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1956 - spocitani lidskych chromozomu

Tjio, T.H., Levan, A.:
The chromosome number of man.
Hereditas 42:1, 1956

THE CHROMOSOME NUMBER OF MAN

By JOE HIN TJIO and ALBERT LEVAN
ESTACION EXPERIMENTAL DE AULA DEI, ZARAGOZA, SPAIN, AND CANCER CHROMOSOME
LABORATORY, INSTITUTE OF GENETICS, LUND, SWEDEN

HILE staying last summer at the Sloan-Kettering Institute, New

York, one of us tried out some ificati of Hsu's techni
(1952) on various human tissue cultures carried in serial in vitro
cultivation at that institute. The results were promising inasmuch as
some fairly satisfactory chromosome analyses were obtained in cultures
both of tissues of normal origin and of tumours (LEVAN, 1956).

Later on both authors, working in cooperation at Lund, have tried
still further to improve the technique. We had access to tissue cultures
of human embryonic lung fibroblasts, grown in bovine amniotic fluid;
these were very kindly supplied to us by Dr. RUNE GRUBE of the Virus
Laboratory, Institute of Bacteriology, Lund. All cultures were primary
explants taken from human embryos obtained after legal abortions. The
embryos were 10--25 cm in length. The chromosomes were studied a
. - few days after the in vitro explantation had been made.

J Oe H I n T IO 1 9 19 - 200 1 AI be rt Levan 1 905 - 1 9 98 In our opinion the hypotonic pre-treatment introduced by Hsu, al-
though a very significant improvement especially for spreading the

chr has a lency to make the chromosome outlines some-
what blurred and vague. We consequently tried to abbreviate the hypo-
tonic treatment to a minimum, hoping to induce the scattering of the
chromosomes without unfavourable effects on the chromosome surface.
Pre-treatment with hypotonic solution for only one or two minutes gave
good results. In additi we gave a lchici dose to the culture
medium 1220 hours before fixation, making the medium 50x107"

b4 - - - - - - - « - - mol/l for the drug. The colchicine effected a considerable accumulation
of mitoses and a varying degree of chromosome contraction. Fixation

Clovék ma v iadre kazdé své telni bunk vl e ko v e
salts left from the culture medium and from the hypotonic solution that

would otherwise have caused precipilation with the orcein. Ordinary

z o o squash preparations were made in 1 % acetic orcein. For chromosome

pa ru c ro m OZO m u counts the squashing was made very mild in order to keep the chromo-

, £ the metaphase groups. For idiogram studies a more thorough

squashing was preferable. In many cases single cells were squashed

celkem ma tedy 46 chromozomi




Jerome LeJeune

Trizomie 21 - 1959

Cri du chat delece 5p- 1963 (5-40 Mb)
1:10 - az 15 000 déti
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Vyvoj cytogenetickych technik
od chromozomu k DNA ¢ipum a NGS

1971 G-pruhovani (5 — 10 Mb)
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1981 Molekularni cytogenetika
28 FISH (100 kb)

1996 array-CGH (oligo 0,06 kb)
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nukleotidim...

2003 NGS 1bp




DNA mikrocCipy — revoluce v cytogenetice

Array CGH: ~1000-krat vétsi rozliseni
nez konvencni cytogenetika !!!

Tradi€ni _
karyotypovani Microarray CGH 50-100 kb
5-10 Mb ;
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Array-CGH a objev nové genomove
variability - CNVs — variabilni pocet kopii

Timeline | Landmarks in the study of human genetic variation

j, (1960-1980) Analysis | —. | | Jeffreys etalreported | | Independent reports™** (1989-1996) Microsatellites
i of protein sequences Kan and Dozy | hypervariability described the widespread became the gold-standard
| from several discoveredsingle | | | at minisatellite existence of short sequence DNA markers for genetic
individuals revealed nucleotide variantsin | | | sequences’ and their repeat (SSR) variants, also called — studies’ " and thousands of
an extensive and the Hpal restriction | use in assessing microsatellites or short tandem microsatellite mackers were
largely unexpected site downstream of | individual genetic repeats (STR) and their used to create linkage maps of The HapMap consortium
| level of variation.  the fi-globin gene". | profiles*. application as genetic markers. all human chromosomes'™ ™, genotyped 1 million single SNPs™,

