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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 EXPEKIMENTAL DE AULA DEL 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 modifications of Hsu’s technique
(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 embryonie lung fibroblasts, grown in bovine amniotic fluid:
these were very kindly supplied to us by Dr. RUNE Gruss of the Virus
Laboratory, Institute of Bacteriology, Lund. All cultures were primary
explants taken from human embryos obtained after legal abortions. The
embryos were 1025 em in length. The chromosomes were studied a
- 'E) few days after the in vitre explantation had been made.

J Oe H I n T IO 19 19 - 200 1 AI be rt Levan 1 905 - 1 998 In our opinion the hypotonic pre-treatment introduced by Hsu, al-

J though a very sig ant improvement especially for spreading the
chromosomes, has a tendency 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. Tn addition, we gave a colchicine dose to the culture
medium 12--20 hours before fixalion, making the medium 50<107°

mol/l for the drug. The colchicine effected a considerable accumulation

)4 F4 X M4 A4 F 4 r'4 )4 z b4 of mitoses and a varying degree of chromosome contraction. Fixation
eK ma Vv jladre kazade sve teini bun Tolowed n 80 9 aceio skt wice cxchanged in onder 1 wash out the
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 % acelic orcein. For chromosome

23 paru chromozomu i B atiaing waa s 30 2 ot b S
3 som the metaphase groups. For idiogram studies a more thorough

squashing was preferable. In many cases single cells were squashed

celkem ma tedy 46 chromozomui




In situ hybridizace

FORMATION AND DETECTION OF RNA-DNA HYBRID MOLECULES

IN CYTOLOGICAL PREPARATIONS* an Nature Vol. 265 February 3 1977
By JosEpH G. GALL AND MARY Lou PARDUE " Ber ;gsiig'.‘}’,-i and Maan, 5. S., Fourth ini. Whear Gener. Symp., Missouri.  serym, the hybrid was the only reactive polynucleotide class,
= w . is, : g i with undiluted serum.
19 Davidson, . and Sejion B Jl,',w‘%lzl[}i?m'u, 565-606 (1973). evgrnhm a;saysv iable amount of fluorescence in cytoplasmic
KLINE BIOLOGY TOWER, YALE UNIVERSITY 11 Schwartz, .. Generics, 67, 411-425 (1970). ere 1s a variablc 1t ol .
components, the origin of which is not yet k!lorw_n. Experiments
Communicated by Norman H. Giles, March 27, 1969 are projected 10 a;(empl ‘;: block it while lelavlrllg ﬂth: activity
against hybrid nucleic acids intact. Occasional pale fluorescence
Abstract.—A technique is described for forming molecular hybrids between observed in nucleoli is attributed to contamination of the
5 A i 5 : . i 1 i 55 rRNA probe with fragments of 188 and 28S nucleolar rRNA,
RNA in solution and the DNA of intact cytological preparations. Cells in a High resolution detection of P 8

Y DNA-RNA hybrids in situ

conventional tissue squash are immobilized under a thin layer of agar. P .
o > ik by indirect immunofluorescence

they are treated with alkali to denature the DNA and then incubated with

tritium-labeled RNA. The hybrids are detected by autoradiography. The WE describe here a new method for the detection of RNA-DNA
s i SHL e e T . hybrids in cytological preparations with which we have revealed
technique is illustrated by the hybridization of ribosomal RNA to the amplified the locations of hybrid molecules on polytene chromosomes.
ribosomal genes in oocytes of the toad Xenopus. A low level of gene amplifica- The critical reagent is an antiserum raised in rabbits against
ti v lso detected 1 ioti lei ia) poly(rA)-poly(dT) complexed with methylated bovine serum
ion was also detected in premeiotic nuclei (oogonia). albumin, originally described by Stollar!. The specificity and

resolving power of the indirect immunofluorescence procedure
are demonstrated using in situ hybridisation of 58 rRNA
(ribosomal RNA) to polytene chromosomes ol Dresophila
melanogaster as a model system. The method has significant
advantages over the autoradiographic procedures®—* used so far.

The procedure for visualising the in sitw hybrids follows
Alfageme er al.b It consists of exposing the cytological prepara-
tion to the rabbit anti-hybrid antiserum, then to anti-rabbit IgG
prepared in goat and tagged with rhodamine, followed by
examination in a fluorescence microscope (see legend to Fig. 1).
QOur test objects were polytene chromosomes of Drosophila

i r (giant pt pe) to which 55 rRNA had been

Freat e

Rudkin GT, Stollar BD. High resolution
detection of DNA-RNA hybrids in situ by
indirect immunofluorescence. Nature. 1977
Feb 3;265(5593):472-3.



