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• Southern blotting
• FISH
• Quantitative PCR
• Genome-wide, array based 

approaches (BAC, oligo)
• MAPH
• MLPA

The ‘new kid on the block’: CNV
Detecting deletions and duplications
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Probes hybridize adjacently on genomic DNA

stuffer

MLPA



5`3`

MLPA-F MLPA-R
Ligation site

After ligation and PCR amplification a DNA fragment
of a defined length is generated

MLPA



MLPA peaks

Changes in peak height correspond 
with deletions / duplications

** ***** *
*



Non-contiguous duplications
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White et al., Cytogenet Gen Res 2006



Large-scale copy number 
variation

(Large-scale) Copy-Number Variation (CNV)
“Gain or loss of several kilobases to several thousands of kilobases of 

genomic DNA”

Feuk et al. Nat Genet Rev 7: 85-97 (2006)
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NSF
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Lowest value: ~0.50

Steps: ~0.25 

Lowest value: ~0.66

Steps: ~0.33

Indonesian population

Dutch population

Population median

Population median



Population distributions



Steffanson et al., Nature Genetics 2005
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NSF genomic structure



NSF gene

• N-ethylmaleimide sensitive factor
• expressed in neuronal synapses
• was reported to be reduced in expression in 

prefrontal cortex in schizophrenia patients
• second study found no difference



NSF gene

Study that detected difference in expression used 
cDNA clone, probably covering the majority of the 
gene (including duplicon)



NSF gene

•Study that did not detect a difference in expression 
used qPCR, with product based in last exon (not in 
duplicon)



Increasing resolution….

Disease-causing      or Normal variation?

Array CGH

L. Vissers, Nijmegen



Peters’ Plus Syndrome

• Characterised by 
– Eye abnormalities
– Developmental delay
– Disproportionate short stature

Analysed 6 patients ( including two 
brothers) by 1 Mb array-CGH
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Looking for an approach that has the 
sensitivity of MLPA, but can provide 

genome-wide coverage



Bead-based SNP-typing

• colour-coded beads
– one bead = one probe

– oligonucleotide

• 96-well format

• 1500 probes / well
– controls +  1350 SNP's

• read-out optic fiber
– 50,000 beads

– ~30 beads per SNP



Deletions and Amplifications Detected in Clinical Samples



The sequencing revolution



Mutation detection techniques
Methods for scanning Sensitivity*

Direct sequencing ~100 % **

Single-strand conformation analysis (SSCA) 60-85%

Denaturing gradient gel electrophoresis (DGGE) 80-99 %

Denaturing HPLC (WAVEtm) and  TGCE upto 99%

Heteroduplex-analysis (HA) 90%

Chemical cleavage of mismatch (CCM) variable

Enzymatic cleavage of mismatch (ECM) variable

Protein truncation test (PTT) no missence

HR-Melting curve analysis                                           ~> 99 %



HiRes-Melting Curve Analysis
(mutation scan)

I. PCR amplification of fragments (96 well 

plate)

II. Melt PCR-fragments in Lightscanner

III. Analysis (IT software)

I. 1,5 - 2 

hours

II. 8 minutes

III. 40 min.



172 known variants and 197 controls
40 HRM primer pairs for BRCA1. 
20 pairs tested in 3 labs: (reproducibility, inter-laboratory variability, robustness)
Validation : blind set of 28  samples, 

100% sensitivity (no false negatives)
98%Specificity

General guidelines for HRM set up



Photo seqsystem
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Targeted sequencing
• chromosome sorting
• gel separation

Pulsed-Field Gel-electrophoresis

• megabase regions
long-range PCR

1 Mb  >  100 x 10Kb fragments 
normal PCR  (multiplex)

RainDance,  Fluidigm

• smaller regions
normal PCR   (multiplex)
pool samples (+ / - sequence tag)

• hybridisation capture
on array,  in solution

NimbleGen,  Agilent

( complexity reduction )
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In-solution capture

tested X-chromosome
whole-exome assay

in collab. with
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X-exome2

• X-chromosome
85% exons

excl. pseudo-autosomal,  Y-homology

• probes
43,073 of 120 nt

7663 regions
one strand only

• capture & sequence
paired-end 2x50 nt reads

8.2 M QC filtered,  6.0 M map uniquely  (74%)
probes span 3.05 M

covered 3.02 M  (99%)
234 / 7663 regions show gap
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Array capturep

Pool of 2
ACAGTG  - 11089031

TGACCA  - 4770651

Pool of 5
ACAGTG - 4717304

CTTGTA - 3782593

CAGATC - 3022664

GGCTAC - 2381920

ATCACG - 2376586

custom array

mean coverage 131-fold

Mixed tagged samples
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X-exome selectC

©Rowida Al-Momani

ARSE
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X-exome selectq

©Rowida Al-Momani

Xq28 region
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X-linked
• Terminal Osseous Dysplasia

pigmentary anomalies skin
skeletal abnormalities limbs
recurring digital fibromatosis childhood

• X-linked (Xq25-ter)
dominant

male lethal
female skewed Xi

Yu Sun et al. AJHG 2010 in press.  



Lab2lab consistency

( biological replicas )

2 different labs2 transgenic mice

( Illumina  <>  Leiden )

for BIOBANKING
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Human genomes

Craig Venter

James Watson

( Individual genomes )

ANONYMOUS:
Yoruban male
Yoruban trio

Asiatic genome
Female Cancer

Marjolein Kriek
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A human genome …3

• why us?
show it is possible

technical,  computational,  analytical
to learn

technology,  data floods,  analysis
attractive project to tackle

• why her ?
clinical geneticist
X-chromosome less variable 

look at more, not fewer

• results
technically  - no problem
computationally - at our limits
analytically  - not (yet) possible 

- as expected
• >>  to be applied in patients

resolve cause genetic disease



Human and Clinical Genetics

Analysis 

draw DNA-based conclusions

1.  a female                                                         (no Y-chromosome sequences)
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Distribution of mtDNA Haplogroup H

Distribution of mtDNA Haplogroup H4 

(source of data www.genebase.com)
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Australia
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Publieks perceptie... 

here the defective
gene for parking 
a car backwards
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Principal component analysis of European populations
Simon Heath et al. (2008) EJHG 16, 1413 – 1429

1st principal component = 26% of variance
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