1980 1985 1987 1989 1991

11975-1930)7

Wyman and White described a Nakamura et al. Genomic Identificationthata | fInterrogation of Redon et al"
Description of copy highly variable restriction described the rearrangements large subset of SNPs genomic variability by identified 1,447 copy
number variation of the fragment length polymorphism use of variable are identified as are paralogous array hybridization number variable
a-globin genes by Kan (RFLPY. number of tandem | | the mutational soquence variants methods demonstrated| | regions showing that
| and coworkers”*, | T I | repeat (VNTR) mechanismthatleads | | (PSVs) and define the existence of copy atleast 12% of the
3 Botstein et ol* proposed to use markers for human | | to Charcot-Marie- regions of structural number variants human genome
RFLPs to generate linkage maps gene mapping®, Toothdisease type 1A | variability®. (CNVs)*, contains CNVs,

of the human genome. ‘ [REF. 53).

2004 — objev CNVs u
Segmenty DNA vyskytujici se v riizném zdravych jedinci pomoci
poctu kopii array-CGH !



CNVs v lidskem genomu —

prvni informace

Detection of large-scale variation
in the human genome

A John Iafrate’?, Lars Feuk®, Miguel N Rivera!?,
Marc L Listewnik!, Patricia K Donahoe**, Ying Qi?,
Stephen W Scherer®® & Charles Lee'>?

We identified 255 loci across the human genome that contain

genomic imbalances among unrelated individuals. Twenty-four
variants are present in >10% of the individuals that we
examined. Half of these regions overlap with genes, and many
coincide with segmental duplications or gaps in the human
genome assembly. This previously unappreciated heterogeneity
may underlie certain human phenotypic variation and
susceptibility to disease and argues for a more dynamic human
genome structure.

lafrate et al 2004 Nat Genet 36: 949

Large-Scale Copy Number
Polymorphism in the
Human Genome

Jonathan Sebat,” B. Lakshmi,? Jennifer Troge,! Joan Alexander,’
Janet Young,? Par Lundin,® Susanne Manér,? Hillary Massa,?
Megan Walker,? Maoyen Chi,” Nicholas Navin,' Robert Lucito,’
John Healy,! James Hicks,” Kenny Ye,* Andrew Reiner,’

T. Conrad Gilliam,’ Barbara Trask,2 Nick Patterson,®
Anders Zetterberg,® Michael Wigler'*

The extent to which large duplications and deletions contribute to human genetic
variation and diversity is unknown. Here, we show that large-scale copy number
polymorphisms (CNPs) (about 100 kilobases and greater) contribute substantially
to genomic variation between normal humans. Representational oligonucleotide
microarray analysis of 20 individuals revealed a total of 221 copy number differ-
ences representing 76 unique CNPs. On average, individuals differed by 11 CNPs,
and the average length of a CNP interval was 465 kilobases. We observed copy
number variation of 70 differefT genes within CNP_intervals, including genes
involved in neurological function, regulation of cell growth, regulation of metab-
olism, and several genes known to be associated with disease.

Sebat et al 2004 Science 305: 525



Variabilni pocet kopii (CNVs) - priklady

The Reterence Genome
Biallelic CNV/Duplication
ltatec OV
Inversion

A FCH D Deletion

Variabilni pocet kopii (CNVs) - segmenty DNA vétSi nez 1
kb pfitomné ve variabilnim pocCtu kopii v porovnani s
referenCnim genomem



A copy number variation map of human

g enome (Database of Genomic Variants (DGV)

Copy number variation measures All variants Gains Losses

Inclusive map Stringent map Inclusive map Stringent map Inclusive map Stringent map

Total genome variable (%)* L_295 48 | 3.9 2.3 7.5 3.6
Total genome variable (Mb) 273 136.6 111.5 64.7 215 102.4
Median interval length of CNVRs (bp) 981 1,237 3,334 9,741 956 1,137
Mean interval length of CNVRs (bp) 11,362 11,647 35,581 55,370 9,181 8,883
Number of CNVRs 24,032 11,732 3,132 1,169 23,438 11,530

CNVR, copy number variable region. *Numbers listed are based on the upper boundary size estimates of CNVRs. Average boundary sizes of the total genome
include: all variants in the inclusive map (8.8%) and stringent map (4.1%), gains in the inclusive map (3.5%) and stringent map (1.9%), and losses in the inclusive map
(6.9%) and stringent map (3.1%).
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« cca 100 genes can be
P R e 0 A completely deleted !
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Figure 1| Proportion of each human chromosome that is copy number variable
based on the inclusive and stringent maps. Copy number variation (CNV) gains for
each chromosome (part a), CNV losses for each chromosome (part b), and CNV gains and
losses for each chromosome (part ¢} are shown. The horizontal dashed lines indicate the
genome average for the inclusive map (upper line) and the stringent map (lower line).
Assembly gaps. including centromeres and heterochromatic regions. were not included
in the calculation of variable propertions. The y axes indicate the percentage of
nucleotides of each chromosome that may be involved in CNV.

