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Outline of talk

The International Standards for
Cytogenomic Arrays (ISCA) Consortium

Prospective use of ISCA 8x60k array;
results on first year replacing karyotyping

“To FISH or not to FISH, that Is the
guestion™

Concluding remarks

* (with apologies to Shakespeare)
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WHAT IS THE POTENTIAL FOR ARRAY-CGH?
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KARYOTYPE ~ 5 Mb
ARRAY-CGH <50 Kb*

Resolution* increases from the chromosome band to the DNA base pair

_ _ * Resolution = density of probes used
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Semi-automated workflow

Testing Testing Control Control
female male female male
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"
Outline of talk

The International Standards for
Cytogenomic Arrays (ISCA) Consortium
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" I
ISCA Overview

How did the International Consortium
come about?

Achievements to date.

Future objectives.
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Array design — why is it important?

Example: some regions are not covered by catalog array.
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The International Standards For Cytogenomic
Arrays Consortium

¥ Horme
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ISCA Consortium and Public Database

The International Standards for Cytogenomic Arrays (5CA) Consordium is a rapidly growing
group of clinical cytogenetics and molecular genetics laboratories committed to improving
guality of patient care related to clinical genetic testing using new molecular cytogenetic
technologies including array comparative genomic hybridization (acGH) and guantitative SHP
analysis by microarrays or bead chip technolooy.

The ISCA database contains whole genome array data from a subset of the 1SCA Consortium
clinical diagnostic laboratories. Array analvsis was carried out on individuals with phenotypes
including intellectual disahility, autism, and developmental delay.

Total cases to date: 24,271 4_

International
Standards for
Cytogenomic
Arrays

Improving cyltoganomic array
testing through data sharing

https://www.iscaconsortium.org/

Latest abhout ISCA
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ISCA Consortium

Established in 2007 and now includes >85 clinical
laboratories worldwide

Over 24,000 clinical cases to date (~500 cases/week );
Goal 200,000 cases over 2 years

Develop standards for genotype and phenotype data
and guidelines for clinical interpretation

All members committed to free data sharing in an
International public database being developed with
NCBI at NIH
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ISCA International Workshops
& Conferences

e June 23-24, 2008 (Atlanta, GA): 30 attendees

 December 15-16, 2008 (Bethesda, MD): 60 attendees

e June 28 — 29 2010 (Bethesda, MD): 100 attendees

e January 28 — 29 2011 (Atlanta GA) 1 st ISCA Conference
(~300 attendees)
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ISCA Steering Committee

Leslie Biesecker (NHGRI/NIH)

Nigel Carter (Sanger Institute, UK)

John Crolla (Salisbury, UK)

Evan Eichler (University of Washington)
Ada Hamosh (Johns Hopkins/OMIM)

David Ledbetter (Geisinger Health System )*
Charles Lee (Harvard-Brigham & Women’s)
Christa Martin (Emory University)

David Miller (Harvard-Boston Children’s)
Greg Peters (Children’s Hospital, Australia)
Nancy Spinner (CHOP)

Joris Vermeesch (Universiteit Leuven, Belgium)
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Worldwide ISCA Laboratories
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EEU ISCA Laboratories
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U.K. ISCA Laboratories
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ISCA “Consensus” array design

Current array — 44k (4-plex), 60k (8-plex), 105k (2-
plex), 180k (4-plex)

Result of merging designs of existing custom arrays
Emory — Ledbetter/Martin

GeneDx — Aradhya

Salisbury, UK — Crolla /Barber/Huang

Oxford, UK — Knight/Smith/Connell

Dutch Consortium/Oxford design - Kok

Belgium Consortium - Vermeesch

...and continued improvements based on
recommendations from ISCA Steering Committee
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Whole-genome plus Targeted Array Design

pter « ~cen < ~qter

Resolution

mmm Telomere FISH clone

mmm Unique centromere FISH clone ~20 - 50 kb

lllllll Known clinically relevant targets

NIl ~25, 35 or 75 kb interval backbone ~100 - 250 kb

(180k, 105k, 60k, 44k ISCA versions)
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Classification of Cytogenomic Imbalances