80 léta - fluorescencni in situ hybridizace

Fluoresence In Situ Hybridization
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80 léta — objev PCR reakce /K. Mulvis

Vytvoreni (amplifikace) identickych kopii urcitého iseku DNA za specifickych podminek
(Termocyklery)

Polymerazova retézova reakce (PCR)

1 cyklus PCR ~ 94-95°C 50 - 60°C 72°C
_*W Tw

+DNApoiymeréza—‘ SYNTEZA

ZAHRATI +dATP DNA
HYBRIDIZACE .
KFE?E[?r[éEI&!ELJNI PRIMERU +dgl§ | ZPRIMERU
dvojsroubovice +d
DNA . +d1ip .

[ e g h # u
1. krok 2. krok 3. krok

denaturace annealing extension

Pii 30 cyklech - amplifikace vice nez 10° kopii Giseku DNA



Moznosti vySetreni karyotypu Clovéka

Metafazni cytogenetika ® Interfazni ® Cytogenetika zalozena
eytogenetika na izolaci DNA
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Molekularni karyotypovani — 1000x
citlivejsi nez klasicka cytogenetika

Resolution Coverage
a Cytogenetics Karyotyping >10 Mb Complete
SKY > 2 Mb Complete
Traditional CGH > 2 Mb (cytoband) Complete
FISH (interphase) > 20 Kb Probe Specific
FISH (metaphase) = 100 Kb Probe Specific
b aCGH BAC 100 Kb (Spectral Genomics - 2 Mb) Complete
cDNA 2 Kb Genes Only
Oligo (60-mer) 0.06 Kb Complete
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Figure 7. Examples of various chromosomal aberrations in different tumor samples. (a) Gain of p-arm and loss of g-arm on Chromosome 16; (h) single focal
deletion on Chromosome 7 and (c) a mix of alterations on the same chromosome from two patients diagnosed with Acute Myeloid Leukemia. Aberrations on
Chromosome 12 of ovarian cancer samples obtained from the same patient before (d) and after (e) chemotherapy treatment.



(CGH)

Komparativhi genomova hybridizace

Comparative Genomic Hybridization for Molecular
Cytogenetic Analysis of Solid Tumors

Anne Kallioniemi,* Olli-P. Kallioniemi, Damir Sudar,
Denis Rutovitz, Joe W. Gray, Fred Waldman, Dan Pinkel

Comparative genomic hybridization produces a map of DNA sequence copy number as
afunction of chromosomal location throughout the entire genome. Differentially labeled test
DNA and normal reference DNA are hybridized simultaneously to normal chromosome
spreads. The hybridization is detected with two different fluorochromes. Regions of gain
or ioss of DNA sequences, such as deletions, duplications, or amplifications, are seen as
changes in the ratio of the intensities of the two fluorochromes along the target chromo-
somes. Analysis of tumor cell lines and primary bladder tumors identified 16 different
regions of amplification, many in loci not previously known to be amplified.

The discovery of genetic changes involved
in the development of solid tumors has
proven difficult. Karyotyping is impeded by
the low number of high-quality metaphase
spreads and the complex nature of chromo-
somal changes (1). Molecular genetic stud-
ies of isolated tumor DNA have been more
successful and have been used to detect

A. Kallioniemi, O.-P. Kallioniemi, D. Sudar, J. W. Gray,
F Waldman, D. Pinkel, Division of Molecular Cytome-
try, Department of Laboratory Medicine, University of
California at San Francisco, San Francisco, CA 94143.
D. Rutovilz, Medical Research Council Human Genet-
ics Unit, Western General Hospital, Edinburgh EH4
2XU. United Kingdom.

*To whom correspondence should be addressed.

818

common regions of allelic loss, mutation, or .

amplification (2, 3). However, such molec-
ular methods are highly focused; they target
one specific gene or chromosome region at a
time and leave the majority of the genome
unexamined.

