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DESCRIPTION 

 

METHOD FOR DETECTING VARIATION OF REFERENCE SEQUENCE IN 

TARGET NUCLEIC ACID REGION 

 5 

TECHNICAL FIELD 

[0001] 

 The present invention relates to a method for detecting 

a variation of a reference sequence in a target nucleic 

acid region using a template-dependent nucleic acid 10 

amplification reaction. 

 

BACKGROUND ART 

[0002] 

 Various methods for detecting a mutation (insertion, 15 

deletion, or substitution) of one or more nucleotides in 

DNA or RNA, that is, a variation of a reference sequence 

(e.g., wild-type sequence) have been reported as follows. 

(1) Nucleotide sequencing 

 In general, for detecting mutations, a nucleic acid to 20 

be analyzed is sequenced and compared with the wild-type 

sequence.  Commonly used sequencing methods include Sanger 

sequencing (dideoxy method) and a series of next-generation 

sequencings (Non Patent Literature 1).  Such a method can 

determine whether or not a sample to be analyzed has 25 

mutations and what kind of mutations the sample has.  

However, this approach requires nucleic acid extraction 

from cells, PCR amplification of the nucleic acid sequence 

of interest, and if necessary, cloning into plasmids etc. 
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before sequencing, and thus is enormously time-consuming 

when applied to detection of genome-edited cells and of 

mutated cells in clinical samples.  Therefore, nucleotide 

sequencing is not suitable at least for screening for 

mutated cells.  There is a need for simpler methods for 5 

screening. 

[0003] 

(2) PCR method using primer for DNA region that is likely 

to be mutated 

 Recent publications report a PCR method using a primer 10 

for a wild-type DNA region that is likely to be mutated and 

another primer which yields an amplified product in 

combination with the above primer (Non Patent Literature 2, 

3, and 4).  In this method, a PCR product is obtained from 

a wild-type DNA, but not a mutant DNA, and this feature is 15 

utilized for detecting a sample containing a mutant DNA.  

In this method, the absence of an amplified product, that 

is, a negative signal indicates the detection of a 

mutation.  However, in consideration that there are many 

factors that may interfere with PCR reactions, this method 20 

has a high possibility that false-positive results occur.  

For accurate detection of a mutation, many samples need to 

be analyzed. 

[0004] 

(3) PCR method using fluorophore- and quencher-labeled 25 

oligonucleotide probe such as TaqMan probe 

 For detecting a mutant DNA, a commonly used approach is 

to add, to a PCR reaction system, an oligonucleotide probe 

that is labeled with a fluorophore (at the 5’ end of the 
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probe) and a quencher (at the 3’ end of the probe) and 

targets a DNA region that is likely to be mutated (Non 

Patent Literature 5 to 7).  In this method, the probe 

anneals to a wild-type DNA template, which causes cleavage 

of the probe by the exonuclease activity of the DNA 5 

polymerase used for PCR.  As a result, the fluorophore and 

the quencher are separated, and fluorescence occurs in the 

reaction system.  In contrast, the probe does not anneal to 

a mutant DNA template, and fluorescence does not occur.  

For this analysis, a real-time PCR cycler or a digital PCR 10 

device for fluorescence detection is required.  In 

addition, in the case where a sample contains a wild-type 

DNA and a mutant DNA, fluorescence occurs due to the 

presence of the wild-type DNA in the sample, which makes it 

difficult to use this method for detection of a 15 

heterozygous mutation. 

[0005] 

(4) Surveyor assay 

 In Surveyor assay, initially, a control DNA and a test 

DNA are amplified by PCR.  These DNAs are mixed in a test 20 

tube and subjected to thermal denaturation and subsequent 

annealing.  The annealed DNA is treated with surveyor 

nuclease to cleave at the 3’ side of a mismatch base.  

Through this procedure, it can be determined whether the 

test DNA contains a base that is different from the 25 

corresponding one in the control DNA (Non Patent Literature 

8).  This method usually requires nucleic acid extraction 

from cells and PCR amplification of a nucleic acid sequence 

of interest in advance.  This method is relatively simple 
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and is mainly used to determine genome editing efficiency 

using a DNA extracted from genome-edited cell “population”.  

In this case, a control DNA is not necessary because the 

genome editing efficiency usually does not reach 100%, and 

genome editing occurs in a various manner.  However, for 5 

the detection of individual genome-edited cells, mixing 

with DNA of wild-type cells is needed because otherwise 

homozygous mutations cannot be detected.  For the analysis 

of individual cells, the above-described nucleotide 

sequencing rather than surveyor assay is usually employed 10 

because it is a more direct method than surveyor assay. 

[0006] 

(5) High Resolution Melting Analysis (HRMA) 

 This method detects a difference between nucleotide 

sequences by analysis of the melting curves of PCR products 15 

(Non Patent Literature 9).  This analysis can easily be 

performed but requires an instrument for detecting a 

melting curve (real-time PCR cycler etc.). 

[0007] 

(6) Capillary electrophoresis 20 

 Capillary electrophoresis is performed on PCR products 

containing a mutated region, and their lengths are 

accurately measured, thereby detecting base indels (Non 

Patent Literature 10 and 11).  However, this method is 

time-consuming and requires a capillary electrophoresis 25 

instrument.  Further, this method is not suitable for 

detecting a variation of wild-type because the length of 

the PCR product remains unchanged in the case of 

substitution mutation of nucleotides. 
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[0008] 

 The present inventors have developed and applied for a 

patent on a method for specifically inhibiting nucleic acid 

amplification of a target region in a reaction system 

containing a single-stranded nucleic acid capable of 5 

hybridizing with the target region (Patent Literature 1).  

However, Patent Literature 1 does not describe any method 

for detecting a mutation (variation of a reference 

sequence) in a target nucleic acid region, and there is no 

motivation to use the invention of cited reference 1 for 10 

detecting nucleic acid mutations. 
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SUMMARY OF INVENTION 

TECHNICAL PROBLEM 

[0011] 15 

 An object of the present invention is to provide a 

simple and inexpensive method for detecting a variation of 

a reference sequence in a target nucleic acid region.  

Another object of the present invention is to provide a 

method for detecting deletion, insertion, or substitution 20 

of one or more nucleotides. 

 

SOLUTION TO PROBLEM 

[0012] 

[1] A method for detecting a variation of a reference 25 

sequence in a target nucleic acid region, 

 the method comprising the steps of: 

 performing a template-dependent nucleic acid 

amplification reaction for amplifying a region containing 
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the reference sequence using, as a template, a nucleic acid 

containing the target nucleic acid region, in the presence 

of a 10 to 200 nucleotide single-stranded nucleic acid 

capable of hybridizing with the reference sequence in the 

target nucleic acid region, and 5 

 examining the presence or absence of an amplified 

product, 

 wherein the single-stranded nucleic acid is RNA or a 

chimeric nucleic acid composed of RNA and one or more 

different nucleic acids, 10 

 wherein the single-stranded nucleic acid contains a 

sequence complementary to the reference sequence, and 

 wherein the single-stranded nucleic acid has a higher 

complementarity to the reference sequence than to a variant 

sequence having a variation of the reference sequence. 15 

[2] The detection method according to the above [1], 

wherein the variation of the reference sequence in the 

target nucleic acid region is deletion, insertion, or 

substitution of one or more nucleotides in the reference 

sequence. 20 

[3] The detection method according to the above [1] or [2], 

wherein the template-dependent nucleic acid amplification 

reaction is any one selected from the group consisting of 

PCR, RT-PCR, LAMP, ICAN, NASBA, LCR, SDA, TRC method, TMA, 

and RPA. 25 

[4] The detection method according to the above [3], 

wherein the template-dependent nucleic acid amplification 

reaction is PCR. 

[5] The detection method according to the above [4], 
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wherein the PCR contains a denaturation step, an annealing 

step, and an elongation step in a cycle. 

[6] The detection method according to the above [5], 

wherein the annealing step and the elongation step are 

performed at the same temperature. 5 

[7] The detection method according to any one of the above 

[1] to [6], wherein the single-stranded nucleic acid is 15 

to 30 nucleotides in length. 

[8] The detection method according to any one of the above 

[1] to [7], wherein the single-stranded nucleic acid is a 10 

single-stranded RNA. 

[9] The detection method according to any one of the above 

[1] to [8], wherein the nucleic acid containing the target 

nucleic acid region is a nucleic acid obtained from a 

clinical sample of a subject. 15 

[10] A method for screening for a cell having a variation 

of a reference sequence in a target nucleic acid region, 

the method comprising the steps of: 

 preparing a nucleic acid from a subject cell; 

 carrying out the detection method according to any one 20 

of the above [1] to [9] using the obtained nucleic acid as 

a template and determining the presence or absence of an 

amplified product; and 

 identifying the cell as having a variation of the 

reference sequence when the presence of the amplified 25 

product has been determined. 

[11] A method for enriching a nucleic acid having a 

variation of a reference sequence in a target nucleic acid 

region, the method comprising the steps of: 
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 preparing a nucleic acid from a subject cell 

population; and 

 carrying out the detection method according to any one 

of the above [1] to [9] using the obtained nucleic acid as 

a template and recovering an amplified product. 5 

[12] A kit for use in the detection method according to any 

one of the above [1] to [9], the kit comprising a single-

stranded nucleic acid, wherein the single-stranded nucleic 

acid is RNA or a chimeric nucleic acid composed of RNA and 

one or more different nucleic acids, and wherein the 10 

single-stranded nucleic acid contains a sequence 

complementary to a reference sequence in a target nucleic 

acid region. 

[13] A detection reagent for use in the detection method 

according to any one of the above [1] to [9], the detection 15 

reagent comprising a single-stranded nucleic acid, wherein 

the single-stranded nucleic acid is RNA or a chimeric 

nucleic acid composed of RNA and one or more different 

nucleic acids, and wherein the single-stranded nucleic acid 

contains a sequence complementary to a reference sequence 20 

in a target nucleic acid region. 

 

ADVANTAGEOUS EFFECTS OF INVENTION 

[0013] 

 The present invention provides a method for detecting a 25 

variation of a reference sequence in a target nucleic acid 

region, which method is characterized in that the variation 

of the reference sequence in the target nucleic acid region 

can be simply and highly accurately detected as a positive 
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signal in an cost-effective or inexpensive manner and in 

that deletion, insertion, or substitution of one or more 

nucleotides can be detected. 

 

BRIEF DESCRIPTION OF DRAWINGS 5 

[0014] 

 Fig. 1A shows the indicated oligoribonucleotides 

(ORN_20b, ORN_24b, and ORN_Target, see Table 1) each 

hybridized with the nucleotide sequence of the target 

nucleic acid region (SEQ ID NO: 35) containing a CRISPR 10 

cleavage site in the human THYN1 locus; and the region to 

be amplified using a THYN1-specific primer set. 

 Fig. 1B shows the results of PCR using, as a template, 

the genomic DNA extracted from wild-type cells in the 

presence of the indicated oligoribonucleotide. 15 

 Fig. 2 shows the results of PCR using, as templates, 

the genomic DNAs extracted from wild-type cells (WT) and 5 

types of genome-edited cells (T1, T4, T6, T7, and T9) in 

the presence of the indicated oligoribonucleotide (ORN_20b 

or ORN_306F(NC), see Table 1). 20 

 Fig. 3 shows the results of PCR using, as templates, 

the genomic DNA extracted from wild-type cells (WT) and 5 

types of genome-edited cells (T1, T4, T6, T7, and T9) in 

the presence of the indicated oligoribonucleotide (ORN_24b, 

ORN_Target, or ORN_302F(NC), see Table 1). 25 

 Fig. 4 shows the results of PCR using, as templates, 

the genomic DNA extracted from wild-type cells (WT), the 

genomic DNA extracted from cells having a mutation common 

to both alleles (T4 or T9), and a 1:1 mixture of WT and T4 
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or T9 genomic DNAs (WT+T4, WT+T9), which simulates a mono-

allelic mutation, in the presence of the indicated 

oligoribonucleotide (ORN_20b, ORN_24b, ORN_Target, 

ORN_302F(NC), or ORN_306F(NC), see Table 1). 

 Fig. 5 shows the results of PCR performed under the 5 

same conditions as in Example 1 (1-2) and (1-3) except for 

using Pfu DNA polymerase instead of KOD DNA polymerase. 

 Fig. 6 shows the results of real-time PCR using, as 

templates, the genomic DNA extracted from wild-type cells 

(WT), the genomic DNA extracted from cells having bi-10 

allelic mutations (T4 or T6), and a genomic DNA simulating 

a mono-allelic mutation (WT+T4), in the presence of the 

indicated oligoribonucleotide (ORN_24b or ORN_302F(NC)). 

 Fig. 7 shows the results of real-time PCR using, as 

templates, the genomic DNA extracted from wild-type cells 15 

(WT), the genomic DNA extracted from cells having bi-

allelic mutations (T4 or T6), and a genomic DNA simulating 

a mono-allelic mutation (WT+T4), in the presence of 

crRNA_Target or crRNA_NC instead of the target-specific 

oligoribonucleotide shown in the preceding figures.  20 

crRNA_Target is a crRNA containing an RNA sequence 

complementary to the CRISPR target site, and crRNA_NC is a 

control crRNA containing an RNA sequence complementary to 

an irrelevant locus. 

 Fig. 8A shows the indicated oligoribonucleotide 25 

(ORN_p16, see Table 1) hybridized with the nucleotide 

sequence of the target nucleic acid region (SEQ ID NO: 37) 

containing a CRISPR cleavage site in the human CDKN2A(p16) 

locus; and the region to be amplified using a CDKN2A(p16)-
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specific primer set. 

 Fig. 8B shows the results of PCR using the genomic DNAs 

of 12 clones (C1 to C12) as templates in the presence of 

ORN_p16.  The 12 clones were isolated from a cell 

population transfected with a CRISPR complex targeting the 5 

CDKN2A(p16) locus. 

