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Prenatal diagnosis of chromosomal disordersPrenatal diagnosis of chromosomal disorders

Fetal abnormality
11-14 w 
18-20 w
Other scan

T21 (T18) screening
NT

PAPP-A, bHCG
AFP, uE3, Inhibin

Fetal markers
18-20 w

AmniocentesisChorionic Villus
Sampling

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

Structural abnormalities associated with 
common chromosomal  abnormalities

Holoprosencephaly
Microcephaly
NTD
Cystic hygroma
Cardiac abnormality
Diaphragmatic hernia
Exomphalos
Oesophageal atresia
Duodenal atresia
Renal abnormalities
Radial aplasia
Hydrops
FGR
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Abdominal wall defectsAbdominal wall defects
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Megacystis at 10-14 weeksMegacystis at 10-14 weeks
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Ultrasound screening for fetal abnormalities

Chromosomal abnormalities
Ultrasound screening for fetal abnormalities
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Kagan et al Obstet Gynecol 2006

Relationship between increased NT thickness and 
chromosomal disorders

Relationship between increased NT thickness and 
chromosomal disorders



Prenatal diagnosis of chromosomal disordersPrenatal diagnosis of chromosomal disorders

Chromosome analysis
Culture of cells

Harvest
Staining of metaphase spreads
Analysis with light microscope

Robertsonian (14;21) 47,XY,+21 (Trisomy 21)

Flask or tube: monolayer analysis Coverslip:clonal analysis

Numerical abnormalities
Structural abnormalities

Occur in 1% newborns



Prenatal diagnosis of chromosomal disorders
Limitations of G-banded karyotyping of cultured cell s

Prenatal diagnosis of chromosomal disorders
Limitations of G-banded karyotyping of cultured cell s

• Low resolution (detect numerical & structural rearrangements >4 Mb)
- Fail to detect common microdeletion/duplication syndromes
- Fail identify origin of small supernumary marker chromosomes
- Fail identify subtle re-arrangements of subtelomeric regions

• Slow (in vitro culture & harvest fibroblasts)   

• Labour intensive (one technician handle ~250 samples/y)

• Cost (35,000 karyotpes p.a. @ cost £3.3M = £95 each)
Grimshaw et al. HTA 2003
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Prenatal diagnosis of chromosomal disorders

Molecular techniques
Prenatal diagnosis of chromosomal disorders

Molecular techniques

Any method capable of determining copy number differences at one or multiple loci

• Fluorscence In Situ Hybridisation (FISH)

• Quantitative Fluorscence PCR (QF-PCR)

• Multiplex Ligation Probe Amplification (MLPA)

• Pyrosequencing

• Multiple Amplified Probe Hybridization (MAPH)

• Array comparative genomic hybridisation

• Whole genome DNA sequencing  



Array Comparative Genomic Hybridisation
Advantages

Array Comparative Genomic Hybridisation
Advantages

• Resolution of the analysis can be whole genome
or targeted

• Detection of sub-microscopic deletions/duplications 
as small as 100 kb 

• Simultaneous analysis of 103-106 loci



Array Comparative Genomic Hybridisation TechnologyArray Comparative Genomic Hybridisation Technology

• BAC array
• Full tiling BAC array
• cDNA array

• Oligonucleotide array
• SNP array

Backbone coverage

Targeted regions

Genes 

Microdeletion/microduplication

Known syndromic region

Unique subtelomeric region

Unique pericentromic region

Specific genes

Backbone coverage

Targeted regions

Backbone coverage

Targeted regions

Genes 

Microdeletion/microduplication

Known syndromic region

Unique subtelomeric region

Unique pericentromic region

Specific genes

Whole genome designs
‘Focused’ designs
- Exons
- Disease-associated regions
- CNV 

Custom designs 

Main Platforms
Agilent

Affymetrix
NimbleGen



Array Comparative Genomic HybridisationArray Comparative Genomic Hybridisation

• Isolation & differential labelling
genomic DNA from patient and
a reference (control) with two
fluorophores (Cy3 & Cy5)

• Co-hybridisation DNA to matrix
of DNA fragments (probes) with
known genomic positions
- short oligonucleotides (25- to 60-mer)
- genomic fragments (up to 1 Mb)

