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Description

TECHNICAL FIELD

[0001] The present invention relates to a technique of rapidly analyzing a variety of mutations including single nucleotide
polymorphism, short nucleotide tandem repeat mutations, nucleotide deletion mutations, nucleotide insertion mutations
and translocation mutations by determining and quantitating a nucleotide type at a specific location in the nucleotide
sequence of DNA, RNA or the like.

BACKGROUND ART

[0002] Currently, typical methods of assaying mutations in the nucleotide sequence of DNA include Single-strand
conformation polymorphism (SSCP) and DNA sequencing.
[0003] The SSCP method, developed by M. Orita et al in 1989, is a method to analyze polymorphisms by utilizaing
the fact that single-strand DNA adopts a higher-order structure dependent on the nucleotide sequence, and the structure
are detected as differences in mobility by polyacrylamide gel electrophoresis. It is also called PCR-SSCP since DNA
fragments amplified by PCR are often employed.
[0004] Because this method uses electrophoresis, however, it cannot identify the location and the type of nucleotide
of the mutation. In addition, SSCP is non-qunatitative analysis and difficult to rapidly analyze many samples at the same
time.
[0005] There are several different kinds of DNA sequencing methods, but the fundamental one is Sanger’s method,
developed in 1975. In this method, DNA fragment of interest is converted to a single strand, and the complementary
strand against to a fluorescent labeled primer is elongated by DNA polymerase in the presence of following reagents;
fluorescent labeled primers that recognizes the 5’ upstream sequence from the site of interest, four types of deoxynu-
cleotide (dNTP) including adenine (dATP), thymine (dTTP), guanine (dGTP) and cytosine (dCTP), and one type of
dideoxynucleotide. DNA elongation will progress when dNTP (a constituent of DNA) is incorporated until a ddNTP is
incorporated. Because of a hydroxyl group added at the binding site of the next nucleotide, the polymerization reaction
is blocked, and the DNA can no longer be elongated. As a result, multiple DNA fragments are produced with specific
bases at their ends. In this method, four different samples are produced using four types of ddNTP, and the nucleotide
sequence can be analyzed by performing electrophoresis and reading the resulting DNA bands in sequence.
[0006] However, although this method is suited to analyzing a broad range of nucleotide sequences from DNA frag-
ments, it is not convenient enough when the object of study is a mutation at a specific site.
[0007] Dye-labeled oligonucleotide ligation (DOL) is another method of detecting nucleotide mutations. DOL utilizes
the binding of two oligonucletides with DNA ligase. Following two types of oligonucleotides are prepared; an oligo probe
complementary to a sequence labeled with fluorescein at the 5’ end and ending one nucleotide upstream from the SNP
site, and an oligo probe fluorescently labeled at the 3’ end which includes the SNP region and is complementary to the
sequence downstream therefrom. According to the differences in the complementary nucleotide of the SNP region, the
second probe is labeled with different fluorescent dye such as ROX or TAMRA. When these probes and DNA ligase are
added in PCR reaction mixture, the number of probes joined by ligase is increased as the PCR reaction progress. Since
the only joined probes are those which are complementary to the SNP region, excitation of fluorescein allows the SNP
to be determined based on what fluorescent wavelength emitted as a result of fluorescence resonance energy transfer
(FRET). DOL assay is extremely simple because all reactions are performed simultaneously in one tube, but unfortunately
it is not suitable for multiple specimens processing
[0008] WO01/12856 discloses a method for the comprehensive analysis of nucleic acid samples and a detector
composition for use in the method. The method involves amplifying nucleic acid fragments of interest using a primer
than can form a hairpin structure; sequence-based coupling of the amplified fragments to detector probes; and detection
of the coupled fragments.
[0009] WO98/03673 teaches a ligase detection reaction that is utilized to distinguish minority template in the presence
of an excess of normal template with a thermostable ligase. This process can be carried out with a mutant ligase,
thermostable ligase, or a modified oligonucleotide probe.
[0010] US 6/342,359 discloses a nucleic acid detector for detecting a base sequences of a target DNA of interest,
which comprises a DNA chip in which probe DNA and electrochemiluminescent material such as tris(2,2’-bipyridyl) metal
complex, or derivatives thereof are immobilized on a surface of gold electrode, an electrochemical apparatus for applying
a predetermined voltage to the DNA chip with respect to a reference electrode; and an optical measurement apparatus
for measuring electrochemiluminescence generated from the DNA chip.
[0011] Another ligation method which has been developed for detecting nucleotide mutations is Genespector (trade
name; Variom Biotechnology AG analysis kit). In this method, probes are fixed on a solid surface and the detection is
achieved by a ligation reaction following a hybridization reaction using the DNA PCR product, a signal probe and an
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allele-specific detection probe.
[0012] However, this method has problems of detection sensitivity of the nucleotide mutation and speed of the mutation
analysis.
[0013] Hereinafter, an invention to determine and assay a nucleotide type at a specific location in DNA or RNA, and
rapidly analyzes a variety of mutations including single nucleotide polymorphism, repeated nucleotide sequence muta-
tions, nucleotide deletion mutations, nucleotide insertion mutations and translocation mutations is presented.

DISCLOSURE OF THE INVENTION

[0014] The present invention resolves the aforementioned issues by providing a method of detecting a nucleotide
mutation comprising the following steps (A)-(D):

(A) a step of producing an elongatable primer and a counter primer, wherein (1) the elongatable primer has a
nucleotide sequence (region A) complementary to part of the nucleic acids to be detected, that includes the nucleotide
mutation, (2) the elongatable primer has a nucleotide sequence (region B’) added to the 5’ end of region A, said
nucleotide sequence being complementary to the nucleotide sequence (region B) adjacent to the 5’ end side of a
nucleotide site corresponding to the mutation site, in the nucleotide sequence formed at the 3’ end of the primer
after elongation, and (3) the elongatable primer and the counter primer are produced so that the nucleotide site
corresponding to the mutation site of the nucleic acids to be detected that include the nucleotide mutation will be
located within the nucleotide sequence formed at the 3’ end of the primer after elongation;
(B) a step of producing a target by subjecting the primers to an elongation reaction using polymerase or Klenow
enzyme;
(C) a step of then denaturing the target to a single strand, and subjecting this target to a hybridization reaction with
a probe, wherein the probe has more than a 20 nucleotide sequence length of oligonucleotide comprising the
nucleotide sequence complementary to the mutation site at the 3’ end;
(D) a step of then subjecting the target to a ligation reaction;
(E) a step of performing
washing,
denaturing, or
washing and denaturing treatment
(F) a step of forming a double strand between the ligated target and probe;
(G) a step of subjecting a double-strand specific and electrochemically active intercalator to the double-strand; and
(H) a step of detecting any electrochemical response of the electrochemically active intercalator with the electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Figure 1 is a conceptual drawing explaining the basic principles of the detection method of the present invention;
Figure 2 shows an example of the method of producing a special target according to the detection method of the
present invention;
Figure 3 is an explanatory drawing showing the analysis of single nucleotide polymorphism according to the detection
method of the present invention;
Figure 4 is an explanatory drawing showing the analysis of repeated nucleotide sequence mutations according to
the detection method of the present invention;
Figure 5 is an explanatory drawing showing the analysis of nucleotide deletion mutations and insertion mutations
according to the detection method of the present invention;
Figure 6 is an explanatory drawing showing the analysis of translocation mutations according to the detection method
of the present invention;
Figure 7 is a conceptual drawing explaining the designs of the special primers, counter-primers and probes of the
detection method of the present invention;
Figure 8 is a graph showing measurement results for Example 1;
Figure 9 is a graph showing measurement results for Example 2;
Figure 10 is a graph showing measurement results for Example 3;
Figure 11 is a graph showing measurement results for Example 4;
Figure 12 is a graph showing measurement results for Example 5;
Figure 13 is a graph showing measurement results for Example 6;
Figure 14 is a graph showing measurement results for Example 7;
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Figure 15 is a graph showing measurement results for Example 8; and
Figure 16 is an explanatory drawing showing analysis using an intercalator.

BEST MODE FOR CARRYING OUT THE INVENTION

[Method of detecting nucleotide mutations]

[0016] The method of detecting nucleotide mutations of the present invention is explained in detail below based on
preferred embodiments.
[0017] As shown in Figure 1, the basic principles of the detection method of the present invention comprise (A) the
preparation of a special primer, (B) an elongation reaction of the special primer, (C) denaturing and hybridization with
a fixed probe, (D) a ligation reaction, and (E) washing and detection to detect a nucleotide mutation in genome DNA or
other nucleic acids. These steps are described in more detail below.

[A] Preparation of special primer

[0018] Primer (hereafter called "special primer (a)") complementary to the genome which is the object of detection is
synthesized. In addition to the complementary sequence for binding to the genome, a sequence 1 which is complementary
to sequence 2 formed after elongation is added to the 5’ end of this special primer (a).
[0019] Special primer (a) is designed so that the mutation site will be located in down stream after elongation reaction
described below. The resulting special primer (a) has a complementary sequence to the part of the target genome, as
well as a nucleotide sequence.added to the 5’ end which is complementary to the elongated sequence starting just down
stream of this primer to the one nucleotide before the mutation site.
[0020] One special primer (a) is formed for each nucleotide mutation to be detected, and a target (and multiple
replications of the same target by repeated elongations, hereunder sometimes called "special target (b)") is prepared
using special primer (a) by the elongation reaction described below. This special target includes mutation site and self
complementary region, and it can be provided for both hybridization and ligation reaction with a probe.

[B] Special primer elongation reaction

[0021] Using the aforementioned special primer (a), an elongation reaction is performed with enzymes (polymerase-
either DNA polymerase or RNA-dependent DNA polymerase--or Klenow enzyme). Special target (b) is prepared in this
way. Special target (b) can be prepared by any method desired, such as methods 1)-3) below.

1) Fix the temperature and prepare the target in a single elongation reaction.
2) Amplify the target by PCR using a counter-primer (see Figure 2).
3) Prepare the desired target by Asymmetrical-PCR (called A-PCR below) (see Figure 2).

[0022] Particularly when PCR and A-PCR are used, the molecular number and nucleotide strand length of the special
target can be controlled at will, allowing for greater detection sensitivity and less effect from non-specific binding, thus
resulting in greater detection efficiency. Appropriate design of the counter-primer makes it possible to control the length
of the special target, improve hybridization efficiency, suppress non-specific binding and the like.
[0023] The special target can be designed so that it forms a loop by self-complementary binding, enabling non-specific
binding to be controlled even in the case of long nucleotide chains, and enhancing the specificity of the hybridization
reaction. Specifically, great sensitivity can be achieved by increasing the length of the special target. Recognition sen-
sitivity can also be enhanced by adding a new reaction step in which a second target (enhancer target) is applied
(enhancing hybridization) to the loop region formed by self-complementary binding on the special target.

(Design of the special primer)

[0024] In the present invention, the special primer should be designed as follows (see Figure 7).

i) Oligonucleotide: total sequence length 33 nucleotides or more
ii) 5’ end nucleotide: phosphoric acid group added
iii) Structure: the special primer is made up of two types of structural regions it comprises sites of region A, which
hybridizes preferentially with genome DNA, and sites of region B’, which has a sequence complementary to region
B immediately downstream from 3’ end. This region B is obtained by the elongation reaction of the special primer.
iv) The sequence length of region B’ should be at least 13 nucleotides, and the Tm setting should be about 50°C
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(�10°C).
v) The sequence length of region A should be at least 20 nucleotides, and the Tm setting should be at least 60°C.
vi) The Tm of the site of region B’ should always be more than 5°C lower than that of Region A (this temperature
difference allows the sites of region A to be hybridized preferentially over the sites of region B’ in the elongation
reaction from genome DNA).
vii) When region B, just downstream of the special primer which is produced after the elongation reaction, is hybridized
with the region B’, the region A forms a loop (if the sites of region B’ and region B are well hybridized, complementary
binding within the fold does not affect the formation of the loop). When this loop is formed in the target, commonly
observed non-specific binding between probe and DNA target correlated to its nucleotide length is suppressed.
viii) The special primer is designed so that the 5’ adjacent nucleotide position in newly formed elongated region from
the hybrid region formed in vii) becomes the mutation nucleotide position.
ix) The elongated region (region C) newly formed downstream from the hybrid region formed in vii) above is com-
plementary to the probe, and has at least 20 or more nucleotides.

