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Sourcing of appropriate positive and 
negative controls

•Problem for all genetic labs

•Also EQA providers

Need reference materials for:

•Validation of test/methods
•New diagnostic tests
•Normal controls
•Rotating controls
•Rare disorders currently no positive controls



CytogeneticsCytogenetics

Whole genome analysisWhole genome analysis
Constitutional and Constitutional and HaematoHaemato--Oncology Oncology 
((leukaemiasleukaemias))
New technologies e.g. MLPA, New technologies e.g. MLPA, MicroarraysMicroarrays
Overlap of technologiesOverlap of technologies
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Referrals to Cytogenetics LaboratoriesReferrals to Cytogenetics Laboratories

Cytogenetics 
Laboratory

Oncology Samples
- Recurrent cytogenetic   

abnormalities

Solid Tissues Samples
- Recurrent miscarriages
- Congenital Abnormalities

Prenatal Samples
- Increased Trisomy Risk
- Abnormal Ultrasound
- Family History of Chromosome 

Abnormality

Blood Samples
- Recurrent Miscarriages
- Infertility
- Family History of Chromosome 

Abnormalities
- Ambiguous Genitalia
- Learning Difficulties and Delayed 

Development
- Dysmorphic Features



Referrals to Cytogenetics LaboratoriesReferrals to Cytogenetics Laboratories

Cytogenetics 
Laboratory

Oncology Samples
- Recurrent cytogenetic   

abnormalities

Solid Tissues Samples
- Recurrent miscarriages
- Congenital Abnormalities

Prenatal Samples – later?
- Increased Trisomy Risk
- Abnormal Ultrasound
- Family History of Chromosome 

Abnormality

Blood Samples
- Recurrent Miscarriages
- Infertility
- Family History of Chromosome 

Abnormalities
- Ambiguous Genitalia
- Learning Difficulties and    

Delayed Development
- Dysmorphic Features

Key
Samples suitable for microarrays
Potential future sample group 



How many laboratories?How many laboratories?

700 cytogenetic labs in Europe 700 cytogenetic labs in Europe 

Cases per year in UKCases per year in UK
UK 2004 54,000 Blood samples a year UK 2004 54,000 Blood samples a year 

34,000 Prenatal 34,000 Prenatal 
11,500 Diagnostic leukaemia (excludes follow 11,500 Diagnostic leukaemia (excludes follow up)up)

20% MCA/MR blood samples 20% MCA/MR blood samples -- MicroarraysMicroarrays
10,800 Normal control DNA10,800 Normal control DNA

MicroarrayMicroarray workload currently where technique establishedworkload currently where technique established
UK UK -- 600 per year600 per year
Dutch Dutch –– 700 per year 700 per year 
Belgium Belgium –– 500 per year500 per year

Controls within commercial kits?Controls within commercial kits?



Apply DNA mix to glass slide with highApply DNA mix to glass slide with high--density array of different density array of different 
DNA probes with known location in the human genomeDNA probes with known location in the human genome

PatientPatient
DNADNA

Normal ControlNormal Control
DNADNA

Label DNA Label DNA 
withwith

different different 
fluorescentfluorescent

dyesdyes

Mix equimolarMix equimolar
amounts of amounts of 

labelled DNAlabelled DNA

Array Comparative Genome Array Comparative Genome HybridisationHybridisation

Patient:ControlPatient:Control
Ratio = 1.5:1Ratio = 1.5:1
DuplicationDuplication

Patient:ControlPatient:Control
Ratio = 0.5:1Ratio = 0.5:1

DeletionDeletion

Patient:ControlPatient:Control
Ratio = 1Ratio = 1



Screening StrategyScreening Strategy

Request Karyotyping

Fragile X Testing

MLPA Testing for 
Telomeres and 
microdeletions
(Kits P036B,P0764B)

Clinical 
Genetics 

Evaluation

Array 
CGH

Patients with learning difficulties and dysmorphic featuresPatients with learning difficulties and dysmorphic features



? Future Screening Strategy? Future Screening Strategy

Request
Clinical 

Genetics 
Evaluation

Array 
CGH

Patients with learning difficulties and dysmorphic featuresPatients with learning difficulties and dysmorphic features

Dependant on cost of microarrays and detection rate.

Karyotyping

Confirmation type 
rearrangement
(+ Mosaics?) 