• Fluorescence ratio for each probe
reflects the average copy number 
ratio between patient and control 
DNA

Green = loss red signal (deletion)
Red = increase in copy number (duplication)

Deletion

DuplicationControl DNA  Patient DNA 



Quality Control 
Labelling Kits

Analysis & Statistics
Visualisation

Pathway Integration

Hybridisation Array Processing
Scanning

Array Comparative Genomic HybridisationArray Comparative Genomic Hybridisation



Array Comparative Genomic HybridisationArray Comparative Genomic Hybridisation

0711422                  del(17)(q21.31)de novo ~ 633 Kb



Array Comparative Genomic Hybridisation
Copy Number Variations

Array Comparative Genomic Hybridisation
Copy Number Variations

Structural variation consisting of differences in number of copies of a
particular region in the genome (few ® multimillion bp ) 

• 12% human genome is CNV  (up to 40% overlap with known genes)
• Contribute up to 7% of genome variability within humans 
• Over 29,000 CNVs catalogued in database of Genomic Variants

9

amplification
deletion

From few Kb to > 3Mb



Copy Number Variants: ClassificationCopy Number Variants: Classification

• Pathogenic imbalances
- known microdeletion and duplication regions
- large imbalances (1-5 Mb) involving a number of significant genes

• Benign imbalances 
- frequently encountered CNVs

• Imbalances of unknown clinical significance 

(http://decipher.sanger.ac.uk/)

ISCA
International Standards for Cytogenetic Arrays 
(https://www.iscaconsortium.org/) 



EACH Study

Follow up studies for an abnormal array
EACH Study

Follow up studies for an abnormal array

• Autosomal imbalances - parent vs parent (sex mis-matched)   
array with analysis focused on unbalanced region only

• Sex chromosome imbalances – sex matched arrays, MLPA 
and/or FISH 

Parental origin of imbalance 

Further characterise the imbalance

• MLPA (e.g. if imbalance correspond to commercially available primers)

• FISH (e.g terminal duplication and terminal duplication found on 
different homolgues suggesting unbalanced translocation)



Reported genome wide studies of apparently pathogenic 
CNVs in children with idiopathic mental retardation and 

normal conventional cytogenetic analysis

Reported genome wide studies of apparently pathogenic 
CNVs in children with idiopathic mental retardation and 

normal conventional cytogenetic analysis

Author

de Vries et al. 2005
Friedman et al. 2006
Menton et al. 2006
Fan et al. 2007
Hoyer et al. 2007

N

100
100
140
100
104

N (%) with 
apparently pCNVs 

10 (10%)
10 (10%)
19 (13.6%)
15 (15%)
10 (9.6%)

Submicroscopic deletions / duplications 150 kb – 15 Mb
Abnormalities in conventional cytogenetic analysis in further ~10% 



Follow up studies for an abnormal arrayFollow up studies for an abnormal array

Category No % 
Abnormal 122 27.2%
Normal 327 72.8%
Total 449 100.0%

WRGL experience in cases with DD / MR referred by geneticists 

*  Same abnormality found in parent with similar phenotype or 
penetrance of  abnormality known to be variable e.g. del(1)(q21.1) 

** Same abnormality found in apparently phenotypically normal parent

Confirmed de-novo 27 (22.1%)
Segregating abnormalities* 10 (8.2%)
CNV** 37 (30.3%)
Abnormal in progress 48 (39.3%)



Lessons learnt from early aCGH studies in children with 
idiopathic mental retardation

Lessons learnt from early aCGH studies in children with 
idiopathic mental retardation

• Most CNVs are benign 
- greatest source genetic variation in normal population
- mean number apparently bCNVs per person = 24-824 

(Redon et al. 2006, Wong et al. 2007, Kidd et al. 2008)

- involve more nucleotides per genome than SNPs 
(Levy et al. 2007)

• Most bCNVs are inherited
- some exist as common polymorphisms in the general 
population

- >95% have population frequencies � 2% (Pinto et al. 2007)

- Distinguishing bCNVs from those that cause MR is a 
serious challenge



Prenatal diagnosis of chromosomal disorders

Rationale for the use of array CGH   
Prenatal diagnosis of chromosomal disorders

Rationale for the use of array CGH   

• Major congenital anomalies affect 1-1.5% of births
• Chromosomal abnormalities responsible for 20-25%