We have developed a molecular cytoge-
netic method, comparative genomic hy-
bridization (CGH), that is capable of de-
tecting and mapping relative DNA se-
quence copy number between genomes. A
copy number karyotype can be generated
for a tumor by the comparison of DNAs
from malignant and normal cells, thereby
identifying regions of gain or loss of DNA.
In this application of CGH, biotinylated

SCIENCE *+ VOL.258 *+ 30 OCTOBER 1992

Science, 1992



Komparativni genomova hybridizace
(CGH)

B umoznuje béhem jedné hybridizaCni reakce stanovit ztraty (delece) Ci zisky
(duplikace, amplifikace) sekvenci DNA v celém genomu

mrozliSovaci schopnost — 10 Mb, klonalni zastoupeni — 50 %
m nevyzaduje mitotickou aktivitu zkoumanych bunék
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Vysledek vysetreni pacienta s
neuroblastomem pomoci CGH a HR-CGH
- profily

CGH
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Technika array-CGH aneb rozdil
je jen v podklade...
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Solinas-Toldo et al., Genes, Chromosomes, Cancer (1997): Matrix - CGH
nahrazeni chromozomu separovanymi klony - BAC, PAC, c-DNA klony,
oligonukleotidy ~ 35 kb



Typy DNA Cipu
Zdroje cilovych DNA

Gename  Genome
Fesolution Coverage

Diagnaostics
| Bl E H_ B BE Nl NN NTES W I s =10Mb 100%
-Banding
Crisc overy
T N R C 175K 9E%

[

=10Kh  =1%
Cligonuclectide arrays [25 — gdamer)



Agilent Technologies CGH microarrays

* Fotolitotrofické spotovani — technologie Inkjet
Printing technology

* Postup pouzivany pri mikrovyrobé pro selektivni
opracovani casti tenkych vrstev nebo materialu
podlozky

* Pro prfenos geometrickych obrazct (motivu)
do chemicky aktivované vrstvy nanesené
na podlozce se pouziva svetlo

http://www.youtube.com/watch?v=eSr5CxAdiww



http://www.youtube.com/watch?v=eSr5CxAdiww

Formaty DNA cipu Agilent

r 180K a E - .
400K - : et Copy
— - : CGH data . b e ; number
) . changes
1Million PR
180K BOK || 60K
400K J— LOH/UPD
180K BOK || 80K i ]
Part Median CGH Area of LOH/UPD
Format . .
Number probe spacing Focus resolution
2x400K G4842A Tkb Exons ~ 5-10Mb
180K G4830A 25kb ISCA” regions  ~5-10Mb




Step 1 Patient Control  Step2
DNA DNA

Step 3

Step 4 HYBRIDIZATION

=5

Equal DNA
hybridization dosage loss

DNA
dosage gain

N

Array CGH: The Complete Process

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

and applied to the microarray.

Step4  Patient and control DNA compete to attach, or hybridize,
to the microarray.
Step5  The microarray scanner measures fluorescent signal intensity.
Step6  Computer software gathers the data and generates a plot.
Step 5 Step 6
DNA dolsage loss
SR R -
1
COMPUTER DATA PLOT
SOFTWARE (Chromosome 7)

1




PFriprava DNA c¢ipu pro techniku array-CGH

1. Target loading 2. Assemble hybrid. chamber

5. Scanner

3. Incubation

www.agilent.co
m



Kontrola kvality (QC metrics)

DLRSpread

- odchylka od priméru intenzity signalu v jednom spotu
- vySe ,Sumu (noise)“ na vzorek (DLRs < 0,3)

Signal Intensity — pro kazy fluochrom (Cy3 > 250, Cy5 > 350)

Backgronud noise — intenzita nespecifickych signalll pozadi (< 10)

Signal to Noise Ratio - vzdalenost hodnoty signalu od hodnoty pozadi
= s jakou jistotou je SW schopen odecist intenzitu spotu od pozadi



Laate monday, March Ud, 200 - 1ala:  sampelredigreen)

User Mame admin FE Version 28924
Image 252983024981_501 [1_1] BG Method Detrend on (NegC)
Protocol CytoCGH_0209_4x_Mar14 (Read Only) Multiplicative Detrend True
Grid 029830_20111015 Dye Norm Linear
Saturation Value T79183(r), 775309 (g)
CryeMaorm List A
Mo of Probes in DyeMorm List A,
Spot Finding of the Four Corners of the Array Evaluation Metrics for CytoCGH_QUMT_4x_Mar14
Excellent (11) ; Good (2)
Metric Name Walue Excellent Good Evaluate
lsGoadGrid 1.00 =1 A =1
AnyColorPrentFeathonl . 0.04 =1 1to5 =5
Derivativel R_Spread 017 <0.20 0.20 to 0.30 =030
gRepo 007 0to D10 0.10 to 0.20 <0 or >0.20
g_BGMoise 407 <10 10 to 20 >20
g_Signal2Noise 157.72 =100 50to 100 <50
. g_Signalintensity 64142 =400 200 to 400 <200
Grid Normal rRepro 0.10 Oto 0.10 0.10to 0.20 <0 or=0.20
: i . L r_BGNoise 427 <10 10 to 20 =20
Qutlier Numbers with Spatial Distribution r_Signal2Noiss 13792 ~100 S0to 100 =0
1064 rows x 170 columns r_Signalintensity 589.18 =400 200 to 400 <200
L S . RestrictionControl 0.94 0.80 to 1 <0.80 or =1
1% 0 R e R B % LogRaticlmbalance 014 026100026 (075002 <DTSor>075
«* .. % ) * - ¥ L] *
= &) y * Excellent * Good * Evaluate
. - . Histogram of Signals Plot (Red)
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Princip hodnoceni CGH dat

