialna za
objawy neurologiczne wystg¢pujdce u pacjenta.
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Niepetna penetracja genetics

Recurrent reciprocal 1g21.1 deletions and duplications
associated with microcephaly or macrocephaly and
developmental and behavioral abnormalities

Nicola Brunetti-Pierri"**, Jonathan S Bcrg“”, Fernando Scaglial=3, John Belmont!, Carlos A Bacino'*,

Trilochan Sahoo!, Seema R Lalani', Brett Graham!, Brendan Lee"?, Marwan Shinawi', Joseph Shen’,
Sung-Hae L Kang!, Amber Pursley', Timothy Lotze*, Gail Kennedy>®, Susan Lansky-Shafer™°,
Christine Weaver”®, Elizabeth R Roeder’, Theresa A Grebe®, Georgianne L Arnold?, Terry Hutchison'?,
Tyler Reimschisel'!, Stephen Amato'?, Michael T Geragthy'?, Jeffrey W Innis', Ewa Obersztyn'?,
Beata Nowakowska'®, Sally S Rosengren'®, Patricia I Bader'’, Dorothy K Grange'!, Sayed Naqvi'®,
Adolfo D Garnica'?, Saunder M Bernes??, Chin-To Fong?, Anne Summers?!, W David Walters??,
James R Lupskil=3, Pawel Stankiewicz!, Sau Wai Cheung' & Ankita Patel'
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—~ pubMed | HHMI AUTHOR MANUSCRJPT

HOWARP HIIGHFES MEDICAL INSTITUTE Arreptad far puhlic in ar-reviewad jaurnal
entra e

Published as: Am J Med Genet C Semin Med Genet. 2012 May 15: 0(2): 118-129.

The Genetic Variability and Commonality of Neurodevelopmental
Disease

BRADLEY P. COE, SANTHOSH GIRIRAJAN, and EVAN E. EICHLER’

Variable Expression Syndromic
1.0
I D/DD
0.91 I I Autism —
I Epilepsy
@ 0.6 B Schizophrenia [
(/)] .
© | Bipolar |
2 0-5 Controls
S 04
S
O 0.3
o
0.2
0.1- I
0+ - -
Del Dup | Del Dup Del Dup | Del Del Dup | Del |

16p11.2 15q13.3 1921.1 3929 7911.23 17921.31

Wiedza Edukacja Rozwéj Matkii Dziecka  Europeiski Fundusz Spoteczny
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—~ pubMed | HH M AUTHOR MANUSCRIPT
m Central HOWARD HIIGHES MEDIC AL INSTITUTE 22 Arraptad far pohlicatian in 2 pes

reraviewad janrnal

Published as: Am J Med Genet C Semin Med Genef. 2012 May 15: 0(2): 118-129.

The Genetic Variability and Commonality of Neurodevelopmental
Disease

BRADLEY P. COE, SANTHOSH GIRIRAJAN, and EVAN E. EICHLER"

Characteristics of Variably Expressive Hotspot CNVs

CNV locus  Start (Mbp)  End (Mbp) RefSeq genes (unique space)  Duplication inheritance”  Deletion inheritance”
16p1l.2 29.56 30.11 28 71.78% (21/27) 36.73% (18/49)
15133 28.92 3027 8 100% (11/11) T8.79% (26/33)
1921.1 145,04 145 86 9 75.61% (31/41) 77.78% (28/36)
Jg29 197.23 198 B4 27 — 28% (4 14)
7q11.23 7238 7378 26 44, 44% (4/9) 0% (¥45)
17q21.31% 16.65 2042 10 0% (V32)

— Indientes no data avmlahle,

H.ﬁ.ll Lot (except 3929 [Girragan et ol unpublished], 7q 11,23 deletion [Perex Jurado et al,, 1996], 3929 deletion [Willatt et al, 2005; Ha

b 1792121 does not demonsirate variahle expressivity.
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Badanie prenatalne. Wtorne wodoglowie, szeroko$¢ komory bocznej 13mm, wklesty zarys

koSci czotowych, przepuklina w odcinku krzyZowo-ledZwiowym
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/ Badanie prenatalne. Wtorne wodoglowie, szeroko$¢ komory bocznej 13mm, wklesty zarys
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koSci czolowych, przepuklina w odcinku krzyZowo-ledZwiowym
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/ Human Molecular Genetics, 2003, Vol 12, No. 16 19591971 \
DO 10.1093/hmg/dde212

A genomic rearrangement resulting in a tandem
duplication is associated with split hand—split foot
malformation 3 (SHFM3) at 10924

Xavier J. de Mollerat™2, Fiorella Gurrieri®, Chad T. Morgan', Eugenio Sangiorgi®,

David B. Everman™?, Paola Gaspari®, Jeanne Amiel*, Michael J. Bamshad®, Robert Lyle®,
Jean-Louis Blouin®, Judith E. Allanson’, Bernard Le Marec®, Melba Wilson®,

Nancy E. Braverman'?, Uppala Radhakrishna®, Celia Delozier-Blanchet®, Albert Abbott?,
Vincent Elghouzzi*, Stylianos Antonarakis®, Roger E. Stevenson'?, Arnold Munnich?,
Giovanni Neri® and Charles E. Schwartz'%*

Distal limb deficiencies, micrognathia syndrome, and
syndromic forms of split hand foot malformation
(SHFM) are caused by chromosome 10g genomic
rearrangements

B 1 Dimitrov,” T de Ravel," J Van Driessche,’ C de Die-Smulders,** A Toutain,>*
JR Vermeesch,' JP Fryns,' K Devriendt,’ P Debeer’

] Med Genet 2010;47:103¢111

5 Europerskie Rzeczpospolita "% Instytut Unia Europejska - edu-metgen.imid.med.pl

Wiedza Edukacja Rozwéj - Polska Matkii Dziecka  Europeiski Fundusz Spoteczny




AANY oA n
/ Y S 8 y > : \
3 & & & & s § &
M

&
MMM MMM MMM
Cen | L1 [T

.| A ! L Tel
SRR P S N —

* Q' 8 M M MM M M

Duplicated region

- 5 (440 kb-570 kb) . :

130 kb BP region 80 kb BP region




arr[hg18] 10924.31924.32(102,959,324-103,388,490)x3

Overview

~429Kkpz

Ve N | M Crew - BB L BN

+2 i
o !