Zarrei et al. 2015




Variabilni pocet kopii - vyznam

CNVs — variabilni pocet kopii ovlivnuje
4,8-9,5% genomu cCloveka !

Vyznam:
variabilita Ildskeho genomu (fenotypu)

ﬂ p i:;- \M

polymorflsm US — geneticka diverzita mezi jedinci
evoluce
genomova onemocneni




CNVs a novy pohled na
variabilitu lidskeho genomu



Single nucleotide

+ Base change — substitution — point mutation
—  Insertion-deletions (“indels”)

* S5SMPs—tagSNPs

Sequence
variation

2 bp to 1,000 bp

*  Microsatellites, minisatellites
( — Indels 1-20 bp

*  |nversions

+  Di-, tri-, tetranucleotide repeats
= VNTRs

Structural variation

Intrachromosomal translocations

*  Chromosomal abnormality
— Heteromorphisms
*  Fragile sites

Whole chromosomal to whole genome
* |ntzrchromosomal translocations
\ *  Ring chromosomes, isochromosomes

+  Marker chromosomes
—  Aneuploidy
—  Aneusomy

—  Termn defined or discussed in Box 1

Scherer 2007 Nat Genet 39: s7

Molecular
genetic
detection

Cytogenetic
detection

Spektrum genetické
variability ¢lovéeka

sekvencni x strukturni




Geneticka variabilita u cloveka a SNP

Single nucleotide polymorphisms
(SNPs)

GATTTAGATCGCGATAGAG
GATTTAGATCTCGATAGAG

0.1% difference among
people

1/1000 pb
cca 10 milidnu




Variabilita lidskeho genomu - CNVs
mayji vetsi vyznam nez SNP !

ARTICLE

A global reference for human
genetic variation

The 1000 Genomes Project Consortium®

The 1000 Genomes Project set out to provide a comprehensive description of common human genetic variation by
applying whole-genome sequencing to a diverse set of individuals from multiple populations. Here we report
completion ofthe project, having reconstructed the genomes of 2,504 individuals from 26 populations using a combina
tion of low-coverage whole-genome sequencing, deep exome sequencing, and dense microarray genotyping. We
characterized a broad spectrum of genetic variation, in total over 88 million variants (84.7 million single nucleotide
polymorphisms (SNPs), 3.6 million short insertions/deletions (indels), and 60,000 structural variants), all phased
onto high-quality haplotypes. This resource includes =>99% of SNP variants with a frequency of >1% for a variety of
ancestries. We describe the distribution of genetic variation across the global sample, and discuss the implications for
common disease studies.

Nature 256, October 2015

osekvenovani
2504 genomu ¢lovéka z riznych
oblasti....(26 populaci)

typical genome differs from the reference human genome at

4.1 million to 5.0 million sites

although 99.9% of variants consist of SNPs and short indels,

structural variants affect more bases: the typical genome contains
anestimated 2,100 to 2,500 structural variants:

cca 1,000 large deletions, 160 copy-number variants, 915 Alu insertions,
128 L1 insertions, 51 SVA insertions, 4 NUMTs and 10 inversions
affecting cca 20 million bases of sequence !




Vyznam CNVs v evoluci hominidu

Evolution and diversity of copy number variation
in the great ape lineage

Peter H. Sudmant,' John Huddleston,'? Claudia R. Catacchio,® Maika Malig,

LaDeana W. Hillier,* Carl Baker,' Kiana Mohajeri,' Ivanela Kondova,> Ronald E. Bontrop,”
Stephan Persengiev,5 Francesca Antonacci,3 Mario Ventura,3 Javier Prado-Martinez,6
Great Ape Genome Project,” Tomas Marques-Bonet,®® and Evan E. Eichler'%?

