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DNA methylation

• Addition of methyl group 

to cytosine 

• Functions:

- Genome defense

- Gene regulation

Involved in cancer, 

imprinting disorders, etc
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DNA methylation analysis I

• Bisulfite treatment of native DNA

Native DNA 

PCR Detection of conversion

• C converted to U

• MeC remains MeC

• Any base can be analyzed

• Multistep procedure

• Incomplete conversion

• Primer design difficult



Quantitative One-Step DNA Methylation Analysis (qOSMA) 4

Division of Human Genetics, Bern

DNA methylation analysis II

• Methylation-sensitive endonucleases combined with qPCR

HpaII FastDigest
Unmethylated CCpGG cut

Sham digest
No endonuclease

qPCR qPCR

ΔCq

gDNA

% cut molecules = % unmethylated molecules
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DNA methylation analysis II

HpaII FastDigest
Unmethylated CCpGG cut

Sham digest
No endonuclease

qPCR qPCR

ΔCq

gDNA

Reaction mix: DNA, MS-endonuclease, qPCR reagents

Reaction conditions: 10 min @ 37 °C, then qPCR

ONE
STEP?

• Methylation-sensitive endonucleases combined with qPCR
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SNRPN, PWS and AS

• SNRPN, an imprinting locus:

- Maternal allele methylated

- Paternal allele unmethylated

- Expected methylation level 50%

• SNRPN deletion or uniparental disomy

Prader-Willi syndrome (PWS) 

- only maternal allele present 

- SNRPN 100% methylated

Angelman syndrome (AS) 

- only paternal allele present 

- SNRPN 0% methylated
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Initial tests

• Linear response when mixing PWS and AS?
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Initial tests

• Linear response when mixing PWS and AS?

• Minimal amount of HpaII per 10 μl reaction?

- Below 0.25 U: incomplete digestion when analyzing low-

level methylation
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Initial tests

• Linear response when mixing PWS and AS?

• Minimal amount of HpaII per 10 μl reaction?

- Below 0.25 U: incomplete digestion when analyzing low-

level methylation

• Minimal and maximal amount of DNA per 10 μl reaction?

- Tested for 0.3 ng to 80 ng; no concentration-related bias

- Below 1 ng: high Cq > imprecise 
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Blinded analysis

• 35 PWS / AS patients 

and normal controls

• All individuals correctly 

diagnosed

Assay applicable in 

diagnostics
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Inclusion of old DNA samples

• Additional analysis of 

phenol-chloroform 

extracted and old DNA 

samples

• Some samples: 

strongly reduced 

digestibility

Assay only applicable 

to freshly extracted 

DNA?
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Unmethylated CFTR surveys digestion

• CFTR: unmethylated 

promoter could be 

used to survey DNA 

digestibility

• Good correlation 

between CFTR and 

SNRPN measurement 

in AS samples

Use CFTR 

measurements for 

correction?
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Correction

Mcorr1 = MSNRPN –MCFTR

Mcorr2 = MSNRPN –MCFTR *(1 –Mcorr1/100)

• Correct for DNA fraction 

that is indigestible > 

problem with PWS: no 

correction needed

• Include weighting factor 

based on initial methylation 

estimation to avoid over-

correction 
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Correction

• Correct for DNA fraction 

that is indigestible > 

problem with PWS: no 

correction needed

• Include weighting factor 

based on initial methylation 

estimation to avoid over-

correction 

Also low-quality DNA can 

be analysed

CFTR can be used 

simultaneously as 

reference for copy number 

assignment

Mcorr1 = MSNRPN –MCFTR

Mcorr2 = MSNRPN –MCFTR *(1 –Mcorr1/100)
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Conclusions

• Quantitative one-step DNA methylation analysis (qOSMA)…

…is closed-tube

…requires little hands-on

…is well-suited for high throughput analysis

…is easily established

…is accurate

…allows simultaneous copy number assessment 

• Possible drawbacks are…

…limited number of analysable sites

…assays might be prone to (solvable) positional effects

…incomplete digestion (> not for residual disease etc)
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