D S e i Lok SR e :
-1

| P,
bdoods

-
—d

Chromosome Section

§

102530155 1029359 524 1. 290k 103,555,490 103,817 536
q24.21 e 37
Pathogenic
+1 I |
: o o o :
& 1=} o 3 o o 5, o i 0 - |
- [ ] I l [] Wy o . | o =
A - |~ E ~ | - [ ]
0 B - o 1'*' . .
| . » -l
- | ; L
I I
I I
I I
1 I
- | |
: : 122 probes displayed
A 2 | 3 [ NI P I BTRC B4 4l 4 C100rf76 |
EL
v Jaria 1 4711 N

L RP11-324L3 RP11-: RP1°  RP11-148E14

I HL il I N BIRC |
|

W2

CipBnMg :nl Mg —pfipg&g
]
=
X
Fad

w32

q J | cworize |

™~

Wiedza Edukacja Rozwéj Matki i Dziecka  Evropeiski Fundusz Spoteczny

Fundusze : Se . : AT
i Europejskie —l e < W Unia Europejska - edu-metgen.imid.med.pl



Fundusze : Se . : AT
i Europejskie —l e < W Unia Europejska - edu-metgen.imid.med.pl

Wiedza Edukacja Rozwéj Matki i Dziecka  Evropeiski Fundusz Spoteczny




e

Badanie prenatalne.Wskazanie: Wada serca - Tetralogia Fallota.
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Search OMIM... Q Options ~  Display: & Highlights
*136352 " v External Links
Table of Contents 136352 ]
Title » Genome
Cone Phenotype FMS-LIKE TYROSINE KINASE 4; FLT4 R
Relationships
L » Protein
Text Alternative titles; symbols
Cloning and G Inf
Expression VASCULAR ENDOTHELIAL GROWTH FACTOR RECEPTOR 3; VEGFR3 e
Mapping » Clinical Resources
Gene Function HGNC Approved Gene Symbol: FLT4 o
Molecular Genetics R
Animal Model Cytogenetic location: 5q35.3  Genomic coordinates (GRCh38): 5:180,601,505-180,650,297 (from NCBI) 1000 Genome
Allelic Variants CHWE:D
. . gnom
Table View Gene-Phenotype Relationships GWAS Catalog
See Also GWAS Central
Phenotype Phenotype HGMD
Refere.nces Location Phenotype MIM number Inheritance mapping key HGVS
Conuributors 5q35.3 Congenital heart defects, multiple types, 7 618780 AD 3 NHLEI EVS
Creation Date Hemangioma, capillary infantile, somatic 602089 3 PharmGKB
it Wi - Lymphatic malformation 1 153100 AD 3
Edit History TR = § » Animal Models
PheneGene Graphics ~ [2] » Cellular Pathways
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Search OMIM... Q Options ~
ICD+ T,

#618780 " v External Links
Table of Contents s 618780 ———————
Title » Protein
Phenotype Gene CONGENITAL HEART DEFECTS, MULTIPLE TYPES, 7; CHTD? —
Relationships
Clinical Synopsis (Ei\mlgal 1;”3[‘3
Text Phenotype-Gene Relationships opene

Description Phenotype Phenotype Gene/Locus OrphaNet

ini Locati Ph T MM b Inherit i K G L MIM b .

Clinical Features ocation enotype number Inheritance mapping key Gene/Locus number » Animal Models

Molecular Genetics 5q35.3 Congenital heart defects, multiple types, 7 618780 AD 3 FLT4 136352
References
Creation Date Clinical Synopsis ‘ PheneGene Graphics ~ [
Edit History

v TEXT

A number sign (#) is used with this entry because of evidence that multiple types of congenital heart
defects (CHTD?) are caused by heterozygous mutation in the FLT4 gene (136352) on chromosome
5q35.

For a discussion of genetic heterogeneity of multiple types of congenital heart defects, see 306955.

v Description

Multiple types of congenital heart defects-7 (CHTD?) is an autosomal dominant disorder with
incomplete penetrance characterized mainly by tetralogy of Fallot but also including right-sided
aortic arch, absent pulmonary valve, and other cardiac abnormalities (Jin et al.,, 2017, Reuter et al,,

2019). ©
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MozliwoS¢ ujawnienia sie mutacji

recesywnej
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Gene Z with mutation
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21 tydzien cigZy, wskazanie: Brak ruchow kolczyn, przykurcz konczyn i

palcow, nieprawidlowe ustawienie stop i palcow stop, obrzgk.

Prenatal ultrasound revealed, among others: subcutaneous edema of the forehead, nuchal edema,
pes calcaneus deformity and abnormal position of the toes, mouth held constantly slightly open
Fetal akinesia deformation sequence (FADS; OMIM 208150)
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AGRN - This gene encodes one of several proteins that are critical in the
development of the neuromuscular junction
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AGRN

AGRN jest biatkiem istotnym dla funkcjonowania plytki
nerwowo- mi€$niowej

Plytka nerwowo-mi€Sniowa warunkuje prawidlowe

przekazywanie sygnalu migdzy neuronem a komorkg ‘

Axon terminal
mi€$niowd (nerw->mi€sieNn->skurcz) |

Acetylcholine
vesicle

|

7 . . 4 . . //
Defekty przekaZnictwa nerwowo-mig€Sniowego powoduj3 :g"«a"m( o ® My
me€czliwoSC i oslabienie mi€Sni. Objawy mogg prowadziC R & Bl b8 #ﬁz'i )

do epizod6éw niewydolnoS$ci oddechowej .
Wrodzone zespoly miasteniczne s3 heterogenng grupg chorob spowodowanych mutacjami w genach

kodujgcych biatka plytki nerwowo-migSniowej. W niektorych z tych z tych zespoltow opisano

korzystng rekcje na leki zwigkszajgce przekaZnictwo cholinergiczne

Congenital myasthenic syndrome 8 (CMS8) jest bardzo rzadkim zespolem miastenicznym
opisanym dotychczas w kilku postnatalnych przypadkach. Obraz kliniczny jest zmienny, jednak w
wigkszoSci przypadkow objawy choroby byly stosunkowo fagodne .