« osekvenovan genom 97 lidoop
(orangutan, gorila, Simpanz)

Great Ape Genome Project

469 Mb pokryto CNVs vs. 167 Mb
SNP

« 3x vetsi pocet pb ovlivhén
CNVs nez SNP !

 nalezeno celkové 340 deleci a
450 duplikaci genu

13, 5 Mb sekvenci, které se
nevyskytuji v lidském genomu




CNVs a genomova onemocneni



Genomova onemocneéni u cloveka

od pocC. 21. stoleti dochazi ke zmene pohledu na pfricCinu
nekterych genetickych onemocneni...

genocentricky vs. genomicky pristup

Cetnosti:

CNVs - genomova onemocneéni (genomic disorders) -
1.7 x107%to0 1.0 x 1074 per locus per generation

onemochneéni vznikla bodovymi mutacemi - 1.8-2.5 x 1078
per base pair per generation

Genomova onemocnéni u Cloveéka vznikaji 1000 az 10 000
casteéji nez onemocnéni vyvolana bodovymi mutacemi !




CNVs a genomova onemocneni

Trends
| Genetics |
Volume 14, Issue 10, 1 October 1998, Pages 417-422

Genomic disorders: structural features of the genome can lead
to DNA rearrangements and human disease traits

James R Lupski -

(a) Direct repeats

A B Cc D
- ’/ — 0
\(
VAN )
A B’ c D
M
A D A B Cc B C D
S Deletion Duplication
(b) Inverted repeats
A B c D

Genomic rearrangements resulting from recombination
between repeated sequences.

Genomové choroby
(genomic disorders) —
onemocnéni vznikajici v
disledku prestaveb genomu
zpusobujicich zisky €i ztraty
gent (CNVs)

Evoluce lidského genomu -
duplikace genu, genovych
segmentl a repetitivnich sekvenci

Tato architektura genomu vytvari
vhodné podminky pro homologni
rekombinaci, pfi niz mize
dochazet k prestavbam
chromozomu (NAHR)



Rozlozeni intrachromozomalnich a
iInterchromozomalnich SDs (210 kb; 295%) v

genomu

Lidsky genom je nachylny
k strukturni variabilité v
disledku existence SDs !

e SDs —az 8000

substrat pro nealelickou homologni
rekombinaci — (NAHR)
nerovnomerny crossing-over

« divergence genomu
¢ genomova onemocheéni

Jeffrey A. Bailey et al. Science 2002;297:1003-1007



Nerovnomerny crossing-over, duplikace
genu a mutace Bar u drozofily

Alfred Sturtevant

“Crossing over has proved to be the key to
the mutation behavior of bar...... The case
appears not to be, strictly speaking, a point-
mutation after all, but a new kind of section-
mutation...... in which unequal crossing
over furnishes the mechanism for bringing
about the new types”

Sturtevant , Genetfics, 1925




Duplikace Bar u Drosophily B+,B
ovliviuje pocet facet u slozenych ocCi

(a) Genotypes and Phenotypes

Facet | =16A segments

Genotype Number

Phenotype

B%/8* 45

(b) Origin of B allelle as a result of unequal crossing over

1——*—»1——“—3

Wild-type Doublebar

ant’s Cytological Observations Foreshadow....

B c
o—-—@
Inversion

Duplication




CNVs a priklady genomovych
onemocheni

Table 2 Examples of copy number vardations (CNVs) and conveved genomic disorders®

(Comtrnued }

Phenotype | omm | Locus CNV References®
Mendelian (autosomal dominant)®
Williams-Beuren syndrome 194050 Tgll.23 del Eal
7q11.23 duplicagon syndrome 609757 Tqll.23 dup 562
Spinocerebellar araxa cype 20 GOB6ET 1igl2 dup 530
Smith-Magenis syndrome 182290 17pl 1.2/RAII del 513
Porocli-Lupski syndrome 610883 17pl1.2 dup 40
HNEP 162 500 17pl2/PMP22 del 511
CMTIA 118220 17pl2/PMP22 dup 541
Miller-Dicker lissencephaly syndrome | 247200 17pl3.3/LI51 del 310, 550
Mental rerardaton 601545 17pl3.3/LI51 dup 56
DGS/VCFS 188400/192430 | 12q11./TBXI del 516, 555 - - , N . - ,
Microduplication 22q11.2 608363 124112 dup SI7, 547,575 M k d I I k d I k
Adult-onset leukodvsorophy 169300 E"INBI d_up S48 I ro e e C n I m I ro u p I a c n I
Mendelian (autosomal recessive)
Farilial juvenile nephronophthisis 256100 1q13/NPHPI el 531,553 Sy n d rom y I
Gaucher disease 130800 1g21/GEBA del 55
Pituitary dwarfism 162400 1Tq24/GHI del 50, 514
Spinal muscular atrophy 153300 5q13/8MNI del 43, 551
hera-thalassemia 141900 11pl 5/bera-plobm | del 529 H H H
e 0 Tignyims i pacientli s PMR, autismem,
Mendelian (X-linked) - . - - .y
Hemophilia A 306700 F¥ inv/del 51 h f b t p I p
- — — — e scnizotrenii, opezitou, epliepsill...
Ichthyosis 308100 STS del 336
Menral rerardadon 300706 HUWEI dup 511
Pelizacus-Merrhacher discase 312080 PLPI del/dup/eri 514, 518, 537, 538,
571
Progressive nenrological symptoms 300260 MECP2 dup 53, 5135, 563
(MR+5Z) V 4 4 h 4

