
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

79
9 

54
1

A
1

TEPZZ 79954_A_T
(11) EP 2 799 541 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
05.11.2014 Bulletin 2014/45

(21) Application number: 12858295.4

(22) Date of filing: 10.12.2012

(51) Int Cl.:
C12N 15/09 (2006.01) C12Q 1/68 (2006.01)

(86) International application number: 
PCT/JP2012/081936

(87) International publication number: 
WO 2013/089063 (20.06.2013 Gazette 2013/25)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 14.12.2011 JP 2011272868

(71) Applicant: Wako Pure Chemical Industries, Ltd.
Osaka-shi
Osaka 540-8605 (JP)

(72) Inventors:  
• HAYASHIDA, Yukinobu

Amagasaki-shi
Hyogo 661-0963 (JP)

• YAMAMOTO, Naoyuki
Amagasaki-shi
Hyogo 661-0963 (JP)

(74) Representative: Winter, Brandl, Fürniss, Hübner, 
Röss, Kaiser, Polte - Partnerschaft mbB
Patent- und Rechtsanwaltskanzlei 
Alois-Steinecker-Strasse 22
85354 Freising (DE)

(54) METHOD FOR DETECTING METHYLATED CYTOSINE BY USING BISULFITE REACTION

(57) It is an object of the present invention to provide
a method for converting non-methylated cytosine in a
single-stranded DNA into uracil by a novel bisulfite reac-
tion with higher conversion efficiency from non-methyl-
ated cytosine into uracil as compared with the conven-
tional bisulfite method, a method for amplifying the single-
stranded DNA in which non-methylated cytosine has
been converted into uracil, and a method for detecting
methylated cytosine in the single-stranded DNA.

The present invention relates to (1) a method for con-
verting non-methylated cytosine in a single-stranded

DNA into uracil, comprising subjecting the single-strand-
ed DNA to bisulfite reaction under the presence of at least
one of compounds shown by the above-described gen-
eral formula [1] to [8]; (2) a method for amplifying single-
stranded DNA in which non-methylated cytosine has
been converted into uracil, comprising further subjecting
the single-stranded DNA after bisulfite reaction of (1) to
PCR reaction; and (3) a method for detecting methylated
cytosine in the aforementioned single-stranded DNA,
comprising subjecting the single-stranded DNA amplified
in (2) to nucleotide sequence analysis,
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for converting non-methylated cytosine in single-stranded DNA into
uracil by a novel bisulfite reaction, a method for amplifying single-stranded DNA in which non-methylated cytosine has
been converted into uracil, and a method for detecting methylated cytosine in the single-stranded DNA.

BACKGROUND ART

[0002] It has been known that methylation of genomic DNA in a living organism is caused to suppress expression of
mRNA. Further, it has been reported that the difference of methylation pattern on a genome relates to genesis, differ-
entiation, and disease such as cancer, and therefore the analysis of methylation of genomic DNA has an important role
in finding out the cause and prevention of disease, development of medicinal products, research on the regenerative
medicine, and so on.
[0003] On the other hand, as the method for determining methylated cytosine in DNA nucleotide sequence, a method
for comparing the fragments by methylation-sensitive restriction enzyme, a bisulfite method, a methylation-specific PCR
method, and a method which utilizes a high performance liquid chromatography (HPLC), etc have been known. Among
them, the bisulfite method has become popular as a common method because the bisulfite method is low cost and
applicable to high throughput, and is also effective for sequencing and screening.

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0004] Since conversion rate from non-methylated cytosine into uracil is not high in the conventional bisulfite method,
the bisulfite method had problems of low accuracy etc. in detection of methylated cytosine. Therefore, until now, devel-
opment of a bisulfite method having high conversion efficiency from non-methylated cytosine into uracil has been desired.
[0005] It is an object of the present invention to provide a method for converting non-methylated cytosine in a single-
stranded DNA into uracil by a novel bisulfite reaction with higher conversion efficiency from non-methylated cytosine
into uracil as compared with the conventional bisulfite method, a method for amplifying the single-stranded DNA in which
non-methylated cytosine has been converted into uracil, and a method for detecting methylated cytosine in the single-
stranded DNA.

MEANS FOR SOLVING THE PROBLEM

[0006] In view of the above-described situation, the present inventors have investigated extensively to develop a
bisulfite method having high accuracy. As a result, the present inventors have found that non-methylated cytosine can
be converted into uracil efficiently by making at least one of compounds selected from the compounds shown by the
following general formula [1] to [8] coexist at the time of bisulfite reaction, and thus the present invention has been
achieved; a compound shown by the following general formula [1]

wherein R1 to R6 represent each independently a hydrogen atom or an alkyl group having 1 to 6 carbon atoms; n
represents an integer of 1 to 3;
a compound shown by the following general formula [2]
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wherein Y represents a carbon atom, an oxygen atom or a nitrogen atom; R7 to R12 represent each independently a
hydrogen atom or an alkyl group having 1 to 6 carbon atoms; k represents an integer of 0 to 2, and when Y is an oxygen
atom, k represents 0, when Y is a nitrogen atom, k represents 1, and when Y is a carbon atom, k represents 2;
a compound shown by the following general formula [3]

wherein R13 to R15 represent each independently a hydrogen atom or an alkyl group having 1 to 6 carbon atoms;
a compound shown by the following general formula [4]

wherein R17 and R19 represent each independently a hydrogen atom, an amino group or an alkyl group having 1 to 6
carbon atoms; R16, R18 and R20 represent each independently a hydrogen atom, an amino group, an alkyl group having
1 to 6 carbon atoms or a dialkylamino group having 2 to 6 carbon atoms; and R16 and R17 may form a benzene ring
together with a carbon atom adjacent to R16 and a carbon atom adjacent to R17;
a compound shown by the following general formula [5]

wherein R21 and R22 represent each independently an alkyl group having 1 to 6 carbon atoms; and X1 represents a
counter anion;
a compound shown by the following general formula [6]
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wherein R23 represents an alkyl group having 1 to 6 carbon atoms; R24 to R28 represent each independently a hydrogen
atom or an alkyl group having 1 to 6 carbon atoms; and X2 represents a counter anion;
a compound shown by the following general formula [7]

wherein R29 to R34 represent each independently a hydrogen atom or an alkyl group having 1 to 6 carbon atoms;
a compound shown by the following general formula [8]

In the formula [8], Z represents a nitrogen atom or a carbon atom; m represents an integer of 0 or 1, and when Z is a
nitrogen atom, m represents 0, and when Z is a carbon atom, m represents 1; R35 to R39 represent each independently
a hydrogen atom or an alkyl group having 1 to 6 carbon atoms.
[0007] That is, the present invention relates to

(1) a method for converting non-methylated cytosine in a single-stranded DNA into uracil, comprising subjecting the
single-stranded DNA to bisulfite reaction under the presence of at least one of compounds shown by the above-
described general formula [1] to [8] (hereinafter, sometimes abbreviated as uracil conversion method of the present
invention);
(2) a method for amplifying single-stranded DNA in which non-methylated cytosine has been converted into uracil,
comprising further subjecting the single-stranded DNA after bisulfite reaction of (1) to PCR reaction (hereinafter,
sometimes abbreviated as single-stranded DNA amplification method of the present invention); and
(3) a method for detecting methylated cytosine in the aforementioned single-stranded DNA, comprising subjecting
the single-stranded DNA amplified in (2) to nucleotide sequence analysis (hereinafter, sometimes abbreviated as
a method for detecting methylated cytosine of the present invention) (hereinafter, the method of the above-described
(1) to (3) sometimes abbreviated as a method of the present invention).

EFFECT OF THE INVENTION

[0008] According to the uracil conversion method of the present invention, non-methylated cytosine in a single-stranded
DNA can be converted into uracil with high efficiency, and even in the case where the single-stranded DNA is a relatively
long single-stranded DNA with 500 bp to 1000 bp, it can be converted with high efficiency. Further, since even if the
bisulfite reaction is carried out in higher temperature the methylated cytosine will scarcely be deaminated, it would be
possible to shorten the reaction time without decreasing detection accuracy of methylated cytosine. As a consequence,
by amplifying a single-stranded DNA obtained by the uracil conversion method of the present invention and by analyzing
the nucleotide sequence, detection of methylated cytosine in the single-stranded DNA can be performed with a high
accuracy in a short period of time even if the single-stranded DNA is relatively large in length.