ICLINICAL it NN I |
Molecular and =
Personalized Medicine

SHORT REPORT =~ (3 Full Access

Null variants in AGRN cause lethal fetal akinesia deformation =
sequence

Maciej Geremek 4, Lech Dudarewicz, Ewa Obersztyn, Magdalena Paczkowska, Marta Smyk, Katarzyna
Sobecka, Beata Nowakowska .
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Interpretacja wynikdw badan metoda

aCGH

O Ustalenie rodzinnego pochodzenia zmiany
O Bazy danych wariantow polimorficznych:
- Database of Genomic Variants

http:// dgv. tcag.ca/ gbZ / gbrowse/ dgVZ hgl 9/

0 Bazy danych osob z nieprawidlowym fenotypem:
- DECIPHER

http: / / WWW. sanger. ac.uk/PostGenomics/ decipher/

O Region bogaty w geny
0 WielkoSC zmiany

O Delecja czy duplikacja

O Informacje od lekarza kierujgcego pacjenta na badanie
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http://dgv.tcag.ca/gb2/gbrowse/dgv2_hg19/
http://www.sanger.ac.uk/PostGenomics/decipher/

Table 2. List of Online Resources Used in CMA Results Interpretation.

Name Abbreviation Website
Database of Genomic Variants DGV http://projects.tcag.ca/varnation
Database of Chromosomal Imbalance | DECIPHER https://decipher.sanger.ac.uk/application

and Phenotype in Humans using
Ensembl Resources

Database of Genotype and phenotype | dbGaP http://www.ncbr.nlm.nih.gov/gap
Database of Structural Variation dbVar http://www.ncbi.nlm.mh._gov/dbvar
European Cytogeneticists Association | ECARUCA http://www. ECARUCA net

Register of Unbalanced Chromosome
Aberrations

Genomic Ohgoarray and SNP array http:/fwww.ccs.miami.edu/cgi-bin/ ROH/ROH analysis tool.cgl
evaluation tool

International Standards for ISCA https://www.1scaconsortium.org

Cytogenomic Arrays Consortium

NCBI Nucleotide http://www.ncbi.nlm.nih. gov/nuccore

m{;ﬁilflnline Mendehan Inhentance |[OMIM http://www.ncbi.nlm.nih_gov/omm

NCBI PubMed PubMed http://www.ncbr.nlm.nih. gov/PubMed

USCS Genome Browser UCSC http://genome.ucsc.edw'cgi-bin‘hgGateway

Prenatal Array http://prenatalarray.org

Wapner et al. June, 2014
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A JHG 82, 181-187 2008

REPORT

Autosomal-Dominant Microtia Linked to Five Tandem Copies
of a Copy-Number-Variable Region at Chromosome 4p16

Irina Balikova,! Kevin Martens,! Cindy Melptte,! Mustapha Amyere,? Steven Van Vooren,*
Yves Moreau,* David Vetrie,* Heike Fiegler,* Nigel I Carter,* Thomas Liehr,® Miikka Vikkula,?2
Gert Matthijs,! Jean-Pierre Fryns,! Ingele Casteels,® Koen Devriendt,! and Joris Robert Vermeesch!*

Recently, large-scale benign copy-number vadations (CNVsl—encompassing over 12% of the genome and containing genes considered
to be dosage tolerant for human development—were uncovered in the human population. Here we present a family with a novel auto-
somal-dominantly inherited syndrome characterized by microtia, eve coloboma, and imperforation of the nasolacrimal duct. This phe-
notype is linked to a cvtogenetically visible alteration at 4pter consisting of five copies of a copy-number-variable region, encompassing
a low-copy repeat (LCR)-nch sequence. We demonstrate that the - 750 kb amplicon occurs in exact tandem copies. This is the first
example of an amplified CNV associated with a Mendelian disorder, a discovery that implies that genome screens for genetic disorders
should include the analysis of so-called benign CNVs and LCRs.

™~
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Interpretacja wynikdw badan metoda
aCGH

O Ustalenie rodzinnego pochodzenia zmiany
O Bazy danych wariantow polimorficznych:

- Toronto Database of Genomic Variants

http: // projects.tcag. can/ variation

O Bazy danych 0sOb z nieprawidlowym fenotypem:
- DECIPHER

http: // WWW.sanger. ac.uk/PostGenomics/ decipher/

0 Region bogaty w geny
0 Wielko$¢ zmiany

0 Delecja czy duplikacja

1 Informacie od lekarza kieruiadceso pacienta na badanie
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http://projects.tcag.can/variation
http://www.sanger.ac.uk/PostGenomics/decipher/
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Wielkos¢c CNV

0.7 -
- European Journal of Medical Genetics - 06 - M commen
b Volume 52, Issue 6, November—December 2009, PAges s Erare inherited
|..| _\]- VIER 398-403 - % 0'5 I Ddhlﬂlw ralevant
B 04 -
s
Original article .E 03 -
Challenges for CNV interpretation in clinical Z‘ '
. 0l -
molecular karyotyping: Lessons learned from a -
1001 sample experience 01 ﬂ H
Karen Buysse ®, Barbara Delle Chiaie ®, Rudy Van Coster °, Bart Loeys @, Anne De g - T T 1
Paepe ® Geert Mortier =, Frank Speleman ¢, Bjorn Menten s & & @ .p ‘w ‘p ‘p ‘p ‘p ‘p
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CNV size distributions in affected and
unaffected individuals

a
100%
50%
g
. . 2 3% ‘ A12.3%
Only 8% of the general population carries a g :
CNYV greater than 500 kbp (as opposed to 25% for £
patients with developmental delay) ;—5; 5%
O
= = Signature (n=15767)
Controls (n=8329)