(Design of the counter-primer)

[0025] In the present invention, the counter-primer should be designed, and an elongation reaction performed by PCR
or A-PCR as follows (see Figure 7).

i) Oligonucleotide: 20 nucleotides length or more
ii) Tm setting should be 60°C or more
iii) The Tm setting of the counter-primer should always be as follows: region A by special primer > counter primer
region > region B’ by special primer. This Tm difference allows the special primer alone to be preferentially elongated
if the temperature is set above the counter-primer Tm when performing A-PCR using PCR product obtained from
genome DNA as the template.
iv) The position for the counter-primer hybridization should be set so that the 3’ end of the counter primer (the 5’
end of the counter primer region) is removed more than 13 nucleotides upstream from the 3’ end of the probe. (If
counter-primer removal process is omitted in special target production, the special target and the counter-primer
might be hybridized, and block the probe and desired special target hybridization process. Therefore, in order to
circumvent above possibility, the minimum necessary nucleotides (13 nucleotides) for hybridization between the
special target and probe is maintained. The counter-primer is not necessary to be positioned within the probe region,
and may also be positioned up strem of the probe region.
v) The Tm of the region C where the special target and probe is hybridized, should be greater than that of region D
where the counter-primer and the special target. (If the counter-primer has a complementary sequence within the
special target region, hybridization between the special target and the counter-primer might interfere with the hy-
bridization between the probe and the special target. Therefore it is desirable to set the Tm of the special target
against the probe higher than that against counter-primer, so that the special target is more stably hybridized with
the probe than the counter-primer.

[C] Denaturing and hybridization with the fixed probe

[0026] Reaction mixture containing the special target (b) produced by the elongation reaction is thermally denatured
and the special target (b) becomes single strand. Next, special target (b) is hybridized with fixed probe (c) (having a
complementary sequence and the mutation site at the 3’ end). At the same time, the 5’ end strand (sequence 1) and
the strand (sequence 2) formed after the elongation reaction hybridize each other, and the original primer part of special
target (b) forms an intermolecular loop. As a result, the nucleotide at the 3’ end of the probe and the 5’ end of the
hybridized special target are now next to each other.

(Design of probes)

[0027] Probes can be obtained by synthesizing oligonucleotides having corresponding nucleotides of individual mu-
tation at its 3’ end and complementary sequence to the special target.
[0028] The probes should consist of two or more types so that multiple mutations can be determined and quantified
simultaneously. By thus synthesizing multiple types of probes, it is possible to simultaneously determine and assay
nucleotide mutations (multiple types) at specific sites with multiple genomes, which is the goal of detection.
[0029] The oligonucleotide sequence of the probe can be selected at will from within the range of sequence lengths
that can specifically identify the intended recognition site.
[0030] The probe should also contain electrode fixing element so that it can be easily fixed to an electrode. Since this
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electrode fixing element cannot be located on the side where the ligation reaction will be carried out in the next step, it
is formed only to the 5’ end of the oligonucleotide.
[0031] The electrode fixing element should be capable of binding to the aforementioned electrode by a reaction.
Concrete examples of the electrode fixing element include thiol groups, biotin residues, amino groups and groups
including any of these, and the element can be selected according to the electrode surface used for fixing the probe.
[0032] The probe should also have a linker between the oligonucleotide and the electrode fixing element. Having this
linker increases the degree of freedom to the oligonucleotide during hybridization, and enhances hybridization efficiency,
allowing for highly precise detection.
[0033] A hydrocarbon chain, de-based nucleotide chain or the like is desirable as the linker.
[0034] In the present invention, designing the probe in the following way is particularly desirable from the standpoint
of good hybridization efficiency of the special target and binding efficiency with the DNA ligase enzyme.

i) Oligonucletide: sequence length 20 nucleotides or more
ii) Electrode fixing element: thiol group
iii) Linker: alkane of carbon number 6
iv) Site for mutation detection is set at the 3’ end

[0035] Desirable method of utilizing designed probes as described above is fixing single probe on single electrode so
that one type of probe corresponds to one electrode. In particular, if several probes are fixed on corresponding electrode
and integrated, it is possible to detect multiple mutations in a sample by single operation.
[0036] Desirable electrode for probe fixing is having binding characteristics by reaction with fixing element of probe.
Desirable combinations of electrode and electrode binding elements are given as (1)-(3) below.

(1) (Electrode) At least the surface is made of gold (Au)
(Electrode fixing element) Includes a thiol group (-SH)
(2) (Electrode) At least the surface is either avidin or streptavidin
(Electrode fixing element) Includes a biotin residue
(3) (Electrode) At least the surface has a carboxyl group (-COOH)
(Electrode fixing element) Includes an amino group (-NH2)

[0037] Electrodes whose surface, at least, are made of gold include solid gold electrodes and those with gold plated
surface over a base made of a material other than gold. Electrodes whose surface, at least, have avidin or streptoavidin.
In the case having a carboxyl group, Surface of any desired base is coated by resin having a carboxyl group or the like.

[D] Ligation reaction

[0038] The mutation is recognized in this step. The ligation method uses a linking enzyme solution consisting of a
linking enzyme and a buffer.
[0039] In the case of a qualification reaction (1-step reaction), those salts required for DNA hybridization, DNA ligase
and DNA ligase buffer solution are used as the linking enzyme solution.
[0040] In the case of an quantitative reaction (3-step reaction including a washing step), a solution containing those
salts required for hybridization is used in the first step (hybridization), while in the third step (ligation), salts which do not
allow dissociation (denaturing) of the 2-strand DNA formed by hybridization are included along with DNA ligase and the
DNA ligase buffer solution.
[0041] The hybridization reaction can also be performed separately from the ligation reaction using a solution containing
at least those salts required for hybridization of the nucleic acids. The hybridization reaction can also be carried out
simultaneously with the ligation reaction using a synthetic enzyme solution containing at least DNA ligase and a DNA
ligase buffer solution.
[0042] In this step, the nucleotide (see Figure 1C) at the nucleotide mutation recognition site will undergo ligation if it
is complementary to the nucleotide of the special target which faces it after hybridization, but will not undergo ligation if
it is not complementary. The ligation reaction will also not occur if the nucleotide mutation recognition site (3’ end of
probe) is even one nucleotide short.

[E] Washing and detection

[0043] Following the ligation reaction, washing (denaturing) is performed with a denature reagent to remove special
target, genome and the like bound non-specifically to solid-phase surface or fixed DNA.
[0044] It is also possible to perform thermal denaturing instead of using a denature reagent.
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[0045] After the washing process, the amount of DNA remaining on the solid-phase surface is measured. There are
no particular limits on the method of measuring the amount of DNA. It can be measured while the DNA is fixed on the
solid phase, or by concentration measurement in solution following removal from the solid phase. A method such as
applying a reagent which bonds chemically to the DNA can be used for measurement on the solid phase. Alternatively,
an electrode can be used as solid phase, and the amount of fixed DNA is measured as the electrical signal by utilizing
an electrochemical reagent.
[0046] The detection method of the present invention can be used for either quantification or qualification. When the
sample DNA contain only one mutation (when the nucleotide mutation sites of all DNA are occupied by the same type
of nucleotide), only qualification measurement is required. In this case, steps [C] and [D] above can be combined, and
same result as separated steps are obtained.
[0047] In the case of quantitative analysis (when genome contains multiple nucleotide types at the mutation site), a
washing step is added between aforementioned steps [C] and [D] to remove the unreacted molecules, and the proportions
of mutant DNA in the sample can then be measured.
[0048] A variety of mutations (single nucleotide polymorphisms, short nucleotide tandem repeat mutations, nucleotide
deletion mutations, nucleotide insertion mutations, translocation mutations and the like) can be analyzed in the detection
method of the present invention, and these different mutations can be analyzed simultaneously on the same array.
[0049] Analysis of a single nucleotide polymorphism according to the detection method of the present invention is
explained with reference to Figure 3.
[0050] When the special target has a single nucleotide polymorphism, the ligation reaction occurs only with the mutant
probe, resulting in joining of the special target to the probe. As a result, a greater signal is obtained than the signal of
the probe before ligation. For the normal probe, no ligation reaction occurs because the ligation site nucleotide is non-
complementary, and the signal is the same as for the original probe. The presence or absence of a single nucleotide
mutation can be determined based on this difference in signals.
[0051] When the special target contains a normal nucleotide at mutation site, the absence of a single nucleotide
polymorphism can be determined by the opposite reactions.
[0052] Analysis of a short tandem repeat mutation according to the detection method of the present invention is
explained with reference to Figure 4.
[0053] When the special target has a short tandem repeat mutation, the ligation reaction occurs only with the mutant
probe, resulting in joining of the special target to the probe. As a result, a greater signal is obtained than the signal of
the probe before ligation. For the normal probe, the number of repeated sequence is less than that of the mutant probe,
and no ligation reaction occurs because of the missing nucleotides at the ligation site, and the signal after the ligation
is the same as before the ligation. The presence or absence of short tandem repeat mutations can be determined based
on this difference in signals.
[0054] When the special target has normal number of the short tandem repeat, the opposite reactions occur: for the
mutant probe, to the extent that the special target has a shorter repeated sequence length, the nucleotides near the 3’
end of the mutant probe overlap rather than lining up with the nucleotides near the 5’ end of the special target, and no
ligation reaction occurs. On the other hand a strong signal is obtained from the resulting ligation between the special
target and a normal probe, and mutations can be recognized in this way.
[0055] Analysis of nucleotide deletion mutations and nucleotide insertion mutations according to the detection method
of the present invention is explained with reference to Figure 5.
[0056] When the special target has a nucleotide deletion mutation, a ligation reaction occurs only with the mutant
probe, resulting in joining of the special target to the probe. In this way, a greater signal is obtained than the signal of
the probe before ligation. For the normal probe, however, because the probe is longer than the mutant probe by the
length of the deleted nucleotide, the nucleotides near the 3’ end of the normal probe overlap rather than lining up with
the nucleotides near the 5’ end of the special target, and no ligation reaction occurs. Mutations can be recognized in
this way.
[0057] When the special target has normal nucleotides, the opposite reactions occur: ligation occurs for the normal
probe, but for the mutant probe, because the special target does not have a deleted nucleotide, the nucleotide near the
3’ end of the mutant probe does not match up with the nucleotide near the 5’ end of the special target, and no ligation
reaction occurs. Mutations can be recognized in this way.
[0058] Nucleotide insertion mutations are recognized according to the same principles: the mutant probe is longer by
the length of the inserted nucleotide than the normal probe at the 3’ end, and recognition and detection are based on
the opposite pattern from that of nucleotide deletion mutations.
[0059] Analysis of translocation mutations according to the detection method of the present invention is explained
with reference to Figure 6.
[0060] When the special target has a translocation mutation, a ligation reaction occurs only with the mutant probe,
resulting in joining of the special target. In this way, a greater signal for the probe is obtained than before ligation. For
the normal probe, however, the probe lacks the region of hybridization with the special target, so hybridization does not
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occur, and there is no ligation reaction. Consequently, the signal the probe is the same as before the ligation. The
presence or absence of translocation mutations can be recognized based on this difference of signal strength.
[0061] When a normal nucleotide sequence of no translocation is used as the template for forming the special target,
the target hybridizes with the normal probe, and a ligation reaction occurs. For the mutant probe, no hybridization occurs,
and therefore there is no ligation and no signal change appears. The circumstance in which the special primer cannot
hybridize on the template can be ignored since the special target itself never forms and is not involved in the subsequent
reactions, and no signal change appears with either the normal or mutant probe. Translocation mutations can be rec-
ognized in this way.
[0062] With the detection method of the present invention, detection is possible even at room temperature, and ana-
lytical measurements can be performed in a short amount of time.
[0063] With the detection method of the present invention, only two-step reaction is required after addition of the
special target prepared as sample into the mutation detection reaction system.
[0064] Based on detection results from the method of the present invention, it is then possible to analyze correlations
between genetics and phenotype in the fields of biology and medicine.
[0065] The detection method of the present invention is also applicable to the field of gene diagnosis when used to
analyze specific genes for drug-metabolizing enzymes, tumor suppression factors and the like. It may also be useful in
the prevention and the like of degenerative diseases such as cancer and high blood pressure.