 Fig. 9A shows the region to be amplified using a 

CDKN2A(p16)-specific primer set (top) and the region to be 

amplified using a THYN1-specific primer set (bottom). 

 Fig. 9B shows the results of PCR using the genomic DNAs 10 

of 11 clones (CT1 to CT11) as templates in the presence of 

ORN_p16 and ORN_24b.  The 11 clones were isolated from a 

cell population transfected with a CRISPR complex targeting 

the CDKN2A(p16) locus and a CRISPR complex targeting the 

THYN1 locus. 15 

 Fig. 10A shows the results of two-step PCR using, as 

templates, the genomic DNA extracted from cells having a 1-

base deletion in one allele (C4) and the genomic DNA 

extracted from cells having a 2-base deletion in one allele 

(C6) in the presence of ORN_p16 in a two-step protocol at 20 

an annealing/elongation temperature of 62oC or 70oC. 

 Fig. 10B shows the results of sequencing analysis of 

the amplified products obtained at the indicated 

annealing/elongation temperatures. 

 Fig. 11A shows the results of PCR using, as templates, 25 

the genomic DNA extracted from cells having a 1-base 

insertion in one allele (CT11) in the presence of ORN_24b 

at an annealing temperature of 62oC or 68oC. 

 Fig. 11B shows the results of sequencing analysis of 
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the amplified products obtained at the indicated annealing 

temperatures. 

 Fig. 12A shows ORN_Gx5 hybridized with the genomic DNA 

extracted from HCT116 cells having a 1-base (G) insertion 

in one allele of the CDKN2A(p16) locus; and the region to 5 

be amplified using a CDKN2A(p16)-specific primer set. 

 Fig. 12B shows the results of sequencing analysis of 

the amplified products obtained by two-step PCR at 

annealing/elongation temperatures of 68oC and 72oC. 

 Fig. 13A shows the indicated oligoribonucleotide 10 

(ORN_Tax, see Table 1) hybridized with the nucleotide 

sequence of the target nucleic acid region (SEQ ID NO: 41) 

in the mouse Tax1bp1 locus; and the region to be amplified 

using a Tax1bp1-specific primer set. 

 Fig. 13B shows the reaction conditions of two-step PCR. 15 

 Fig. 13C shows the results of two-step PCR using, as a 

template, the wild-type genomic DNA in the presence of 

ORN_Tax. 

 Fig. 14A shows the indicated oligoribonucleotide 

(ORN_FOS, see Table 1) hybridized with the nucleotide 20 

sequence of the target nucleic acid region (SEQ ID NO: 42) 

in the human c-FOS locus; and the region to be amplified 

using a c-FOS-specific primer set. 

 Fig. 14B shows the reaction conditions of two-step PCR. 

 Fig. 14C shows the results of two-step PCR using, as a 25 

template, the wild-type genomic DNA in the presence of 

ORN_FOS. 

 Fig. 15A shows the indicated oligoribonucleotide 

(ORN_FOS, see Table 1) hybridized with the nucleotide 
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sequence of the target nucleic acid region (SEQ ID NO: 43) 

containing a TALEN cleavage site in the human c-FOS locus; 

and the region to be amplified using a c-FOS-specific 

primer set. 

 Fig. 15B shows the results of two-step PCR using the 5 

genomic DNAs of 14 clones (F1 to F14) as templates in the 

presence of ORN_FOS.  The 14 clones were isolated from a 

cell population transfected with a TALEN pair targeting the 

c-FOS locus. 

 Fig. 16A shows the indicated oligoribonucleotide 10 

(ORN_EGFR_L858, see Table 1) hybridized with the nucleotide 

sequence of the target nucleic acid region (SEQ ID NO: 44) 

in the human EGFR locus; and the region to be amplified 

using an EGFR-specific primer set. 

 Fig. 16B shows the reaction conditions of two-step PCR. 15 

 Fig. 16C shows the results of two-step PCR using, as a 

template, the 293T or NCI-H1975 genomic DNA in the presence 

of ORN_EGFR_L858. 

 Fig. 16D shows the results of sequencing analysis of 

the amplified products obtained at an annealing/elongation 20 

temperature of 59oC. 

 Fig. 17A shows the experiment scheme of Example 7 (7-

1). 

 Fig. 17B shows the indicated oligoribonucleotide 

(ORN_24b, see Table 1) hybridized with the nucleotide 25 

sequence of the target nucleic acid region (SEQ ID NO: 51) 

in the human THYN1 locus. 

 Fig. 17C shows the results of two-step PCR using, as 

templates, the genomic DNA of wild-type cells and the 
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genomic DNA of a genome-edited cell pool in the presence of 

ORN_24b. 

 Fig. 17D shows the results of sequencing analysis of 

the amplified products. 

 Fig. 18A shows the indicated crRNA (crRNA_lef5, SEQ ID 5 

NO: 47) hybridized with the nucleotide sequence of the 

target nucleic acid region (SEQ ID NO: 53) in the human 

CDKN2A(p16) locus. 

 Fig. 18B shows the results of two-step PCR using, as 

templates, the genomic DNA of wild-type cells and the 10 

genomic DNA of a genome-edited cell pool in the presence of 

crRNA_lef5. 

 Fig. 18C shows the results of sequencing analysis of 

the amplified products. 

 Fig. 19A is a schematic view of the procedure of the 15 

detection method of the present invention using a 

bisulfite-converted DNA as a template. 

 Fig. 19B shows the nucleotide sequence of a specific 

DNA region (SEQ ID NO: 55) before bisulfite conversion.  

The specific DNA region is to be amplified from a 20 

bisulfite-converted genomic DNA of HCT116 cells as a 

template using a CDKN2A(p16)-specific primer set (hCDKN2A-

Bisul-CpG-free-F (SEQ ID NO: 48) and hCDKN2A-Bisul-CpG-

free-R (SEQ ID NO: 49)). 

 Fig. 19C shows ORN_hCDKN2A_U (SEQ ID NO: 50) hybridized 25 

with the complementary sequence of the shaded region in 

Fig. 19B after bisulfite conversion (without methylated 

cytosines (top), and with methylated cytosines (bottom)). 

 Fig. 19D shows the results of two-step PCR using, as a 
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template, the bisulfite-converted genomic DNA in the 

presence of ORN_hCDKN2A_U. 

 Fig. 19E shows the results of sequencing analysis of 

the amplified products (the underlined region of the 

sequence in Fig. 19B). 5 

 

DESCRIPTION OF EMBODIMENTS 

[0015] 

 The present invention provides a method for detecting a 

variation of a reference sequence in a target nucleic acid 10 

region (hereinafter referred to as the “detection method of 

the present invention”).  The detection method of the 

present invention comprises the steps of: 

 performing a template-dependent nucleic acid 

amplification reaction for amplifying a region containing 15 

the reference sequence using, as a template, a nucleic acid 

containing the target nucleic acid region, in the presence 

of a 10 to 200 nucleotide single-stranded nucleic acid 

capable of hybridizing with the reference sequence in the 

target nucleic acid region, and 20 

 examining the presence or absence of an amplified 

product. 

 In the detection method of the present invention, the 

event in the template-dependent nucleic acid amplification 

reaction differs depending on a test nucleic acid to be 25 

examined for the presence or absence of a variation of the 

reference sequence.  That is, in the case where the test 

nucleic acid has no variation of the reference sequence in 

the target nucleic acid region, the single-stranded nucleic 
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acid hybridizes with the template, thereby inhibiting 

amplification, and no amplified product is obtained; and in 

the case where the test nucleic acid has a variation of the 

reference sequence in the target nucleic acid region, 

amplification proceeds without being inhibited and an 5 

amplified product is obtained. 

[0016] 

 As used herein, the “reference sequence” is a sequence 

used as the reference for analysis for a variation and may 

be determined in accordance with the purpose.  The length 10 

(nucleotide length) of the reference sequence is not 

particularly limited.  Preferably, the reference sequence 

has an adequate length to ensure that it exists only in the 

target nucleic acid region but not in a non-target nucleic 

acid region, but the reference sequence may have a length 15 

to ensure that it exists infrequently in a non-target 

nucleic acid region.  More specifically, the reference 

sequence is preferably 10 nucleotides or more, more 

preferably 15 nucleotides or more, and still more 

preferably 20 nucleotides or more in length. 20 

[0017] 

 The “target nucleic acid region” is a region containing 

a sequence to be analyzed for a variation of the reference 

sequence and may be determined in accordance with the 

location of the reference sequence.  The variation of the 25 

reference sequence may be, for example, deletion mutation, 

insertion mutation, or substitution mutation in the 

reference sequence, or methylation of a base in the 

reference sequence.  In the case where gene polymorphism is 
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present in a nucleic acid, a variant of a specific sequence 

(reference sequence) in the nucleic acid is regarded as the 

sequence having a variation of the reference sequence.  In 

the present specification, a sequence having a variation of 

the reference sequence is called “variant sequence”. 5 

[0018] 

 The template-dependent nucleic acid amplification 

reaction as used herein is a process mediated by a nucleic 

acid polymerase for repeated complementary strand synthesis 

based on a template nucleic acid to amplify a nucleic acid 10 

chain of a desired region.  The region to be amplified is a 

region containing the reference sequence, and the 

nucleotide length of the region to be amplified can be 

adjusted in accordance with the type of the template-

dependent nucleic acid amplification reaction.  The 15 

template nucleic acid may be a single strand or a double 

strand.  The template nucleic acid may be DNA, RNA or a 

DNA-RNA hybrid.  In addition, the template nucleic acid 

encompasses a nucleic acid in which a constituent 

nucleotide is substituted by an artificial nucleotide 20 

derivative, and a modified form of natural DNA or RNA as 

long as they serve as a template for complementary strand 

synthesis.  Specific examples of the template nucleic acid 

include genomic DNA, cDNA, synthetic DNA, total RNA, mRNA, 

rRNA, miRNA, and synthetic RNA.  In the detection method of 25 

the present invention, the template nucleic acid is 

intended to be a test nucleic acid to be examined for a 

variation of the reference sequence in the target nucleic 

acid region.  The template nucleic acid can be obtained 
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using known methods suitable for the type of the template 

nucleic acid. 

[0019] 

 In the case where the template nucleic acid is a 

nucleic acid harvested from a clinical sample of a subject 5 

(e.g., genomic DNA extracted from blood or biopsy tissue), 

the presence or absence of a mutation in a specific gene 

(e.g., oncogenes) and gene polymorphism in the subject can 

be detected by the detection method of the present 

invention.  In addition, in the case where the template 10 

nucleic acid is a bisulfite-converted nucleic acid 

(bisulfite-converted DNA), methylated bases (methylated 

cytosines etc.) in the reference sequence can be detected 

by the detection method of the present invention.  In the 

case of the detection of methylated bases in the reference 15 

sequence, the reference sequence may be a sequence 

complementary to a specific nucleotide sequence present in 

the target region in the bisulfite-converted nucleic acid 

(bisulfite-converted DNA). 

[0020] 20 

 The template-dependent nucleic acid amplification 

reaction preferably involves primer annealing to the 

template nucleic acid and subsequent nucleic acid 

elongation from the 3’ end of the primer to amplify a 

nucleic acid chain.  Examples of the template-dependent 25 

nucleic acid amplification reaction include, but are not 

limited to, Polymerase Chain Reaction (PCR: (White, T.J. et 

al., Trends Genet., 5, 185(1989)), Reverse Transcriptase-

Polymerase Chain Reaction (RT-PCR: James W. Larrick, Trends 
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in Biotechnology, 10, 146-152, 1992), Loop-mediated 

isothermal Amplification (LAMP: WO 2000/28082), Isothermal 

and Chimeric primer-initiated Amplification of Nucleic 

acids (ICAN: WO 2002/16639), Nucleic Acid Sequence-Based 

Amplification (NASBA: Japanese Patent No. 2650159), Ligase 5 

Chain Reaction (LCR: Barany, F., Proc. Natl. Acad. Sci. 

USA, Vol.88, p.189-193, 1991), Strand Displacement 

Amplification (SDA: JP-B 7-114718), Transcription-Reverse 

Transcription-Concerted method (TRC method: Nakaguchi Y. et 

al., J. Clin. Microbiol., vol.42: p.4248-4292 (2004)), 10 

Transcription-Mediated-Amplification (TMA: Sarrazin C. et 

al., J. Clin. Microbiol., vol.39: p.2850-2855 (2001)), and 

Recombinase Polymerase Amplification (RPA: Piepenburg, O., 

et al., PLoS Biol., 2006, vol.4, e204).  The detection 

method of the present invention employs any of these 15 

template-dependent nucleic acid amplification reactions, 

preferably PCR. 

[0021] 

 The primer used in the template-dependent nucleic acid 

amplification reaction can be determined in accordance with 20 

each particular nucleic acid amplification method.  The 

primer suitable for each particular nucleic acid 

amplification method can be designed based on known 

techniques and can be produced by known methods.  The 

reaction conditions of the template-dependent nucleic acid 25 

amplification reaction are not particularly limited as long 

as they allow the generation of a specific amplified 

product expected from the principle of each particular 

nucleic acid amplification method.  The reaction conditions 
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can be determined in the usual manner. 

[0022] 

 The single-stranded nucleic acid used in the detection 

method of the present invention is preferably RNA or a 

chimeric nucleic acid composed of RNA and one or more 5 

different nucleic acids and contains a sequence 

complementary to the reference sequence.  More preferred is 

a single-stranded RNA.  The nucleic acid as the component 

other than the RNA in the chimeric nucleic acid may be DNA, 

modified DNA, modified RNA, or the like.  In the case where 10 

the single-stranded nucleic acid is a chimeric nucleic acid 

composed of RNA and one or more different nucleic acids, 

the nucleic acid as the component other than the RNA 

accounts for preferably 50% or less, more preferably 40% or 

less, still more preferably 30% or less, still more 15 

preferably 20% or less, still more preferably 10% or less, 

and still more preferably 5% or less of the total 

nucleotide length. 