Red-green color blindness 303800 opsin genes del 46 Za c n a c ro m ozo m ova
Complex traits i p
Alzheimer disease 104200 AFP dup 552
Autsm 612200 3g24 inherited homozygous del | 545 o n e m oc n e n I

611913 16pl1.2 del/dup 534, 542, 554, 568 .
Crohn disease 266600 HED-2 copy number loss S20 ( 1 . 4 OOO — 1 5 O OO)

612278 IRGM del g
HIV suscepuibilicy G09423 CCL3ILL copy number loss 523,533
Menral rerardaton 612001 1igl33 del 558

610443 17q21.31 del 832, 857, 559

300534 Xpl1.22 dup 521
Pancreatits 167800 PRSSI o} 536
Parkinson discase 168600 SNCA dup/fri 512,519, 522, 527,

561



Genetické choroby X
vzacna onemocneéni

vzacnych onemocnéni® \x ’ ‘
konzultaéni email: \7 /
- 3
B~
|

oEBane \ j

Uvod | Vzicna onemocnéni | O nas | Nase cinnost | Clenstvi | Pribehy pacientii | Veasna diagnostika | Odkazy | Média | Ke stazeni | Kontakty

Onemocnéni je v ramci EU definovano jako vzacné, pokud postihuje méné nez
5 osob z kazdych 10 000, (tj. méné nez 1 pacienta na 2 000 jedincu).
Existuje vice nez 8 000 ruznych vzacnych onemocnéni, coz znamena, ze
souhrnny pocet pacientll je nezanedbatelny.

Vzacna onemocnéni se nejCasteji projevuji brzy po narozeni a postihuji 4-5 %
novorozencu a kojencu (napfiklad nékteré vrozené vyvojové vady, dédicné
poruchy metabolismu, geneticky podminéna onemocnéni a vzacné
nadory). Mohou se vSak projevit i pozdéji v pribéhu détstvi &i v dospélosti.

Asi 80% vzacnych onemocnéni ma genetické puvod, nicméné u vétSiny
pacientl zlstava pficina jejich choroby neodhalena.



CNVs a mikrodelecni
syndromy

rekurentni CNVs



Mikrodelecni/mikroduplikacni
syndromy

skupina geneticky podminenych chorob, jejichz priCinou
jsou drobné delece DNA segmentu (2-4 Mb), které
nejsou detekovatelné klasickymi cytogenetickymi
metodami

pacienti maji specifické klinické pfiznaky

casty vyskyt MR (mentalni retardace)

nebalancované chromozomové prestavby -
patogenni CNVs

rekurentni ( mikrodelece vznikaji ve stejném miste
na chromozomu)

nerekurentni — mohou vzniknout kdekoliv v genomu




Nejcatéejsi rekurentni mikrodelece - nékteré
rozpoznatelne fenotypy — syndromy -
»<phenotype first*

Obecné N

pFiznaky' i i Frequent interstitial microdeletion
- .. ] syndromes

* rastova retardace | E E E E

« dysmorfismus Hodd

« stigmata

« mentalni retardace
* malformace
e cca 20 od roku 2006

1IN

Prader-Willi Angelman  Williams velo-cardio Langer-
facial Giedeon

. _ . Nejéastéjsi velikost Cetnost v
Mikrodeleéni syndrom Lokalizace pestavby [kb] populaci
DiGeorgeuv syndrom/ .
Velokardiofacialni syndrom 22911 3000 1:4.000
Williamsuv-Beurenav syndrom 7p11.23 2000 1:10 000
Smith-Magenistv syndrom 17p11.2 5000 1:25 000
Prader-Williho syndrom/ ,
Angelmanty syndrom 15911-g13 4000 1:25 000




