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Description
TECHNICAL FIELD

[0001] The present invention relates to a method of measuring the content of methylated DNA in a DNA region of
interest in a genomic DNA contained in a biological specimen, and so on.

BACKGROUND ART

[0002] Asa method for evaluating the methylation state of DNA in an objective DNA region in a genomic DNA contained
in a biological specimen, for example, there is known a method of measuring the content of methylated DNA in an
objective DNA region in a genomic DNA (see, for example, Nucleic Acids Res., 1994, Aug 11; 22(15): 2990-7, and Proc.
Natl. Acad. Sci. U.S.A., 1997, Mar 18; 94 (6) : 2284-9 for reference). In such a measuring method, first, it is necessary
to extract DNA containing the objective DNA region from a DNA sample derived from a genomic DNA, and the extracting
operation is complicated.

[0003] As amethod of measuring the content of methylated DNA in an objective region of extracted DNA, for example,
(1) a method of amplifying an objective region by subjecting the DNA to a chain reaction for DNA synthesis by DNA
polymerase after modification of the DNA with a sulfite or the like (Polymerase Chain Reaction; hereinafter also referred
to as PCR), and (2) a method of amplifying an objective region by subjecting the DNA to PCR after digestion of the DNA
using a methylation sensitive restriction enzyme are known. Both of these methods require time and labor for DNA
modification for detection of methylation, subsequent purification of the product, preparation of a reaction system for
PCR, and checking of DNA amplification.

[0004] WO 2007/081791 relates to a method of detecting DNA methylation.

DISCLOSURE OF THE INVENTION

[0005] Itis an object of the present invention to provide a method of measuring the content of methylated DNA in an
objective DNA region in a genomic DNA contained in a biological specimen in a simple and convenient manner.
[0006] That is, the present invention provides the following:

[11 A method of measuring the content of methylated DNA in a objective DNA region in a genomic DNA contained
in a biological specimen, the objective DNA region having a recognition site of at least one kind of methylation
sensitive restriction enzyme, comprising:

(1) First step of mixing a DNA sample comprising a single-stranded DNA (plus strand) containing the objective
DNA region and a masking oligonucleotide comprising a nucleotide sequence complementary to a nucleotide
sequence of a recognition site for the at least one kind of methylation-sensitive restriction enzyme, thereby
obtaining a partially single-stranded DNA in which the recognition site for the methylation-sensitive restriction
enzyme forms double strand by complementary base-pairing with the masking oligonucleotide, followed by
digesting the DNA sample with the methylation-sensitive restriction enzyme wherein said enzyme digests a
recognition site containing unmethylated cytosine and does not digest a recognition site containing methylated
cytosine;

(2) Second step of obtaining methylated single-stranded DNA from the DNA sample that has been subjected
to the digestion treatment in First step, by separating methylated double-stranded DNA contained in the DNA
sample into methylated single-stranded DNA, and binding the methylated single-stranded DNA to animmobilized
methylated DNA antibody, thereby selecting the single-stranded DNA; and

(3) Third step of amplifying the methylated DNA in the objective DNA region from the selected single-stranded
DNA to a detectable level by a polymerase chainreaction (PCR) and quantifying the amount of the amplified DNA.

[2] The method of [1], wherein the immobilized immobilized methylated DNA antibody is a methylcytosine antibody.
[3] The method of [1] or [2], wherein the biological specimen is blood, a bodily fluid, serum, plasma, a cell lysate, or
a tissue lysate from a mammal.

[4] The method of any one of [1] to [3], wherein the DNA sample derived from the genomic DNA contained in the
biological specimen is a DNA sample digested in advance with a restriction enzyme for which a recognition cleavage
site is not present in the objective DNA region of the genomic DNA, or a DNA sample purified in advance.

[5] The method of any one of [1] to [4], wherein the methylation-sensitive restriction enzyme is Hhal.

[6] The method of any one of [1] to [5], wherein a counter oligonucleotide is added when separating the methylated
double-stranded DNA into the methylated single-stranded DNA in Second step.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0007]

Fig. 1 shows results of 2% agarose gel electrophoresis of amplification products obtained by amplifying methylated
DNA in the region comprising the nucleotide sequence of SEQ ID NO: 23 by PCR from a prepared sample in Example
1.

From the leftmost lane in the drawing, results in a DNA marker "MK", a sample "M" of a solution of a partially
methylated oligonucleotide GPR7-2079-2176/98 mer-M(7) in which the recognition sequence of Hpall is methylated,
subjected to an "A" treatment, a sample "H" of a solution of a partially methylated oligonucleotide GPR7-2079-2176/98
mer-HM(5) in which part of the recognition sequence of Hpall is not methylated, subjected to an "A" treatment, a
sample "U" of a solution of an unmethylated oligonucleotide GPR7-2079-2176/98 mer-UM, subjected to an "A"
treatment, a sample "M" of a solution of a partially methylated oligonucleotide GPR7-2079-2176/98 mer-M(7) in
which the recognition sequence of Hpall is methylated, subjected to a "B" treatment, a sample "H" of a solution of
a partially methylated oligonucleotide GPR7-2079-2176/98 mer-HM(5) in which part of the recognition sequence of
Hpall is not methylated, subjected to a "B" treatment, a sample "U" of a solution of an unmethylated oligonucleotide
GPR7-2079-2176/98 mer-UM, subjected to a "B" treatment, a sample "M" of a solution of a partially methylated
oligonucleotide GPR7-2079-2176/98 mer-M(7) in which the recognition sequence of Hpall is methylated, subjected
to a "C" treatment, a sample "H" of a solution of a partially methylated oligonucleotide GPR7-2079-2176/98 mer-
HM(5) in which part of the recognition sequence of Hpall is not methylated, subjected to a "C" treatment, and a
sample "U" of a solution of an unmethylated oligonucleotide GPR7-2079-2176/98 mer-UM, subjected to a "C"
treatment are shown.

Fig. 2 shows results of 1.5% agarose gel electrophoresis of amplification products obtained by amplifying methylated
DNA in the target DNA region comprising the nucleotide sequence of SEQ ID NO: 28 by PCR from a prepared
sample in Example 2. From the leftmost lane in the drawing, results in a DNA marker "MK", a solution "MD" of a
methylated DNA fragment MX (negative control), a solution "D" of an unmethylated DNA fragment X (negative
control), a solution "MC" of a methylated DNA fragment MX, a solution "C" of an unmethylated DNA fragment X, a
solution "MB" of a methylated DNA fragment MX, a solution "B" of an unmethylated DNA fragment X, a solution
"MA" of a methylated DNA fragment MX, and a solution "A" of an unmethylated DNA fragment X are shown.

Fig. 3 shows results of 1.5% agarose gel electrophoresis of amplification products obtained by amplifying methylated
DNA in the target DNA region comprising the nucleotide sequence of SEQ ID NO: 45 by PCR from a prepared
sample in Example 3. From the leftmost lane in the drawing, results in a DNA marker "MK", a solution "MD" of a
methylated DNA fragment MY (negative control), a solution "D" of an unmethylated DNA fragment Y (negative
control), a solution "MC" of a methylated DNA fragment MY, a solution "C" of an unmethylated DNA fragment X, a
solution "MB" of a methylated DNA fragment MY, a solution "B" of an unmethylated DNA fragment Y, a solution
"MA" of a methylated DNA fragment MA, and a solution "A" of an unmethylated DNA fragment Y are shown.

Fig. 4 shows results of 1.5% agarose gel electrophoresis of amplification products obtained by amplifying methylated
DNA in the target DNA region comprising the nucleotide sequence of SEQ ID NO: 53 by PCR from a prepared
sample in Example 4. From the leftmost lane in the drawing, results in a DNA marker "MK", a solution "MD" of a
methylated DNA fragment MT (negative control), a solution "D" of an unmethylated DNA fragment T (negative
control), a solution "MC" of a methylated DNA fragment MT, a solution "C" of an unmethylated DNA fragment T, a
solution "MB" of a methylated DNA fragment MT, a solution "B" of an unmethylated DNA fragment T, a solution
"MA" of a methylated DNA fragment MT, and a solution "A" of an unmethylated DNA fragment T are shown.

Fig. 5 shows results of 1.5% agarose gel electrophoresis of amplification products obtained by amplifying methylated
DNA in the target DNA region comprising the nucleotide sequence of SEQ ID NO: 53 by PCR from a prepared
sample in Example 5. From the leftmost lane in the drawing, results in a DNA marker "MK", a solution "MD" of a
methylated yeast genomic DNA (negative control), a solution "D" of an unmethylated yeast genomic DNA (negative
control), a solution "MC" of a methylated yeast genomic DNA, a solution "C" of an unmethylated yeast genomic
DNA, a solution "MB" of a methylated yeast genomic DNA, a solution "B" of an unmethylated yeast genomic DNA,
a solution "MA" of a methylated yeast genomic DNA, and a solution "A" of an unmethylated yeast genomic DNA
are shown.

MODE FOR CARRYING OUT THE INVENTION

[0008] As the "biological specimen" in the present invention, for example, a cell lysate, a tissue lysate (here the term
"tissue" is used in a broad sense including blood, lymph node and so on) or biological samples including bodily sections
such as plasma, serum and lymph, bodily secretions (urine, milk and so on) and the like and a genomic DNA obtained
by extracting these biological samples, in mammals can be recited. As a biological specimen, for example, samples
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derived from microorganisms, viruses and the like can be recited, and in such a case, "a genomic DNA" in the present
measuring method also means genomic DNA of microorganisms, viruses and the like.

[0009] When the specimen derived from a mammal is blood, use of the present measuring method in a regular health
check or a simple examination is expected.

[0010] For obtaining a genomic DNA from a specimen derived from a mammal, for example, DNA may be extracted
using a commercially available DNA extraction kit.

[0011] When blood is used as a specimen, plasma or serum is prepared from blood in accordance with a commonly
used method, and using the prepared plasma or serum as a specimen, free DNA (including DNA derived from cancer
cells such as gastric cancer cells) contained in the specimen is analyzed. This enables analysis of DNA derived from
cancer cells such as gastric cancer cells while avoiding DNA derived from hemocytes, and improves the sensitivity of
detection of cancer cells such as gastric cancer cells and a tissue containing the same.

[0012] The DNA sample derived from genomic DNA may be a DNA sample digested in advance with a restriction
enzyme recognition cleavage site for which is not present in the objective DNA region of the genomic DNA, or a DNA
sample purified in advance by a prescribed method.

[0013] Usually, a gene (a genomic DNA) consists of four kinds of bases. In these bases, such a phenomenon is known
that only cytosine is methylated, and such methylation modification of DNA is limited to cytosine in a nucleotide sequence
represented by 5'-CG-3’ (C represents cytosine, and G represents guanine. Hereinafter, the nucleotide sequence is also
referred to as "CpG"). The site to be methylated in cytosine is its position 5. In DNA replication prior to cell division, only
cytosine in "CpG" of a template chain is methylated immediately after replication, however, cytosine in "CpG" of a newly-
generated strand is immediately methylated by the action of methyltransferase. Therefore, the methylation state of DNA
will be passed to new two sets of DNA even after DNA replication. The term "methylated DNA" in the present invention
means DNA occurring by such methylation modification.

[0014] The term "CpG pair" in the present invention means double-stranded oligonucleotide in which a nucleotide
sequence represented by CpG and a CpG that is complement with this are base-paired.

[0015] The term "objective DNA region" (hereinafter, also referred to as an "objective region") used in the present
invention means a DNA region for which presence or absence of methylation of cytosine included in the region is to be
examined, and has a recognition site of at least one kind of methylation sensitive restriction enzyme. A DNA region
containing at least one cytosine in a nucleotide sequence represented by CpG which is present in a nucleotide sequence
of a promoter region, an untranslated region, or a translated region (coding region) of a useful protein gene such as
Lysyl oxidase, HRAS-like suppressor, bA305P22.2.1, Gamma filamin, HAND1, Homologue of RIKEN 2210016F16,
FLJ32130, PPARG angiopoietin-related protein, Thrombomodulin, p53-responsive gene 2, Fibrillin2, Neurofilament3,
disintegrin and metalloproteinase domain 23, G protein-coupled receptor 7, G-protein coupled somatostatin and angi-
otensin-like peptide receptor, Solute carrier family 6 neurotransmitter transporter noradrenalin member 2 and so on can
be recited.

[0016] To be more specific, when the useful protein gene is a Lysyl oxidase gene, as a nucleotide sequence that
includes at least one nucleotide sequence represented by CpG present in a nucleotide sequence of its promoter region,
untranslated region or translated region (coding region), a nucleotide sequence of a genomic DNA containing exon 1 of
a Lysyl oxidase gene derived from human, and a promoter region located 5’ upstream of the same can be recited, and
more concretely, the nucleotide sequence of SEQ ID NO: 1 (corresponding to a nucleotide sequence represented by
base No. 16001 to 18661 in the nucleotide sequence described in Genbank Accession No. AF270645) can be recited.
In the nucleotide sequence of SEQ ID NO: 1, ATG codon encoding methionine at amino terminal of Lysyl oxidase protein
derived from human is represented in base No. 2031 to 2033, and a nucleotide sequence of the above exon 1 is
represented in base No. 1957 to 2661. Cytosine in the nucleotide sequence represented by CpG which is present in the
nucleotide sequence of SEQ ID NO: 1, in particular, cytosine in CpG which is present in a region where CpGs are densely
present in the nucleotide sequence of SEQ ID NO: 1 exhibits high methylation frequency (namely, a high methylation
state (hypermethylation)) in, for example, cancer cells such as gastric cancer cells. More concretely, as cytosine exhibiting
high methylation frequency in gastric cancer cells, for example, cytosines represented by base Nos. 1539, 1560, 1574,
1600, 1623, 1635, 1644, 1654, 1661, 1682, 1686, 1696, 1717, 1767, 1774, 1783, 1785, 1787, 1795 and so on in the
nucleotide sequence of SEQ ID NO: 1 can be recited.

[0017] To be more specific, when the useful protein gene is a HRAS-like suppressor gene, as a nucleotide sequence
that includes at least one nucleotide sequence represented by CpG present in a nucleotide sequence of its promoter
region, untranslated region or translated region (coding region), a nucleotide sequence of a genomic DNA containing
exon 1 of a HRAS-like suppressor gene derived from human, and a promoter region located 5’ upstream of the same
can be recited, and more concretely, the nucleotide sequence of SEQ ID NO: 2 (corresponding to a nucleotide sequence
represented by base No. 172001 to 173953 in the nucleotide sequence described in Genbank Accession No. AC068162)
can be recited. In the nucleotide sequence of SEQ ID NO: 2, the nucleotide sequence of exon 1 ofa HRAS-like suppressor
gene derived from human is represented in base No. 1743 to 1953. Cytosine in the nucleotide sequence represented
by CpG which is present in the nucleotide sequence of SEQ ID NO: 2, in particular, cytosine in CpG which is present in
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aregion where CpGs are densely presentin the nucleotide sequence of SEQ ID NO: 2 exhibits high methylation frequency
(namely, a high methylation state (hypermethylation)) in, for example, cancer cells such as gastric cancer cells. More
concretely, as cytosine exhibiting high methylation frequency in gastric cancer cells, for example, cytosines represented
by base Nos. 1316, 1341, 1357, 1359, 1362, 1374, 1390, 1399, 1405, 1409, 1414, 1416, 1422, 1428, 1434, 1449, 1451,
1454, 1463, 1469, 1477, 1479, 1483, 1488, 1492, 1494, 1496, 1498, 1504, 1510, 1513, 1518, 1520 and so on in the
nucleotide sequence of SEQ ID NO: 2 can be recited.

[0018] To be more specific, when the useful protein gene is a bA305P22.2.1 gene, as a nucleotide sequence that
includes at least one nucleotide sequence represented by CpG present in a nucleotide sequence of its promoter region,
untranslated region or translated region (coding region), a nucleotide sequence of a genomic DNA containing exon 1 of
a bA305P22.2.1 gene derived from human, and a promoter region located 5’ upstream of the same can be recited, and
more concretely, the nucleotide sequence of SEQ ID NO: 3 (corresponding to a nucleotide sequence represented by
base No. 13001 to 13889 in the nucleotide sequence described in Genbank Accession No. AL121673) can be recited.
In the nucleotide sequence of SEQ ID NO: 3, ATG codon encoding methionine at amino terminal of bA305P22.2.1
protein derived from human is represented in base No. 849 to 851, and a nucleotide sequence of the above exon 1 is
represented in base No. 663 to 889. Cytosine in the nucleotide sequence represented by CpG which is present in the
nucleotide sequence of SEQ ID NO: 3, in particular, cytosine in CpG which is present in a region where CpGs are densely
present in the nucleotide sequence of SEQ ID NO: 3 exhibits high methylation frequency (namely, a high methylation
state (hypermethylation)) in, for example, cancer cells such as gastric cancer cells. More concretely, as cytosine exhibiting
high methylation frequency in gastric cancer cells, for example, cytosines represented by base Nos. 329, 335, 337, 351,
363, 373, 405, 424, 427, 446, 465, 472, 486 and so on in the nucleotide sequence of SEQ ID NO: 3 can be recited.
[0019] To be more specific, when the useful protein gene is a Gamma filamin gene, as a nucleotide sequence that
includes at least one nucleotide sequence represented by CpG present in a nucleotide sequence of its promoter region,
untranslated region or translated region (coding region), a nucleotide sequence of a genomic DNA containing exon 1 of
a Gamma filamin gene derived from human, and a promoter region located 5’ upstream of the same can be recited, and
more concretely, the nucleotide sequence of SEQ ID NO: 4 (corresponding to a complementary sequence to a nucleotide
sequence represented by base No. 63528 to 64390 in the nucleotide sequence described in Genbank Accession No.
ACO074373) can be recited. In the nucleotide sequence of SEQ ID NO: 4, ATG codon encoding methionine at amino
terminal of Gamma filamin protein derived from human is represented in base No. 572 to 574, and a nucleotide sequence
of the above exon 1 is represented in base No. 463 to 863. Cytosine in the nucleotide sequence represented by CpG
which is present in the nucleotide sequence of SEQ ID NO: 4, in particular, cytosine in CpG which is present in a region
where CpGs are densely present in the nucleotide sequence of SEQ ID NO: 4 exhibits high methylation frequency
(namely, a high methylation state (hypermethylation)) in, for example, cancer cells such as gastric cancer cells. More
concretely, as cytosine exhibiting high methylation frequency in gastric cancer cells, for example, cytosines represented
by base Nos. 329, 333, 337, 350, 353, 360, 363, 370, 379, 382, 384, 409, 414, 419, 426, 432, 434, 445, 449, 459, 472,
474, 486, 490, 503, 505 and so on in the nucleotide sequence of SEQ ID NO: 4 can be recited.

[0020] To be more specific, when the useful protein gene is a HAND1 gene, as a nucleotide sequence that includes
at least one nucleotide sequence represented by CpG present in a nucleotide sequence of its promoter region, untrans-
lated region or translated region (coding region), a nucleotide sequence of a genomic DNA containing exon 1 of a HAND1
gene derived from human, and a promoter region located 5’ upstream of the same can be recited, and more concretely,
the nucleotide sequence of SEQ ID NO: 5 (corresponding to a complementary sequence to a nucleotide sequence
represented by base No. 24303 to 26500 in the nucleotide sequence described in Genbank Accession No. AC026688)
can be recited. In the nucleotide sequence of SEQ ID NO: 5, ATG codon encoding methionine at amino terminal of
HAND1 protein derived from human is represented in base No. 1656 to 1658, and a nucleotide sequence of the above
exon 1 is represented in base No. 1400 to 2198. Cytosine in the nucleotide sequence represented by CpG which is
present in the nucleotide sequence of SEQ ID NO: 5, in particular, cytosine in CpG which is present in a region where
CpGs are densely present in the nucleotide sequence of SEQ ID NO: 5 exhibits high methylation frequency (namely, a
high methylation state (hypermethylation)) in, for example, cancer cells such as gastric cancer cells. More concretely,
as cytosine exhibiting high methylation frequency in gastric cancer cells, for example, cytosines represented by base
Nos. 1153, 1160, 1178, 1187, 1193, 1218, 1232, 1266, 1272, 1292, 1305, 1307, 1316, 1356, 1377, 1399, 1401, 1422,
1434 and so on in the nucleotide sequence of SEQ ID NO: 5 can be recited.

[0021] To be more specific, when the useful protein gene is a Homologue of RIKEN 2210016F 16 gene, as a nucleotide
sequence that includes at least one nucleotide sequence represented by CpG present in a nucleotide sequence of its
promoter region, untranslated region or translated region (coding region), a nucleotide sequence of a genomic DNA
containing exon 1 of a Homologue of RIKEN 2210016F 16 gene derived from human, and a promoter region located 5’
upstream of the same can be recited, and more concretely, the nucleotide sequence of SEQ ID NO: 6 (corresponding
to a complementary nucleotide sequence to a nucleotide sequence represented by base No. 157056 to 159000 in the
nucleotide sequence described in Genbank Accession No. AL354733) can be recited. In the nucleotide sequence of
SEQ ID NO: 6, a nucleotide sequence of exon 1 of a Homologue of a RIKEN 2210016F 16 gene derived from human is
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represented in base No. 1392 to 1945. Cytosine in the nucleotide sequence represented by CpG which is present in the
nucleotide sequence of SEQ ID NO: 6, in particular, cytosine in CpG which is present in a region where CpGs are densely
present in the nucleotide sequence of SEQ ID NO: 6 exhibits high methylation frequency (namely, a high methylation
state (hypermethylation)) in, for example, cancer cells such as gastric cancer cells. More concretely, as cytosine exhibiting
high methylation frequency in gastric cancer cells, for example, cytosines represented by base Nos. 1172, 1175, 1180,
1183, 1189, 1204, 1209, 1267, 1271, 1278, 1281, 1313, 1319, 1332, 1334, 1338, 1346, 1352, 1358, 1366, 1378, 1392,
1402, 1433, 1436, 1438 and so on in the nucleotide sequence of SEQ ID NO: 6 can be recited.

[0022] To be more specific, when the useful protein gene is a FLJ32130 gene, as a nucleotide sequence that includes
at least one nucleotide sequence represented by CpG present in a nucleotide sequence of its promoter region, untrans-
lated region or translated region (coding region), a nucleotide sequence of a genomic DNA containing exon 1 of a
FLJ32130 gene derived from human, and a promoter region located 5’ upstream of the same can be recited, and more
concretely, the nucleotide sequence of SEQ ID NO: 7 (corresponding to a complementary nucleotide sequence to a
nucleotide sequence represented by base No. 1 to 2379 in the nucleotide sequence described in Genbank Accession
No. AC002310) can be recited. In the nucleotide sequence of SEQ ID NO: 7, ATG codon encoding methionine at amino
terminal of FLJ32130 protein derived from human is represented in base No. 2136 to 2138, and a nucleotide sequence
assumed to be the above exon 1 isrepresentedin base No. 2136 t0 2379. Cytosine in the nucleotide sequence represented
by CpG which is present in the nucleotide sequence of SEQ ID NO: 7, in particular, cytosine in CpG which is present in
aregion where CpGs are densely presentin the nucleotide sequence of SEQ ID NO: 7 exhibits high methylation frequency
(namely, a high methylation state (hypermethylation)) in, for example, cancer cells such as gastric cancer cells. More
concretely, as cytosine exhibiting high methylation frequency in gastric cancer cells, for example, cytosines represented
by base Nos. 1714, 1716, 1749, 1753, 1762, 1795, 1814, 1894, 1911, 1915, 1925, 1940, 1955, 1968 and so on in the
nucleotide sequence of SEQ ID NO: 7 can be recited.

[0023] Tobe more specific, when the useful protein gene is a PPARG angiopoietin-related protein gene, as a nucleotide
sequence that includes at least one nucleotide sequence represented by CpG present in a nucleotide sequence of its
promoter region, untranslated region or translated region (coding region), a nucleotide sequence of a genomic DNA
containing exon 1 of a PPARG angiopoietin-related protein gene derived from human, and a promoter region located
5’ upstream of the same can be recited, and more concretely, the nucleotide sequence of SEQ ID NO: 8 can be recited.
In the nucleotide sequence of SEQ ID NO: 8, ATG codon encoding methionine at amino terminal of PPARG angiopoietin-
related protein derived from human is represented in base No. 717 to 719, and a nucleotide sequence of the 5’ side part
of the above exon 1 is represented in base No. 1957 to 2661. Cytosine in the nucleotide sequence represented by CpG
which is present in the nucleotide sequence of SEQ ID NO: 8, in particular, cytosine in CpG which is present in a region
where CpGs are densely present in the nucleotide sequence of SEQ ID NO: 8 exhibits high methylation frequency
(namely, a high methylation state (hypermethylation)) in, for example, cancer cells such as gastric cancer cells. More
concretely, as cytosine exhibiting high methylation frequency in gastric cancer cells, for example, cytosines represented
by base Nos. 35, 43, 51, 54, 75, 85, 107, 127, 129, 143, 184, 194, 223, 227, 236, 251, 258 and so on in the nucleotide
sequence of SEQ ID NO: 8 can be recited.

[0024] To be more specific, when the useful protein gene is a Thrombomodulin gene, as a nucleotide sequence that
includes at least one nucleotide sequence represented by CpG present in a nucleotide sequence of its promoter region,
untranslated region or translated region (coding region), a nucleotide sequence of a genomic DNA containing exon 1 of
a Thrombomodulin gene derived from human, and a promoter region located 5’ upstream of the same can be recited,
and more concretely, the nucleotide sequence of SEQ ID NO: 9 (corresponding to a nucleotide sequence represented
by base No. 1 to 6096 in the nucleotide sequence described in Genbank Accession No. AF495471) can be recited. In
the nucleotide sequence of SEQ ID NO: 9, ATG codon encoding methionine at amino terminal of Thrombomodulin
protein derived from human is represented in base No. 2590 to 2592, and a nucleotide sequence of the above exon 1
is represented in base No. 2048 to 6096. Cytosine in the nucleotide sequence represented by CpG which is present in
the nucleotide sequence of SEQ ID NO: 9, in particular, cytosine in CpG which is present in a region where CpGs are
densely present in the nucleotide sequence of SEQ ID NO: 9 exhibits high methylation frequency (namely, a high
methylation state (hypermethylation)) in, for example, cancer cells such as gastric cancer cells. More concretely, as
cytosine exhibiting high methylation frequency in gastric cancer cells, for example, cytosines represented by base Nos.
1539, 1551, 1571, 1579, 1581, 1585, 1595, 1598, 1601, 1621, 1632, 1638, 1645, 1648, 1665, 1667, 1680, 1698, 1710,
1724, 1726, 1756 and so on in the nucleotide sequence of SEQ ID NO: 9 can be recited.

[0025] To be more specific, when the useful protein gene is a p53-responsive gene 2 gene, as a nucleotide sequence
that includes at least one nucleotide sequence represented by CpG present in a nucleotide sequence of its promoter
region, untranslated region or translated region (coding region), a nucleotide sequence of a genomic DNA containing
exon 1 of a p53-responsive gene 2 gene derived from human, and a promoter region located 5’ upstream of the same
can be recited, and more concretely, the nucleotide sequence of SEQ ID NO: 10 (corresponding to a complementary
sequence to a nucleotide sequence represented by base No. 113501 to 116000 in the nucleotide sequence described
in Genbank Accession No. AC009471) can be recited. In the nucleotide sequence of SEQ ID NO: 10, a nucleotide
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sequence of exon 1 of a p53-responsive gene 2 gene derived from human is represented in base No. 1558 to 1808.
Cytosine in the nucleotide sequence represented by CpG which is present in the nucleotide sequence of SEQ ID NO:
10 exhibits high methylation frequency (namely, a high methylation state (hypermethylation)) in, for example, cancer
cells such as pancreas cancer cells. More concretely, as cytosine exhibiting high methylation frequency in pancreas
cancer cells, for example, cytosines represented by base Nos. 1282, 1284, 1301, 1308, 1315, 1319, 1349, 1351, 1357,
1361, 1365, 1378, 1383 and so on in the nucleotide sequence of SEQ ID NO: 10 can be recited.