[Detection system]

[0066] A detection chip, detection device or other detection system for nucleotide mutations using the aforementioned
detection method for nucleotide mutations is described.
[0067] Specific examples include a substrate or chip on which are collected a number of electrodes on which probes
are fixed with one type of probe for a single electrode. Using these, it is possible to achieve simultaneous detection of
multiple types of nucleotide mutations.
[0068] Because the detection system uses the aforementioned detection method for nucleotide mutations, it is capable
of determining and quantifying nucleotides at specific positions in a DNA, RNA or other nucleotide sequence, and can
analyze a variety of mutations including single nucleotide polymorphism, short nucleotide tandem repeat mutations,
nucleotide deletion mutations, nucleotide insertion mutations and translocation mutations rapidly and with high sensitivity.
[0069] The detection method for nucleotide mutations of the present invention was explained above using preferred
embodiments thereof, but the present invention is not limited by these embodiments, and of course other embodiments
exist.
[0070] In the aforementioned embodiments of the detection method of the present invention, electrodes are used as
the base for the probes when fixed probes are used, but the base need not be an electrode, and glass (glass plate,
glass beads or the like), resin (resin beads, membrane, thread or the like), gel or some other solid phase may also be
used. When such a solid phase is used rather than electrodes, the linkage on glass or the like may be avidin-streptavidin
or carboxyl group-amino group as in the case of a gold electrode, while in the case of a resin or gel, adhesion fixing can
be achieved through physical properties even if the DNA lacks a reactive group. In the case of resin in particular strong
fixing with DNA can be achieved with UV light radiation. Using such fixing methods, probes can be fixed on solid phases
other than electrodes.
[0071] In addition to the electrochemical methods mentioned above, the detection method of the present invention
allows for detection and quantification with a fluorescence detector using a fluorescent DNA dye (ethylene bromide or
SYBR-Green (trade name)) or the like when detection is performed with a fixed probe. Detection and quantification are
also possible using a method in which a fluorescent label is attached to the special probe in advance, or a method in
which a substance (such as a fluorescence-emitting adapter substance) which emits light when it binds to a specific
substance is attached to the DNA in advance.
[0072] If the probe is removed from the solid phase for measurement, it can for example be quantified by electrophoresis
isolation. If there is a large amount of DNA to be detected, it can also be quantified by absorbance.
[0073] In this explanation, nucleotide mutations in the genome have been used as an example of subjects for detection,
but other subjects of detection are possible in the detection method of the present invention, including for example
nucleotide mutations in DNA, RNA and other nucleic acids.
[0074] The following is an embodiment of the detection method of the present invention using a method other than
electrochemical detection.

1. Each special primer is labeled in advance with a fluorescent dye having a different emission wavelength.
2. PCR or A-PCR is performed with a sample genome and fluorescent labeled special primers, and counter-primers
if it is necessary, and florescent labeled special targets are prepared.
3. Hybridization and ligation reactions are performed on the probes fixed in certain amounts on a solid phase with
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the fluorescent labeled special targets of 2.
4. After removal of nonspecific DNA, the special target from the ligation reaction is detected and quantified with a
fluorescence detector.

[0075] Two embodiments of the detection method of the present invention carried out with an unfixed probe are given
as (1) and (2) below. Detection with an unfixed probe is possible if the following process is followed.

(1)

1. A purification tag is attached to the probe.
2. Hybridization, ligation and other reactions are performed in a liquid phase.
3. Only the tagged DNA is purified in a column or the like.
4. The DNA is subjected to SDS-PAGE, and DNA longer than the original probe is detected and quantified.

(2)

1. Each probe is labeled in advance with a fluorescent dye having a different emission wavelength.
2. Hybridization, ligation and other reactions are performed in a liquid phase.
3. The reaction solution is subjected to SDS-PAGE, and fluorescence-emitting DNA longer than the fluorescent
labeled probe is detected and quantified.

[0076] The detection method of the present invention using an intercalator is explained in comparison with conventional
detection methods with reference to Figure 16.
[0077] As shown in Figure 16(a), in conventional detection methods using ligation, the target is first hybridized with a
fixed probe, followed by a ligation reaction with a second probe. Ligation with the second probe results in elongation of
the fixed probe, and the denaturing and washing process which removes non-specifically bound target and genome
results in dissociation of the target, leaving only the elongated single-strand probe. Consequently, a double-strand
specific intercalator (such as a fluorescent modified intercalator or electrochemical intercalator) cannot be used effectively
for detection in conventional methods.
[0078] In contrast, using the detection method of the present invention, as shown in Figure 16(b), when the aforemen-
tioned special target is prepared and used in hybridization a loop is formed. Consequently, even if washing and denaturing
are performed after the hybridization and ligation/elongation reactions, the special target itself remains joined to the fixed
probe and is not washed away, so it can form a double strand if placed in an environment where it can again hybridize.
[0079] Thus, in the detection method of the present invention, highly effective detection is possible if a double-strand
specific intercalator (such as a fluorescent modified intercalator or electrochemical intercalator) is used.
[0080] The method of detecting nucleotide mutations of the present invention offers the dramatic advantage of highly
diverse detection systems.

Examples

[0081] The method of detecting nucleotide mutations of the present invention is explained in still more detail below
using examples. However, the present invention is not in any way limited by these examples.

Example 1:

(Detection of a single nucleotide mutation)

[0082]

(1) Using gold array electrodes (24 electrodes divided into groups A-F of four each), 1 PL of the normal probe
described below with a concentration of 10 pmol/PL was placed on the electrode pin ends of groups A-C, 1 PL of
the single nucleotide mutation probe described below with the same concentration was placed on the electrode pin
ends of groups D-F, and fixing carried out.

Normal probe:

[0083]
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i) Structure: HS-(CH2)6- gaattagctgtatcgtcaaggcactcttgcctacgccacc
ii) Oligonucletoide: Sequence length 40 nucleotides
iii) Electrode fixing part: thiol group
iv) Linker part: alkane chain with carbon number 6
v) Has normal nucleotide at the 3’ end (C)

[0084] Single nucleotide mutation probe:

i) Structure: HS-(CH2)6- gaattagctgtatcgtcaaggcactcttgcctacgccacg
ii) Oligonucleotide: sequence length 40 nucleotides
iii) Electrode fixing part: thiol group
iv) Linker part: alkane chain with carbon number 6
v) Has mutant nucleotide at the 3’ end (G)

(2) The array electrodes were dipped and washed in a measurement electrolytic buffer (mixed buffer of potassium
acetate and potassium chloride) containing no electrochemical reagents. This served to remove the non-specifically
bound DNA.
(3) The first DPV measurement was performed at this stage to confirm the amount of probe fixed on the gold electrode
surfaces. Namely, for the probe fixed on the gold electrodes (as single-strand DNA) the DPV response after fixing
of the probe was measured (i1) using a double chain-specific electrochemical reagent solution.
(4) A reaction solution was prepared for the simultaneous hybridization and ligation reactions. The reaction solution
contained T4 DNA ligase, 1XT4 DNA ligase buffer, only those salts required for hybridization, and 10 pmol/uL of
each of the targets (normal, mixture of normal and single nucleotide mutation (5 pmol/uL each), single nucleotide
mutation).

(Special targets)

[0085] The special target of this oligo synthesis was constructed with the product obtained from an elongation reaction
(enzyme elongation reaction, PCR reaction, A-PCR reaction) of genome DNA in mind.

Normal special target:

[0086]

i) Structure: (P)-agctccaactaccacggcctgctgaaaatgactgaatataaacttgtggtagttggagct ggtggcgtaggcaagagtgc
ii) Oligonucleotide: sequence length 80 nucleotides
iii) 5’ end nucleotide: phosphoric acid group added
iv) 61st nucleotide from 5’ end nucleotide is normal (G)
v) Sequence of 1st-15th nucleotides from 5’ end nucleotide is a special region to be added to the 5’ end of the special
primer.
vi) Sequence of 16th-45th nucleotides from 5’ end nucleotide is a loop-forming region (fold), and at the same time
this region is the primer region (Tm setting about 85°C) which hybridizes with genome DNA when constructing a
special target from genome DNA.
vii) The 1st-15th and 46th-60th nucleotides from the 5’ end nucleotide form complementary sequences when the loop
is formed (Tm setting about 50°C).
viii) Within the special target, the Tm setting for vi) is greater than that for vii), with a difference between the two of
25°C or more.
ix) The nucleotide immediately downstream from the hybrid region formed in vii) on the special target is positioned
so that it corresponds to the nucleotide site which causes the mutation.
x) There are 20 nucleotides downstream from the hybrid region formed in vii) on the special target, which is constructed
so as to have a sequence of 20 nucleotides complementary to the probe (Tm about 66°C).

Single nucleotide mutation special target:

[0087] Basically the same as the normal special target described above. The differences are as follows.

i) structure: (P)-agctccaactaccacggcctgctgaaaatgactgaatataaacttgtggtagttggagct cgtggcgtaggcaagagtgc
ii) 61st nucleotide from 5’ end nucleotide is normal (C)
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(5) 1uL of special target was applied to each electrode, with the normal special target applied electrodes A and D,
a mixture of the normal and single nucleotide mutation special targets applied to electrodes B and E, and the single
nucleotide mutation special target applied to electrodes C and F, and the hybridization and ligation reactions per-
formed with the fixed probe. The reactions were performed for 2 hours at room temperature.
(6) Non-specifically bound DNA was removed by the same washing method used in (2) above.
(7) DPV response (i2) after the hybridization and ligation reactions was measured. (A high DPV is shown with the
response value for the hybridized special target added to the response during probe fixing).
(8) In order to remove those of the special targets hybridized in (7) above which did not undergo ligation, a denaturant
was added to the electrolytic buffer used in (2) above, and dip washing performed.
(9) DPV response measurements (i3) were performed for the ligation reaction. (Values lower than the response
values after hybridization but higher than the response values for probe fixing are obtained).

