Association of Clinical Cytogeneticists 2011

Array Comparative Genomic Hybridisation

Should it replace conventional karyotyping
for fetal anomalies?

S. Robson

Professor T T
Fetal Medicine R ER
Newcastle University




Prenatal diagnosis of chromosomal disorders

T21 (T18) screening

NT
PAPP-A, bHCG
AFP, uE3, Inhibin

4

Chorionic Villus
Sampling

Fetal markers

18-20 w

Amniocentesis

Fetal abnormality

11-14 w
18-20 w

Other scan

Fetal Blood
Sampling

Chromosome analysis
Culture of cells
Harvest

Staining of metaphase chromosome spreads

Analysis with light microscope




Structural abnormalities associated with
common chromosomal abnormalities

T21

T18

T13

45X0 Triploidy

Holoprosencephaly
Microcephaly

NTD

Cystic hygroma
Cardiac abnormality
Diaphragmatic hernia
Exomphalos
Oesophageal atresia
Duodenal atresia
Renal abnormalities
Radial aplasia
Hydrops

FGR

+
+




Abdominal wall defects |

Cord
insertion

\

Gastroschisis

Exomphalos

Bowel

Retraction of midgut herniation
complete by 11*°

[l van Zalen-Sprock et al. 97
[ Snijders et al. 95

Aneuploid Structural




Megacystis at 10-14 weeks

Longitudinal bladder diameter 2 7 mm

1 TOP (major defect)

1 SA (16 w)
4 TOP (major defects)
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Ultrasound screening for fetal abnormalities

Chromosomal abnormalities




Outcome according to NT
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Chromosome analysis
Culture of cells

Harvest
Staining of metaphase spreads
Analysis with light microscope




TIME IN DAYS

[ ~ S N =
N M OO

[
o

o N b~ O @

RIenate Csagnasis e Ciiamasame eisaeers

LU tans o T nanee ke Yoy eine oy coitres ce

LABORATORIES

25

20 1

15 |

10 1

National Reporting Times (days)
10 year audit




Rrenatal diagnesis-of chromosomal disonders
Maletriar e IHaues
e Fluorscence In Situ Hybridisation (FISH)

« Quantitative Fluorscence PCR (QF-PCR)

e Multiplex Ligation Probe Amplification (MLPA)

e Pyroseguencing

 Multiple Amplified Probe Hybridization (MAPH)

e Array comparative genomic hybridisation

* Whole genome DNA sequencing
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° B AC array BackboneT coverage
« Full tiling BAC array o
 cDNA array ] | |

Microdeletion/microduplication

- Oligonucleotide array > l
« SNP array

Unigue pericentromic region

Specific genes

Main Platforms
Agilent

Affymetrix
NimbleGen
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patient Deletion
control
Cy3 Cy5
Control DNA Patient DNA Duplication
Green deletion

Red duplication
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Quality Control Hybridisation Array Processing Analysis & Statistics

Labelling Kits Scanning Visualisation |
Pathway Integration
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mmm amplification
B deletion
From few Kb to > 3Mb
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(http://decipher.sanger.ac.uk/)
ISCA

International Standards for Cytogenetic Arrays

\(https://www.iscaconsortium.orq/) J




EACH Study
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de Vries et al. 2005
Friedman et al. 2006
Menton et al. 2006
Fan et al. 2007
KHoyer et al. 2007

Author

N

100
100
140
100
104

N (%) with
apparently pCNVs

10 (10%)
10 (10%)
19 (13.6%)
15 (15%)

10 (9.6%) /




Eallowun siudias for 20 AUnoiiE array

fCategory No % A
Abnormal 122 27.2%

Normal 327 72.8% \
._Total 449 100.0%

/
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Rienatal diagnesis-of chromosomal disorders
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Rrenatal diagnesis-of chromosomal disonders
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Additional chromosomal imbalances detected by aCGH over
conventional karyotyping
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Rrenatal diagnosis-of chramosomal disorders

URgunished earies ol aleleti

Author N Indication Array PCNV
Leung et al. 45 NT > 3.5 mm Targeted oligo 6 (15.6%)
(Hong Kong)

Chitty et al. 65 US anomalies BAC 2 (3.1%)
(London) + normal MLPA

Poon et al. 90 US anomalies Targeted oligo 7 (7.7%)
(Japan)

Hillman et al. 81 US anomalies Targeted BAC 3 (3.7%)
(Birmingham) (21% NT >3.5mm)

NIH Study 2000 Routine (age) Targeted oligo 9

2000 US anomalies (4 x 44K)* .
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prense egnasist iete enamaies

Guide health service providers on whether aCGH should replace conventional

karyotyping in prenatal diagnosis of fetal anomalies detected by routine US screening
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NGRL 4x44k

Affymetrix
2.7M

ISCA 8x60k

NimbleGe
n CGX-12

ISCA 4x180k
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Bottom Line!

30%
20% @ 19%
0 14%
10% A I
0 0%
0% T T
NGRL Affymetrix ISCA
4x44k 2.7™M 4x180k
-10% -
OGT Cytosure ISCA 8x60k platform 20% 1
Semi-automated workflow
96-well plate template > et
Reduced hands-on time 6.25 vs 52,5 min/sample | .o




EACH Study

Alravaormat

Interpretation of CNVs conform to an inter-laboratory standard
Significant cost savings

Through WRGL access to a public database (maintained for ISCA array
data) which will integrate into doGaP database at NCBI/NIH
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Consent

declined <

(n=820)