4 HHS PUb"C ACCESS 1%0 25‘0 5(;0 75‘0 10:30

Author manuscript Largest CNV (kbp)
Nat Genet. Author manuscript; available m PMC 2012 March 01.
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10, 7Mb delecja interstycjalna bez efektu
fenotypowego
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Rekomendacje ISCA -
The International Standard Cytogenomic Array
Consortium

Opracowany na podstawie 35 badan w grupie 21 478 pacjentow z NI
/opOzZnieniem rozwoju psychoruchowego/ chorobg ze spektrum zaburzen
autystycznych (ASD) / wrodzonymi wadami rozwojowymi o nieznanej etiologii

Rekomenduje

e Platformy stosowane do badan diagnostycznych w przypadkach
NI/ASD/WWR o nieznanej etiologii powinny byc¢ calogenomowe i

mie¢ rozdzielczo$¢ = 400 kpz

Podstawa: Stosujgc rozdzielczos¢ ~400 kpz wykrywamy wszystkie
znane i powtarzajgce sie zmiany warunkujgce choroby genomowe i
wiekszos¢ unikalnych, patogennych niezrdwnowazenn genomu oraz
niewielkg liczbe tagodnych CNV

e Kariotyp konwencjonalny powinien by¢ wykonywany w
przypadkach wywiadu rodzinnego obcigzonego zrownowazona
rearanzacja chromosomowa lub licznhymi poronieniami oraz w
przypadkach znanych zespotow aneuploidii (tris.21, 13, zespoét
Turnera i Klinfeltera)
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Recommended categories for definin% the significance of CNV
ClinPerinatol 2015 Jun;42(2):227-42,
Copy number variants, aneuploidies, and human disease. Martin CL et al

Table 3
ACMG recommended categories for defining the clinical significance of a CNV

Category Definition Example

Pathogenic CMNV is documented as clinically significant consistently and 22g11.2 deletion syndrome (DiGeorge/velocardiofacial
in multiple publications and/or case databases syndrome)

Uncertain (no subclassification) Clinical significance not know at time of reporting but CNV  500-kb deletion of chromosome 3 that contains 5 genes but
meets the laboratory reporting criteria; expected that the inheritance of the deletion is not known and there is
CMVs in this category will shift toward pathogenic or nothing known about the 5 genes in the deleted interval

benign over time

Subclassifications

Uncertain: likely pathogenic  Some evidence to increase the likelihood that the CNV is 500-kb de novo deletion of chromosome 3 that contains
pathogenic 5 genes and there is a single case report in the literature
that has similar breakpoints and shares a distinct
phenotype
Uncertain: likely benign Some evidence to increase the likelihood that the CNV 500-kb deletion of chromosome 3 that does not contain any
is benign genes but is not found in any control databases
Benign CNV is documented as benign consistently and in multiple  2g37.3 telomere polymorphism (~ 200 kb in size and well
publications and/or control databases or represents a documented as benign in multiple studies)
common polymorphism (present in =1% of the
population)

Adapted from Kearney HM, Thorland EC, Brown KK, et al. Working Group of the American College of Medical Genetics Laboratory Quality Assurance Committee.

American College of Medical Genetics standards and guidelines for interpretation and reporting of postnatal constitutional copy number variants. Genet Med
2011;13(7):680-85.
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Rodzice nosicielami obu zmian.
Czy kombinacja CVN ma znaczenie ?

Zespot cech dysmorficzych, Zespot Asperger’a
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CNV (Copy Number Variation) - jako czynniki ryzyka

Zmienna ekspresja / Niepelna penetracja

* W niektorych przypadkach, obecnosc¢ specyficznego wariantu CNV jest
konieczna i wystarczajaca do wystapienia konkretnej choroby .

* Te  “syndromowe CNV” najczeSciej skutkujg cigzkim  lub
umiarkowanym fenotypem u pacjenta (Np. delecja 17921.31 czy
Zespot Williams’a - delecja 7911.23)

* W przeciwienstwie do tych ,syndromowych CNV” znajdujg sig
warianty CNV, ktére maja znacznie bardziej zmienny wplyw na
fenotyp 1 wystepuje duze prawdopodobienstwo, ze zostana
odziedziczone.

« Zmienng ekspresje¢/ niepetna penatracje — definiuje sie jako jakoSciowa
lub iloSciowa zmiennosé fenotypowa wsréd osob noszacych ten sam
wariant CNV.

™~
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CNV (Copy Number Variation) - jako czynniki ryzyka

Zmienna ekspresja / Niepelna penetracja

Wiele CNV zostalo stwierdzonych w rozZnych grupach klinicznych, wskazujgc, ze

identyczna zmiana moZe prowadzié do r(')Znych objawow klinicznych.
Wiele z tych CNYV jest odziedziczona od zdrowych rodzicow

Pomimo zmiennych fenotypow i dziedziczenia po zdrowych rodzicach, wzbogacenie
CNV wSr6d osob dotkni€tych chorobg w poréwnaniu ze zdrowymi kontrolami

sugerowalo, Ze zmiany te sg chorobotworcze.

PoniewaZ coraz wi€cej pacjentow jak i kontroli jest badanych pod katem CNYV,
odkrywamy wiele nowych przykladow tych ,predysponujgcych” lub ,podatnych” loci
(jak na przyktad mikrodelecja/mikroduplikacja regionu 1q21.1).

Dla poradnictwa genetycznego waZne jest poznanie ryzyka/ penetracji kaZdego Z

nawracajgcych CNV w rozwoju kaZdego z moZliwych zaburzef towarzyszgcych.
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CNV jako czynnik ryzyka w chorobach

neurorozwojowych

A recent study that examined a large number of cases revealed that many critical target regions
of CNVs seem to overlap among neuropsychiatric disorders such as ASD, SZ, and bipolar disorder.