[0088] Results of the above measurements are shown in Table 1 and Figure 8.
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[0089] As shown in Table 1 and Figure 8, when the normal probe was used there was a specific and obvious difference
(normal 39.8%, single nucleotide mutation 9.4%) in the values for the ligation reactions of the normal and single nucleotide
mutation special targets, and when the single nucleotide mutation probe was used there was also a specific and obvious
difference (single nucleotide mutation 42.0%, normal 11.9%) in the ligation reactions of the aforementioned targets,
indicating that homo-type single nucleotide mutations could be recognized. Moreover, looking at the values using both
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probes for the ligation reaction when a 1:1 mixture (heterotype) of both special targets was applied, the values were
almost as high as they were when the targets were perfectly matched to the respective probes, which means that both
probes underwent the ligation reaction and indicates that hetero-type mutations can also be distinguished. From this
results it appears that this detection system is capable of distinguishing single nucleotide mutations of both homo and
hetero types by applying both a single nucleotide mutation probe and a normal probe and comparing the values for the
ligation reactions of the special targets.

Example 2:

(Simultaneous detection of different types of mutations)

[0090]

(1) Operations for fixing of the probes were the same as in Example 1. Namely, an array of gold electrodes (15
electrodes divided into groups A-C of 5 electrodes each) was used, with 1PL of the normal probe described below
applied to the pin ends of electrodes A at a concentration of 10 pmol/PL, 1 PL of the single nucleotide deletion probe
described below applied to electrodes B at the same concentration, and 1PL of the single nucleotide mutation probe
described below applied to electrodes C at the same concentration, and fixing performed.

(Fixed probes)

[0091] Normal probe: the same oligo probe used in Example 1 Single nucleotide mutation probe: the same oligo probe
used in Example 1

Single nucleotide deletion probe:

[0092]

i) Structure; HS-(CH2)6- tgaattagctgtatcgtcaaggcactcttgcctacgccac
ii) Oligonucleotide: sequence length 40 nucleotides
iii) Electrode fixing part: thiol group
iv) Linker part: alkane group of carbon number 6
v) Designed so that the adjacent site one nucleotide downstream from the 3’ end nucleotide matches the mutation site.

(2) Array electrodes were dipped and washed in a measurement electrolytic buffer (mixed buffer of potassium acetate
and potassium chloride) containing no electrochemical reagents. This served to remove the non-specifically bound
DNA,
(3) DPV response was measured (i1) following probe fixing.
(4) A reaction solution was prepared for simultaneously performing the hybridization and ligation reactions. The
reaction solution contained T4 DNA ligase at a final concentration of 35 units/PL, 1XT4 DNA ligase buffer, only
those salts required for hybridization, and 10 pmol/PL of the single nucleotide mutation special target (the same
oligo single nucleotide mutation special target used in Example 1).
(5) 1 PL of the special target was applied to each of electrodes A-C, and hybridization and ligation reactions performed
with the fixed probe. The reactions were performed for 2 hours at room temperature.
(6) In order to remove special target which had not undergone the ligation reaction, a denaturant was added to the
electrolytic buffer used in (2) above, and dip washing performed.
(7) DPV response (i2) was measured for the ligation reaction.

[0093] The results of the above measurements are shown in Table 2 and Figure 9.
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[0094] As shown in Table 2 and Figure 9, with the normal probe, because one non-complementary nucleotide is
present at the 3’ end of the probe during hybridization with the single nucleotide mutation special target, ligation between
the probe and the single nucleotide mutation special target does not occur at that site, and the ligation reaction value is
only 0.6% (it is higher than 0% due to background noise). Even with the single nucleotide deletion probe, because the
3’ end of the probe is lacking one nucleotide in comparison with the 5’ end ligation site of the special target during
hybridization with the single nucleotide mutation special target, no ligation reaction occurs, and the ligation reaction
value is 3.4%--almost as low as for the aforementioned normal probe. With the single nucleotide mutation probe, on the
other hand, the nucleotides are entirely complementary during hybridization with the single nucleotide mutation special
target, so a good ligation reaction occurs, and a high ligation reaction value of 35.7% is achieved. From these results,
it is clear that both non-complementariness and nucleotide deletion at the 3’ end of the probe are recognized, and
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therefore different types of mutations can be detected simultaneously on the same electrode array.

Example 3:

(Nucleotide mutation assay)

[0095]

(1) The operation for fixing the probe was the same as in Example 1. Namely, gold array electrodes (15 electrodes
in groups A-C of 5 electrodes each) were used, and 1 PL of a 10 pmol/PL single nucleotide mutation probe (the
same oligo single nucleotide mutation probe used in Example 1) was applied to the pin tips of all the A-C electrodes,
and fixing performed.
(2) The array electrodes were dipped and washed in a measurement electrolytic buffer (mixed buffer of potassium
acetate and potassium chloride) containing no electrochemical reagents. This served to remove the non-specifically
bound DNA.
(3) DPV response following probe fixing was measured (i1).
(4) A reaction solution was prepared for purposes of hybridization. The reaction solution contained final concentra-
tions of 1XT4 DNA ligase buffer, only those salts required for hybridization, and 10 pmol/PL of each special target
(normal, mixture of normal and single nucleotide mutation (5 pmol/PL each), single nucleotide mutation).
(5) 1PL of the special targets was applied to the pins of electrodes A-C, and hybridization with the fixed probe
performed for 1 hour at room temperature.
(6) The electrode pins were dip washed for 5 minutes at room temperature using the electrolytic buffer of (2) above.
This step serves to remove any remaining unhybridized special target.
(7) A ligation reaction solution was prepared for purposes of the ligation reaction. The reaction solution contained
a final concentration of 35 units/PL T4 ligase, 1XT4 DNA ligase buffer, and just enough salts so that the hybrid (2-
strand) DNA formed by hybridization would not dissociate.
(8) 1PL of the ligation reaction solution was applied to each of the electrodes in groups A-C, and ligation performed
with the fixed probes. The reaction was performed for 1 hour at room temperature.
(9) In order to remove special target which had not undergone ligation, a denaturaant was added to the electrolytic
buffer used in (2) above, and dip washing performed.
(10) DPV response (i2) was measured for the ligation reaction.

[0096] The results of the above measurements are given in Table 3 and Figure 10.
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[0097] As shown in Table 3 and Figure 10, using the single nucleotide mutation probe, when mutation detection
measurements were performed using a single nucleotide mutation special target (10 pmol/PL), a mixture of single
nucleotide mutation special target (5 pmol/PL) and normal special target (5 pmol/PL) and a normal target (10 pmol/PL),
a ligation reaction value of 6.2% (noise response) was detected with the normal special target, which does not have the
single nucleotide mutation special target. With the single nucleotide mutation special target, on the other hand, a high
ligation reaction value of 41.1% was obtained, and a ligation response value of about half of that was obtained with the
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mixed special target. Subtracting the noise response factor, a positive correlation appears between these ligation reaction
values and the detected target concentration, so it appears that this system has the ability to perform assay analysis.
[0098] Example 4:

(Single nucleotide mutation detection)

[0099]

(1) The operations for fixing the probes were the same as in Example 1. Namely, gold array electrodes (24 electrodes
in groups A-F of 4 electrodes each) were used, with 1PL of the normal probe described below applied to each of
the pin tips of electrodes A-C at a concentration of 10 pmol/PL, and 1PL of the single nucleotide mutation probe
described below applied to each of the electrodes D-F at the same concentration, and fixing was performed.

(Fixed probes)

Normal probe: the same oligo probe used in Example 1

[0100] Single nucleotide mutation probe: the same oligo probe used in Example 1

(2) The DPV response after probe fixing was measured (i1)
(3) Three types of reaction solution (oligo special target, PCR special target, A-PCR special target) were prepared
for purposes of the hybridization and ligation reactions, and the special target from oligo synthesis was applied to
electrodes A and D, a special target (column purified) which was a PCR product prepared from a genome sample
to electrodes B and E, and a special target (column purified) which was an A-PCR product prepared from a genome
sample to electrodes C and F, each in the amount of 1PL per electrode pin, and hybridization and ligation reactions
performed with the fixed probes. The reaction solution was prepared from the various targets, T4 DNA ligase at a
final concentration of 35 units PL, 1XT4 DNA ligase buffer and only those salts required for hybridization.

(Special targets) 3 types

[0101]

i) Oligo special target: same oligo target as in Example 1
ii) Special target as PCR product:

Special primer:

agctccaactaccacggcctgctgaaaatgactgaatataaacttg (46mer)

Counter-primer: ttctgaattagctgtatcgtcaag (24mer)

[0102] PCR was performed under the conditions described below with the 2 primers described above, using purified
human genome DNA as the template.

1. 95°C, 5 min
2. 95°C, 30 sec
3. 65°C, 30 sec
4. 72°C, 15 sec
5. 2.-4. repeated 30 times
6. 0°C, 3 min

[0103] The PCR product synthesized under these conditions was purified in a column and used as the PCR special
target.

iii) Special target as A-PCR product:
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Special primer:

agctccaactaccacggcctgctgaaaatgactgaatataaacttg (46mer)

[0104] A-PCR was performed under the following conditions using this 1 type of special primer and the PCR product
special target obtained in ii) as the template.

1. 95°C, 5 min
2. 95°C, 30 sec
3. 70°C, 30 sec
4. 72°C, 15 sec
5. 2.-4. repeated 30 times
6. 0°C, 3 min

[0105] The A-PCR product synthesized under these conditions was purified in a column and used as the A-PCR
special target.

(4) Residual reaction solution was removed.
(5) DPV response following hybridization and ligation reactions was measured (i2).

[0106] The results of the above measurements are shown in Table 4 and Figure 11.
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[0107] As shown in Table 4 and Figure 11, in a test of single nucleotide mutation identification in normal human
genome, both the PCR product normal special target and A-PCR product normal special target exhibited a high response
(PCR/31%, A-PCR/36.2%) with the normal probe, similar to results obtained for the oligo normal special target, while
with the single-nucleotide mutation probe only a small response (PCR/10.6%, A-PCR/11.1%) was detected, similar to
that detected with the oligo normal special target. These results show that with the detection method of the present
invention identification of nucleotide mutations is good even using a PCR or A-PCR product, and that it is possible to
detect nucleotide mutations using purified genome DNA as the initial sample.

Example 5:

(Detection of a single nucleotide mutation)

[0108]
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(1) Using gold array electrodes (24 electrodes divided into groups A-D of 6 electrodes each; 1 pin N as control), 2
PL of the following normal probe was applied to the pin tips of electrodes A and C at a concentration of 0.8 pmol/
PL, while 2 PL of the following single nucleotide mutation probe was applied at the same concentration to the pin
tips of electrodes B and D, and fixing performed.

(Fixed probes)

Normal probe

[0109]

i) Structure: HS-(CH2)6 - gttgtcctagcacctgacgcctcgttgtacatcagagacg
ii) Oligonucleotide: Sequence length 40 nucleotides
iii) Electrode fixing part: thiol group
iv) Linker part: alkane chain of carbon number 6
v) Has normal nucleotide as the 3’ end nucleotide (G)

Single nucleotide mutation probe:

[0110]

i) Structure: HS-(CH2)6 - gttgtcctagcacctgacgcctcgttgtacatcagagaca
ii) Oligonucleotide: Sequence length 40 nucleotides
iii) Electrode fixing part: thiol group
iv) Linker part: alkane chain of carbon number 6
v) Has mutant nucleotide as the 3’ end nucleotide (A)

(2) The array electrodes were dipped and washed in a denaturant. The array electrodes were then washed again
in pure water. This served to remove non-specifically bound DNA.
(3) The first DPV measurements were taken at this stage to confirm the amount of probe fixed to the gold electrode
surfaces. Namely, DPV response (i1) after probe fixing was measured for the probe fixed on the gold electrodes
(as single-strand DNA), using a double-strand specific electrochemical reagent solution.
(4) A reaction solution was prepared for simultaneously performing the hybridization and ligation reactions. The
reaction solution contained T4 DNA ligase, 1 X T4 DNA ligase buffer, only those salts required for hybridization,
and 10 pmol/PL of each target (10 pmol/PL each of the special target and conventional 1st and 2nd targets).