[0023] 

 The single-stranded nucleic acid capable of hybridizing 20 

with the reference sequence in the target nucleic acid 

region can be designed based on the nucleotide sequence 

information of the target nucleic acid region containing 

the reference sequence.  Such nucleotide sequence 

information is usually available from known databases 25 

(DDBJ/GenBank/EMBL etc.), but when the desired nucleotide 

sequence information is not acquired from known databases, 

the nucleotide sequence information of the target nucleic 

acid region containing the reference sequence may be 
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obtained by a known sequencing method.  In the case where 

the template nucleic acid is a double strand (e.g., double-

stranded DNA consisting of a sense strand and an antisense 

strand), either strand may be used for hybridization with 

the above-mentioned single-stranded nucleic acid. 5 

[0024] 

 The length (nucleotide length) of the single-stranded 

nucleic acid is not particularly limited as long as it is 

equal to or longer than the length of the reference 

sequence.  For example, the single-stranded nucleic acid is 10 

preferably 10 to 200 nucleotides, more preferably 10 to 150 

nucleotides, more preferably 10 to 120 nucleotides, more 

preferably 10 to 100 nucleotides, more preferably 10 to 90 

nucleotides, still more preferably 10 to 80 nucleotides, 

still more preferably 10 to 70 nucleotides, still more 15 

preferably 10 to 60 nucleotides, still more preferably 10 

to 50 nucleotides, and still more preferably 15 to 30 

nucleotides in length. 

[0025] 

 In the case where the single-stranded nucleic acid is 20 

equal in length (nucleotide length) to the reference 

sequence, the nucleotide sequence of the single-stranded 

nucleic acid may be completely identical to the 

complementary nucleotide sequence of the reference 

sequence; and alternatively may have one or more 25 

nucleotides that are different from the corresponding ones 

in the complementary nucleotide sequence of the reference 

sequence as long as the nucleotide sequence of the single-

stranded nucleic acid is capable of hybridizing with the 



23 

 

nucleotide sequence of the reference sequence.  Preferably, 

the nucleotide sequence of the single-stranded nucleic acid 

is completely identical to the complementary sequence of 

the reference sequence.  The single-stranded nucleic acid 

preferably has a higher complementarity to the reference 5 

sequence than to the variant sequence.  As used herein, the 

“complementarity” refers to the identity between the 

complementary sequence of the reference sequence and the 

nucleotide sequence of the single-stranded nucleic acid.  

That is, when the complementary sequence of the reference 10 

sequence is completely identical to the nucleotide sequence 

of the single-stranded nucleic acid, the complementarity is 

100%.  Therefore, in the above preferable embodiment, it 

can be said that “the number of base-pair mismatches 

between the nucleotide sequence of the single-stranded 15 

nucleic acid and the reference sequence is preferably 

smaller than that between the nucleotide sequence of the 

single-stranded nucleic acid and the variant sequence”. 

[0026] 

 In the case where the single-stranded nucleic acid is 20 

longer (more nucleotides in length) than the reference 

sequence, the same requirements as described above apply to 

a portion of the nucleotide sequence of the single-stranded 

nucleic acid which portion is capable of hybridizing with 

the reference sequence.  The nucleotide sequence except for 25 

the portion capable of hybridizing with the reference 

sequence is not particularly limited and may be a sequence 

capable of hybridizing with a sequence adjacent to the 

reference sequence in the target nucleic acid region; or a 
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sequence which does not hybridize with a sequence other 

than the reference sequence in the target nucleic acid 

region. 

[0027] 

 The single-stranded nucleic acid may be modified at the 5 

5’ end and/or 3’ end.  For example, the 5’ end and/or the 

3’ end of the single-stranded nucleic acid may be 

deoxidized, phosphorylated, aminated, biotinylated, 

thiolated, cholesterolated, digoxigeninylated (DIGylated), 

quencher-labeled (labeled with BHQ-1, BHQ-3, etc.), 10 

fluorochrome-labeled (labeled with DNP, Cy3, Cy5, TAMRA, 6-

FAM, etc.), or the like. 

[0028] 

 The nucleotide monomer (ribonucleotide, 

deoxyribonucleotide) of the single-stranded nucleic acid 15 

may be a nucleotide having a chemically modified sugar, 

base, and/or phosphate as long as the single-stranded 

nucleic acid is capable of hybridizing with the reference 

sequence in the target nucleic acid region.  Examples of 

the nucleotide having a modified base include 5-position 20 

modified uridines or cytidines (e.g., 5-propynyluridine, 5-

propynylcytidine, 5-methylcytidine, 5-methyluridine, 5-(2-

amino)propyluridine, 5-halocytidine, 5-halouridine, 5-

methyloxyuridine, etc.); 8-position modified adenosines or 

guanosines (e.g., 8-bromoguanosine etc.); deazanucleotides 25 

(e.g., 7-deazaadenosine etc.); and O- or N-alkyl 

nucleotides (e.g., N6-methyladenosine etc.).  Examples of 

the nucleotide having a modified sugar include 2’-position 

modified nucleotide analogs in which the 2’-OH of the 
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ribonucleotide is substituted by H, OR, R, a halogen atom, 

SH, SR, NH2, NHR, NR2 (in which R represents an alkyl, 

alkenyl or alkynyl group having 1 to 6 carbon atoms), CN or 

the like, and a 5’-phosphorylated nucleotide in which the 

5’-terminus is mono-phosphorylated.  Examples of the 5 

nucleotide having a modified phosphate include those in 

which a phosphoester bond to the adjacent ribonucleotide is 

substituted by a phosphorothioate bond. 

[0029] 

 The single-stranded nucleic acid can be artificially 10 

produced by a known chemical synthesis method.  A single-

stranded RNA can be produced by in vitro transcription from 

a template DNA. 

[0030] 

 The nucleic acid polymerase used in the template-15 

dependent nucleic acid amplification reaction is not 

particularly limited, and an DNA polymerase and/or RNA 

polymerase suitable for each particular nucleic acid 

amplification method described above can be used.  In the 

case where a DNA polymerase is used in the template-20 

dependent nucleic acid amplification reaction, the DNA 

polymerase used is not particularly limited, and an DNA 

polymerase suitable for each particular nucleic acid 

amplification method described above can be used.  For 

example, DNA polymerase I (Pol I), DNA polymerase α (Pol 25 

α), other DNA polymerases except for Pol I and Pol α, a 

mixed-type DNA polymerase (a mixture of several different 

types of DNA polymerases), or the like may be used.  

Particularly preferred is DNA polymerase α.  DNA polymerase 
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α is a DNA polymerase having 3’-5’ exonuclease activity.  

Commercially available products of DNA polymerase α 

include KOD DNA polymerase (Toyobo), Pyrobest DNA 

polymerase (Takara Bio), and Pfu DNA polymerase (Promega), 

and these are suitable for use in the present invention.  5 

When DNA polymerase α is used in the template-dependent 

nucleic acid amplification reaction, the template-dependent 

nucleic acid amplification reaction is preferably PCR. 

[0031] 

 The reaction mixture of the nucleic acid amplification 10 

reaction is not particularly limited as long as the 

composition of the reaction mixture allows the desired 

reaction to proceed.  The reaction mixture usually contains 

a template nucleic acid, primers (primer set), a nucleic 

acid polymerase (DNA polymerase and/or RNA polymerase), and 15 

nucleotides used as substrates of the nucleic acid 

polymerase.  In addition, the reaction mixture further 

contains a buffering reagent, a salt, etc., and if 

necessary, further contains an enzyme protecting reagent, a 

melting temperature (Tm) value regulator, a surfactant, 20 

etc.  Examples of the buffering reagent include those 

having a buffering capacity in neutral-to-weakly alkaline 

conditions, such as Tris-HCl.  The pH is adjusted around to 

an optimal pH for the selected nucleic acid polymerase.  

The salt is contained as appropriate for maintaining enzyme 25 

activity or for regulating Tm value of the nucleic acid, 

and specific examples include KCl, NaCl, MgCl2, MgSO4, and 

(NH4)2SO4.  Examples of the enzyme protecting reagent 

include bovine serum albumin and saccharides.  Examples of 
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the Tm value regulator include dimethyl sulfoxide (DMSO), 

formamide, and betaine (N,N,N,-trimethylglycine).  Examples 

of the surfactant include Tween 20 and Triton X.  The 

detailed composition of the reaction mixture can be 

determined in the usual manner.  For the determination of 5 

the detailed composition of the reaction mixture, it is 

preferable to perform preliminary examination using a 

particular combination of a template, primers, a nucleic 

acid polymerase, and a single-stranded nucleic acid. 

[0032] 10 

 The amount of the single-stranded nucleic acid 

contained in the template-dependent nucleic acid 

amplification reaction system is adjusted such that the 

single-stranded nucleic acid is present in the system at an 

appropriate concentration that would interfere with 15 

amplification from a template nucleotide sequence having no 

variation of the reference sequence but allow amplification 

from a template nucleotide sequence having a variation of 

the reference sequence.  For the optimization of the amount 

of the single-stranded nucleic acid, it is preferable to 20 

perform preliminary examination in particular conditions in 

the selected nucleic acid amplification reaction.  More 

specifically, for example, the concentration is preferably 

2 µM or less, more preferably 1.5 µM or less, and still 

more preferably 1 µM or less.  The minimum concentration is 25 

not particularly limited, but the concentration is 

preferably 10 nM or more, more preferably 50 nM or more, 

still more preferably 100 nM or more, and still more 

preferably 500 nM or more. 
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[0033] 

 In the case where the template-dependent nucleic acid 

amplification reaction used in the detection method of the 

present invention is PCR, annealing at an appropriate 

temperature contributes to detecting 1-base deletion, 1-5 

base insertion, or 1-base substitution.  The annealing 

temperature is preferably determined in consideration of 

the Tm value of the portion of the nucleotide sequence of 

the single-stranded nucleic acid which portion is capable 

of hybridizing with the reference sequence.  The Tm value 10 

can be calculated by known calculation methods, such as the 

nearest-neighbor method and the GC content method.  

Preferably, the Tm value is calculated by the following 

formula: 

 Tm = (a + u) × 2 + (g + c) × 4 15 

wherein a, u, g, and c indicate the numbers of 

corresponding bases A, U, G, and C, respectively. 

 The annealing temperature is, for example, preferably 

the Tm value calculated by the above formula, with a plus 

or minus of 10oC, more preferably with a plus or minus of 20 

6oC, and still more preferably with a plus or minus of 3oC.  

More specifically, the annealing temperature preferably 

meets the following conditions: when there is no mismatch 

between the single-stranded nucleic acid and the reference 

sequence (partner for hybridization), nucleic acid 25 

amplification in the region containing the reference 

sequence is inhibited; and when there is a single mismatch, 

nucleic acid amplification in the region containing the 

reference sequence is less inhibited as compared with the 
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case of no mismatch and an amplified product is obtained.  

For the determination of the annealing temperature, it is 

preferable to perform preliminary examination using a 

particular combination of a template, primers, a nucleic 

acid polymerase, and a single-stranded nucleic acid. 5 

[0034] 

 In the case where the template-dependent nucleic acid 

amplification reaction used in the detection method of the 

present invention is PCR, the standard three-step protocol 

(a cycle of denaturation, annealing, and elongation) may be 10 

employed, but the two-step protocol (a cycle of 

denaturation and annealing/elongation) is preferably used.  

In the case where the nucleotide sequence of the single-

stranded nucleic acid hybridizes with the reference 

sequence at an annealing temperature but does not hybridize 15 

with the reference sequence at an elongation temperature, 

an amplified product may be obtained from a template having 

no mutation and false-positive results may occur.  To 

eliminate the possibility of such false-positive results, 

the two-step protocol is employed and designed such that 20 

the single-stranded nucleic acid hybridizes with the 

reference sequence at an annealing/elongation temperature.  

For the optimization of the conditions in the two-step 

protocol, it is preferable to perform preliminary 

examination using a particular combination of a template, 25 

primers, a nucleic acid polymerase, and a single-stranded 

nucleic acid. 

[0035] 

 In the case where the template-dependent nucleic acid 
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amplification reaction used in the detection method of the 

present invention is PCR, quantification PCR (real-time 

PCR, digital PCR, etc.) may be performed. 

[0036] 

 In the step of examining the presence or absence of an 5 

amplified product, the reaction mixture after the nucleic 

acid amplification reaction is examined for the amplified 

product by a known method.  More specifically, for example, 

the reaction mixture after the nucleic acid amplification 

reaction is subjected to agarose gel electrophoresis, and 10 

the presence or absence of the band of the amplified 

product of the target region is checked.  The presence of 

the amplified product of the target region indicates that 

the template nucleic acid used in the reaction has a 

mutation in the target nucleic acid region.  In addition, 15 

sequencing analysis of the amplified product may be 

performed to confirm the presence of the mutation in the 

target nucleic acid region. 

[0037] 

 The detection method of the present invention, which is 20 

intended to detect a variation of the reference sequence in 

the target nucleic acid region, is suitable for detecting a 

mutation in cells subjected to genome-editing for 

introducing a mutation in a sequence-specific manner.  In 

addition, the detection method of the present invention can 25 

be used to determine whether a specific gene (e.g., 

oncogenes) has a mutation.  Furthermore, the detection 

method of the present invention can be used for 

polymorphism detection in animals and vegetables, for 
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variety identification of animals and vegetables, etc. 

[0038] 

 In the detection method of the present invention, a 

positive signal appears when a sample has a variation of 

the reference sequence.  This feature is useful for the 5 

detection of a heterozygous mutation and is a great 

advantage for the detection method of the present 

invention.  More advantageously, the detection method of 

the present invention does not require an expensive 

instrument and can easily be carried out with an instrument 10 

commonly used in laboratories (PCR cycler etc.).  In 

addition, the detection method of the present invention can 

be used for the detection of 1-base deletion, insertion, or 

substitution and is very useful.  Furthermore, the 

detection method of the present invention, which is 15 

characterized in that a positive signal appears when a 

sample has a variation of the reference sequence, is 

available for the detection of a variation even in the case 

where only some of many cells have a variation of the 

reference sequence, and is greatly advantageous.  Again, 20 

since a positive signal appears when a sample has a 

variation of the reference sequence, sequencing of the 

amplified product can reconfirm the presence or absence of 

the variation of the reference sequence. 