Neurogenetics

Recurrent copy number variations as risk factors for
neurodevelopmental disorders: critical overview and
analysis of clinical implications

Fatima Torres, "> Mafalda Barbosa,** Patricia Maciel>®

19EL 101 Se paysiand Jsiy :J8uan) paj ¢

ABSTRACT Most likely, both types of contribution are
Neurodevelopmental disorders (NDs) encompass a important; the narrow-sense heritability in autism
spectrum of neuropsychiatric manifestations. is ~52.4%, most being due to common variants.”

Chromosomal regions 1g21.1, 3g29, 15q11.2, 15g13.3. Rare CNVs—DNA seements larger than 1 Kb that

16p11.2, 16p13.1 and 22q11 harbour rare but recur
Available online at www.sciencedirect.com
ScienceDirect

CNV biology in neurodevelopmental disorders
Toru Takumi and Kota Tamada @C"’““”“
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. NIH Public Access

3 Author Manuscript

Published in final edited form as:
Biol Psychiatry. 2014 March 1; 75(5): 378-385. doi:10.1016/j.biopsych.2013.07.022

The penetrance of copy number variations for schizophrenia and
developmental delay

George Kirov, MRCPsych, PhD', Elliott Rees, MRes', James T.R. Walters, PhD,
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Frequencies and penetrance for the SCZ-associated CNVs only. The full list of CNVs is presented in Supplementary Material, Table S4.

™

locus Selection coefficient Frequency %o Penetrance % (95%CI)
controls | SCZ | DD/ASD/CM | general population | SCZ DD/CMYASD | Total
1921.1 del 026 0.021 017 | 029 0.033 5.2(2.5-11) | 35(18-67) 40 (20-78)
1q21.1 dup 023 0.038 013 |02 0.045 29(13-6.3) | 18(10-33) 21 (11-39)
NRXNT del 023 0.02 0.18 |0.18 0.028 6.4 (2.5-8.3) | 26 (16-80) 33 (18-88)
3929 del 0.83 0.0014 | 0.082 | 0.061 0.0046 18 (4.7-67) |53 (15-100) | 71 (20-100)
WBS dup 0.61 0.0058 | 0.066 | 0.12 0.011 6.0 (1.4-20) | 44 (13-100) | 50 (14-100)
15q11.2 del 0.09 028 059 |0.81 03 20(14-27)|11(82-14) 13 (9.6-17)
Prader-Willv/Angelman dup | 0.5 0.0083 | 0.079 | 0.25 0.019 42(1.4-12) | 54(25-100) | 58 (26-100)
15q13.3 del 0.31 0.019 0.14 | 026 0.03 4.7(2.2-99) | 35 (19-62) 40 (21-72)
16p13.11 dup 0.13 0.13 031 |03 0.14 22(13-3.7) | 84(5.7-13) | 10.6 (7-17)
16p11.2 distal del 029 0.018 0.063 | 0.14 0.024 2.6(0.8-9.2) | 23 (8.4-63) 26 (9.2-72)
16p11.2 dup 033 0.03 035 028 0.043 8.0 (4.3-14) | 26 (18—43) 34 (22-57)
17q12 del 0.68 0.0054 | 0.036 | 0.087 0.009 4.0(0.8-18) | 39(13-100) |43 (14-100)
DiGeorge/VCFS del 08 0 029 | 0.54 0.024 12 (6.5-18) | 88 (53-100) | 100 (60-100)
55 e @ R, e [l edu-metgenimidmed p




Table 1 Penetrance estimates with case and control frequencies for recurrent CNV's

Frequency of
Frequency, P value de novo Penetrance
Region (gene  Copy Coordinates postnatal aCGH Frequency, (Fisher exact occurrence in estimate, %
within region) number (hg18) cases controls one-tailed test) cases (95% CI)
Proximal Duplication chrl: BL/48,637 (D.17%)  10V22,246 (0.04%) <<0.0001 013 (0%) 17.3(10.8-27.4)
121.1 (RBMEA) 144.0-144.5 Mb
Distal Deletion chrl: 97/33,226 (D.29%) 6/22,246 (0.03%) «<<0.0001 739017.9%) 36.9(23.0-55.0)
1g21.1 (GJAE) 145.0-146.35 Mb
Distal Duplication chrl: 68/33,226 (0.20%) 6/22,246 (0.03%) <<0.0001 530 (16.7%) 291 (16.946.8)
1g21.1 (GJAS) 145.0-146.35 Mb
15g11.2 (MiPAT)  Deletion chr1s: 203725113 (0.81%)  B4/22,246 (0.38%) «<<0.0001 027 (D%) 10.4 (8.45-12.7)
20.3-20.8 Mb
16p13.11 Deletion dhrie: 50/33,226 (D.15%)  12/22,246 (0.05%) <0.0005 523 (21.7%) 13.1 (7.91-21.3)
(MYHIT) 14.9-16.4 Mb
16p12.1 Deletion chrie: 62/33,226(0.19%)  16/22,246 (0.07%) <0.0002 1/28 (3.6%) 123 (791188
{CDR2) 2185224 Mb
Distal 16p11.2  Deletion dhrie: 46/33,226 (0.14%) 1/22,246 (0.005%)  |e<0.0001 721 (33.3%) 624 (26.8-94.4)
(SHZBT) 28.65-29.0 Mb
Distal 16p11.2  Duplication chrie: 35/33,226(011%)  10/22,246 (0.04%) <00 1/8 (12.5%) 11.2 (6.26-19.8)
(SHZBT) 28.65-29.0 Mb
Proximal 16p11.2 Deletion dhrie: 146/33,226 (0.44%) 6/22,246 (0.03%) <<0.0001 33/47 (70.2%)F 468 (31.5-64.2)
({TBX6) 29.530.15 Mb
Proximal 16p11.2 Duplication chrie: 93/33,226 (D.28%) 9/22,246 (0.04%) «<<0.0001 730(23.3%) 27.2(17.4-407)
{TEXE) 2953015 Mb
17q12 (HNFIB)  Deletion chr17: 29/33,226 (0.09%) 2/22,246 (0.01%) <0.0001 5/9 (55.6%) 34.4(13.7-70.0)
318333 Mb
17q12 (HNF1B)  Duplication chr17: 37/33,226 (0.711%) 5/22,246 (0.02%) <0.0001 219 (22.2%) 21.1(10.6-39.5)
318333 Mb
22q11.21 (TEX1) Duplication chr22: 136/48,637 (0.28%)  12/22,246 (0.05%) <<0.0001 12/47 (25.5%) 219(14.7-31.8)
17.2-19.9 Mb
Genetics
inMSdICIrIe BRIEF REPORT ©American College of Medical Genetics and Genomics
Open
Estimates of penetrance for recurrent pathogenic
copy-number variations
Jill A. Rosenfeld, MS', Bradley P. Coe, PhD? Evan E. Eichler, PhD??, Howard Cuckle, DPhil*
and Lisa G. Shaffer, PhD'*
Fundusze : Se . : AT
Europelskie Rzeczpospolita @iy Instytut Unia Europejska edu-metgen.imid.med.pl
Wiedza Edukacja Rozwéj - olska MOﬂ(i I DZiECkO Europejski Fundusz Spoteczny