[0026] To be more specific, when the useful protein gene is a Fibrillin2 gene, as a nucleotide sequence that includes
at least one nucleotide sequence represented by CpG present in a nucleotide sequence of its promoter region, untrans-
lated region or translated region (coding region), a nucleotide sequence of a genomic DNA containing exon 1 of a
Fibrillin2 gene derived from human, and a promoter region located 5’ upstream of the same can be recited, and more
concretely, the nucleotide sequence of SEQ ID NO: 11 (corresponding to a complementary sequence to a nucleotide
sequence represented by base No. 118801 to 121000 in the nucleotide sequence described in Genbank Accession No.
AC113387) can be recited. In the nucleotide sequence of SEQ ID NO: 11, a nucleotide sequence of exon 1 of a Fibrillin2
gene derived from human is represented in base No. 1091 to 1345. Cytosine in the nucleotide sequence represented
by CpG which is present in the nucleotide sequence of SEQ ID NO: 11 exhibits high methylation frequency (namely, a
high methylation state (hypermethylation)) in, for example, cancer cells such as pancreas cancer cells. More concretely,
as cytosine exhibiting high methylation frequency in pancreas cancer cells, for example, cytosines represented by base
Nos. 679, 687, 690, 699, 746, 773, 777, 783, 795, 799, 812, 823, 830, 834, 843 and so on in the nucleotide sequence
of SEQ ID NO: 11 can be recited.

[0027] To be more specific, when the useful protein gene is a Neurofilament3 gene, as a nucleotide sequence that
includes at least one nucleotide sequence represented by CpG present in a nucleotide sequence of its promoter region,
untranslated region or translated region (coding region), a nucleotide sequence of a genomic DNA containing exon 1 of
a Neurofilament3 gene derived from human, and a promoter region located 5’ upstream of the same can be recited, and
more concretely, the nucleotide sequence of SEQ ID NO: 12 (corresponding to a complementary sequence to a nucleotide
sequence represented by base No. 28001 to 30000 in the nucleotide sequence described in Genbank Accession No.
AF106564) can be recited. In the nucleotide sequence of SEQ ID NO: 12, a nucleotide sequence of exon 1 of a
Neurofilament3 gene derived from human is represented in base No. 614 to 1694. Cytosine in the nucleotide sequence
represented by CpG which is present in the nucleotide sequence of SEQ ID NO: 12 exhibits high methylation frequency
(namely, a high methylation state (hypermethylation)) in, for example, cancer cells such as pancreas cancer cells. More
concretely, as cytosine exhibiting high methylation frequency in pancreas cancer cells, for example, cytosines represented
by base Nos. 428, 432, 443, 451, 471, 475, 482, 491, 499, 503, 506, 514, 519, 532, 541, 544, 546, 563, 566, 572, 580
and so on in the nucleotide sequence of SEQ ID NO: 12 can be recited.

[0028] To be more specific, when the useful protein gene is a disintegrin and metalloproteinase domain 23 gene, as
a nucleotide sequence that includes at least one nucleotide sequence represented by CpG present in a nucleotide
sequence of its promoter region, untranslated region or translated region (coding region), a nucleotide sequence of a
genomic DNA containing exon 1 of a disintegrin and metalloproteinase domain 23 gene derived from human, and a
promoter region located 5’ upstream of the same can be recited, and more concretely, the nucleotide sequence of SEQ
ID NO: 13 (corresponding to a nucleotide sequence represented by base No. 21001 to 23300 in the nucleotide sequence
described in Genbank Accession No. AC009225) can be recited. In the nucleotide sequence of SEQ ID NO: 13, a
nucleotide sequence of exon 1 of a disintegrin and metalloproteinase domain 23 gene derived from human is represented
in base No. 1194 to 1630. Cytosine in the nucleotide sequence represented by CpG which is present in the nucleotide
sequence of SEQ ID NO: 13 exhibits high methylation frequency (namely, a high methylation state (hypermethylation))
in, for example, cancer cells such as pancreas cancer cells. More concretely, as cytosine exhibiting high methylation
frequency in pancreas cancer cells, for example, cytosines represented by base Nos. 998, 1003, 1007, 1011, 1016,
1018, 1020, 1026, 1028, 1031, 1035, 1041, 1043, 1045, 1051, 1053, 1056, 1060, 1066, 1068, 1070, 1073, 1093, 1096,
1106, 1112, 1120, 1124, 1126 and so on in the nucleotide sequence of SEQ ID NO: 13 can be recited.

[0029] To be more specific, when the useful protein gene is a G protein-coupled receptor 7 gene, as a nucleotide
sequence that includes at least one nucleotide sequence represented by CpG present in a nucleotide sequence of its
promoter region, untranslated region or translated region (coding region), a nucleotide sequence of a genomic DNA
containing exon 1 of a G protein-coupled receptor 7 gene derived from human, and a promoter region located 5’ upstream
of the same can be recited, and more concretely, the nucleotide sequence of SEQ ID NO: 14 (corresponding to a
nucleotide sequence represented by base No. 75001 to 78000 in the nucleotide sequence described in Genbank Ac-
cession No. AC009800) can be recited. In the nucleotide sequence of SEQ ID NO: 14, a nucleotide sequence of exon
1 of a G protein-coupled receptor 7 gene derived from human is represented in base No. 1666 to 2652. Cytosine in the
nucleotide sequence represented by CpG which is present in the nucleotide sequence of SEQ ID NO: 14 exhibits high
methylation frequency (namely, a high methylation state (hypermethylation)) in, for example, cancer cells such as pan-
creas cancer cells. More concretely, as cytosine exhibiting high methylation frequency in pancreas cancer cells, for
example, cytosines represented by base Nos. 1480, 1482, 1485, 1496, 1513, 1526, 1542, 1560, 1564, 1568, 1570,
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1580, 1590, 1603, 1613, 1620 and so on in the nucleotide sequence of SEQ ID NO: 14 can be recited.

[0030] To be more specific, when the useful protein gene is a G-protein coupled somatostatin and angiotensin-like
peptide receptor gene, as a nucleotide sequence that includes at least one nucleotide sequence represented by CpG
present in a nucleotide sequence of its promoter region, untranslated region or translated region (coding region), a
nucleotide sequence of a genomic DNA containing exon 1 of a G-protein coupled somatostatin and angiotensin-like
peptide receptor gene derived from human, and a promoter region located 5’ upstream of the same can be recited, and
more concretely, the nucleotide sequence of SEQ ID NO: 15 (corresponding to a complementary sequence to a nucleotide
sequence represented by base No. 57001 to 60000 in the nucleotide sequence described in Genbank Accession No.
ACO008971) can be recited. In the nucleotide sequence of SEQ ID NO: 15, a nucleotide sequence of exon 1 of a G-
protein coupled somatostatin and angiotensin-like peptide receptor gene derived from human is represented in base
No. 776 to 2632. Cytosine in the nucleotide sequence represented by CpG which is present in the nucleotide sequence
of SEQ ID NO: 15 exhibits high methylation frequency (namely, a high methylation state (hypermethylation)) in, for
example, cancer cells such as pancreas cancer cells. More concretely, as cytosine exhibiting high methylation frequency
in pancreas cancer cells, for example, cytosines represented by base Nos. 470, 472, 490, 497, 504, 506, 509, 514, 522,
540, 543, 552, 566, 582, 597, 610, 612 and so on in the nucleotide sequence of SEQ ID NO: 15 can be recited.
[0031] To be more specific, when the useful protein gene is a Solute carrier family 6 neurotransmitter transporter
noradrenalin member 2 gene, as a nucleotide sequence that includes at least one nucleotide sequence represented by
CpG present in a nucleotide sequence of its promoter region, untranslated region or translated region (coding region),
a nucleotide sequence of a genomic DNA containing exon 1 of a Solute carrier family 6 neurotransmitter transporter
noradrenalin member 2 gene derived from human, and a promoter region located 5’ upstream of the same can be recited,
and more concretely, the nucleotide sequence of SEQ ID NO: 16 (corresponding to a complementary sequence to a
nucleotide sequence represented by base No. 78801 to 81000 in the nucleotide sequence described in Genbank Ac-
cession No. AC026802) can be recited. In the nucleotide sequence of SEQ ID NO: 16, a nucleotide sequence of exon
1 of a Solute carrier family 6 neurotransmitter transporter noradrenalin member 2 gene derived from human is represented
in base No. 1479 to 1804. Cytosine in the nucleotide sequence represented by CpG which is present in the nucleotide
sequence of SEQ ID NO: 16 exhibits high methylation frequency (namely, a high methylation state (hypermethylation))
in, for example, cancer cells such as pancreas cancer cells. More concretely, as cytosine exhibiting high methylation
frequency in pancreas cancer cells, for example, cytosines represented by base Nos. 1002, 1010, 1019, 1021, 1051,
1056, 1061, 1063, 1080, 1099, 1110, 1139, 1141, 1164, 1169, 1184 and so on in the nucleotide sequence of SEQ ID
NO: 16 can be recited.

[0032] The term "methylated DNA antibody" means an antibody that binds to a methylated base in DNA as its antigen.
Concretely, it may be a methylcytosine antibody, and an antibody having a property of recognizing and binding to cytosine
methylated at position 5 in single-stranded DNA can be recited. Also a commercially available methylated DNA antibody
may be applicable as far as it specifically recognizes and specifically binds to DNA in a methylated state according to
the present invention.

[0033] A methylated DNA antibody can be prepared by a conventional immunological technique from a methylated
base, methylated DNA or the like as an antigen. Concretely, a methylcytosine antibody can be obtained by selecting
from antibodies prepared against an antigen such as 5-methylcytidine, 5-methylcytosine or DNA containing 5-methyl-
cytosine according to specific binding to methylcytosine in DNA as an index.

[0034] As an antibody obtainable by immunizing an animal against an antigen, afterimmunizing with a purified antigen,
an antibody of an 1gG fraction (polyclonal antibody), and an antibody produced by a single clone (monoclonal antibody)
can be used. In the present invention, since an antibody capable of specifically recognizing methylated DNA or meth-
ylcytosine is desired, it is preferable to use a monoclonal antibody.

[0035] As a method of preparing a monoclonal antibody, a procedure based on a cell fusion method can be recited.
For example, in the cell fusion method, a hybridoma is prepared by allowing cell fusion between a pancreatic cell (B
cell) derived from an immunized mouse and a myeloma cell, and an antibody produced by the hybridoma is selected,
and thus a methylcytosine antibody (monoclonal antibody) is prepared. When a monoclonal antibody is prepared by a
cell fusion method, it is not necessary to purify an antigen, and for example, a mixture of 5-methyl cytidine, 5-methylcy-
tosine or DNA or the like containing 5-methylcytosine may be administered as an antigen to an animal used for immu-
nization. As an administration method, 5-methyl cytidine, 5-methylcytosine or DNA or the like containing 5-methylcytosine
is directly administered to a mouse for production of an antibody. When an antibody is difficult to be produced, an antigen
bound to a support may be used for immunization.

[0036] Also, by thoroughly mixing an adjuvant solution (prepared, for example, by mixing liquid paraffin and Aracel A,
and mixing killed tubercle bacilli as an adjuvant) and an antigen, and immunizing via liposome incorporating the same,
immunity of an antigen can be improved. Also a method involving adding equivalent amounts of a solution containing
an antigen and an adjuvant solution, fully emulsifying them, and subcutaneously or intraperitoneally injecting the resultant
mixture to a mouse, and a method of adding killed Bordetella pertussis as an adjuvant after mixing well with alum water
are known. A mouse may be boosted intraperitoneally or intravenously after an appropriate term from initialimmunization.
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When the amount of an antigen is small, a solution in which the antigen is suspended may be directly injected into a
mouse spleen to effect immunization.

[0037] After exenterating a spleen and peeling an adipose tissue off after several days from the final immunization, a
spleen cell suspension is prepared. The spleen cell is fused, for example, with an HGPRT-deficient myeloma cell to
prepare a hybridoma. As a cell fusion agent, any means capable of efficiently fusing a spleen cell (B cell) and a myeloma
cell is applicable, and for example, a method of using a hemagglutinating virus of Japan (HVJ), polyethyleneglycol (PEG)
and the like are recited. Cell fusion may be conducted by a method using a high voltage pulse.

[0038] After the cell fusion operation, cells are cultured in an HAT medium, a clone of a hybridoma in which a spleen
cell and a myeloma cell are fused is selected, and the cell is allowed to grow until screening becomes possible. In a
method of detecting an antibody for selecting a hybridoma that produces an intended antibody, or a method of measuring
a titer of an antibody, an antigen-antibody reaction system may be used. Concretely, as a method of measuring an
antibody against a soluble antigen, a radioisotope immune assay (RIA), an enzyme-linked immunosorbent assay (ELISA)
and the like can be recited.

[0039] Single-stranded DNA is able to bind with an anti methylation antibody as far as at least one position of a CpG
existing therein is methylated. The term "methylated single-stranded DNA" in the present invention means single-stranded
DNA inwhich atleast one potision of a CpG existing in single-stranded DNA is methylated, rather than meaning exclusively
single-stranded DNA in which every CpG existing in single-stranded DNA is methylated.

[0040] The expression "an amount of amplified DNA obtained by (amplifying methylated DNA in a target DNA region
to a detectable level™ means an amount itself after amplification of methylated DNA in a target region comprised by
genomic DNA contained in a biological specimen, namely, an amount determined in Third step of the present invention
as described below. For example, when the biological specimen is 1 mL of serum, it means an amount of DNA amplified
based on the methylated DNA contained in 1 mL of serum.

[0041] In First step, a DNA sample derived from genomic DNA contained in a biological specimen is subjected to a
digestion treatment with a methylation-sensitive restriction enzyme.

[0042] The "methylation-sensitive restriction enzyme" in the present invention does not digest a recognition sequence
containing methylated cytosine, but digests only a recognition sequence containing unmethylated cytosine. In other
words, in the case of DNA wherein cytosine contained in a recognition sequence inherently recognizable by the meth-
ylation sensitive restriction enzyme is methylated, the DNA will not be cleaved even when the methylation sensitive
restriction enzyme is caused to act on the DNA. On the other hand, in the case of DNA wherein cytosine contained in
a recognition sequence inherently recognizable by the methylation sensitive restriction enzyme is not methylated, the
DNA will be cleaved when the methylation sensitive restriction enzyme is caused to act on the DNA. Concrete examples
of such methylation sensitive restriction enzymesinclude Hpall, BstUl, Narl, Sacll, and Hhal which are restriction enzymes
recognition cleavage site for which is present in the objective DNA region of the genomic DNA contained in a biological
specimen. The aforementioned methylation sensitive restriction enzymes have already been revealed by Gruenbaum
et al. (Nucleic Acid Research, 9, 2509-2515).

[0043] As a method of examining whether or not digestion by the methylation sensitive restriction enzyme occurs,
concretely, for example, a method of conducting PCR using a pair of primers capable of amplifying DNA containing
cytosine which is a target of analysis in a recognition sequence while using the DNA as a template, and examining
whether or not the DNA is amplified (amplified product) can be recited. When the cytosine which is a target of analysis
is methylated, an amplified product is obtained. On the other hand, when the cytosine which is a target of analysis is
not methylated, an amplified product is not obtained. In this manner, by comparing the amounts of amplified DNA, it is
possible to measure the methylated rate of the cytosine which is a target of analysis. In brief, when genomic DNA
contained in the biological specimen is methylated, it is possible to distinguish whether or not cytosine in CpG pair
existing in the recognition site of the methylation sensitive restriction enzyme in genomic DNA contained in the biological
specimen is methylated by utilizing the characteristic that the methylation sensitive restriction enzyme fails to cleave
methylated DNA. In other words, when cytosine in at least one CpG pair existing in the recognition site of the methylation
sensitive restriction enzyme in genomic DNA contained in the biological specimen is not methylated, the DNA having
such a recognition site will be cleaved by the methylation sensitive restriction enzyme when it is subjected to a digestion
treatment with the methylation sensitive restriction enzyme. Further, when cytosine in every CpG pair existing in the
recognition site of the methylation sensitive restriction enzyme in genomic DNA contained in the biological specimen is
methylated, the DNA having such a recognition site will not be cleaved by the methylation sensitive restriction enzyme.
Therefore, by conducting PCR using a pair of primers capable of amplifying the objective DNA region as will be described
later after executing the digestion treatment, an amplified product by PCR will not be obtained when cytosine in at least
one CpG pair existing in the recognition site of the methylation sensitive restriction enzyme in genomic DNA contained
in the biological specimen is not methylated, and on the other hand, an amplified product by PCR will be obtained when
cytosine in every CpG pair existing in the recognition site of the methylation sensitive restriction enzyme in genomic
DNA contained in the biological specimen is methylated.

[0044] Concretely, First step may be executed, for example, in the following manner when genomic DNA contained
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in the biological specimen is genomic DNA from mammals. Genomic DNA from mammals is added with 3 pL of an
optimum 10 x buffer (330 mM Tris-Acetate pH 7.9, 660 mM KOAc, 100 mM MgOAc,, 5 mM Dithiothreitol), 3 pL of 1
mg/mL BSA aqueous solution, each 1.5 pL of a methylation sensitive restriction enzyme such as Hpall or Hhal (10
U/nL), and the resultant mixture is added with sterilized ultrapure water to make the liquid amount 30 pL, and incubated
at 37°C for one to three hours.

[0045] The treatment with a methylation-sensitive restriction enzyme in First step includes addition of a masking
oligonucleotide. In particular, the treatment comprises

[0046] First (A) step of mixing a single-stranded DNA (plus strand) containing the objective DNA region and a masking
oligonucleotide comprising a nucleotide sequence complementary to a nucleotide sequence of a recognition site for a
methylation-sensitive restriction enzyme, thereby obtaining a partially single-stranded DNA in which the recognition site
for the methylation-sensitive restriction enzyme forms double strand by complementary base-pairing with the masking
oligonucleotide; followed by First (B) step of digesting the single-stranded DNA selected in First (A) step with the meth-
ylation-sensitive restriction enzyme. In particular, therefore, a masking oligonucleotide is added to a solution for the
treatment with a methylation-sensitive restriction enzyme.

[0047] By undergoing First (A) and First (B) steps, any DNA sample derived from a genomic DNA contained in a
biological specimen may be digested with a methylation-sensitive restriction enzyme with double-stranded DNA exclu-
sively as a substrate, even if the DNA sample is single-stranded DNA.

[0048] The term "masking oligonucleotide™ means oligonucleotide having a nucleotide sequence complementary to
the nucleotide sequence of the recognition site of the methylation sensitive restriction enzyme, and is oligonucleotide
that forms double strand by complementary base-pairing at least one site (even every site is possible) of several rec-
ognition sites of the methylation sensitive restriction enzyme contained in the objective DNA region in the single-stranded
DNA (that is, the site is made into double-stranded state), thereby enabling the methylation sensitive restriction enzyme
that uses only double-stranded DNA as a substrate to digest the site, and improving digestion efficiency at the site for
the methylation sensitive restriction enzyme capable of digesting single-stranded DNA (methylation sensitive restriction
enzyme capable of digesting single-stranded DNA also digests double-stranded DNA, and digestion efficiency thereof
is higher with respect to double-stranded DNA than with respect to single-stranded DNA), and means oligonucleotide
not inhibiting formation of double strand between single-stranded DNA containing the objective DNA region and single-
stranded immobilized oligonucleotide. Further, when a sample is a single-stranded DNA, the masking oligonucleotide
should be oligonucleotide that is unavailable in a reaction for extending an extension primer by using a later-described
reverse primer (plus strand) as the extension primer and the masking oligonucleotide (minus strand) as a template. As
a nucleotide length, 8 to 200 bases long is preferred.

[0049] The masking oligonucleotide to be mixed with a DNA sample derived from genomic DNA may be one kind or
plural kinds. When plural kinds are used, many of recognition sites of the methylation sensitive restriction enzyme in the
single-stranded DNA containing the objective DNA region become double-strand state, and "DNA remaining undigested"
as will be described later by the methylation sensitive restriction enzyme can be minimized. For example, itis particularly
useful to use the masking oligonucleotide designed in accordance with a site intended not to be digested when it is
methylated and intended to be digested when itis not methylated among several recognition sequences of the methylation
sensitive restriction enzyme contained in the objective DNA region (for example, the site that is methylated at 100% in
a diseased patient specimen, but is not methylated at 100% in a healthy specimen).

[0050] Asaconcerninadigestiontreatmentin First step, a fear that a recognition sequence containing non-methylated
cytosine cannot be completely digested (so called "DNA remaining undigested") can be recited. When such a fear is
problematic, since the "DNA remaining undigested" can be minimized if recognition sites of the methylation sensitive
restriction enzyme abundantly exist, it is considered that as the objective DNA region, the one having one or more
recognition sites of the methylation sensitive restriction enzyme is preferred and the more the better.

[0051] One preferable embodiment is that "a DNA sample derived from a genomic DNA contained in a biological
specimen” is a DNA sample digested in advance with a restriction enzyme recognition cleavage site for which in not
present in the objective DNA region possessed by the genomic DNA. Here, when a digested substance of a genomic
DNA contained in a biological specimen is selected with the use of present immobilized oligonucleotide, shorter template
DNA is more likely to be selected, and when the objective region is amplified by PCR, shorter template DNA is more
preferred. Therefore, a digestion treatment may be executed while using a restriction enzyme whose recognition cleavage
site excludes the objective DNA region directly on the DNA sample derived from a genomic DNA contained in a biological
specimen. As a method of digesting with a restriction enzyme recognition cleavage site for which is not present in the
objective DNA region, a commonly used restriction enzyme treatment method may be used. These embodiments are
preferred because the methylation amount can be determined accurately by digesting the biological specimen itself in
advance with a restriction enzyme as described above. Such a method is useful for avoiding the "DNA remaining
undigested" as described above.

[0052] As a method of digesting a sample derived from a genomic DNA contained in a biological specimen with the
methylation sensitive restriction enzyme, when the biological specimen is a genomic DNA itself, the method similar to
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that described above is preferred, and when the biological specimen is a tissue lysate, a cell lysate or the like, a digestion
treatment may be executed using a large excess of methylation sensitive restriction enzyme, for example, a methylation
sensitive restriction enzyme in an amount of 500 times (10 U) or more with respect to 25 ng of the DNA amount, according
to a similar method as described above.

[0053] Basically, genomic DNA exists as double-stranded DNA. Therefore, in the present operation, not only a meth-
ylation sensitive restriction enzyme (for example, Hhal) capable of digesting single-stranded DNA, but also a methylation
sensitive restriction enzyme capable of digesting double-stranded DNA (for example, Hpall, BstUIl, Narl, Sacll, Hhal
and the like) may be used.

[0054] In Second step of the present measuring method, methylated single-stranded DNA is obtained from the DNA
sample that has been subjected to the digestion treatment and obtained in First step, and the methylated single-stranded
DNA is bound to an immobilized methylated DNA antibody, thereby selecting the single-stranded DNA. Second step
comprises a Second (A) step of separating into methylated single-stranded DNA the methylated double-stranded DNA
contained in the DNA sample that has been subjected to the digestion treatment and obtained in First step; and Second
(B) step of binding the methylated single-stranded DNA obtained in Second (A) step to an immobilized methylated DNA
antibody.

[0055] In Second (A) step of the present measuring method, in "separating into methylated single-stranded DNA the
methylated double-stranded DNA contained in the DNA sample that has been subjected to the digestion treatment and
obtained in First step”, a commonly used operation for making double-stranded DNA into single-stranded DNA may be
conducted. Concretely, a DNA sample derived from genomic DNA contained in a biological specimen may be dissolved
in an appropriate amount of ultrapure water, heated at 95°C for 10 minutes, and rapidly cooled on ice.

[0056] In Second (B) step, the methylated single-stranded DNA obtained in Second (A) step is bound to an immobilized
methylated DNA antibody, thereby selecting the single-stranded DNA. The immobilized methylated DNA antibody is
used for selecting methylated single-stranded DNA from a DNA sample derived from genomic DNA contained in a
biological specimen. The immobilized methylated DNA antibody may be one immobilizable to a support, and the ex-
pression "one immobilizable to a support" means that a immobilized methylated DNA antibody can be immobilized to a
support directly or indirectly. For achieving such immobilization, a immobilized methylated DNA antibody may be immo-
bilized to a support according to a commonly used genetic engineering operation method or a commercially available
kit, apparatus or the like (binding to a solid phase). Concretely, a method of immobilizing a biotinylated immobilized
methylated DNA antibody obtained by biotinylating an immobilized methylated DNA antibody to a support coated with
streptavidin (for example, a PCR tube coated with streptavidin, magnetic beads coated with streptavidin and so on) can
be recited.

[0057] Also there is a method of letting a molecule having an active functional group such as an amino group, a thiol
group, or an aldehyde group covalently bind to an immobilized methylated DNA antibody, and letting the resultant bound
body covalently bind to a support made of glass, a polysaccharide derivative, silica gel, the synthetic resin orthermostable
plastic whose surface is activated with a silane coupling agent or the like. Covalent bonding may be achieved, for
example, using a spacer formed by serially connecting five triglycerides, a cross linker or the like.

[0058] An immobilized methylated DNA antibody may be directly immobilized to a support, or an antibody against an
immobilized methylated DNA antibody (secondary antibody) may be immobilized to a support, and a methylated antibody
may be bound to the secondary antibody to achieve immobilization to a support.

[0059] It suffices that the present immobilized immobilized methylated DNA antibody is immobilized to a support when
single-stranded DNA (plus strand) containing the objective DNA region is selected, and (1) immobilization may be
achieved by binding between the present immobilized immobilized methylated DNA antibody and a support before
binding between the single-stranded DNA (plus strand) and the present immobilized immobilized methylated DNA an-
tibody, or (2) immobilization may be achieved by binding between the present immobilized methylated DNA antibody
and a support after binding between the single-stranded DNA (plus strand) and the present immobilized immobilized
methylated DNA antibody.

[0060] In Second (B) step, when "the single-stranded DNA is selected by binding between methylated single-stranded
DNA and an immobilized immobilized methylated DNA antibody," it may be concretely executed in the following manner,
for example, using a "biotin-labeled biotinylated methylated cytosine antibody" as an immobilized immobilized methylated
DNA antibody.

(a) An avidin-coated PCR tube is added with an appropriate amount (for example, 0.1 ng/50 pL) of a biotinylated,
methylated cytosine antibody, left still at room temperature for about an hour, to promote immobilization between
the biotinylated methylated cytosine antibody and streptavidin. Then the remaining solution is removed and washing
is performed. A washing buffer [for example, a 0.05% Tween 20-containing phosphate buffer (1 mM KH,PO,4, 3 mM
Na,HPO-7H,0, 154 mM NaCl, pH 7.4)] is added in a proportion of 100 pL/tube, and the solution is removed. This
washing operation is repeated several times, to leave the biotinylated methylated cytosine antibody immobilized to
a support inside the PCR tube.
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(b) Double-stranded DNA derived from genomic DNA contained in a biological specimen is mixed with a buffer (for
example, 33 mM Tris-Acetate pH 7.9, 66 mM KOAc, 10 mM MgOAc,, 0.5 mM Dithiothreitol) and heated at 95°C for
several minutes. Then the reaction is rapidly cooled to about 0 to 4°C, and kept for several minutes at this temperature
to cause formation of single-stranded DNA. Then the reaction is returned to room temperature.

(c) The formed single-stranded DNA is added to an avidin-coated PCR tube to which a biotinylated methylated
cytosine antibody is immobilized, and then left still at room temperature for about an hour, to promote binding
between the biotinylated methylated cytosine antibody and methylated single-stranded DNA among the single-
stranded DNA (formation of a bound body)(in this stage, at least single-stranded DNA containing an unmethylated
DNA region does not form a bound body). Thereafter, the remaining solution is removed and washing is performed.
Awashing buffer [for example, a0.05% Tween 20-containing phosphate buffer (1 mM KH,PO,4, 3 mM Na,HPO-7H,0,
154 mM NaCl, pH 7.4)] is added in a proportion of 100 p.L/tube, and the solution is removed. This washing operation
is repeated several times, to leave the bound body inside the PCR tube (selection of a bound body).

[0061] The buffer used in (b) is not limited to the above buffer and may be any buffer that is suited for separating
double-stranded DNA derived from genomic DNA from a biological sample into single-stranded DNA.

[0062] The washing operation in (a) and (c) is important for removing an unimmobilized immobilized methylated DNA
antibody suspended in the solution, unmethylated single-stranded DNA that does not bind with aimmobilized methylated
DNA antibody and hence is suspended in the solution, and DNA suspended in a solution digested by a restriction enzyme
as will be described later, from the reaction solution. The washing buffer is not limited to the foregoing washing buffer,
and any buffer suited for removing the free immobilized methylated DNA antibody, single-stranded DNA and so on
suspended in the solution and the like is applicable, and a DELFIA buffer (available from Perkin Elmer, Tris-HCI pH 7.8
with Tween 80), a TE buffer and the like may be used.

