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The array revolution
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Molecular karyotyping: DNA microarrays

Conventional karyotyping

Deletion




Very high incidence of
submicroscopic imbalances

Deletions
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Beware of mosaics
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As low as 5%
mosaicism can
be detected!!

Sensitivity >
karyotyping

Menten et al., ].Med.Gen., 2005



Apparently balanced translocations: the
majority is unbalanced!!

Chr 1 Chr2 Chr2 Chr 6 Chr2 Chr2

« 59 cases

— 41 apparently balanced
translocations:

« 27 patients : 40% (11/27)
unbalanced

— 22% (6/27) with deletions at the

translocation breakpoints A e
— 18% (5/27) with complex Coe2  Cme3
rearrangements .

* 14 fetuses: all normal

— 18 complex rearrangements: 16/18 § = B = H
(89%) unbalanced d E
. 13 patients : : :
« 3 fetuses
« 2 females with repeated abbortions
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De Gregori et al., J. Med. Gen. 2007



From diagnosis to prognosis

. Patient

Pulmonary valve
stenosis

Cleft uvula
Mild
dysmorphism
Mild learning
difficulties
High myopia
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For all recurrent deletion syndromes the
reciproce duplication is how identified

17921.31 microduplication patients are A syndrome of short stature, microcephaly and
characterised by behavioural problems and poor speech delay is associated with duplications
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Accumulation of non-recurrent imbalances
leads to the functional identification of
genes

Duplications of the critical Rubinstein Taybi deletion region on
chromosome 16p13.3 cause a novel recognizable syndrome
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CNVs as cause of developmental disorders:
> 500 new syndromes in 5 years

(1127 deletion/752 duplications)
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Guidelines for molecular karyotyping in TN i
constitutional genetic diagnosis = =
= =
= B .
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Consensus Statement: Chromosomal Microarray
Is a First-Tier Clinical Diagnostic Test for Individuals
with Developmental Disabilities or Congenital Anomalies
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The American Journal of Human Genetics 86, 749-764, May 14, 2010
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The bad news:
we are all copy variable
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Clinical VALIDITY?

Clinical significance of anomaly?

A

m Deletion or duplication size m

I was thinking: Benl
What if you would number variation
addd a gene ,’

We are all copy With ever increasing resolution, the
variable!! boundary between bening and
pathogenic CNVs becomes

blurred!




The challenge: Which imbalances are
causal for the phenotype?

| Conventional wisdom:

Recurrent imbalances with same phenotype are causal

The larger the size, the more likely causal

Population embedded CNVs are benign

Inherited imbalances are benign while de novo imbalances are causal
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Address [ €] htty ac, jdecipher, =l
& The Wellcome Trust i~ ‘-m
< et

-~ Dev Site | Intranet | Sanger Home | Acedh | YourGenome | Ensembl | Trace Server | Library
Info | Detabases | Blast | Genomics |Infrasinucture | HGP | OGP | Projects | Seftware | Teams | Search

Welcome to DECIPHER

DatabasE of Chromosomal Imbalance and Phenotype in Humans using Ensembl Resources

DECIPHER Data Felease Policy

The DECIPHER datahase of collects clinical i ion ahout

DECIPHER and i i and displays this i on the human genome map with the aims of:
Inereasing medical and scientiic knowledge about shromosomal microdeletions/duplications
Database Improving medical care and genetic advice for imbalance
Erte Failitating research into the study of genes which affect human development and health

{EECARUCA -European Cytogeneticst Assaciation e

What is ECARUCA?

Main Participants European C: Register of cl Aberrations
Collaborators

National Coordinators

Regulations 2 . —

Funding Submit Cases | Query Database | Cytogenetic Verification | FAQ

Research Platforms

Welcome to ECARUCA, 2 database which collects and provides cytogenetic and clinical information on rare chromosomal disorders, includin
microdeletions and microduplications

% ECARUCA aims to be a database that is easily accessible for all participants and encourages information exchange as well as exchange

Submit cases technical knowledge.