08 06 04 02 0 0 02 o4 o6 08l
t
( en y 1p36
-: 1q21.1 —_—
. NRXN1
. NIH Public Access
] . * 29231
5 Author Manuscript
K 2q37
Published in final edited form as:
Biol Psychiatry. 2014 March 1; 75(5): 378-385. doi:10.1016/j.biopsych.2013.07.022. 3929 .
* wm Wolf-Hirschhom
The penetrance of copy number variations for schizophrenia and * = Sotos syndrome
developmental delay oo wm Op25 |- .
George Kirov, MRCPsych, PhD', Elliott Rees, MRes', James T.R. Walters, PhD, 6q16(SIM1)
MRCPsych', Valentina Escott-Price, PhD', Lyudmila Georgieva, PhD', Alexander L. e WEBS
Richards, PhD', Kimberly D. Chambert, MS2, Gerwyn Davies, BSc', Sophie E. Legge, BSc', R —
Jennifer L. Moran, PhD?, Steven A. McCarroll, PhD?, Michael C O'Donovan, FRCPsych, + - 8923 1 | *
PhD', and Michael J Owen, FRCPsych, PhD'
+ wm 9034
¢ mme 10923
. _\ 15q11.2
|
]

vor | e  Prader-Willi/Angelman ¢e
* e— 15q13.3

‘I 15q13.3 smaller (CHRNAT)

15q24 }
15q24.2q24 5 »
15q25 .
. 16p13.11 —

. 16p11.2p121 ’p .
16p12.1 p
16p11.2distal
16p11.2 L
Rubinstein-Taybi
17p13.3 (YWHAE)
17p13.3(PAFAH1B1)
Smith-Magenis/Potocki-Lupski *
NF1 .
17q12 —
17921.31 »
17q23
19p13.12

s DiGeorge/VCFS ——

22q11.2distal —
Phelan-McDermid '

Frequencies of CN'Vs among individuals with SCZ (grey) and the group of DD/ASD/CM (black). Deletions are on the left and duplications on the right of the figure

Fundusze

Europejskie — ‘% Instytut Unia Europejska - edu-metgen.imid.med.pl

Wiedza Edukacja Rozwéj Matki i Dziecka  Evropeiski Fundusz Spoteczny




e

. NIH Public Access

n

o Author Manuscript

Published in final edited form as:
Biol Psychiatry. 2014 March 1; 75(5): 378-385. doi:10.1016/j.biopsych.2013.07.022

The penetrance of copy number variations for schizophrenia and
developmental delay

George Kirov, MRCPsych, PhD', Elliott Rees, MRes', James T.R. Walters, PhD,
MRCPsych’, Valentina Escott-Price, PhD', Lyudmila Georgieva, PhD', Alexander L.
Richards, PhD', Kimberly D. Chambert, MS?, Gerwyn Davies, BSc', Sophie E. Legge, BSc',
Jennifer L. Moran, PhD?, Steven A. McCarroll, Pth‘ Michael C O'Donovan, FRCPsych,
PhD', and Michael J Owen, FRCPsych, PhD'

08 06

o
n

o

1p36

1g21.1

NRXN1

2q23.1

2q37

3q29
Wolf-Hirschhom
Sotos syndrome
6p25
6q16(SIM1)
WBS

8p231

9q34

10q23
15q11.2del
Prader-Willi/Angelman
159133

15913.3 smaller (CHRNAT)

15q24

15924 2924 .5
15q25

16p13. 11
16p11.2p12.1
16p121
16p11.2 distal
16p11.2
Rubinstein-Taybi
17p13.3(YWHAE)
17p13.3(PAFAHIB1)

Smith-Magenis/Potocki-Lupski

NF1

17q12

17921.31

17q23

19p13.12
DiGeorge/VCFS
22q11.2distal
Phelan-McDermid

' MH{H1| R AL |I l‘ ' il

Penetrance of CNVs. The layout is the same as for Figure 1.

IR "ll [

Fundus_ze A
Europejskie
Wiedza Edukacja Rozwoj

Rzeczpospolita .%
- o

Instytut
Matki i Dziecka

Unia Europejska
Europejski Fundusz Spoteczny

edu-metgen.imid.med.pl



Tahble 1 Variable cxpressivity of the pathogenic recument copy \
number varanis and single nuclectide vananis most  commonly
ideniificd in ASD cohoris

ASD  IDVDD EP SCE

CNV
16p11.2 deletion X X X
16p11.2 duplication X X X X
15q11.2-g13.1 (BP2-BP3) duplication X X X X
15q13.2q13.3 (BP4-BP5) deletion X X X X
1g21.1 duplication X X X X
22¢11.2 duplication X X X
16p13.11 deletion X X X X
7q11.23 duplication X X X
16p12.2 deletion X X X X
17912 deletion X X X X
SNV

NEXNT X X X X
CITNNAS X X X X
CHIDE X X X X
SCN2A X X X
ANF X X X
PTEN X X X
SCNIA X X X
SHANK3 X X X X
BYRKIA X X X
SYNGAPI XX X X Curr Genet Med. Rep. 2016;4:147-153.
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Distal 1g21.1 CNVs: recurrent 1.35 Mb deletions/duplications between break points BP3 and BP4

(chrl: 146.5-147.9 Mb).