• All women now offered US scan at 11-14 and 18-20 wk
- 3% @ ‘high risk’ chromosomal disorder
- 1.5% structural abnormality

• Some structural abnormalities associated with well defined
microdeletion/duplications syndromes (e.g. del22q11)

• Fetuses with multiple structural abnormalities often have 
adverse neurodevelopmental outcome



Prenatal diagnosis of chromosomal disorders

History of array CGH studies  
Prenatal diagnosis of chromosomal disorders

History of array CGH studies  

• First studies used low resolution BAC arrays on fetal DNA
extracted from TOP cases (e.g.Schaeffer et al. 2004)

• Confirmation use fetal DNA from uncultured and cultured
amniocytes and CV for aCGH (e.g. Lapaire et al. 2007)

• Initial series (BAC arrays in fetuses with normal karyotype) 
found pCNVs 1.3-2.7% (bCNVs 8.8%) (e.g. Shaffer et al. 2008)

• First report targeted oligo-array identified CNVs in 58/300 
(19.3%) fetuses (5.0% deemed pCNVs) van de Veyver 2009

• Recent reports of oligo-arrays in fetuses (n=39-106) with US 
anomalies but normal karyotype - CNVs found in 8-33% of   
which 25-100% considered pathogenic (Vialard et al. 2009,  
Kleeman et al. 2009, Tyreman et al. 2009, Valduga et al. 2010)



Additional chromosomal imbalances detected by aCGH over 
conventional karyotyping

CNVs which are pathogenic or unknown significance  

Additional chromosomal imbalances detected by aCGH over 
conventional karyotyping

CNVs which are pathogenic or unknown significance  

Hillman et al. 2011

All clinical
indications

3.6 (1.5-8.5)%

Abnormal 
ultrasound
scan

5.2 (1.9-13.9)%



Additional chromosomal imbalances detected by aCGH 
over conventional karyotyping

All Copy Number Variants 

Additional chromosomal imbalances detected by aCGH 
over conventional karyotyping

All Copy Number Variants 

Hillman et al. 2011

All clinical
indications

12 (8.8-16.4)%

Abnormal 
ultrasound
scan

11.2 (5.7-22.1)%



Prenatal diagnosis of chromosomal disorders

Unpublished series of aCGH  
Prenatal diagnosis of chromosomal disorders

Unpublished series of aCGH  

Leung et al.
(Hong Kong)

Chitty et al.
(London)

Poon et al.
(Japan)

Hillman et al.
(Birmingham)

NIH Study

NT > 3.5 mm

US anomalies
+ normal MLPA

US anomalies

US anomalies 
(21% NT >3.5mm)

Routine (age)
US anomalies

45

65

90

81

2000
2000

Targeted oligo

BAC 

Targeted oligo

Targeted BAC

Targeted oligo 
(4 x 44K)*

6 (15.6%)

2 (3.1%)

7 (7.7%)

3 (3.7%)

?
* Plus ‘assessment of Nimblegen & Affymetix platforms

Author              N         Indication                    Array                            pCNV



Array Comparative Genomic Hybridisation
Challenges with prenatal application 
Array Comparative Genomic Hybridisation

Challenges with prenatal application 

• Distinguishing normal (benign) copy number polymorphism
- difficult to rule out a causative or modifier role
- communicating results may increase anxiety & lead parents to choose
to terminate a fetus potentially at low risk of adverse outcome 

• Detection of known microdeletion with variable phenotype

• Failure to detect balanced rearrangements, UPD and low 
level mosaicism 

• Uncertainty over optimal array – Choy et al. 2010
- genome-wide vs targeted (probes with well defined associations with 

genetic disorders) and optimal resolution

• Cost 
- average cost aCGH £442 (vs karyotyping £117) Wordsworth et al 2007
- follow up tests (MLPA £245, targeted FISH £214) Choy et al. 2010



Array Comparative Genomic Hybridisation
Questions

Array Comparative Genomic Hybridisation
Questions

• Does aCGH detect more pathogenic CNVs than conventional 
karyotyping? 

• Are average turnaround times for aCGH less than conventional 
karyotyping ?

• Are costs per additional pathogenic CNV detected by aCGH less than
conventional karyotyping?