Family follow upFuture pregnancy
+ve

+ve

Karyotyping
Array CGH not 

applicable



Array WorkflowArray Workflow
Labelling 
Quality 
Control

Data Transfer to Lab 
Information Management 

System

Reporting of 
Result

FISH 
Confirmation

DNA 
Extraction

DNA 
Quantification

DNA 
Labelling

Array 
Hybridisation 

and 
Washing

Array 
Interpretation

Array 
Analysis

Array 
Scanning



Deletion Duplication

Courtesy of Eddy Maher,  South East Scotland Cytogenetics Service



Courtesy of Eddy Maher,  South East Scotland Cytogenetics Service



3q29 deletion (BO)

3q29 
Microdeletion 

Syndrome

Courtesy of Eddy Maher,  South East Scotland Cytogenetics Service



(Polymorphism)

Courtesy of Eddy Maher,  South East Scotland Cytogenetics Service



Reporting Flowchart Reporting Flowchart -- 11

Successful 
Array

? Copy Number 
Changes 
Detected

Report as Normal 
(Stating the test  limitations)

No

Copy Number 
Changes Detected

Yes



Reporting Flowchart Reporting Flowchart -- 22

? Previously 
Reported as 

Copy Number 
Variant (CNV)

Copy Number 
Changes 

(Not Previously Reported as 
CNVs)

No
Copy 

Number 
Changes 
Detected

Report as Normal 
(Stating the test limitations 

and the presence of the Copy 
Number Variant)

Yes



Reporting Flowchart Reporting Flowchart -- 33

Confirm 
Finding 

with FISH

Copy 
Number
Change 

(not CNV)

Requires Further 
Investigations to determine 

significance of finding

Yes

Copy Number Change 
Present in a Parent

De Novo and likely to be 
causative

No



Reference MaterialsReference Materials
What do labs require?What do labs require?

Reference Materials that donReference Materials that don’’t change profile t change profile 
frequently. Whole genome checkedfrequently. Whole genome checked
Minimum 1 year Minimum 1 year ––ideal 2ideal 2--3 years. Population profile 3 years. Population profile 
given against all 3 platforms (BAC, given against all 3 platforms (BAC, OligoOligo, SNP), SNP)
All All CNVsCNVs + size given + size given -- against all 3 platformsagainst all 3 platforms
For For CNVsCNVs need start and end need start and end bpbp codoncodon
Which genome map version profile mapped Which genome map version profile mapped 
against.against.
Source Material Source Material 
Cell lineCell line–– ?chromosome evolution?chromosome evolution
Amplified DNAAmplified DNA-- ?no changes to DNA coding.?no changes to DNA coding.



Which Reference Materials?Which Reference Materials?
MicroarrayMicroarray::-- Whole genome checkedWhole genome checked

Normal male with known Normal male with known CNVsCNVs
Known abnormal duplicationKnown abnormal duplication
Known abnormal deletionKnown abnormal deletion
MECP2 duplication or X chromosome anomalyMECP2 duplication or X chromosome anomaly
Normal female with known Normal female with known CNVsCNVs
Mosaic Mosaic –– low levellow level

N.B. Normal controls would also be applicable for QFN.B. Normal controls would also be applicable for QF--
PCR and MLPA techniquesPCR and MLPA techniques



Which Reference Materials?Which Reference Materials?
MicroarrayMicroarray::-- Whole genome checkedWhole genome checked

Normal male with Normal male with CNVsCNVs
Known abnormal duplicationKnown abnormal duplication
Known abnormal deletionKnown abnormal deletion
MECP2 duplication or X chromosome MECP2 duplication or X chromosome 
anomalyanomaly
Normal female with Normal female with CNVsCNVs
Mosaic low levelMosaic low level

Single or pooled Single or pooled individual(sindividual(s)? )? 
European population for European population for CNVsCNVs??

Or abnormal with duplication and deletion (Or abnormal with duplication and deletion (autosomeautosome))

X chromosome duplication and deletionX chromosome duplication and deletion



OptionsOptions

Whole genome checked on BAC, Whole genome checked on BAC, OligoOligo and and 
SNP arrays platforms!!! SNP arrays platforms!!! 
Same control for all three platformsSame control for all three platforms
Best Resolution array optimal for Best Resolution array optimal for RMsRMs
?Minimum one call for BAC array control. ?Minimum one call for BAC array control. 
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