Single Copy Deletion (-1) Normal Amplification, 3 copies (+0.58)
2 Copy Deletion (-2) . \
<3 2 1 0 A1 +2 +3

+0.58

c o Probes
§ Dos(
- Cy3 |
f Red 1 copy
no_ = Green peletion
— Exp
g Ref > Significant Aberration
o Regions
g Amp
= Del 1 copy

amplification
e P ‘Data shown inLog2 R =
5 Log2 (Exp Sample/Ref)

N



Princip hodnoceni CGH dat
,matematika cgh“

Hodnotime rozdil mezi intenzitou fluo signalu mezi vzorkem DNA a referenci vyjadreny jako
log,X(= vzorek / reference). Data jsou lehce komprimovana kvdli biologické variabilité

vzorku
Description Ratio Ideal Actual
- (SIR) Log2(Ratio) data
< 2 2 1 0

Diploid

Deletion 1 2 0.5 -1 -0.9

_____ @i Trisomy 3 2 1.5 +0.58 +0.53



Princip hodnoceni CGH dat
,matematika cgh“

Hodnotime rozdil mezi intenzitou fluo signalu mezi vzorkem DNA a referenci vyjadreny jako
log,X(= vzorek / reference). Data jsou lehce komprimovana kvdli biologické variabilité

vzorku
Description Ratio (S/R) Log;g(eF?aI\tlo) Actual data

Diploid

Deletion 1 2 0.5 -1 -0.9

Trisomy 3 2 1.5 +0.58 +0.53
50;/; Igfosrf‘ic 1.5 2 0.75 -0.41 -0.37
50;{‘;;3%?"“ 2.5 2 1.25 +0.32 +0.29
20;/2 lrerlfosrf‘ic 1.8 2 0.9 -0.15 -0.13
A el 2.2 2 1.1 +0.14 0.12

trisomy



Analyza oblasti UPD /LOH

Measuring SNPs using restriction enzymes

CGIC ————

- AGTC

l Restriction Digestion 1

Labeling
—%- ¥ ac
o o N - Mg
l Hybridization 1
IS
|
CLTC
'\ I
TC M —
L - SNP = C; UNCUT
high signal
NP A; CUT Microarray

fou e Probes

A subset of probes on a CGH array
measures SNPs in parallel to copy
number, on a single array

Genotype SNPs using restriction
digestion (Alu/Rsa)

Measure the copy number of one
allele at each SNP site relative to a
known reference

Regions of LOH are located by
finding genomic regions with a
statistically significant scarcity of
heterozygous calls

~3-10 Mb LOH/UPD resolution
across the entire genome



Analyza oblasti UPD /LOH

Distribution of the SNP Probe
reference-corrected log2 ratios

NAO08687 vs NA12891 Gaussian fit
121
— Data
s (Sgussian fit: 0
s (Gaussian fit: 1
= (Gaussian fit 2

2 uncut alleles: BB

08

06 1 uncut allele: AB

04}

02t
0 uncut alleles: AA
-7 -6 -5 -4 -3 -2 -1 0 1

Reference-adjusted L2R

Detection of a
LOH region

Statistically

significant

‘ scarcity of

| heterozygous
SNP calls

1
01 2

Number of uncut alleles




Analyza oblasti UPD /LOH

Homozygous Allele AA Heterozygous Homozygous Allele BB
allele AB/ /
Ig 1'{ 2 ¥ Number of Uncut alleles
i —— ? ___________ I
N I ' Probes

__________________________ Shaded area is
--------------------------- significant LOH call

--------------------------- Lower confidence SNP

Chromosomal Position

T R probe
o ooeeoeooiteoii 1 |Weshow SNP probe data
_____________________________ for the Exp Sample onl




Analyza oblasti UPD /LOH

No heterozygous SNPs

TATTHIS | M1l Corehine
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Vyuziti array CGH v klinickeé e oNICE
diagnhostice na OLG FN Brno '

Klinicka cytogenetika
Postnatalni vySetieni pacientli OLG (pacienti s
MR/VVV)