PATHOGENIC — Imbalance known to be associated with
specific disorder (targeted region) or large imbalance

UNCERTAIN SIGNIFICANCE - No known associated
disorder, however imbalance includes several genes and
parental analysis is needed to aid Iin interpretation; some
newly defined regions — such as 16p11 duplications

BENIGN — Well described common polymorphism in normal
iIndividuals (defensin cluster on 8p)
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Pathogenic vs. Benign Imbalances

1. Clinical Significance
- known del/dup or Mendelian disorders
OMIM, DECIPHER (Sanger)

- known CNV
DGV

- comparison with other cases
PubMed, DECIPHER

2. Genomic/Gene Content
- correlates with size and location
UCSC, Ensembl (Sanger)

3. Inherited or de novo
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Data Analysis

15,753 arrays from 7 ISCA groups

Emory University
Gene Dx

University of Nebraska
Mayo Clinic

ARUP

University of Michigan
WRGL UK
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Pathogenic CNVs
n =15,7/53 arrays

PCNV = 2,766 (17.6% of total arrays)

Size of pCNVs:
Mean: 6.2 Mb

Median: 2.7 Mb

Median number of genes: 44

Deletions - 63.6% vs. Duplications - 36.4%
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Mechanism of Chromosomal Imbalances
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23.5%

Seg Dup

76.5%

Seg dup regions (hotspots)
only represent ~8% of the
genome, but >20% of CNVs
Involve these regions.

The majority of CNVs do not
Involve seg dups.

Non-SD



ACC/CMGS Meeting Durham 6™ April 2011



15911.2 BP1-2

Eichler presented data at ISCA
Conference to show that the 15911.2
(BP1-BP2) deletion is significantly
enriched In patients with developmental
delay (127 affected cases v 27 controls).
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Towards a CNV Atlas

The previous CNV data was compiled from a
small subset of the current ISCA labs

This data set will be expanded to include all
ISCA labs as the infrastructure is set up for
automated data submission, curation and
visualization

This process and database development will aid
In our abllity to predict which CNVs impact
human development
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Outline of talk

Prospective use of ISCA 8x60 k array

Results from first 6 months replacing
karyotyping in DD/MR/CA
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July 2010

http://www.ngrl.org.uk/wessex/downloads/pdf/NGRLW aCGH 1[1].0.pdf
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Data for UKGTN Array CGH gene
dossier (approved 01/03/2011)

700 front line cases run on ISCA 8x60 k
oligo array (6 months data)

Clinical Genetics
Paediatrics
Neurology

203/700 for follow up (29%)
98/700 (14%) “pathogenic” CNVs
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Array CGH as the Front line test
(the Wessex Experience to date)

Referrals for neurodevelopmental
disorders only

Blood laboratory adopted “Genetix”
automated karyotyping

Karyotyping now only for ? aneuploidy /
family history / infertility
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Cytovision installed Nov 2010

Metaphase finder- significantly reduces
time spent finding analysable cells

Counting function- much quicker

Automated karyotyping- quicker analysis
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Backlog

5/1 115 cases
12/1 80 cases
18/1 40 cases
21/1 0

2/2 0
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Array CGH

- more cases having arrays as the front-line
test thus less cases to karyotype

- and high resolution analysis not required
for those cases.
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Outline of talk

“To FISH or not to FISH, that Is the
guestion”
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Significant part of array CGH workflow
Involves follow up of parental samples
(trios)

Array CGH identifies imbalances with
accuracy

Array CGH does not provide information
on structural origin of imbalance

FISH v MLPA (QPCR) for follow up
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Audit of Array CGH follow up
iInvolving four centres (n = 14,293)*

Wessex

Leuven

Nijmegen Medical Centre

Leiden University Medical Center

* Data presented here from Wessex only; joint data submitted March 2011
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Wessex Study population
(~ 2 yrs data)

2645 cases DD/MR/CA (NGRL 44 k and
ISCA 60 k)

680 CNVs selected for follow up (25.7%)

249 cases one or both parents N/A (36%)

219 FISH follow up; 212 by MLPA
(determined by size and/or availabllity of cel

S)