(Special targets)

[0111] The special targets from oligo synthesis were constructed with the products obtained from an elongation reaction
of genome DNA (enzyme elongation reaction, PCR reaction, A-PCR reaction) in mind.

Special target:

[0112]

i) Structure: (P)-

ii) Oligonucleotide: sequence length 108 nucleotides
iii) 5’ end nucleotide: phosphoric acid group added
iv) The nucleotide sequence 23-48 nucleotides from the 5’ end is a loop-forming (folding) region
v) The 1st-22nd and 49th-70th nucleotides from the 5’ end are regions which become complementary sequences
when the loop is formed
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vi) The 71st nucleotide counting from the 5’ end is downstream and immediately adjacent to the hybrid region formed
in v) in the special target, and is located so as to correspond to the nucleotide site which causes the mutation (normal
nucleotide is C)
vii) There are 38 nucleotides downstream from the hybrid region formed in v) on the special target, which is constructed
so as to have a complementary sequence of 38 nucleotides with the probe.

[0113] Conventional 1st and 2nd targets:

i) Structure (conventional 1st target):

ii) oligonucleotide: sequence length 86 nucleotides
iii) The 49th nucleotide counting from the 5’ end is downstream and immediately adjacent to the hybrid region formed
in v) in the special target, and is located so as to correspond to the nucleotide site which causes the mutation (normal
nucleotide is C).
iv) The nucleotide sequence 1-26 nucleotides from the 5’ end has the same nucleotides and the same length as
the loop-forming (folding) region in the special target
v) The 27th-48th Nucleotides from the 5’ end and the second target are complementary sequences during hybridization
and form a double strand.
vi) There are 38 nucleotides downstream from the hybrid region formed in v) on the special target, which is constructed
to have a complementary sequence of 38 nucleotides with the probe.

i) Structure (conventional 2nd target): (P)-gagcattttacaccttgaagac
ii) Oligonucleotide: sequence length 22 nucleotides
iii) 5’ end nucleotide: phosphoric acid group added
iv) The 2nd target and the 27th-48th nucleotides counting from the 5’ end of the 1st target are regions of complementary
sequences which form a double strand during hybridization.

(6) Using the special target for electrodes A and B and a mixture of the 1st and 2nd conventional targets for electrodes
C and D, 1 PL of the target was applied to each electrode pin, and hybridization and ligation reactions performed
with the fixed probe. Reactions were performed for 2 hours at room temperature.
(7) Non-specifically bound DNA was removed by the same washing methods used in (3) above.
(8) DVP response was measured (i2) for the hybridization and ligation reactions. (The response for the hybridized
special target is added to the response for the fixed probe, producing a high DPV value.)

[0114] The results of the above measurements are shown in Table 5 and Figure 12.

TABLE 5

PIN No. GROUP i1 (nA) i2 (nA) ∆CRV (%)

1 N -23.1

2 A MEAN 477.8 589.7 23.5
3

4 STANDARD DEVIATION 43.2 54.4 5.4
5

6 COEFFICIENT OF VARIATION 0.1 0.1 0.2
7
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[0115] As shown in Table 5 and Figure 12, using the special target, a specific and obvious significant difference (normal
20.5%, single nucleotide mutation 2.3%) was seen between the ligation reaction values for the normal and single nu-
cleotide mutation probes, showing that the single nucleotide mutation was identified.
[0116] Using the conventional 1st and 2nd targets, on the other hand, the difference while significant was not particularly
large (normal 9.1%, single nucleotide mutation 1.4%), so this method is not suited to detection with a double strand-
specific intercalator. The responses for the conventional 1st and 2nd targets are probably attributable to single-strand
non-specific binding of the intercalator. Therefore, the sensitivity of the detection method of the present invention is
superior to that of conventional methods in analysis using a double-strand specific intercalator.

Example 6:

(Single nucleotide mutation detection)

(A) Preparation of fluorescent micro-array slides

[0117]

(1) A normal probe, hetero probe (1:1 mixture of normal and single nucleotide mutation probes) and single nucleotide
mutation probe were spotted onto the surface of slide glass for purposes of fluorescent micro-array, and the 5’ end
amino group of the probe fixed to the glass surface. Spotting was performed using 25 PM of each probe solution,
11 spots per probe, forming round spots 200 Pm in diameter. Normal probe:

i) Structure: NH2-gaatt agctg tatcg tcaag gcact cttgc ctacg ccacc
ii) Oligonucleotide: sequence length 40 nucleotides
iii) Glass surface fixing part: amino group
iv) 3’ end nucleotide is normal nucleotide (C)

Single nucleotide mutation probe:

[0118]

(continued)

PIN No. GROUP i1 (nA) i2 (nA) ∆CRV (%)

8 B MEAN 393.3 405.5 3.1
9

10 STANDARD DEVIATION 24.1 29.9 4.6
11

12 COEFFICIENT OF VARIATION 0.1 0.1 1.5
13

14 C MEAN 433.5 454.5 4.6
15

16 STANDARD DEVIATION 29.4 51.6 6.0
17

18 COEFFICIENT OF VARIATION 0.1 0.1 1.3
19

20 D MEAN 296.8 294.8 1.1
21

22 STANDARD DEVIATION 64.8 45.1 10.1
23

24 COEFFICIENT OF VARIATION 0.2 0.2 9.3
25
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i) Structure: : NH2-gaatt agctg tatcg tcaag gcact cttgc ctacg ccacg
ii) Oligonucleotide: sequence length 40 nucleotides
iii) Glass surface fixing part: amino group
iv) 3’ end nucleotide is mutant nucleotide (G) (2) The micro-array slides were subjected to post-fixing treatment and
washing. Namely, they were washed for 2 minutes with 0.2% SDS, washed twice in ultrapure water, washed for 5
minutes in 0.3N NaOH, washed twice in ultrapure water, boiled for 2 minutes in boiling ultrapure water, immersed
for 3 minutes in chilled ethanol, and dried with compressed nitrogen gas.

(B) Preparation of fluorescent-labeled special target

[0119]

(3) The fluorescent-labeled special target used in the detection method of the present invention was prepared.
Namely, PCR and Asymmetrical-PCR were performed using template DNA, special primer and counter-primer,
aminoallyl dUTP was incorporated into the newly-synthesized oligo DNA, and a mutant target (fluorescent labeled
special target) was prepared according to the aminoallyl method of coupling with the fluorescent material Cy3.

<Fluorescent labeled special target>

Mutant target:

[0120]

i) Structure: (P)-agctc caact accac ggcct gctga aaatg actga atata aactt gtggt agttg gagct cgtgg cgtag gcaag agtgc c
ii) Oligonucleotide: sequence length 82 nucleotides, but with part of the T residue replaced by aminoallyl dUTP and
fluorescent material Cy3 added to the aminoallyl
iii) 5’ end nucleotide: phosphoric acid group added
iv) Nucleotide sequence 16th-45th nucleotides from the 5’ end is loop-forming (folding) region
v) 1st-15th and 46th-60th nucleotides counting from the 5’ end are regions that become complementary sequences
when the loop is formed
vi) The 61th nucleotide from the 5’ end is downstream and immediately adjacent to the hybrid region formed in v)
on the special target, and is positioned so as to correspond to the nucleotide site which causes the mutation (mutant
nucleotide C)
vii) There are 20 nucleotides downstream from the hybrid region formed in v) on the special target, which is constructed
so as to have a sequence of 20 nucleotides complementary with the probe.

<Preparation of fluorescent labeled special target>

[0121]

(4) The mutant special target was first prepared by PCR reaction using mutant template DNA, special primer and
counter-primer. A reaction solution containing 1 X Taq Buffer (for Hot Start), 250 PM of each dNTP, 1 pmol/Pl special
primer, 1 pmol/Pl counter-primer, 0.2 pmol/Pl template DNA and 0.05 unit/Pl Taq polymerase was reacted for 2.5
minutes at 95°C followed by 40 cycles of 30 seconds at 95°C, 30 seconds at 58°C and 10 seconds at 72°C.

Mutant template DNA

[0122]

i) Structure: agctc caact accac ggcct gctga aaatg actga atata aactt gtggt agttg gagct cgtgg cgtag gcaag agtgc
ii) Oligonucleotide: Sequence length 81 nucleotides
iii) 5’ end nucleotide: phopshoric acid group added

Special primer:

[0123]

i) Structure: (P)-agctc caact accac ggcct gctga aaatg actga atata aactt g
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ii) Oligonucleotide: Sequence length 46 nucleotides
iii) 5’ end nucleotide: phosphoric acid group added

Counter primer:

[0124]

i) Structure: ggcac tcttg cctac gccac
ii) Oligonucleotide: sequence length 20 nucleotides

(5) Asymmetrical-PCR was performed using the PCR product and special primer obtained in (4) to obtain a target
labeled with aminoallyl dUTP. A reaction solution containing 1 X Taq Buffer (for Hot Start), 250 PM each of dGTP,
dCTP and dATP, 150 PM dTTP, 100 PM aminoallyl dUTP, 1 pmol/Pl special primer, 1/10 volume of PCR product
and 0.05 unit/Pl Taq polymerase was reacted for 2.5 minutes at 95°C followed by 40 cycles of 30 seconds at 95°C,
30 seconds at 68.4°C and 10 seconds at 72°C.
(6) The fluorescent material Cy3 was coupled to the aminoallyl dUTP-labeled target obtained in (5). Namely, Asym-
metrical-PCR product which had been desalted and concentrated in a Microcon-10 column was dried in a speed
vac, re-dissolved in 0.1M NaHCO3 Buffer (pH 9.0), and mixed with Cy3 which had been dissolved in DMSO and
dried in a speed vac, and a Cy3 incorporation reaction performed for 1 hour at room temperature. After the reaction
4M Hydroxylamine was added, the Cy3 was inactivated for 15 minutes at room temperature, and the unreacted
dNTP and inactivated Cy3 were removed in a Microcon-10 column and a fluorescent labeled special target produced
by concentration.

(C) Hybridization and ligation reactions

[0125]

(7) A reaction solution was prepared for simultaneously performing the hybridization and ligation reactions. The
reaction solution contained T4 DNA ligase at a final concentration of 35 units/PL, 1 X T4 DNA ligase buffer, only
those salts required for hybridization, and 0.7 times volume of the fluorescent labeled special target.
(8) Cover glass was laid over the spots on the micro-array slides, the reaction liquid of (7) was poured in the gaps,
and hybridization and ligation reactions were performed with the fixed probe. The reactions were performed for 2
hours at room temperature.
(9) Following removal of the cover glass in pure water, the slides were washed in flowing ultrapure water, dried with
N2 gas and dip washed for 10 minutes in 0.1M NaOH 1.5M KCl to remove the non-specifically bound DNA. They
were then again washed in flowing ultrapure water, dried with N2 gas and subjected to array analysis.
(10) The micro-array slides were scanned using a GenePix 2505B micro-array scanner to obtain scan images which
were converted to numbers with a GenePix Pro.
(11) (Signal median - background median) was calculated from the numerical data, and mean and standard deviation
calculated and used as the test results. (Results show the fluorescent strength of fluorescent-labeled special target
ligated to the fixed probe.)