Brief Description of the Drawings

[0009]
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[Fig. 1]
Figure 1 shows the result of agarose gel electrophoresis carried out for the PCR amplification products obtained in
Comparable Example 1 to 2 and Example 1 to 2.
[Fig. 2]
Figure 2 shows the result of agarose gel electrophoresis carried out for the PCR amplification products obtained in
Comparable Example 1 to 2, Example 1 and Example 3 to 8.
[Fig. 3]
Figure 3 shows the result of electrophoresis carried out by Agilent 2100 Bioanalyzer for the PCR amplification
products obtained in Comparable Example 1 to 2, and Example 9 to 16.
[Fig. 4]
Figure 4 shows the result of nucleotide sequence decoding of the PCR amplification products (method added with
DBU) of Example 1 and 2.
[Fig. 5]
Figure 5 is a map representing that the cytosine of CpG dinucleotide is either non-methylated cytosine or methylated
cytosine for the PCR amplification products (by a method added with DBU) of Example 1.
[Fig. 6]
Figure 6 is a map representing that the cytosine of CpG dinucleotide is either non-methylated cytosine or methylated
cytosine, for the PCR amplification products (method added with DBN) of Example 2.

DETAILED DESCRIPTION OF THE INVENTION

Compound shown by the general formula [1] (Diamine compound)

[0010] The alkyl group having 1 to 6 carbon atoms in R1 to R6 may be any of straight chain, branched chain or cyclic
chain, and the one having 1 to 3 carbon atoms is preferable, specifically, for example, there are included a methyl group,
an ethyl group, a n-propyl group, an isopropyl group, a n-butyl group, an isobutyl group, a sec-butyl group, a tert-butyl
group, an n-pentyl group, an isopentyl group, a sec-pentyl group, a tert-pentyl group, a neopentyl group, a 2-methylbutyl
group, a 1-ethylpropyl group, a n-hexyl group, an isohexyl group, a sec-hexyl group, a tert-hexyl group, a neohexyl
group, a 2-methylpentyl group, a 3-methylpentyl group, a 1,2-dimethylbutyl group, a 2,2-dimethylbutyl group, a 1-ethyl-
butyl group, a 2-ethylbutyl group etc., and a methyl group, an ethyl group, a n-propyl group and an isopropyl group are
preferable, and, a methyl group and an ethyl group are more preferable, and a methyl group is particularly preferable.
[0011] As R1 to R6, a hydrogen atom is preferable.
[0012] n is normally integer of 1 to 3, and 1 or 3 is preferable, and 3 is particularly preferable.
[0013] The compound shown by the general formula [1] includes, for example, the following formula [1-1] to [1-3], and,
formula [1-1] and formula [1-3] are preferable, and formula [1-3] is more preferable.

Compound shown by the general formula [2] (Cyclic amino compound)

[0014] Y represents a carbon atom, an oxygen atom or a nitrogen atom; and a carbon atom or an oxygen atom is
preferable, and a carbon atom is particularly preferable. In addition, when Y is an oxygen atom, k represents 0; when
Y is a nitrogen atom, k represents 1; and when Y is a carbon atom, k represents 2.
[0015] The alkyl group having 1 to 6 carbon atoms in R7 to R12 includes the same ones as described above for the
alkyl group having 1 to 6 carbon atoms in R1 to R6, and preferable one is also the same one as described above.
[0016] As R7 to R11, a hydrogen atom is preferable, and as R12, the alkyl group having 1 to 6 carbon atoms is preferable,
and an alkyl group having 1 to 3 carbon atoms is more preferable.
[0017] The compound shown by the general formula [2] includes, for example, the following formula [2-1] to [2-19],
and, formula [2-1] to [2-4] are preferable, and formula [2-1] and [2-2] are more preferable.
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Compound shown by the general formula [3] (Amino compound)

[0018] The alkyl group having 1 to 6 carbon atoms in R13 to R15 may be any of straight chain, branched chain or cyclic
chain, and the one which is straight chain or branched chain is preferable. An alkyl group having 2 to 6 carbon atoms
is preferable, and the one having 2 to 4 carbon atoms is more preferable, specifically, for example, there are included
an ethyl group, a n-propyl group, isopropyl group, a n-butyl group, an isobutyl group, a sec-butyl group, a tert-butyl group,
a n-pentyl group, an isopentyl group, a sec-pentyl group, a tert-pentyl group, a neopentyl group, a 2-methylbutyl group,
a 1-ethylpropyl group, a n-hexyl group, an isohexyl group, a sec-hexyl group, a tert-hexyl group, a neohexyl group, 2-
methylpentyl group, a 3-methylpentyl group, a 1,2-dimethylbutyl group, 2,2-dimethylbutyl group, a 1-ethylbutyl group, a
2-ethylbutyl group etc., and an ethyl group, a n-propyl group, an isopropyl group and a n-butyl group are preferable; an
ethyl group, a n-propyl group and an isopropyl group are more preferable; an ethyl group and a isopropyl group are
particularly preferable.
[0019] As R13 to R15, at least one of them is preferably the alkyl group having 1 to 6 carbon atoms, and more preferably,
all of them are the alkyl group having 1 to 6 carbon atoms.
[0020] A compound shown by the general formula [3] includes primary amines such as ethylamine, propylamine,
isopropylamine, butylamine, pentylamine, and hexylamine; secondary amines such as N-ethylmethylamine, N-methyl-
propylamine, N-butylmethylamine, N-hexylmethylamine, N-ethylpropylamine, and N-butylethylamine; tertiary amines
such as trimethylamine, triethylamine, tripropylamine, triisopropylamine, tributylamine, N,N-dimethylethylamine, N,N-
diethylmethylamine, and N-ethyldiisopropylamine; and tertiary amines are preferable, and among them, triethylamine,
N-ethyldiisopropylamine, and triisopropylamine are preferable, and, triethylamine, and N-ethyldiisopropylamine are more
preferable.

Compound shown by the general formula [4] (Pyridine compound)

[0021] The alkyl group having 1 to 6 carbon atoms in R16 to R20 includes the same ones as described above for the
alkyl group having 1 to 6 carbon atoms in R1 to R6, and preferable one is also the same one as described above.
[0022] A dialkylamino group having 2 to 6 carbon atoms in R16, R18 and R20 includes, specifically for example, an
amino group which is substituted by the alkyl group having 1 to 3 carbon atoms such as a dimethylamino group, a
diethylamino group, a dipropylamino group, an ethylmethylamino group; and an amino group which is substituted by an
alkyl group having 1 to 2 carbon atoms are preferable, and the dimethylamino group is particularly preferable.
[0023] R17 and R19 are preferable to be hydrogen atom, and R16, R18 and R20 are preferable to be hydrogen, the alkyl
group having 1 to 3 carbon atoms or the amino group substituted by the alkyl group having 1 to 2 carbon atoms.
[0024] The compound shown by the general formula [4] includes the following formula [4-1] to [4-14], and formula
[4-1] to [4-4] are preferable, and formula [4-1], [4-2] and [4-4] are more preferable.
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Compound shown by the general formula [5]

[0025] The alkyl group having 1 to 6 carbon atoms in R21 or R22 in the general formula [5] includes the same ones as
described above for the alkyl group having 1 to 6 carbon atoms in R1 to R6, and preferable one is also the same one as
described above.
[0026] R21 is preferable to be the alkyl group having 1 to 3 carbon atoms, and R22 is preferable to be the alkyl group
having 2 to 6 carbon atoms, and an alkyl group having 2 to 3 carbon atoms is more preferable.
[0027] The counter anion for X1 in the general formula [5] includes halogen ion such as fluorine ion, chlorine ion,
bromine ion, iodine ion, and more specifically, includes SbF6

-, AsF6
-, PF6

-, BF4
-, CF3SO2

-, CF3CO2
- and the like, and,

BF4
-, CF3SO2

- and CF3CO2
- etc. are preferable, and among them, CF3CO2

- is particularly preferable.
[0028] The compound shown by the general formula [5] includes, specifically for example, the ones which are shown
by formula [5-1] to [5-14] in the following Table 1; and, the ones which are shown by formula [5-1] to [5-4] are preferable,
and the one which is shown by formula [5-1] or formula [5-2] is more preferable.

