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MethylationMethylation MicroarraysMicroarrays by MSby MS--RE digestRE digest

Flanagan et al, AJHG 2006

Hypothesis : Epigenetic variation in the germ line 
is one of the many factors determining the 
phenotypic variation in normal and disease 

http://www.epigenomics.ca
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Other Other MethylationMethylation MicroarrayMicroarray MethodsMethods

Weber et al, Nature Genetics 2005
– Met-C antibody

Lippman et al, Nature Methods 2005
– McrBC restriction enzyme

Hatada et al, Oncogene 2006
– HpaII vs MspI restriction enzyme

Schumacher et al, Nuc. Acids Research 2006
– HpaII + Hin6I + AciI restriction enzyme

Gitan et al, Genome Research 2001
– Bisulphite treated DNA approach
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Rationale for (not) choosing MSRationale for (not) choosing MS--RERE

Confounding factors
– SNPs

– Mutations, LOH, CNVs, Ins/Del

Validation of array results
– Only the restriction enzyme site can/should be validated !

CCGG CCGG CTGG CCGG



Affymetrix Confidential

Rationale for (not) choosing MSRationale for (not) choosing MS--RERE

Confounding factors
– SNPs

– Mutations, LOH, CNVs, Ins/Del

Validation of array results
– Only the restriction enzyme site can/should be validated !

CCGG CCGG CTGG CCGG



Affymetrix Confidential

Rationale for choosing MethylRationale for choosing Methyl--DIPDIP

Can be performed on one sample 
– Input vs Antibody bound

Potentially quantitative methylation percentage
– Higher signal (enrichment) = higher percent methylation

Results are much more comparable to other 
ChIP-chip experiments

– Eg. Histone modifications, TF binding site
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MethylMethyl--DIP DIP –– Weber et al Weber et al Nat GenetNat Genet. 2005. 2005

Complications ?Complications ?
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MethylMethyl--DIP DIP –– Weber et al Weber et al Nat GenetNat Genet. 2005. 2005

Genome wide methylation in primary fibroblasts using BAC tiling array
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GenechipGenechip Human Promoter 1.0R arrayHuman Promoter 1.0R array

Single array for investigation of 25,500 human 
promoter regions. 

4.6 million probes tiled over ~10kb for each 
promoter.

25-mer probes tiled with 35bp spacing.

a subset of the probes used in the whole-
genome GeneChip® Human Tiling 2.0R Array 
Set (P/N 900772).  

Repetitive elements were removed by 
RepeatMasker. 
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MethylMethyl--DIP WorkflowDIP Workflow

Sonication (2.5μg gDNA)
200-1000bp

Phenol/Chloroform gDNA

Denature 95oC 10 min, ice 5min

Incubate 2hr at 4oC with Ab
(Me-C, mouse IgG1-g) 
(Eurogentec)

Incubate 2hr at 4oC with  
Dynabead – anti-mouse IgG

Phi29 amplification + dUTP

Fragment (APE/UDG), label and hybridise to 
Genechip Human Promoter 1.0R array

500ng Input500ng Input

Wash (x3) in IP buffer

Qiagen Minielute Cleanup

6060--100ng Bound100ng Bound

CEL files to TAS and MAT

Proteinase K digestion, 50oC for 2hr 
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WGA WGA -- GenomiphiGenomiphi V2 for amplificationV2 for amplification

http://http://www.gelifesciences.comwww.gelifesciences.com

+ + dUTPdUTP
10ng10ng
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OO’’GreenGreen et al et al 
BiotechniquesBiotechniques Nov 2006 Nov 2006 41(5):57741(5):577--80 80 

ENCODE oligonucleotide arrays (NimbleGen)
– Duplicate arrays 

Oct4 binding site ChIP

LMLM--PCR = PCR = LigationLigation Mediated PCRMediated PCR
Pooled = pooling 10 individual Pooled = pooling 10 individual ChIPChIP samplessamples
WGA = WGA = GenomplexGenomplex (Sigma) Whole Genome Amplification & (Sigma) Whole Genome Amplification & reamplificationreamplification
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MethylMethyl--DIP on Lymphatic Endothelial CellsDIP on Lymphatic Endothelial Cells