[0039] 25 

 The detection method of the present invention is useful 

in screening for a successfully mutated cell in a cell 

population subjected to treatment for introducing a 

mutation into the reference sequence in the target nucleic 
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acid region.  The detection method of the present invention 

is also useful in screening for a cell having polymorphism 

in a cell population having gene polymorphism.  Therefore, 

the present invention provides a method for screening for a 

cell having a variation of a reference sequence in a target 5 

nucleic acid region.  The screening method of the present 

invention comprises the following steps of: 

(1) preparing a nucleic acid from a subject cell; 

(2) carrying out the detection method of the present 

invention using the obtained nucleic acid as a template and 10 

determining the presence or absence of an amplified 

product; and 

(3) identifying the cell as having a variation of the 

reference sequence when the presence of the amplified 

product has been determined. 15 

[0040] 

 In step (1), a nucleic acid is prepared from a subject 

cell.  The method for preparing the nucleic acid from the 

subject cell is not particularly limited, and a known 

method can be used.  The subject cell is not limited and 20 

may be any cell of interest to be examined for the presence 

or absence of a variation of the reference sequence in the 

target nucleic acid region.  More specifically, preferable 

examples of the subject cell include a cell from a single 

clone isolated from a cell population subjected to 25 

treatment for introducing a mutation into the reference 

sequence in the target nucleic acid region; and a cell from 

a single clone isolated from a cell population having gene 

polymorphism.  In the case where a cell population 
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subjected to treatment for introducing a mutation into the 

reference sequence in the target nucleic acid region is 

used, such treatment is not limited and may be any 

treatment for introducing a mutation in a sequence-specific 

manner.  For example, known genome-editing techniques are 5 

suitable in the present invention.  The isolation of a 

single clone from the cell population can be performed by a 

known method. 

[0041] 

 Steps (2) and (3) can be performed according to the 10 

above description of the detection method of the present 

invention. 

[0042] 

 The detection method of the present invention is useful 

in enriching a nucleic acid having a variation of a 15 

reference sequence in a target nucleic acid region.  

Therefore, the present invention provides a method for 

enriching a nucleic acid having a variation of a reference 

sequence in a target nucleic acid region.  The method of 

the present invention for enriching the nucleic acid 20 

comprises the following steps of: 

(1) preparing a nucleic acid from a subject cell 

population; and 

(2) carrying out the detection method of the present 

invention using the obtained nucleic acid as a template and 25 

recovering an amplified product. 

[0043] 

 In step (1), a nucleic acid is prepared from a subject 

cell population.  The method for preparing the nucleic acid 
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from the subject cell population is not particularly 

limited, and a known method can be used.  The subject cell 

population is not limited and may be any cell population 

that is suspected to be a mixture of cells having a 

variation of the reference sequence in the target nucleic 5 

acid region and cells without such a variation.  A 

preferable example is a cell population subjected to 

treatment for introducing a mutation into the reference 

sequence in the target nucleic acid region.  In the case 

where a cell population subjected to treatment for 10 

introducing a mutation into the reference sequence in the 

target nucleic acid region is used, such treatment is not 

limited and may be any treatment for introducing a mutation 

in a sequence-specific manner.  For example, known genome-

editing techniques are suitable in the present invention.  15 

In step (1), a single clone is not isolated from the cell 

population, and the nucleic acid is prepared from the whole 

cell population. 

[0044] 

 Step (2) can be performed according to the description 20 

of the above detection method of the present invention.  

The method for recovering the amplified product is not 

particularly limited, and a known method can be used.  For 

example, in the case where the presence or absence of the 

amplified product has been determined by agarose gel 25 

electrophoresis, a gel portion including the band of the 

amplified product may be cut out to recover the amplified 

product.  The recovered amplified product may be subjected 

to any kind of analysis.  For example, the recovered 
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amplified product may be subjected to sequencing for 

mutational pattern analysis. 

[0045] 

 The present invention provides a kit for performing the 

detection method of the present invention.  The kit of the 5 

present invention comprises a single-stranded nucleic acid, 

wherein the single-stranded nucleic acid is RNA or a 

chimeric nucleic acid composed of RNA and one or more 

different nucleic acids, and wherein the single-stranded 

nucleic acid contains a sequence complementary to a 10 

reference sequence in a target nucleic acid region.  Other 

components of the kit are not particularly limited, and for 

example, a tube(s) for the template-dependent nucleic acid 

amplification reaction, reagents (e.g., a DNA polymerase, a 

primer set for amplifying a region containing the reference 15 

sequence, a dNTP mixture, a buffer solution, etc.), an 

instruction manual etc. may be comprised in the kit.  With 

the kit of the present invention, the detection method of 

the present invention can be simply and quickly performed. 

[0046] 20 

 The present invention provides a detection reagent for 

use in the detection method of the present invention.  The 

detection reagent of the present invention comprises a 

single-stranded nucleic acid as an active ingredient, 

wherein the single-stranded nucleic acid is RNA or a 25 

chimeric nucleic acid composed of RNA and one or more 

different nucleic acids, and wherein the single-stranded 

nucleic acid contains a sequence complementary to a 

reference sequence in a target nucleic acid region.  
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Embodiments of the single-stranded nucleic acid are as 

described above in the detection method of the present 

invention. 

 

EXAMPLES 5 

[0047] 

 Hereinafter, the present invention will be described in 

detail by examples, but the present invention is not 

limited thereto. 

[0048] 10 

Oligoribonucleotides and primers 

 The oligoribonucleotides (hereinafter referred to as 

“ORNs”) and primers used in Examples were all chemically 

synthesized in Greiner.  The ORNs and primers used are 

shown in Tables 1 and 2, respectively. 15 

[0049] 

[Table 1] 

 

[0050] 

[Table 2] 20 



37 

 

 

[0051] 

Cells and genomic DNA extraction 

 Raji cells were cultured in RPMI-1640 (Wako) 

supplemented with 10% fetal bovine serum (FBS).  293T cells 5 

were cultured in DMEM (Wako) supplemented with 10% FBS.  

HCT116 cells were cultured in McCoy’s 5A (Thermo Fisher 

Scientific) supplemented with 10% FBS.  Ba/F3 cells were 

cultured in RPMI-1640 supplemented with 10% FBS, 10 mM 

HEPES buffer (pH 7.2), 1× non-essential amino acids, 1 mM 10 

sodium pyruvate, 5 µM 2-mercaptoethanol, and 1 ng/mL IL-3.  



38 

 

NCI-H1975 cells were cultured in RPMI-1640 supplemented 

with 10% FBS.  Genomic DNAs were extracted from the cells 

by a standard phenol/chloroform extraction technique. 

[0052] 

PCR conditions 5 

 For PCR targeting the human THYN1 locus, a PCR reaction 

mixture containing 20 ng of the Raji cell genomic DNA, 0.3 

µM each primer, and 0.1 to 2 µM ORN was prepared in a 10 µL 

volume according to the manufacturer’s protocol.  The 

reaction was carried out with an initial denaturation at 10 

94oC for 2 min, followed by 35 cycles of 98oC for 10 sec, 

62oC for 30 sec, and 68oC for 1 min. 

 For PCR targeting the human CDKN2A(p16) locus, a PCR 

reaction mixture containing 20 ng of the 293T or HCT116 

cell genomic DNA, 0.3 µM each primer, and 1 µM ORN was 15 

prepared in a 10 µL volume.  The reaction in Example 2 was 

carried out with an initial denaturation at 94oC for 2 min, 

followed by 30 cycles of 98oC for 10 sec, 62oC for 30 sec, 

and 68oC for 1 min.  The reaction in Example 3 was carried 

out with an initial denaturation at 94oC for 2 min, 20 

followed by 30 cycles of the following 2 steps: 98oC for 10 

sec, and 62 to 72oC for 20 sec. 

 For PCR targeting both the human THYN1 and CDKN2A(p16) 

loci, a PCR reaction mixture containing 20 ng of the 293T 

cell genomic DNA, 0.3 µM each primer, and 1 µM each ORN was 25 

prepared in a 10 µL volume.  The reaction was carried out 

with an initial denaturation at 94oC for 2 min, followed by 

30 cycles of 98oC for 10 sec, 62oC for 30 sec, and 68oC for 

1 min.  The reaction in Example 3 was carried out with an 
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initial denaturation at 94oC for 2 min, followed by 30 

cycles of 98oC for 10 sec, 62oC for 30 sec, and 68oC for 1 

min or with an initial denaturation at 94oC for 2 min, 

followed by 30 cycles of the following 2 steps: 98oC for 10 

sec, and 68oC for 1 min 30 sec. 5 

 For PCR targeting the mouse Tax1bp1 locus, a PCR 

reaction mixture containing 20 ng of the Ba/F3 cell genomic 

DNA, 0.3 µM each primer, and 1 µM ORN was prepared in a 10 

µL volume.  The reaction in Example 4 was carried out with 

an initial denaturation at 94oC for 2 min, followed by 30 10 

cycles of the following 2 steps: 98oC for 10 sec, and 50 to 

65oC for 80 sec. 

 For PCR targeting the human c-FOS locus, a PCR reaction 

mixture containing 20 ng of the 293T cell genomic DNA, 0.3 

µM each primer, and 1 µM ORN was prepared in a 10 µL 15 

volume.  The reaction in Example 4 was carried out with an 

initial denaturation at 94oC for 2 min, followed by 30 

cycles of the following 2 steps: 98oC for 10 sec, and 50 to 

68oC for 80 sec.  The reaction in Example 5 was carried out 

with an initial denaturation at 94oC for 2 min, followed by 20 

30 cycles of the following 2 steps: 98oC for 10 sec, and 

65oC for 80 sec. 

 For PCR targeting the human EGFR locus, a PCR reaction 

mixture containing 20 ng of the 293T or NCI-H1975 cell 

genomic DNA, 0.3 µM each primer, and 1 µM ORN was prepared 25 

in a 10 µL volume.  The reaction in Example 6 was carried 

out with an initial denaturation at 94oC for 2 min, 

followed by 30 cycles of the following 2 steps: 98oC for 10 

sec, and 59 to 65oC for 70 sec. 
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 The PCR products were electrophoresed on a 1% or 2% 

agarose gel, and if necessary, subjected to DNA sequencing.  

DNA sequencing data were analyzed using Applied Biosystems 

Sequence Scanner Software v2.0 (Thermo Fisher Scientific). 

[0053] 5 

Real-time PCR conditions 

 KOD SYBR qPCR Mix (Toyobo) was used for real-time PCR.  

A PCR reaction mixture containing 20 ng of the genomic DNA, 

0.2 µM each primer, and 0.25 µM ORN was prepared in a 10 µL 

volume according to the manufacturer’s protocol.  The 10 

reaction was carried out with an initial denaturation at 

98oC for 2 min, followed by 30 cycles of 98oC for 10 sec, 

62oC for 30 sec, and 68oC for 1 min.  The reaction and 

quantification were performed using 7900HT Fast Real-Time 

PCR System (Applied Biosystems).  The PCR products were 15 

electrophoresed on a 1% agarose gel to confirm that the 

amplified products of expected sizes were obtained. 

[0054] 

Plasmids 

 The Cas9 expression plasmid (Addgene #41815) and 20 

chimeric single guide RNA (sgRNA) expression plasmid 

(Addgene #41824) were provided by Dr. George Church through 

Addgene.  To construct an sgRNA expression plasmid 

targeting the human THYN1 locus, a CRISPR target sequence 

was cloned downstream of the U6 promoter in the sgRNA 25 

expression plasmid according to the hCRISPR gRNA synthesis 

protocol (https://media.addgene.org/data/93/40/adf4a4fe-

5e77-11e2-9c30-003048dd6500.pdf).  To construct a Cas9 plus 

sgRNA expression plasmid targeting the human CDKN2A(p16) 
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locus, the sgRNA expression cassette for CDKN2A(p16) (Gx4 

#2) was cloned upstream of the Cas9 expression cassette in 

the Cas9 expression plasmid. 

[0055] 

CRISPR-mediated genome editing 5 

 For genome editing of the human THYN1 locus, Raji cells 

(1 × 107) were transfected with the Cas9 expression plasmid 

(120 µg), the sgRNA expression plasmid targeting the human 

THYN1 locus (120 µg), and pEGFP-N3 (0.3 µg, Clontech) by 

electroporation on a Gene Pulser II (Bio-Rad) at 250 V and 10 

950 µF.  One day later, GFP-positive cells were 

individually sorted and expanded. 

 For genome editing of the human CDKN2A(p16) locus, 293T 

cells (4 × 105) were transfected with the Cas9 plus sgRNA 

expression plasmid targeting the human CDKN2A(p16) locus (4 15 

µg) and pcDNA3.1/Hygro(-) (0.4 µg, Thermo Fisher 

Scientific) using Lipofectamine 3000 (Thermo Fisher 

Scientific).  Two days later, hygromycin was added (0.4 

mg/ml), and hygromycin-resistant colonies were picked and 

cultured. 20 

 For genome editing of the human THYN1 and CDKN2A(p16) 

loci, 293T cells (4 × 105) were transfected with the Cas9 

plus sgRNA expression plasmid targeting the human 

CDKN2A(p16) locus (4 µg), the sgRNA expression plasmid 

targeting the human THYN1 locus (4 µg), and 25 

pcDNA3.1/Hygro(-) (0.4 µg) using Lipofectamine 3000.  Two 

days later, hygromycin was added (0.4 mg/ml), and 

hygromycin-resistant colonies were picked and cultured. 