[0063] In Second (A) step, as a preferred embodiment in separating methylated single-stranded DNA, addition of a
counter oligonucleotide and the like can be recited. A counter oligonucleotide means a short oligonucleotide comprising
a part of the same nucleotide sequence as that of the objective DNA region. It may be designed to have a length of
usually 10 to 100 bases, and more preferably 20 to 50 bases. Here, a counter oligonucleotide is not designed on the
nucleotide sequence where a forward primer or a reverse primer complementarily binds with the target DNA region. A
counter oligonucleotide is added in excess relative to genomic DNA, and is added so as to prevent a complementary
strand of a target DNA region (minus strand) and a single strand of a target DNA region (plus strand) from re-binding
by complementation when binding with an immobilized methylated DNA antibody is caused after making a target DNA
region into a single strand (plus strand). This is because in measuring a methylation frequency of DNA or an index value
having correlation therewith while a methylated DNA antibody is bound to the target DNA region, the target region is
more likely to bind with the methylated DNA antibody when it is a single strand. Preferably, a counter oligonucleotide is
added in an amount of at least 10 times, usually 100 times or more relative to the target DNA region.

[0064] "Adding a counter oligonucleotide in separating methylated single-stranded DNA" may be concretely achieved
by mixing a DNA sample derived from genomic DNA contained in a biological specimen with a counter oligonucleotide
to form a double strand between the complementary strand of the target DNA region and the counter oligonucleotide
so as to select methylated single-stranded DNA from a DNA sample derived from genomic DNA contained in a biological
specimen. For example, the DNA sample and the counter oligonucleotide are added to 5 pL of a buffer (330 mM Tris-
Acetate pH 7.9, 660 mM KOAc, 100 mM MgOAc,, 5 mM Dithiothreitol), 5 pL of a 100 mM MgCl, solution, and 5 pL of
a 1 mg/mL of BSA solution, and the resultant mixture is added with sterile ultrapure water to a liquid volume of 50 pL,
and mixed, heated at 95°C for 10 minutes, rapidly cooled to 70°C, kept at this temperature for 10 minutes, then cooled
to 50°C, kept at this temperature for 10 minutes, and then kept at 37°C for 10 minutes and returned to room temperature.
[0065] Disclosed herein is a third step comprising, as a pre step of each of the following regular steps:

a step (First pre step) of separating the single-stranded DNA selected in Second step from the immobilized immo-
bilized methylated DNA antibody to provide DNA in a single-stranded state (plus strand);

a step (Second pre step) of extensionally-forming a double-stranded DNA from a single-stranded DNA (plus strand)
containing the objective DNA region by a single extension of an extension primer, using the genomic DNA (plus
strand) provided in a single-stranded state in First pre step and the extension primer, wherein the extension primer
(forward primer) comprises the nucleotide sequence (minus strand) complementary to a partial nucleotide sequence
(plus strand) of the nucleotide sequence of the DNA in a single-stranded state (plus strand), the partial nucleotide
sequence (plus strand) being located on further 3’-end side than the 3’-end of the nucleotide sequence (plus strand)
of the objective DNA region; and

a step (Third pre step) of temporarily separating the double-stranded DNA extensionally formed in Second pre step
into a single-stranded DNA (plus strand) containing the objective DNA region and a single-stranded DNA (minus
strand) containing the nucleotide sequence complementary to the objective DNA region;
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and as regular steps:

(a) Step A (regular step) of extensionally forming double-stranded DNA from the single-stranded DNA containing
the objective DNA region, by a single extension of the extension primer, using as a template the generated single-
stranded DNA (plus strand) containing the objective DNA region, and the forward primer as the extension primer; and
(b) Step B (regular step) of extensionally forming double-stranded DNA from the single-stranded DNA containing
the objective DNA region, by a single extension of an extension primer, using as a template the generated single-
stranded DNA (minus strand) containing the nucleotide sequence complementary to the objective DNA region, and
using as the extension primer an extension primer (reverse primer) comprising the nucleotide sequence (plus strand)
complementary to a partial nucleotide sequence (minus strand) of the nucleotide sequence of the single-stranded
DNA (minus strand) containing the nucleotide sequence complementary to the objective DNA region, the partial
nucleotide sequence (minus strand) being located on further 3’-end side than the 3’-end of the nucleotide sequence
(minus strand) complementary to the nucleotide sequence (plus strand)of the objective DNA region; and wherein
Third step further comprises amplifying the methylated DNA in the objective DNA region to a detectable level by
repeating each regular step of Third step after temporarily separating the extensionally formed double-stranded
DNA obtained in each of the regular steps into a amplified DNA.

[0066] In Third step discussed above, first, as First pre step step among the respective pre steps of the following
regular steps, single-stranded DNA selected in Second step is temporarily separated from the immobilized immobilized
methylated DNA antibody into DNA in a single-stranded state. Concretely, for example, by adding an annealing buffer
to single-stranded DNA selected in Second step, a mixture is obtained. Then the resultant mixture is heated at 95°C for
several minutes, to obtain DNA in a single-stranded state (plus strand). Thereafter, in Second pre step, concretely, for
example, DNA in a single-stranded state (plus strand) obtained in First pre step and a forward primer are mixed in a
solution that is prepared by adding 17.85 pL of sterile ultrapure water, 3 pL of an optimum buffer (for example, 100 mM
Tris-HCI pH 8.3, 500 mM KCI, 15 mM MgCl,), 3 uL of 2 mM dNTP, and 6 pL of 5 N betaine, and adding the resultant
mixture with 0.15 L of AmpliTaq (a kind of DNA polymerase: 5 U/pL) to a liquid volume of 30 pL, and incubated at
37°C for about two hours, to extensionally form double-stranded DNA from the single-stranded DNA (plus strand)
containing an objective DNA region. In Third pre C step, concretely, for example, the double-stranded DNA extensionally
formed in Second pre step is added with an annealing buffer to obtain a mixture, and the DNA is temporarily separated
into single-stranded DNA containing the target DNA region by heating the mixture at 95°C for several minutes.

[0067] Thereafter, the following regular steps are conducted.

(i) The reaction is rapidly cooled to a temperature lower than Tm of the forward primer by about 0 to 20°C, and kept
at this temperature for several minutes for annealing the forward primer to the generated single-stranded DNA (plus
strand) containing the target DNA region.

(ii) Thereafter, the reaction is returned to room temperature.

(iii) Double-stranded DNA is extensionally formed from single-stranded DNA comprising the nucleotide sequence
complementary to the objective DNA region by one extension of an extension primer by using the DNA in a single-
stranded state annealed in the above (i) as a template, and the forward primer as an extension primer (namely,
Step A). Concretely, it may be executed, for example, according to the later-described explanation, or the operation
method in an extension reaction in Second pre step of the present invention as described above.

(iv) Single-stranded DNA is made into extensionally formed double-stranded DNA by one extension of an extension
primer by using the generated single-stranded DNA (minus strand) comprising the nucleotide sequence comple-
mentary to the target DNA region as a template, and an extension primer (reverse primer) comprising a nucleotide
sequence (plus strand) which is complementary to a partial nucleotide sequence (minus strand) of the nucleotide
sequence comprised by the single-stranded DNA (minus strand) containing the target DNA region, the partial nu-
cleotide sequence (minus strand) located on further 3’-end side than 3’-end of the nucleotide sequence (minus
strand) complementary to the nucleotide sequence (plus strand) of the target DNA region as the extension primer
(namely, Step B). Concretely, it may be executed, for example, according to the operation method in an extension
reaction in Second pre step similarly to Step A of the above (iii).

(v) By repeating the regular steps of Third step after temporarily separating the extensionally formed double-stranded
DNA obtained in each of the regular steps into a single-stranded state (for example, Step A and Step B), the
methylated DNA in the objective DNA region is amplified to a detectable level and a content of the amplified DNA
is quantified.

[0068] In Third step, discussed above, concretely the reaction starting from First pre step and up to regular steps may

be executed as a single PCR reaction. Also, from First pre step step to Third pre step, each reaction may be independently
executed, and only regular steps may be executed as a PCR reaction.
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[0069] As a method of amplifying an objective DNA region (namely, an objective region) contained in the selected
single-stranded DNA, PCR is used. Using a primer preliminarily labeled with fluorescence or the like and utilizing the
label as an index in amplifying the target region make it possible to evaluate presence or absence of an amplification
product without executing a burdensome operation such as electrophoresis. As a PCR reaction solution, for example,
a reaction solution obtained by mixing DNA obtained in Second step of the present measuring method with 0.15 pL of
a 50 pM primer solution, 2.5 pL of 2 mM dNTP, 2.5 pL of a 10 X buffer (100 mM Tris-HCI pH 8.3, 500 mM KCI 20 mM
MgCl,, 0.01% Gelatin), and 0.2 pL of AmpliTaq Gold (one kind of thermostable DNA polymerase: 5 U/uL), and adding
sterilized ultrapure water to make the liquid volume 25 pL can be recited.

[0070] Since an objective DNA region (namely, an objective region) often has a GC rich nucleotide sequence, the
reaction may be occasionally executed with addition of an appropriate amount of betaine, DMSO or the like. In one
exemplary reaction condition, the reaction solution as described above is kept at 95°C for 10 minutes, and then a cycle
including incubation of 30 seconds at 95°C, 30 seconds at 55 to 65°C, and 30 seconds at 72°C is repeated 30 to 40
times. After conducting such PCR, the obtained amplification product is detected. For example, when a preliminarily
labeled primer is used, an amplification amount by a PCR reaction can be evaluated by measuring an amount of a
fluorescent label after executing washing and purification operations similar to those as described above. When PCR
is conducted using a normal primer that is not labeled, a probe or the like that is labeled with a gold colloid particle,
fluorescence or the like is caused to anneal, and detection may be achieved by measuring an amount of the probe bound
to the target region. Also, for determining an amount of an amplification product more accurately, for example, a real
time PCR method may be used. Real time PCR is a method in which PCR is monitored in real time, and the obtained
monitor result is analyzed kinetically, and is known as a high-accuracy quantitative PCR method capable of detecting
a very small difference of as small as twice in a gene amount. As such a real time PCR method, for example, a method
using a probe such as a template-dependent nucleic acid polymerase probe, a method using an intercalator such as
SYBR-Green and the like can be recited. As an apparatus and a kit for the real time PCR method, those commercially
available may be used. As described above, detection may be executed by any method conventionally well-known
without any particular limitation. These methods make it possible to conduct the operations up to detection without
requiring change of the reaction container.

[0071] The present invention may be used in the following situations.

[0072] Itis known that DNA methylation abnormality occurs in various diseases (for example, cancer), and it is believed
that the degree of various diseases can be measured by detecting this DNA methylation abnormality.

[0073] For example, when there is a DNA region where methylation occurs at 100% in genomic DNA contained in a
diseased biological specimen, and the present invention is executed for the DNA region, the amount of methylated DNA
will increase. For example, when there is a DNA region where methylation does not occur at 100% in genomic DNA
contained in a diseased biological specimen, and the present measuring method is executed for the DNA region, the
amount of methylated DNA will be approximately 0. For example, when there is a DNA region which is in hypomethylation
in genomic DNA contained in a specimen derived from a healthy subject, and in hypermethylation in genomic DNA
contained in a specimen derived from a disease subject, and the present measuring method is executed for the DNA
region, the amount of methylated DNA would be approximately O for the healthy subject, and a significantly higher value
than that of the healthy subject will be exhibited by the disease patient, so that the "degree of disease" can be determined
based on this difference in value. The "degree of disease" used herein has the same meaning commonly used in this
field of art, and concretely means, for example, malignancy when the biological specimen is a cell, and means, for
example, abundance of disease cells in the tissue when the biological specimen is a tissue. Further, when the biological
specimen is plasma or serum, it means the probability that the individual has the disease. Therefore, the present meas-
uring method makes it possible to diagnose various diseases by examining methylation abnormality.

[0074] Restriction enzymes, primers or probes that can be used in various methods for measuring a methylated DNA
amount in a target region in the present measuring method are useful as reagents of a detection kit. The presentinvention
also provides a detection kit containing these restriction enzymes, primers or probes as reagents, and a detection chip
in which these primers, probes and so on are immobilized on a support, and a scope of the present measuring method
or the present methylation rate measuring method of course embraces use in the form of a detection kit or a detection
chip as described above utilizing the substantial principle of the method.

Examples

[0075] In the following, the present invention will be explained in detail by way of examples, however, the present
invention will not be limited to these examples.

Example 1

[0076] A commercially available methylated cytosine antibody (available from Aviva Systems Biology) was labeled
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with biotin using a commercially available biotinylating kit (Biotin Labeling Kit-NH,, available from DOJINDO Laboratories)
according to the method described in the catalogue. The obtained biotin-labeled methylated cytosine antibody was
refrigerated as a solution [about 0.1 .g/100 pL solution of an antibody in a 0.1% BSA-containing phosphate buffer (1
mM KH,PO,, 3 mM Na,HPO-7H,0, 1564 mM NaCl, pH 7.4)].

[0077] ToeachPCR tube coated with streptavidin (a total of 9 tubes), 50 uL of the synthetically obtained biotin-labeled
methylcytosine antibody solution was added and immobilized to the PCR tube by leaving it still for about an hour at room
temperature. Then, after removing the solution by pipetting, 100 pL of a washing buffer [0.05% Tween 20-containing
phosphate buffer (1 mM KH,PO,, 3 mM Na,HPO-7H,0, 154 mM NaCl, pH 7.4)] was added, and then the buffer was
removed by pipetting. This operation was repeated another two times (these correspond to preparation of an immobilized
methylated DNA antibody used in the present measuring method).

[0078] A partially methylated oligonucleotide GPR7-2079-2176/98 mer-M(7) in which a recognition site of Hpall com-
prising the nucleotide sequence of SEQ ID NO: 17 is methylated; a partially methylated oligonucleotide
GPR7-2079-2176/98 mer-HM(5) in which part of a recognition site of Hpall having the nucleotide sequence of SEQ ID
NO: 18 is not methylated; and an unmethylated oligonucleotide GPR7-2079-2176/98 mer-UM having the nucleotide
sequence of SEQ ID NO: 19 were synthesized, and a 0.001 pmol/10 pL solution in a TE buffer was prepared for each
oligonucleotide.

<Partially methylated oligonucleotide in which recognition sequence of Hpall is methylated>

[0079] N denotes methylated cytosine.
GPR7-2079-2176/98mer-M(7):

5’ -
GTTGGCCACTGCGGAGTCGNGCNGGGTGGCNGGCCGCACCTACAGNGCCGNGNGNGCGGTGA

GCCTGGCCGTGTGGGGGATCGTCACACTCGTCGTGC-3” (SEQ ID NO: 17)

<Partially methylated oligonucleotide in which recognition sequence of Hpall is not methylated>

[0080] N denotes methylated cytosine.
GPR7-2079-2176/98mer-HM(5):

50 -
GTTGGCCACTGCGGAGTCGCGCCGGGTGGCNGGCCGCACCTACAGNGCCGNGNGNGCGGTGA

GCCTGGCCGTGTGGGGGATCGTCACACTCGTCGTGC-3’ (SEQ ID NO: 18)

<Unmethylated oligonucleotide>

[0081] GPR7-2079-2176/98mer-UM:

57 -
GTTGGCCACTGCGGAGTCGCGCCGGGTGGCCGGCCGCACCTACAGCGCCGCGCGCGCGGTGA

GCCTGGCCGTGTGGGGGATCGTCACACTCGTCGTGC-3’ (SEQ ID NO: 19)

[0082] Each of the obtained solutions (each solution was prepared in triplicate) was subjected to the following A
treatment, B treatment or C treatment (each prepared singly).

[0083] A treatment group (no treatment group): The sample prepared above was added with 5 pL of a buffer (330 mM
Tris-Acetate pH 7.9, 660 mM KOAc, 100 mM MgOAc,, 5 mM Dithiothreitol), and 5 pL of BSA (Bovine serum albumin 1
mg/mL), and the resultant mixture was added with sterile ultrapure water to a liquid volume of 50 p.L.

[0084] B treatment group (Hpall treatment group): The sample prepared above was added with 5 pL of a buffer (330
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mM Tris-Acetate pH 7.9, 660 mM KOAc, 100 mM MgOAc,, 5 mM Dithiothreitol), 5 uL of BSA (Bovine serum albumin 1
mg/mL), and 10 U of Hpall, and the resultant mixture was added with sterile ultrapure water to a liquid volume of 50 L.
[0085] C treatment group (addition of masking oligonucleotide + Hpall treatment group): The sample prepared above
was added with 5 uL of a buffer (330 mM Tris-Acetate pH 7.9, 660 mM KOAc, 100 mM MgOAc,, 5 mM Dithiothreitol),
5 pL of BSA (Bovine serum albumin 1 mg/mL), 10 U of Hpall, and 5 pmol of the oligonucleotide MA comprising the
nucleotide sequence of SEQ ID NO: 20 as masking oligonucleotide, and the resultant mixture was added with sterile
ultrapure water to a liquid volume of 50 pL.

<Masking oligonucleotide>
[0086]
MA: 5-GCCACCCGGCGCGA-3’ (SEQ ID NO: 20)

[0087] Each reaction mixture was incubated overnight at 37°C (these correspond to First step of the presentinvention).
[0088] The PCR tube coated with streptavidin to which a biotin-labeled methylcytosine antibody was immobilized was
added with 50 pL of a reaction solution of an oligonucleotide prepared as described above, and left still for an hour at
room temperature. Then the solution was removed by pipetting, and 100 pL of a washing buffer [0.05% Tween 20-
containing phosphate buffer (1 mM KH,PO,, 3 mM Na,HPO-7H,0, 154 mM NaCl, pH 7.4)] was added, and then the
buffer was removed by pipetting. This operation was repeated another two times (these correspond to Second step of
the present invention).

[0089] Next, the above PCR tube was subjected to PCR using each solutions of a primer comprising the nucleotide
sequences of SEQ ID NO: 21 and a primer comprising the nucleotide sequences of SEQ ID NO: 22 (PF1 and PR1),
and the following reaction condition, to amplify methylated DNA in a target DNA region (GPR7-2079-2176, SEQ ID NO:
23, methylated cytosine is also denoted by C).

<Primers>
[0090]

PF1: 5-GTTGGCCACTGCGGAGTCG-3’ (SEQ ID NO: 21)
PR1: 5-GCACGACGAGTGTGACGATC-3’ (SEQ ID NO: 22)

<Target DNA region>

[0091]

GPR7-2079-2176: 5'-
GTTGGCCACTGCGGAGTCGCGCCGGGTGGCCGGCCGCACCTACAGCGCCGCGCGCGCGGTGA

GCCTGGCCGTGTGGGGGATCGTCACACTCGTCGTGC-3’ (SEQ ID NO: 23)

[0092] A reaction solution of PCR was prepared by mixing each 5 pL of a solution of primer comprising the nucleotide
sequence of SEQ ID NO: 21 and a solution of primer comprising the nucleotide sequence of SEQ ID NO: 22 prepared
to 3 uM, each 5 pL of 2 mM dNTPs, 5 L of a buffer (100 mM Tris-HCI pH 8.3, 500 mM KCI, 15 mM MgCl,, 0.01%
Gelatin), 0.25 pL of 5 U/pL thermostable DNA polymerase (AmpliTaq Gold), and 10 pL of a 5 N betaine aqueous solution
to DNA which is a template, and adding sterile ultrapure water to a liquid volume of 50 pL. The reaction solution was
kept at 95°C for 10 minutes, and then subjected to PCR conducting 25 cycles of incubation each including 30 seconds
at 95°C-, 30 seconds at 59°C, and 45 seconds at 72°C.

[0093] After conducting PCR, the amplification of DNA was checked by 2% agarose gel electrophoresis (these cor-
respond to Third step of the present invention). The result is shown in Fig. 1.

[0094] In the case of A treatment group (no treatment group), in the partially methylated oligonucleotide
GPR7-2079-2176/98 mer-M(7) in which the recognition sequence of Hpall is methylated, and the partially methylated
oligonucleotide GPR7-2079-2176/98 mer-HM(5) in which part of the recognition sequence of Hpall is not methylated,
amplification of DNA was observed, and an amplification product thereof (target DNA region: GPR7-2079-2176) was
obtained. In the unmethylated oligonucleotide GPR7-2079-2176/98 mer-UM, amplification of DNA was not observed,
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and an amplification product thereof was not obtained. Also in the case of B treatment group (Hpall treatment group),
the result was similar to that in A treatment group. In the case of C treatment group (addition of masking oligonucleotide
+ Hpall treatment group), in the partially methylated oligonucleotide GPR7-2079-2176/98 mer-M(7) in which the recog-
nition sequence of Hpall is methylated, amplification of DNA was observed, and an amplification product thereof (target
DNA region: GPR7-2079-2176) was obtained. Contrarily, in the cases of the partially methylated oligonucleotide
GPR7-2079-2176/98 mer-HM(5) in which part of the recognition sequence of Hpall is not methylated, and in the un-
methylated oligonucleotide GPR7-2079-2176/98 mer-UM, amplification of DNA was not observed, and an amplification
product thereof was not obtained.

[0095] From the above, it was demonstrated that single-stranded DNA containing a methylated target DNA region can
be selected by an immobilized methylated cytosine antibody, and a target DNA region in which methylation sensitive
restriction enzyme recognition site is unmethylated and protected by a masking oligonucleotide can be digested by a
treatment with a methylation sensitive restriction enzyme after addition and mixing of a masking oligonucleotide, and
only methylated DNA can be amplified to a detectable level and an amount of amplified DNA can be quantified while
unmethylated DNA in the target DNA region is not amplified.

Example 2

[0096] A commercially available methylated cytosine antibody (available from Aviva Systems Biology) was labeled
with biotin using a commercially available biotinylating kit (Biotin Labeling Kit-NH,, available from DOJINDO Laboratories)
according to the method described in the catalogue. The obtained biotin-labeled methylated cytosine antibody was
refrigerated as a solution [about 0.25 pg/pL solution of an antibody in a 0.1% BSA-containing phosphate buffer (1 mM
KH,PO,4, 3 mM Na,HPO-7H,0, 154 mM NaCl, pH 7.4)].

[0097] Toeach PCR tube coated with streptavidin (a total of 8 tubes), 50 uL of the synthetically obtained biotin-labeled
methylcytosine antibody solution was added and immobilized to the PCR tube by leaving it still for about an hour at room
temperature. Then, after removing the solution by pipetting, 100 pL of a washing buffer [0.05% Tween 20-containing
phosphate buffer (1 mM KH,PO,, 3 mM Na,HPO-7H,0, 154 mM NaCl, pH 7.4)] was added, and then the buffer was
removed by pipetting. This operation was repeated another two times (these correspond to preparation of an immobilized
methylated DNA antibody used in the present measuring method).

[0098] For genomic DNA derived from human blood purchased from Clontech, a DNA fragment (X, SEQ ID NO: 26,
aregion corresponding to the base numbers 25687390 to 25687775 shown in Genbank Accession No. NT_029419 and
so on) to be used as a test sample was amplified by conducting PCR using an oligonucleotide primer of SEQ ID NO:
24 and an oligonucleotide primer of SEQ ID NO: 25 (PF2 and PR2) and the following reaction condition.

<Oligonucleotide primers designed for PCR>
[0099]

PF2: 5-CTCAGCACCCAGGCGGCC-3' (SEQ ID NO: 24)
PCR2: 5-CTGGCCAAACTGGAGATCGC-3 (SEQ 1D NO: 25)

<DNA fragment>

[0100]
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X: 5' -

CTCAGCACCCAGGCGGCCGCGATCATGAGGCGCGAGCGGCGCGCGGGCTGTTGCAGAGTCTT
GAGCGGGTGGCACACCGCGATGTAGCGGTCGGCTGTCATGACTACCAGCATGTAGGCCGACG
CAAACATGCCGAACACCTGCAGGTGCTTCACCACGCGGCACAGCCAGTCGGGGCCGCGGAAG
CGGTAGGTGATGTCCCAGCACATTTGCGGCAGCACCTGGAAGRAATGCCACGGCCAGGTCGGC
CAGGCTGAGGTGTCGGATGAAGAGGTGCATGCGGGACGTCTTGCGCGGCGTCCGGTGCAGAG
CCAGCAGTACGCTGCTGTTGCCCAGCACGGCCACCGCGAAAGTCACCGCCAGCACGGCGATC

TCCAGTTTGGCCAG-3’ (SEQ ID NO: 26)

[0101] Asareaction solution of PCR, 5 ng of genomic DNA which is a template, mixed with each 3 p.L of oligonucleotide
primer solutions prepared to 5 uM, each 5 pL of 2 mM dNTPs, 5 pL of a 10 X buffer (100 mM Tris-HC1 pH 8.3, 500
mMKC1, 15 mM MgCl,, 0.01% Gelatin), and 0.25 pL of 5 U/puL thermostable DNA polymerase (AmpliTaq Gold, available
from ABI), and added with sterile ultrapure water to a liquid volume of 50 pL was used. The reaction solution was kept
at 95°C for 10 minutes, and then subjected to PCR conducting 40 cycles of incubation each including 30 seconds at
95°C, 30 seconds at 61°C, and 45 seconds at 72°C.

[0102] After conducting PCR, amplification was checked by 1.5% agarose gel electrophoresis, and a DNA fragment
X was purified with Wizard SV Gel/PCR Kit (PROMEGA).

[0103] For a part of the obtained DNA fragment solution, a reaction solution was prepared by mixing 1 pL of Sssl
methylase (available from NEB), 10 uL of a 10 X NEBuffer 2 (available from NEB), and 1 p.L of S-adenosyl methionine
(3.2 mM, available from NEB), and adding sterile ultrapure water to a liquid volume of 100 p.L. The reaction solution was
incubated at 37°C for 15 to 30 minutes, and further added with 1 pL of S-adenosyl methionine (3.2 mM, available from
NEB) and incubated at 37°C for 15 to 30 minutes. This was then purified with Wizard SV Gel/PCR Kit (PROMEGA).
These operations were repeated another 5 times, to obtain a methylated DNA fragment (MX, SEQ ID NO: 27).

<DNA fragment> (N denotes 5-methylcytosine.)

[0104]

MX: 5’ -
CTCAGCACCCAGGNGGCNGNGATCATGAGGNGNGAGNGGNGNGNGGGCTGTTGCAGAGTCTT
GAGNGGGTGGCACACNGNGATGTAGNGGTNGGCTGTCATGACTACCAGCATGTAGGCNGANG
CAAACATGCNGAACACCTGCAGGTGCTTCACCANGNGGCACAGCCAGTNGGGGCNGNGGAAG
NGGTAGGTGATGTCCCAGCACATTTGNGGCAGCACCTGGAAGAATGCCANGGCCAGGTNGGC
CAGGCTGAGGTGTNGGATGAAGAGGTGCATGNGGGANGTCTTGNGNGGNGTCNGGTGCAGAG
CCAGCAGTANGCTGCTGTTGCCCAGCANGGCCACNGNGAAAGTCACNGCCAGCANGGNGATC
TCCAGTTTGGCCAG-3" (SEQ ID NO: 27)
[0105] For each obtained DNA fragment X, the following solutions were prepared.
Solution A: 100 pg/5 pL solution in TE
Solution B: 10 pg/5 pL solution in TE

Solution C: 1 pg/5 pL solution in TE
Solution D: TE solution (negative control solution)
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[0106] For each obtained DNA fragment MX, the following solutions were prepared.

Solution MA: 100 pg/5 pL solution in TE

Solution MB: 10 pg/5 p.L solution in TE

Solution MC: 1 pg/5 pL solution in TE

Solution MD: TE solution (negative control solution)

[0107] For each of the solutions of the DNA fragment X and the solutions of the methylated DNA fragment MX, the
following treatment was executed.

[0108] Five (5) pL of the DNA fragment solution prepared above was added with 2 pL of a buffer (330 mM Tris-Acetate
pH 7.9, 660 mM KOAc, 100 mM MgOAc,, 5 mM Dithiothreitol), 2 pL of BSA (Bovine serum albumin 1 mg/ml), 12 U of
a methylation sensitive restriction enzyme-Hpall, and the resultant mixture was further added with sterile ultrapure water
to a liquid volume of 20 pL. Each of the mixture was incubated 37°C for 3 hours (these correspond to First step of the
present measureing method).

[0109] Counter oligonucleotides C1 to C12 comprising the nucleotide sequences of SEQ ID NO: 29 to SEQ ID NO:
40 capable of complementarily base-pairing with a minus strand of the target DNA region X’ comprising the nucleotide
sequence of SEQ ID NO: 28 were synthesized, and each 0.01 wM solutions in TE buffer were prepared.