Wang, Boshoff et al Nat Genet 2004
– LEC gene expression is reprogrammed by KSHV

Q. Which genes are methylated in LECs?

Q. Does KSHV alter the methylation?

Methyl-DIP on LECs using Genechip Human 
Promoter 1.0R array

– Input (3 replicates) vs Bound (3 replicates)
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MethylMethyl--DIP on Lymphatic Endothelial CellsDIP on Lymphatic Endothelial Cells

GenomiphiGenomiphi AmplificationAmplification APE/UDG FragmentationAPE/UDG Fragmentation
I2I2 I3I3 B2B2 B3B3 B3B3InputInput UnboundUnbound BoundBound
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MethylightMethylight for Methylfor Methyl--DIP efficiencyDIP efficiency

Sat2 centromeric repeats are often methylated
– Bisuphite treat Input and Bound LEC gDNA
– Methylight assay for Sat2 and Alu-C loading control

Average Sat2 PMR
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ResultsResults

Input 3Input 3 Bound 3Bound 3
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MVA plotsMVA plots

Bound 2Bound 2
VsVs

Input 2Input 2
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Tiling Array Software (TAS) analysisTiling Array Software (TAS) analysis

Peak detection (Interval Analysis, p-value)
– Threshold = 13 (p<0.05)
– Max gap = 80bp (<3 probes)
– Min run = 200bp (~ smallest fragment size)

Peak detection (Interval Analysis, log2 intensity)
– Threshold = >0.4 (> 1.3 fold signal change)
– Max gap = 80bp (<3 probes)
– Min run = 200bp (~ smallest fragment size)
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PP--values, Intensities Thresholdsvalues, Intensities Thresholds
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Using HEP for validation of Using HEP for validation of methylatedmethylated genesgenes

Human Epigenome Project 

Eckhardt et al. Nature Genetics Nov 2006

Chr6, Chr20, Chr22
– CD4, CD8 T cells, Fibroblasts, Keratinocytes, Melanocytes, 

Placenta, Embryonic Liver, Embryonic Skeletal Muscle, Heart, 
Liver, Skeletal Muscle and Sperm

– 2524 amplicons

Average methylation across all tissues
– Chr 22,  718 amplicons with Avg Meth >60%
– Chr 6,  342 amplicons with Avg Meth >60%
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Threshold = 0.3Threshold = 0.3
Max Gap = 80bpMax Gap = 80bp
Min run = 100bp Min run = 100bp 

Threshold = 10Threshold = 10
Max Gap = 80bpMax Gap = 80bp
Min run = 100bp Min run = 100bp 

PP--valuevalue

IntensityIntensity

TSSK2TSSK2-- HEP 94% HEP 94% methylatedmethylated
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Threshold = 0.4Threshold = 0.4
Max Gap = 80bpMax Gap = 80bp
Min run = 200bp Min run = 200bp 

Threshold = 13Threshold = 13
Max Gap = 80bpMax Gap = 80bp
Min run = 200bp Min run = 200bp 

PP--valuevalue

IntensityIntensity

HEP 92% HEP 92% methylatedmethylated
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Third exampleThird example

HIST1H2AA HIST1H2AA -- HEP 79.9% HEP 79.9% MethylatedMethylated

Threshold = 0.4Threshold = 0.4
Max Gap = 80bpMax Gap = 80bp
Min run = 200bp Min run = 200bp 

Threshold = 13Threshold = 13
Max Gap = 80bpMax Gap = 80bp
Min run = 200bp Min run = 200bp 

PP--valuevalue

IntensityIntensity
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MethylatedMethylated Repetitive DNARepetitive DNA
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MethylatedMethylated Repetitive DNARepetitive DNA
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MATMAT

Model-based analysis of tiling-arrays for ChIP-
chip.   Johnson et al PNAS 2006

BandWidth = 200

MaxGap = 80 ?

MinProbe = 5 ?

Var = 1

Tvalue = 1

P-value = 1e-5
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Summary Summary -- Combined AnalysisCombined Analysis

132 on 
array, >80%

1058 HEP 
(chr6,chr22)

47/103

46%

2/1035/1031726MAT

497/2561

19%

471/2561142/256134685 TAS - signal

154/833

18%

80/83331/83311106 TAS –
pvalue

# Repeats# CGIOverlap with 
HEP 

(Chr6,22)

# peaks

(all chr)
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