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When and how to introduce arrays and whole genome
sequencing

1. Analytical validity?

2. Clinical utility?
3. Clinical validity?




Analytical validity

m Arrays:
— Proof-of-principle: 1997

— Reliable detection of single copy variations:
2003-2004

® Full genome sequence

— Proof-of-principle: 2009
= Estimated 30.000-300.0000 SNP artefacts

— Reliable calling of all nucleotides/CNVs ...



Clinical utility for MCA/MR
CNVs as cause of developmental disorders:

> 100 new syndromes In 5 years
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Clinical utility array CGH

Emerging patterns of cryptic chromosemal imbalance
in patients with idiopathic mental retardation and
multiple congenital anomalies: a new series of 140
patients and review of published reports

Array CGH In patients with learning disability {mental
retardatrun!; and congenital anomalies: updated
systematic review and meta-analysis of 19 studies
and 13,926 subjects
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Clinical utility (2008-...)

m Traditional constitutional cytogenetic applications:

— Mental retardation/ multiple congenital anomalies:
— Prenatal? (clinical issues?)

— Miscarriages? (mosaicisms?)

m  Other medical disciplines?

— Neurology/ Psychiatry?
= Autism
= Schizophrenia

— Isolated heart defects?

— Multifactorial diseases?

= |nfectious diseases
= Gastrointestinal diseases

— Monogenic diseases?
— ... All medical disciplines?

yes!
yes!
yes!



Clinical validity?
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Short Report

High-resolution molecular karyotyping
in patients with developmental delay
and/or multiple congenital anomalies
in a clinical setting
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Clinical VALIDITY?

Clinical significance of anomaly?

I was thinking: Benign copy
What if you would ati :
o yos wod number variation imba

1 bp Deletion or duplication size guleRVle

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

blurred!




Current status of CNV validity

Europe: | Rest of the world
Higly penetrant recurrent CNVs Rare CNVs with variable penetrance &
expressivity



Presenter
Presentation Notes

In the previous slides, inherited CNVs or population embedded CNVs were suggested to be benign.  However, those inherited apparently benign copy number variants can, dependent on copy number state, inheritance pattern and genetic and environmental background lead to mental retardation and/or developmental anomalies.   I will coin those CNVs here “Mendelian CNVs”.



Identifying recurrent imbalances and
phenotypes

| pao |Links »

The Wellcome Trust -
Sanger Institute S
]

Address |r¢i| http: v sanger, ac, ukfPost Genomics fdecipher!
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DECIPHER Data Release Policy

Info | Databazes | Blast | Genomics | Infrastructure | HGP | CGPR | Projects | Software | Teams | Search

= Welcome to DECIPHER

DatabasE of Chromosomal Imbalance and Phenotype in Humans using Ensembl Resources

The DECIPHER database of submicroscopic chromosomal imbalance collects clinical information about chromosomal
microdeletions/duplications and inversions and displays this information on the human genome map with the aims of:

.

DECIPHER

.
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Genome variation Database: Map all
"benign” variation

| 11
)

[

— = e

] - ———

e ™ . —

1| K

)
|
)

(N
i
.
4
72z

WIRW | W

I, EE W

-
)
n

B

11

fur?

111 CNCTRCTER KT Tt
me__ | 1

= = - —— =
R

7

(AR .

L
LD

I LIE nnm immin

L]

] |11
L LR
I NERL
|

min
v
( |

= = = = = 2 = = _\J/E _\.Ja

—
w
—
o
—
q
—
—
© |
X
o
N
—
N

Database of genomic variants



Interpretation scheme for
CNV screen in patients

K. Buysme et al |/ European Journal of Medical Genetics 52 (2009 ) 398403




Lessons (2)

De novo does not mean causal

Since multiple de novo events

occur each generation, we will
always identify novel events In
full genome sequencinc




Lessons

Proper clinical evaluation is and
will be essential for proper data
Interpretation!

Use common knowledge for
Interpretation first




Clinical VALIDITY?

Clinical significance of anomaly?

m Traditional constitutional cytogenetic applications:
— Mental retardation/ multiple congenital anomalies:

» For larger (>1 Mb) CNVs High (~75%)
» For smaller CNVs Low

Because the huge genetic heterogeneity of MCA/MR the clinical validity of full

genome sequencing will remain low untill large phenotype-genotype databases
establish associations between genes and phenotypes!




Lessons (3)

Molecular cytogeneticists are
doing research and a little
diagnosi
MCA/MR screening In a diagnostic

setting should only be performed with
known loci associated with disease

= complex molecular test



Challenges/solutions for clinical
Implementation of genome sequencing

= Analytical validity

— Establish IQA and EQA (CEQAS/Eurogentest)
m Clinical utility:

— De novo imbalances are not necessarily causal

— Inherited imbalances can be causal

— Phenotypic variability

= Establish genotype/phenotype databases (f.e.
ECARU DEC[PHER/therature)

= Mine the genome only for the genes with known disease
association.
m Clinical validity
— Logaritmic increase in number of syndromes
— CNVs/ SNps become risk factors
= Bioinformatic support in data interpretation
= Large scale association studies needed
= Counseling by experts!



But....




For DISCUSSION

Clinical validity becomes irrelevant!

Genome sequencing will be performed without a
clinical question. We will mine the genome,
dependent on the clinical question.

We should determine, when In a lifetime the
genome should be sequenced, where to store
the information and who has when access to

which information.
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