[0126] The results of the above measurements are shown in Table 6 and Figure 13.
[0127] As shown in Table 6 and Figure 13, specific and strong fluorescence was measured from the spots of the single
nucleotide mutation K-ras M probe, which was completely complementary to the mutant target, while the fluorescence
observed from the normal probe K-ras W spots was below background levels. This shows that the detection method of
the present invention can detect single nucleotide mutations even when analysis is with fluorescent micro-array slides.
The fluorescence values for the K-ras H hetero probe fell roughly between those of the normal and single nucleotide
mutation probes, which indicates that the method is effective even in hetero analysis.

TABLE 6

DETECTION PROBE TYPE MEAN FLUORESCENCE STRENGTH STANDARD DEVIATION

K-ras W -3666 723

K-ras H 3587 859

K-ras M 9297 680
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EXPLANATION OF PROBES :

[0128]

K-ras W : NORMAL GENE DETECTION PROBE
K-ras H : HETERO MUTATION GENE DETECTION PROBE
K-ras M: HOMO MUTATION GENE DETECTION PROBE

Example 7:

(Single nucleotide deletion detection)

(A) Preparation of fluorescent micro-array slides

[0129]

(1) A normal probe, hetero probe (1:1 mixture of normal and single nucleotide deletion probes) and single nucleotide
deletion probe were spotted onto the surface of slide glass for purposes of fluorescent micro-array, and the 5’ end
amino group of the probe fixed to the glass surface. Spotting was performed using 25 PM of each probe solution,
11 spots per probe, forming round spots 200 Pm in diameter. Normal probe:

i) Structure: NH2-
tggaggtacttttcagccaggatgtaacattggagaag
ii) Oligonucleotide: sequence length 38 nucleotides
iii) Glass surface fixing part: amino group
iv) 3’ end nucleotide is normal nucleotide (G)

Single.nucleotide deletion probe:

[0130]

i) Structure: : NH2-
atggaggtacttttcagccaggatgtaacattggagaa
ii) Oligonucleotide: sequence length 38 nucleotides
iii) Glass surface fixing part: amino group
iv) 3’ end has one nucleotide missing from the normal probe

(2) The micro-array slides were subjected to post-fixing treatment and washing. Namely, they were washed for 2
minutes with 0.2% SDS, washed twice in ultrapure water, washed for 5 minutes in 0.3N NaOH, washed twice in
ultrapure water, boiled for 2 minutes in boiling ultrapure water, immersed for 3 minutes in chilled ethanol, and dried
with compressed nitrogen gas.

(B) Preparation of fluorescent-labeled special target

[0131]

(3) The fluorescent-labeled special target used in the detection method of the present invention was prepared.
Namely, PCR and Asymmetrical-PCR were performed using template DNA, special primer and counter-primer,
aminoallyl dUTP was incorporated into the newly-synthesized oligo DNA, and a normal target (fluorescent labeled
special target) was prepared according to the aminoallyl method of coupling with the fluorescent material Cy3.

<Fluorescent labeled special target>

Normal target:

[0132]

i) Structure: (P)-ctatc cgcgt gattg cctaa ataat attta cctcc aagtc ctctc tctgc aatca cgcgg atagc ttctc caatg ttaca tcctg gc
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ii) Oligonucleotide: sequence length 87 nucleotides, but part of the T residue is replaced by aminoallyl dUTP, and
fluorescent material Cy3 is added to the aminoallyl
iii) 5’ end nucleotide: phosphoric acid group added
iv) Sequence of 17th-48th nucleotides from the 5’ end are loop-forming (folding) region
v) 1st-16th and 49th-64th nucleotides counting from the 5’ end are regions which become complementary sequences
when the loop is formed
vi) the 65th nucleotide from the 5’ end is downstream and immediately adjacent to the hybrid region formed in v) in
the special target, and is located so as to correspond to the nucleotide site which causes the mutation (normal
nucleotide is C),
vii) There are 22 nucleotides downstream from the hybrid region formed in v) on the special target, which is constructed
to have a complementary sequence of 22 nucleotides with the probe.

<Preparation of fluorescent labeled special target>

[0133]

(4) The normal target was first prepared by PCR reaction using the respective normal template DNA, special primer
and counter-primer. A reaction solution containing 1 X Taq Buffer (for Hot Start), 250 PM of each dNTP, 1 pmol/Pl
special primer, 1 pmol/Pl counter-primer, 0.2 pmol/Pl template DNA, and 0.05 unit/Pl Taq polymerase was reacted
for 2.5 minutes at 95°C followed by 40 cycles of 30 seconds at 95°C, 30 seconds at 58°C and 10 seconds at 72°C.

[0134] Normal template DNA:

i) Structure: ctatc cgcgt gattg cctaa ataat attta cctcc aagtc ctctc tctgc aatca cgcgg atagc ttctc caatg ttaca tcctg gc
ii) Oligonucleotide: sequence length 87 nucleotides
iii) 5’ end nucleotide: phosphoric acid group added

Special primer:

[0135]

i) Structure:-ctatc cgcgt gattg cctaa ataat attta cctcc aagtc ctctc tct
ii) Oligonucleotide: sequence length 48 nucleotides
iii) 5’ end nucleotide: phosphoric acid group added

Counter primer:

[0136]

i) structure;gccag gatgt aacat tggag aa
ii) Oligonucleotide: sequence length 22 nucleotides

(5) An aminoallyl dUTP-labeled target was obtained by Asymmetrical-PCR using the special primer and PCR product
obtained in (4). A reaction solution containing 1 X Taq Buffer (for Hot Start), 250 PM each of dGTP, dCTP and dATP,
150 PM dTTP, 100 PM aminoallyl dUTP, 1 pmol/Pl special primer, 1/10 volume of PCR product and 0.05 unit/Pl
Taq polymerase was reacted for 2.5 minutes at 95°C followed by 40 cycles of 30 seconds at 95°C, 30 seconds at
70°C and 10 seconds at 72°C.
(6) The fluorescent material Cy3 was coupled to the aminoallyl dUTP-labeled target obtained in (5). Namely, Asym-
metrical-PCR product which had been desalted and concentrated in a Microcon-10 column was dried in a speed
vac, re-dissolved in 0.1M NaHCO3 Buffer (pH 9.0), and mixed with Cy3 which had been dissolved in DMSO and
dried in a speed vac, and a Cy3 incorporation reaction performed for 1 hour at room temperature. After the reaction
4M Hydroxylamine was added, the Cy3 was inactivated for 15 minutes at room temperature, and the unreacted
dNTP and inactivated Cy3 were removed in a Microcon-10 column and a fluorescent labeled special target produced
by concentration. (C) Hybridization and ligation reactions
(7) A reaction solution was prepared for simultaneously performing the hybridization and ligation reactions. The
reaction solution contained T4 DNA ligase at a final concentration of 35 units/PL, 1 X T4 DNA ligase buffer, salts,
and 0.7 times volume of the fluorescent labeled special target.
(8) Cover glass was laid over the spots on the micro-array slides, the reaction liquid of (7) was poured into the gaps,
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and hybridization and ligation reactions were performed with the fixed probe. The reactions were performed for 2
hours at room temperature.
(9) Following removal of the cover glass in pure water, the slides were washed in flowing ultrapure water, dried with
N2 gas and dip washed for 10 minutes in 0.1M NaOH 1.5M KCl to remove the non-specifically bound DNA. They
were then again washed in flowing ultrapure water, dried with N2 gas and subjected to array analysis.
(10) The micro-array slides were scanned using a GenePix 2505B micro-array scanner to obtain scan images which
were converted to numerical data with a GenePix Pro.
(11) (Signal median - background median) was calculated from the numerical data, and mean and standard deviation
calculated and used as the test results. (Results show the fluorescent strength of fluorescent-labeled special target
ligated to the fixed probe.)

[0137] The results of the above measurements are shown in Table 7 and figure 14.

EXPLANATION OF PROBES:

[0138]

LPL W : NORMAL GENE DETECTION PROBE
LPL+arita H : HETERO MUTANT GENE DETECTION PROBE
arita M : HOMO MUTANT GENE DETECTION PROBE

[0139] As shown in Table 7 and Figure 14, specific and strong fluorescence was measured from the spots of normal
LPL W probe, which was completely complementary to the normal target, while the fluorescence observed from the
single nucleotide deletion arita M probe spots was comparatively weak. This shows that the detection method of the
present invention can detect single nucleotide deletions even when analysis is with fluorescent micro-array slides. The
fluorescence values for the LPL + arita H hetero probe fell roughly between those of the normal and single nucleotide
mutation probes, which indicates that the method is effective even in hetero analysis, thus supporting the superiority of
the detection method of the present invention.

Example 8:

(Translocation detection)

(A) Preparation of fluorescent micro-array slides

[0140]

(1) Translocation detection and normal probes were spotted onto slide glass for purposes of fluorescent micro-array,
and the amino groups at the 5’ ends of the probes were fixed to the glass. Spotting was performed using 25 PM of
each probe solution, 11 spots per probe, forming round spots 200 Pm in diameter.

Translocation detection probe:

[0141]

i) Structure: NH2-catcg tccac tcagc cactg gattt aagca gagtt caa
ii) Oligonucleotide: sequence length 38 nucleotides
iii) Glass surface fixing part: amino group
iv) BCR nucleotide sequence with 3’ end immediately upstream from BCRABL translocation spot

TABLE 7

DETECTION PROBE TYPE MEAN FLUORESCENT STRENGTH STANDARD DEVIATION

LPL W 9042 664

LPL+arita H 5704 761

arita M 2570 670
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Normal probe:

[0142]

i) Structure: NH2-gaagg ggctg tcctc gtcct ccagc tgtta tctgg aag
ii) Oligonucleotide: Sequence length 38 nucleotides
iii) Glass surface fixing part: amino group
iv) ABL nucleotide sequence with the 3’ end immediately upstream from BCRABL translocation spot in the normal
ABL nucleotide sequence

(2) The micro-array slides were subjected to post-fixing treatment and washing. Namely, they were washed for 2
minutes with 0.2% SDS, washed twice in ultrapure water, washed for 5 minutes in 0.3N NaOH, washed twice in
ultrapure water, boiled for 2 minutes in boiling ultrapure water, immersed for 3 minutes in chilled ethanol, and dried
with compressed nitrogen gas.

(B) Preparation of fluorescent-labeled special target

[0143]

(3) The fluorescent-labeled special target used in the detection method of the present invention was prepared.

[0144] Namely, PCR and Asymmetrical-PCR were performed using template DNA, special primer and counter-primer,
aminoallyl dUTP was incorporated into the newly-synthesized oligo DNA, and a translocated target (fluorescent labeled
special target) was prepared according to the aminoallyl method of coupling with the fluorescent material Cy3.

<Fluorescent labeled special target>

Translocated target:

[0145]

i) Structure: (P)-aagcc cttca gcggc cctga ggctc aaagt cagat gctac tggcc tctga agggc ttttg aactc tgctt aaatc cagtg
ii) Oligonucleotide: sequence length 80 nucleotides, but with part of T residue replaced by aminoallyl dUTP, and
fluorescent material Cy3 added to the aminoallyl
iii) 5’ end nucleotide: phosphoric acid group added
iv) The nucleotide sequence of 17th-41st nucleotides from the 5’ end is a loop-forming (folding) region
v) The 1st-16th and 42nd-57th nucleotides counting from the 5’ end are regions which become complementary
sequences when the loop is formed
vi) The 58th nucleotide from the 5’ end is downstream and immediately adjacent to the hybrid region formed in v)
in the special target, and is located so as to correspond to the nucleotide site which causes the translocation
(nucleotide of translocated form is T)
vii) There are 22 nucleotides downstream from the hybrid region formed in v) on the special target, which is constructed
to have a sequence of 22 nucleotides complementary to the translocation detection probe.