<Target DNA region>

[0110]

X’: 5'-
CTCAGCACCCAGGCGGCCGCGATCATGAGGCGCGAGCGGCGCGCGGGCTGTTGCAGAGTCTT
GAGCGGGTGGCACACCGCGATGTAGCGGTCGGCTGTCATGACTACCAGCATGTAGGCCGACG
CAAACATGCCGAACACCTGCAGGTGCTTCACCACGCGGCACAGCCAGTCGGGGCCGCGGAAG
CGGTAGGTGATGTCCCAGCACATTTGCGGCAGCACCTGGAAGAATGCCACGGCCAGGTCGGC
CAGGCTGAGGTGTCGGATGAAGAGGTGCATGCGGGACGTCTTGCGCGGCGTCCGGTGCAGAG
CCAGCAGTACGCTGCTGTTGCCCAGCACGGCCACCGCGAARGTCACCGCCAGCACGGCGATC
TCCAGTTTGGCCAG-3’ (SEQ ID NO: 28)

<Counter oligonucleotides>

[0111]

C1:5' - GCCACCGCGAAAGTCACCGCCAGCACGGCG -3’ (SEQ ID NO: 29)
C2:5' - GCCAGCAGTACGCTGCTGTTGCCCAGCACG -3’ (SEQ ID NO: 30)
C3:5' - CGGGACGTCTTGCGCGGCGTCCGGTGCAGA -3’ (SEQ ID NO: 31)
C4:5 - AGGCTGAGGTGTCGGATGAAGAGGTGCATG -3 (SEQ ID NO: 32)
C5:5' - ACCTGGAAGAATGCCACGGCCAGGTCGGCC -3’ (SEQ ID NO: 33)
C6:5' - TAGGTGATGTCCCAGCACATTTGCGGCAGC -3’ (SEQ ID NO: 34)
C7:5 - CGGCACAGCCAGTCGGGGCCGCGGAAGCGG -3’ (SEQ ID NO: 35)
C8:5' - ATGCCGAACACCTGCAGGTGCTTCACCACG -3’ (SEQ ID NO: 36)
C9:5’ - ATGACTACCAGCATGTAGGCCGACGCAAAC -3’ (SEQ ID NO: 37)
C10:5’ - TGGCACACCGCGATGTAGCGGTCGGCTGTC -3’ (SEQ ID NO: 38)
C11:5 - CGCGCGGGCTGTTGCAGAGTCTTGAGCGGG -3’ (SEQ ID NO: 39)
C12:5’ - CAGGCGGCCGCGATCATGAGGCGCGAGCGG -3’ (SEQ ID NO: 40)

[0112] To the above reaction solution, 10 pL of a counter oligonucleotide solution prepared as described above, 5 pL

of a buffer (330 mM Tris-Acetate pH 7.9, 660 mM KOAc, 100 mM MgOAc,, 5 mM Dithiothreitol), 5 uL of a 100 mM
MgCl, solution, and 5 pL of a 1 mg/mL BSA solution were added, and the resultant mixture was added with sterile
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ultrapure water to a liquid volume of 50 pL, and mixed. Thereafter, this PCR tube was heated at 95°C for 10 minutes,
rapidly cooled to 70°C, and kept at this temperature for 10 minutes. Then the tube was cooled to 50°C and kept at this
temperature for 10 minutes, and further kept at 37°C for 10 minutes, and returned to room temperature (these correspond
to Second step of the present measuring method).

[0113] The PCR tube coated with streptavidin to which a biotin-labeled methylcytosine antibody was immobilized was
added with 50 uL of a reaction solution of a DNA fragment prepared as described above, and left still for 30 minutes at
room temperature. Then the solution was removed by pipetting, and 100 pL of a washing buffer [0.05% Tween 20-
containing phosphate buffer (1 mM KH,PO,4, 3 mM Na,HPO-7H,0, 154 mM NaCl, pH 7.4)] was added, and then the
buffer was removed by pipetting. This operation was repeated another two times (these correspond to Third step of the
present measuring method).

[0114] Then by subjecting the above PCR tube to PCR using respective solutions of oligonucleotide primers PF2 and
PR2 comprising the nucleotide sequences of SEQ ID NO: 24 and SEQ ID NO: 25, and the following reaction condition,
methylated DNA in a target DNA region X’ comprising the nucleotide sequence of SEQ ID NO: 28 was amplified.

<Oligonucleotide primers designed for PCR>
[0115]

PF2: 5-CTCAGCACCCAGGCGGCC-3' (SEQ ID NO: 24)
PR2: 5-CTGGCCAAACTGGAGATCGC-3' (SEQ ID NO: 25)

<Target DNA region>

[0116]

X': 5~

CTCAGCACCCAGGCGGCCGCGATCATGAGGCGCGAGCGGCGCGCGGGCTGTTGCAGAGTCTT
GAGCGGGTGGCACACCGCGATGTAGCGGTCGGCTGTCATGACTACCAGCATGTAGGCCGACG
CAAACATGCCGAACACCTGCAGGTGCTTCACCACGCGGCACAGCCAGTCGGGGCCGCGGAAG
CGGTAGGTGATGTCCCAGCACATTTGCGGCAGCACCTGGAAGAATGCCACGGCCAGGTCGGC
CAGGCTGAGGTGTCGGATGAAGAGGTGCATGCGGGACGTCTTGCGCGGCGTCCGGTGCAGAG
CCAGCAGTACGCTGCTGTTGCCCAGCACGGCCACCGCGAAAGTCACCGCCAGCACGGCGATC

TCCAGTTTGGCCAG-3’ (SEQ ID NO: 28)

[0117] Asareaction solution of PCR, DNA which is atemplate, mixed with each 3 p.L of oligonucleotide primer solutions
prepared to 5 uM, each 5 puL of 2 mM dNTPs, 5 pL of a buffer (100 mM Tris-HCI pH 8.3, 500 mM KCI 15 mM MgCl,,
0.01% Gelatin), and 0.25 pL of 5 U/pL thermostable DNA polymerase (AmpliTaq Gold, available from ABI), and added
with sterile ultrapure water to a liquid volume of 50 pL was used. The reaction solution was kept at 95°C for 10 minutes,
and then subjected to PCR conducting 25 cycles of incubation each including 20 seconds at 95°C, 30 seconds at 61°C,
and 30 seconds at 72°C.

[0118] After conducting PCR, amplification was checked by 1.5% agarose gel electrophoresis (these correspond to
Fourth step of the present measuring method).

[0119] The result is shown in Fig. 2. In Solutions MA, MB and MC of the methylated DNA fragment MX, amplification
was observed, and an amplification product thereof was obtained. In the negative control solution MD, amplification of
DNA was not observed, and an amplification product was not obtained. In solutions A, B, C and D of the unmethylated
DNA fragment X, amplification was not observed, and an amplification product thereof was not obtained.

[0120] From the above, it was demonstrated that DNA containing a methylated target DNA region can be selected by
an immobilized methylcytosine antibody, and amplified DNA can be detected with higher sensitivity by amplifying meth-
ylated DNA to a detectable level.
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Example 3

[0121] A commercially available methylated cytosine antibody (available from Aviva Systems Biology) was labeled
with biotin using a commercially available biotinylating kit (Biotin Labeling Kit-NH,, available from DOJINDO Laboratories)
according to the method described in the catalogue. The obtained biotin-labeled methylated cytosine antibody was
refrigerated as a solution [about 0.25 pg/pL solution of an antibody in a 0.1% BSA-containing phosphate buffer (1 mM
KH,PO,, 3 mM Na,HPO-7H,0, 154 mM NaCl, pH 7.4)].

[0122] Toeach PCR tube coated with streptavidin (a total of 8 tubes), 50 pL of 0.1 ng/50 pL solution of the synthetically
obtained biotin-labeled methylcytosine antibody was added and immobilized to the PCR tube by leaving it still for about
an hour at room temperature. Then, after removing the solution by pipetting, 100 nL of a washing buffer [0.05% Tween
20-containing phosphate buffer (1 mM KH,PO,, 3 mM Na,HPO-7H,0, 154 mM NaCl, pH 7.4)] was added, and then the
buffer was removed by pipetting. This operation was repeated another two times (these correspond to preparation of
an immobilized methylated DNA antibody used in the present measuring method).

[0123] For genomic DNA derived from human blood purchased from Clontech, a DNA fragment (Y, SEQ ID NO: 43,
a region corresponding to the base numbers 76606 to 76726 shown in Genbank Accession No. ac009800 and so on)
to be used as a test sample was amplified by conducting PCR using oligonucleotide primers (PF3 and PR3) of SEQ ID
NO: 42 and SEQ ID NO: 43 and the following reaction condition.

<Oligonucleotide primers designed for PCR>
[0124]

PF3: 5-TGAGCTCCGTAGGGCGTCC-3’ (SEQ ID NO: 41)
PR3: 5-GCGCCGGGTCCGGGCCC-3’ (SEQ ID NO: 42)

<DNA fragment>

[0125]

Y: 5’ -
GCGCCGGGTCCGGGCCCGATGCGTTGGCGGGCCAGGGCTCCGAGAACGAGGCGTTGTCCATC
TCAACGAGGGCAGAGGAGCCGGCGACCTGGCGTCCCCCAARGGACGCCCTACGGAGCTCA-3
(SEQ ID NO: 43)

[0126] Asareaction solution of PCR, 5 ng of genomic DNA which is a template, mixed with each 3 p.L of oligonucleotide
primer solutions prepared to 5 uM, each 5 pL of 2 mM dNTPs, 5 pL of a 10 X buffer (100 mM Tris-HCI pH 8.3, 500 mM
KCI 15 mM MgCl,, 0.01% Gelatin), and 0.25 uL of 5 U/uL thermostable DNA polymerase (AmpliTaq Gold, available
from ABI), and added with sterile ultrapure water to a liquid volume of 50 pL was used. The reaction solution was kept
at 95°C for 10 minutes, and then subjected to PCR conducting 50 cycles of incubation each including 30 seconds at
95°C, 30 seconds at 60°C, and 45 seconds at 72°C.

[0127] After conducting PCR, amplification of DNA was checked by 1.5% agarose gel electrophoresis, and a DNA
fragment Y was purified with Wizard SV Gel/PCR Kit (PROMEGA).

[0128] For a part of the obtained DNA fragment solution, a reaction solution was prepared by mixing 1 pL of Sssl
methylase (available from NEB), 10 pL of a 10 X NEBuffer 2 (available from NEB), and 1 pL of S-adenosyl methionine
(3.2 mM, available from NEB), and adding sterile ultrapure water to a liquid volume of 100 L. The reaction solution was
incubated at 37°C for 15 to 30 minutes, and further added with 1 pL of S-adenosyl methionine (3.2 mM, available from
NEB) and incubated at 37°C for 15 to 30 minutes. This was then purified with Wizard SV Gel/PCR Kit (PROMEGA).
These operations were repeated another 5 times, to obtain a methylated DNA fragment (MY, SEQ ID NO: 44).

<DNA fragment> (N denotes 5-methylcytosine.)

[0129]
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MY: 5/~
GNGCNGGGTCNGGGCCNGATGNGTTGGNGGGCCAGGGCTCNGAGAANGAGGNGTTGTCCATC

TCAANGAGGGCAGAGGAGCNGGNGACCTGGNGTCCCCCAAGGANGCCCTANGGAGCTCA-3'

(SEQ ID NO: 44)

[0130] For each obtained DNA fragment Y, the following solutions were prepared.

Solution A: 100 pg/5 pL solution in TE

Solution B: 10 pg/5 pL solution in TE

Solution C: 1 pg/5 pL solution in TE

Solution D: TE solution (negative control solution)

[0131] For each obtained DNA fragment MY, the following solutions were prepared.

Solution MA: 100 pg/5 pL solution in TE

Solution MB: 10 pg/5 p.L solution in TE

Solution MC: 1 pg/5 pL solution in TE

Solution MD: TE solution (negative control solution)

[0132] For each of the solutions of the DNA fragment Y and the solutions of the methylated DNA fragment MY, the
following treatment was executed.

[0133] Five (5) pL of the DNA fragment solution prepared above was added with 2 pL of a buffer (330 mM Tris-Acetate
pH 7.9, 660 mM KOAc, 100 mM MgOAc,, 5 mM Dithiothreitol), 2 pL of BSA (Bovine serum albumin 1 mg/ml), 12 U of
a methylation sensitive restriction enzyme Hpall, and the resultant mixture was further added with sterile ultrapure water
to a liquid volume of 20 pL. Each of the mixture was incubated 37°C for 3 hours (these correspond to First step of the
present measureing method).

[0134] Counter oligonucleotides C13, C14, and C15 comprising the each nucleotide sequences of SEQ ID NO: 46,
SEQ ID NO: 47, and SEQ ID NO: 48 capable of complementarily base-pairing with a minus strand of the target DNA
region Y’ comprising the nucleotide sequence of SEQ ID NO: 45 were synthesized, and each 0.01 .M solutions ina TE
buffer were prepared.

<Target DNA region>

[0135]

Y’: 5'-
GCGCCGGGTCCGGGCCCGATGCGTTGGCGGGCCAGGGCTCCGAGAACGAGGCGTTGTCCATC
TCAACGAGGGCAGAGGAGCCGGCGACCTGGCGTCCCCCAAGGACGCCCTACGGAGCTCA-3

(SEQ ID NO: 45)

<Counter oligonucleotides>
[0136]
C13: 5-GCGTCCCCCAAGGACGCCCTACGGAGCTCA-3' (SEQ ID NO: 46)

C14: 5-CTCAACGAGGGCAGAGGAGCCGGCGACCTG-3' (SEQ ID NO: 47)
C15: 5-CGCCGGGTCCGGGCCCGATGCGTTGGCGGG-3’ (SEQ ID NO: 48)
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[0137] To the above reaction solution, 10 pL of a counter oligonucleotide solution prepared as described above, 5 pL
of a buffer (330 mM Tris-Acetate pH 7.9, 660 mM KOAc, 100 mM MgOAc,, 5 mM Dithiothreitol), 5 uL of a 100 mM
MgCl, solution, and 5 pL of a 1 mg/mL BSA solution were added, and the resultant mixture was added with sterile
ultrapure water to a liquid volume of 50 pL, and mixed. Thereafter, this PCR tube was heated at 95°C for 10 minutes,
rapidly cooled to 70°C, and kept at this temperature for 10 minutes. Then the tube was cooled to 50°C and kept at this
temperature for 10 minutes, and further kept at 37°C for 10 minutes, and returned to room temperature (these correspond
to Second step of the present measuring method).

[0138] The PCR tube coated with streptavidin to which a biotin-labeled methylcytosine antibody was immobilized was
added with 50 uL of a reaction solution of a DNA fragment prepared as described above, and left still for 30 minutes at
room temperature. Then the solution was removed by pipetting, and 100 pL of a washing buffer [0.05% Tween 20-
containing phosphate buffer (1 mM KH,PO,, 3 mM Na,HPO-7H,0, 154 mM NaCl, pH 7.4)] was added, and then the
buffer was removed by pipetting. This operation was repeated another two times (these correspond to Third step of the
present measuring method).

[0139] Then by subjecting the above PCR tube to PCR using respective solutions of oligonucleotide primers PF3 and
PR3 comprising the nucleotide sequences of SEQ ID NO: 41 and SEQ ID NO: 42, and the following reaction condition,
methylated DNA in a target DNA region Y’ comprising the nucleotide sequence of SEQ ID NO: 45 was amplified.

<Oligonucleotide primers designed for PCR>
[0140]

PF3: 5-TGAGCTCCGTAGGGCGTCC-3’ (SEQ ID NO: 41)
PR3: 5-GCGCCGGGTCCGGGCCC-3’ (SEQ ID NO: 42)

<Target DNA region>

[0141]

Y?’: 5~
GCGCCGGGTCCGGGCCCGATGCGTTGGCGGGCCAGGGCTCCGAGAACGAGGCGTTGTCCATC
TCARCGAGGGCAGAGGAGCCGGCGACCTGGCGTCCCCCAAGGACGCCCTACGGAGCTCA-3

(SEQ ID NO: 45)

[0142] Asareaction solution of PCR, DNA which is atemplate, mixed with each 3 p.L of oligonucleotide primer solutions
prepared to 5 uM, each 5 pL of 2 mM dNTPs, 5 pL of a 10 X buffer (100 mM Tris-HCI pH 8.3, 500 mM KCI 15 mM
MgCl,, 0.01% Gelatin), and 0.25 pL of 5 U/pL thermostable DNA polymerase (AmpliTaq Gold, available from ABI), and
added with sterile ultrapure water to a liquid volume of 50 pL was used. The reaction solution was kept at 95°C for 10
minutes, and then subjected to PCR conducting 25 cycles of incubation each including 20 seconds at 95°C, 30 seconds
at 60°C, and 30 seconds at 72°C.

[0143] After conducting PCR, amplification of DNA was checked by 1.5% agarose gel electrophoresis (these corre-
spond to Third step of the present measuring method).

[0144] The result is shown in Fig. 3. In Solutions MA, MB and MC of the methylated DNA fragment MY, amplification
was observed. In the negative control solution MD, amplification of DNA was not observed. In solutions A, B, C and D
of the unmethylated DNA fragment Y, amplification of DNA was not observed.

[0145] From the above, it was demonstrated that DNA containing a methylated target DNA region can be selected by
an immobilized methylcytosine antibody, and amplified DNA can be detected with higher sensitivity by amplifying meth-
ylated DNA to a detectable level.

Example 4
[0146] A commercially available methylated cytosine antibody (available from Aviva Systems Biology) was labeled
with biotin using a commercially available biotinylating kit (Biotin Labeling Kit-NH,, available from DOJINDO Laboratories)

according to the method described in the catalogue. The obtained biotin-labeled methylated cytosine antibody was
refrigerated as a solution [about 0.25 pg/pL solution of an antibody in a 0.1% BSA-containing phosphate buffer (1 mM
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KH,PO,, 3 mM Na,HPO-7H,0, 154 mM NaCl, pH 7.4)].

[0147] Toeach PCR tube coated with streptavidin (a total of 8 tubes), 50 pL of 0.1 ng/50 p.L solution of the synthetically
obtained biotin-labeled methylcytosine antibody was added and immobilized to the PCR tube by leaving it still for about
an hour at room temperature. Then, after removing the solution by pipetting, 100 nL of a washing buffer [0.05% Tween
20-containing phosphate buffer (1 mM KH,PO,, 3 mM Na,HPO-7H,0, 154 mM NaCl, pH 7.4)] was added, and then the
buffer was removed by pipetting. This operation was repeated another two timers (these correspond to preparation of
an immobilized methylated DNA antibody used in the present measuring method).

[0148] Yeast strain X2180-1A of baker’s yeast was cultured in a YPD medium (1% Yeast extract, 2% Peptone, 2%
Glucose, pH 5.6 to 6.0) to a turbidity of ODggq 0.6 to 1.0, and centrifuged at 10,000 g for 10 minutes, to prepare 1 X 107
of yeast cells. From the prepared yeast cells, a yeast genome was acquired using a generally used preparation method
of a yeast genome as described in Methods in Yeast Genetics (Cold Spring Harbor Laboratory).

[0149] The prepared yeast cells were suspended in Buffer A (1 M sorbitol, 0.1 M EDTA, pH 7.4), added with 0.1% 2-
mercaptoethanol (final concentration 14 mM) and 100 U zymolase (10 mg/ml), and incubated under stirring at 30°C for
an hour until the solution became clear. After collecting a protoplast by centrifugation at 550 g for 10 minutes, it was
suspended in Buffer B (50 mM Tris-HCI, pH 7.4, 20 mM EDTA), added with sodium dodecyl sulfate in 1% (w/v), and
then incubated at 65°C for 30 minutes. Sequentially, 5 M CH3;COOK was added and mingled in a volume ratio of 2/5,
and the mixture was cooled on ice for 30 minutes, and then centrifuged at 15,000 g for 30 minutes to collect the
supernatant. The collected supernatant was added with 3 M CH;COONa in a volume ratio of 1/10 and an equal amount
of isopropanol and mingled well, and the precipitate obtained by centrifugation at 15,000 g at 4°C for 30 minutes was
rinsed with 70% ethanol and collected. After drying, the precipitate was dissolved in 1 mL of TE buffer (10 mM Tris-HCI,
pH 8.0, 1 mM EDTA), and added with RNase A (available from Sigma) in a concentration of 40 ng/ml, incubated at 37°C
for an hour, and then the mixture was added with proteinase K (available from Sigma) and sodium dodecyl sulfate in a
concentrations of 500 pg/mL and 1% (w/v), respectively, and shaken at 55°C for about 16 hours. After end of the shaking,
the mixture was extracted with phenol [saturated with 1 M Tris-HCI (pH 8.0)]-chloroform. An aqueous layer was collected,
added with NaCl in a concentration of 0.5 N, and allowed to precipitate from ethanol, and the generated precipitate was
collected. The collected precipitate was rinsed with 70% ethanol, to obtain genomic DNA.

[0150] From the obtained genomic DNA, a DNA fragment to be used as a test sample (T, SEQ ID NO: 51, a region
corresponding to the base numbers 384569 to 384685 of yeast chromosome VII shown in Genbank Accession No.
NC_001139 and so on) was amplified by conducting PCR using oligonucleotide primers (PF4 and PR4) designed for
PCR of SEQ ID NO: 49 and SEQ ID NO: 50 and the following reaction condition.

<Oligonucleotide primers designed for PCR>
[0151]

PF4: 5-GGACCTGTGTTTGACGGGTAT-3' (SEQ ID NO: 49)
PR4: 5-AGTACAGATCTGGCGTTCTCG-3’ (SEQ ID NO: 50)

<DNA fragment>

[0152]

T: 5’ -
GGACCTGTGTTTGACGGGTATAACACTAAGTTGCGCAATTTGCTGTATTGCGAAATCCGCCC
GGACGATATCACTCTTGAGCGCATGTGCCGTTTCCGAGAACGCCAGATCTGTACT -3

(SEQ ID NO: 51)

[0153] Asareactionsolutionof PCR, 10 ng of genomic DNA which is atemplate, mixed with each 3 pL of oligonucleotide
primer solutions prepared to 5 uM, each 5 pL of 2 mM dNTPs, 5 pL of a 10 X buffer (100 mM Tris-HCI pH 8.3, 500 mM
KCI 15 mM MgCl,, 0.01% Gelatin), and 0.25 uL of 5 U/uL thermostable DNA polymerase (AmpliTaq Gold, available
from ABI), and added with sterile ultrapure water to a liquid volume of 50 pL was used. The reaction solution was kept
at 95°C for 10 minutes, and then subjected to PCR conducting 40 cycles of incubation each including 20 seconds at
95°C, 30 seconds at 58°C, and 30 seconds at 72°C.

[0154] After conducting PCR, amplification was checked by 1.5% agarose gel electrophoresis, and a DNA fragment
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T was purified with Wizard SV Gel/PCR Kit (PROMEGA).

[0155] For a part of the obtained DNA fragment solution, a reaction solution was prepared by mixing 1 pL of Sssl
methylase (available from NEB), 10 pnL of a 10 X NEBuffer 2 (available from NEB), and 1 pL of S-adenosyl methionine
(3.2 mM, available from NEB), and adding sterile ultrapure water to a liquid volume of 100 L. The reaction solution was
incubated at 37°C for 15 to 30 minutes, and further added with 1 pL of S-adenosyl methionine (3.2 mM, available from
NEB) and incubated at 37°C for 15 to 30 minutes. This was then purified with Wizard SV Gel/PCR Kit (PROMEGA).
These operations were repeated another 3 times, to obtain a methylated DNA fragment (MT, SEQ ID NO: 52).

<DNA fragment> (N denotes 5-methylcytosine.)

[0156]

MT: 5'-
GGACCTGTGTTTGANGGGTATAACACTAAGTTGNGCAATTTGCTGTATTGNGAAATCNGCCN
GGANGATATCACTCTTGAGNGCATGTGCNGTTTCNGAGAANGCCAGATCTGTACT -3/

(SEQ ID NO: 52)

[0157] For each obtained DNA fragment T, the following solutions were prepared.

Solution A: 100 pg/5 pL solution in TE

Solution B: 10 pg/5 pL solution in TE

Solution C: 1 pg/5 pL solution in TE

Solution D: TE solution (negative control solution)

[0158] For each obtained DNA fragment MZ, the following solutions were prepared.

Solution MA: 100 pg/5 pL solution in TE

Solution MB: 10 pg/5 p.L solution in TE

Solution MC: 1 pg/5 pL solution in TE

Solution MD: TE solution (negative control solution)

[0159] For each of the solutions of the DNA fragment T and the solutions of the methylated DNA fragment MT, the
following treatment was executed.

[0160] Five (5) pL of the DNA fragment solution prepared above was added with 2 pL of a buffer (330 mM Tris-Acetate
pH 7.9, 660 mM KOAc, 100 mM MgOAc,, 5 mM Dithiothreitol), 2 uL of BSA (Bovine serum albumin 1 mg/ml), 12 U of
a methylation sensitive restriction enzyme Hpall, and the resultant mixture was further added with sterile ultrapure water
to a liquid volume of 20 pL. Each of the mixture was incubated 37°C for 3 hours (these correspond to First step of the
present measureing method).

[0161] Counter oligonucleotides C16 to C19 each comprising the nucleotide sequences of SEQ ID NO: 54 to SEQ ID
NO: 57 capable of complementarily base-pairing with a minus strand of the target DNA region T’ comprising the nucleotide
sequence of SEQ ID NO: 53 were synthesized, and each 0.01 wM solutions in a TE buffer were prepared.

<Target DNA region>

[0162]

T': 5'-
GGACCTGTGTTTGACGGGTATAACACTAAGTTGCGCAATTTGCTGTATTGCGAAATCCGCCC
GGACGATATCACTCTTGAGCGCATGTGCCGTTTCCGAGAACGCCAGATCTGTACT-3"

(SEQ ID NO: 53)
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<Counter oligonucleotides>
[0163]

C16: 5-GGACCTGTGTTTGACGGGTAT-3’ (SEQ ID NO: 54)

C17: 5-AACACTAAGTTGCGCAATTTGCTGT-3' (SEQ ID NO: 55)
C18: 5-ATTGCGAAATCCGCCCGGACGATAT-3' (SEQ ID NO: 56)
C19: 5-CACTCTTGAGCGCATGTGCCGTTTC-3' (SEQ ID NO: 57)

[0164] To the above reaction solution, 10 pL of a counter oligonucleotide solution prepared as described above, 5 pL
of a buffer (330 mM Tris-Acetate pH 7.9, 660 mM KOAc, 100 mM MgOAc,, 5 mM Dithiothreitol), 5 uL of a 100 mM
MgCl, solution, and 5 pL of a 1 mg/mL BSA solution were added, and the resultant mixture was added with sterile
ultrapure water to a liquid volume of 50 pL, and mixed. Thereafter, this PCR tube was heated at 95°C for 10 minutes,
rapidly cooled to 70°C, and kept at this temperature for 10 minutes. Then the tube was cooled to 50°C and kept at this
temperature for 10 minutes, and further kept at 37°C for 10 minutes, and returned to room temperature (these correspond
to Second step of the present measuring method).

[0165] The PCR tube coated with streptavidin to which a biotin-labeled methylcytosine antibody was immobilized was
added with 50 uL of a reaction solution of a DNA fragment prepared as described above, and left still for 30 minutes at
room temperature. Then the solution was removed by pipetting, and 100 pL of a washing buffer [0.05% Tween 20-
containing phosphate buffer (1 mM KH,PO,4, 3 mM Na,HPO-7H,0, 154 mM NaCl, pH 7.4)] was added, and then the
buffer was removed by pipetting. This operation was repeated another two times (these correspond to Third step of the
present measuring method).

[0166] Then the above PCR tube was subjected to PCR using respective solutions of oligonucleotide primers PF4
and PR4 comprising the nucleotide sequences of SEQ ID NO: 49 and SEQ ID NO: 50, and the following reaction
condition, methylated DNA in a target DNA region T’ comprising the nucleotide sequence of SEQ ID NO: 53 was amplified.

<Oligonucleotide primers designed for PCR>
[0167]

PF4: 5-GGACCTGTGTTTGACGGGTAT-3' (SEQ ID NO: 49)
PR4: 5-AGTACAGATCTGGCGTTCTCG-3’ (SEQ ID NO: 50)

<Target DNA region> (Also 5-methylcytosine is denoted by C.)