Table 1

General formula R21 R22 X

[5-1] -CH3 -C2H5 CF3CO2
-

[5-2] -CH3 -C2H5 CF3SO2
-

[5-3] -CH3 -C2H5 PF6
-

[5-4] -CH3 -C2H5 BF4
-

[5-5] -CH3 -C2H5 SbF6
-

[5-6] -CH3 -C2H5 AsF6
-
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Compound shown by the general formula [6]

[0029] The alkyl group having 1 to 6 carbon atoms in R23 to R28 in the general formula [6] may be any of straight chain,
branched chain or cyclic chain; and the one which is straight chain or branched chain is preferable, and the one which
has 1 to 4 carbon atoms is preferable. Specifically, for example, there are included a methyl group, an ethyl group, a n-
propyl group, an isopropyl group, a n-butyl group, an isobutyl group, a sec-butyl group, a tert-butyl group, a n-pentyl
group, an isopentyl group, a sec-pentyl group, a tert-pentyl group, a neopentyl group, a 2-methylbutyl group, a 1-
ethylpropyl group, a n-hexyl group, an isohexyl group, a sec-hexyl group, a tert-hexyl group, a neohexyl group, a 2-
methylpentyl group, a 3-methylpentyl group, a 1,2-dimethylbutyl group, a 2,2-dimethylbutyl group, a 1-ethylbutyl group,
a 2-ethylbutyl group etc., and among them, a methyl group, an ethyl group, a n-propyl group, an isopropyl group and a
n-butyl group are preferable; and, a n-propyl group and a n-butyl group are more preferable.
[0030] As R24 to R28 in the general formula [6], a hydrogen atom is preferable.
[0031] X2 in the general formula [6] includes the same one as X1 in the general formula [5], and the preferable one
includes also the same one.
[0032] The compound shown by the general formula [6] includes, specifically, for example, the ones which are shown
by formula [6-1] to [6-16] in the following Table 2; and the ones which are shown by formula [6-1] to [6-4] are preferable,
and the one which is shown by formula [6-1] or formula [6-2] is more preferable.

(continued)

General formula R21 R22 X

[5-7] -CH3 -C3H7 CF3CO2
-

[5-8] -CH3 -C3H7 CF3SO2
-

[5-9] -CH3 -C4H9 CF3CO2
-

[5-10] -CH3 -C4H9 CF3SO2
-

[5-11] -CH3 -C5H11 CF3CO2
-

[5-12] -CH3 -C5H11 CF3SO2
-

[5-13] -CH3 -C6H13 CF3CO2
-

[5-14] -CH3 -C6H13 CF3SO2
-

Table 2

General formula R23 R24 R25 R26 R27 R28 X

[6-1] -C4H9 -H -H -H -H -H CF3CO2
-

[6-2] -C4H9 -H -H -H -H -H CF’3SO2
-

[6-3] -C4H9 -H -H -H -H -H PF6
-

[6-4] -C4H9 -H -H -H -H -H BF6
-

[6-5] -C4H9 -H -H -H -H -H SbF6
-

[6-6] -C4H9 -H -H -H -H -H AsF6
-

[6-7] -CH3 -H -H -H -H -H CF3CO2
-

[6-8] -CH3 -H -H -H -H -H CF3SO2
-

[6-9] -C2H5 -H -H -H -H -H CF3CO2
-

[6-10] -C2H5 -H -H -H -H -H CF3SO2
-

[6-11] -C3H7 -H -H -H -H -H CF3CO2
-

[6-12] -C3H7 -H -H -H -H -H CF3SO2-

[6-13] -C5H11 -H -H -H -H -H CF3CO2
-

[6-14] -C5H11 -H -H -H -H -H CF3SO2
-

[6-15] -C6H13 -H -H -H -H -H CF3CO2
-
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Compound shown by the general formula [7] (DABCO compound)

[0033] The alkyl group having 1 to 6 carbon atoms in R29 or R34 includes the same alkyl group having 1 to 6 carbon
atoms in R1 to R6, and preferable one includes also the same one.
[0034] The compound shown by the general formula [7] includes, specifically, for example, the following formula [7-1]
to [7-3], and formula [7-1] is preferable.

Compound shown by the general formula [8] (Pyrrole compound)

[0035] The alkyl group having 1 to 6 carbon atoms in R35 or R39 includes the same alkyl group having 1 to 6 carbon
atoms in R1 to R6, and preferable one includes also the same one.
[0036] As R36 to R39, a hydrogen atom is preferable.
[0037] Z represents a nitrogen atom or a carbon atom; and a nitrogen atom is preferable. It should be noted that, when
Z is a nitrogen atom, m represents 0, and when Z is carbon atom, m represents 1.
[0038] A specific example of the compound shown by the general formula [8] includes, for example, the following
formula [8-1] to [8-8]; and, the formula [8-1] to [8-4] are preferable, the formula [8-1] to [8-2] are more preferable, and
the formula [8-1] is further preferable.

(continued)

General formula R23 R24 R25 R26 R27 R28 X

[6-16] -C6H13 -H -H -H -H -H CF3SO2
-
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[0039] In the method of the present invention, at least one of compounds shown by the above-described general
formula [1] to [8] may make exist at the time of bisulfite reaction, and considering the efficiency of conversion from non-
methylated cytosine into uracil, among the compounds shown by the above-described general formula [1] to [8], the
compounds shown by the general formula [1] to [3] are preferable, the compound shown by the general formula [1] or
[2] is more preferable, and the compound shown by the general formula [1] is particularly preferable.
[0040] As a single-stranded DNA pertaining to the present invention, a single-stranded DNA containing methylated
cytosine is preferable, and the one, which has a promoter region where the content rate of methylated cytosine is high,
is preferable. The above single-stranded DNA may be either known sequence or unknown sequence. In the case of
unknown sequence, the nucleotide sequence of the single-stranded DNA before being subjected to the bisulfite reaction
has to be analyzed its nucleotide sequence, therefore, the known sequence is preferable. The number of base of said
single-stranded DNA is usually 80 to 1000 bases, preferably it is 100 to 600 bases.
[0041] The single-stranded DNA pertaining to the present invention can be obtained, according to well-known DNA
extraction methods such as alkaline SDS method described in, for example, "Labo Manual for Genetic Engineering"
(Maruzen Co., Ltd.) and "Handbook of Gene Technology" (Yodosha Co., Ltd.) etc., alternatively, by extracting from a
cell, a microorganism, a virus, and the like using a commercially available extraction kit of genomic DNA. It should be
noted that, in the case where the extracted DNA is double stranded, single-stranded DNA can be obtained by the well
known per se single strand formation treatment.
[0042] Said single strand formation treatment includes, for example, a heat treatment performed at usually 80 to 100°C,
preferably at 85 to 95°C for usually 30 seconds to 10 minutes, preferably for 1 to 3 minutes, or an alkaline treatment
performed by contacting the DNA with alkaline circumstances, etc. In the method of the present invention, since even
if the temperature at the bisulfite reaction is increased to 80 to 100°C, the reaction can be performed without degrading
the DNA, the single strand formation treatment and the bisulfite reaction can be performed simultaneously by subjecting
the double-stranded DNA to the bisulfite reaction at 80 to 100°C; and since this makes the treatment simple, when the
single strand formation treatment is performed, said heat treatment is preferable. The above-described alkaline treatment
is carried out, specifically, for example, by adding alkali or its aqueous solution to the DNA pertaining to the present
invention or a solution containing the DNA pertaining to the present invention to make the solution alkaline to usually
pH 10 to 14, preferably pH 12 to 14. Said alkali includes, for example, alkali metal hydroxide such as sodium hydroxide
and potassium hydroxide; alkaline-earth metal hydroxide such as barium hydroxide, magnesium hydroxide, and calcium
hydroxide; alkaline metal carbonate such as sodium carbonate; ammonia, and amines and the like. Among them, alkali
metal hydroxide such as sodium hydroxide and potassium hydroxide is preferable, and among these, sodium hydroxide
is particularly preferable.

[A method for converting non-methylated cytosine in a single-stranded DNA of the present invention into uracil (A uracil 
conversion method of the present invention)]