Strutural anomaly/ies at 11-14 or 18-20 weeks’ gestation (n=1220)
or NT >3mm at 11-14 weeks’ gestation (n=1125)

v

FMU — Recruitment / sampling (CVS or amniocentesis) (n=1525)

l

l

Trio consent / samples

Mother only consent / samples

N/

Karyoptying

}

CVS / Amniocytes <

Local laboratory

A 4

EACH

Throughput

GENETIC
COUNSELLING

y 3

l Maternal & Paternal blood L » | Fixed cells & storage

DNA Extraction

(Cultured cells)

DNA Extraction

A

l

L/ DNA Extraction &
QF-PCR storage
v
Normal (n=1220) Abnormal (n=305)
v

A 4

Evidence based array CGH (n=1035)
ISCA array CGH (135K) OR ISCA array CGH (60K)

» | Health professionals
& Patient

A

Pathogethic CNV/known
microdeltion/duplication

Array CGH Failed

Array CGH Normal or Benign

Array CGH Abnormal . Follow up - Array

ﬁ

\Y

Record in Study
Database

A

" CGH/MLPA/FISH/QPCR

/ |

=P | Benign CNV

N |

CNV of unknown

clinical significapce




A8 M PR W IS SR PIRAET 2 DU N L G- I G Ak IS AT 34063 |

ISCA DATABASE DGV
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CNV
INTERPRETATION

LITERATURE l DECIPHER
EACH Expert Genetic
Review Group

|

PATHOGENIC CNV | €= Array CGH REPORT = BENIGN CNV

| =

GENETIC » TOP PREGNANCY
COUNSELLING [P CONTINUES
PREGNANCY 1
CONTINUES
PREGNANCY —3| sirTh AUTORSY
l CONTINUES >
FOLLOW UP AT
BIRTH / AUTOPSY € Long term
asperstandard | X oo e oo >|  developmental follow up
clinical protocols
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From Tucker et al. 2009



Nasape 2aclia] DNA Saguanaine

Moyl DiEzgnostic Gauaniites

Disorders caused by;
(a)Wide variety of mutations in one or two genes
(e.g. haemoglobinopathies)

(b) Mutations in one or two major genes and several
minor genes (e.g. sensory disorders — deafness)

(c)Mutations in several equally important genes
(e.g. ataxias)

(d)Rare mutations in rare genes (e.g. mental retardation)

http://www.techgene.eu/project/
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Maternal plasma DNA

MPS-by-ligation for non-invasive diagnosis of trisomy 21

» Multiplexed MPS — z-score for proportion of Ch 21 DNA molecules >3

* 0.3-1.4% samples failed QC standards

 Detection rate - 100% (39/39%, 86/862), FPR — 0.3-2.1% (1/410%, 3/1467)
1Ehrich et al. AJOG 2011, 2Chiu et al. BMJ 2011

Targeted MPS (Liao et al. Clin Chem 2011)

* Exons on ch X enriched using SureSelect Enrichment system (Agilent)
 213-fold higher sequence coverage in enriched samples

» Coverage of fetus-specific alleles increased from 3.5% to 95.9%

Fetal DNA

CNV-seguencing (Cohen et al. 2011 unpublished)
» 10 cases known chromosomal anomalies (incl. submicroscopic deletions)
» Detection rate 100%
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2-plex sequencing protocol

DR FPR
8-plex 79.1%  1.1%

8-plex sequencing protocol 2—plex 100% 2 1%
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Probabilities for a trisomy 21 fetus in wemen by age alone and

according to, result of maternal plasma DNAseguenct ng test
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T21

Triploidy

Other sex
chromosome defect




DECIPHER database tools



International Standards for Cytogenetic Arrays (ISCA)
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Artewiiesion

. . ISCA 4x180k ISCA 8x60k NGRL 4x44k
Affymetrix 2.7M NimbleGen CGX-12 (Agilent) (OGT/Agilent) (Agilent)
Backbone coverage 1kb/probe 35k/probe 25kb/probe 60kb/probe 75kb/probe

5kb/probe or 20 probes

Target region 690bp/probe 10kb/probe per targeted region (or | On average, 40 pr_obes Two to five extra probes
coverage on average, 50 probes |  per targeted region per targeted regions

per targeted region)

s Depend on number of markers, size and |175kb (5 contiguous probes| 100kb (4 contiguous 240kb (4 contiguous 225kb (3 contiguous

Backbone resolutio confidence to make a call) probes to make a call) | probes to make a call) | probes to make a call)

If the filter set as 20 markers within

Target region 50Kb, the resolution should be 20x690 for 50kb (5 contiguous probes | 20kb (4 contiguous ~48kb (4 contiguous ~60kb (3 contiguous
resolution . to make a call) probes to make a call) | probes to make a call) | probes to make a call)
the targeted region
2.3 million non-polymorphic markers for
Probe types CNV, and 400,000 SNP markers for Non-polymorphic markers Non-polymorphic Non-polymorphic Non-polymorphic
p LOH, UPD, and regions identical-by for CNV markers for CNV markers for CNV markers for CNV
descent
Probe size 49 mer 60 mer 60 mer 60 mer 60 mer
Over 700 genes, 200
Coverage (%) if using filter of 20 markers recognized genetic
with minimum size of 50 kb syndromes, 41 unique 155 targeted regions
RefSeq genes (18,701) 18,533 (99.1%) | subtelomeric regions, 43 (htt ,//WW?N narl org UKW
How many targeted Cancer genes (318) 318 (100%) unigue pericentromeric . . P-/fwww.ngri.org. ukil
) . . : L ) ) 501 targeted regions 498 targeted regions | essex/microdel_collectio
regions are included Cytogenetics relevant/haploinsufficiency | regions. Regions tested n.htm)
genes (559) 548 (98.0%) could be viewed at '
X chromosome genes (801) 786 (98.1%) | http://www.signaturegenomi
OMIM genes (12,341) 12,242 (99.2%) | cs.com/disorders_tested.ht
ml
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