[0168]

T’: 5'-
GGACCTGTGTTTGACGGGTATAACACTAAGTTGCGCAATTTGCTGTATTGCGAAATCCGCCC
GGACGATATCACTCTTGAGCGCATGTGCCGTTTCCGAGAACGCCAGATCTGTACT -3

(SEQ ID NO: 53)

[0169] Asareaction solution of PCR, DNA which is atemplate, mixed with each 3 p.L of oligonucleotide primer solutions
prepared to 5 uM, each 5 pL of 2 mM dNTPs, 5 L of a buffer (100 mM Tris-HCI pH 8.3, 500 mM KCI, 15 mM MgCl,,
0.01% Gelatin), and 0.25 pL of 5 U/uL thermostable DNA polymerase (AmpliTaq Gold, available from ABI), and added
with sterile ultrapure water to a liquid volume of 50 pL was used. The reaction solution was kept at 95°C for 10 minutes,
and then subjected to PCR conducting 28 cycles of incubation each including 20 seconds at 95°C, 30 seconds at 58°C,
and 30 seconds at 72°C.

[0170] After conducting PCR, amplification of DNA was checked by 1.5% agarose gel electrophoresis (these corre-
spond to Fourth step of the present measuring method).

[0171] The resultis shown in Fig. 4. In Solutions MA, MB and MC of the methylated DNA fragment MT, amplification
of DNAwas observed, and an amplification product thereof was obtained. In the negative control solution MD, amplification
of DNA was not observed, and an amplification product was not obtained. In solutions A, B, C and D of the unmethylated
DNA fragment T, amplification of DNA was not observed, and an amplification product thereof was not obtained.

27



10

15

20

25

30

35

40

45

50

55

EP 2 272 975 B1

[0172] From the above, it was demonstrated that DNA containing a methylated target DNA region can be selected by
an immobilized methylcytosine antibody, and amplified DNA can be detected with higher sensitivity by amplifying meth-
ylated DNA to a detectable level.

Example 5

[0173] A commercially available methylated cytosine antibody (available from Aviva Systems Biology) was labeled
with biotin using a commercially available biotinylating kit (Biotin Labeling Kit-NH,, available from DOJINDO Laboratories)
according to the method described in the catalogue. The obtained biotin-labeled methylated cytosine antibody was
refrigerated as a solution [about 0.25 pg/pL solution of an antibody in a 0.1% BSA-containing phosphate buffer (1 mM
KH,PO,, 3 mM Na,HPO-7H,0, 154 mM NaCl, pH 7.4)].

[0174] Toeach PCR tube coated with streptavidin (a total of 8 tubes), 50 pL of 0.1 ng/50 p.L solution of the synthetically
obtained biotin-labeled methylcytosine antibody was added and immobilized to the PCR tube by leaving it still for about
an hour at room temperature. Then, after removing the solution by pipetting, 100 nL of a washing buffer [0.05% Tween
20-containing phosphate buffer (1 mM KH,PO,4, 3 mM Na,HPO-7H,0, 154 mM NaCl, pH 7.4)] was added, and then the
buffer was removed by pipetting. This operation was repeated another two times (these correspond to preparation of
an immobilized methylated DNA antibody used in the present measuring method).

[0175] Yeast strain X2180-1A of baker’s yeast was cultured in a YPD medium (1% Yeast extract, 2% Peptone, 2%
Glucose, pH 5.6 to 6.0) to a turbidity of ODgq 0.6 to 1.0, and centrifuged at 10,000 g for 10 minutes, to prepare 1 X 107
of yeast cells. From the prepared yeast cells, a yeast genome was acquired using a generally used preparation method
of a yeast genome as described in Methods in Yeast Genetics (Cold Spring Harbor Laboratory).

[0176] The prepared yeast cells were suspended in Buffer A (1 M sorbitol, 0.1 M EDTA, pH 7.4), added with 0.1% 2-
mercaptoethanol (final concentration 14 mM) and 100 U zymolase (10 mg/ml), and incubated under stirring at 30°C for
an hour until the solution became clear. After collecting a protoplast by centrifugation at 550 g for 10 minutes, it was
suspended in Buffer B (50 mM Tris-HCI, pH 7.4, 20 mM EDTA), added with sodium dodecyl sulfate in 1% (w/v), and
then incubated at 65°C for 30 minutes. Sequentially, 5 M CH3;COOK was added and mingled in a volume ratio of 2/5,
and the mixture was cooled on ice for 30 minutes, and then centrifuged at 15,000 g for 30 minutes to collect the
supernatant. The collected supernatant was added with 3 M CH;COONa in a volume ratio of 1/10 and an equal amount
of isopropanol and mingled well, and the precipitate obtained by centrifugation at 15,000 g at 4°C for 30 minutes was
rinsed with 70% ethanol and collected. After drying, the precipitate was dissolved in 1 mL of TE buffer (10 mM Tris-HCI,
pH 8.0, 1 mM EDTA), and added with RNase A (available from Sigma) in a concentration of 40 wg/ml, incubated at 37°C
for an hour, and then the mixture was added with proteinase K (available from Sigma) and sodium dodecyl sulfate in a
concentrations of 500 pg/mL and 1% (w/v), respectively, and shaken at 55°C for about 16 hours. After end of the shaking,
the mixture was extracted with phenol [saturated with 1 M Tris-HCI (pH 8.0)]-chloroform. An aqueous layer was collected,
added with NaCl in a concentration of 0.5 N, and allowed to precipitate from ethanol, and the generated precipitate was
collected. The collected precipitate was rinsed with 70% ethanol, to obtain genomic DNA.

[0177] Part of the obtained genomic DNA was mixed with 1 pL of Sssl methylase (available from NEB), 10 pL of a
10 X NEBuffer 2 (available from NEB), and 1 pL of S-adenosyl methionine (3.2 mM, available from NEB), and added
with sterile ultrapure water to a liquid volume of 100 pL. The reaction solution was incubated at 37°C for 15 to 30 minutes,
added with 1 pL of S-adenosyl methionine (3.2 mM, available NEB) and incubated at 37°C for 15 to 30 minutes. This
was then purified by Wizard SV Gel/PCR Kit (PROMEGA). This operation was repeated three times, and methylated
genomic DNA was obtained.

[0178] For the obtained yeast genomic DNA, the following solutions were prepared.

Solution A: 10 ng/5 pL solution in TE

Solution B: 1 ng/5 plL solution in TE

Solution C: 0.1 ng/5 pL solution in TE

Solution D: TE solution (negative control solution)

[0179] For the obtained methylated yeast genomic DNA, the following solutions were prepared.
Solution MA: 10 ng/5 p.L solution in TE
Solution MB: 1 ng/5 L solution in TE
Solution MC: 0.1 ng/5 pL solution in TE

Solution MD: TE solution (negative control solution)

[0180] Foreach of the above yeast genomic DNA solutions and methylated yeast genomic DNA solutions, the following
treatment was executed.
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[0181] APCR tube was added with 5 pL of the genomic DNA solution prepared as described above, 5 U of a restriction
enzyme Xspl, and 1 pL of a 10 X buffer (200 mM Tris-HCI pH 8.5, 100 mM MgCl,, 10 mM Dithiothreitol, 1000 mM KCI)
suited for Xspl, and added with sterile ultrapure water to a liquid volume of 10 pL. The reaction solution was incubated
at 37°C for an hour.

[0182] The above solution was added with 2 pL of a buffer (330 mM Tris-Acetate pH 7.9, 660 mM KOAc, 100 mM
MgOAc,, 5 mM Dithiothreitol), 2 uL of BSA (Bovine serum albumin 1 mg/ml), 12 U of a methylation sensitive restriction
enzyme Hpall, and the resultant mixture was further added with sterile ultrapure water to a liquid volume of 20 pL. Each
of the mixture was incubated 37°C for 3 hours (these correspond to First step of the present measureing method).
[0183] Counter oligonucleotides C16 to C23 each comprising the nucleotide sequences of SEQ ID NO: 54 to SEQ ID
NO: 57 and SEQ ID NO: 59 to SEQ ID NO: 62, capable of complementarily base-pairing with a minus strand of the
target DNA region T’(a region corresponding to the base numbers 384523 to 384766 of yeast chromosome VIl shown
in Genbank Accession No. NC_001139 and so on) comprising the nucleotide sequence of SEQ ID NO: 58 were syn-
thesized, and each 0.01 uM solutions in a TE buffer were prepared.

<Target DNA region>

[0184]
T': 5'-
TAGGAAATACATTCCGAGGGCGCCCGCACAAGGCCTATTATTAGAGGGACCTGTGTTTGACG
GGTATAACACTAAGTTGCGCAATTTGCTGTATTGCGAAATCCGCCCGGACGATATCACTCTT
GAGCGCATGTGCCGTTTCCGAGARCGCCAGATCTGTACTGCGATCGCACACGAGGAGACACA

GCGTCACGTGTTTTGCCATTTTGTACGACAAATGAACCGCCTGGCCACGCCTCTAATC-3’

(SEQ ID NO: 58)

<Counter oligonucleotides>
[0185]

C16: 5-GGACCTGTGTTTGACGGGTAT-3’ (SEQ ID NO: 54)

C17: 5-AACACTAAGTTGCGCAATTTGCTGT-3' (SEQ ID NO: 55)

C18: 5-ATTGCGAAATCCGCCCGGACGATAT-3' (SEQ ID NO: 56)

C19: 5-CACTCTTGAGCGCATGTGCCGTTTC-3' (SEQ ID NO: 57)

C20: 5-AATACATTCCGAGGGCGCCCGCACAAGGCC-3’ (SEQ ID O: 59)
C21: 5-GCGATCGCACACGAGGAGACA-3’' (SEQ ID NO: 60)

C22: 5-AGCGTCACGTGTTTTGCCATTTTGTACGAC-3' (SEQ ID NO: 61)
C23: 5-AAATGAACCGCCTGGCCACGCCTCTAATC-3' (SEQ ID NO: 62)

[0186] To the above reaction solution, 10 pL of a counter oligonucleotide solution prepared as described above, 5 pL
of a buffer (330 mM Tris-Acetate pH 7.9, 660 mM KOAc, 100 mM MgOAc,, 5 mM Dithiothreitol), 5 uL of a 100 mM
MgCl, solution, and 5 pL of a 1 mg/mL BSA solution were added, and the resultant mixture was added with sterile
ultrapure water to a liquid volume of 50 pL, and_mixed. Thereafter, this PCR tube was heated at 95°C for 10 minutes,
rapidly cooled to 70°C, and kept at this temperature for 10 minutes. Then the tube was cooled to 50°C and kept at this
temperature for 10 minutes, and further kept at 37°C for 10 minutes, and returned to room temperature (these correspond
to Second step of the present measuring method).

[0187] The PCR tube coated with streptavidin to which a biotin-labeled methylcytosine antibody was immobilized was
added with 50 uL of a reaction solution of a DNA fragment prepared as described above, and left still for 30 minutes at
room temperature. Then the solution was removed by pipetting, and 100 pL of a washing buffer [0.05% Tween 20-
containing phosphate buffer (1 mM KH,PO,4, 3 mM Na,HPO-7H,0, 154 mM NaCl, pH 7.4)] was added, and then the
buffer was removed by pipetting. This operation was repeated another two times (these correspond to Third step of the
present measuring method).
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[0188] Then by subjecting the above PCR tube to PCR using respective solutions of oligonucleotide primers PF4 and
PR4 comprising the nucleotide sequences of SEQ ID NO: 49 and SEQ ID NO: 50, and the following reaction condition,
methylated DNA in a target DNA region T’ comprising the nucleotide sequence of SEQ ID NO: 53 was amplified.

<Oligonucleotide primers designed for PCR>
[0189]

PF3: 5-GGACCTGTGTTTGACGGGTAT-3' (SEQ ID NO: 49)
PR3: 5-AGTACAGATCTGGCGTTCTCG-3’ (SEQ ID NO: 50)

<Target DNA region>

[0190]

T': 5'-
GGACCTGTGTTTGACGGGTATAACACTAAGTTGCGCAATTTGCTGTATTGCGAAATCCGCCC
GGACGATATCACTCTTGAGCGCATGTGCCGTTTCCGAGAACGCCAGATCTGTACT-3"

(SEQ ID NO: 53)

[0191] Asareaction solution of PCR, DNA which is a template, mixed with each 3 p.L of oligonucleotide primer solutions
prepared to 5 uM, each 5 uL of 2 mM dNTPs, 5 uL of a buffer (100 mM Tris-HCI pH 8.3, 500 mM KCI, 15 mM MgCl,,
0.01% Gelatin), and 0.25 pL of 5 U/uL thermostable DNA polymerase (AmpliTaq Gold, available from ABI), and added
with sterile ultrapure water to a liquid volume of 50 pL was used. The reaction solution was kept at 95°C for 10 minutes,
and then subjected to PCR conducting 31 cycles of incubation each including 20 seconds at 95°C, 30 seconds at 58°C,
and 30 seconds at 72°C.

[0192] After conducting PCR, amplification was checked by 1.5% agarose gel electrophoresis (these correspond to
Fourth step of the present measuring method).

[0193] The resultis shown in Fig. 5. In Solutions MA, MB and MC of methylated yeast genomic DNA, amplification of
DNA was observed. In the negative control solution MD, amplification of DNA was not observed. In solutions A, B, C
and D of unmethylated yeast genomic DNA, amplification of DNA was not observed.

[0194] From the above, it was demonstrated that DNA containing a methylated target DNA region can be selected by
an immobilized methylcytosine antibody, and methylated DNA is amplified to a detectable level and the amplified DNA
can be detected with higher sensitivity.

INDUSTRIAL APPLICABILITY

[0195] Based on the presentinvention, it becomes possible to provide a method of measuring the content of methylated
DNA in an objective DNA region in a genomic DNA contained in a biological specimen in a simple and convenient
manner, and so on.

Free Text in Sequence Listing
[0196]

SEQ ID NO:17

Designed oligonucleotide consisting of objective DNA domain (GPR7-2079-2176)
SEQID NO:18

Designed oligonucleotide consisting of objective DNA domain (GPR7-2079-2176)
SEQID NO:19

Designed oligonucleotide consisting of objective DNA domain (GPR7-2079-2176)
SEQ ID NO:20

Designed oligonucleotide for experiment

SEQ ID NO:21
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Designed oligonucleotide primer for PCR

SEQ ID NO:22

Designed oligonucleotide primer for PCR

SEQ ID NO:23

Designed oligonucleotide consisting of objective DNA domain (GPR7-2079-2176)
SEQ ID NO:24

Designed oligonucleotide primer for PCR

SEQ ID NO:25

Designed oligonucleotide primer for PCR

SEQ ID NO:26

Amplified oligonucleotide consisting of objective DNA domain (Genbank Accession No.NT_029419

25687390-25687775 Homo sapiens)
SEQ ID NO:27

Amplified oligonucleotide consisting of objective DNA domain (Genbank Accession No.NT_029419

25687390-25687775 Homo sapiens)
SEQ ID NO:28

Amplified oligonucleotide consisting of objective DNA domain (Genbank Accession No.NT_029419

25687390-25687775 Homo sapiens)

SEQ ID NO:29

Designed counter oligonucleotide for making an objective DNA domain a single strand DNA
SEQ ID NO:30

Designed counter oligonucleotide for making an objective DNA domain a single strand DNA
SEQ ID NO:31

Designed counter oligonucleotide for making an objective DNA domain a single strand DNA
SEQ ID NO:32

Designed counter oligonucleotide for making an objective DNA domain a single strand DNA
SEQ ID NO:33

Designed counter oligonucleotide for making an objective DNA domain a single strand DNA
SEQ ID NO:34

Designed counter oligonucleotide for making an objective DNA domain a single strand DNA
SEQ ID NO:35

Designed counter oligonucleotide for making an objective DNA domain a single strand DNA
SEQ ID NO:36

Designed counter oligonucleotide for making an objective DNA domain a single strand DNA
SEQ ID NO:37

Designed counter oligonucleotide for making an objective DNA domain a single strand DNA
SEQ ID NO:38

Designed counter oligonucleotide for making an objective DNA domain a single strand DNA
SEQ ID NO:39

Designed counter oligonucleotide for making an objective DNA domain a single strand DNA
SEQ ID NO:40

Designed counter oligonucleotide for making an objective DNA domain a single strand DNA
SEQ ID NO:41

Designed oligonucleotide primer for PCR

SEQ ID NO:42

Designed oligonucleotide primer for PCR

SEQ ID NO:43

Amplified oligonucleotide consisting of objective DNA domain (Genbank Accession No.AC009800 76606-76726

Homo sapiens)
SEQ ID NO:44

Designed oligonucleotide consisting of objective DNA domain (Genbank Accession No.AC009800 76606-76726

Homo sapiens ) n=m5c¢c
SEQ ID NO:45

Designed oligonucleotide consisting of objective DNA domain (Genbank Accession No.AC009800 76606-76726

Homo sapiens)
SEQ ID NO:46
Designed counter oligonucleotide for making an objective DNA domain a single strand DNA
SEQ ID NO:47
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Designed counter oligonucleotide for making an objective DNA domain a single strand DNA
SEQ ID NO:48

Designed counter oligonucleotide for making an objective DNA domain a single strand DNA
SEQ ID NO:49

Designed oligonucleotide primer for PCR

SEQ ID NO:50

Designed oligonucleotide primer for PCR

SEQ ID NO:51

Amplified oligonucleotide consisting of objective DNA domain (Genbank Accession No.NC001139 384569-384685

Saccharomyces cereviciae chromosome VIlI)
SEQ ID NO:52

Designed oligonucleotide consisting of objective DNA domain (Genbank Accession No.NC001139 384569-384685

Saccharomyces cereviciae chromosome VII) n=m5c¢
SEQ ID NO:53

Designed oligonucleotide consisting of objective DNA domain (Genbank Accession No.NC001139 384569-384685

Saccharomyces cereviciae chromosome VIlI)

SEQ ID NO:54

Designed counter oligonucleotide for making an objective DNA domain a single strand DNA
SEQ ID NO:55

Designed counter oligonucleotide for making an objective DNA domain a single strand DNA
SEQ ID NO:56

Designed counter oligonucleotide for making an objective DNA domain a single strand DNA
SEQ ID NO:57

Designed counter oligonucleotide for making an objective DNA domain a single strand DNA
SEQ ID NO:58

Designed oligonucleotide primer for PCR

SEQ ID NO:59

Designed counter oligonucleotide for making an objective DNA domain a single strand DNA
SEQ ID NO:60

Designed counter oligonucleotide for making an objective DNA domain a single strand DNA
SEQ ID NO:61

Designed counter oligonucleotide for making an objective DNA domain a single strand DNA
SEQ ID NO:62

Designed counter oligonucleotide for making an objective DNA domain a single strand DNA

SEQUENCE LISTING

[0197]

<110> Sumitomo Chemical Co., Ltd.
<120> Method for measuring DNA methylation
<130> N112271

<140> 09725639.0
<141> 2009-03-25

<150> JP2008-077967
<151> 2008-03-25

<160> 62
<210> 1
<211> 2661

<212> DNA
<213> Homo sapiens
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<400> 1

acagacatgt
ttagtagaga
gataatgatc
aggcctggge
caagattcaa
ctggatctca’
atgcaactga
aaagaaaagg
aatgtggtga
gtctggacaa
agtagtgtta
caaaccctga
tttatcccce
aaactctaag
catgcgatgt
caaagtcaaa
gatgccttcet
agacactgtg
attttgaaaa
caatttcact
catattacct
cttcccataa
taaactttag
cgacttcccg
cgtcgcccecca
gccccagatt
gctccctgtg
ggcgaggagce
gecggecggge
ctccttectt
cttccaggac
gggaagggtc
gctcgecctcec
ttctgtgage
cctggaccgt
ccgecgeegg
agcagatcca
accagcctceca
cccagcagcece
cgcggacgge
ggttccaagce
accagacagc
acggcatggt
acaactacta
gcactggcta

<210> 2

<211> 1953

<212> DNA

<213> Homo sapiens

<400> 2

gccaccatgce
tggggttttyg
cgcecgettgg
actttcttta
gatcccagat
tgaccacttc
gtggggtggg
aaaatggatg
ttaaatatgg
tagcccaatg
aatcagacca
gtggtatatg
acctatattc
gctgtttctt
tttactgact
cttctttata
gagtgetttc
gagatgaaag
agagacaggt
tttggttatt
acacacagaa
aagcgagaga
tcacaatcct
cctctcaagg
tggcctggcet
aagccagtgt
caacgtgtct
tgtccgectt
cagaacggct
cactccagac
tgagaaaggq
tgaatcccac
ttggttgaag
cacgtcctce
gctcctgctce
ccaacagcag
atgggagaac
gcgccgecgg
ccgcactcecg
cggctcatct
tggctactcg
gccgggagaa
gggcgacgac
cgatacttat
cttccagtac
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ccagctaatt
ccatgttggc
cctccaaagt
gtagtttgag
aaaattaaac
ttgaagtgag
tgggaageccce
tgaggcagtc
agagacagag
atgagaccaa
tttagtaacc
aataactcgt
ttttctgacce
cagcaacttc
ttcagtattt
agatgaagga
tcatgcagac
atggttctcce
ttattcatag
aaaatattca
aagcaaaatt
gtgtgcgttg
ccececgecce
gctggtgacc
gccttcegect
gtctcaggat
ggggggagga
gcacgtttcc
tgtgtaactt
actgcccget
gaaagggaag
ccttggcatt
atttctecctt
tcgagcgggg
gggcctttge
cceecgegeyg
aacgggcagg
gacccgggceg
atcctgctga
ggagtcaccg
acatctagag
gttecectgege
ccttacaacce
gaaaggccca

g

ttttgtttgt
caggctggte
gctaggatta
gagcaacatt
catctagaga
taagtctcat
ctcaaaggaa
aaaatcagca
actaacagag
taaaatggtt
attttttgtt
ccattatgta
actcctactt
tttgtttaga
aacagaggtg
gaaaaatgtc
ttgttctagt
acttctactc
ctgcagcgtt
ctgtaggaaa
tgatatcctg
ggaaatgtgt
cctctcaccc
taatagcatt
gtctgagttt
gtgtgttccg
gggcagggac
aatcgcatta
tgcaaacgtg
ctccgggact
ggtgccacgt
gcttggtgga
ccctcacgtg
tcaatctggc
agctctgcge
agccgccgge
tgttcagctt
cecgccgtece
tccgcgacaa
ctggccgcecc
cccgegaace
tcagtaacct
cctacaagta
gacctggggyg

33

ttgtttgttt
tcgaactcct
caggtgtgag
tttgacagtg
gatggcttga
aaatgctcag
aatccggttg
gaggtccacc
gtatgtgaat
accaaaatct
gcaaagtttc
tctctttcca
ccttctettt
ttggaagata
atttaatttt
ttataaaatg
ctttaatgaa
aaagtacaaa
agctggecttt
taaatttgta
gggtttattec
ctggttaact
ccagcaccct
tttcttegtg
tttgaaattc
ttttgttett
gggagagagg
cgtgaacaaa
ccagaaagtt
gccgegegge
ccgagcagec
gactgagata
atttgagccc
aaaaggagtg
gctagtgcac
ggctccgggce
gctgageccetg
tggtgcagcce
ccgcaccgcee
caggcccacce
tggcgectcg
gcggccgecce
ctctgacgac
caggtaccgg

gtttgtattt
gacctcgaat
ccactgcgcc
tccttetget
ttggccaaac
tccttcecact
ttcttactag
acaccaccaa
attgaagtat
ggttttgagt
tagcactgcc
gtcagcataa
accaaaatct
aattaaacag
tttttaaatc
catatgtgaa
tetteettgt
tcaggccggce
gttccctgta
acccatttct
gctgagggcg
cttttatgga
cccaacctcc
catattttgg
ctgcatgttc
tccecttaac
gaggggcaga
tagctgaggg
taaatctctc
tccecegttge
gccttgactg
ccecgtgcectcc
cgtttttatt
atgcgcttcg
tgcgeccectce
gcctggcgece
ggctcacagt
aacgcctceg
gcggcgcgaa
gcecgtcecact
cgcgcggaga
agccgegtgg
aacccttatt
ccecggatacg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2661
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<210>
<211>
<212>
<213>

<400>

<210>

tataaattcc
cctggcagga
catttaatca
aactctcctc
gtttgattag
tggctttata
gatgactcca
tgagacatta
ttaaggaaca
agtttccact
gccaatccag
ccaatagcett
acataaaatt
gagattccat
tgcagcgcectc
tcctggectce
taaactcaca
gggccggggg
gtgtgtgtgt
gtgtgtggtg
ctttgctgac
cctaagggaa
attcctggge
tgcectaaac
actggttgcg
aggcggcectge
cgaagctggg
cggagcgggc
agcccagege
accgtttcag
ggctggegec
gcggcaaggt
ggtgcgagaa

3

889

DNA

Homo sapiens

3

cggccccatg
ccaccagggce
gcecgcecacac
agccagggeg
gggcgggcac
gggggcgaca
ggcggtgetg
ccacgccegte
atggccgggg
ggtggagatg
gggagggctg
gtggaaggaa
gcaagtgccc
ggccaggggce
gtgtatgcat

4

<211> 863
<212> DNA
<213> Homo sapiens

<400> 4

acgcaggcat
atctagaagt
caaataccct
acttcacatt
agaaaacaga
aatgctcaca
tcgaaatagt
aaagggtatt
tgtaagaaaa
ttgtcaataa
acccaaagtt
tacgaaaaaa
agcgagatat
ttacatcaga
cataaagttc
tttttttage
gccatatcct
aggggggcgg
gtgtgtgtgt
tggtgtgtgt
tcaaagaccc
tttttgttag
tcaacaaaac
gttggctgeg
cggcgetttg
gtcggggcge
ctcggggcca
ggctccccat
gtcggecccee
cgtggcggcg
tgccteccgg
cggcagetge
gaagacccceg

gctccgtgte
ccttctctga
taacctctgce
accgttggcece
ccgagtggta
agtcctgaga
cccgggtggg
tgagcacccc
acacccagtg
gggccgtggyg
agctgggcgg
gtgagtgccc
tatcccagcece
attgtcctgg
gaccctgaca
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tgaattgaat
gaaattacaa
gaaaatgaaa
catgaatcca
ttaacctagce
atacctctcce
tgagaaacat
gaaaggcata
tattaatgca
ttacgttttc
tcagatcact
gttgcatatt
tttttagcct
ataaaaatct
acttagtctt
agtgagaaaa
ggaggtctct
ggcggggtct
gtgtggttgg
aagcagtgag
agaggctttc
gctagaagag
cgattatctt
ggaacgtccg
accgtaggcg
gagaaggtgc
agcgaggtct
ggtcagagcc
cggcgtgcgg
ctggtgctgg
gtgtctcccg
gaggccaaga
gcttgagagt

gtgtccaagqg
agccccagtce
tggggctgag
ccgectcectat
tgccececgeece
gaaccagacg
tcagcctgqgg
aagcccgatg
gtccaggtgt
gagggagctg
gctectetgg
tgtccttect
agtgttcctg
acagtcagga
agcaggcgcec

ttgttcttaa
gatttatttc
agataattta
taacgcagag
aaacataata
tgtataaaat
aaagcaaatg
tctgattcag
taaaaaaagc
aatgtccttc
cagattcacc
taggtagttg
tcaaataagt
aagttatgac
caagggttcce
aggatactct
gctggctatt
ggaggtctgt
aggtctctgc
gttgttttag
ttggggtgca
tgggtgtact
tataaccgceg
agacgcgggt
ctggagcgeg
agttcceegg
agccggagceg
tcgtgecgge
gcgtctcaga
cgttggccct
ggtacagatg
gagaccccag
gag

gatgggctgg
tgaccggccet
ccagggcegceg
ggggcagceag
tgccecgect
gaagcgegcet
ctgggaggca
cagccacccce
ggcgggggtyg
agatactgcc
ctgtggggcc
ccctgccatg
gggctcttcc
ggcatacccc
aggacagtca