<Preparation of fluorescent labeled special target>

[0146]

(4) The translocated special target was first prepared by PCR reaction using translocated template DNA, special
primer and counter-primer. A reaction solution containing 1 X Taq Buffer (for Hot Start), 250 PM of each dNTP, 1
pmol/Pl special primer, 1 pmol/Pl counter-primer, 0.2 pmol/Pl template DNA, and 0.05 unit/Pl Taq polymerase was
reacted for 2.5 minutes at 95°C followed by 40 cycles of 30 seconds at 95°C, 30 seconds at 58°C and 10 seconds
at 72°C. Translocated template DNA

i) Structure:aagcc cttca gcggc cctga ggctc aaagt cagat gctac tggcc tctga agggc ttttg aactc tgctt aaatc cagtg
gctga gtgga cgatg acatt cagaa accca tagag cc
ii) Oligonucleotide: sequence length 117 nucleotides
iii) 5’ end nucleotide: phosphoric acid group added
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Special primer:

[0147]

i) Structure:-aagcc cttca gcggc cctga ggctc aaagt cagat gctac tg
ii) Oligonucleotide: sequence length 42 nucleotides
iii) 5’ end nucleotide: phosphoric acid group added

Counter-primer:

[0148]

i) Structure: cactg gattt aagca gagtt ca
ii) Oligonucleotide: sequence length 22 nucleotides

(5) Asymmetrical-PCR was performed using the PCR product and special primer obtained in (4) to obtain a target
labeled with aminoallyl dUTP. A reaction solution containing 1 X Taq Buffer (for Hot Start), 250 PM each of dGTP,
dCTP and dATP, 150 PM dTTP, 100 PM aminoallyl dUTP, 1 pmol/Pl special primer, 1/10 volume of PCR product
and 0.05 unit/Pl Taq polymerase was reacted for 2.5 minutes at 95°C followed by 40 cycles of 30 seconds at 95°C,
30 seconds at 70°C and 10 seconds at 72°C.
(6) The fluorescent material Cy3 was coupled to the aminoallyl dUTP-labeled target obtained in (5). Namely, Asym-
metrical-PCR product which had been desalted and concentrated in a Microcon-10 column was dried in a speed
vac, re-dissolved in 0.1M NaHCO3 Buffer (pH 9.0), and mixed with Cy3 which had been dissolved in DMSO and
dried in a speed vac, and a Cy3 incorporation reaction performed for 1 hour at room temperature. After the reaction
4M Hydroxylamine was added, the Cy3 was inactivated for 15 minutes at room temperature, and the unreacted
dNTP and inactivated Cy3 were removed in a Microcon-10 column and a fluorescent labeled special target produced
by concentration.

(C) Hybridization and ligation reactions

[0149]

(7) A reaction solution was prepared for simultaneously performing the hybridization and ligation reactions. The
reaction solution contained T4 DNA ligase at a final concentration of 35 units/PL, 1 X T4 DNA ligase buffer, salts,
and 0.7 times volume of the fluorescent labeled special buffer.
(8) Cover glass was laid over the spots on the micro-array slides, the reaction liquid of (7) was poured in the gaps,
and hybridization and ligation reactions were performed with the fixed probe. The reactions were performed for 2
hours at room temeprature.
(9) Following removal of the cover glass in pure water, the slides were washed in running ultrapure water, dried with
N2 gas and dip washed for 10 minutes in 0.1M NaOH 1.5M KCl to remove the non-specifically bound DNA. They
were then again washed in running ultrapure water, dried with N2 gas and subjected to array analysis.
(10) The micro-array slides were scanned using a GenePix 2505B micro-array scanner to obtain scan images which
were converted to numerical data with a GenePix Pro.
(11) (Signal median - background median) was calculated from the numerical data, and mean and standard deviation
calculated and used as the test results. (Results show the fluorescent strength of fluorescent-labeled special target
ligated to the fixed probe.)

[0150] The results of the above measurements are shown in Table 8 and Figure 15.

TABLE 8

DETECTION PROBE TYPE MEAN FLUORESCENT STRENGTH STANDARD DEVIATION

BCRABL 16585 1364

ABL -688 202
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EXPLANATION OF PROBES :

[0151]

BCRABL : TRANSLOCATION MUTATION DETECTION PROBE
ABL : NORMAL ABL GENE DETECTION PROBE

[0152] As shown in Table 8 and Figure 15, specific and strong fluorescence was measured from the spots of the
BCRABL translocation detection probe, which was completely complementary to the translocated target, while the
fluorescence observed from the normal ABL probe spots hardly exceeded background levels. This shows that the
detection method of the present invention can detect translocations even when analysis is with fluorescent micro-array
slides.

INDUSTRIAL APPLICABILITY

[0153] With the detection method of the present invention it is possible to detect and assay nucleotides at specific
locations in a DNA, RNA or other nucleotide sequence, and to rapidly analyze a variety of nucleotide mutations including
single nucleotide mutations, multiple nucleotide mutations, nucleotide deletion mutations, nucleotide insertion mutations
and translocation mutations.

Sequence Listing

[0154]

<110>TUM Gene Inc.
<120>Method of detecting nucleotide mutations
<160>
<210>1
<211>40
<212>DNA
<213>human
<400> 1
gaattagctg tatcgtcaag gcactcttgc ctacgccacc
<210>2
<211>40
<212>DNA
<213>human
<400>2
gaattagctg tatcgtcaag gcactcttgc ctacgccacg
<210>3
<211>80
<212>DNA
<213> human
<400>3

<210>4
<211>80
<212>DNA
<213>human
<400>4
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<210>5
<211>40
<212>DNA
<213>human
<400>5
tgaattagct gtatcgtcaa ggcactcttg cctacgccac
<210>6
<211>46
<212>DNA
<213>human
<400>6
agctccaact accacggcct gctgaaaatg actgaatata aacttg
<210>7
<211>24
<212>DNA
<213>human
<400>7
ttctgaatta gctgtatcgt caag
<210>8
<211>46
<212>DNA
<213>human
<400>8
agctccaact accacggcct gctgaaaatg actgaatata aacttg
<210>9
<211>40
<212>DNA
<213>human
<400>9
gttgtcctag cacctgacgc ctcgttgtac atcagagacg
<210>10
<211>40
<212>DNA
<213>human
<400>10
gttgtcctag cacctgacgc ctcgttgtac atcagagaca
<210>11
<211>108
<212>DNA
<213>human
<400>11

<210>12
<211>86
<212>DNA
<213>human
<400>12

<210>13
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<211 >22
<212>DNA
<213>human
<400>13
gagcatttta caccttgaag ac
<210>14
<211>40
<212>DNA
<213>human
<400>14
gaattagctg tatcgtcaag gcactcttgc ctacgccacc
<210>15
<211>40
<212>DNA
<213>human
<400>15
gaattagctg tatcgtcaag gcactcttgc ctacgccacg
<210>16
<211>82
<212>DNA
<213>human
<400>16

<210>17
<211>81
<212>DNA
<213>human
<400>17

<210>18
<211>46
<212>DNA
<213>human
<400>18
agctccaact accacggcct gctgaaaatg actgaatata aacttg
<210>19
<211>20
<212>DNA
<213> human
<400>19
ggcactcttg cctacgccac
<210>20
<211>38
<212>DNA
<213>human
<400>20
tggaggtact tttcagccag gatgtaacat tggagaag
<210>21
<211>38
<212>DNA
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<213>human
<400>21
atggaggtac ttttcagcca ggatgtaaca ttggagaa
<210>22
<211>87
<212>DNA
<213>human
<400>22

<210>23
<211>87
<212>DNA
<213>human
<400>23

<210>24
<211>48
<212>DNA
<213>human
<400>24
ctatccgcgt gattgcctaa ataatattta cctccaagtc ctctctct
<210>25
<211>38
<212>DNA,
<213>human
<400>25
catcgtccac tcagccactg gatttaagca gagttcaa
<210>26
<211>38
<212>DNA
<213>human
<400>26
gaaggggctg tcctcgtcct ccagctgtta tctggaag
<210>27
<211>80
<212>DNA
<213>human
<400>27

<210>28
<211>117
<212>DNA
<213>human
<400>28
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<210>29
<211>42
<212>DNA
<213 >human
<400>29
aagcccttca gcggccctga ggctcaaagt cagatgctac tg
<210>30
<211>22
<212>DNA
<213>human
<400>30
cactggattt aagcagagtt ca

Claims

1. A method of detecting a nucleotide mutation comprising the following steps (A)-(H):

(A) a step of producing a special primer and a counter primer, wherein (1)the special primer has a nucleotide
sequence (region A) complementary to part of nucleic acids to be detected that includes the nucleotide mutation,
(2) the special primer has a nucleotide sequence (region B’) added to the 5’ end of region A, said nucleotide
sequence being complementary to a nucleotide sequence (region B) adjacent to the 5’ end side of a nucleotide
site corresponding to the mutation site, in a nucleotide sequence formed at the 3’ end of the special primer after
elongation, and (3) the special primer and the counter primer are produced so that the nucleotide site corre-
sponding to the mutation site of the nucleic acids to be detected that include the nucleotide mutation will be
located within the nucleotide sequence formed at the 3’ end of the special primer after elongation;
(B) a step of producing a target by subjecting the special primer and the counter primer to an elongation reaction
using polymerase or Klenow enzyme;
(C) a step of then denaturing the target to a single strand, and subjecting this target to a hybridization reaction
with a probe wherein the probe has more than a 20 nucleotide sequence length of oligonucleotide comprising
a nucleotide sequence complementary to the nucleotide site corresponding to the mutation site at the 3’ end;
(D) a step of then subjecting the target to a ligation reaction with the probe;
(E) a step of washing or denaturing the ligated target and probe;
(F) a step of forming a double strand between the ligated target and probe;
(G) a step of subjecting an intercalator to the double-strand; and
(h) a step of detecting the intercalator.

2. The method according to Claim 1, wherein the counter-primer is designed so that the Tm setting of the counter
primer region is lower than that of region A of the special primer and higher than that of region B’ of the special primer.

3. The method according to claim 1, wherein the probe is fixed to solid phases so that one type of probe corresponds
to one solid phase.

4. The nucleotide mutation detection method according to Claim 3, wherein the probe has a solid phase fixing part
comprising a thiol group, and a linker part between the two comprising an alkane chain.

5. The method according to Claim 1, wherein the single-strand target is fluorescent labeled, and the hybridization and
ligation reactions are performed using the fluorescent labeled target.

6. The method according to Claim 5, wherein a hetero probe which is a mixture of a normal probe having the normal
nucleotide sequence and a probe having the nucleotide mutation is used as the probe.

7. The method according to Claim 1, wherein the hybridization reaction is performed using a solution containing at
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least salts for hybridization of the nucleic acids.

8. The method according to Claim 1, wherein the ligation reaction is performed using a synthetic enzyme solution
containing at least salts sufficient to prevent dissociation of the double-strand nucleic acids formed by hybridization,
DNA ligase, and the corresponding DNA ligase buffer solution.

9. The method according to Claim 1, wherein the hybridization and ligation reactions are performed simultaneously
using a synthetic enzyme solution containing at least DNA ligase and the corresponding DNA ligase buffer solution.

10. The method according to Claim 1, employing a detection chip having a single or multiple types of probes corre-
sponding to a nucleotide sequence that is expected to exist at the mutation site of the nucleic acids to be detected
that include the nucleotide mutation.