Od roku 2007

44K Agilent Technologies

44K CytoSure OGT (Syndrome Plus)
105K, 244K Agilent Technologies
180 K Agilent Technologies

Nadorova cytogenetika

VysSetieni pacienttii KDO (neuroblastom)
m  Od roku 2009
m 44K Agilent Technologies

VysSetfeni pacientll s mnohocetnym myelomem
m  Od roku 2009
m 44K Agilent Technologies



Neuroblastom

m pevny deétsky nador sympatického nervového systému

m 5-10 pfipadl /10° déti/rok

m 10 % rakoviny v détském veku; 50 % do 2 let; 90 % do 6 let

m klinicka stadia (1,2 / 3,4; 4S) (International Staging System for
Neuroblastoma)

G.M.Brodeur et al., 1995: Molecular Basis for Heterogeneity in
Human Neuroblastomas

* v dobé stanoveni diagnozy
« International Staging System
for Neuroblastoma




Vyznam array CGH u détskych pacientu s
neuroblastomem

VOLUME 27

MUMEBER 7

MARCH 1 2009

JOURNAL OF CLINICAL ONCOLOGY

From L'Institut National de |a Santé et
de la Recherche Madicale INSERM)
U830, Laboratoire de Géndtique ot
Biologie des Cancers; Institut Curie,
Département de Pédiatrie; Service de
Biostatistiquas, Unité de Génétiqua
Somatique, and Unité de Cytogénét-
ique; Hpital Robert Debré, Service de
Pathologie, Paris; Institut Gustave
Roussy, Départemant de Biologie st de
Pathologie Médicales, Senvice da
Pathologie Maoleculaire; Départameant

e emitnine

ORIGINAL REPORT

Overall Genomic Pattern s a Predictor of Qutcome

in Neuroblastoma

Isabelle Janoueix-Lerosey, Gudrun Schletermacher, Evi Michels, Véronique Mosseri, Agnés Ribeiro,
Delphine Lequin, Joélle Vermeulen, Jérome Couturier, Michel Peuchmaur, Alexander Valent,
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MnohocCetny myelom (MM)

hematoomkologické onemocnéni, jehoz podstatou je maligni
transformace B-lymfocytli na maligni plazmocyty - akumulace
plazmocytl bunék v kostni dieni

klinické projevy: destrukce kosti, anemie, porucha protilatkové
imunity, myelomova nefropatie ...

Postihuje zejmeéna starsi osoby, v soucasne dobé nevylécitelny
X udrzitelnost

Vyrazné geneticky heterogenni — aCGH screening + FISH

(IgH)



Array CGH u pacientu s MM
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“Chromosome abnormalities clustering and its implication for pathogenesis and prognosis in myeloma”.

Leukemia (2003), 17:427- 436



Hyperdiploidie u MM

H-MM




Non-hyperdiplodni MM

Mot




Vyznam array CGH u pacientli s MM

Hyperdiploidni MM + chromotripsis 18
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™ neznama pfiCina ™ genetické faktory M vliv prostfedi

17- 20% pacientl s idiopatickou PMR
kauzalni nebalancované aberace
. ] . —
celogenomovy screening pomoci array-CGH

Casty nalez CNV - mikrodelecilmikroduplikaci v genomu - mohou

byt postizeny rtizné chromozomy




ARTICLE

Consensus Statement: Chromosomal Microarray
Is a First-Tier Clinical Diagnostic Test for Individuals
with Developmental Disabilities or Congenital Anomalies

David T. Miller,!* Margaret P. Adam,23 Swaroop Aradhya,* Leslie G. Biesecker,> Arthur R. Brothman,®
Nigel P. Carter,” Deanna M. Church,® John A. Crolla,” Evan E. Eichler,!” Charles J. Epstein,!!

W. Andrew Faucett,? Lars Feuk,'2 Jan M. Friedman,!? Ada Hamosh,!'4 Laird Jackson,!>

Erin B. Kaminsky,? Klaas Kok, !¢ lan D. Krantz,!7 Robert M. Kuhn,!® Charles Lee, ! James M. Ostell,®
Carla Rosenberg,?® Stephen W. Scherer,?! Nancy B. Spinner,!” Dimitri J. Stavropoulos,??