[0043] The uracil conversion method of the present invention may be performed by subjecting a single-stranded DNA
to bisulfite reaction under the presence of at least one of the compounds shown by the above-described general formula
[1] to [8].
[0044] The above-described bisulfite reaction may be performed according to the bisulfite reaction usually used in this
field, except that at least one compound selected from the compounds shown by the above-described general formula
[1] to [8] is coexisted in the reaction solution. Specifically, for example, the single-stranded DNA is reacted with sulfite
under existence of a compound shown by the general formula [1] to [8] (sulfonation of cytosine), then the sulfonated
cytosine is hydrolyzed, and further, desulfonated under existence of alkali. According to said reaction; the methylated
cytosine is not reacted and kept as it is, and only non-methylated cytosine is converted into uracil. It should be noted
that the compound shown by the general formula [1] to [8] is preferable to be existed at the time of reaction with sulfite
and hydrolysis treatment.
[0045] In the above-described bisulfite reaction, usually a single-stranded DNA is provided as a solution in which the
single-stranded DNA has been dissolved, and said solution includes, for example, Good’s buffer solution such as MES
and HEPES, phosphate buffer solution, Tris buffer solution, glycine buffer solution, borate buffer solution, sodium bicar-
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bonate buffer solution, and sterile water, etc. of pH 6 to 8; and among them, sterile water is preferable. The DNA amount
in said solution is not limited specifically, but usually it is 10 to 100 ng in 1 to 10 mL of the solution.
[0046] Usage of the compound shown by the above-described general formula [1] to [8], since the sulfite will precipitate
if the amount of these compounds is large, in the case where these compounds are liquid, may be an amount which
provide concentration in the reaction solution to be usually 1 to 10%, preferably 3 to 10%, more preferably 3 to 8%,. In
addition, in the case where these compounds are solid, the usage may be an amount which provides concentration in
the reaction solution to be usually 1 to 1000 mmol/L, preferably 1 to 500 mmol/L, more preferably 10 to 300 mmol/L.
[0047] The sulfite in the reaction of DNA with sulfite in the above-described bisulfite reaction includes, for example,
sodium bisulfite and ammonium sulfite, and sodium bisulfite is preferable. Usually, the usage thereof is added so that
the final concentration in the reaction solution gives 1 to 6 mol/L relative to 1 to 500 mL of a solution containing 50 to
500 ng of DNA. The reaction of said DNA with sulfite is performed usually by reacting at 30 to 100°C, preferably at 50
to 100°C, more preferably at 80 to 95°C, and usually for 60 minutes to 20 hours, preferably for 60 minutes to 5 hours,
more preferably for 60 to 120 minutes.
[0048] The hydrolysis of sulfonated cytosine during the above-described bisulfite reaction is not limited specifically as
long as it is a method usually performed in this field, and usually it is performed by heating at 30 to 100°C, preferably at
80 to 95°C, and usually for 60 minutes to 20 hours, preferably for 60 minutes to 5 hours, more preferably for 60 to 120
minutes. It should be noted that said hydrolysis treatment may be performed simultaneously with the above-described
reaction of DNA with the sulfite. In that case, the reaction temperature and the reaction time in the reaction of DNA with
sulfite may be set according to the hydrolysis condition of the sulfonated cytosine.
[0049] With respect to the DNA which carried out the above-described hydrolysis, it is preferable to subject it to
purification treatment before desulfonation treatment. Said purification treatment is the treatment to be carried out for
removing high-concentration of sulfite salt to be used in the bisulfite reaction, and it may be carried out according to the
method for purifying DNA to be carried out usually in this field. Specifically, there are included for example, a method in
which chaotropic agent such as guanidine hydrochloride or sodium iodide is added to the DNA or a solution containing
DNA, and it is separated and purified by HPLC method etc.; for example, extraction and purification by a mixed solution
of phenol/chloroform/isoamyl alcohol; alcohol precipitation method; purification by a column filled with silica gel; filtration
method with filter, etc.; among them, the alcohol precipitation method is preferable. Said alcohol precipitation method
is specifically performed as follows.
[0050] That is, to a 10 mL of solution containing the DNA after hydrolysis, usually, 40 to 110 mL of alcohol and 30 to
100 mL of buffer solution are added, and centrifugal separation is carried out. After centrifugal separation, by removing
supernatant and washing with alcohol, the DNA can be separated and purified. At the time when the above-described
alcohol and buffer solution are added, to facilitate the removal of supernatant solution after separation, 0.1 to 1 mL of
Ethachinmate or glycogen per 10 mL of the solution containing DNA may be added. The above-described alcohol includes
ethanol, isopropanol, butanol, and the like; and, isopropanol is particularly preferable. In the bisulfite reaction pertaining
to the present invention, although the reason is unclear, when isopropanol is used, only the DNA can be precipitated
efficiently and it will become possible to advance the reaction efficiently. The above described buffer solution includes,
for example, Good’s buffer solution such as MES and HEPES, phosphate buffer solution, Tris buffer solution, glycine
buffer solution, borate buffer solution, and sodium bicarbonate buffer solution and so on; and among them, Good’s buffer
solution such as MES and HEPES, Tris buffer solution, etc. are preferable, and Tris buffer solution is particularly pref-
erable. The pH of these buffer solutions is usually pH 7 to 8, preferably pH 7 to 7.5, and concentration of buffering agent
in the buffer solution is usually in the range of 0.1 to 5 mol/L, preferably 0.1 to 2 mol/L. The above-described centrifugal
separation is not limited specifically, as long as it is an aspect to be carried out usually in this field, and usually it is
carried out by 12,000 to 22,000g for 10 to 30 minutes.
[0051] The desulfonation reaction in the above-described bisulfite reaction includes the same method as alkaline
treatment in the section of the above-described single strand formation treatment, and preferable aspect also includes
the same one. Specifically, for example, it may be performed as follows.
[0052] That is, the desulfonation reaction is performed by adding usually 1 to 10 mL, preferably 1 to 5 mL of 0.5 to 3
mol/L aqueous alkaline solution to a 10 mL of the solution after hydrolysis treatment or a solution subjected to purification
treatment after hydrolysis treatment, and by warming the solution usually at 25 to 70°C, preferably at 30 to 50°C, usually
for 5 to 60 minutes, preferably for 5 to 30 minutes.
[0053] A preferable example of the method for converting non-methylated cytosine in a single-stranded DNA into uracil
of the present invention will be explained below.
[0054] That is, for example, DNA is extracted from cell and the like using a DNA extraction kit and the like, then 1 mg
of the DNA is dissolved, for example, in 5 to 15 mL of sterile water. To 3 to 5 mL of said solution, for example, 50 to 100
mL of 2 to 5 mol/L sodium bisulfite (pH 5.0 to 7.0), and the compound shown by the general formula [1] to [8] or 1 to 12
mL of aqueous solution containing them are added so as to provide a concentration in reaction solution of 3 to 10% when
the compounds shown by the general formula [1] to [8] are liquid, or added so as to provide a concentration in reaction
solution of 1 to 1000 mmol/L when the compounds shown by the general formula [1] to [8] are solid, and then the solution
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is heated at 80 to 100°C for 60 to 120 minutes. In the case where the DNA is double-stranded, the double-stranded
DNA is made single-stranded DNA by reacting under said condition, and cytosine in said single-stranded DNA is sul-
fonated, and at the same time, the sulfonated cytosine can be hydrolyzed. Subsequently, 1 mol/L Tris buffer solution
(pH 7.0 to 8.0) and isopropanol are added in 5 to 10 times larger volume than the solution after hydrolysis in a ratio of
40:60 to 60:40, preferably by a ratio of 40:60 to 50:50, respectively, to precipitate the single-stranded DNA after hydrolysis.
On this occasion, if 1 to 3 mL of Ethachinmate or glycogen is added, confirmation of DNA precipitation become easy.
After that, centrifugal separation is performed by 12,000 to 20,000g for 10 to 20 minutes, then the supernatant solution
is removed, and the obtained DNA is washed with ethanol. Thereby, the DNA after hydrolysis can be extracted and
purified. Further, 1 mg of the obtained DNA is dissolved, for example, in 30 to 40 mL of sterile water, and to said solution,
5 to 20 mL of 1 to 3 mol/L sodium hydroxide is added and reacted at 30 to 40°C for 20 to 60 minutes to desulfonate.
After that, if necessary, the purification is performed by removing low molecular weight DNA using, for example, a
commercially available kit and the like. Thereby, the bisulfite reaction pertaining to the present invention is completed,
and a DNA, in which non-methylated cytosine in a single-stranded DNA has been uracilated efficiently, (hereinafter,
sometimes abbreviated as uracilated DNA) can be obtained.