- ~30 genes Sk Iul
1,35 Mb EEUS s
= — 7\\\>\‘\\

. s \
Deletions: 143IMb 144IMD 145IMD 146|Mb 147IMb g
Mostly associated with: - - 18211

. BP1 [(BEZ] ot - - < et | [ 1237
> 1D and epllepsy
» Enriched in SZ \
> Mlcrocephaly | T | I ] = | | | ] ] | | 1
POESDIFP1 > HYDIN2>  <NBRF13P < FMOS ORIAZIP>  <ACPE <GIAS GJAS> <RNUMZBP  RNUI20P>  <PPIALIA PPIAL4D PFNIP2 >
b= Jri—— } | | = | | m ]
. . < NBPF11 NBPF12> RNVU1-8 >RPLTAP15> OR12322P > RN7SL281P > GPR89B > PEN1P4 > < MIRS087 < NBPF14 RNVU1-14 >
Dupllcatlons: ) | a I . |
] ) ABHDITAP1 > <PFNIPS  <PRKAB OR1223P > <PDZK1P <RNU1-122P
Mostly associated with: - | ) | |
RNASSPST > POIASP1 > <LINCO0E24 <RNVULT <RNVUI-1
> 1D and ASD ! = —
> <CCT8P1 BCL9 > <LINCO1128
= I
Macrocephaly CHOAL > <RNVU1A11
1
RNVUL.2 >

Fatima Torres et al. J Med Genet 2016;53:73-90
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3929 CNVs: recurrent 1.6 Mb deletions/duplications (chr3: 195.7-197.3 Mb).

Chr3
- 21 genes
- 1,6 Mb
Deletions:
MOStly associated with: - = 1 ® i — E =
< TFRC LINC00885 > < RNUS-910P < WDR52 < CEP19 SENP5> < DLG1 < BDH1
» ID, DD, CA # i 1 1 I
. . AST > < ZDHHC19 < RNUE-1279P < LINC010682 < NCBP2 < MIR47S7
> learnlng dlsablhty = 1 = ) - 1
] ] U2-11P SLC51A> < RN7SL424P NRROS > < RNUE-42P < MFI2 DLG1-AS1 >
> Enriched in SZ — I — 1
SDHAP1 <PCYT1A RN7SL728P> PIGX> NCBP2-AS1 >
1 il " 1 1
L RNU7-18P > < TCTEX1D2 <SMCO1 < RNUE-6846P NCBP2-AS2>
Duphcatlons: o= = =
< TM4&SF19-TCTEX1D2 PAK2 > < PIGZ
Mostly associated with: y = . -
> TM4SF19-AS1 > FBXO45 > < RNU4-89P MFI2-AS1 >
3 _ _ =
Mild-to-moderate ID s PR
TEm—
> CA < UBXNT

UBXNT7-AS1 >
1
< RNF168

Fatima Torres et al. J Med Genet 2016;53:73-90
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Chromosom 15 - has a high rate of segmental duplications

CYFIP1 -involved in the development and maintenance of neuronal structures, interacts with FMRP (Fragile X) protein ->

important role of regulation of mRNAs in brain.

BP2
BP3

BP4

4 genes (non —imprinted)

253kb - 1,5 Mb

i i : z : : : : : Deletions:
-y ! ! b e 2l @ = "B| Mostl iated with:
I - = i I - - I I i I E -.—ﬁt I yaSSOClae witn:
|§¥&§| g. Eaﬁggﬁggfggéggégﬁ |§§§ .gﬁgggu é | ;g % Egga 55% 1 §| > ID,DD,ASD
2208135, S3TEERL EE5R33852 |599 128271 81 £8GE TRREG8E)0| > ey
I [ I & i I [ = I » Enriched in SZ
| | 1 1 I I | |
| | | I I |
15q11.2 16g12 15013.1 15q13.2 | 15q13.3 Duplications:
Mostly associated with:
» Mild-to-moderate ID
> CA
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Chromosom 15 - Within the interval between BP2 and BP3

e Prader-Willi and Angelman syndrome region.

* The paternal deletion of this region causes Prader-Willi
syndrome (PWS), while the maternal deletion of the
same region causes Angelman syndrome (AS) —
imprinted region.

® Duplications (dup15q) are commonly observed and are
among the most common and penetrant forms of ASD.

* Maternal duplications of the region are recognized risk
factors for ASD with a high penetrance, while rare
duplications of paternal origin have been regarded as
benign or the penetrance is much lower.

Fund ; [ 1) : : - e
i Eﬂ?oggjzsiie — gzeCZPOSPOl'ta g Instytut Unia Europejska - edu—metgen.lmld.med.pl

Wiedza Edukacja Rozwdj olska Matkii Dziecka  Europeiski Fundusz Spoteczny



https://www.sciencedirect.com/topics/neuroscience/angelman-syndrome

Chromosome 15 CNVs: recurrent 15q11.2 (break points (BP)1-BP2) deletions, ranging from
253 Kb to 1.5 Mb and encompassing the four non-imprinted genes NIPAL, NIPA2, CYFIP1,
TUBGCPS5 and 15q13.3 (BP4-BP5) deletions/duplications (chr15: 30.91-32.44 Mb).