James H. Tepperberg,?® Erik C. Thorland,?* Joris R. Vermeesch,?> Darrel ]. Waggoner,26

Michael S. Watson,2? Christa Lese Martin,2 and David H. Ledbetter2*

Chromosomal microarray (CMA) is increasingly utilized for genetic testing of individuals with unexplained developmental delay/intel-
lectual disability (DD/ID), autism spectrum disorders (ASD), or multiple congenital anomalies (MCA). Performing CMA and G-banded
karyotyping on every patient substantially increases the total cost of genetic testing. The International Standard Cytogenomic Array
(ISCA) Consortium held two international workshops and conducted a literature review of 33 studies, including 21,698 patients tested
by CMA. We provide an evidence-based su.mmary of dlmcal cytogenetlc testing comparing CMA to G-banded karyotyping with respect
to technical advantages and limjtati s of chromosomal aberrations, and issues that affect test inter-
pretation. CMA offers a igher diagnostic yield (15%-20%) for genetiefesting of individuals with unexplained DD/ID, ASD, or
MCA than a G-banded karyotype (~3%, excluding Down syndrome and other recognizable chromosomal syndromes), primarily because
of its higher sensitivity for submicroscopic deletions and duplications. Truly balanced rearrangements and low-level mosaicism are
generally not detectable by arrays, but these are relatively infrequent causes of abnormal phenotypes in this population (<1%). Available
evidence strongly supports the use of CMA in place of G-banded karyotyping as the first-tier cytogenetic diagnostic test for patients with
DD/ID, ASD, or MCA. G-banded karyotype analysis should be reserved for patients with obvious chromosomal syndromes (e.g., Down
syndrome), a family history of chromosomal rearrangement, or a history of multiple miscarriages.




Array-CGH a variabilita v poCtu kopii (CNVs)

CNVs - segmenty DNA )
vétsi nez 1 kb piitomné ve  * doposud detekovano 29 133 CNV

variabilnim poctu kopii v * 12 % lidského genomu obsahuje
porovnani s referenénim CNV

genomem

* 0,12 - 7,3 % rozdily v CNV mezi
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Algoritmus klinicke interpretace CNAs u pa nientM

___ﬂi'ﬁ"i?;eh-ir:h pomoci array-CGH prorok2015—

Gysbers et al. zo0g
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Array-CGH u pacientli s MR - korelace
genotypu s fenotypem

Databaze jsou dulezité pro:
klinickou interpretaci vysledku array-CGH

identifikaci kauzalnich regionli pro nové chromozomové
syndromy

moznost vyhledat stejnou ¢i podobnou aberaci a srovnat
fenotypové projevy

moznost rozliSeni benignich CNVs

odhad prognézy dle typu a funkce genui nachazejicich se v
sledované oblasti



Array-CGH u pacientli s MR - korelace
genotypu s fenotypem

Vyuziti web. databazi k interpretaci
vysledkd —
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Syndrom AMME
Alportllv syndrom s mentalni retardaci, mid-face
hypoplazii a eliptocytosou.
VyresSeni neobjasnéné kazuistiky z r. 2005

Vranova, V., Hladilkova, E., Horinova, V., Kuglik, P.. Chromosome Xq22.3 gene
deletion syndrome (ATS-MR) in a Czech family: additional characterization of the
clinical and molecular aspects.



O.M. nar. 2005

Na JIP v Brné 3 mésice:

Dg.: Sepse, respiracni selhani, neonatalni
hepatitida nejasné etiologie, zdvojeni ledv.
panvicky vievo, hyperechogenita ledvin, DAP s
plic. hypertenzi a chlopenni insuficienci, aorto-
pulmonalni kolateraly

Genetické vysetfeni: stigmatizovany novorozenec
— plochy oblicej, hypertelorismus, epicanthy,
vpaceny Siroky koren nosu, dyspl. nizko posazené
usni boltce, kratky hrudnik, mikropenis,
kryptorchismus, opici ryha

karyotyp 46,XY

CGH negativni






Stryc R.V. nar. 1988
sy Wiedemann-Rautenrausch

Ze Il. gravidity, nekomplikované, porod ve 39.
t.g., s.z., p.v. 2900/49cm, hosp. v DN po porodu
s dg. stigmatizace, glykosurie,
hyperbilirubinemie, plicni hypertenze,
neprospivani.

Il. hospitalizace ve VUPs dg. stigmatizace,
hepatopatie, snizena funkce levé ledviny, PMR.
VySetifen na OLG: plochy oblicej,
hypertelorismus, epicanthy, hypoplasie
nosnich kosti, kapfi usta, opicCi ryhy, naznak
srustl 2-3. prsti DK, mikropenis,
kryptorchismus.