Total de novo 155 (FISH & MLPA) [5.9%
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FISH RESULTS

Wessex has the Sanger 30 k tile path BAC
clone set and so can FISH all regions of
the genome to ~ 120 Kb resolution

Currently have 3030 FISH ready clones

New clones can be made available with ~
[/ days

Of 155 de novo, 118 FISH tested

ACC/CMGS Meeting Durham 6™ April 2011



FISH RESULTS (WESSEX) IN 219 CASES

Deletion Amplification Insertion Derivative Complex Total

de novo 95 16 0 5 2 118

maternal 33* 31 3 2 0 69

paternal 18 12 1 1 0 32
Total 146 59 4 8 2 219

* one mos del(2); two children with del(2)
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der(11)ins(6;11)(p13;p14.3)

proband father

12.2 Mb

ACC/CMGS Meeting Durham 6 April 2011 FATS 11p14.3 D11Z2 11 Centromere



der(12)ins(12;13)(g23;913.39q13.3)mat

proband mother

0.76 Mb

RP11-131P10 13913.3 L1.26 13/21 Centromere
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Proband and mother

3.8 Mb
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Chr 6
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Chr 9




Insertions

3 of the four were unbalanced products of
balanced parental insertions [1.4%)]

In the fourth, the unbalanced insertion was
transmitted from mother to daughter both
of whom shared the same abnormal
phenotype
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Unbalanced translocations

5 of the eight were de novo; 3 of the 8
were inherited from a carrier parent

One unbalanced carrier
Two balanced carriers
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Recurrence risks modified by FISH

Event mat | pat |de novo | Total
Insertions 3 1 0 4
Translocations 2 1 5 8
Total 5 2 5 12

71219 (3.2%) FISH significantly altered recurrence  risk and genetic counselling
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Outline of talk

Concluding remarks
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What next?

The design and introduction of exon
targeted array CGH

The implementation of NGS for mutation
detection in DD/MR/CA population

DDD protocol has been modified to

Include NGS exon sequencing of first 100
trios
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Swaroop Aradhya, Ph.D., FACMG, Director, Clinical Molecular Genetics & Cytogenetics, GeneDx, Gaithersburg, MD (ISCA
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DDD STARTED THIS WEEK !

ACC/CMGS Meeting Durham 6™ April 2011



Canadian College of Medical Genetics  Position Statement :

Use of array genomic hybridization technology in co nstitutional genetic diagnosis
in Canada

“Array genomic hybridization should be the first line laboratory investigation for the
patient whose DD/MR, autism, multiple congenital anomalies or dysmorphic features is
unexplained after a thorough history and physical examination”.

American College of Medical Genetics PRACTICE GUIDELINES

Array-based technology and recommendations for util ization in medical genetics practice
for detection of chromosomal abnormalities

Recommendations: 1. Cytogenetic microarray (CMA) testing CNV is recommended as a first
line test in the initial postnatal evaluation of individuals with the following: A. Multiple anomalies
not specific to a well-delineated genetic syndrome B. Apparently non-syndromic developmental
delay/ intellectual disability C. Autism spectrum disorder

Consensus Statement: Chromosomal Microarray Is a Fir ~ st-Tier Clinical Diagnostic Test for
Individuals with Developmental Disabilities or Cong enital Anomalies

David T. Miller, et al (on behalf of the ISCA Consortium ) Am J Hum Genet 86, 749-764 (2010)
“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”.

UKGTN FEBUARY 2010 “The evidence base supporting the use of arrayCGH as a first line
test in learning disabilities is robust and conclusive, with a diagnostic yield of between 18 -
19% in most laboratories which is significantly higher than the current standard method

(karyotyping)”.
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Royal College of Medical Genetics

Array-cgh as the front line test for
DD/MR/CA not yet universally available in
the UK

UKGTN approval - array gene dossiers
now on UKGTN

Need co-ordinated professional body for
new technology (NGS)
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CONCLUSIONS

ISCA evidence based constitutional
array CGH design has had a significant
Impact on array CGH utilisation In
constitutional applications

Greater data sharing (opt out) will
Improve CNV calls

Higher resolution and targeted arrays
with NGS will be introduced within next

two years
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