- 21 genes chr 15 E o Rl - Bl R o B 22

- 15Mb e
Deletions:
Mostly associated with:
i I 1 — -— |
» 1D, SZ and related psychoses TUBGCPS > TA<DNMIPS0  GOLGASUP > < TRPI1 KLF13> <OTUD7A CHRNAT >
» Major risk factor for epilepsy - 8 | |
. . AVE s 48R GOLGASH > RN7SL82P » <MIR211 UBE2CP4 »
= deletions in CHRNA7 CYFIP1 > | -
" ASPRNTSLE2BP>  FANI>
< NIPA2 i ]
Duplications: - GOLGASQ>  HERC2P10>
. . < NIPA1 | =
Mostly associated with: ANTSLT9EF 5 < MTMR10
» ADHD u I
ULK&R2 » < RNUE-488P
—
15q11.2 ARHGAP118>
genes 15q13.3 genes
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Chromosome 16 CNVs: recurrent 16p11.2 deletions/duplications, proximal (chr16: 29.60—
30.19 Mb) and distal (chr16: 28.73-28.95 Mb); recurrent 16p13.11 deletions/duplications (chr16:
14.98-16.48 Mb).

Proximal 16p11.2 (mirroring phenotypes)

Deletions: o == Wi o

» ASD, ID, behaviour disorders
» Obesity and macrocephaly (KCTDI3)

Duplications: 2
> ASD, SZ 19 > ATPZ2A1 >
. . = R = < MIR2880-2 <RN7SKP127 MVP > CDIPT-AS1 > TMEM219 > C1680rf92 >< TBXE
» Anorexia and microcephaly ATXN2L >CD19 > | i B B = e}
S TUFM  NFATC2IP > < SLCTABP C18of54 MAZ > < CDIPT TAOK2>  ALDOA> <MAPK3
< MIRS721 MIRS517 > - i = i =]
Distal 16pl11.2 vl S - e < CABAP1 26183 < SEZ6L2 <HRIP3  PPP4C>
: o =50 =1 & §
Deletions: SATESATASY SPN KIF22 > ASPHD1>  INOSOE > < YPEL2
) < RABEP2 — 1 = = il
> Obesity, ID, SZ LAT QPRT < PAGR1 <KCTD13 < DOC2A < GDPD3
P =
" . PRRT2> < FAMSTB
16p13.11 (1,5Mb) EETEE
Deletions: N
. . ' 1 = = net 1 '
Mosﬂy associated with: <asccerz < rmm:?zq NPIPAS < KIAAOG430 < FOPNL <RPL17P0 MIF
» 1D, microcephaly, epilepsy "> MIR3179-1> <NPIPP1 MPVITL> __ NDE1> <RNUe-213P ABCCE _ MIF
Du lications' MIR2870-1 > < PKD1PS C180orf45 > MIRES S > < RPL15P20 viO3
M 1 ] A N —e 1
P . . MIR2180-1 > MIR2180-4 > < MYH11 ABCC1 > <h
Mostly associated with: . e =
i — 1,5 Mb A
» ID, behavioural problems NOMO1 > >
- | 16p13.11 genes |

Fatima Torres et al. J Med Genet 2016;53:73-90
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Recurrent 22q11.2 CNVs (chr22: 19.00-21.45 Mb).

1 I E = 1 1 1 - ] 1
ST2P DGCRS > KRT18P62 > SEPTS5> COMT > LINC00898 > < PPP1R26P2< RN7SL812P SNAP29 >BCRP2 > PPP1
1 1 I 1 = ] = - - 1
2F8P1 > TSSK1A > MRPL40 > GP1BB > MIR4761 > < RTN4R < RIMBP2 < USP41 < SMPD4P1 CRKL > < POM121L7
a = = ==l 1 1 | -
< BCRP7 < DGCR14 < UFD1L TBX1> <ARVCF < MIR1288 < PPP1R26P2SLCSAZP2 > AIFM2 > FAM220B >
EE = 1 = = 1 = 1 E 1
‘10 DGCRS5 > < HIRA <CLDN5 < GNB1L TANGO2> < DGCRSEL FAM2320A > < ABHD17TAP4P2RX6 > E2F6P2
| I — i ¥ I a | I 1
DGCRE > TSSK2 > < C220rf39 < C220rf29 < TRMT2A < GGTLC3 ZNF74 > POM121L4P >< MIRE4S POM12
- I 1 il i 1 1 ¥ 1 1
< PRODH < GSC2 RN7SL168P > < TXNRD2 ZDHHCS > TMEM191B > < RNUE-225P SERPIND1 > < E2F8P2 RIN
1 - 1 | H 1 | L3 3
DGCR10 > CDC45 > MIR185 > < Pl4KAP1 < SCARF2 < BCRP5 LZTR1 > < GGT2 HI
1 = 1 = 1 ] 1
< CA15P1 DGCRS > <CA15P2 < KLHL22 TMEM191A >< SLC7A4 <BCRF
T 1 1 1 B
< DGCR2 MIR2618 > < RNY1F9 < THAP7 < FAMI
1 1 ] 1
< DGCR11 MIR1206 > < KRT18P5 THAP7-AS1> RN
1 | = |
LINCO1311 > RANBP1 > MED15 > < TUBA23FP
1 = |
< SLC25A1 < PI4KA < P2RXEP
et | |
< CLTCL1

Fatima Torres et al. J Med Genet 2016;53:73-90
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The 22q11.2 Deletion Syndrome as aWindow into Complex Neuropsychiatric \
Disorders Over the Lifespan. Jonas RK, Montojo CA, Bearden CE. Biol Psychiatry. 2014
Mar 1;75(5):351-60

B)
70
£ 60
'
[<}]
T 50
(o]
L
o
o 40
5
= 30
S
g 20
P xiety Di JR—
(o] :noH%‘y s
8 10 asoga Disorders
3] Psychotic Disorder/
(14 Schizophrenia
Psychotic Symptoms
Childhood Adolescence Young Adulthood Adulthood

Age

>

Fundusze Rzeczpospolita '% Instytut Unia Europejska

Europejski -m n.imid.med.pl
Europeiskie N Poses Instrtut ek wemncurorece IR edu-metgen.imid.med.p




Dzigkuj€ za uwage

beata.nowakowska@imid.med.pl

Fundusze : S0 : : e e
H Europejskie m Sizoeote @ Instytut Unia Europejska - edu-metgen.imid.med.pl

Wiedza Edukacja Rozwéj Matkii Dziecka  Europeiski Fundusz Spoteczny



mailto:beata.nowakowska@imid.med.pl