International Standard Cytogenomic Array Consortium

Solutions

Limitations

« Only imbalances believed to
be causal are collected

« Depend on goodwill of
laboratories (lot of information
lost)

« Phenotyping is labour
intensive

 Large scale collection of all genotypes & phenotypes!

* Require submission of phenotype and genotype to public repository upon
publishing




The challenge: Which imbalances are
causal for the phenotype?

| Conventional wisdom:

Recurrent imbalances with same phenotype are causal

The larger the size, the more likely causal

Population embedded CNVs are benign

Inherited imbalances are benign while de novo imbalances are causal



The challenge: Which imbalances are
causal for the phenotype?
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Figure 4. CHW Length, Gene Content, and Fregquency Distri butions

CHVs wara plotted according to event type (color), length (v ans), frequency in the population (x axis, nuembar of individuals from
n = 2493}, and number of Refiaq genes affectad (orcle size). To facibitate companson acress different platforms, events from diffarant
individuals were considerad the same if their putative breakpoints were within 50 kb of one another, ONVs related to previously reportad
diz@ase-causing variants are highlightad.

154 The Amercan jowrnal of Human Genetics 24, 148-161, February 13, 2009

Size alone is not a good determinant!




The challenge: Which imbalances are
causal for the phenotype?

| Conventional wisdom:

Recurrent imbalances with same phenotype are causal

The larger the size, the more likely causal

Population embedded CNVs are benign

Inherited imbalances are benign while de novo imbalances are causal




Genome variation Database:
Map all “benign” variation

Databases of genomic variants
have only limited value In clinical

. assessment

» Database of genomic variants May 2008
* Redon et al. Nature, 2008



Mendelian CNVs:
a paradigm shift in (cyto)genetics

Inherited apparently benigh CNVs
CAN cause disease

“Mendelian CNVs” is the term coined here to indicate benign CNVs which can
cause disease dependent on either copy number state, inheritance pattern or
genetic and environmental background.




Autosomal recessive CNVs:
e.g.Cohen syndrome

« Autosomal recessive inheritance:
mutations in VPS13B (COH1)

« Phenotype

- mild to severe MR

- microcephaly

- Truncal obesity

- Characteristic face

- Specific behavior

- Retinal dystrophy , high myopia (retinal
detachment, cataract)
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Autosomal dominant CNVs:
Five tandem copies of ORGC cause microtia
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Autosomal-Dominant Microtia Linked to Five Tandem Copies
of a Copy-Number-Variable Region at Chromosome 4p16

Irina Balikova,! Kevin Martens,? Cindy Melotte,? Mustapha Amyere,2 Steven Van Vooren,3
Yves Moreau,® David Vetrie,* Heike Fiegler,* Nigel P. Carter,® Thomas Liehr,5 Miikka Vikkula,?
Gert Matthijs,! Jean-Pierre Fryns,! Ingele Casteels,® Koen Devriendt,! and Joris Robert Vermeesch!*

The American Journal of Human Genetics 82, 181-187, January 2008



CNVs as risk factor for MR/CA
(variable penetrance and expressivity)

16p13.11: The deletion is a risk factor for MR/MCA
|| while the duplication may be a rare benign variant

Femke O Hannes, Andraw J Shar% Heather C Mefford, Thomy de Ravel,
Claudia A Ruivenkamp, Martyn H

Griet Wan Buggenhout, Annick Vogels, Helen H Stewart, Raoul © Hennekam,
Gregory M Cooper, Regina Regan, Samantha JL Knight, Evan E Eichler and
Joris R Wermeesch

The NEW ENGLAND JOURNAL of MEDICINE m Recurrent reciprocal deletions and duplications of