11. The method according to Claim 10, wherein the detection chip is a DNA chip.

12. The method according to any one of claims 1-11, wherein the mutation is single nucleotide polymorphism.

13. The method according to any one of claims 1-11, wherein the mutation is short nucleotide tandem repeat mutation.

14. The method according to any one of claims 1-11, wherein the mutation is nucleotide deletion mutation.

15. The method according to any one of claims 1-11, wherein the mutation is nucleotide insertion mutation.

16. The method according to any one of claims 1-15, wherein the intercalator is an electrochemically active intercalator.

17. The method according to claim 16, wherein the electrochemical response of the electrochemically active intercalator
is detected with an electrode.

Patentansprüche

1. Verfahren zur Detektion einer Nukleotidmutation, umfassend die folgenden Schritte (A) - (H):

(A) einen Schritt der Herstellung eines speziellen Primers und eines Gegenprimers, wobei (1) der spezielle
Primer eine Nukleotidsequenz (Region A) komplementär zu einem Teil von zu detektierenden Nukleinsäuren
aufweist, welcher die Nukleotidmutation beinhaltet, (2) der spezielle Primer eine Nukleotidsequenz (Region B’)
angefügt an das 5’-Ende der Region A aufweist, wobei diese Nukleotidsequenz komplementär zu einer Nu-
kleotidsequenz (Region B) ist, welche an das 5’-Ende einer mit der Mutationsstelle übereinstimmenden Nu-
kleotidstelle angrenzt, in einer Nukleotidsequenz, welche am 3’-Ende des speziellen Primers nach Elongation
gebildet wird, und (3) der spezielle Primer und der Gegenprimer derart hergestellt sind, dass die Nukleotidstelle,
welche mit der Mutationsstelle der zu detektierenden Nukleinsäuren übereinstimmt, welche die Nukleotidmu-
tation beinhalten, innerhalb der am 3’-Ende des speziellen Primers nach der Elongation gebildeten Nulcleotid-
sequenz liegen wird,
(B) einen Schritt der Herstellung eines Targets durch Aussetzung des speziellen Primers und des Gegenprimers
einer Elongationsreaktion unter Verwendung von Polymerase oder Klenowenzym,
(C) einen Schritt der anschließenden Denaturierung des Targets zu einem einfachen Strang, und Aussetzen
dieses Targets einer Hybridisierungsreaktion mit einer Probe, wobei die Probe mehr als 20 Nukleotidsequenz-
längen an Oligonukleotiden aufweist, umfassend eine Nukleotidsequenz, welche komplementär zu der Nukleo-
tidstelle ist, welche mit der Mutationsstelle am 3’-Ende übereinstimmt,
(D) einen Schritt der anschließenden Aussetzung des Targets einer Ligierungsreaktion mit der Probe,
(E) einen Schritt des Waschens oder Denaturierens des ligierten Targets und der Probe,
(F) einen Schritt des Formens eines Doppelstrangs zwischen dem ligierten Target und der Probe,
(G) einen Schritt des Aussetzens eines Interkalators dem Doppelstrang und
(H) einen Schritt des Detektierens des Interkalators.

2. Verfahren gemäß Anspruch 1, wobei der Gegenprimer derartig beschaffen ist, dass die Einstellung der Ts der
Gegenprimerregion niedriger ist als die der Region A des speziellen Primers und höher als die der Region B’ des
speziellen Primers.
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3. Verfahren gemäß Anspruch 1, wobei die Probe derart an feste Phasen gebunden ist, dass eine Art der Probe mit
einer festen Phase übereinstimmt.

4. Nukleotidmutationsdetektionsverfahren gemäß Anspruch 3, wobei die Probe einen Festphasenfixierungsbestandteil
aufweist, umfassend eine Thiolgruppe und einen Linkerbestandteil, welche eine Alkankette umfasst, zwischen den
beiden.

5. Verfahren gemäß Anspruch 1, wobei das einfachsträngige Target fluoreszenzmarkiert ist und die Hybridisierungs-
und die Ligierungsreaktionen unter Verwendung des fluoreszenzmarkierten Targets durchgeführt werden.

6. Verfahren nach Anspruch 5, wobei eine Heteroprobe, welche eine Mischung einer normalen Probe mit einer normalen
Nukleotidsequenz und einer Probe mit der Nukleotidmutation ist, als Probe verwendet wird.

7. Verfahren nach Anspruch 1, wobei die Hybridisierungsreaktion unter Verwendung einer Lösung durchgeführt wird,
welche wenigstens Salze zur Hybridisierung der Nukleinsäuren enthält.

8. Verfahren gemäß Anspruch 1, wobei die Ligierungsreaktion durchgeführt wird unter Verwendung einer synthetischen
Enzymlösung, welche wenigstens genügend Salze, um die Dissoziierung der durch die Hybridisierung gebildeten
doppelsträngigen Nukleinsäuren zu verhindern, DNA-Ligase und die entsprechende DNA-Ligase-Pufferlösung ent-
hält.

9. Verfahren gemäß Anspruch 1, wobei die Hybridisierungs- und Ligierungsreaktionen gleichzeitig unter Verwendung
einer synthetischen Enzymlösung, welche wenigstens DNA-Ligase und die entsprechende DNA-Ligase-Pufferlö-
sung enthält, durchgeführt werden.

10. Verfahren gemäß Anspruch 1 unter Verwendung eines Detektionschips mit einem einfachen oder multiplen Pro-
bentyp, welcher mit einer Nukleotidsequenz übereinstimmt, von der erwartet werden kann, dass sie an der Mutati-
onsstelle der zu detektierenden Nukleinsäuren, welche die Nukleotidmutation enthalten, existiert.

11. Verfahren gemäß Anspruch 10, wobei der Detektionschip ein DNA-Chip ist.

12. Verfahren gemäß irgendeinem der Ansprüche 1-11, wobei die Mutation ein Einzelnukleotid-Polymorphismus ist.

13. Verfahren gemäß irgendeinem der Ansprüche 1-11, wobei die Mutation eine short tandem repeat-Mutation ist.

14. Verfahren gemäß irgendeinem der Ansprüche 1-11, wobei die Mutation eine Nukleotiddeletionsmutation ist.

15. Verfahren gemäß irgendeinem der Ansprüche 1-11, wobei die Mutation eine Nukleotidinsertionsmutation ist.

16. Verfahren gemäß irgendeinem der Ansprüche 1-15, wobei der Interkalator ein elektrochemisch aktiver Interkalator
ist.

17. Verfahren gemäß Anspruch 16, wobei die elektrochemische Antwort des elektrochemisch aktiven Interkalators mit
einer Anode detektiert wird.

Revendications

1. Méthode de détection d’une mutation de nucléotides, comprenant les étapes (A)-(H) suivantes :

(A) une étape de production d’une amorce particulière et d’une contre-amorce particulière, dans laquelle (1)
l’amorce particulière a une séquence de nucléotides (région A) complémentaire d’une partie d’acides nucléiques
à détecter qui comprend la mutation de nucléotides, (2) l’amorce particulière a une séquence de nucléotides
(région B’) ajoutée à l’extrémité 5’ de la région A, ladite séquence de nucléotides étant complémentaire d’une
séquence de nucléotides (région B) adjacente à l’extrémité du côté 5’ d’un site nucléotidique correspondant au
site de mutation, dans une séquence de nucléotides formée à l’extrémité 3’ de l’amorce particulière après
allongement, et (3) l’amorce particulière et la contre-amorce sont produites de telle sorte que le site nucléotidique
correspondant au site de mutation des acides nucléiques à détecter qui comprend la mutation nucléotidique



EP 1 550 718 B1

37

5

10

15

20

25

30

35

40

45

50

55

soit situé à l’intérieur de la séquence de nucléotides formée à l’extrémité 3’ de l’amorce particulière après
allongement ;
(B) une étape de production d’une cible en soumettant l’amorce particulière et la contre-amorce à une réaction
d’allongement en utilisant une polymérase ou enzyme de Klenow ;
(C) une étape consistant ensuite à dénaturer la cible en un brin simple, et à soumettre cette cible à une action
d’hybridation avec une sonde, dans laquelle la sonde a une longueur de séquence d’oligonucléotide de plus
de 20 nucléotides comprenant une séquence de nucléotides complémentaire du site nucléotidique correspon-
dant au site de mutation à l’extrémité 3’ ;
(D) une étape consistant ensuite à soumettre la cible à une réaction de ligation avec la sonde ;
(E) une étape de lavage ou de dénaturation de la cible et de la sonde ayant subi la ligation ;
(F) une étape de formation d’un brin double entre la cible et la sonde ayant subi la ligation ;
(G) une étape consistant à soumettre un agent d’intercalation au brin double ; et
(H) une étape de détection de l’agent d’intercalation.

2. Méthode suivant la revendication 1, dans laquelle la contre-amorce est conçue de telle sorte que la valeur choisie
de Tm de la région de contre-amorce soit inférieure à celle de la région A de l’amorce particulière et supérieure à
celle de la région B’ de l’amorce particulière.

3. Méthode suivant la revendication 1, dans laquelle la sonde est fixée à des phases solides de telle sorte qu’un type
de sonde corresponde à une phase solide.

4. Méthode de détection d’une mutation de nucléotides suivant la revendication 3, dans laquelle la sonde possède
une partie de fixation à une phase solide comprenant un groupe thiol, et une partie de segment de liaison entre les
deux comprenant une chaîne alcane.

5. Méthode suivant la revendication 1, dans laquelle la cible monocaténaire est marquée par fluorescence, et les
réactions d’hybridation et de ligation sont effectuées en utilisant la cible marquée fluorescente.

6. Méthode suivant la revendication 5, dans laquelle une hétérosonde qui est un mélange d’une sonde normale ayant
la séquence de nucléotides normale et d’une sonde ayant la mutation de nucléotides est utilisée comme sonde.

7. Méthode suivant la revendication 1, dans laquelle la réaction d’hybridation est effectuée en utilisant une solution
contenant au moins des sels pour l’hybridation des acides nucléiques.

8. Méthode suivant la revendication 1, dans laquelle la réaction de ligation est effectuée en utilisant une solution
d’enzyme synthétique contenant au moins des sels suffisants pour empêcher la dissociation des acides nucléiques
bicaténaires formés par hybridation, une ADN-ligase, et la solution tampon d’ADN-ligase correspondante.

9. Méthode suivant la revendication 1, dans laquelle les réactions d’hybridation et de ligation sont effectuées simulta-
nément en utilisant une solution d’enzyme synthétique contenant au moins une ADN-ligase et la solution tampon
d’ADN-ligase correspondante.

10. Méthode suivant la revendication 1, utilisant une puce de détection comprenant un type unique ou des types multiples
de sondes correspondant à une séquence de nucléotides dont l’existence est prévue au site de mutation des acides
nucléiques à détecter comprenant la mutation de nucléotides.

11. Méthode suivant la revendication 10, dans laquelle la puce de détection est une puce d’ADN.

12. Méthode suivant l’une quelconque des revendications 1 à 11, dans laquelle la mutation est un polymorphisme de
nucléotide unique.

13. Méthode suivant l’une quelconque des revendications 1 à 11, dans laquelle la mutation est une mutation de segment
répété en tandem de nucléotides court.

14. Méthode suivant l’une quelconque des revendications 1 à 11, dans laquelle la mutation est une mutation par délétion
de nucléotides.

15. Méthode suivant l’une quelconque des revendications 1 à 11, dans laquelle la mutation est une mutation par insertion
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de nucléotides.

16. Méthode suivant l’une quelconque des revendications 1 à 15, dans laquelle l’agent d’intercalation est un agent
d’intercalation électrochimiquement actif.

17. Méthode suivant la revendication 16, dans laquelle la réponse électrochimique de l’agent d’intercalation électrochi-
miquement actif est détectée avec une électrode.
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