• What factors influence parents and HPs choice and decision making 
around aCGH (and the potential to replace karyotyping)? 



EACH Study
Evaluation of Array Comparative genomic Hybridisation in 

prenatal diagnosis of fetal anomalies

EACH Study
Evaluation of Array Comparative genomic Hybridisation in 

prenatal diagnosis of fetal anomalies

Multicentre study comparing aCGH & karyotyping in f etuses with:
(a)one or more structural anomalies identified at 11-14 or 18-20 wk screening US or
(b)isolated nuchal translucency > 3 mm at 11-14 wk screening US  

Sample size – 500 in each group (>90% power to detect a difference in DRs of
pathogenic CNVs at 5% significance level (assuming that karyotyping and aCGH 
detect anomalies in 5% and 10% of fetuses respectively)

Assume (a) 35% couples decline
(b) 20% excluded because of QF-PCR  identifies a common major 

numerical sex or autosomal chromosomal anomaly
(c) 15% cases exclude because of insufficient DNA

Includes qualitative sub-study to explore and understand patient, health professional
and commissioner preferences for aCGH  

Guide health service providers on whether aCGH should replace conventional
karyotyping in prenatal diagnosis of fetal anomalies detected by routine US screening



Comparison of Cytogenetics Array Platforms
NHS technology Assessment (NGRL Wessex)

Comparison of Cytogenetics Array Platforms
NHS technology Assessment (NGRL Wessex)

• 12 samples (15 varied chromosome abnormalities)

• 5 Platforms 
• 5 software packages 

• Comparisons
Design strategy
Laboratory processing
Array quality metrics (from software)

Software and analysis processing
Detection rate
Breakpoint resolution
Overall consumable cost

NGRL 4x44k

ISCA 8x60k

ISCA 4x180k

Affymetrix 
2.7M

NimbleGe
n CGX-12

Huang & Crolla 2010
http://www.ngrl.org.uk/wessex/downloads_reports.htm



Comparison of Cytogenetics Array Platforms: NGRL Report
Bottom Line!

Comparison of Cytogenetics Array Platforms: NGRL Report
Bottom Line!

• All need ~ 1000 ng DNA (except Affymetrix ~100 ng + amplification step)
(‘but possible to obtain analysable result with 200 ng’)

• Procedure times comparable (~ 3 d)
• Quality metrics comparable
• All software packages use different analytical algorithms – all have ‘many
positive features’ – none automatically perform all tasks required

• Detection rates comparable (93-100%)
• Affymetrix 2.7M array highest 
breakpoint resolution (average of 7665 pairs)

• OGT ISCA 8x60k & Nimblegen CGX-12
cheapest (relative to NGRL 4 x 44k)

0%

19%

14%

-32%
-30%

-40%

-30%

-20%

-10%

0%

10%

20%

30%

NGRL 
4x44k

Affymetrix
 2.7M

ISCA
 4x180k

ISCA 8x60k
(OGT)

NimbleGen
CGX-12

OGT Cytosure ISCA 8x60k platform
Semi-automated workflow
96-well plate template 
Reduced hands-on time 6.25 vs 52,5 min/sample

Huang & Crolla 2010



EACH Study

Array format
EACH Study

Array format

• Outline proposal – compare 60K vs 135K formats

• Evolving evidence that use of higher density arrays ®
- no increase in diagnostic utility
- increase in benign CNVs recorded

• Changes in array design – ISCA consortium produced 
evidence-based design (platform / vendor neutral)

- 8 x 60K (OGT, Bluegnome, Agilent)
- NETRGL replicated ISCA design within 135K Nimblegen format

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 dbGaP database at NCBI/NIH



EACH Study

Laboratory Procedures
EACH Study

Laboratory Procedures

• Participating laboratories (WRGL, NETRGL, Newcastle, Bristol, Cambridge. Liverpool) 

• Optimisation of  protocols  for  DNA extraction & quality
metrics from AF / CV (WRGL) ® SOPs

• aCGH incorporated into labs ongoing diagnostic service 
(i.e. use local platform (OGT, Bluegnome, Nimlegen or Agilent), labelling, hybridisation, 
scanning & extraction / analysis protocols) 

(a) to achieve maximum efficiency (equipment etc)
(b) to optimise turnaround times 

• Output conform to same genome build (currently Build 36)