[A method for amplifying single-stranded DNA of the present invention]

[0055] A method for amplifying single-stranded DNA of the present invention is performed by subjecting the uracilated
DNA (bisulfite reaction product) obtained by the above-described uracil conversion method of the present invention to
PCR reaction, and by said method, the single-stranded DNA in which non-methylated cytosine has been converted into
uracil is amplified.
[0056] The PCR reaction in the method for amplifying single-stranded DNA of the present invention may be carried
out according to the method well known per se, for example, the method described in Nucleic Acids Research, 1991,
Vol. 19, 3749, BioTechniques, 1994, Vol.16, 1134-1137, and specifically, it is carried out as follows. That is, to 1 to 100
ng of quantity of nucleic acid of uracilated DNA which will becomes a template; usually 0.1 to 100 pmol, preferably 0.1
to 50 pmol of 2 kinds of primers, respectively; usually 1 to 10 Units, preferably 2.5 to 5 Units of DNA polymerase; and
usually 0.01 to 20 mmol, preferably 0.01 to 10 mmol of a mixture of 4 kinds of deoxyribonucleotide triphosphate (dNTPs)
are added; and, for example, by setting the processes of (1) at 93 to 98°C for 1 to 10 minutes → (2) at 93 to 98°C for
10 to 30 seconds → (3) at 50 to 60°C for 10 to 30 seconds → (4) at 68 to 72°C for 30 seconds to 5 minutes as 1 cycle,
and by carrying out for 20 to 40 cycles in a buffer solution such as Tricine buffer solution or Tris buffer solution of pH 7
to 9, the uracilated DNA can be amplified and obtained. It should be noted that, according to the DNA polymerase to be
used, after performing the above-described cycles, heating at 68 to 72°C for 1 to 5 minutes may be performed for
3’adenine addition
[0057] In the above-described PCR reaction, after the reaction, it is preferable to purify the obtained DNA by purification
method to be used usually in this field, such as, for example, extraction by a mixed solution of phenol/chloroform/isoamyl
alcohol, alcohol precipitation, column purification, filtration by a filter, etc. In addition, after the above-described purifi-
cation, it is more preferable to extract DNA having objective base pair (bp). Said extraction method includes the method
well known per se, for example, the method using agarose gel electrophoresis, the method using liquid chromatography,
and the method using electrophoresis on polyacrylamide gel and the like as described in Labo Manual for Genetic
Engineering, Expanded Edition. In addition, the double-stranded DNA pertaining to the present invention which is obtained
by the above-described PCR reaction may be subjected to further PCR reaction to obtain more amount of the objective
DNA.
[0058] Two kinds of primers in the above-described PCR reaction may be the one which includes a part of uracilated
DNA, which is a template, and may be used appropriately depending on the single-stranded DNA pertaining to the
present invention by selecting primers to be used usually in this field. The number of nucleotides thereof is usually 12
to 40, preferably 15 to 35, more preferably 18 to 32.
[0059] The DNA polymerase in the above-described PCR reaction may be any DNA polymerase as long as it is usually
used in this field, and, the one which has 5’ → 3’ polymerase activity is preferable, and among them, the one which has
exonuclease activity but does not have 3’→"5’ exonuclease activity is more preferable. Specifically, for example, mutant
type Taq DNA polymerase such as KAPA2G polymerase, Taq DNA polymerase, and Tth DNA polymerase are preferable,
and among them, KAPA2G polymerase is particularly preferable.
[0060] The above-described dNTPs is not limited specifically as long as it is a mixture of 4 kinds of deoxyribonucleotide
triphosphate (dATP, dCTP, dGTP, dTTP) usually employed in this field.
[0061] A preferable example of the method for amplifying DNA of the present invention is explained below.
[0062] That is, first, as described in the section of the uracil conversion method of the present invention, by subjecting
a single-stranded DNA to the bisulfite reaction, the uracilated DNA is obtained. After that, the obtained DNA is subjected
to the PCR reaction. That is, to 1 to 3 mL of a solution containing 1 to 100 ng of single-stranded DNA obtained by the
bisulfite reaction, 5 to 10 mL of 1 to 10 mmol/L primer for upstream of the DNA of amplification target and 5 to 10 mL of
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1 to 10 mmol/L primer for downstream of the DNA of amplification target, 5 to 10 mL of a mixture of 4 kinds of 1 to 5
mmol/L deoxyribonucleotide triphosphate (dNTPs), and 10 to 20 mL of 1 to 5 Units KAPA DNA polymerase are added;
and then, for example, by setting the reactions at 93 to 98°C for 1 to 10 minutes → at 93 to 98°C for 10 to 30 seconds
→ at 50 to 60°C for 10 to 30 seconds → at 68 to 72°C for 30 seconds to 5 minutes as 1 cycle, 20 to 40 cycles of reaction
are carried out. Thereby, the uracilated DNA is amplified. It should be noted that, when the adenine-addition activity of
3’-terminal of DNA polymerase is utilized for the purpose of employing a TA cloning method as a method for incorporating
the uracilated DNA into a vector to be described in later, after completing the above-described reaction cycles, further
heating at 68 to 72°C for 30 seconds to 5 minutes may be carried out. After that, said double-stranded DNA is subjected
to electrophoresis with the use of, for example, agarose gel or non-denaturing polyacrylamide gel, and the DNA of
desired chain length is extracted. It should be noted that, if needed, the obtained DNA may be purified, for example, by
extraction with a mixed solution of phenol/chloroform/isoamyl alcohol. By the above procedure, the uracilated DNA can
be amplified efficiently.

[A method for detecting methylated cytosine of the present invention]