Mechanismus vzniku rekurentnich
mikrodele€nich/duplikaénich syndromu pri
meioze — nealelicka homologni rekombinace

Architektura genomu - LCR ¢&i SDs spojena s
delecemi/duplikacemi:

sekvenéni homologie >95%, oddélené 50 kb -10 Mb usekem DNA, v pfimé
orientaci

TABLE 3  Known charactenstics of low copy, region-specific repeat sequences (LCRs)
in the human genome

Size of repeats  Distance between

Rearrangement Syndrome (kb) repeats (Mb)
del(7)(ql1.23q11.23) Williams 320 1.6
del(15)(q12q12) Prader-Willi/Angelman 400 3.5
del or dup(17)(p11.2p11.2)  Smith-Magenis 250-400] 5.0
del or dup(17)(p12p12) CMTIA/HNPP 24 1.5
del(17)(q11.2q11.2) Neurofibromatosis | 15100} 15
del(22)(ql11.2q11.2) DiGcm‘ge/vcIocurdiofucial| 200 3.0




Rekurentni mikrodelece/duplikace 17p jako
model pro genomové choroby

oblast chromozomu 17p obsahuje T
7,5 Mb dlouhy usek bohaty na LCR »E3 Y

casty vyskyt NAHR....

reciproké mikroduplikace /mikrodelece
chromozomu 17p11.2p12 zpusobuji
4 geneticka onemocneni:

Charcot-Marie-Tooth typ 1A - mikroduplikace genu PMP22

hereditarni neuropatie s tendeci k tlakovym parézam -
mikrodelece genu PMP22

Smith-Magenistuv syndrom - mikrodelece genu RAI1
Potockého-Lupského syndrom - mikroduplikace RAI1




Reciproka rekombinace jako pricina
CMT1A a hereditarni neuropatie

(a)

Proximal Distal
CMT1A-REP CMT1A-REP

BE_ C D
PMP22
A B'__ C) o

Lupski, 2009



Mikrodelece 22911
DiGeorgeuv/VCFS syndrom

m pacienti s mikrodeleci se vyskytuji v populaci s cetnosti
1: 4000 az 1: 6000 zivé narozenych déti

m Velo - Kardio- Facialni syndrom

m CATCH 22

m typické vrozené srdecni vady

m (zjist'uji se i prenatalné!)

m facialni dysmorfie

B hypoplasie - aplasie brzliku (gen Thx1)
event. pristitnych telisek -
nedostatek vapniku, krece

B imunodefekty Fallotova tetralogie: A: stendza plicnice
(absence T-lymfocytu) B: dextropozice aorty C: defekt komorového

septa D: hypertrofie pravé komory



CATCH 22 - del(22)(q11)

Cardiac defect — typické srdecCni vady
Abnormal facies — brada

Thymic hypoplasia — poruchy imunity, infekce
Cleft palate - rostep

Hypocalcemia - krece

75 % pacientu - delece 22911
vyjimecne — delece 10p
(DiGeorge Il)



Ukazka pacientu s VCFS
prominujici brada, vyrazny nos




Mikrodelece 2211
DiGeorgeuv/VCFS syndrom — vySetrovaci
metody

B priblizné 90 % probandi ma de novo deleci 22911, asi u 6% se
jedna o familiarni prenos

Vysetreni:

B a) vySetreni karyotypu — G-pruhovani

m b) cilené vySetreni mikrodelece 22q11 - FISH, MLPA
B c) rozSirené vysetreni pomoci DNA mikrocipt
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DiGeorge syndrom

-+—— del 22q11




Klinické projevy CATCH 22 - variabilni
expresivita

Popsano celkem az 180 riznych priznaku, velka variabilita...?