[0056] 
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TALEN-mediated genome editing 

 For genome editing of the human c-FOS locus, 293T cells 

(4 × 105) were transfected with TALEN plasmids targeting 

the human c-FOS locus (TALEN-left, TALEN-right, 4 µg each) 

and pcDNA3.1/Hygro(-) (0.4 µg, Thermo Fisher Scientific) 5 

using Lipofectamine 3000 (Thermo Fisher Scientific).  Two 

days later, hygromycin was added (0.4 mg/ml), and 

hygromycin-resistant colonies were picked and cultured. 

[0057] 

Example 1: Detection of mutation in human THYN1 locus 10 

(1-1) Inhibition of PCR amplification by human THYN1 locus-

targeting ORNs 

 The ORNs used were ORN_20b, ORN_24b, and ORN_Target 

(see Table 1). 

 Fig. 1A shows the indicated oligoribonucleotides each 15 

hybridized with the nucleotide sequence of the target 

nucleic acid region 

(CTGCAGCGTGACCATGTCGAGACCCCGGAAGAGGCTGGC (SEQ ID NO: 35)) 

containing a CRISPR cleavage site in the human THYN1 locus; 

and the region to be amplified using a THYN1-specific 20 

primer set.  In the figure, the CRISPR target site 

(reference sequence) is underlined, a protospacer adjacent 

motif (PAM) is shaded, and the CRISPR cleavage site is 

shown by an arrow.  ORN_20b and ORN_24b hybridize with 

their respective target sites with the center of each ORN 25 

sequence being aligned with the CRISPR cleavage site, which 

is 3-bp upstream of the PAM.  ORN_Target matches the sgRNA 

sequence and the PAM sequence used for genome editing. 

[0058] 
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 These ORNs, the genomic DNA of Raji cells, a THYN1-

specific primer set (hTHYN1-gRNA-target-15-F3 and hTHYN1-

gRNA-target-15-R3, see Table 2), and KOD DNA polymerase 

(KOD-Plus-Ver. 2 (Toyobo)) were used to amplify a 0.9-kbp 

region surrounding the target sequence under the PCR 5 

conditions described above.  The results are shown in Fig. 

1B.  When the genomic DNA extracted from human Raji cells 

was used for PCR in the absence of any of the ORNs, the 

0.9-kbp region was specifically amplified.  The addition of 

0.1 to 2 µM ORN_20b or ORN_24b to the reaction mixture 10 

strongly inhibited amplification.  The addition of 0.5 to 2 

µM ORN_Target to the reaction mixture also inhibited 

amplification.  In contrast, ORN_306F(NC), an ORN 

hybridizable with an irrelevant locus (human IRF-1 locus), 

did not affect amplification.  These results show that the 15 

addition of ORNs hybridizable with the reference sequence 

in a target nucleic acid region to a PCR reaction mixture 

specifically inhibited PCR amplification of the target 

nucleic acid region. 

[0059] 20 

(1-2) Detection of genome-edited cells 

 We investigated how an ORN hybridizable with the 

reference sequence in a target nucleic acid region affects 

PCR amplification from a template having a mutation in the 

target nucleic acid region. 25 

 We performed CRISPR-mediated genome editing of the 

THYN1 locus in Raji cells and established five types of 

genome-edited clones (T1, T4, T6, T7 and T9) in which the 

reference sequence was mutated in both alleles.  These five 
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genome-edited clones have different mutations in the 

nucleotide sequence of a target nucleic acid region 

containing a CRISPR cleavage site in the wild-type human 

THYN1 locus.  The nucleotide sequence of the target nucleic 

acid region is 5 

GCACTAAAGTCCCCTGCAGCGTGACCATGTCGAGACCCCGGAAGAGGCTGGC (SEQ 

ID NO: 36; the CRISPR target site (reference sequence) is 

underlined, PAM is CCA at positions 25 to 27, and the 

CRISPR cleavage site is between T at position 30 and C at 

position 31).   The mutations are as follows. 10 

T1: The nucleotides at positions 9 to 30 of the nucleotide 

sequence of SEQ ID NO: 36 are deleted in one allele, and 

115 nucleotides are inserted in the CRISPR cleavage site in 

the other allele. 

T4: The nucleotides at positions 24 to 30 of the nucleotide 15 

sequence of SEQ ID NO: 36 are deleted in both alleles. 

T6: The nucleotides at positions 21 to 36 of the nucleotide 

sequence of SEQ ID NO: 36 are deleted in one allele, and 

the nucleotides at positions 30 to 32 are deleted in the 

other allele. 20 

T7: The nucleotides at positions 27 to 37 of the nucleotide 

sequence of SEQ ID NO: 36 are deleted in one allele, and 

the nucleotides at positions 31 to 36 are deleted in the 

other allele. 

T9: The same sequence of 501 nucleotides are inserted in 25 

the CRISPR cleavage site in both alleles. 

[0060] 

 PCR was performed on the genomic DNAs extracted from 

wild-type cells and the genome-edited clones, using a 
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THYN1-specific primer set (hTHYN1-gRNA-target-15-F3 and 

hTHYN1-gRNA-target-15-R3, see Table 2) and KOD DNA 

polymerase (KOD-Plus-Ver. 2) in the presence or absence of 

ORNs.  The ORNs used were ORN_20b and ORN_306F(NC) (see 

Table 1).  The results are shown in Fig. 2.  The left panel 5 

shows the results for the absence of ORNs, the center panel 

shows the results for the presence of ORN_20b, and the 

right panel shows the results for the presence of 

ORN_306F(NC).  In the absence of ORNs, the target nucleic 

acid region was amplified from the genomic DNAs of the 10 

wild-type cells (WT) and all the genome-edited cells.  In 

the presence of ORN_20b, amplification from the genomic DNA 

of the wild-type cells (WT) was completely inhibited, 

whereas amplification from the genome-edited cells was not 

inhibited.  ORN_306F(NC), an ORN hybridizable with an 15 

irrelevant locus (human IRF-1 locus), did not affect 

amplification. 

[0061] 

 There was a possibility that ORN_20b might allele-

specifically inhibit PCR amplification from the genomic DNA 20 

of cells in which the CRISPR target site in each allele is 

differently mutated.  This possibility was examined by 

sequencing analysis of the PCR products obtained by 

amplification from the genomic DNAs of T1, T6, and T7 

cells, in which the CRISPR target site in each allele is 25 

differently mutated, in the presence or absence of ORN_20b.  

As a result, two sequencing signals were detected in each 

PCR product obtained in the presence of ORN_20b, and the 

same signals were detected in the corresponding PCR product 
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obtained in the absence of ORN_20b.  These results 

demonstrate that ORN_20b did not affect amplification from 

those genomic DNAs. 

[0062] 

 Next, PCR was performed using other ORNs (ORN_24b, 5 

ORN_Target and ORN_302F(NC), see Table 1) under the same 

conditions as above.  The results are shown in Fig. 3.  The 

left panel shows the results for the presence of ORN_24b, 

the center panel shows the results for the presence of 

ORN_Target, and the right panel shows the results for the 10 

presence of ORN_302F(NC).  The band pattern obtained by PCR 

in the presence of ORN_24b or ORN_Target was the same as 

that obtained by PCR in the presence of ORN_20b.  

ORN_302F(NC), a 21-base ORN hybridizable with an irrelevant 

locus (human IRF-1 locus), did not affect amplification. 15 

 These results show that PCR performed in a reaction 

mixture containing an ORN capable of hybridizing with the 

reference sequence in a target nucleic acid region is 

effective for distinguishing a wild-type nucleic acid 

sequence having no mutation in the target nucleic acid 20 

region (reference sequence) from a mutated nucleic acid 

sequence having bi-allelic indel mutations in the target 

nucleic acid region (variant sequence). 

[0063] 

(1-3) Detection of mono-allelic mutations 25 

 In the above (1-2), PCR was performed on the genomic 

DNA extracted from genome-edited cells having bi-allelic 

indel mutations.  In this study, we investigated whether 

PCR could distinguish a mutated nucleic acid sequence 
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having a mutation only in one allele (mono-allelic 

mutation) from a wild-type nucleic acid sequence (reference 

sequence).  To this end, the genomic DNA extracted from 

wild-type cells and the genomic DNA extracted from T4 or T9 

cells, which had a mutation common to both alleles, were 5 

mixed at a ratio of 1:1 to simulate a mono-allelic 

mutation.  PCR was performed on the genomic DNA extracted 

from wild-type cells (WT), the genomic DNA extracted from 

T4 or T9 cells, a mixture of WT and T4 genomic DNAs, and a 

mixture of WT and T9 genomic DNAs, using a THYN1-specific 10 

primer set (hTHYN1-gRNA-target-15-F3 and hTHYN1-gRNA-

target-15-R3, see Table 2) and KOD DNA polymerase (KOD-

Plus-Ver. 2) in the presence or absence of ORNs.  The ORNs 

used were ORN_20b, ORN_24b, ORN_Target, ORN_302F(NC), and 

ORN_306F(NC) (see Table 1). 15 

[0064] 

 The results are shown in Fig. 4.  ORN_20b, ORN_24b, and 

ORN_Target each inhibited PCR amplification from a template 

containing the wild-type (WT) genomic DNA alone, not 

containing the mutated genomic DNA.  When the mixture of WT 20 

and T4 genomic DNAs or the mixture of WT and T9 genomic 

DNAs was used, a single band was detected, which band had 

the same size as that observed in the amplification from 

the T4 genomic DNA alone or the T9 genomic DNA alone.  In 

addition, the PCR product (0.9 kb) obtained by 25 

amplification from the mixture of WT and T4 genomic DNAs in 

the presence of ORN_20b was sequenced.  As a result, the 

PCR product showed the same sequencing signal as that of 

the amplified product from the T4 genomic DNA, not the WT 
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genomic DNA.  These results show that PCR performed in a 

reaction mixture containing an ORN capable of hybridizing 

with the reference sequence in a target nucleic acid region 

is effective for distinguishing a wild-type nucleic acid 

sequence having no mutation in the target nucleic acid 5 

region (reference sequence) from a mutated nucleic acid 

sequence having a mono-allelic indel mutation in the target 

nucleic acid region (variant sequence). 

[0065] 

(1-4) Detection of genome-edited cells by PCR using Pfu DNA 10 

polymerase 

 Pfu DNA polymerase is a DNA polymerase α having 3’-5’ 

exonuclease activity, which is a function in common with 

KOD DNA polymerase (KOD-Plus-Ver. 2) used in Example 1.  In 

this study, PCR was performed under the same conditions as 15 

in the above (1-2) and (1-3) except for using Pfu DNA 

polymerase instead of KOD DNA polymerase (KOD-Plus-Ver. 2).  

More specifically, PCR was performed on the genomic DNA 

extracted from wild-type cells (WT), the genomic DNA 

extracted from T1, T4, T6, T7 or T9 cells, a mixture of WT 20 

and T4 genomic DNAs, and a mixture of WT and T9 genomic 

DNAs, using a THYN1-specific primer set (hTHYN1-gRNA-

target-15-F3 and hTHYN1-gRNA-target-15-R3, see Table 2) and 

Pfu DNA polymerase in the presence or absence of ORNs.  The 

ORNs used were ORN_20b, ORN_24b, and ORN_306F(NC) (see 25 

Table 1). 

[0066] 

 The results are shown in Fig. 5.  As with the case 

using KOD DNA polymerase, ORN_20b and ORN_24b each 
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inhibited amplification of the target nucleic acid region 

from the WT genomic DNA, but allowed amplification of the 

target nucleic acid region from the genomic DNAs having a 

mutation in the reference sequence. 

[0067] 5 

(1-5) Detection of genome-edited cells by real-time 

(quantification) PCR 

 In this study, we investigated whether real-time PCR 

could distinguish a mono-allelic indel mutation from bi-

allelic indel mutations. 10 

 Real-time PCR was performed on the genomic DNA 

extracted from wild-type cells (WT), the genomic DNA 

extracted from T4 or T6 cells, which had bi-allelic 

mutations, and a mixture of WT and T4 genomic DNAs, which 

simulated a mono-allelic mutation, using a THYN1-specific 15 

primer set (hTHYN1-gRNA-target-15-F3 and hTHYN1-gRNA-

target-15-R3, see Table 2) and KOD DNA polymerase (KOD SYBR 

qPCR Mix) in the presence of ORN_24b or ORN_302F(NC) or in 

the absence of ORNs. 

[0068] 20 

 The results are shown in Fig. 6.  The results of the 

real-time PCR in the presence of ORN_24b show that 

amplification of the target nucleic acid region from the WT 

genomic DNA was not detected, whereas amplification of the 

target nucleic acid region from the genomic DNA of T4 or T6 25 

cells was not affected.  In addition, amplification of the 

target nucleic acid region from the template simulating a 

mono-allelic indel mutation (WT+T4) was inhibited by about 

60%.  ORN_302F(NC), an ORN hybridizable with an irrelevant 
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locus (human IRF-1 locus), did not affect amplification.  

These results show that real-time PCR performed in a 

reaction mixture containing an ORN capable of hybridizing 

with the reference sequence in a target nucleic acid region 

is effective for distinguishing between a wild-type nucleic 5 

acid sequence having no mutation in the target nucleic acid 

region (reference sequence), a mutated nucleic acid 

sequence having bi-allelic indel mutations in the target 

nucleic acid region (variant sequence), and a mutated 

nucleic acid sequence having a mono-allelic indel mutation 10 

in the target nucleic acid region (variant sequence). 