• All copy number calls recorded in standard format and 
recorded in central bespoke databse



Local  laboratory

Consent 
declined

(n=820)

Trio  consent / samples

CVS / Amniocytes

Strutural anomaly/ies at 11-14 or 18-20 weeks’ gestation (n=1220) 

or NT >3mm at 11-14 weeks’ gestation (n=1125)

Evidence based array CGH (n=1035)

ISCA array CGH (135K) OR ISCA array CGH (60K)

Maternal & Paternal blood

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

Fixed cells & storage

Karyoptying

DNA Extraction

Mother only consent / samples

DNA Extraction

(Cultured cells)
DNA Extraction & 

storage

Array CGH Normal or Benign 
CNV

Record in Study 
Database

Array CGH Failed Array CGH Abnormal
Follow up - Array 

CGH/MLPA/FISH/qPCR

Health professionals 
& Patient

GENETIC 
COUNSELLING

QF-PCR

Pathogethic CNV/known 
microdeltion/duplication 

CNV of unknown 
clinical significance

Benign CNV

Normal (n=1220) Abnormal (n=305)

EACH
Throughput



EACH WORKFLOW – INTERPRETATION & CLINICAL GENETICS

Array CGH REPORT

CNV 
INTERPRETATION

ISCA DATABASE

EACH Expert Genetic 
Review Group

DGV

LITERATURE DECIPHER

FOLLOW UP AT 
BIRTH / AUTOPSY 

as per standard 
clinical protocols

PATHOGENIC CNV

GENETIC 
COUNSELLING

PREGNANCY 
CONTINUES

TOP

FOLLOW UP AT 
BIRTH / AUTOPSY

PREGNANCY 
CONTINUES

BENIGN CNV

TOPCNV OF UNCERTAIN 
SIGNIFICANCE

PREGNANCY 
CONTINUES

Long term
developmental follow up

EACH; CNV Interpretation and Clinical managementEACH; CNV Interpretation and Clinical management



Array CGH in fetal anomalies
Conclusions

Array CGH in fetal anomalies
Conclusions

• Offers genome-wide screening for pathogenic CNVs in
fetal anomalies

• Interpretation of some CNVs remains a significant 
challenge (but data improving)

• Further studies needed to determine if aCGH should replace 
cenventional karyotyping (NIH study, EACH study)  

• Possibility MPS may supersede aCGH 



DNA sequencingDNA sequencing

Sanger
• PCR amplification of DNA fragments 
• ‘Cycle’ sequencing (with labelled ddNTPs)
• Read lengths of ~1Kb

From Tucker et al. 2009 

Massively parallel
• Creation DNA fragment library 

(fragment gDNA, denaturation, adaptor ligation)
• Clone library onto beads* 
• Amplification (bridge or emulsion PCR)*

• Sequencing of clones (by synthesis or ligation-
based sequencing), simultaneous imaging

• Base-calling and data analysis
• Read lengths 30-75+ bp

* Unnecessary in single-molecule sequencing



Massive Parallel DNA Sequencing
Novel Diagnostic Capabilities

Massive Parallel DNA Sequencing
Novel Diagnostic Capabilities

• Mutation detection in Mendelian Disease
- Increased sensitivity (e.g. large genes
- Simultaneous screening for mutations at multiple loci

• Genomic variants predisposing to (or protecting against) 
complex diseases

• Pharmacogenomics

• Epigenetic changes

• Structural variants (balanced and unbalanced) 

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/



Massive Parallel DNA SequencingMassive Parallel DNA Sequencing

Advantages

• Increased throughput  (25M bps in 4h)
• Reduction in cost (vs Sanger sequencing)
• Accurate detection of minor alleles (rare mosaic variants & heterozygous  
deletions) + copy number of any segment (dependent on depth of sequencing)

Disadvantages

• Cost – per base cost (£4/Mb), initial set-up costs (£250K-800K), 
• Short read lengths make de novo sequence assembly more difficult and 
less complete 
- paired-end or mate-paired reads

• Error rates of raw sequencing data
- proof-reading polymerase in sequencing process
- standardised quality metrics 



Molecular karyotyping
Massively parallel sequencing

Molecular karyotyping
Massively parallel sequencing

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% (39/391, 86/862), FPR – 0.3-2.1% (1/4101, 3/1462)