34

ccaaatgcgt
attttaattc
tcattttacc
aggagactgg
aatttggctc
catgaaccac
catgtttatg
cttataactc
tacaacttct
tgtggactgt
cttaaccttc
ttatcccatt
gggaaaaaat
taggttgaag
ttacttagct
ccctgcceccca
tggcgcgtgg
gctggctatc
tggctatctg
ggccagtcct
ggtaccatga
catgatgggt
gcgectagcea
gcggagccgg
tgcgttgegt
cgggcgggcy
actgtgcccc
tcggcagcecgce
gccgcggagg
ggaggacggc
gagtcgtccc
gacacacaca

cacctcttgg
gctgctggga
tcggacagtc
ggaccgacgt
gceccgeectg
gggactgaca
gcececgggac
cagacgaggc
aggggagggyg
acgtgggacg
ccctgtgtte
agattccagg
aggcagggcet
tcgccaggtg
ggaggccag

tttatctata
tattatgaag
ttgactgagce
atgattaagt

ataagcagga

ttcctacagt
gctttctctt
tggatatata
caagtgttct
ttccaaaggt
ataacacaac
atgacaaaat
ccttttagcect
caacgtcctg
aggttagtat
gctttatttt
gggcggaggg
tggcgtgtgt
gcgtgtgtgt
tcctecgeca
ttccttggge
gtacccgaac
cagcgcctgg
gggcggaata
gcgcgcegcegyg
ggcgggcggg
gcctcecetggg
ccggacgeceg
ggccgecggyg
cccgagtgat
gcggccgceceg
gctgcctcee

accaggctta
atccccctet
agggcgaccce
cagcagggtg
gtggcegtet
cgtggacttg
acagctgtge
ccgcagggac
gggtgggage
atgctaggtg
cttgtgggag
accggacctg
atgttcccca
gaaccaccct

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1953

60
120
180
240
300
360
420
480
540
600
660
720
780
840
889
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gttgtegggt
cgggggccca
ggceggeggyg
cctgggagge
gtccggggge
gaccctggag
gccgagceccece
agtcccgtagg
agcecccggee
cggcctegge
ggacgcgceceg
caagtgcgtg
catcgcgetg
caacttccgc
gcacatcaag

<210>5

<211> 2198

<212> DNA

<213> Homo sapiens

<400> 5

aagagaggca
gagaatgagg
gaccgagagt
ctggggaaag
gaaatctcgg
gacgtcgegt
gtgtctaacg
aaccaaagat
aggtctcggt
cccaaggcgg
cacccgggag
gtgggcectgg
tcttcgetgg
ggtaacgacc
gtgggggtgg
cttcagcagc
actgggaact
tttccetggg
ttettttege
aacagtccag
caacaccccec
agaggcgggg
aacctgggat
agaggttgac
gggttaaaca
agtgggcetge
gtggctccag
tagggetgge
accatcacca
tcggtecgge
cggctgacgc
ccaccgccta
gcggecgtcet
gcattaacag
agctctccaa
tgctggccaa
cggatggcgg

<210> 6

<211> 1945

<212> DNA

<213> Homo sapiens

gtgaatggag
gggggtgggc
ggcggggegt
cggcgetctg
ttcttaaacc
ggagagagag
gccagcccceg
tcgecgeccca
gcacccccag
ctgggcgatg
tggaagaaga
ggcaagcgcce
ctcgaggtge
caaatgaagc
ctcgtgtcca

cactccctct
gacccaggta
ccccagcecttg
cccacagtgg
agggtcgtgce
ttgeectgtge
ccgaatgctg
tcttaaggag
gcgagtcctg
acgccagact
gccggagtgg
agtccgcectce
tcagtagctg
ccgtgcacaa
gggcggaggg
gccctctcat
gctggaattc
cctcagtttc
ttggtgattc
ggcgttggcce
agcagcccgce
ccggtteccca
agccactccc
atcaaagccg
ggtctttggg
gcgtctcatt
agcccacagg
ggcgcaggcec
ccatcaccac
ctcgcgetgt
tgccccggac
tggtectgac
tggccggegg
cgcattcgcg
gatcaagact
ggatgcacag
ccgtgagage
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aactgtgggc
gccatcaacc
cctgtaaggce
acgtggaccc
ccccgeeceg
ccagagagcg
gcgcgagaga
acagcgeccg
ccecgcgecag
agacagacga
tccagcagaa
tgaccgacct
tcagccagaa
tggagaacgt
tag

accacaccga
ggtggacatc
aagcgtcacc
agagagtccg
agccgagtceg
gagcctcgeg
gtgtctcgag
tgatgatctg
cggacagacc
gtctctgcge
atctcagacce
ctcctteccg
cgtgcccgtce
gcggctcecca
ctggaaggtg
cttctagetc
ctatttagac
cttgtctgta
tggattcctt
gtecctgtgece
cccectaage
gtccctgetg
ccttttectt
cggtcttata
cttcggcecgac
ttcageccttg
tggcccccgg
agtagccgcect
ccgcaccctg
catcaggaaa
ttccctgegg
gccaggectg
aaaggctcag
gagttgcgceg
ctgcgcctag
tctggcgatc
aagcggaaaa

cctcceccgac
ccgtcecacc
gcggecececca
gggggccgeg
gcccagcccey
gccgagcgece
agttggagag
acagcccecceg
catgatgaac
gatgccgtcce
cacattcacg
gcagcgcgac
gcgcatgtac
gtcecgtggcee

gggagggggc
ggccaagaaa

actccgggat
gctggcaggg
cgcctectgeg
gatgctgtge
gtgtgagctt
ggtagagcgg
agaggagace
cagccgggcet
ctcaagccgg
ccccaccect
tgcctgaggce
gtctctccag
ttagggaaga
tgacgccgag
ttctagacagqg
aaatcaaaag
tccttggatc
tcaagtacgt
ccgcagagca
gcggactaga
atcceccgecce
taagccagat
ctcgecccgeg
cccggactcet
cagtctctgg
ccaacatgaa
cgcaccccat
ggccctactt
gcgggccgec
ggcagagccc
gacccaagaa
agtgcatccce
ccaccagcta
ccgaggcectt
gggagctg

35

accttccagce
gccaggacgg
ccecgcgggeg
ggcacggcgg
cacttccega
taggaggccc
gagagcagceg
atagcccaaa
aacagcggct
acggagaagg
cgctggtgceca
ctcagcgacg
cgcaagttcc
ctcgagttcce

gttgagctga
ggaaccacag
tcccagattce
aatggcccta
ctgatgcgtg
agtcttggte
cggggecggt
cccgacgtag
tgctggecag
ggccttegga
gaacaaaccc
acccctgcecect
tgggtcagaa
aaagggccga
acgttagcgg
cagagcagtt
tctagaaaca
gcgggctcta
cgtggggagg
agtccececgtg
gggagctgag
gtggcgcggg
ccctgeccatt
ccgcagggga
gcagaaaccg
cccaaagcecg
ggcgcatgga
cctcgtgggce
gctccacgaa
ccagagctgqg
gccecgeggece
cgggcggctg
ggagcggaga
caacgtgccg
catcgcctac
caaggctgaa

gggacggcaa
€gcgggggag
gggcggeatt
gggggcggcy
gcaccgcectce
gcecgagecte
cagcgcagcg
ccgcggecct
actcagacgc
acctggcgga
atgagcacct
ggctccggcet
atccgecgecce
tcgagcgcga

gaaaggttga
cgggaggtaa
caacgcgagce
cccecggggt
agagatgccg
ccctctgegt
gtctttaaag
ccgcgectceccece
atgccceggg
atggatcagg
gtcgatgecece
ccgaaaggct
ttggcgggcet
tgactaaggg
cctatcctgt
ggagctcggg
agaacctttc
ggtgtaggcc
gggtggcagc
ccecgeccecect
tgggaggggc
ctgagcgtaa
ggctcccggg
gtccgcagaa
gtaagaagac
gcgeccagta
gcggcgttaa
agctacgcac
cccttectect
ctgctgagcc
gctgcagccg
gaggcgcttg
cgcactgaga
gccgacacca
ctgatggacg
ctcaagaagg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
863

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2198
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<400> 6
ctggatgaca gagtgagact ccgtctcaaa aaaaaagctc catttgggag gccgaggagg 60
gtggattacc tgaggtcagg agtttgagac cagcctggcc cacataggga aaccccatct 120
ctactaaaaa tacaaaaatt agtcaggtgt ggtggctgac acctataatc ccagctactt i80
gggaagctga ggcagggaga atcacttgaa ccggggaggt ggaggttgca gtgagctgag 240
atcatgccac tgcactccag cctgggcgac agggtgagat tctgtctcaa acaaacaaat 300
ttaaaagctc cgaatcctcc aaaaatacca agattttcct gtcggtaact agagatgggt 360
actgatgatt atttttaata ggtgattttc aaagatgtga acgttatcca tggagattta 420
agtctccaaa aggaaaaaaa atgcatacct ttatactaaa acttcatcac cagtcaaatt 480
tggatcatca ctaaattggc ttctacacct ctctcctaat ataaggtact tgtgtaagtt 540
tgcagttgtg agacacttat ttcctcattt ttaatgtctt ctcagtaggg ccactgatat 600
agtcactatt tgactgacca gaatggttgg cactggtgat tggctcataa agtgccctcg 660
atttaggggg ctcaattatc aaaggtttaa atcctageccc aaaccattgc tgtgatgggg 720
gttaatcaat gaaccactca gcttcacttg caaaagcggg atcacaatag ccgctttcegt 780
catgacccag cctaggtgag atttagtact taagtacact gccaggcaca caaggttaat 840
ttaacaattt aacacatttg tttcctcatc catttctcca aaccttccaa ctaatcctaa 900
cgttcgttcg gccaaatggg ccaggaattc acttaaacaa aaacaaaaaa caaaacaaac 960
aaaaaaacac tccctggggc ttggggaagg aggcaccgcc gcccatgtcg cagtctgggg 1020
gtggctcagt cctcagcacc cagatctacg gccataatgc tcttcgaggc caaggagccc 1080
ggatgcgggg cgttgccgaa ggcgtcttgce tcaggctgecg ggaaaggaga ggggtgggag 1140
cggggtgggg gcatcgcgac ccagggcaag gcggcgagtc gcecgtctteg agtcccacct 1200
gtccgaagcg gggtgagaaa aggcaaaaca tggcaaagcc atgcacctcc cagggtggge 1260
aactcacggc cqggtgaacgc cggaccctta gcagtttcca gacctttgga accggaageg 1320
gagcctgaga gcgcgcccga gagggcgtga acgggaccgc tttcccggaa gtgcecttgcgg 1380
cctctgccca gcgagcetgec ccggggtcte tetggtttcc taatcagggce aacgccgcgg 1440
gagagaacct ttaccttggc tgcactaagt tctcggtgcc actccctgge agggcgggac 1500
cttgtttagg ccctgtgatc gcgcggttcg tagtagcgca aggcgcagag tggaccttga 1560
ccecgectagg gcgggaagag tttggcccge cgggtcccaa agggcagaat ggacgggctce 1620
ctaaatccca gggaatcctc taaattcatt gcagaaaaca gtcgggatgt gtttattgac 1680
agcggaggeg tacggagggt ggcagagetg ctgectggecca aggeggeggg gccagagetg 1740
cgcgtggagg ggtggaaagc ccttcatgag ctgaacccca gggcggccga cgaggccgeg 1800
gtcaactggg tgttcgtgac agacacgctc aacttctcct tttggtcgga gcaggacgag 1860
cacaagtgtg tggtgaggta cagagggaaa acatacagtg ggtactggtc cctgtgcgec 1920
gccgtcaaca gagccecctcga cgaag 1945

<210>7

<211> 2379

<212> DNA

<213> Homo sapiens
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<400> 7

36



10

15

20

25

30

35

40

45

50

55

aagcttgtgg
attegcttec
cgagatcatt
tttatttatt
ggcctegtga
agccactaca
ctgtcaccca
ggttcaagtg
cacacctggc
aaactcctga
gtgagcctcce
tcactgtggg
gaatactcgg
gttttattac
gatggtatta
cactttggga
acacggtgaa
gcctgtagtce
gagcttgcag
ccatctcaaa
aatagtactt
gacttttgtt
cgcgatctcg
ccctcgagga
atcegggetce
gcaaaggtca
gccaggagta
cgcctaaggce
ctaagacttc
taggagaccg

ttttcagatc
ccaatcacag
ctatcggtta
ggcagagagg
gagtccctta
ggaagcctcc
cggcccacgt
tgagcttcge
cgcagagggc
gtgaggccgg

<210> 8

<211> 933

<212> DNA

<213> Homo sapiens

<400> 8

gagacgtact
caacctccac
tacaggcgceg
tcacgatgtt
ctgggtaagg
gggggaaaga
€gggggcggg
ggcctccaga
cceegectec
gcggcgggga
cggcttctge
ggaaccccaa
gcggtgetec
gcgctcaggg
atgtcctgge
cccgecageca

tttacttgga
tccactaggc
tggttatatt
tttttagaga
tcctccecace
cccaactgaa
gtatggagtg
attctcatgc
taatttttct
ctttaagtga
acacccggcc
gatgggcagc
ttggaaaggg
tcacatatca
aacattacta
ggccgaggceg
gccectgtcte
ccagctactc
tgagccgaga
aaaaaaaaaa
tgtgcagggce
tgtttttaga
actcacagca
gctgggacca
tgcgectgge
aattagatcc
ctcagagctc
tttgcgcttc
tcacctcagt
tccgggaaaa

tgtcgctcct
ccttecttcet
gtggtgttgc
aaaggcgagg
cggacttgtc
ctttgccagg
acccggggag
ggacgtggcc
cctgtaccgg
gccctecgge

ctggctctgt
ctccegggtt
cactaccaag
ggccgggctg
cggggggcgg
agagtcacgt
agagccacag
ggacaggacce
aagactcctce
gaagccgage
aaccaagcgg
cgtcceccgag
gacggccggg
cggacccgtg
gcacggactc
gctgagcgeg
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cctctgcectce
tctcatggtg
ataaaataga
tgaggtcttg
ttgacctccc
ttcacatttt
cagtggcgcg
ctcagcceccece
gttttagtag
tccacacacc
gaattcacat
tttttgttat
ctgaaaaacg
gctgtaattt
caacacatcc
ggcggatcac
tactaaaaat
gggaggctga
tcgcgeccact
aaaaaaaaaa
cctaccctaa
gatgggcgcce
gcctccacct
ccggcgcgcet
cttctgcatc
tgggtaggat
aaagctggga
acctttactc
agcagaagga
gcgagtcagg

tcaccctcag
tctcectggee
ggggecacce
ggtgttgacg
tgaggaaaga
cagaaagggt
gccgggccce
gtgtacttct
gacgtgatgc
cgggaccceccece

cgecccagget
caagcgattc
cccggctaat
gtctggaagt
aatagggggc
ctceccacggt
tttggcatcc
ccaccccecgg
cgcccactcece
tgagcggatc
gtcttacccc
agtccccgaa
gcagccctga
cagtccaagt
ctgcggcetcg
ctggagecgge

atctttcttc
cagaggtttc
atgcaaattc
ctatgttgtt
aaagtgctgg
tttttttctt
actgcggctc
caagtagctg
agatggggtt
tcagectecce
gaattttaaa
acatctagaa
gtcttaagag
gagcacgttt
gggcacggtg
gaggtcagga
acaaaaaatt
ggcaggagaa
gcactccagce
actacaacac
gtecttaace
tggctctgtce
cccgagttca
ccatcgcgcee
tctataaggg
cctgttcccg
tctgcagtcc
acctcgaagce
agtcgcgtca
gtagaccctg

cctttcaaac
ttccggcecact
ttcececgetgg
ccaggaaggt
caggaaagcg
ttcccatggg
ggaggacgag
ctcccgagga
gggagacctt
agtccgtcg

ggagcgcaat
tactgcctca
ttcttttgta
cttgacctca
ttgcaatttc
tcgtagagga
ccagggcatc
ccacaggccce
gcacccaact
ctcacacgac
cggtcctecg
tcecceccgetcece
tgctctgcege
cgccgegett
gccaggggct
gee

37

ttttgcgett
caagaagatg
acacaagttt
tagtctggtc
gattacaggc
ttctgagacg
actgcaagct
gaattacagg
tcaccatgtt
aaagtgctgg
gtgatgtctt
cgttcctcett
attatctgat
tctgattgag
gctcacgect
gatcgagacc
aggcgggceat
tggcgtgaac
ctgggcgaca
tataaattca
gaacccggaa
gccagcctgg
ggcgatctte
cggctaggag
aagacatctg
ctgecceccteg
cttacccact
cctggacatc
gctggccaca
aggcccetca

aggccactce
gtccaatcaa
tttcecctegt
tccatcttgg
ccagcatctce
gccgccecctg
ggaaagcagg
gtgggaatgc
cggccacctg

ggcgccatct
gcctccecgag
tttttagtag
agegtgcgcece
acactagagg
aggcctgcecct
cceccageecg
tgcccecage
tataaaaacc
tgtgatccga
cgtctccagt
caggctacct
cgeccaccgcece
tgegtectgg
gcgcgaacac

cagcctgcge
gtgtgaaggc
ttgtttttta
tcgaactect
ctgaggcctg
gagtctcact
ccgtctcetceg
ggtgcactac
gcetggtcecte
gattacaggt
caaagtggtt
ctgtttctat
tcgttteeca
acaagactca
gtaatcccag
atcctggcta
ggtggcggge
ccgggaggcg
gagcaagact
tatctattat
gcgagaagat
agtgtggggg
ctgecctcage
ctgactttga
tgacctcggg
ggctggcact
cagtgcacgc
cgcatctgcece
gcctctctece
gctceggeta

aaaaaaaagc
cgtacgccat
ggtgtgtaaa
ttaagggcag
caccttcecee
gcgcegegec
ccgggegecg
ctgcggecag
ggcgcgetgg

cggcgcactg
tagctgggac
agactgggtt
ctctccgecca
cgggcgecgt
gagcctggag
cagactacca
actccccgeca
gtcctcggge
ttctttcecag
cctegeacct
aagaggatga
gtgctactga
gacgagatga
gcggagcgca

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800

1860
1920
1980
2040
2100
2160
2220
2280
2340
2379

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
933
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<210>9

<211> 6096

<212> DNA

<213> Homo sapiens

<400> 9

atctgcacct
gactcagcta
gcaagtggac
atccaagaac
gcttttaggg
tgtttaacac
ttcactttgc
actctgggaa
ccttatctga
tccecgegtag
agcttgactg
tcccaggggg
cgtgtcecage
actcagcggg
gtcgtgcttg
tcagtccagt
atactctctg
gcagcggaat
tgtgctccta
tagagctcga
gggtgttttt
tcttcegeat
cctcctceccag
tgccgagcaa
aacctcctta
gccagccact
caggctgact
cgcctctgag

cctcatatag
ttggggctgt
ctgtgtagga
tcagccagcc
ctggcaggtt
tttgctatca
actggtttct
ttgtcecccac
agctccaccc
gcaggctgtg
ctccecgecegg
tccgecgtcecag
agctcctteg
acgtttggag
cctttttcac
ccagcccgge
ttcttgttta
ccacgctgag
caccttaacce
cagcgccgcc
aaacagtttg
tcceggtaag
ccececcececece
gtggcgttte
gccgacccecgg
ctgttggggt
cgctcccacg
ccgggtccgg
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ggttgatcca
tctcacactt
cgtccagtga
tggtgtgggg
cagaagggcc
cagtcttgaa
gattctgtaa
attctgagac
tcacccccat
caccggagtc
acaagcccta
gggaggcgca
tttcctgggt
gctctctgcece
tttcagagtg
ccaccccace
aagcccagga
ctgcccggga
ctttttagcc
ccectggeget
cctctcacca
tgaaccaccg
accctgeccca
tatgcacgtg
gtgggatcag
gcaagaagca
cgcececgeccece
acttcggcgce

agtttcacag
tttetttett
aacattgtgt
tgagatctga
ctctcatcac
tccttgtaat
ccgatcectgt
ctttcagcag
ggcggcaccg
acgaccccct
ctgtgctatc
gctgtgtgeca
gctggggcgg
ccaaggcgcet
tccacgcccece
ggtgcgtgte
tctactgggce
acggagcttce
cgaaacttct
cgttgtgagg
ttatgggggc
gaagaggtcg
tccacaggac
ggtatcaatt
ctgggatcct
ccatccttceg
tacccggcgce
cctgacagtg

38

acatcactga
tgcaagaatc
tggtgaatca
tccttgaatg
cceccccaggg
tgaacaatgg
ccccctctet
tgccccaacg
caggcagccce
gattcagcct
tgccgetett
ttcecgggagce
ccttcecage
ggggagtgtg
accegtttgg
tgtcgcacgt
cctggaggcea
caaccccaga
ccaacttcct
acagtagagg
gacccgaggg
aaagtgacgg
ggtggctctt
cggactctgg
gcgegetece
gaagctgggce
cgcagcaatt
tccecgegac

gttcttagtg
agcaatgggt
gctagaatcc
tccctcagtg
cctcattect
accccacattc
tgtctcattc
aggttcctgc
tgcttttgeg
aggcagccac
cccttectet
ttcagacccc
gaagagctca
cggcgggaca
tcactgcagg
ggcagacgcc
agaggtgaac
aggaggactc
tggctttgtt
agagaggcaa
ggagacccac
attcccatgt
cagtgccctt
acgaaatgga
ctggggggtt
cgaaactggc
cacctgccac
ttcceccacce

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
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gatgagatgg
ccatggggca
ccacacccac
ggccgcggac
ctaggcaggt
cctgtgcacc
cagagctctt
aaggaggacc
cagtcgtctt
gagaacctcc
gggcgggcge
caccaggcac
ctcgagccet
agaagtgtct
tgctccggea
ctgggtaaca
cccgecacecg
ctctaccegg
cacctaatga
gacggcggcg
gaccccaage
agctatagca
gtcgectgtcet
tgcgaagtga
ctggctgtgg
gcggceccgeg
ctcggettac
gaggcgccegg
gcgatccctg
cgctcctgea
cccaaccceg
gcecgaccaac
cagcgetgtg
gtggacggcg
tgccagccece
ccccacgage
gaccccaaca
atctgcacgg
ctcececeggta
accgactgtg
agcccgacgce
ctcataggca
cacctgcgca
tccaaggagg
gcctecegtee
taccaaagca
gttttecttct
cggcctcttce
acagactgcg
cggcagcctt
ttttaagtat
actttgcaca
aaactatctt
tattccccat
ctacctgtgc
atgaaacaga
ctaatttatc
gtaaaaggta
tatctttact
tggtaattgt
acagtgttga
ggagacagtt
ctgttccttg
agcttgggaa
agaatttcta
ctgcectgec
catgagaatc
aaccattcca

ggtctggegt
gagggcgetg
tgtcctgtga
aggatccagce
cctcccaaag
acctcceecca
gcaatccagg
aagagatgaa
gttacagggg
ctgcgccagg
aagggcggcec
ttccttecett
ggccgatccg
gggctgggac
cggecectgte
tgcttggggt
cagagccgca
gcceccgegac
cagtgcgctce
ttggccgecg
gcctcgggece
ggtgggcacg
ccgctgctga
aggccgatgg
agcccggege
gagcggactt
agctaatgtg
gcgcttggga
gggctccecg
ccgcatecge
accagceggg
accggtgcega
tcaacacaca
agtgtgtgga
tgaaccaaac
cgcacaggtg
cccaggctag
acatcgacga
ccttcgagtg
actccggcaa
ccggetecac
tctccatcecge
agaagcaggg
tagtgctgca
aggagcctgg
ccttagctgg
attccatggce
cgtgacgtca
atttgtccca
ctgggcagac
ttaggttttt
gctctececggt
ggtgaatttt
tcttcctagt
ctgaccctac
aacaaaaaca
ctgaaatttc
ttaaattgat
tttaaacagt
tgctaatctt
aaatgttcag
caagaaagct
tcactggtag
tggatcctgg
ccatttcaga
catgggagct
tatatttaac
gactgcttcc
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tggccagtgce
gtgttaggcc
ggccaagecgce
tgtctctcct
tgccecttggt
ctcceccattce
ctttecttgg
agagggctgc
tgctggectt
gcagggttta
agagaaccca
ttcccgaacg
catgtcagag
ggacaggaga
gcagtgcccg
cctggtcctt
gccgggtgge
cttcctcaat
ctcggtggct
gcgcctctgg
cctgegegge
gctcgacctc
ggccactgtg
cttcctectge
cgcggcectgcece
ccaggcgcetg
caccgcgccg
ctgcagcgtg
ctgccagtgce
gacgcagtcc
ctcctacteg
ggacgtggat
gggtggcttc
gcccgtggac
tagctacctc
ccagatgttt
ctgtgagtgc
gtgcgaaaac
catctgcggg
ggtggacggt
cttgactcct
gagcctgtgce
cgccgccagg
gcacgtgcgg
ctccgtceccag
cattacagct
taactggcga
ctggaccact
ggtcctcact
cttgacctcg
gtttgtttcc
ctctctectct
tttttectag
tttctectcece
ttcttttgect
ctaaaaataa
agattcccag
gttgctggac
gagcctgaat
cttatgcaat
aaggttgctc
tcaaactgca
accaaaataa
aggatgccca
gaggcctttt
ggttagaaat
aagatctgca
aattttctgg

gtgtccaggg
agtcttccce
gctccgetgyg
tgcgatcctg
gccgatcacce
aaagccctct
aagtggctgt
acgcgtgggg
ccctggegece
ctcatcccgg
gcaatccgag
tccagggagg
gctgectcge
ggctgtcgcce
cgcttteecce
ggcgegetgg
agccagtgcg
gccagtcaga
gccgatgtca
atcggcctgc
ttccagtggg
aatggggctc
cccagegagce
gagttccact
gccgtctcga
ccggtgggcea
cccggagcegg
gagaacggcg
ccagccggeg
tgcaacgacc
tgcatgtgcg
gactgcatac
gagtgccact
ccgtgcttca
tgcgtctgceg
tgcaaccaga
cctgaaggct
ggcggettct
cccgactcgg
ggcgacagceg
ccggccgtgg
ctggtggtgg
gccaagatgg
accgagcgga
gagcctgtgc
ggagaagacc
gggggtgatt
gggcaatgat
accgggcgcea
tgggctaggg
tttgttctta
ctacaaactc
ccctctcaca
caggaactgg
cttagctgtc
aaatggccat
agcaaaataa
tgtcatagaa
tttgttgctg
ttcctttttt
tagattgaga
tgattcatgce
aaccagctct
attagggect
ggaatgtggc
gcagaatcct
gggggtgtgt
aatacatgaa

39

actcgegagt
accctgccecc
tttcctgage
tcttcgggga
ccteccageg
tctctgaagt
aacatgtatg
gcccgagigg
tgccectgtce
cgaggtgatc
tatgcggcat
gagggccggg
aggggctgceg
atcggcgtcce
ggcgcctgeca
ccctggcegg
tcgagcacga
tctgcgacgg
tttccttget
agctgccacc
ttacgggaga
ccctctgcgg
cgatctggga
tcccagcecac
tcacctacgg
gctcegecege
tccaggggceca
gctgcgagcea
ccgcectgea
tctgcgagceca
agaccggcta
tggagcccag
gctaccctaa
gagccaactg
ccgagggcett
ctgcctgtce
acatcctgga
gcteccggggt
cccttgececeg
gctctggega
ggctcgtgeca
cgecttttgge
agtacaagtg
cgccgcagag
ctcctcacce
ctcceccecgceac
agagggagga
ggcaattttg
ggagggtgag
atgactaaaa
cctgtatgtc
ccacttgtca
tttatgaagc
gccaactcac
tgctcagaca
ttgctttttce
ttttaaacaa
attacaccca
ttttgatttg
gttattatta
gaagagacaa
caattagcaa
actggtcttg
agccttaatce
ccctgaacaa
aggctccacce
ctgctcagta
atatagatca

ccectggccag
gtcaccccag
caggcacctt
agtccacgtc
tcttgecaggt
ctccggttcee
aaaagaaaga
tgggcgggga
ggccccgecce
ccatgcgcga
cagcccecttcce
cacttataaa
cgcagcggca
tgtgccceccetce
cgcggegege
cctggggttc
ctgcttegceg
actgcggggce
actgaacggc
cggctgcggce
caacaacacc
ccegttgtge
ggagcagcag
ctgcaggcca
caccccgtte
ggtggctcce
ctgggccaqgg
cgcgtgcecaat
ggcagacggg
cttctgegtt
ccggctggeg
tccgtgtecg
ctacgacctg
cgagtaccag
cgcgcccatt
agccgactgce
cgacggtttc
gtgccacaac
ccacattggc
gcecececgece
ttcgggcttg
gctcctcetge
cgcggcccct
actctgagcg
ccagctttge
cccccaagcet
gaatgagcct
taacgaagac
cgttattggt
tatttatttt
tccagtatcc
tgtgacaggt
aagccccact
ctgagtcacc
gaacccctac
accagatttg
aggttgagat
aagaggtatt
tactgaaaaa
cttatttttg
acacctccca
ttgactgtca
tggaattggg
aggtcctcag
gaattggaag
ccatccagtt
atttgaggac
gttataagta