Frekvence jednotlivych typu vrozenych vad :

715%
60%
49%

38%
36%

36%
17%
8%

8%

vyvojové srdecni vady
hypokalcémie

otolaringologické malformace (9%
rozstép patra, 32% velofaryngealni
insuficience)

poruchy vyvoje psychomotoriky

konstituéné nizky vzrist pod 3
percentil
urogenitalni anomalie

malé anomalie kostry

letalita do 6. mésicu véku
postnatalné
neurologické anomalie

rozsah a umisténi
mikrodelece

(chybi 20-60 gen)
haploinsuficience

teorie ll. zasahu

genetické pozadi



Mikrodelece mohou byt rizné umisténé...

chr22 ¢oll.21-g11.23) EIEIEE pit,3 ail.2100 | LT 22a12,5 CIEMYa13, 2CTEREN
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D-F
(typ ) -[ 8 popsanych pripadi E-F
i D-H
17 popsanych pfipadl
1] - F-H
(typ 1) (ve 14 pfipadech od LCR D)
F-H




Korelace mezi genotypem a fenotypem - postizeni
pacientu s mikrodeleci oblasti 22911

Mikrodelece proximalni (HIRA, TBX1, COMT) - imunodeficience,
kardiovaskularni vady, abnormality patra, poruchy reci, hypotonie, mentalni
retardace a vyvojove opozdovani, hypokalcémie, psychiatrické
onemocnéni a facialni stigmata

Mikrodelece centralni (CRKL) — nizky vzrist, vyvojové opozdovani,
mentalni retardace, poruchy freCi a facialni stigmata, od proximalni
mikrodelece se liSi vyznamné nizSim vyskytem imunodeficienci,
hypotonie, abnormalit patra a poruch chovani

Mikrodelece distalni (typ I. - MAPK1/ERK2, typ IIl. - SMARCB1)

— facialni stigmata, nizky vzrust, kardiovaskularni vady, abnormality
kostry a vyvojové opozdovani, prematurita (polovina pripadu)
— vyvojové opozdovani, facialni stigmata, mentalni retardace a poruchy
reci
— rhabdoidni tumory, opozdovani vyvoje, kardiovaskularni vady a
facialni stigmata



Rozsah mikrodelece 2211 u 24 pacientu
vysSetrenych na OLG FN Brno

Obrazek €. 9: Grafické porovnani vysledkli aCGH u pacienti s DiGeorgeovym
syndromem

Pod schématickym znazormnénim chromozomu 22 (&ervene je oznacena zobrazena oblast) jsou uvedeny
geny piispivajici k patogenité. Pod nimi jsou uvedeny geny lokalizované v této oblasti. Barva genu je zévisla na
skoru haploinsuficience ($kala skorti haploinsufucience je od cervené s vysokym skorem po zelenou s nizkym
skorem). Zelené obdelniky oznaéuji oblasti LCR A, B. C a D (Mikhail et al., 2014). Cervené obdelniky oznacuji
jednotlivé pacienty.
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Chr — chromozom: Mb — megabaze

Vystavelova D. Diplomova prace, 2016



CNVs a mentalni retardace



Mentalni retardace (MR)

Heterogenni manifestace dysfunkce CNS charakterizovana
signifikantné podprimérnymi intelektualnimi funkcemi

Mirna MR (1Q 50 — 70)

Stredni MR (1Q 35 - 50)

Tezka MR (1Q 20 - 35)
(Battaglia et al.. 1999)

Postihuje 2 az 3 % populace,

Casto doprovazena rlistovou retardaci, opozd&nim vyvoje,
facialni dysmorfii a;.

Pomér pohlavi 2M:1F !



Priciny mentalnich retardaci

o komplexni etiologie; asi u 50 % pfipadu
nelze zjistit kauzalni pricinu Priciny MR
(naruseni vyvoje mozku) 30%

B faktory genetické

B vliv prostiedi

e negenetickeé pri€iny
L d genetiCké pﬁéiny I neznama pficina

e monogenni choroby (metabolické: fenylketonurie, galaktosemie)
e choroby s nemendelistickym typem dédic¢nosti (syndrom Fragilniho X)
e choroby zplsobené chromozomovymi aberacemi:

pocetni:

+21 (Downuyv sy), +18 (Edwarduv sy), +13 (Patauv sy),
aberace pohlavnich chromozomu XXY, XXX, XYY
strukturni:

rozsahlé balancované i nebalancované prestavby

CNYV - znamé mikrodelece/mikroduplikace (PWS/AS, DGS aj.)
dalSi submikroskopické zmény chromozomu (delece, duplikace, inverze)



Soucasny algoritmus genetického vysSetieni pacientu
s PMR na OLG FN Brno

Karyotyp G-pruhovani

'

normalni

S
" -~
AL st

normalni aberace

-

\ 4

array-CGH  |potvrzeni | FISH QF-PCR | | FISH

\ NGS




Celkovy prehled vysSetreni pacientii s PMR
na OLG FN Brno v letech 2007-2015

m Celkové 275 vysetreni pomoci array-CGH
m 144 chlapcu, 131 divek

m 164 vysetreni s normalnim karyotypem
m 111 vySetfeni s pozitivnim nalezem, tj. 40,4 ¢