“ ORIGINAL ARTICLE

rewuning, Jean-Fiems Fryns, Koen Devriend?,

Recurrent Rearrangements of Chromosome
1g21.1 and Variable Pediatric Phenotypes

H. Mefford, A. Sharp, C. Baker, A. ltsara, Z. Jiang, K. Buysse, 5. Huang,

Deletion
25/5218 patients
0/4737 controls
P=1.1x107

Duplication
9/5218 patients
1/4737 controls
P=0.02
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Iq2l.1 del 1g2L.1 de lqilidel  lqZLldel lgzlidel  lq2Lldel
{[Patient 7) (Patiews ) [Patient 9) (Paties: 16}

Deletion Duplication
5/1026 patients 5/1026 patients
0/2014 controls 5/1682 controls
P =0.0048 No Difference



Messages from postnatal diagnosis

it’s infancy:

* Need for large scale genotype/phenotype efforts

or bio-informatic expert systems

g~ | R TS | STy 1

| Higly penetrant recurrent CNVs | Rest of the world:

Rare CNVs with variable penetrance &
expressivity




Need for bioinformatic tools for
iInterpretation

mys
—

JavaBeans (core)

CGHGate

NI e

www.cartagenia.com



Towards prenatal diagnosis

Microarray Analysis of Cell-Free Fetal DNA in Amniotic Fluid: a Prenatal
Molecular Karyotype

Paige B. Larrabee,' Kirby L. Johnson, Ekaterina Pestova,” Madhuri Lucas,” Kim Wilber,”
Erik S. LeShane,® Umadevi Tantravahi* Janet M. Cowan,? and Diana W. Bianchi?

Diivisions of 'Wewhorn Medicine and *Genetics, Depanment of Pediatrics, Tufts—ew England Medical Center, Tufie University School of
pedicine, Boston; "Wesis, Inc., Downers Growve, IL; and “Department of Pathology, Women ard Infants’ Hespital, Providence, RI

rearrangements by array CGH

L Rickman, H Fiegler. C Shaw-Smith, R Nash, ' Cinigliano, G Voglino, B L Mg, C
Sooft, J Whittiaker, M Adinglfi, M P Carter and M Bobrow

E Prenatal detection of unbalanced chromosomal

J Med Gensf 2008:43;353-381; onginally published online 30 Sep 2005;
doiz10.1 136 mg. 2005.037548

High resolution array analysis: diagnosing
pregnancies with abnormal ultrasound findings
rattnew Tyreman, Erstn & abbodt, Lanel 8/ WilaT, Richard Mash, Chrst | Lass,
Joanme Whlliaker -3'1l:| Irg’l: DITIZI1I..

No technical problems!




Towards prenatal diagnosis? &

Right to have “normal” baby

TERRA INCOGNITA

How to deal with

 Variable expressivity and penetrance?
 Unclassified variants?

- Late onset disorders?

« Unexpected finding in foetus?

-+ Unexpected finding in parents?

What is “normal”




Prenatal diagnosis for abnormal ultrasound?

High resolution array analysis: diagnosing
pregnancies with abnormal ultrasound findings
Iiatinew _“g"E'Ta"I. «ristim A ADDott, Loned R WHaT, Richard Mash, -:'1r5'.=|:-1 Lasg,

Joanne Whilitaker and Ingrd Simaonic

J. Aded. Genet I_FLI:IE'I!EI onllme 17 kay 2002
ol 10L1138qmg. 2003.065452

Strategy in Leuven (approved by ethical committee)
- Only foetuses with abnormal ultrasound and at least two signs
- Interpretation by both a cytogeneticist & clinical geneticist

- Report only relevant findings

- No connection between the original data and patients!