1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
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gcaggccaag
tctttggtag
ctttggttca
tagaaatgta
ttgtacatag
gacatcactt

<210> 10

<211> 2500

<212> DNA

<213> Homo sapiens

<400> 10

acccacttct
gcccaccgga
atccgctgta
agccaccgac
gttaggtttt
ctgectctggg
gaactggaac
agcaatgcac
agcaacagga
tcaggctaga
cccatgetgt
ctcaccttcc
atgaactatg
aaagtcttct
tcctaggtct
gcgeccgegcece
gccggcagag
cccgecagact
aggggctttt
agagaggagc
tgttacaaac
gtaagagaag
cagaatcagg
gcecgececcac
ccecgeecte
cceceecgeccee
cggccgtggt
tccaggggece
ctggecgtgg
accaccgtgc
tccatecctgt
ccgggagcgce
gcggggggcc
ctgggcgegg
agagcgetgt
actgggaagt
tgcteecgecg
cgctcaggac
ccagccccct
tccecttect
cccctectece
ccececttggag

<210> 11

<211> 2200

<212> DNA

<213> Homo sapiens

<400> 11

tcaggccctt
aaaaggctag
gctaagctag
acttttgtaa
ttatttattt
gtacaaaata

gtgtgtggat
gtgtgtgaat
gagggtggat
ctctgaggat
accctggett
aggcatcagg
ccecctgeccag
ctgtgacctc
aactagccta
acaccagcac
gcctctgaat
ttgtctgtga
tgagaacgcc
gctgtctcta
gtcccaggag
aaggactcca
agcaggtggc
cccttgetgt
ttggaacgtt
gcgectgege
attaaggcgce
tggagaagct
ggtgccaatg
cgggatgagg
ggggattcag
ccgegcacag
ggctccgtge
ccgggegecg
tggcccagaa
gctgcatgca
gagtgccgcg
aggggtgatc
tggggacttg
ggacccgetg
gcgegeggece
tgttggagcec
gcctecceget
ccctecggtee
ccgeceeegtt
cctcctccte
tcceccectt
cgcagtgccc
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attttcaaga
gtacacagct
gaatgaaatc
gacaaaggtt
attggagata
aacaaataac

aactgaggaa
ctagacactg
ctgcttcagt
ttcctecttct
atctagaaca
aatgtg

ttttctttgt
ccacacaggg
gtatggaaat
attttgtaaa
caggcaaaat

agtatcctgc
aggatcctgc
aaaatcctgc
gcaccccgca
ctgtgttgta
ccatgtccag
cagccteggg
cgggctatgt
ttacccacca
ggggacacag
ctggcaccgt
aattcagact
acctttgtge
gacacacccg
ggcacgcact
cacaggacct
tgacaggccce
gcgctttggg
aaataatttc
gcctggaatce
caactaaaaa
tcgcgtaggce
ctctecctecg
gcgctcagge
aggggccgygyg
ctgggacgtg
gtccgagegt
ctgcctgttg
gcecgggegca
tctgctgcetg
ggggacgccg
ggaggtaggg
ggacgcagaa
ggectttgtt
ttcgtagccg
tccggggetce
tccececetggt
ccctecgetce
cctcgtcctg
ccettectcece
ccttctccte
accccatcce

aggagagatg
aggagaaatg
aggaaagatg
ggtgtgatge
ctctcattct
tgtgcaggcee
ggtccagtcece
ctcgtggtag
atcccattcce
ctgagacttg
caccctgtgg
gggtccttgt
gtatctcacg
acgtgggggg
gaaggccgeg
ttcattttce
cggggagccg
gcttgggecet
ctacgtggtt
gtgccecggat
acccgtagtg
cccagggtcce
cgccececgag
cggacgctgg
aggagcctceg
ggccgcggec
ccgtecgege
gcgectegtge
gggtgtccga
gaggccgtge
ggggcgcggg
ggcgcggagg
gggaacctcc
cgeccectgegyg
cctttgttcg
cccecgeteg
tegeggecce
cccgagcgeg
ttcgcteccce
tcctectceece
cceccagectce
cccgegeegyg

40

ttgtctgecag
gaatccggag
gcatctggaa
ggggccagtt
cttcctettt
atggagaccc
ttagatggtg
ttgcttttgt
aggctgecttt
gggtttgcga
cctgggttca
gagatgattg
cagtgtcttc
ggggggttce
agaatcccgg
caactgtgct
gaccgectgg
cagtttcctc
gcgggtaggg
cagagcaagc
agcgcaggca
cgagccccga
cgctcgectt
ggccecgggt
cgcatgtgca
gggcgggcege
cgtcggecat
tgttctgege
gccgctgecet
ccgeecgtgge
gtccggggct
gtggaggggg
gaagggggac
gagacgccga
gaactcggaa
cctceecgeeyg
teetecgete
gcgecagccec
tcctecgete
cttcctecte
cgccctctee

gtagctttge
tctgcaaggt
aaatgtatca
ctcaaaatat
ccttgcttat

tgtgagctgg
tgtgagctgc
tgtcagcggg
ccaaggctgg
cttctaatac
acacggcaag
ccctgtggte
gttttaacat
caaacgcagc
cgggaacacg
gcaacttggc
gagagaatgt
cctectttce
ctgggtctcc
gggctgcatt
gagccaggcg
gtctaatctt
aaaaggaatg
agaaggagaa
gctctaaaag
gaaaccacgg
gtctcgagceg
ggccatgegg
tctcgecceceg
cagctggcgce
agtcgggagc
ggccaagcgce
ctgggggacg
gtgcttccge
gcecgecagacce
tcgtggagat
catcgggcgce
gtggggggac
ggggcggaac
tcecececgeagg
ccccectcetea
accttteccce
ctccgtecte
ctcttcctece
ctcctcectt
cecctececceg

5820
5880
5940
6000
6060
6096

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
13820
1980
2040
2100
2160
2220
2280
2340
2400
2460
2500
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cctecgecccee
cctecteettt
ctcgcacceg
cgggttcgece
tcecttectcet
ttactctgtce

acggccgcege
ctaaaaccce
ctctctcttg
aceccgcegcett
ctgggggcga
atccgtctte
gaggttcaca
gacggtcctg
gceggetgcea
cgettecgegq
ccgagcccga
aggcgcgceag
ggcgcecggceg
ctgtgtggtg
gcecececggcece
gtttctagceg
aggacagcag
cttgggggag
ttagctggag
cgteccectt
ttgggcggeg
cgetgeggga
gggccagaga
aggacgtgtg
gacgcgcettt
gggaaggagg
ctagaatagt
agggacgaca
agctcttttg
tgtttgttgt
gctgcatccece

<210> 12

<211> 2000

<212> DNA

<213> Homo sapiens

<400> 12

tccagcecgge
cccacttctce
ggctcgccaa
ccececttcectee
tcccctcacce
ccegececact

ccccactgac
cgcgecegege
ctggccgcac
cgttgccectg
cttttgtttg
ggagcgcacg
ttttttgaaa
gagtcgcetcg
cctecegecege
gcagtcaggg
gggagtcccce
attttgtctt

‘atggggagaa

ctctgggecge
cagccgcecege
cccgagtate
gacgtgctcecce
gggggaatcc
cctagagctg
ttccttececa
ggtggttagg
acaggttctg
agcctgettg
cagggttcac
ccttgacacg
gcaaggattc
agcaaattat
gatgaaaggc
cttccacgte
cctgaaatct
tctacctatce
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ccccececgggec
tctttgecct
tccetettte
ccaatctccg
caaccctggt
ctgcgecggce

agccgcecgece
cctcecaccge
gcceccggece
tgggactccg
cttgcctgtt
ggaatccgcece
ttttacgcca
gggctttagg
gcctcgcecge
ggccggeget
ggagccgacg
tgatcactcc
gacggaggct
agggcacggce
cgcaacaggt
gcgaggaggg
gagggtaagt
tcagtttggce
cagccccctt
accccgcage
gggtccaggg
aatgtccgge
ctcceccacgt
agctcacctt
tcggggccaa
tttggaacgg
atgtttccat
agtgtttaga
tgcctccecga
actcgcetcegg
tgttacgtga

cctccteteg
aacttcgccc
caagtccctc
tcetettece
tccectegtt
ctctcagtce

cgceggeceg
cgcatcttct
cgcgecaccte
agcgagcccg
tctttectggt
gagctctgcg
gggcttttgt
‘ccggttatgce
tcactgcgct
ctgtcgaggt
aagggcttat
ctctecgegg
gtgtctccag
cggccagcect
tcggtceget
tgccgcagtg
gggcaagcgg
ggctttctgg
tgccagaata
tcagcgggcg
gtgccgatcg
ggcaggcggg
cggggccgee
ctcatcgtca
agtaacagtt
aatggtccct
gcctcettttce
catttctgac
tctccaataa
ggcattgcett
cecgegettgt

41

gcgccecggac
ccatcccccg
ttccagcccg
tceecttegece
cctcagtecc
gggttgagcc

cccegegece
ccagcgcecca
cgcecggete
gagggaaccc
gacttttgca
tgcaggccect
aatttcctcc
aacgtgtacc
agacccggeg
ctccagctag
tagaccctga
gtctacggcc
ctctacttcc
cagcctccte
acagcaggct
gccagccgceg
ctccgcaccet
cccactcegt
tccaaagacc
gaaagccctc
cagagcgtgt
cctgggtcecg
gctcgtgage
acccgagcege
gaccaaggag
ttgttctctg
gccetttaaa
cctcctgeat
tttgaagtgt
acgaagaccg

cttggcccte
ctcatttect
gccttcectet
ctcececcecect
gatctctcce
ccacgtgtgg

cgccgggect
gcctccegee
cgcagceget
tectettett
gctttccaat
tttttcttet
ccecgeccget
gctcggggcet
cccecgegtcet
agcagggagce
ctcttttctg
gcgecgettte
tgtggctggg
cgcccaagcece
ctgaaggcgg
tccgecggeg
agggctcegg
cccagaccct
cccaggagceg
tcteccgggag
gcagagctcg
cctgctgcag
cttttgtttg
tccaccttge
gaatggattt
catctggaag
aaggcaggca
tccagcatct
aattttgatt
tttatatgtt

60
120
180
240
300
360

420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2200
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ttggaagaaa
ggccagagta
atgggtaaag
gggtagaagg
gacagtgaca
aggtgagaaa
cctgggggag
cgtggagcgg
ccgcagtccce
cgececgegget
caaggcctcce
ggtaaccgag
ctcgcagtceg
gctcgececceg
cttcagccag
gtcccgetec
agagaaggtg
gcggcagaag
gctgcgcgcce
ccacctggag
cgacgacact
caaggtggag
caaccacgag
ggagcgcaaa
gctcgaaage
cgccaagcetce
gatcgccgag
caccaaggag
cagcagctac
gcgcccceccga

aggatctccg
ggaaggagaa
aaaaaagtat
ctaaagaaca
aagaaagggc
tggaaagaag
gggctgggcce
gcgctgaatce
cgcctecteg
ataaatgggc
aagatgagct
acccgetega
tggtcececgeg
cgectegett
tcctegtece
aacgagaagg
cactacctgg
caggcctegce
accctggaga
gaagacatcc
gaggcggcca
ctggacaaga
gaggaggtgg
gactacctga
cactcagacc
accgaggcgg
taccggcgcec
tccctggagce
caggtaggaa
cacttgggct
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aggaaggggc
gaggggccaa
cagggaaagg
aggggaccac
gctggcgata
gcgaatgcececce
cagggcagaa
accgttcagce
gccgccgect
tgcggcgagg
acacgttgga
gcttcagecg
gctcgceccag
acagctcggce
tgctcaacgg
agcagctgca
agcagcagaa
acgcccaget
tggtgaacca
accggctcaa
tccgegeget
aggtgcagtce
ccgaccttect
agacagacat
agaatatgca
ccgagcagaa
agctgcagtc
ggcagctcag
ccgcggcetge
cgtgcccagg

tgagagaagg
aaaagaaggg
gcaaaataag
tgggtcgggy
ttcgcaccaa
ggctacaagt
aagtccaggt
cgcccecceete
ccacggggcyg
ccggcagaac
ctcgctggge
cgtcagcgge
caccgtgtce
catgctcagc
cggctccgga
ggggctgaac
taaggagatt
gggcgacgceg
cgagaaggct
ggagcgcttt
gcgcaaagac
gctgcaggat
ggcccagatc
ctcgacggceg
ccaggccgaa
caaggaggcc
caagagcatc
cgacatcgag
gcggccagcece
cgccctetee

gcagggtgaa
gatgaaatta
agaaagcctt
aagcgctgcece
gggtgcgaaa
agcctgggac
tcccatgegyg
ccctcectecce
gggccctgge
gctgtgacag
aacccgtcceg
tccecegteca
tcctectata
tccgecgaga
cccggceggeg
gaccgctttg
gaggcggaga
tacgaccagg
caggtgcagce
gaggaggagyg
atcgaggagg
gaggtggcct
caggcatcgc
ctgaaggaaa
gagtggttca
atcecgctecg
gagctagagt
gagcgccaca
tgcgccagceg
gcecgcgetcce

ctggactaaa
agcacagaag
gaggataaga
tgaacggcgg
cgcaatcggg
tgaaagggga
cctgggccca
cgaccggtgce
ccgggaccag
ccacacgccec
cctaccggeg
gtggctteccg
agcgcagcat
gcagccttga
actacaagct
ccggctacat
tccaggcgect
agatccgcga
tggactcgga
cgcggttgeg
cgtcgetggt
tcctgeggag
acatcacggt
tcegetecca
aatgccgcta
ccaaggaaga
cggtgcgegg
accacgacct
ccagcgccgc
ctggtggccyg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020 -
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800

ctcgctagag cacgcgegcc gcagacctag ggtatttgcg gatcagcgtc ctcgecccatc 1860
tcatccteca cacteccgecee ccacccacct geccccagctg ctaagggtct tgaccttttt 1920

cagaaacgtg catcttttcc
atgaattcgg tagtggataa

<210> 13

<211> 2300

<212> DNA

<213> Homo sapiens

<400> 13

agttctaatt ttgcacgctt gcacgtttaa agcaggaggg 1980

42
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43

tcagattgtc attgggaggg tgaataaatg aatgcttgca ttatgagagt ttgggggcag 60
aaatatgcca cagactctta tctgaagcca tcagatttag tggctgcgaa cccaccgaag 120
tcagggattt acatttttta cagcaacgag agaaaacttc ccctttcctc tgcagaagtc 180
aggactggat ctcaaaaata gaaatgtgtc ctcctaaatg tgtgcccatc cccgtggttg 240
acaaacaacg gatttcccaa gatagctgcc acacacttgg tttctaatct ctgtattget 300
tcccegecag aatgtcgaag tccttcccga atatgeccag tcatactttc tgaacttttg 360
agcaaacacc gtccggcettc ttgtgctttc ctcaaagacc ccaggcaccg gcagggagga 420
cacaggccgg ggcagagcgc ccctgcgcgg gggattcctg ccactccgceg ccagectgeqg 480
gcgcaaacgc tcttectcage cgcagtceccca ccegetgetg gcaatctgaa tgaggageccg 540
cgctattttt acctccccgg ctgcaatcct ttatatttac atgcaggaag caaatatata 600
agggattaag aaggagatgc gtggccttag tttatccaga gcaggaagag gttggaatag 660
gagagggtat gtgaagtctg gggtggtgga aaaggcaggt ggacttcggc tggttgtttt 720
ctccecgatca tcecectgtcte tggcctggaa acccccgtac tetctttectt ctggecttatc 780
cgtgactgce ggctcceccet ccaccgccce catcttttga ggtaccaccc gtcaccteccg 840
atgctgcttg ggctgectgeca tcactctgct gctttacccc cttccccgec ccccaacaaa 300
gcatgcgcag tgcgttececgg gccaggcaac agcagcagca cagcatccag caacagcatc 960
agcacccgaa geccecegeteg ggecgcgetct cggggggcgg ggcgcacgcc cgctccgege 1020
gtcceegege cgectecgetec cgecgegtece cgegecgetce gecteccegege gecgcectcag 1080
catcctcagg cceggeggca geccecgcecag tcgctgaagc ggceccgcgcce geccgggggag 1140
ggagtagccg ctggggaggc tccaagttgg cggagcggcg aggacccctg gactcctctg 1200
cgtcccgece cgggagtgge tgcgaggcta ggcgagccgg gaaagggggce gecgcccage 1260
cccgagecce gecgecccgtg ccccgagece ggagcceccect gcccgccgeg gcaccatgeg 1320
cgccgagecg gcgtgaccgg ctccgcccgc ggccgccccg cagctagccce ggcgetcteg 1380
ccggeccacac ggagcggcege ccgggagcta tgagccatga agccgecccgg cagcagetcg 1440
cggcageccge ccctggecggg ctgcagcctt gecggegett cctgeggecce ccaacgcggc 1500
ccegeecgget cggtgectgec cagcgeccccg gcccgcacgce cgccctgecg cctgecttecte 1560
gtccttectee tgectgectec gectegecgee tcgteccgge ceccgegectg gggggetget 1620
gcgcccageg gtgggtatgg ccccgtgece tttgegttgg ctttceccgeg gggccctgceca 1680
gaggaaagcg aagggcgcgce gggtccgtgt gctceggget tgteccccgge tcggecttte 1740
cttccecteece tgcctgtett teccaccctte tcgttcccaa acccccatte atcccagttcec 1800
acttttggaa gtccatttct gttgcattcg cgaaaaaccc attccaattc ttgttggttc 1860
cactgggagg tgtttagtgg atcctgggtc cctcagcgat ctctgtgcaa cttgcggagg 1920
ggcaaccagt ggatgggaaa tacagcgagg gagcaagttg ctacttgcgt ggtggaacct 1980
taatgtgaat gcggggagga tgtagtgata atagtggtaa tgggctgttt cctcaaattt 2040
cgtatccgge gcattcagtg cggttggaat taaggtgggg gaggcacact tcggggacca 2100
aagaattaag gtgctgaaga catacttcat gcacgacctt tggttctgat ttctcaaagt 2160
gcttgtcatt ataatgaaca attaatataa taccatcttc tatatattga tgattggaag 2220
tcactgaaag cagaaagctg gctttgtcag gaaaataaaa agaaattggg aagctgccag 2280
catctgtatc cctacatggce 2300

<210> 14

<211> 3000

<212> DNA

<213> Homo sapiens

<400> 14
tactgeccgac tttaggtctc tctggatctc aggccccctt ctctaagatg catcctagag 60
gaccaaaaat acactttatt tgggcttcgc ctgcttttgt ggaagggtag tttactagag 120
gatataatct cgtgttttaa tttgctctct ctcctaaagg aaatgtggag aaaaaaaaaa 180
agcagaaatt ggaaataacc aatatttagt ttatttcatt cgattcttag gggaactggt 240
gaggagccta agatgatttt cccttcctag agaaagaatc caaagtccag ggaaatagcg 300
acaggggagt tcaagactgc ccctgctagt ccttececttgg ctactctceg ctgcgatcge 360
aggatagctc tcattagcag gagaatcggg caagtgtgtg gataagtaga gagtgtgttg 420
aacaacttgt aacgttttat gaaatacgca ttgtcatggt tccctaaaag gctttgcgga 480
agccgtttgt ctttactaat caagtcttta cttacacaaa agtagaagta gaagtagttt 540
tagaaaacat actaacaatc ttctatcccc ttgaagacca gagtagcaga aaacaggtga 600
tttgcattat aaaattgcac tcactttttc ctcctttcag atttcacatt acattagcecc 660
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atttgtgtta
aaatagatca
ttctattatt
atttggggga
gcggcggtca
cgggagggac
ggggaggcgg
cctgacagcet
tgttgagctt
gggattctgt
catttttcct
gaagtgagat
gcgccaccee
aacctatgct
ggtggctggg
gagcgtccge
gtcettgggg
ttctcggage
gcgtcgactce
gtgatctgcg
ccccgcatga
ttcacgctgg
gagctcatgt
ttcctcaccg
cgggtggccg
gtcacactcg
cgccagtgcg
tacacgctcg
ctgctgtgcce
aagaagcggg
ccctaccace
atcgctatct
ctctacgecet
gcggcagect
gggaggagcc
gactcgcgcc
accttgccaa
atcgccacac
gcggtattge

cggtgtataa
cttacaccct
tcagatggag
atttctgttc
gggcagtgga
cggcggggac
acacccagec
ccaggaaagg
gectgttactg
ggggtaacct
atggaggatt
ttcaacaggt
cacccctcct
ttaaattcct
aacggtcccc
gagcaggtcc
gacgccaggt
cctggcecge
tggcgccgcet
ccgtgggtcet
agaccgtcac
tgctgcccat
gcaagctcat
tcatgagcgc
gccgcaccta
tcgtgetgcece
tgctagtctt
tgctgggcett
ggctgcatgc
tgaccttcecct
tgagcaccgt
cctacttcat
tcctggacgce
gactccccecca
ggcgccagag
ccatacccga
gcectecagg
tgagggctcc
tgggaaccgc

EP 2 272 975 B1

aaaatggaac
aactttgtet
tgaggttgca
tctgttccaa
acgcagtcgce
gcgagectgeg
ggcaggegte
cagacccctt
agggcgcaca
gggtctacgg
cttctctete
agcagagagc
cgggaccgceg
ctttccagcc
tcctecggaa
gtgcagaacc
cgeccggetce
caacgcatcg
gccggcegcecg
ggcgggcaac
caacctgttc
caacatcgcc
cgtggctatc
cgaccgctac
cagcgecgeg
cttcgcagtce
tccgcagecce
cgccatcecccece
catgcggctg
ggtggtggca
ggtggcgctc
caccagcctg
cagcttecege
gcgtecggcet
tgcgggacca
cctagcagat
tgatgcgegg
ctaaagccga
ccecctceectg

aggecgcctcce
tccttaaatt
cgactgggat
gaccatttta
ggctgcgcca
gactctggcg
tcagcctccc
ccccagecag
gaccctgggg
aagtttcctg
tagcatttcg
gctcacgtgg
cctatttcta
ccgtgagtcc
aaaccagaga
gggcttcagg
tctgccectcg
ggceccggacce
ctggcggtgg
tccgeegtge
atcctcaacc
gacttcctge
gaccagtaca
ctggtggtgt
cgcgcggtga
ttecgecececgge
gaggccttct
gtgtccacca
gacagccacg
atcctggegg
accaccgacc
agctacgcca
aggaacctcc
ccgcaactgc
gacaggccgce
cggaagcgct
ccatgccggg
ggtggaggaa
ccctgctcecece

actgcattgt
cgattcttaa
ggaagaaagg
cttggggtgt
tccetgcecact
aactcggggg
cgcagccggce
ccaggtaagg
agaccgaagc
aaagagggga
tttgatgtat
aggaggtttg
aagttacacg
gcggcgacat
acggcttgga
accgctgagce
ttgagatgga
cggcgctgag
ctgtaccagt
tgtacgtgtt
tggccatcge
tgcggcagtg
acaccttctc
tggccactgce
gcetggecegt
tagacgacga
ggtggcgcge
tctgtgtcct
ccaaggccct
tgtgcctect
tcccgcagac
acagctgecct
gccagcetgat
ccgeccactcce
ctaggcctcce
gcgactgtgc
tgaggagaac
gaggagggta
tgctgcccceca

tctectttaa
caggagagct
aatcccttaa
gggggtgggce
tccaggegceg
aggcagacag
gggcttttct
taaagactgc
ttgccactge
gaagggtttg
tcaactggta
gggcgccgceg
tcgacgaact
tgggccgtgg
gagctgaaac
tccgtagggce
caacgcctcg
ctgctccaac
tgtctacgceg
gctgegggeg
cgacgagctce
gceccttegag
cagcctctac
ggagtcgcgce
gtgggggatc
gcagggccgg
gagccgectc
ctataccacc
ggagcgcgcec
ctgctggacg
gcecgetggte
caacccctte
aacttgccgce
tggccagcga
tggggaaacc
ccgcaggttg
tgaggctgag
gaggaggagg
cccgageect

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000

<210> 15

<211> 3000

<212> DNA

<213> Homo sapiens

40

45

50

55

<400> 15

44
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gaatacatta
aaaatcctga
gctgtecttt
tgttattact
accaaatgga
aatcataatg
tgcagctgta
agtggcgggt
tcagcacctc
gccgeecttgg
gttgacaacc
tggaactcta
aaacggataa
ggggagttat
tacataagga
cttacgggct
cagggcgttc
tagctgettt
aaaccgtgtt
gatggccgat
agaactcttc
gctgcagctt

aggacatccc
tctcatcagce
tctctacctg
caacctggceg
cgctcttgac
gtccatgaac
ttcggtggec
cggccggage
ggctttggce
gggcgaggag
ctggctggge
cattatcttg
caaaggaggg
gaaggtcacc
ccaggcgctc
gtatttcctg
ctgcctcaac
cctgctgtgg
caagccggag
gccggacctg
gctgcccage
aggtggcctt
atttaagaag
cgaggacctt
gggatagaga
tccttactcect
aatgtagaqga
ccgtttatte

aagtaggggc
caaacacagg
gtgtatccaa
ttcaagaagg
ataattccgg
tttgggaata
aaataaactc
gggctttgcc
ggaaagcgcc
ccgtgcaagt
gcggagagac
cgatctcttt
aggtatttga
gcgecagtge
cctagggact
gcactcctca
gctgcgegec
gaaagctccc
atcttaggtc
gcagccacga
agtctggtcc
ccggacttgt

ccgggcageg
gtggtgtact
atgaagagca
ctgacggact
ttcaaatggc
atgtacgcca
tcggctctga
ctgggggaca
gcgectggect
ctgtgcctgg
ctctaccact
tgctacctge
gccgeggtag
aaatcagtga
accacctgga
tgccaggtat
ccegtectcet
cgcatcgcgt
cacgaggatc
ctctactacc
agctctgeccet
ccecgggegg
taggtgggag
ctctggagag
cgagccccac
tcccacgcectg
aattggcacg
cagcgactte
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aacccttgag
tactgcgtaa
taagtaccca
aaagtaagca
tgaaaagtgg
agaaaggaag
ttaagaccct
tgcagctcaa
cctcgeggeg
gccaccgtaa
gcagacacce
ctctccaagg
aagggagcga
cccagtgacc
ccgagettgg
actctgetcce
aggacgcgct
acgcacgtcce
ttgtccccecca
tagccaccat
cggaccttct
ggtgggagct

gcggggcaga
gggtggtgtg
tgcagggctg
ttcagtttgt
ccttcggcaa
gcgtgttctt
agagccaccg
gatgectgett
cgctgeccag
tgcgtttcce
cgcagaaggt
tgctggtgecg
ccggaggacg
ccatcgttgt
gcatcctcat
acgcgttccce
actgcctcgt
ctccttcegat
aggggctgcea
cacctggcgt
actgacgcag
taaagaggtg
gaggatgggc
gagatgcttc
gggccagaca
agtagtgtgg
gggagcgggg
tgcggagagg

cccagacttc
gtggtcagct
ttatctcatt
ggatagctca
gagtgaggaa
aagaaactca
tcctgctgaa
ctctccctcg
ccccgggatt
ctggtgagag
actgacctcc
acggaaacct
gcggecccaa
gcgggacacg
cctgagaacc
aaagcagccg
tagtacccag
cgcaggctag
gaacatgacc
gaataaggca
ggaggcggcec
ggggctggag

gagcgcggac
cgcecetgggg
gcgcaagtec
gctcaccctg
ggccatgtgt
cctcactgcc
gacccgagga
ctcggccaag
tgccattttc
ggacaagttg
gctgctggge
cttcatcgcce
cccgaccgga
cctgtcctte
caagttcaac
tgtgagcgtg
gcgecgcgag
caccagcatg
ggcecccggeg
cgtggtctac
gcctcaggece
aaaggatgaa
agagcatgga
gaaatcaggt
gccaacctcc
gggcgcccag
cttagccaaa
gcageegteg

tgccatgtga
aattaaagag
tgagcatgaa
tatttttaga
gaaagaaaaa
cgtcaaagcce
actctggaga
cggcgcgggc
acgcatgctc
ccgctggcaa
aggaagctga
catccaagca
atcgcacaat
gagaggggaa
cttggacgcce
ctgagctcaa
ttcctgggcet
cctggcaaca
tagaggtacc
gcaggcgggg
aacacgagtg
ttgccggacy

acagaggccce
ttggcgggea
tctatcaacc
cccttctggg
aagatcgtgt
atgagtgtga
cacggecggg
gcgctgtgtg
tccaccacgg
ctgggccgeg
ttegtgectge
gaccgccgeg
gccagcgecce
ttcctgtgtt
gcggtgcecct
tgcctagegc
ttccgcaagg
cgccccttca
ccgececcacyg
agceggggggce
cagggcgcgce
ggagggctgg
ggaggagcct
ggagagagga
gctccgcecacce
aagcgaagac
tgatgcacag
gcacaaacac

agaccctttg
gggaggtgga
aagaggccac
accattcctc
aaaaacttct
gactttctcc
ggaaaactgg
gcggetgggt
cttggggccce
¢cccacccgga
gcgtggtgga
gtcccagagg
tgagcggetg
gtctgcgttg
gagtgcttge
ctcctgegte
ctctcttcag
aaactggggt
tgcgcatgca
acaagctagc
gtaacgcgtc
gcgcgecgece

gggtgcggat
acctgctggt
tcttcgtcac
cggtggagaa
ccatggtgac
cgcgctacca
gcgactgctg
tgtggatctg
tcaaggtgat
acaggcagtt
cgctgggcecat
cggcggggac
ggagactgtc
ggctgcccaa
tcagccagga
actccaacag
cgctcaagag
ccgccactac
cggccgcgga
gctacgacct
cgtcggggea
ggggggccce
gtggataggc
aattggcaaa
ccacagcecctc
aagcagcaaa
acaattgtgc
tcetttgegt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
S00
960