[0069] 

(1-6) Examination of PCR using CRISPR RNA 

 Genome editing can be performed by transfection of 

recombinant CRISPR ribonucleoproteins (RNPs).  In this 15 

approach, synthesized sgRNAs or complexes of CRISPR RNAs 

(crRNAs) plus trans-activating crRNAs (tracrRNAs) are used 

as gRNAs.  In the genome editing using CRISPR RNPs, the use 

of crRNAs rather than target-specific ORNs would be more 

cost-effective for detecting genome-edited cells.  In this 20 

study, PCR was performed using crRNAs instead of target-

specific ORNs.  The crRNAs used were a crRNA containing an 

RNA sequence complementary to the CRISPR target site 

(crRNA_Target: SEQ ID NO: 8, see Table 1) and a control 

crRNA containing an RNA sequence complementary to an 25 

irrelevant locus (chicken Pax5 locus) (crRNA_NC: SEQ ID NO: 

9, see Table 1).  PCR was performed on the genomic DNA 

extracted from wild-type cells (WT), the genomic DNA 

extracted from T4 or T6 cells, and a mixture of WT and T4 
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genomic DNAs, using a THYN1-specific primer set (hTHYN1-

gRNA-target-15-F3 and hTHYN1-gRNA-target-15-R3, see Table 

2) and KOD DNA polymerase (KOD-Plus-Ver. 2) in the presence 

of either of the two crRNAs. 

[0070] 5 

 The results are shown in Fig. 7.  The pattern of PCR 

amplification in the presence of crRNA_Target was 

comparable to those obtained above using THYN1-specific 

ORNs (see Figs. 2, 3, and 4).  crRNA_NC did not affect 

amplification of the target nucleic acid region. 10 

[0071] 

Example 2: Screening for genome-edited cells 

(2-1) Screening for human 293T cells edited at CDKN2A(p16) 

locus 

 We performed CRISPR-mediated genome editing of the 15 

CDKN2A(p16) locus in human 293T cells and investigated 

whether the detection method of the present invention would 

be applicable to screening for the cells having a mutation 

in the CDKN2A(p16) locus.  Fig. 8A shows the nucleotide 

sequence of the target nucleic acid region 20 

(CTGGCCACGGCCGCGGCCCGGGGTCGGGTAGAGGAGGTGCGGG (SEQ ID NO: 

37)) containing a CRISPR cleavage site in the human 

CDKN2A(p16) locus and its complementary sequence; ORN_p16 

hybridized with the target nucleic acid region; and the 

region to be amplified using a CDKN2A(p16)-specific primer 25 

set.  In the figure, the CRISPR target site (reference 

sequence) is underlined, PAM is shaded, and the CRISPR 

cleavage site is shown by an arrow. 

[0072] 
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 CRISPR-mediated genome editing was performed at the 

CDKN2A(p16) locus in human 293T cells, followed by single-

colony isolation.  From 12 individual clones (C1 to C12), 

genomic DNAs were extracted.  PCR was performed on these 

genomic DNAs using a CDKN2A(p16)-specific primer set 5 

(hCDKN2A-ORN-F and hCDKN2A-ORN-R, see Table 2) and KOD DNA 

polymerase (KOD-Plus-Ver. 2) in the presence or absence of 

ORN_p16. 

[0073] 

 The results are shown in Fig. 8B.  The target nucleic 10 

acid region was amplified from 11 of the 12 samples, 

indicating that genome editing had occurred in the 

corresponding clones.  From the genomic DNAs of C9, C11, 

and C12, two PCR products per clone were obtained, 

indicating that genome editing had occurred differently in 15 

each allele.  The amplified product from C10 had a 

molecular weight exceeding 1 kb, indicating that an 

insertion mutation had occurred in this clone.  The 

amplified products from the genomic DNA of C1 and C3 to C8 

had the same size (0.8 kbp) as the PCR product obtained by 20 

amplification from the wild-type genomic DNA in the absence 

of the ORN.  To characterize the types of the mutations in 

these clones, the amplified products were subjected to 

sequencing.  As a result, a sequencing signal corresponding 

to the intact CRISPR target site was not detected in any of 25 

the amplified products from C1 and C3 to C8, indicating 

that bi-allelic mutations had been introduced into the 

target site in these clones.  These results show the 

detection method of the present invention can be used for 
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screening for genome-edited cells. 

[0074] 

(2-2) Screening for cells edited at multiple target sites 

 Genome editing can be used to introduce mutations 

simultaneously into multiple loci in a single cell.  In 5 

this study, we investigated whether the detection method of 

the present invention would be applicable to screening for 

cells edited at multiple target sites. 

 CRISPR-mediated genome editing was performed at the 

CDKN2A(p16) and THYN1 loci in human 293T cells, followed by 10 

single-colony isolation.  From 11 individual clones (CT1 to 

CT11), genomic DNAs were extracted.  PCR was performed on 

these genomic DNAs using a CDKN2A(p16)-specific primer set 

(hCDKN2A-ORN-F and hCDKN2A-ORN-R, see Table 2), a THYN1-

specific primer set (hTHYN1-gRNA-target-15-F2, hTHYN1-gRNA-15 

target-15-R2, see Table 2), and KOD DNA polymerase (KOD-

Plus-Ver. 2) in the presence of ORN_p16 and ORN_24b or in 

the absence of ORNs (see Fig. 9A). 

[0075] 

 The results are shown in Fig. 9B.  The amplified 20 

product of the CDKN2A(p16) locus was obtained from the 

genomic DNAs of 9 of the 11 clones (CT1, CT3 to CT8, CT10, 

and CT11), and the amplified product of the THYN1 locus was 

obtained from the genomic DNAs of all the 11 clones.  This 

indicates successful genome editing at each locus.  The 25 

amplified products from CT3, CT7, and CT10 were different 

in length from those from the other clones, indicating that 

the target loci in the three clones were mutated mono-

allelically or bi-allelically.  The other clones were 
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subjected to PCR in the absence of ORNs, and the amplified 

products were sequenced.  As shown in Table 3, CT2 and CT9 

had mutations in the THYN1 locus, but not in the 

CDKN2A(p16) locus, whereas CT1, CT4 to CT8, and CT11 had 

mutations in both loci.  These results show the detection 5 

method of the present invention can be used for screening 

for cells edited at multiple target sites. 

[0076] 

[Table 3] 

 10 

[0077] 

Example 3: Detection of point mutations 

 Genome editing can be used to introduce a point 

mutation, and detection of such a mutation is practically 

important.  We investigated whether the detection method of 15 

the present invention would be effective for detecting a 

point mutation. 

(3-1) Detection of 1-base deletion mutation 

 The results of the sequencing of C4 and C6 in the above 

(2-1) show that these two clones have different mutations 20 

in the nucleotide sequence of the target nucleic acid 

region containing a CRISPR cleavage site in the wild-type 

human CDKN2A(p16) locus.  The nucleotide sequence of the 

target nucleic acid region is 
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CTGGCCACGGCCGCGGCCCGGGGTCGGGTAGAGGAGGTGCGGG (SEQ ID NO: 38; 

the CRISPR target site (reference sequence) is underlined, 

PAM is GGG at positions 26 to 28, and the CRISPR cleavage 

site is between G at position 22 and G at position 23).  

The mutations are as follows. 5 

C4: The 6 nucleotides at positions 20 to 25 of the 

nucleotide sequence of SEQ ID NO: 38 are deleted in one 

allele, and the nucleotide at position 22 is deleted in the 

other allele. 

C6: The 6 nucleotides at positions 20 to 25 of the 10 

nucleotide sequence of SEQ ID NO: 38 are deleted in one 

allele, and the 2 nucleotides at positions 22 and 23 are 

deleted in the other allele. 

[0078] 

 PCR was performed on the genomic DNA extracted from 15 

wild-type cells (WT) and the genomic DNA extracted from C4 

or C6 cells using a CDKN2A(p16)-specific primer set 

(hCDKN2A-(-)Bisul-F2 and hCDKN2A-(-)Bisul-R2, see Table 2) 

and KOD DNA polymerase (KOD-Plus-Ver. 2) in the presence of 

ORN_p16 in a two-step protocol at an annealing/elongation 20 

temperature of 62oC or 70oC.  The results are shown in Fig. 

10A.  The amplified product was obtained from the C4 or C6 

genomic DNA at an annealing/elongation temperature of 62oC 

(left) as well as 70oC (right), but no amplified product 

was obtained from the WT genomic DNA at either temperature. 25 

[0079] 

 The obtained amplified products were subjected to 

sequencing.  The results are shown in Fig. 10B.  In the 

case of the annealing/elongation temperature of 62oC, two 
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sequencing signals were detected in the amplified product 

from C6, whereas a single sequencing signal corresponding 

to the 6-base deleted allele was detected in the amplified 

product from C4, indicating that amplification of the 1-

base deleted allele was inhibited by hybridization with 5 

ORN_p16.  On the other hand, in the case of the 

annealing/elongation temperature of 70oC, a sequencing 

signal corresponding to the 1-base deleted allele was also 

detected in the amplified product from C4.  These results 

show that the adjustment of the annealing/elongation 10 

temperature for the ORN to be used enables the detection of 

a 1-base deletion in the reference sequence. 

[0080] 

(3-2) Detection of 1-base insertion mutation 

 As shown in the above (2-2), CT11 has a 1-base 15 

insertion in one allele of the THYN1 locus (11-base 

deletion in the other allele, see Table 3).  In this study, 

PCR was performed on the genomic DNA extracted from wild-

type cells (WT) and the genomic DNA extracted from CT11 

cells using a THYN1-specific primer set (hTHYN1-gRNA-20 

target-15-F5 and hTHYN1-gRNA-target-15-R5, see Table 2) and 

KOD DNA polymerase (KOD-Plus-Ver. 2) in the presence of 

ORN_24b at an annealing temperature of 62oC or 68oC.  The 

results are shown in Fig. 11A.  The amplified product was 

obtained from the CT11 genomic DNA at an annealing 25 

temperature of 62oC (left) as well as 68oC (right), but no 

amplified product was obtained from the WT genomic DNA at 

either temperature. 

[0081] 
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 The obtained amplified products were subjected to 

sequencing.  The results are shown in Fig. 11B.  A 

sequencing signal corresponding to the nucleotide sequence 

having a 1-base insertion was not detected in the amplified 

product obtained at the annealing temperature of 62oC, but 5 

was detected in the amplified product obtained at the 

annealing temperature of 68oC.  These results show that the 

adjustment of the annealing temperature for the ORN to be 

used enables the detection of a 1-base insertion in a 

target nucleic acid region. 10 

[0082] 

(3-3) Detection of 1-base substitution 

 HCT116 cells have a 1-base (G) insertion in one allele 

of the CDKN2A(p16) locus.  We investigated whether the 

detection method of the present invention would be 15 

effective for detecting a mutation using the genomic DNA 

extracted from HCT116 cells and an ORN hybridizable with 

the target site having a mutation at one end (ORN_Gx5).  As 

shown in Fig. 12A, the nucleotide sequence 

CCGCGGCCCGGGGGTCGGGTAGAGGAGGTGCGGGCG (SEQ ID NO: 39) of the 20 

Gx5 allele has an insertion of G between C at position 9 

and G at position 10 of the nucleotide sequence 

CCGCGGCCCGGGGTCGGGTAGAGGAGGTGCGGGCG (SEQ ID NO: 40) of the 

Gx4 allele.  In the alignment of both the sequences, C at 

position 9 of the nucleotide sequence of the Gx4 allele can 25 

be regarded as being substituted by G in the nucleotide 

sequence of the Gx5 allele.  ORN_Gx5 is completely 

complementary to the nucleotides at positions 10 to 30 

(reference sequence) of the nucleotide sequence of the Gx5 
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allele.  Meanwhile, ORN_Gx5 is completely complementary to 

the nucleotides at positions 11 to 30 of the nucleotide 

sequence of the Gx4 allele, but has a mismatch with 

cytosine (C) at position 10.  PCR was performed on the 

genomic DNA extracted from the HCT116 cells using a 5 

CDKN2A(p16)-specific primer set (hCDKN2A-(-)Bisul-F2 and 

hCDKN2A-(-)Bisul-R2, see Table 2) and KOD DNA polymerase 

(KOD-Plus-Ver. 2) in the presence of ORN_Gx5 in a two-step 

protocol at an annealing/elongation temperature of 64oC, 

68oC, or 72oC.  As a result, the amplified product was not 10 

obtained at the annealing/elongation temperature of 64oC, 

but was obtained at both the annealing/elongation 

temperatures of 68oC and 72oC. 

[0083] 

 The amplified products obtained at the 15 

annealing/elongation temperatures of 68oC and 72oC were 

subjected to sequencing.  The results are shown in Fig. 

12B.  The amplified product at the annealing/elongation 

temperature of 68oC showed a very weak sequencing signal 

corresponding to the nucleotide sequence of the Gx5 allele, 20 

which had no mismatch with ORN_Gx5, indicating that ORN_Gx5 

inhibited amplification.  In contrast, the amplified 

product at the annealing/elongation temperature of 72oC 

showed a strong sequencing signal corresponding to the 

nucleotide sequence of the Gx5 allele, indicating that 25 

ORN_Gx5 did not inhibit amplification.  These results show 

that the adjustment of the annealing/elongation temperature 

for the ORN to be used enables the detection of a 1-base 

substitution in a target nucleic acid region.  Also shown 
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was that a mutation can be detected when the site of the 

mutation is aligned with not only the center but also the 

end of the ORN.  

[0084] 

Example 4: Examination of two-step PCR conditions 5 

(4-1) Inhibition of two-step PCR amplification by mouse 

Tax1bp1 locus-targeting ORN 

 The ORN used was ORN_Tax (see Table 1). 

 Fig. 13A shows ORN_Tax hybridized with the nucleotide 

sequence of the target nucleic acid region 10 

(CCATTACACCTTAACTCCGTATATCCAT (SEQ ID NO: 41)) in the mouse 

Tax1bp1 locus; and the region to be amplified using a 

Tax1bp1-specific primer set. 