= 51 patogennich nalezd CNVs

= 18,5 % ze vSech vysetieni

= 10 nalezu nejasného vyznamu

= 36 benignich nalezu
= 15 nalezl dosud nedosetieno




Patogenni CNVs detekované pomoci DNA mikro€ipt u déti s PMR

del 179q11.2-g12 7,25 Mb  |mikrodeleéni sy. |dup 22911.21 2,91 Mb mikroduplikacni sy.
del Xq22.3-q23 3 Mb dup 16p12.3-p13.12 " 3,40 Mb fn?ﬁ’rfél;nrfﬁé’ée”t”'
del 1g21.1 334 kb mikrodele¢ni sy. |dup 2g12.1-g13 8,98 Mb
del 9g34.3-qgter 1,70 Mb  [9q delecni sy. dup 15g11.2-g13.1 4,87 Mb mikroduplikaéni sy.
del 11924.1-925 10,69 Mb mnohocetna LOH konsanguinita rodi¢u
del 9g34.11 891 kb del 12p13.31-p13.32 |5,23 Mb nebalancovana
del 7q11.23 (2x) 1,41 Mb  |Williams-Beuren sy. |[dup 18p11.21-p11.32 |14,83 Mb  |[translokace
del 7q11.23-g21.1 3,66 Mb del X/r(x) karyotyp 45,X/46,X,r(X)
dup 17q12 (2x) 1,58 Mb  |mikroduplikacéni sy.|[del 17p13.3 1,35 Mb nebalancovana
del 15911.1-g13.1 8,47 Mb  |PWS/AS dup 22¢g13.2-013.33 |7,67 Mb  |translokace
del 5914.3-g15 5,84 Mb  |mikrodeleéni sy. |del 8p23.1-p23.3 10,11 Mb  [8p23 deleéni sy.
del 1923.3-g24.2 6,19 Mb del 22912.3-q13.1 1,67 Mb \Waardenburglv sy.
dup 17p13.3 2,40 Mb _ |nebalancovana |dup 2p25.1-p25.3 9,40 Mb __ |nebalancovana
del 22913.32 1,89 Mb  [translokace del 5p15.33 2,05 Mb Jtranslokace
del 18p11.21-p11.32 14 Mb 18p deletni sy. dup 16p11.2 544 kb mikroduplikacni sy.
dup 14932.2-032.33 10,52 Mb dup 1921.1-g21.2 3,50 Mb mikroduplikacni sy.
del 4913.32-q21.22 16,14 Mb del 1921.1-q21.2 2,78 Mb mikrodelecni sy.
del 3p25.3-p26.3 (2x) 9,60 Mb  |nebalancovana |del 2pl11.1-p11.2 3,92 Mb

——dup 18p11.21-p11.32 8,29 Mb  |translokace dup 18p11.21-p11.32 (14,87 Mb karyotyp
mnohocetna LOH (2x) |sourozenci [konsanquinita rod. [dup 18g11.1-g12.1 7,61 Mb 46.XX.der(18)
del 13914.13-gq22.3 31,03 Mb del 18922.2-g23 10,99 Mb

distalni 22911.2

del 22q11.21-q11.22 1,43 Mb mikrodelecqe del 1q43-g44 1,73 Mb  |mikrodele¢ni sy.
dup 1921.1-q21.2 1,67 Mb  |mikroduplikaéni sy.|del 16p11.2 534 kb mikrodelecni sy.
del 9922.3-031.3 6,20 Mb dup 2g11.1-g11.2 1,27 Mb
LOH na chr. 1q, 11q, 199 konsanguinita rodi¢ujdup Xp21.1 171 kb gen DMD
del 19g43-q44 4,68 Mb  |mikrodele¢ni sy. [dup 20pl11.1-p13 22,10 Mb karyotyp
1eD crhromocenmit 18 Aiin 20Aa11 21 oA2 Ikh A7 XY +r(20)/46 XY




Cytogenetika 60. let po spocitani lidskych
chromozomu

| pres stale vetsi rozvoj modernich
genomickych technik (NGS) zistava

cytogenetika
stale jednim z nosnych piliri modernich
vysetrovacich metod vyuzivanych v oblasti

lekarské genetiky a dalsich medicinskych
oboru




Dekuji za pozornost !!!