[0063] The method for detecting methylated cytosine of the present invention is performed by subjecting the amplified
uracilated DNA (PCR reaction product) obtained by the method for amplifying single-stranded DNA of the present
invention to nucleotide sequence analysis.
[0064] As the above-described nucleotide sequence analysis, there is no particular limitation as long as it is a method
for analyzing nucleotide sequence usually employed in this field. For example, it may be carried out according to a
routine procedure such as a fluorescent dye terminator sequencing method and Sanger’s method which are described
in Lab Manual for Genetic Engineering, and Handbook of Gene Technology, etc. Specifically, for example, the uracilatd
DNA, which is obtained by the amplification method of the present invention, is incorporated in a vector; and the obtained
recombinant vector is transfected into competent cell; said competent cell is cultured; and from there, a plasmid including
uracilated DNA is extracted; and using said plasmid, decoding is performed by, for example, a sequencer and the like.
By comparing thus obtained nucleotide sequence with the nucleotide sequence of normal DNA which has not been
subjected to the bisulfite reaction, methylated cytosine can be detected. That is, in the bisulfite reaction pertaining to the
present invention, since all cytosine except for methylated cytosine are converted into uracil, the methylated cytosine
can be detected by finding out cytosine not converted into uracil in the obtained nucleotide sequence.
[0065] The method for incorporating the above-described uracilated DNA into a vector includes, specifically, for ex-
ample, a method for inserting uracilated DNA into a vector using T4 DNA ligase after the vector such as plasmid, cosmid,
and phagemid, as well as uracilated DNA are blunt-ended by T4 DNA polymerase and the like, or a TA cloning method
in which adenine (A) is added to the uracilated DNA, and then said adenine-added uracilated DNA is incorporated into
a thymine base-added vector using T4 DNA ligase. Among them, the TA cloning method is preferable because it does
not require cleaving both DNA to be inserted and a vector by restriction enzyme, and it is simple.
[0066] Said TA cloning method is performed, specifically, for example as follows. That is, to 100 ng of uracilated DNA
after PCR reaction, 1 to 5 Units of Taq DNA polymerase is added, and reacted at 55 to 75°C for 10 to 30 minutes, and
adenine is added to 3’-terminal of uracilated DNA. It should be noted that, on the occasion of the PCR reaction, when
DNA polymerase having 3’-terminal adenine-adding activity is employed, the above-described adenine addition step is
not necessary. In addition, on the occasion of said reaction, 0.01 to 20 nmol of dATP relative to 100 ng of uracilated
DNA may be added to the reaction solution, and when the PCR reaction solution is used for TA cloning as it is, since
the dATP is still remaining, the addition of dATP is not necessary. In addition, with respect to the adenine-added uracilated
DNA, after synthetic reaction, it is preferable to purify the obtained DNA by a method such as extraction with a mixed
solution of phenol/chloroform/isoamyl alcohol, alcohol precipitation, column purification, and filtration by a filter, etc.
Subsequently, to 10 to 100 ng of the adenine-added uracilated DNA, thymine base-added vector for E. coli transformation
and 300 to 3000 Units of T4 DNA ligase are added, and by reacting at 10 to 40°C for 30 to 90 minutes, a recombinant
vector, in which the uracilated DNA is incorporated, can be obtained.
[0067] A method for transforming the above-described recombinant vector to competent cell includes, for example, a
heat shock method by heating at 35 to 45°C for 20 to 90 seconds, and an electroporation method in which 1.5 to 2.5 kV
of electric pulse, and so on are applied. As the competent cell to be used herein, if it is E. coli or B. subtilis, which is
usually used, any one of them can be employed, and its usage may be set appropriately within the range usually employed.
[0068] Cultivation of the above-described competent cell is performed, for example, on a medium such as LB agar
medium containing 30 to 150 mg/mL of ampicillin, or M9 agar medium containing 30 to 150 mg/mL of ampicillin, at 30 to
40°C for 12 to 20 hours. It should be noted that, as the above-described medium, either one of natural medium or
synthetic medium etc. may be employed as long as it contains carbon source, nitrogen source and inorganic salts, which
become nutritional source of bacteria, and yeast extract as a growth factor, and it enables to culture the transformant
cell efficiently. Said carbon source includes carbohydrates such as glucose, fructose, sucrose and starch; organic acids
such as acetic acid and propionic acid, and alcohols such as ethanol and propanol. Said nitrogen source includes
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ammonia; ammonium salt of inorganic acid or organic acid such as ammonium chloride, ammonium sulfate, ammonium
acetate, and ammonium phosphate; or in addition to other nitrogen-containing compounds, peptone, tryptone, meat
extract, and Corn Steep Liquor, and the like. The inorganic salts include monobasic potassium phosphate, dibasic
potassium phosphate, magnesium phosphate, magnesium sulfate, sodium chloride, ferrous sulfate, manganese sulfate,
copper sulfate, and calcium carbonate, etc.
[0069] As a method for extracting a plasmid including the uracilated DNA from cultured competent cell, for example,
first, the DNA derived from plasmid, which includes the uracilated DNA in a colony, is amplified by colony PCR method.
After that, colonies are determined whether the objective plasmid is amplified in the colony, for example, by electro-
phoresis, and from the colony, which is identified insertion of objective plasmid, the objective plasmid is extracted.
[0070] Said colony PCR method is carried out, for example, as follows. That is, to the cultured colony, usually each
0.1 to 100 pmol, preferably 0.1 to 50 pmol of 2 kinds of PCR primers for detection of objective nucleotide sequence,
respectively, usually 0.01 to 20 nmol, preferably 0.01 to 10 nmol of 4 kinds of mixed deoxyribonucleotide triphosphate
(dNTPs), and usually 1 to 10 Units, preferably 1 to 5 Units of DNA polymerase are added; and in a buffer solution such
as Tricine buffer solution, Tris hydrochloric acid buffer solution and the like of pH 7 to 9, and, for example, by setting the
reactions (1) at 93 to 98°C for 1 to 10 minutes → (2) at 93 to 98°C for 10 to 30 seconds → (3) at 50 to 60°C for 10 to 30
seconds → (4) at 68 to 72°C for 30 seconds to 5 minutes as 1 cycle, 25 to 40 cycles of reaction are carried out. The
above-described 2 kinds of primer include the one which is designed to be able to amplify the objective DNA, namely,
the one which includes the entire or a part of uracilated DNA, or the sequences derived from vector which locate at both
end of the inserted uracilated DNA, and the sequences derived from vector, which locate at both end of the uracilated
DNA, are preferable. That is, in the method for amplifying DNA of the present invention and in the method for detecting
methylated cytosine of the present invention, since non-methylated cytosine is uracilated, and said uracil is read as
thymine at the time of the PCR reaction, if all cytosine were non-methylated cytosine, the uracilated DNA would be
consisted of 3 nucleotides. Therefore, in order to carry out the PCR reaction efficiently, the sequences originated in the
vector and located at the both ends of the uracilated DNA, which can be constituted by 4 nucleotides, are preferable.
The number of nucleotides of the above-described primer is usually 12 to 30, preferably 15 to 25, more preferably 18
to 22. The above-described DNA polymerase may be any DNA polymerase as long as it is usually employed in this field,
and specifically, for example, there are included Taq DNA polymerase, Tth DNA polymerase, and KOD DNA polymerase,
etc., and among them, Taq DNA polymerase and KOD DNA polymerase, etc. are preferable.
[0071] The electrophoresis method to be carried out after the above-described colony PCR reaction may be any
electrophoresis method, which is usually employed in this field, as long as it can determine the number of bases from
the mobility; and agarose gel electrophoresis method is preferable. It should be noted that, the electrophoretic condition
in said electrophoresis method may be set appropriately according to well-known method.
[0072] As the method for taking out plasmid from the above-described colony part, plasmid may be extracted by a
well-known plasmid extraction method such as alkaline SDS method, after shaking culture, for example, as described
in Lab Manual for Genetic Engineering (Maruzen Co., Ltd.), and Handbook of Gene Technology (Yodosha Co., Ltd.). It
should be noted that, extraction of plasmid may be carried out using commercially available kit. As the culture medium
in the above-described shaking culture, the same medium as described in the section of cultivation of competent cell
can be used except for making solution without using agarose, and preferable cultivation time and cultivation temperature
are also the same range as described in the section of cultivation of competent cell.
[0073] Preferable example of the method for detecting methylated cytosine of the present invention is explained below.
[0074] That is, first, as described in the sections of the uracil conversion method of the present invention and the
amplification method of the present invention, by subjecting a single-stranded DNA to the bisulfite reaction and the PCR
reaction in this order, amplified uracilated DNA is obtained. To 1 to 5 mL of sterile water containing 10 to 100 ng of said
uracilated DNA, 1 to 3 mL of 10 to 100 ng of a thymine-added vector for E. coli transformation, and 1 to 3 mL of 300 to
3000 Units of T4 DNA ligase are added, and reacted at 10 to 20°C for 30 to 240 minutes to obtain a recombinant vector
which has been incorporated with the uracilated DNA. It should be noted that, in the case where a DNA polymerase
which does not have adenine addition activity at the time of the PCR reaction, for example, α-DNA polymerase, is
employed, adenine is added to the uracilated DNA before being incorporated into a vector. Said adenine addition method
may be performed, for example, by adding 0.5 to 1 mL of 1 to 5 Units Taq DNA polymerase to 5 to 10 mL of PCR reaction
solution containing 100 ng to 1 mg of uracilated DNA, and reacting at 55 to 75°C for 10 to 30 minutes to add adenine
on the 3’-terminal of the uracilated DNA. It should be noted that, after adenine addition reaction, it is preferable to be
subjected to purification treatment. After obtaining recombinant vector, 10 to 100 ng of the obtained recombinant vector
is added to 108 to 109 cells of competent cell, and transformation is carried out by heating at 35 to 45°C for 20 to 90
seconds. Furthermore, the cells are cultured, for example, on an agar medium containing 30 to 150 mg/mL of ampicillin,
1% (w/v) of tryptone, 0.5% (w/v) of yeast extract, and 1% (w/v) of sodium chloride at 30°C to 40°C for 12 hours to 20
hours. Next, the obtained culture is subjected to the colony PCR. Specifically, to 1 mL to 10 mL of sterile water in which
colony has been dissolved, 1 to 5 mL of 2 kinds of 1 to 10 mmol/L of primers, which are designed to be able to amplify
the objective DNA, respectively, usually 1 to 5 mL of 1 to 5 mmol/L of 4 kinds of mixed deoxyribonucleotide triphosphate
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(dNTPs) and 0.5 to 1 mL of 1 to 5 Units Taq DNA polymerase are added, and reacted in a buffer solution such as Tricine
buffer solution and Tris hydrochloric acid buffer solution of pH 7 to 9, for example, by setting the reactions (1) at 93 to
98°C for 1 to 10 minutes → (2) at 93 to 98°C for 10 to 30 seconds → (3) at 50 to 60°C for 10 to 30 seconds → (4) at 68
to 72°C for 30 seconds to 5 minutes as 1 cycle, 30 cycles to 40 cycles of reaction are performed. After that, existence
of the objective DNA in the colony is determined by agarose gel electrophoresis, and identified colonies are collected.
After carrying out shaking culture of the collected colonies in LB medium, the objective DNA is taken out from the culture
medium using, for example, commercially available plasmid extraction kit and the like, and nucleotide sequence of the
DNA is decoded by a sequencer, etc. Comparing the obtained sequence with the normal nucleotide sequence which is
not subjected to the bisulfite reaction, and by finding out the cytosine which is not uracilated in the decoded nucleotide
sequence, the methylated cytosine can be detected.
[0075] Hereinafter, the present invention will be explained in more detail by referring to Experimental Example, Ex-
ample, and Comparative Examples and so on, and the present invention is not limited thereto in any way.

Example

[0076] Example 1 to 16, Comparative Example 1 to 2: PCR amplification of DNA obtained by uracil conversion method
of the present invention and conventional bisulfite reaction

(1) Extraction of mouse genomic DNA

[0077] Using QuickGene SP kit DNA tissue (produced by Fuji Film Co., Ltd.), genomic DNA was extracted from 1 x
106 cells of mouse embryonic stem cell (ES cell) according to an instruction manual.

(2) Bisulfite reaction

[0078] The genomic DNA (360 ng) obtained in the above-described (1) was dissolved in 4 mL of sterile water. Said
solution was prepared in 17 tubes, and to each of them, 90 mL of 3.5 mmol/L sodium bisulfite aqueous solution (pH 5.2)
(produced by Wako Pure Chemical Industries Co., Ltd.), and 6 mL of the following compound in Table 3 or 6 mL of
aqueous solution with a concentration described in Table 3 were added and mixed (total volume: 100 mL). Then, the
mixture was incubated at 95°C for 2 hours. After that, 400 mL of 1 mol/L Tris-hydrochloride buffer solution (pH 7.0)
(produced by Nippon Gene Co., Ltd.), 1 mL of glycogen (produced by Wako Pure Chemical Industries Co., Ltd.), and
500 mL of isopropanol (produced by Wako Pure Chemical Industries Co., Ltd.) were added and mixed, and centrifugal
separation was performed by 18800 x g for 5 minutes. After removal of supernatant and it was washed with 75% ethanol
(produced by Wako Pure Chemical Industries Co., Ltd.), each was dissolved in 40 mL of sterile water.