Karyotyp 46,XY



Stryc v roce 2006

Stryc 1988



Nase rodina
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Velikost delece — nasi pacienti
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Alport syndrome with Mental retardaton,
Midface hypoplasia and Elyptocytosis

1. publikace 1998 J.Johnsson, F.Vitell,
Piccini M. a spol.: Delece COL4A5 genu

Do r. 2008 popsane 2 rodiny
Xg22.3

COL4A5 a FACL4 geny
Pojmenovali gen AMMECR1



Konsangvinita - CGH+SNP arrays

al HHBULHHTHI KHRTH CERVENOBRADA PATRIK ¢ _-~ """ 7.

Chlapec z 2.chravidity.Poroed v tesrminu 57,PH 2600g,48cm.Poporodni
adaptace dobra.fS 10-18-10 .Krisen nebyl .Postupna tezka mentalni
retardace,zjistena Dandy Walkwer varianta dle MRI z r.2009.sekundarni
epllepsie-susp.Lenoc Gastautiv sy.

Mladsi sestra Vanesa vysetrovana v r.2006 na OLG se stejnymm postizenim
(tezka PM retardace s praktickou zastavou vyvoje,sekund.epilepsie.
syndromologicky nebyla zarazena,velmi pravdepodobné se u déti jedna

o AR metabolickou poruchu-onemocmnéni .

Odber - karvotyp
— DNA zatim banka
“END™




Konsangvinita - CGH+SNP arrays
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Konsangvinita - CGH+SNP arrays




Preimplantacni geneticky screening
pomoci array-CGH




Preimplantacni geneticky screening
pomoci array-CGH




Preimplantacni geneticka analyza
~Single cell genomics“ pomoci oligo aCGH

Vyuziti technik single cell amplifikce (Rubicon) —z 5
-15 pg DNA amplifikovat 1,5 — 2 ug gDNA Chromozom Y (2x) 1

/ Chromozom 18 (3x) !!

-

Potfeba idealni pomeér cena / rychlost analyzy /
objem a reprodukovatelnost dat

Chromozom 21 (2x)

Agilent 8x60k - ramci jednoho experimentu detekce
aneuploidii, strukturnich CNAs (> 1,5 Mbp), i

nebalancovanych translokaci

SurePrint G3 Human CGH Microarray Kit, 8x60K

Feature Specification
Agilent Product Number G4450A
Design ID 021924
Format 8 x 60K
Arrays/Slide 8

Slides/Kit 3

Distinct Biological Features 55,077

Replicated Biological Features (X5} 1,000

Internal Quality Control Features 3,886
Gene List Annotations
Design Files Visit
Probe Seq
¢ Content sourced from - UCSC hg18 {NCBI Build 36), March
ompositi
2006
Probe Spacing 41 KB overall megian probe spacing (33 KB in Refseq

genes)
Manufacturing Agilent 50-mer SurePrint technalogy



Array-CGH - standardni validovany protokol
DNA Cip 8x60K - 8 vzorkii 5. denni embrya - odbér -
vitrifikace

Obecné schéma: pokud jsou vzorky rano v pfipraveny v laboratori, druhy
den odpoledne jsou k dispozici vysledky

Single cell workflow Te

Casova kalkulace

Single Cell Reference gDNA (30 pg) PFl'Jem Vzorku Den 1
) )
e e LT A\ mplifikace a precisténi
1 vzorku 4 hodiny (den 1)
Pooling of amplified DNA
! Array-CGH protokol
Labeling of amplified DNA (13 pl) Labeling of amplified DNA (13 pl) (Znaéenl, p\n,prava é|pu) 5 hodm (den 1)
d ! !
reparation of labeled DNA Preparation of la DNA i 1
el : sl 0 Hybridizace 20 hodin
Hybndization to
8x60K microarrays , , , Ve ’ .
1 Odmyvani, skenovani 3 hodiny (den 2)
.‘v‘rlcrnnnaj: washing SOftwarOVé analyza
TR (kontrolni Cteni vysledku) 4 hodiny (den 2)
Il
Agilent CytoGenomics or Celkova dOba do vydanl 36 hodin

Genomic Workbench

vysledku (protokol)



PGS shrnuti array-CGH za 2013-2014

nejCastéjSi monozomie: chromozom 22, 7, 16, 8
nejCcastejSi trizomie: chromozom 15, 20, 21, 22, 13, 16