Prenatal diagnosis

When conventional karyotyping

shows chromosomal anomaly
(apparently balanced translocation, marker
chromosomes,..)
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Cryptic deletions are a common finding in
"balanced" reciprocal and complex chromosome
rearrangements: a study of 59 patients

M De Gregor, R Ciccone, P Magini, T Pramparo, 5 Gimelli, J Messa, F Novara,
A Weiro, E Rossi, P Maraschio, M C Bonaglia, C Anichini, 3 B Ferrero, M
Silengo, E Fazzi, A Zatterale, R Fischeifo, C Previders, S Belli, A Turci, G
Calabrese, F Bernardi, E Meneghelli, M Riegel, M Rocchi, 5 Guemeri, F Lalatta,
L Zelante, C Romano, M Fichera, T Mattina, 3 Amige, M Zolline, S Gigho, F
Lonardo, & Bonfante, A Ferini, F Cifuentes, H Van Esch, L Backx, & Schinzel, J
R Vermeesch and O Zuffard

4 Med. Genet 200744 750-762; criginally published online 31 Auwg 2007;

1A

Log, ratio

Q

Log, ratio

Log, ratio

Miscarriages

45 X(30%)/48 XX(70%)

46 XY (5%)/48 XX(95%)

46 XY (TP 20%}46 XY (80%)

A7 XX +22(10%)46 XK(90%)

22

Robberechts et al., Gen. Med.. 2009




Towards single cell array CGH?

Why?




Chromosomal anomalies are a major cause of

reproductive failure

Blastomere FISH shows 45-70%
embryos with aneuploidy
=>screen against
abnormal embryos

Zona pellucida




Towards pre-implantation genetic diagnosis?

Is it technically possible?




Single cell array comparative genomic
hybrization using arrays

Blastomere

. %’ - Nucle;s

_ Zona pellucida
Single blastomere Genomi Phi
7 pg DNA 2.5 ug DNA

Normal Genomic data Normal Single cell

=N Hetr]

T
Clorma




Single cell array CGH

Log 2 rtic

47 XX, +21 ws 47, XXY

- A8

- -

Chromoszomes 1-20, 21,22, 3, Y

Averaged log 2 ratio

47, XX +21 vs 47,XXY

Chromosomes

Average and three times the standard deviation of 18 hybridizations

2 345 6 7 89 101112 1314151617 18 19 202122 X Y

Le Caignec et al, Nucleic Acids Res 2006




What is the accuracy?

Reproducible but intermediate

‘ "wvalues

Of A - mmm e )

IR A o ____ — Y= _____ B

r 3 &4 5 &6 7 F 9 10 W 12 13
oz - PR EE—

B S I ———— ) e - -

Non disjunction ? Anaphase lag ?



New methodology:
Combine array CGH and SNP array data

Array CGH by BACs

Mixture model based on posterior
probabilities




Analysis of human embryos :

PGD patients

!

study design

Inclusion criteria :
PGD for sex-selection or microdeletion

Age < 35 years
Normal karyotype

Good quality embryos

Biopsy of 1 or 2 blastomeres FISH
Correct Wrong
ET |<+«—
allele allele
Data analysis %
aGGH and SNP on Good morphology Bad morphology
remaining
Validation blastomeres
PP +—

Biological meaning




The majority of human cleavage stage embryos
contain chromosomally imbalanced blastomeres
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Overview of the chromosomal status of all blastomeres
of embryo 18
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Simple terminal imbalances are terminal deletions,

duplications or amplifications

Embryo 18
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Simple terminal imbalances detected in 39% embryo's
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17% of IVF embryos contain complex rearrangements
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17% contain complex rearrangments
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Embryo 20




Complex terminal imbalances are terminal imbalances

accompanied by aneuploidies for the same chromosome
Blastomere “a and f" Blastomere "e" Blastomere "d"
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Parent of origin algorithm
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Mechanics behind terminal imbalances in human embryogenesis
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Embryos are chromosomally unstable

Uniparental disomy
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PGD for aneuploidy screening is useless because

- mitotic error rate is higher than meiotic error rate
- One cell is not representative of whole embryo

nature. . .
medicine

Chromosome instability is common in human
cleavage-stage embryos
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