1020
1080
1140
1200
1260
1320

1380
1440
1500
1560
1620
1680
1740
1800
1860
1820
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000

<210> 16

<211> 2200

<212> DNA

<213> Homo sapiens

<400> 16

45
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gtccccegat
tgtctcegee
agtgtaatcc
gtgtgaaggt
aacacgggtc
gtaagtgctg
ccegetggec
aagaaactga
gtcgcectgcett
ggagagtctg
gcgagcggtg
ggaacccgcg
cgctaacagg
tggggcgcag
cgcgecccetge
ggcggagccce
ggcagggcgce
cgggacaggg
gagtttgtag
cggacctgag
gccatttggg
cccecagaggg
Ccaaattttt
ctcatcccag
gcecgggtaac
gtaaagttcc
cccgagaaca
gagctgctgg
gacgcgcagc
ttcgcagtgg
ggtgagcgtg
ctgggacagg
cgcagaaaga

cattttccceca
ggcacccetgg

aggggtatgg
tttgatggte

<210> 17
<211> 98
<212> DNA
<213> Atrtificial Sequence

<220>

<221> modified_base
<222> 20,23,31,46,51,53,55
<223> Designed oligonucleotide consisting of objective DNA domain (GPR7-2079-2176), n=m5c¢c

<400> 17

tcecetecaccee
agcagaatgt
aagagcccgg
gtgaatgaat
acaacctcaa
ggctgtgacc
gcctatttge
ccagatagtt
ccccagtect
tcactcgctc
ctcggcgcag
ccaccctecece
ctccagacgg
gctacattac
cggccgeece
agcceccagec
aaggcaccag
ctaggtctgc
tgcagtgacg
ctggggaggg
gcaggcgaga
ctgtcagaag
ccagcggacyg
tgtctaaggc
cacctctttt
tctcgccagce
acggggcgga
tggtgaagga
cccgggagac
acctggccaa
gggtcgggcet
agctggaata
actggacagg

ggctcetttge
aagcaaaaca
atggaaagga
tgctggaagg
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atcatataac
aaactccatg
aacagtgcct
gaataattga
atgacctgct
tgtcaacatg
agcactgggc
taagtggcct
tttttggcct
cccgtggtgg
gatagaaagg
gcececctgcecce
agcgggcecgg
cagcccggcece
gcgccteccag
cgcgecctag
ggatcccctce
ctgggaggcc
ttaagtgtcce
ggtcggcacg
gtgggtgaac
tctccaactc
cgcgcetettt
gctccecgggt
ccctttatce
cgcatccatg
cacgggtcca
gcgcaacggc
ctggggcaag
cgtgtggcgce
gggaatttga
cacacggaag
gctaacggga

agagtacctc
gcagaagagt
cagaatctgg
gaggtggaga

gtgtgtattt
aggtcaggaa
ggcacacagc
aagaataaat
accctgcecca
ctaagccgcet
cctgageccge
gctgcggaag
cctttctgac
gagatcagag
gagtgcgcge
atccceggece
gcgctgggtt
ccecgcecaggce
ctcttcceeg
agcctgccaa
gccgccggac
cgggccgaga
gagaaggctc
ctgcecctcag
gaggaaaagt
ttgagttccg
tctgggaacce
ggtcttggga
aagcagagcc
cttctggege
gagcagccce
gtccagtgece
aagatcgact
ttececctacce
atctgggagg
ggaggcgagg
aaaaaaaaag

gagctcattc
gaaatcgagt
ggtgccaggt
ttccaagagc

attatgtttc
tctccgagtt
gggcatatgg
agtagttctc
taaataacag
caaacaaaac
acattcccat
acagagctgg
gcgacgcaga
gcctggtgte
ccgagtcccecc
gcgctgtcag
aatgcaatcg
acggccagaa
gceccegeecg
ggcgecgceceg
acgtgagtgce
cgcgccagca
ctgtggctgt
cctcggtgag
gctgcagggt
gcgtgcccca
ctgcgtcecge
gttgcaagta
tcggegtgece
ggatgaacce
ttcgggcgeg
tgctggcgece
tcectgetgte
tctgctacaa
tccactgtcet
agacaggggc
attggagtcc

cagcggaagt
catgacccta
tgggtggggg

ccgtttecte
atgttgcgcce
aagaacaaat
agcctcacag
agatgcagga
tgcccaacag
ttcgttgata
tgctgcaccg
ccccagttcet
cttgggagcg
cagatccctg
tctccattag
gcgcgttacc
ccagtcagce
aacgccacac
gtcgggggcec
gcectgageg
gagggctagc
tgaagtgtcg
ttcaatccca
cttcagcege
acctctgttt
tcagcgcegeg
gggaggaacg
cccaggaccyg
gcaggtgcag
caaaactgcg
ccgcgacgge
cgtagtecgge
gaacggcggce
gcagcggtgg
aaatctgggg
tctggaaggt

gtcaggattg
aagtcatggt
agcctgacct

gttggccact gcggagtcgn gengggtggc nggccgcacc tacagngccg ngngngcggt
gagcctggecc gtgtggggga tcgtcacact cgtcgtge

<210> 18
<211> 98
<212> DNA
<213> Atrtificial Sequence

<220>

<221> modified_base
<222> 31, 46, 51, 53, 55
<223> Designed oligonucleotide consisting of objective DNA domain (GPR7-2079-2176),n=m5¢c

46

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980

2040
2100
2160
2200

60
98
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<400> 18

gttggccact gcggagtcge gcegggtggce nggccgcacc tacagngccg ngngngceggt
gagcctggee gtgtggggga tcgtcacact cgtcgtgce

<210> 19

<211> 98

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Designed oligonucleotide consisting of objective DNA domain (GPR7-2079-2176)

<400> 19

gttggccact gcggagtcge gececgggtgge cggccgcacc tacagcgccg cgcgcgcggt
gagcctggcece gtgtggggga tcgtcacact cgtegtge

<210> 20

<211> 14

<212> DNA

<213> Artificial Sequence

<220>
<223> Designed oligonucleotide for experiment

<400> 20
gccacccgge gecga 14

<210> 21

<211> 19

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Designed oligonucleotide primer for PCR

<400> 21
gttggccact gcggagtcg 19

<210> 22

<211> 20

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Designed oligonucleotide primer for PCR

<400> 22
gcacgacgag tgtgacgatc 20

<210> 23

<211> 98

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Designed oligonucleotide consisting of objective DNA domain (GPR7-2079-2176)

47

60
98

60
98
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<400> 23
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gttggccact gcggagtcge gecegggtgge cggccgcacc tacagcgeccg cgcgcgeggt
gagcctggcc gtgtggggga tcgtcacact cgtcgtge

<210> 24
<211> 18
<212> DNA
<213> Atrtificial Sequence

<220>

<223> Designed oligonucleotide primer for PCR

<400> 24
ctcagcaccc aggcggec

<210> 25
<211> 20
<212> DNA
<213> Atrtificial Sequence

<220>

18

<223> Designed oligonucleotide primer for PCR

<400> 25

ctggccaaac tggagatcgc

<210> 26
<211> 386
<212> DNA
<213> Atrtificial Sequence

<220>

20

<223> Amplified oligonucleotide consisting of objective DNA domain ( Genbank
Accession No.NT_029419 25687390-25687775 Homo sapiens )

<400> 26

ctcagcaccc
ttgagcgggt
gacgcaaaca
cggaagcggt
aggtcggcca
cggtgcagag
agcacggcga

<210> 27
<211> 386
<212> DNA
<213> Atrtificial Sequence

<220>

<221> modified_base

<222>

14,18,20,31,33,38,40,42,44,66,78,80,88,92,120,123,134,160,173,179,181,187,20  3,237,245,262,280,

aggcggcecge
ggcacaccgce
tgccgaacac
aggtgatgtce
ggctgaggtg
ccagcagtac
tctccagttt

gatcatgaqgg
gatgtagcgg
ctgcaggtgc
ccagcacatt
tcggatgaag
gctgcectgttg
ggccag

285,292,294,297,301,320,338,346,357,365,368

<223> Designed oligonucleotide consisting of objective DNA domain ( Genbank Accession No.NT_029419

25687390-25687775 Homo sapiens ), n=m5c¢

cgcgagcgge
tcggectgtca
ttcaccacgce
tgcggcagca
aggtgcatgce
cccagcacgg

48

gcgcgggetg
tgactaccag
ggcacagcca
cctggaagaa
gggacgtctt
ccaccgcgaa

ttgcagagtc
catgtaggcc
gtcggggecg
tgccacggece
gcgeggegte
agtcaccgcce

60
98
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<400> 27

ctcagcaccce
ttgagngggt
gangcaaaca
nggaagnggt
aggtnggcca
nggtgcagag
agcanggnga

aggnggcngn
ggcacacngn
tgcngaacac
aggtgatgtc
ggctgaggtg
ccagcagtan
tctccagttt

EP 2 272 975 B1

gatcatgagg
gatgtagngg
ctgcaggtgce
ccagcacatt
tnggatgaag
gctgectgttg
ggccag

ngngagnggn
tnggctgtca
ttcaccangn

gngngggctg
tgactaccag
ggcacagcca

tgnggcagca cctggaagaa

aggtgcatgn

gggangtctt

cccagcangg ccacngngaa

<210> 28

<211> 386

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Designed oligonucleotide consisting of objective DNA domain ( Genbank

Accession No.NT_029419 25687390-25687775 Homo sapiens )

<400> 28

ctcagcacce
ttgagcgggt
gacgcaaaca
cggaagcggt
aggtcggcca
cggtgcagag
agcacggcga

aggcggccge
ggcacaccgce
tgccgaacac
aggtgatgtc
ggctgaggtg
ccagcagtac
tcteccagttt

gatcatgagg
gatgtagcgg
ctgcaggtgc
ccagcacatt
tcggatgaag
gctgectgttg
ggccag

cgcgagegge
tcggetgtceca
ttcaccacgc
tgcggcagca
aggtgcatgc
cccagcacgg

gcgcgggetg
tgactaccag
ggcacagcca
cctggaagaa
gggacgtctt
ccaccgegaa

<210> 29

<211> 30

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Designed counter oligonucleotide for making an objective DNA domain a
single strand DNA

<400> 29
gccaccgcga aagtcaccge cagcacggeg 30

<210> 30

<211> 30

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Designed counter oligonucleotide for making an objective DNA domain a
single strand DNA

<400> 30
gccagcagta cgetgetgtt gcccagcacg 30

<210> 31

<211> 30

<212> DNA

<213> Atrtificial Sequence

49

ttgcagagtc
catgtaggcn
gtnggggcng
tgccanggcc
gngnggngtc
agtcacngcc

ttgcagagtc
catgtaggcc
gtcggggcecg
tgccacggcc
gcgcggcgte
agtcaccgcce

60
120
180
240
300
360
386

60
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240
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<220>
<223> Designed counter oligonucleotide for making an objective DNA domain a
single strand DNA

<400> 31
cgggacgtct tgcgecggegt ccggtgcaga 30

<210> 32

<211> 30

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Designed counter oligonucleotide for making an objective DNA domain a
single strand DNA

<400> 32
aggctgaggt gtcggatgaa gaggtgcatg 30

<210> 33

<211> 30

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Designed counter oligonucleotide for making an objective DNA domain a
single strand DNA

<400> 33
acctggaaga atgccacggc caggtcggcec 30

<210> 34

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Designed counter oligonucleotide for making an objective DNA domain a
single strand DNA

<400> 34
taggtgatgt cccagcacat ttgcggcage 30

<210> 35

<211> 30

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Designed counter oligonucleotide for making an objective DNA domain a
single strand DNA

<400> 35
cggcacagcc agtcggggcec gcggaagegg 30

<210> 36

<211> 30
<212> DNA

50
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<213> Atrtificial Sequence

<220>
<223> Designed counter oligonucleotide for making an objective DNA domain a
single strand DNA

<400> 36
atgccgaaca cctgcaggtg cttcaccacg 30

<210> 37

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Designed counter oligonucleotide for making an objective DNA domain a
single strand DNA

<400> 37
atgactacca gcatgtaggc cgacgcaaac 30

<210> 38

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Designed counter oligonucleotide for making an objective DNA domain a
single strand DNA

<400> 38
tggcacaccg cgatgtageg gtcggctgtc 30

<210> 39

<211> 30

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Designed counter oligonucleotide for making an objective DNA domain a
single strand DNA

<400> 39
cgcgegggct gttgcagagt cttgageggg 30

<210> 40

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Designed counter oligonucleotide for making an objective DNA domain a

single strand DNA

<400> 40
caggcggcecg cgatcatgag gcgcgagegg 30

<210> 41

51
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<211> 19
<212> DNA
<213> Atrtificial Sequence

<220>
<223> Designed oligonucleotide primer for PCR

<400> 41
tgagctccgt agggegtec 19

<210> 42

<211> 17

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Designed oligonucleotide primer for PCR

<400> 42
gcgecgggte cgggece 17

<210> 43

<211> 121

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Amplified oligonucleotide consisting of objective DNA domain ( Genbank
Accession No.AC009800 76606-76726 Homo sapiens )

<220>

<400> 43

gcgeccgggtec cgggecccgat gegttggcgg gccagggctc cgagaacgag gcgttgtcca
tctcaacgag ggcagaggag ccggcgacct ggcgtccccce aaggacgccc tacggagcte
a

<210> 44

<211> 121

<212> DNA

<213> Atrtificial Sequence

<220>

<221> modified base

<222>2,5,11,17,22,28,41,47,52,67,82,85,93,106,113

<223> Designed oligonucleotide consisting of objective DNA domain ( Genbank
Accession No.AC009800 76606-76726 Homo sapiens ) n=m5c

<400> 44

gngcngggtc ngggccngat gngttggngg gccagggctc ngagaangag gngttgtcca
tctcaangag ggcagaggag cnggngacct ggngtccccc aaggangccc tanggagctc
a

<210> 45

<211> 121
<212> DNA

52

60
120
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60
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<213> Atrtificial Sequence

<220>
<223> Designed oligonucleotide consisting of objective DNA domain ( Genbank
Accession No.AC009800 76606-76726 Homo sapiens)

<400> 45

gcgecgggte cgggcccgat gcgttggcgg gccagggctc cgagaacgag gcgttgtcca
tctcaacgag ggcagaggag ccggcgacct ggcgtcccccec aaggacgccc tacggagcetc
a

<210> 46

<211> 30

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Designed counter oligonucleotide for making an objective DNA domain a
single strand DNA

<400> 46
gcgtccecca aggacgecct acggagctca 30

<210> 47

<211> 30

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Designed counter oligonucleotide for making an objective DNA domain a
single strand DNA

<400> 47
ctcaacgagg gcagaggagc cggcgacctg 30

<210> 48

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Designed counter oligonucleotide for making an objective DNA domain a
single strand DNA

<400> 48
cgccgggtee gggeccgatg cgttggeggg 30

<210> 49

<211> 21

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Designed oligonucleotide primer for PCR

<400> 49
ggacctgtgt ttgacgggta t 21

53

60
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<210> 50

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Designed oligonucleotide primer for PCR

<400> 50
agtacagatc tggcgttctc g 21

<210> 51

<211> 117

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Amplified oligonucleotide consisting of objective DNA domain (Genbank
Accession No.NC001139 384569-384685 Saccharomyces cereviciae chromosome V)

<400> 51

ggacctgtgt ttgacgggta taacactaag ttgcgcaatt tgctgtattg cgaaatccge 60
ccggacgata tcactcttga gcgcatgtge cgtttccgag aacgccagat ctgtact 117

<210> 52

<211> 117

<212> DNA

<213> Artificial Sequence

<220>
<221> modified base
<222> 15,34,51,58,61,66,82,91,97,ID3

<223> Designed oligonucleotide consisting of objective DNA domain (Genbank Accession No.NC001139

384569-384685 Saccharomyces cereviciae chromosome VII) n=m5c

<400> 52

ggacctgtgt ttgangggta taacactaag ttgngcaatt tgctgtattg ngaaatcngc 60
cnggangata tcactcttga gngcatgtgc ngtttcngag aangccagat ctgtact 117

<210> 53

<211> 117

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Designed oligonucleotide consisting of objective DNA domain (Genbank
Accession No.NC001139 384569-384685 Saccharomyces cereviciae chromosome V)

<400> 53
ggacctgtgt ttgacgggta taacactaag ttgcgcaatt tgctgtattg cgaaatcegce 60
ccggacgata tcactcttga gcgecatgtge cgtttccgag aacgccagat ctgtact 117

54
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<210> 54

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Designed counter oligonucleotide for making an objective DNA domain a
single strand DNA

<400> 54
ggacctgtgt ttgacgggta t 21

<210> 55

<211> 25

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Designed counter oligonucleotide for making an objective DNA domain a
single strand DNA

<400> 55
aacactaagt tgcgcaattt gctgt 25

<210> 56

<211> 25

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Designed counter oligonucleotide for making an objective DNA domain a
single strand DNA

<400> 56
attgcgaaat ccgcccggac gatat 25

<210> 57

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Designed counter oligonucleotide for making an objective DNA domain a
single strand DNA

<400> 57
cactcttgag cgcatgtgcc gtttc 25

<210> 58

<211> 244

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Designed oligonucleotide primer for PCR

<400> 58
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taggaaatac attccgaggg cgcccgcaca aggcctatta ttagagggac ctgtgtttga
cgggtataac actaagttgc gcaatttgct gtattgcgaa atccgcccgg acgatatcac

tcttgagcge atgtgccgtt tccgagaacg ccagatctgt actgegateg cacacgagga
gacacagcgt cacgtgtttt gccattttgt acgacaaatg aaccgcctgg ccacgectct
aatc

<210> 59

<211> 30

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Designed counter oligonucleotide for making an objective DNA domain a
single strand DNA

<400> 59
aatacattcc gagggcgccc gcacaaggcec 30

<210> 60

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Designed counter oligonucleotide for making an objective DNA domain a
single strand DNA

<400> 60
gcgatcgcac acgaggagac a 21

<210> 61

<211> 30

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Designed counter oligonucleotide for making an objective DNA domain a
single strand DNA

<400> 61
agcgtcacgt gttttgccat tttgtacgac 30

<210> 62

<211> 29

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Designed counter oligonucleotide for making an objective DNA domain a
single strand DNA

<400> 62
aaatgaaccg cctggccacg cctctaatc 29

56
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Claims

1. A method of measuring the content of methylated DNA in an objective DNA region in a genomic DNA contained in
a biological specimen, the objective DNA region having a recognition site of at least one kind of methylation sensitive
restriction enzyme, comprising:

(1) First step of mixing a DNA sample comprising a single-stranded DNA (plus strand) containing the objective
DNA region and a masking oligonucleotide comprising a nucleotide sequence complementary to a nucleotide
sequence of a recognition site for the at least one kind of methylation-sensitive restriction enzyme, thereby
obtaining a partially single-stranded DNA in which the recognition site for the methylation-sensitive restriction
enzyme forms double strand by complementary base-pairing with the masking oligonucleotide, followed by
digesting the DNA sample with the methylation-sensitive restriction enzyme wherein said enzyme digests a
recognition site containing unmethylated cytosine and does not digest a recognition site containing methylated
cytosine;

(2) Second step of obtaining methylated single-stranded DNA from the DNA sample that has been subjected
to the digestion treatment in First step by separating methylated double-stranded DNA contained in the DNA
sample into methylated single-stranded DNA, and binding the methylated single-stranded DNA to animmobilized
methylated DNA antibody, thereby selecting the single-stranded DNA; and

(3) Third step of amplifying the methylated DNA in the objective DNA region from the selected single-stranded
DNA to a detectable level by a polymerase chainreaction (PCR) and quantifying the amount of the amplified DNA.

2. The method of claim 1, wherein the immobilized methylated DNA antibody is a methylcytosine antibody.

3. The method of claim 1 or 2, wherein the biological specimen is blood, a bodily fluid, serum, plasma, a cell lysate,
or a tissue lysate from a mammal.

4. The method of any one of claims 1 to 3, wherein the DNA sample derived from the genomic DNA contained in the
biological specimen is a DNA sample digested in advance with a restriction enzyme for which a recognition cleavage
site is not present in the objective DNA region of the genomic DNA, or a DNA sample purified in advance.

5. The method of any one of claims 1 to 4, wherein the methylation-sensitive restriction enzyme is Hhal.

6. The method of any one of claims 1 to 5, wherein a counter oligonucleotide is added when separating the methylated
double-stranded DNA into the methylated single-stranded DNA in Second step.

Patentanspriiche

1. Verfahren zum Messen des Gehalts an methylierter DNA in einer Ziel-DNA-Region in einer genomischen DNA, die
in einer biologischen Probe enthalten ist, wobei die Ziel-DNA-Region eine Erkennungsstelle fiir mindestens eine
Art eines methylierungssensitiven Restriktionsenzyms hat, das umfasst:

(1) einen ersten Schritt des Mischens einer DNA-Probe, die eine einzelstrangige DNA (Plus-Strang) umfasst,
die die Ziel-DNA-Region enthélt und eines maskierenden Oligonucleotids, das eine Nucleotidsequenz umfasst,
die komplementéar ist zu einer Nucleotidsequenz einer Erkennungsstelle fir die mindestens eine Art eines
methylierungssensitiven Restriktionsenzyms, wodurch eine teilweise einzelstrangige DNA erhalten wird, in der
die Erkennungsstelle fiir das methylierungssensitive Restriktionsenzym einen Doppelstrang durch komplemen-
tére Basenpaarung mit dem maskierenden Oligonucleotid bildet, gefolgt vom Verdauen der DNA-Probe mit
dem methylierungssensitiven Restriktionsenzym, wobei das Enzym eine Erkennungsstelle verdaut, die unme-
thyliertes Cytosin enthalt und keine Erkennungsstelle verdaut, die methyliertes Cytosin enthalt;

(2) einen zweiten Schritt des Erhaltens von methylierter einzelstrdngiger DNA von der DNA-Probe, die der
Verdau-Behandlung im ersten Schritt ausgesetzt war, durch das Auftrennen methylierter doppelstrangiger DNA,
die in der DNA-Probe enthalten ist, in methylierte einzelstrdangige DNA und das Binden der methylierten ein-
zelstrdngigen DNA an einen immobilisierten Antikdrper gegen methylierte DNA, wodurch die einzelstrangige
DNA selektiert wird; und

(3) einen dritten Schritt des Amplifizierens der methylierten DNA in der Ziel-DNA-Region aus der selektierten
einzelstrangigen DNA auf einen nachweisbaren Wert durch eine Polymerasekettenreaktion (PCR) und das
Quantifizieren der Menge an amplifizierter DNA.
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2. Verfahrennach Anspruch 1, wobei derimmobilisierte Antikérper gegen methylierte DNA ein Methylcytosin-Antikdrper
ist.

3. Verfahren nach Anspruch 1 oder 2, wobei die biologische Probe Blut, eine Kérperflissigkeit, Serum, Plasma, ein
Zelllysat oder ein Gewebelysat von einem Sauger ist.

4. Verfahren nach einem der Anspriiche 1 bis 3, wobei die DNA-Probe, die von der genomischen DNA stammt, die in
der biologischen Probe enthalten ist, eine DNA-Probe ist, die vorab mit einem Restriktionsenzym verdaut wurde,
dessen Erkennungsschnittstelle in der Ziel-DNA-Region der genomischen DNA nicht vorhanden ist, oder eine DNA-
Probe ist, die vorab aufgereinigt wurde.

5. Verfahren nach einem der Anspriiche 1 bis 4, wobei das methylierungssensitive Restriktionsenzym Hhal ist.

6. Verfahren nach einem der Anspriiche 1 bis 5, wobei ein Gegen-Oligonucleotid im zweiten Schritt zugegeben wird,
wenn die methylierte doppelstréangige DNA in die methylierte einzelstrangige DNA aufgetrennt wird.

Revendications

1. Procédé pour mesurer la teneur en ADN méthylé dans une région d’ADN cible dans un ADN génomique contenu
dans un échantillon biologique, la région d’ADN cible comportant un site de reconnaissance d’au moins un type
d’enzyme de restriction sensible a la méthylation, comprenant :

(1) une premiére étape de mélange d’'un échantillon d’ADN comprenant un ADN simple brin (brin positif) con-
tenant la région d’ADN cible et d’'un oligonucléotide de masquage comprenant une séquence de nucléotides
complémentaire a une séquence de nucléotides d’'un site de reconnaissance pour le au moins un type d’enzyme
de restriction sensible a la méthylation, en obtenant ainsi un ADN partiellement simple brin dans lequel le site
de reconnaissance pour I'enzyme de restriction sensible a la méthylation forme un double brin par un apparie-
ment de bases complémentaires avec I'oligonucléotide de masquage, suivi d’une digestion de I'’échantillon
d’ADN avec I'enzyme de restriction sensible a la méthylation, ou ladite enzyme digére un site de reconnaissance
contenant une cytosine non méthylée et ne digére pas un site de reconnaissance contenant une cytosine
méthylée ;

(2) une deuxiéme étape d'obtention d’'un ADN simple brin méthylé a partir de I'échantillon d’ADN qui a été
soumis au traitement de digestion au cours de la premiére étape en séparant '’ADN double brin méthylé contenu
dans I'échantillon d’ADN en ADN simple brin méthylé, et de liaison de 'ADN simple brin méthylé a un anticorps
anti-ADN méthylé immobilisé, en sélectionnant ainsi I’ADN simple brin ; et

(3) une troisieme étape d’amplification de 'ADN méthylé dans la région d’ADN cible a partir de 'ADN simple
brin sélectionné a un niveau détectable par une réaction en chaine par polymérase (PCR), et de quantification
de la quantité de 'ADN amplifié.

2. Procédé selon la revendication 1, dans lequel I'anticorps anti-ADN méthylé immobilisé est un anticorps anti-méthyl-
cytosine.

3. Procédé selon larevendication 1 ou 2, dans lequel I'échantillon biologique est du sang, un fluide corporel, du sérum,
du plasma, un lysat cellulaire, ou un lysat tissulaire d’'un mammifére.

4. Procédéselonl’une quelconque des revendications 1 a 3, danslequell’échantillon d’ADN dérivé de ’ADN génomique
contenu dans I'échantillon biologique est un échantillon d’ADN digéré au préalable par une enzyme de restriction
pour laquelle un site de clivage de reconnaissance n’est pas présent dans la région d’ADN cible de ’ADN génomique,
ou un échantillon d’ADN purifié au préalable.

5. Procédéselonl’'une quelconque desrevendications 1 a4, danslequel'enzyme de restriction sensible a laméthylation
est Hhal.

6. Procédé selon I'une quelconque des revendications 1 a 5, dans lequel un contre-oligonucléotide est ajouté lors de
la séparation de 'ADN double brin méthylé en I’ADN simple brin méthylé au cours de la deuxieme étape.
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Fig.1
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Fig.3
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Fig.4
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Fig.5 -
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