INCIDENCE 4,0% -

= MONOSOMY

3,5% - = TRISOMY

3,0% -

2,5%

2,0% -

1,5% -

1,0% -

0,5% -

0,0% -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X
CHROMOSOME



PGS shrnuti array-CGH za 2013-2014

-l

Ragio

1 1g21.1- 1g42.2 84,7 PEM
2 2p25.3 - 2p21 + 44,4 PEM
2 2g12-2g37.3 + 136,2 | PEM
3 3g11.1- 3929 1041 | PEM
5 5623 - 535 + 56,9 PEM
5 5621.1- 535 79,5 PEM
5 5p13.3 - 5g35.3 149,5 | PEM
7 7633.3 - 7437.3 + 35,2 PEM
7 7p21.3- 7p12.1 + 49,1 DEM
8 8624.21 - 824.3 23,5 PEM
8 8p23.2 - 8p11.22 43,3 PEM
8 8324.22-q24.3 + 130,5 | PEM
8 8p23- 8p11.23 + 37,5 PEM
9 9p23-p21.3 + 15,1 PEM
9 9921.1- 9334.3 + 69,8 PEM
9 9921.11G34.3 69,5 PEM
12 12g13.2 - 12g24.32 71,3 PEM
13 13g21.32- g22.2 + 84 PEM
13 13g21.33-13g34 43,6 DEM
13 13g12.11 - 13g33.1 102,5 | PEM
14 14621-14632 57,2 PEM
14 14G22.1 - 14G32.3 + 53,5 PEM
14 1424.3 - 14g32.33 + 31,6 PEM
16 16p13.3- 16p11.1 + 34,8 PEM
17 17p13.3 - 17p11.2 24,4 PEM
18 18g12.1 - 18q23 + 53,4 PEM
X Xg21- Xg28 36,2 PEM

Mitotické poruchy

STRUKRURNI
CNAs
ccal0% pripadu
median velikosti
26,2 Mbp
2 pripady
nebalancované
translokace




Preimplatntacni geneticka analyza
~Single cell genomics“ pomoci oligo aCGH

2 Agilent Genomic Wi
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MikroCipy Affymetrics

Multiple Formats Multiple Questions Multiple Apps
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Array-CGH vs. SNP mikroCipy

A. CGH array B. SNP array

Patient DNA Control DNA

Amplification
Digestion
Probe labeling

l
,§ y

array

Hybridization

. Normal
* Deletion

@ Duplication

.*C.'.***.*

The comparative genomic hybridization (CGH) array compares

the patient’s DNA to control DNA using 2 different fluorescent
labels. Labeled control and patient DNA fragments are hybridized
to an array containing oligonucleotide DNA sequences from

genes throughout the human genome. Each position on the array
correlates to a different part of the genome. The relative intensity
of the 2 different labels indicates copy-number changes. When
only the red label (control DNA) is present, it indicates an absence
of patient DNA and therefore a deletion (red stars). When there is
more patient than control DNA, the patient label is overrepresented
(green circles) and indicates duplication. When there are no copy-
number changes, there should be equal amounts of control-labeled
and patient-labeled DNA (indicated with blue circles).

FIGURE 1

Overview of chromosomal microarrays.

Patient DNA
Amplification
Digestion
Probe Iabeliny
SNP array

SO+ TERRA L

l Hybridization

<
o @ nNormal
=
< .
@ Deletion
[sa]
@
T @ Duplication
<

Asingle-nucleotide polymorphism (SNP) array contains small
fragments of DNA from the human genome where there are known
to be multiple alleles. Each allele is represented on the array and
each position on the array corresponds to a genetic locus. DNA from
the patient is hybridized to the array. Patients who have the A allele
at a specific locus will bind to the A allele on the array. If the patient
is homozygous, the sample will bind only to A or B (AA or BB). If the
patient is a heterozygote, the sample will be label hybridized to A
and B (AB). Copy-number changes are determined by the relative
intensity of bound DNA at each allele with a relative decrease in
deletions (red bar) and an increase in duplications (green bar).
Consanguinity is indicated by a loss of heterozygosity over large
spans of DNA.




Affymetrics SNP mikrocCipy 6.0

Affymetrix SNP microarrays
5.0/ 6.0 Arrays (one single: Nsp+Sty)
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Affymetrics SNP mikroc€ipy 6.0

File Wiew Graphs Tools Help
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Genova exprese = mnhozstvi RNA
produkované aktivitou genu
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Expresni mikroCipy Affymetrics




Struktura Affy GeneGenechip
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truktura Affy GeneGenechip




Vyuziti GeneChip technologie v praxi

Livestock diagnostics
or grading

AFFYMETRIX

\ NGRS

GeneChlp

Human Genome

Agrlcultural blotech

Basic Research



Klasifikace leukémii pomom
expresnich mikroc€ipu neChlp

ALL
IIHWMM%IIIH .
GeneChlp E
AML
Ktery typ leukémie ?
y typ MLL

Golub, T.R., et al. Science 286: 531-537, 1999; Armstrong, S.A., et al. Nature
Genetics 30: 41- 47, 2002
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