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%  

Maternal plasma DNA

Fetal DNA
CNV-sequencing (Cohen et al. 2011 unpublished)

• 10 cases known chromosomal anomalies (incl. submicroscopic deletions)
• Detection rate 100%



Whole Genome Sequencing
New approaches to identify coding variants

Whole Genome Sequencing
New approaches to identify coding variants

• Whole-exome sequencing

• RNA-sequencing

• CNV sequencing



Whole Genome Sequencing
New approaches to identify coding variants

Whole Genome Sequencing
New approaches to identify coding variants

CNV-sequencing
• Two sets shotgun sequencing  reads
(test and reference)

• Mapped by sequence alignment  on
a template genome

• Uses sliding window approach to 
analyze mapped regions

• CNVs detected by computing number 
of reads for each individual in each of 
the windows (yielding ratios)

• Ratios assessed by computation of a 
probability of a random occurrence
(given no copy number variation)

Xie & Tammi 2009



Whole Genome Sequencing
New approaches to identify coding variants

Whole Genome Sequencing
New approaches to identify coding variants

CNV-sequencing
• No reliance on NA hybridisation 

- ? improve reproducibility (less affected by poor quality NA)

• Depth of coverage much less than MPS
- No. reads sequenced (not length of reads) key determinant  of resolution
(with constant resolution, ­ number sequenced reads ® ­ sensitivity)

• Multiplexing of multiple samples possible (without loss of sensitivity)

• Impact on cost / turn around times unclear  



Massively Parallel Signature Sequencing (MPSS)
PD of T21 by maternal plasma DNA sequencing

Massively Parallel Signature Sequencing (MPSS)
PD of T21 by maternal plasma DNA sequencing

Multiplexed* MPS of DNA in maternal plasma (2-5 mL)
- 2 plex (Genome Analyser IIx [Illumina])
- 8 plex (Genoma Analyzer II [Illumina]) 

Unique signature sequence (Index) of 6 bp on one end of
each plasma DNA molecule (per sample)

Chromosomal origin of each sequenced ‘read’ identified 
- ELAND software (Illumina)

Calculate % chromosome 21in each maternal plasma sample
- Z score =  mean % ch21 [test case] – mean % ch 21 [reference controls

SD % ch 21 in reference controls

Quality control assessment
- Before / after DNA extraction, after sequencing library preparation, after sequencing

Chiu et al. Br Med J 2011



Whole Genome Sequencing
New approaches to identify coding variants

Whole Genome Sequencing
New approaches to identify coding variants

• Whole-exome sequencing
Exome capture (using microarrays) followed by sequencing
Identify ~95% genomic single nucleotide variants 

• RNA-sequencing
Generate additional information (expression levels / splicing pattern)

Dependent on expression level of genes 
Identify ~40% exonic variants 



Massively Parallel Signature Sequencing (MPSS)
PD of T21 by maternal plasma DNA sequencing

Massively Parallel Signature Sequencing (MPSS)
PD of T21 by maternal plasma DNA sequencing

8-plex sequencing protocol

2-plex sequencing protocol
764 high risk samples (mean 13 wk)
11 (1.4%) failed QC requirements
86 cases T21

Mean (SD) reads per sample:
• 8-plex - 0.3 (0.08) M
• 2-plex - 2.3 (0.4) M

With chromosome 21 z-score � 3
DR              FPR

8-plex            79.1%      1.1%
2-plex            100%       2.1%

Chiu et al. Br Med J 2011



Massively Parallel Signature Sequencing (MPSS)
Probabilities for a trisomy 21 fetus in women by age alone and 
according to result of maternal plasma DNA sequenci ng test

Massively Parallel Signature Sequencing (MPSS)
Probabilities for a trisomy 21 fetus in women by age alone and 
according to result of maternal plasma DNA sequenci ng test

Chiu et al. Br Med J 2011



Whole Genome Sequencing
New approaches to identify coding variants

Whole Genome Sequencing
New approaches to identify coding variants

• Whole-exome sequencing
Exome capture (using microarrays) followed by sequencing
Identify ~95% genomic single nucleotide variants 

• RNA-sequencing
Generate additional information (expression levels / splicing pattern)