[0085] 

 ORN_Tax, the genomic DNA of Ba/F3 cells, a Tax1bp1-15 

specific primer set (mTax1bp1-exon2-F2, mTax1bp1-exon2-R2, 

see Table 2), and KOD DNA polymerase (KOD-Plus-Ver.2) were 

used for two-step PCR at six different annealing/elongation 

temperatures ranging 50 to 65oC as shown in Fig. 13B.  The 

results are shown in Fig. 13C.  When the genomic DNA 20 

extracted from mouse Ba/F3 cells was used for PCR in the 

absence of the ORN, a 0.6-kbp region was amplified.  The 

addition of 1 µM ORN_Tax to the reaction mixture inhibited 

amplification at annealing/elongation temperatures of 56oC 

or less, and particularly strongly inhibited amplification 25 

at annealing/elongation temperatures of 50oC and 53oC.  

These results show that the adjustment of the 

annealing/elongation temperature for the ORN to be used 

enables specific inhibition of PCR amplification of a 
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target nucleic acid region in a two-step protocol.  Also 

shown was that ORN_Tax1 hybridizes with a template DNA at a 

temperature of 53 to 56oC. 

[0086] 

(4-2) Inhibition of two-step PCR amplification by human c-5 

FOS locus-targeting ORN 

 The ORN used was ORN_FOS (see Table 1). 

 Fig. 14A shows ORN_FOS hybridized with the nucleotide 

sequence of the target nucleic acid region 

(GTTATAAAAGCAGTGGCTGCGGCGCCTCGT (SEQ ID NO: 42)) in the 10 

human c-FOS locus; and the region to be amplified using a 

c-FOS-specific primer set. 

[0087] 

 ORN_FOS, the genomic DNA of 293T cells, a c-FOS-

specific primer set (hc-fos-prom-F and hc-fos-prom-R, see 15 

Table 2), and KOD DNA polymerase (KOD-Plus-Ver.2) were used 

for two-step PCR at seven different annealing/elongation 

temperatures ranging 50 to 68oC as shown in Fig. 14B.  The 

results are shown in Fig. 14C.  When the genomic DNA 

extracted from human 293T cells was used for PCR in the 20 

absence of the ORN, a 0.8-kbp region was specifically 

amplified at annealing/elongation temperatures of 53 to 

68oC.  The addition of 1 µM ORN_FOS to the reaction mixture 

strongly inhibited amplification at annealing/elongation 

temperatures of 53 to 65oC, but allowed specific 25 

amplification of the 0.8-kbp region only at the 

annealing/elongation temperature of 68oC.  These results 

also show that the adjustment of the annealing/elongation 

temperature for the ORN to be used enables specific 
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inhibition of PCR amplification of a target nucleic acid 

region in a two-step protocol.  Also shown was that ORN_FOS 

hybridizes with a template DNA at a temperature of 65 to 

68oC. 

[0088] 5 

 The Tm value of DNA can be predicted and generally 

calculated by the following formula: 

 Tm = (a + t) × 2 + (g + c) × 4 

wherein a, t, g, and c indicate the numbers of 

corresponding bases A, T, G, and C, respectively. 10 

 The Tm values of ORN_Tax and ORN_FOS were calculated by 

the above formula with the replacement of base T by U.  The 

calculated Tm values of ORN_Tax and ORN_FOS were 54oC and 

66oC, respectively (Table 4).  The actual Tm value of 

ORN_Tax was 53 to 56oC as shown in the results of Fig. 12, 15 

and the actual Tm value of ORN_Tax was 65 to 68oC as shown 

in the results of Fig. 13.  These results show that the Tm 

values of ORNs can be predicted. 

[0089] 

[Table 4] 20 

 
The Tm value is calculated by the following formula: Tm = (a + u) × 2 + (g + c) × 4 
wherein a, u, g, and c indicate the numbers of corresponding bases A, U, G, and C, 
respectively. 
[0090] 25 

Example 5: Screening for genome-edited cells by two-step 

PCR 

(5-1) Screening for human 293T cells edited at c-FOS locus 

 We performed TALEN-mediated genome editing of the c-FOS 

locus in human 293T cells and investigated whether the 30 
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detection method of the present invention would be 

applicable to screening for the cells having a mutation in 

the c-FOS locus.  Fig. 15A shows the nucleotide sequence of 

the target nucleic acid region 

(CTCATTCATAAAACGCTTGTTATAAAAGCAGTGGCTGCGGCGCCTCGTACTCCAACCG5 

CATCTGC (SEQ ID NO: 43)) containing a TALEN cleavage site 

in the human c-FOS locus; ORN_FOS hybridized with the 

target nucleic acid region; and the region to be amplified 

using a c-FOS-specific primer set.  In the figure, the 

target sites of TALEN-left and TALEN-right are underlined, 10 

and the region flanked by TALEN-left and TALEN-right is 

targeted for cleavage. 

[0091] 

 TALEN-mediated genome editing was performed at the c-

FOS locus in human 293T cells, followed by single-colony 15 

isolation.  From 14 individual clones (F1 to C14), genomic 

DNAs were extracted.  PCR was performed on these genomic 

DNAs using a c-FOS-specific primer set (hc-fos-prom-F and 

hc-fos-prom-R, see Table 2) and KOD DNA polymerase (KOD-

Plus-Ver. 2) in the presence of ORN_FOS in a two-step 20 

protocol at an annealing/elongation temperature of 65oC. 

[0092] 

 The results are shown in Fig. 15B.  The band of the 

amplified product was clearly observed in 9 of the 14 

samples, indicating that genome editing had occurred in the 25 

corresponding clones.  From the genomic DNAs of F4 and F10, 

two PCR products per clone were obtained, indicating that 

genome editing had occurred differently in each allele.  

From the genomic DNA of F9, three PCR products were 
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obtained, indicating that different types of genome-edited 

cells were mixed in this clone.  To determine the presence 

or absence of a mutation and characterize the type of the 

mutation in each of the obtained clones except for F4 and 

F9, PCR amplification was performed in the absence of the 5 

ORN, and the PCR products were subjected to sequencing.  As 

a result, clones F2, F3, F5, F13 and F14, for which no 

clear band was detected after the previous PCR 

amplification in the presence of the ORN, had no mutation 

in the TALEN target site.  For the other clones, for which 10 

a clear band was detected after the previous PCR 

amplification in the presence of the ORN, a sequencing 

signal(s) corresponding to the mutated TALEN target site 

was detected, indicating that these clones had a mono-

allelic mutation or bi-allelic mutations in the target 15 

site.  The results are summarized in Table 5.  Taken 

together, the above findings show the detection method of 

the present invention using two-step PCR can be used for 

screening for genome-edited cells. 

[0093] 20 

[Table 5] 

 

[0094] 

Example 6: Detection of 1-base substitution mutation by 

two-step PCR 25 

(6-1) Detection of 1-base substitution mutation in EGFR 
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locus in human NCI-H1975 cells 

 NCI-H1975 cells have a 1-base substitution mutation in 

one allele of the EGFR locus.  As shown in Fig. 16A, NCI-

H1975 cells have a T to G substitution at position 16 of 

the intact nucleotide sequence 5 

TCACAGATTTTGGGCTGGCCAAACTGCTGGG (SEQ ID NO: 44) in one 

allele.  ORN_EGFR_L858 is completely complementary to the 

nucleotides at positions 6 to 26 (reference sequence) of 

the intact nucleotide sequence, but has a mismatch with 

guanine (G) at position 16 of the 1-base substituted 10 

nucleotide sequence.  Genomic DNAs were extracted from NCI-

H1975 cells and 293T cells, which are free from a 1-base 

substitution mutation at the corresponding position.  PCR 

was performed on these genomic DNAs using an EGFR-specific 

primer set (hEGFR-Exon21-F and hEGFR-Exon21-R, see Table 2) 15 

and KOD DNA polymerase (KOD-Plus-Ver. 2) in the presence or 

absence of ORN_EGFR_L858 in a two-step protocol at three 

different annealing/elongation temperatures ranging 59 to 

65oC as shown in Fig. 16B.  As shown in Fig. 16C, the 

amplified product was obtained from both the genomic DNAs 20 

in the absence of ORN_EGFR_L858 regardless of the 

annealing/elongation temperature.  In the presence of 

ORN_EGFR_L858, no amplified product was obtained from the 

genomic DNA of 293T cells at the annealing/elongation 

temperature of 59oC, whereas the amplified product was 25 

obtained from the genomic DNA of NCI-H1975 cells at the 

same annealing/elongation temperature. 

[0095] 

 The amplified products obtained at the 
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annealing/elongation temperature of 59oC were subjected to 

sequencing.  The results are shown in Fig. 16D.  A 

sequencing signal corresponding to the intact nucleotide 

sequence was detected in the amplified product obtained 

from the genomic DNA of 293T cells in the absence of the 5 

ORN.  On the other hand, sequencing signals corresponding 

to both the intact nucleotide sequence and the mutated 

nucleotide sequence having a 1-base substitution were 

detected in the amplified product obtained from the genomic 

DNA of NCI-H1975 cells in the absence of the ORN.  In the 10 

amplified product obtained from the genomic DNA of NCI-

H1975 cells in the presence of ORN_EGFR_L858, only a 

sequencing signal corresponding to the mutated nucleotide 

sequence having a 1-base substitution was detected.  These 

results show the detection method of the present invention 15 

using two-step PCR enables the detection of a 1-base 

substitution mutation in a target nucleic acid region. 

[0096] 

Example 7: Amplification of genome-edited nucleotide 

sequences 20 

(7-1) Amplification of genome-edited nucleotide sequences 

in human THYN1 locus 

 We investigated whether the detection method of the 

present invention using a DNA extracted from a genome-

edited cell pool would enable selective amplification of 25 

nucleotide sequences each having a mutation in a target 

nucleic acid region. 

 For genome editing of the human THYN1 locus, HCT116 

cells (4 × 105 cells) were transfected with a Cas9 
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expression plasmid (4 µg) and an sgRNA expression plasmid 

targeting the human THYN1 locus (4 µg) using Lipofectamine 

3000 (Thermo Fisher Scientific).  Three days later, genomic 

DNA was extracted from the cells using Quick-DNA Universal 

Kit (Zymo Research). 5 

 For PCR targeting the human THYN1 locus, a PCR reaction 

mixture containing 20 ng of the HCT116 genomic DNA, 0.3 µM 

each primer, and 0.5 µM ORN was prepared in a 10 µL volume.  

The reaction was carried out with an initial denaturation 

at 94oC for 2 min, followed by 34 cycles of the following 2 10 

steps: 98oC for 10 sec, and 68oC for 90 sec. 

 The PCR products were electrophoresed on a 1% agarose 

gel, and if necessary, subjected to sequencing or to 

cloning into pCR4-TOPO (Thermo Fisher Scientific) and 

subsequent sequencing.  DNA sequencing data were analyzed 15 

using Applied Biosystems Sequence Scanner Software v2.0 

(Thermo Fisher Scientific). 

[0097] 

 The experimental scheme is shown in Fig. 17A.  CRISPR-

mediated genome editing was performed at the THYN1 locus in 20 

HCT116 cells without subsequent cloning.  Genomic DNA was 

extracted from the whole cell population.  PCR was 

performed on the extracted genomic DNA using a THYN1-

specific primer set (hTHYN1-gRNA-target-15-F5 and hTHYN1-

gRNA-target-15-R5, see Table 2) and KOD DNA polymerase 25 

(KOD-Plus-Ver. 2) in the presence or absence of ORN_24b 

(see Table 1). 

 Fig. 17B shows ORN_24b hybridized with the nucleotide 

sequence of the target nucleic acid region 
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(CAGCGTGACCATGTCGAGACCCCGGAAGAGGCT (SEQ ID NO: 51)) 

containing a CRISPR cleavage site in the human THYN1 locus.  

In the figure, the CRISPR target site (reference sequence) 

is underlined, PAM is shaded, and the CRISPR cleavage site 

is shown by an arrow. 5 

[0098] 

 The results are shown in Fig. 17C.  In the absence of 

ORN_24b, the target nucleic acid region was amplified from 

the genomic DNAs of the wild-type cells and the genome-

edited cell pool.  In the presence of ORN_24b, 10 

amplification from the genomic DNA of the wild-type cells 

was completely inhibited, whereas amplification from the 

genome-edited cell pool was not completely inhibited.  In 

addition, the PCR products obtained in the absence of 

ORN_24b and the PCR products obtained in the presence of 15 

ORN_24b were subjected to sequencing.  As a result, only a 

sequencing signal corresponding to the wild-type nucleotide 

sequence (TGCAGCGTGACCATGTCGAGACCCCGGAAGAGGCTGGCTGG: SEQ ID 

NO: 52) was detected in the PCR products obtained in the 

absence of ORN_24b, whereas multiple sequencing signals 20 

were detected in the PCR products obtained in the presence 

of ORN_24b (see Fig. 17D).  In the PCR products obtained in 

the presence of ORN_24, no sequencing signal corresponding 

to the wild-type nucleotide sequence was detected.  This 

means that ORN_24b inhibits amplification of the THYN1 25 

locus from the genomic DNA of wild-type cells contained in 

the genome-edited cell pool, but does not affect 

amplification from the genomic DNAs of genome-edited cells 

contained in the genome-edited cell pool. 
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[0099] 

 Next, the PCR products obtained in the absence of 

ORN_24b and the PCR products obtained in the presence of 

ORN_24b were cloned into plasmids, and the obtained clones 

were subjected to sequencing.  The results are summarized 5 

in Table 6.  In the case of cloning of the PCR products 

obtained in the absence of ORN_24b, 2 of 11 clones had a 

genome-edited nucleotide sequence.  In the case of cloning 

of the PCR products obtained in the presence of ORN_24b, 

all seven clones had a genome-edited nucleotide sequence.  10 

The above results show that PCR performed in a reaction 

mixture containing an ORN capable of hybridizing with the 

reference sequence in a target nucleic acid region is 

effective for inhibiting amplification of a wild-type 

nucleic acid sequence having no mutation in the target 15 

nucleic acid region (reference sequence) and amplifying a 

mutated nucleic acid sequence having a mutation in the 

target nucleic acid region (variant sequence). 

