
Methylation	analyses



Epigenetic modifications are retrieved both in neoplastic and non-

neoplastic disorders. Detection of DNA methylation at individual loci

and with promoter-focused studies has been done in formalin-fixed

paraffin-embedded archival tissue specimens also as clinical

pathology tests. Bisulfite conversion methods have been the most

widely used in FFPE samples, because they allow the rapid

identification of methylated cytosines in any sequence context

MS-MLPA requires only small quantities of short fragments, which

makes it very suitable for diagnostic application using FFPE DNA



Bisulfite treatment
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Genomic DNA amplification When a CpG sequence is unmethylated

mCGmCGTCTATGmCGAGGCmCGG CGCGTCTATGCGAGGCCGG
↓ Bisulfite treatment ↓

mCGmCGTUTATGmCGAGGUmCGG UGUGTUTATGUGAGGUUGG
↓ PCR amplification ↓

CGCGTTTATGCGAGGTCGG
GCGCAAATACGCTCCAGCC

TGTGTTTATGTGAGGTTGG
ACACAAATACACTCCAACC

Figure 3.  Bisulfite Treatment and PCR Amplification

▀		 Experimental Example 1: Cytosine Conversion 
Efficiency and Methylation Pattern Analysis

[Method]
MethylEasy™ Xceed was used to treat genomic DNA (500 ng) 
prepared from HeLa cells with a FastPure® DNA Kit, yielding 
20 µl of treated genomic DNA solution. A 500-ng sample of 
EpiScope® Methylated HeLa Genomic DNA (Cat. #3520), a 
HeLa genome with methylated CpG, was also treated with 
MethylEasy™ Xceed to serve as the control. A 1-µl aliquot of 
each treated genomic DNA was used as the template. Part of 
the CpG island region of CDH1, CDKN2A, and MLH1 were PCR 
amplified using TaKaRa Taq ™ Hot Start Version (Cat. #R007A)
and then cloned. Sequence analyses were performed on 24 
clones from each amplification reaction. CpG methylation 
results were analyzed using RIKEN’s QUMA (Quantification 
Tool for Methylation Analysis, http://quma.cdb.riken.jp/) 
analytical tool.

[Result]
Cytosines outside of CpG sequences generally are 
unmethylated. As a result, they are all converted to uracils 
following a bisulfite treatment. The sequence analyses 
showed a conversion efficiency of 99.6%, indicating that 
virtually all cytosines outside of CpG sequences were 
converted (Table 1). 
The results also indicated that the CpG islands of CDH1 are 
methylated in the HeLa cells used in this experiment and 
that the CpG islands of CDKN2A and MLH1 are unmethylated 
(Figure 4). Meanwhile, the CpG sequences of the control, 
EpiScope® Methylated HeLa Genomic DNA (methylated 
HeLa genome), were found to have almost all of its cytosines 
methylated at a 98.9% methylation rate.

Table 1.  Rate of Cytosine Conversion by Bisulfite 

Treatment

EpiScope*1 HeLa*2

Total number of cytosines outside of 
CpG sequences *3 1,800

Total number of above cytosines 
converted to U *3 1,793 1,792

Conversion efficiency 99.61% 99.56%

*1 : EpiScope™ Methylated HeLa Genomic DNA (Cat. #3520)
*2 : HeLa cell Genomic DNA
*3 : Total number in 12 clones each of CDH1, CDKN2A, and MLH1 used in the assay.

Within the cloned region there are, respectively, 49, 47 and 54 cytosines located outside 
CpG sequences.

CDH1

CDKN2A

MLH1

EpiScope® Methylated HeLa Genomic DNA HeLa cell Genomic DNA

Based on the results of sequence analyses, methylation patterns were 
determined using QUMA.  (●	: methylated CpG; ○ : unmethylated CpG)

Figure 4. Methylation Patterns.
Sample:  HeLa cell genomic DNA 500 ng
   EpiScope® Methylated HeLa Genomic DNA 500 ng
PCR amplification TaKaRa Taq™ Hot Start Version (Cat. #R007A)
Cloning:  T-Vector pMD20, DNA Ligation Kit <Mighty Mix> (Cat. #6023)
   E. coli HST08 Premium Competent Cells
Target gene/ amplification size:
   CDH1 297 bp, CDKN2A 316 bp, MLH1 292 bp
PCR condition: (98°C 10 sec/ 55°C 30 sec/ 72°C 1 min) × 40 cycles

▀		 Experimental Example 2: A Comparison with Other 
Companies’ Products

(1) PCR amplification
[Method]
1-µg aliquots of genomic DNA prepared from HeLa cells 
with FastPure® DNA Kit underwent bisulfite treatment 
according to the protocol for each manufacturer’s product. 
PCR amplifications of part of the CpG island region of CDH1, 
CDKN2A and MLH1 were carried out using the treated 
genomic DNA solutions as the template.

[Result]
The PCR amplification pattern obtained from the 
MethylEasy™ Xceed-treated genomic DNA solution was the 
same as those obtained from genomic DNA solutions treated 
with one of the other manufacturers’ kits. Amplifications 
of approximately 600-bp and 900-bp regions were also 
seen when this kit was used to treat DNA but not when 



DNA	methylation	analysis	methods	not	based	on	methylation-specific	PCR.	Following	bisulfite	
conversion,	the	genomic	DNA	is	amplified	with	PCR	that	does	not	discriminate	between	
methylated	and	non-methylated	sequences.	The	numerous	methods	available	are	then	used	to	
make	the	discrimination	based	on	the	changes	within	the	amplicon	as	a	result	of	bisulfite	
conversion.



Following PCR	amplification of	the	region of	
interest,	Pyrosequencing is used to	determine
the	bisulphite-converted sequence of	specific
CpG	sites	in	the	region.	The	ratio	of	C-to-T	at	
individual	sites	can	be	determined	
quantitatively	based	on	the	amount	of	C	and	T	
incorporation	during	the	sequence	extension.	





Only	undigested,	therefore	
methylated	sequences,	
are	amplified
The	amplified	material	is	
then	separted	by	CE.

MS-MLPA