Table 3

Example Name of compound Additive volume or 
concentration

Example 1 1,8-Diazabicyclo[5.4.0]undeca-7-ene (DBU) (produced by Wako 
Pure Chemical Industries Co., Ltd.)

6 mL

Example 2 1,5-Diazabicyclo[4.3.0]none-5-ene (DBN) (produced by Wako Pure 
Chemical Industries Co., Ltd.)

6 mL

Example 3 1,4-Diazabicyclo(2,2,2)octane (DABCO) (produced by Wako Pure 
Chemical Industries Co., Ltd.)

1 mol/L aqueous 
solution, 6 mL

Example 4 Imidazole (produced by Wako Pure Chemical Industries Co., Ltd.) 1 mol/L aqueous 
solution, 6 mL

Example 5 4-Dimethylaminopyridine (DMAP) (produced by Wako Pure 
Chemical Industries Co., Ltd.)

1 mol/L aqueous 
solution, 6 mL

Example 6 1-Ethyl-3-methylimidazolium trifluoromethanesulfonate (ionic liquid 
CF3SO3-type) (produced by Wako Pure Chemical Industries Co., 
Ltd.)

6 mL

Example 7 1-Ethyl-3-methylimidazolium trifluoroacetate (ionic liquid 
CF3CO2-type) (produced by Wako Pure Chemical Industries Co., 
Ltd.)

6 mL
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[0079] To each 40 mL of sterile water in which the above-described reactant was dissolved, 10 mL of 1 mol/L sodium
hydroxide (produced by Wako Pure Chemical Industries Co., Ltd.) was added and mixed, and incubated at 40°C for 10
minutes to carry out the desulfonation reaction. After that, 1 mL of 10 mol/L ammonium acetate (produced by Nippon
Gene Co., Ltd.) was added and mixed, and further 51 mL of isopropanol (produced by Wako Pure Chemical Industries
Co., Ltd.) was added and mixed, and centrifugal separation was performed by 18800 x g for 5 minutes under room
temperature. Subsequently, the supernatant solution was removed and after washing with 75% ethanol, it was dried
and dissolved in 25 mL of sterile water. Further, in order to remove low molecular weight DNA and dNTPs, 25 mL of DNA
cleaner (produced by Wako Pure Chemical Industries Co., Ltd.) was added and mixed, and after leaving it at room
temperature for 5 minutes, centrifugal separation was performed by 14000 x g for 5 minutes under room temperature.
Finally, the supernatant was removed and washed with 75% ethanol, and after drying, it was dissolved in 9 mL of sterile
water, respectively.

(3) PCR amplification reaction

[0080] Each 1 mL of a solution containing bisulfite reaction product (uracilated DNA) obtained in (2) was placed in a
PCR tube, and further, 10 mL of 5 x KAPA2G BUFFER A (Kapa Biosystems Inc.), 1 mL of 10 mmol/L dNTPs mixed
solution (produced by TOYOBO Co. Ltd.), 31.5 mL of sterile water, and each 3 mL of 5 mmol/L PCR primer Forward
solution and Reverse solution for Fgf4 gene [Forward: 5’GGTTGGGGTTTTTTTAGGTGATAGTAG3’ (GenBank Acces-
sion No. AC149593: derived from 230224-230250, Nucleotide sequence 1), Reverse:
5’CCTTTTAAAACCCAACAAATAATCCCCTAC3’, (GenBank Accession No. AC149593: derived from 230715-230744,
Nucleotide sequence 2)] were added for each, and mixed gently on ice. Subsequently, after heating at 94°C for 30
seconds, the reactions at 94°C for 20 seconds → at 58°C for 20 seconds → at 72°C for 30 seconds were set as 1 cycle,
35 cycles were carried out, and finally heated at 72°C for 1 minute, and thus the PCR reaction was carried out. After
that, the obtained PCR-amplified products were fractionated by electrophoresis using 1.5% agarose gel (Example 1 to
8) or by Agilent 2100 bioanalyzer (Agilent Technologies, Inc.), and whether the objective DNA was amplified was con-
firmed.
[0081] The results are shown in Fig. 1 to 3. In addition, the confirmation results thereof are shown in Table 4. It should
be noted that, as for the obtained amplified products, these were divided into 5 grades based on color density of their

(continued)

Example Name of compound Additive volume or 
concentration

Example 8 1-Ethyl-3-methylimidazolium tetrafluoroborate (ionic liquid BF4-type) 
(produced by Wako Pure Chemical Industries Co., Ltd.)

6 mL

Example 9 Pyridine (produced by Wako Pure Chemical Industries Co., Ltd.) 6 mL

Example 10 2,4,6-Trimethylpyridine (produced by Wako Pure Chemical 
Industries Co., Ltd.)

6 mL

Example 11 Piperidine (produced by Wako Pure Chemical Industries Co., Ltd.) 6 mL

Example 12 1-Methylpiperidine (produced by Wako Pure Chemical Industries 
Co., Ltd.)

6 mL

Example 13 Morpholine (produced by Wako Pure Chemical Industries Co., Ltd.) 6 mL

Example 14 4-Methylmorpholine (produced by Wako Pure Chemical Industries 
Co., Ltd.)

6 mL

Example 15 Triethylamine (produced by Wako Pure Chemical Industries Co., 
Ltd.)

6 mL

Example 16 N-Ethyldiisopropylamine (produced by Wako Pure Chemical 
Industries Co., Ltd.)

6 mL

Comparative 
Example 1

Absent -

Comparative 
Example 2

Hydroquinone (produced by Wako Pure Chemical Industries Co., 
Ltd.)

0.2 mol/L aqueous 
solution
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band (amount of amplified product), and the results are shown in Table 4. That is, the grade was represented by, in the
order of the density, D (clear band), s (slightly faint band), Δ (faint band), m (fairly faint band), and 3 represents the
one which was not seen the band (the one which was not amplified).

[0082] As is clear from the above-described results, in the case of bisulfite reaction which was performed in the absence
of additive substance (control), and the case where the bisulfite reaction with the addition of hydroquinone, which was
conventional method, the PCR amplification product could not be confirmed.
[0083] On the other hand, when the bisulfite reaction was performed with the addition of various compounds of the
above-described Examples, in any Examples, the amplification product could be confirmed at the position of objective
chain length. In particular, when DBU and DBN were added, a large amount of amplification product could be confirmed;
and in the case with piperidine and 1-methylpiperidine, the amplification product could also be confirmed clearly. As for
the case where the other compounds in Examples were added, although the color density was low, the amplified product
could be confirmed. From the results described above, in the bisulfite reaction performed with addition of compounds
of the above-described Examples, it was anticipated that these compounds had a reaction promoting effect on the
bisulfite reaction and a degradation suppressing effect on the genomic DNA.

Example 17: Cloning and nucleotide sequence analysis of PCR amplification product

[0084] As for the PCR amplification product (DBU addition) obtained in Example 1 and the PCR amplification product
(DBN addition) obtained in Example 2, cloning and nucleotide sequence analysis were carried out.
[0085] That is, to each 3 mL of the PCR amplification products obtained in Example 1 and Example 2, 1 mL of pGEM-
T Easy Vector (produced by Promega Corporation) and 4 mL of DNA Ligation Kit (Takara Bio, Inc.) were added to make
a total volume 8 mL, and incubated at 16°C for 60 minutes.
[0086] To each 8 mL of solution containing the PCR amplification product inserted in a vector, 100 mL of E. coli (XL10
Gold, produced by Stratagene Corp.) was added, then incubation was carried out at 42°C for 50 seconds by heat shock
method. Subsequently, the transformed E. coli was cultured on an LB agar medium at 37°C overnight. From a colony
of cultured E. coli, a portion was extracted and dissolved in 5.9 mL of sterile water. To said sterile water, 1 mL of 10 x
Gene Taq Universal Buffer (produced by Nippon Gene Co., Ltd.), 1 mL of dNTPs mixed solution (each 2.5 mmol)