Dependent on expression level of genes 
Identify ~40% exonic variants 



Relationship between increased NT thickness and 
chromosomal disorders

Relationship between increased NT thickness and 
chromosomal disorders

Kagan et al Obstet Gynecol 2006

T21

Other sex
chromosome defect

T18

T13

Triploidy

Turner



DECIPHER database tools 
- Graphical representation chromosomal region
found to be deleted or duplicated 

- Tools to aid interpretation of the rearrangement 
as a known polymorphism, microdeletion/  
microduplication syndrome or involving genes 
predicted to be haploinsufficient

- Overlap analysis with aberrations reported 
previously 

- Phenotype record (and comparison)
- Identification of genes within the deleted/
duplicated region and link to further information

- Report printing

The DECIPHER database of submicroscopic chromosomal imbalance collects clinical 
information about chromosomal microdeletions/duplications/insertions, translocations 

and inversions and displays this information on the human genome map.



International Standards for Cytogenetic Arrays (ISCA)

Consortium and Public Database
International Standards for Cytogenetic Arrays (ISCA)

Consortium and Public Database

• Consortium of clinical cytogenetics & molecular genetics 
laboratories using molecular cytogenetic technologies 
(e.g. aCGH & SNP analysis by microarrays or bead chip technology.) 

• Database contains whole genome array data - includes 
analysis on individuals with intellectual disability, autism
and developmental delay.

• Total cases to-date 24271 (accessed 3/4/2011)

• Collated results of 16,000 arrays 
- Determine robust OR’s for a number of recurring

deletion and duplication regions



~3.45 Mb 4q13.1 deletion – de novo
del(4)(q13.1)

EACH Study

Follow up studies for an abnormal array
EACH Study

Follow up studies for an abnormal array



Affymetrix 2.7M NimbleGen CGX-12 
ISCA 4x180k

 (Agilent) 
ISCA 8x60k 

(OGT/Agilent)
NGRL 4x44k 

(Agilent)

Backbone coverage  1kb/probe 35k/probe 25kb/probe 60kb/probe 75kb/probe

Target region 
coverage 

690bp/probe 10kb/probe

5kb/probe or 20 probes 
per targeted region (or 
on average, 50 probes 

per targeted region)

On average, 40 probes 
per targeted region

Two to five extra probes 
per targeted regions

Backbone resolution 
Depend on number of markers, size and 

confidence
175kb (5 contiguous probes 

to make a call)
100kb (4 contiguous 

probes to make a call)
240kb (4 contiguous 

probes to make a call)
225kb (3 contiguous 

probes to make a call)

Target region 
resolution

 If the filter set as 20 markers within 
50kb, the resolution should be 20x690 for 

the targeted region

50kb (5 contiguous probes 
to make a call)

20kb (4 contiguous 
probes to make a call)

~48kb (4 contiguous 
probes to make a call)

~60kb (3 contiguous 
probes to make a call)

Probe types

2.3 million non-polymorphic markers for 
CNV, and 400,000 SNP markers for 
LOH, UPD, and regions identical-by 

descent

Non-polymorphic markers 
for CNV

Non-polymorphic 
markers for CNV

Non-polymorphic 
markers for CNV

Non-polymorphic 
markers for CNV

Probe size  49 mer 60 mer 60 mer 60 mer 60 mer

 How many targeted 
regions are included

Coverage (%) if using filter of 20 markers 
with minimum size of 50 kb

RefSeq genes (18,701) 18,533 (99.1%)
Cancer genes (318) 318 (100%)

Cytogenetics relevant/haploinsufficiency 
genes (559) 548 (98.0%)

X chromosome genes (801) 786 (98.1%)
OMIM genes (12,341) 12,242 (99.2%)

Over 700 genes, 200 
recognized genetic 

syndromes, 41 unique 
subtelomeric regions, 43 
unique pericentromeric 
regions. Regions tested 

could be viewed at 
http://www.signaturegenomi
cs.com/disorders_tested.ht

ml

501 targeted regions 498 targeted regions

155 targeted regions
(http://www.ngrl.org.uk/W
essex/microdel_collectio

n.htm)

Customer self 
design availability

No No Yes Yes Yes

Comparison of Cytogenetics Array Platforms: NGRL Report
Array Design

Comparison of Cytogenetics Array Platforms: NGRL Report
Array Design