Table 4

Example Name of compound Confirmation of amplification

Example 1 DBU D

Example 2 DBN D

Example 3 DABCO m

Example 4 Imidazole m

Example 5 DMAP m

Example 6 Ionic liquid CF3SO3-type m

Example 7 Ionic liquid CF3CO2-type m

Example 8 Ionic liquid BF4-type m

Example 9 Pyridine m

Example 10 2,4,6-Trimethylpyridine m

Example 11 Piperidine s

Example 12 1-Methylpiperidine s

Example 13 Morpholine m

Example 14 4-Methylmorpholine Δ

Example 15 Triethylamine Δ

Example 16 N-Ethyldiisopropylamine Δ

Comparative Example 1 Absent 3

Comparative Example 2 Hydroquinone 3
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(produced by Nippon Gene Co., Ltd.), 0. 1 mL of Gene Taq NT (produced by Nippon Gene Co., Ltd.), and each 1 mL of
2 kinds of primers having sequences derived from 5 mmol/L of pGEM-T Easy Vector (produced by Promega Corporation)
[5’ CCAGTCACGACGTTGTAAAACG 3’ (Nucleotide sequence 11) and 5’ CACACAGGAAACAGCTATGACC 3’ (Nucle-
otide sequence 12), designed so as to provide a chain length of insertion fragment + 250 bp] were added respectively
to make the total volume 10 mL, and by setting the reactions at 95°C for 2 minutes, at 95°C for 20 seconds, at 60°C for
20 seconds, and at 72°C for 30 seconds as 1 cycle, 30 cycles of colony PCR was performed. After that, the obtained
each colony PCR amplification products were fractionated by electrophoresis using 1.5% agarose gel, and confirmed
whether the colony was a vector-inserted one. Using the colony in which insertion of vector was confirmed, it was cultured
with shaking in a LB medium at 37°C overnight. Subsequently, using the obtained culture solution, and by using Quick-
Gene Plasmid kit SII (produced by Fuji Film Co., Ltd.), the plasmid was extracted.
[0087] As for the obtained 2 kinds of plasmid, decoding of nucleotide sequence was carried out by Applied Biosystems
3730x1 DNA Analyzer (Life Technologies Japan, Ltd.) using a sequence of the primer [5’ CACACAGGAAACAGCTAT-
GACC 3’ (Nucleotide sequence 12)] derived from pGEM-T Easy Vector (produced by Promega Corporation). The result
of nucleotide sequence decoding of the PCR amplification product (by a method added with DBU) and the result of
nucleotide sequence decoding of the PCR amplification product (by a method added with DBN) showed the same
tendency. The results are shown in Fig. 4. In Fig. 4, the place framed by h represents CpG dinucleotide, and underline
indicates the primer part. In addition, the CpG dinucleotide was present in 61 places.
[0088] In addition, as for the decoding result of nucleotide sequence of the PCR amplification product (method of DBU
addition) of Example 1, the figure illustrating whether the cytosine of the CpG dinucleotide is non methylated cytosine
or methylated cytosine is shown in Fig. 5; as for the decoding result of nucleotide sequence of the PCR amplification
product (method of DBN addition) obtained in Example 2, the figure illustrating whether the cytosine of the CpG dinu-
cleotide is non methylated cytosine or methylated cytosine is shown in Fig. 6, respectively. It should be noted that, in
Fig. 5 and Fig 6, a mark s indicates that the CpG dinucleotide is the one derive from a non-methylated, and a mark d
indicates that the CpG dinucleotide is a methylated one.
[0089] In ES cell, since DNA in a promoter region of Fgf4, which is an undifferentiation marker of the stem cell, is not
methylated, if said DNA is subjected to the uracilation reaction of the present invention, and all of these CpG dinucleotides
are non-methyrated, it would be able to prove that the non-methylated cytosine has been converted into uracil with high
efficiency. From the results of Fig. 5 and 6, it turned out that the cytosine of almost all CpG dinucleotides and other
cytosines have been converted into uracil. That is, it turned out that according to the method of the present invention,
non-methylated cytosine can be converted into uracil with high efficiency.

Description of Reference Numerals

[0090] In Fig. 4, the place framed by h represents CpG dinucleotide, and underline indicates the primer part. In Fig.
5 and Fig 6, s indicates that the cytosine in the CpG dinucleotide is a non-methylated one, and d indicates that the
cytosine in the CpG dinucleotide is a methylated one.
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Claims

1. A method for converting non-methylated cytosine in a single-stranded DNA to uracil, comprising subjecting the
single-stranded DNA to bisulfite reaction in the presence of at least one of compounds shown by the following
general formula [1] to [8];
a compound shown by the following general formula [1]

wherein R1 to R6 represent each independently a hydrogen atom or an alkyl group having 1 to 6 carbon atoms; n
represents an integer of 1 to 3;
a compound shown by the following general formula [2]

wherein Y represents a carbon atom, an oxygen atom or a nitrogen atom; R7 to R12 represent each independently
a hydrogen atom or an alkyl group having 1 to 6 carbon atoms; k represents an integer of 0 to 2, but when Y is an
oxygen atom, k represents 0, when Y is a nitrogen atom, k represents 1, and when Y is a carbon atom, k represents 2;
a compound shown by the following general formula [3]
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wherein R13 to R15 represent each independently a hydrogen atom or an alkyl group having 1 to 6 carbon atoms;
a compound shown by the following general formula [4]

wherein R17 and R19 represent each independently a hydrogen atom, an amino group or an alkyl group having 1
to 6 carbon atoms; R16, R18 and R20 represent each independently a hydrogen atom, an amino group, an alkyl
group having 1 to 6 carbon atoms or a dialkylamino group having 2 to 6 carbon atoms; and R16 and R17 may form
a benzene ring together with a carbon atom adjacent to R16 and a carbon atom adjacent to R17;
a compound shown by the following general formula [5]

wherein R21 and R22 represent each independently an alkyl group having 1 to 6 carbon atoms; and X1 represents
a counter anion;
a compound shown by the following general formula [6]

wherein R23 represents an alkyl group having 1 to 6 carbon atoms; R24 to R28 represent each independently a
hydrogen atom or an alkyl group having 1 to 6 carbon atoms; and X2 represents a counter anion;
a compound shown by the following general formula [7]

wherein R29 to R34 represent each independently a hydrogen atom or an alkyl group having 1 to 6 carbon atoms;
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a compound shown by the following general formula [8]

wherein Z represents a nitrogen atom or a carbon atom; m represents an integer of 0 or 1, and when Z is a nitrogen
atom, m represents 0, and when Z is a carbon atom, m represents 1; R35 to R39 represent each independently a
hydrogen atom or an alkyl group having 1 to 6 carbon atoms.

2. The method according to claim 1, wherein R1 to R6 in the general formula [1] are all hydrogen atoms.

3. The method according to claim 1, wherein Y in the general formula [2] is a carbon atom or an oxygen atom, R7 to
R11 are all hydrogen atoms, R12 is an alkyl group having 1 to 3 carbon atoms, and K is an integer of 0 or 1.

4. The method according to claim 1, wherein R13 to R15 in the general formula [3] are alkyl groups having 1 to 3 carbon
atoms.

5. The method according to claim 1, wherein R17 and R19 in the general formula [4] are hydrogen atom, and at least
one of R16, R18 and R20 is an alkyl group having 1 to 3 carbon atoms or a dimethylamino group having 1 to 3 carbon
atoms.

6. The method according to claim 1, wherein R21 and R22 in the general formula [5] are alkyl groups having 1 to 3
carbon atoms, and X1 is a trifluoromethane sulfonate ion or a trifluoromethane carboxylate ion.

7. The method according to claim 1, wherein R24 to R28 in the general formula [6] are all hydrogen atoms, R23 is an
alkyl group having 1 to 4 carbon atoms, and X2 is a trifluoromethane sulfonate ion or a trifluoromethane carboxylate
ion.

8. The method according to claim 1, wherein R29 to R34 in the general formula [7] are all hydrogen atoms.

9. The method according to claim 1, wherein R36 to R39 in the general formula [8] are all hydrogen atoms, R35 is a
hydrogen atom or an alkyl group having 1 to 3 carbon atoms, and Z is a carbon atom or a nitrogen atom.

10. The method according to claim 1, comprising subjecting a single-stranded DNA to bisulfite reaction under the
presence of at least one of compounds shown by the aforementioned general formula [1] to [3].

11. The method according to claim 1, comprising subjecting a single-stranded DNA to bisulfite reaction under the
presence of at least one of compounds shown by the aforementioned general formula [1].

12. A method for amplifying single-stranded DNA in which non-methylated cytosine has been converted into uracil,
comprising subjecting a bisulfite reaction product to the PCR reaction, after the bisulfite reaction of claim 1.

13. A method for detecting methylated cytosine in the aforementioned single-stranded DNA, further comprising sub-
jecting the amplified single-stranded DNA obtained in claim 12 to nucleotide sequence analysis.
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