[0100] 

[Table 6] 20 

 

[0101] 

(7-2) Amplification of genome-edited nucleotide sequences 

in human CDKN2A(p16) locus 

 We conducted another investigation similar to the above 25 
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(7-1) using the human CDKN2A(p16) locus and crRNA in place 

of the target-specific ORN. 

 For genome editing of the human CDKN2A(p16) locus, 

HCT116 cells (4 × 105 cells) were transfected with a Cas9 

expression plasmid (4 µg) and an sgRNA expression plasmid 5 

targeting the human CDKN2A(p16) locus (4 µg) using 

Lipofectamine 3000 (Thermo Fisher Scientific).  Three days 

later, genomic DNA was extracted from the cells using 

Quick-DNA Universal Kit (Zymo Research). 

 For PCR targeting the human CDKN2A(p16) locus, a PCR 10 

reaction mixture containing 20 ng of the HCT116 cell 

genomic DNA, 0.3 µM each primer, and 0.25 µM crRNA was 

prepared in a 10 µL volume.  The reaction was carried out 

with an initial denaturation at 94oC for 2 min, followed by 

34 cycles of the following 2 steps: 98oC for 10 sec, and 15 

74oC for 70 sec. 

 The PCR products were electrophoresed on a 1% agarose 

gel, and if necessary, subjected to sequencing.  DNA 

sequencing data were analyzed using Applied Biosystems 

Sequence Scanner Software v2.0 (Thermo Fisher Scientific). 20 

[0102] 

 In the same manner as in the experimental scheme shown 

in Fig. 17A, CRISPR-mediated genome editing was performed 

at the human CDKN2A(p16) locus in HCT116 cells without 

subsequent cloning.  Genomic DNA was extracted from the 25 

whole cell population.  PCR was performed on the extracted 

genomic DNA using a human CDKN2A(p16)-specific primer set 

(hCDKN2A-CpG-645-F and hCDKN2A-CpG-645-R) and KOD DNA 

polymerase (KOD-Plus-Ver. 2) in the presence or absence of 
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crRNA_lef5. 

hCDKN2A-CpG-645-F: ggagacccaacctggggcgacttca (SEQ ID NO: 

45) 

hCDKN2A-CpG-645-R: ctgtacgcgcgtggctcctcattcc (SEQ ID NO: 

46) 5 

crRNA_lef5: uggggcggaccgcgugcgcuguuuuagagcuaugcuguuu (SEQ 

ID NO: 47) 

[0103] 

 Fig. 18A shows the nucleotide sequence of the target 

nucleic acid region (GGTGGGGCGGACCGCGTGCGCTCGGCG (SEQ ID 10 

NO: 53)) containing a CRISPR cleavage site in the human 

CDKN2A(p16) locus and its complementary sequence; and 

crRNA_lef5 hybridized with the target nucleic acid region.  

In the figure, the CRISPR target site (reference sequence) 

is underlined, PAM is shaded, and the CRISPR cleavage site 15 

is shown by an arrow. 

[0104] 

 The results are shown in Fig. 18B.  In the absence of 

crRNA, the target nucleic acid region was amplified from 

the genomic DNAs of the wild-type cells and the genome-20 

edited cell pool.  In the presence of crRNA_lef5, 

amplification from the genomic DNA of the wild-type cells 

was completely inhibited, whereas amplification from the 

genome-edited cell pool was not completely inhibited.  

Next, the PCR products obtained in the absence of 25 

crRNA_lef5 and the PCR products obtained in the presence of 

crRNA_lef5 were subjected to sequencing.  As a result, a 

sequencing signal corresponding to the wild-type nucleotide 

sequence (GGTGGGGCGGACCGCGTGCGCTCGGCGGCTGCGG: SEQ ID NO: 
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54) was mainly detected in the PCR products obtained in the 

absence of crRNA_lef5, whereas multiple sequencing signals 

were detected in the PCR products obtained in the presence 

of crRNA_lef5 (see Fig. 18C).  This means that crRNA_lef5 

inhibits amplification of the CDKN2A(p16) locus from the 5 

genomic DNA of wild-type cells contained in the genome-

edited cell pool, but does not affect amplification from 

the genomic DNAs of genome-edited cells contained in the 

genome-edited cell pool.  The above results show that PCR 

performed in a reaction mixture containing a crRNA capable 10 

of hybridizing with the reference sequence in a target 

nucleic acid region is effective for inhibiting 

amplification of a wild-type nucleic acid sequence having 

no mutation in the target nucleic acid region (reference 

sequence) and amplifying a mutated nucleic acid sequence 15 

having a mutation in the target nucleic acid region 

(variant sequence). 

[0105] 

 To summarize the above, the detection method of the 

present invention can enrich a nucleic acid having a 20 

mutated nucleic acid sequence having a mutation in the 

target nucleic acid region (variant sequence), thus 

enabling a more efficient analysis of mutational patterns; 

and also can be used to determine the presence or absence 

of genome-edited cells contained in a cell population 25 

subjected to genome editing.  In place of the cloning and 

sequencing analysis described above, PCR products may be 

subjected to next-generation sequencing analysis. 

[0106] 
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Example 8: Amplification of methylated cytosine-containing 

DNA region after bisulfite treatment 

(8-1) Amplification of methylated cytosine-containing human 

CDKN2A(p16) locus after bisulfite treatment 

 CpG islands are regions with a high frequency of CpG 5 

sites, and cytosines in CpG sites can be methylated.  

Bisulfite treatment converts unmethylated cytosines to 

uracils but leaves methylated cytosines unchanged.  For 

this reason, in PCR products from a bisulfite-converted 

DNA, unmethylated cytosines are substituted by thymines, 10 

and methylated cytosines remain cytosines.  In other words, 

a bisulfite-converted DNA has a nucleotide sequence 

different from the original one due to the methylation 

status of cytosines in CpG sites.  In this view, the 

detection method of the present invention would enable 15 

specific amplification of the nucleotide sequence of a DNA 

region with (or without) methylated cytosines in CpG sites. 

[0107] 

 In HCT116 cells, CpG methylation in the CpG island is 

known to occur in only one allele of the human CDKN2A(p16) 20 

locus.  In this study, the detection method of the present 

invention after bisulfite conversion of a DNA extracted 

from HCT116 cells would enable specific amplification of 

the nucleotide sequence of a DNA region with methylated 

cytosines in CpG sites in the CpG island of the CDKN2A(p16) 25 

locus. 

 Genomic DNA was extracted from HCT116 cells and 

subjected to bisulfite treatment using EZ DNA Methylation-

Lightning Kit (Zymo Research).  For PCR targeting the human 
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CDKN2A(p16) locus, a PCR reaction mixture containing 1 µL 

of the bisulfite-converted genomic DNA from HCT116 cells, 

0.3 µM each primer, and 1 µM ORN was prepared in a 10 µL 

volume.  The reaction was carried out with an initial 

denaturation at 94oC for 2 min, followed by 35 cycles of 5 

the following 2 steps: 98oC for 10 sec, and 56oC for 60 

sec.  The PCR products were electrophoresed on a 2% agarose 

gel, and if necessary, subjected to sequencing.  DNA 

sequencing data were analyzed using Applied Biosystems 

Sequence Scanner Software v2.0 (Thermo Fisher Scientific). 10 

[0108] 

 Fig. 19A is a schematic view of the procedure of the 

detection method of the present invention using a 

bisulfite-converted DNA as a template.  PCR was performed 

on the bisulfite-converted genomic DNA from HCT116 cells 15 

using a CDKN2A(p16)-specific primer set (hCDKN2A-Bisul-CpG-

free-F and hCDKN2A-Bisul-CpG-free-R) and KOD-Multi & Epi- 

(Toyobo) in the presence or absence of ORN_hCDKN2A_U. 

hCDKN2A-Bisul-CpG-free-F: tttttagaggatttgagggatagg (SEQ ID 

NO: 48) 20 

hCDKN2A-Bisul-CpG-free-R: ctacctaattccaattcccctacaaacttc 

(SEQ ID NO: 49) 

ORN_hCDKN2A_U: guggggaguaguauggaguuuuu (SEQ ID NO: 50) 

[0109] 

 Fig. 19B shows the nucleotide sequence of a specific 25 

DNA region (SEQ ID NO: 55) before bisulfite conversion.  

The specific DNA region is to be amplified from the 

bisulfite-converted genomic DNA of HCT116 cells as a 

template using the above CDKN2A(p16)-specific primer set.  



74 

 

Fig. 19C shows ORN_hCDKN2A_U hybridized with the 

complementary sequence of the shaded region in Fig. 19B 

after bisulfite conversion.  The top panel shows the case 

where the shaded region in Fig. 19B does not contain 

methylated cytosines.  The bottom panel shows the case 5 

where the shaded region in Fig. 19B contains methylated 

cytosines.  In the case where the shaded region in Fig. 19B 

does not contain methylated cytosines, ORN_hCDKN2A_U is 

completely complementary to the complementary sequence 

(AAAAACTCCATACTACTCCCCAC: SEQ ID NO: 56) of the shaded 10 

region.  On the other hand, in the case where the shaded 

region in Fig. 19B contains methylated cytosines, 

ORN_hCDKN2A_U has a 2-base mismatch to the complementary 

sequence (GAAAACTCCATACTACTCCCCGC: SEQ ID NO: 57) of the 

shaded region. 15 

[0110] 

 The results are shown in Fig. 19D.  In both the 

presence and absence of the ORN, the target CpG island was 

amplified from the bisulfite-converted genomic DNA, but in 

the presence ORN_hCDKN2A_U, amplification of the target CpG 20 

island was reduced.  Next, the PCR product obtained in the 

absence of ORN_hCDKN2A_U and the PCR product obtained in 

the presence of ORN_hCDKN2A_U were subjected to sequencing.  

In the case where the nucleotide sequence of the underlined 

region in Fig. 19B contained methylated cytosines, a signal 25 

corresponding to the nucleotide sequence after bisulfite 

conversion (CGGATCGCGTGCGTTCGGCGG: SEQ ID NO: 58) is shown 

in Fig. 19E.  In the PCR product obtained in the absence of 

the ORN, signals corresponding to methylated cytosines and 
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unmethylated cytosines in the CpG sites were detected, but 

in the PCR product obtained in the presence of 

ORN_hCDKN2A_U, only signals corresponding to methylated 

cytosines were detected.  These results show that 

ORN_hCDKN2A_U inhibits DNA amplification from a DNA region 5 

having no methylated cytosines in CpG sites of the CpG 

island in the CDKN2A(p16) locus, but does not affect DNA 

amplification from a DNA region having methylated 

cytosines. 

[0111] 10 

 To summarize the above, the detection method of the 

present invention can specifically amplify (enrich) the 

nucleotide sequence of a DNA region having methylated 

cytosines in CpG sites (or having no methylated cytosines 

in CpG sites) after bisulfite conversion.  The detection 15 

method of the present invention enables more efficient 

analysis of the methylation pattern of CpG sites in the 

target DNA region. 

[0112] 

 The present invention is not limited to the particular 20 

embodiments and examples described above, and various 

modifications can be made within the scope of the appended 

claims.  Other embodiments provided by suitably combining 

technical means disclosed in separate embodiments of the 

present invention are also within the technical scope of 25 

the present invention.  All the academic publications and 

patent literature cited in the description are incorporated 

herein by reference. 
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CLAIMS 

 

1. A method for detecting a variation of a reference 

sequence in a target nucleic acid region, 

 wherein the target nucleic acid region in a nucleic 5 

acid to be examined for a variation of the reference 

sequence has sequences identical to upstream and downstream 

sequences of the reference sequence of a nucleic acid 

having the reference sequence, 

 the method comprising the steps of: 10 

 performing a template-dependent nucleic acid 

amplification reaction for amplifying a region containing 

the reference sequence in the target nucleic acid region 

using, as a template, the nucleic acid to be examined for a 

variation of the reference sequence, in the presence of a 15 

10 to 200 nucleotide single-stranded nucleic acid capable 

of hybridizing with the reference sequence, and 

 examining the presence or absence of an amplified 

product, 

 wherein the single-stranded nucleic acid is RNA or a 20 

chimeric nucleic acid composed of RNA and one or more 

different nucleic acids, 

 wherein the single-stranded nucleic acid contains a 

sequence complementary to the reference sequence, and 

 wherein the single-stranded nucleic acid has a higher 25 

complementarity to the reference sequence than to a variant 

sequence having a variation of the reference sequence. 
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2. The detection method according to claim 1, wherein the 

target nucleic acid region in the nucleic acid having the 

reference sequence shares the same locus as the target 

nucleic acid region in the nucleic acid to be examined for 

a variation of the reference sequence. 5 

 

3. The detection method according to claim 1 or 2, wherein 

the single-stranded nucleic acid has a complementarity of 

100% to the reference sequence. 

 10 

4. The detection method according to any one of claims 1 to 

3, wherein the variation of the reference sequence is 

deletion mutation, insertion mutation, or substitution 

mutation in the reference sequence, or methylation of a 

base in the reference sequence. 15 

 

5. The detection method according to any one of claims 1 to 

4, wherein the template-dependent nucleic acid 

amplification reaction is any one selected from the group 

consisting of PCR, RT-PCR, LAMP, ICAN, NASBA, LCR, SDA, TRC 20 

method, TMA, and RPA. 

 

6. The detection method according to claim 5, wherein the 

template-dependent nucleic acid amplification reaction is 

PCR. 25 

 

7. The detection method according to claim 6, wherein the 

PCR contains a denaturation step, an annealing step, and an 

elongation step in a cycle. 
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8. The detection method according to claim 7, wherein the 

annealing step and the elongation step are performed at the 

same temperature. 

 

9. The detection method according to any one of claims 1 to 5 

8, wherein the single-stranded nucleic acid is 15 to 30 

nucleotides in length. 

 

10. The detection method according to any one of claims 1 

to 9, wherein the single-stranded nucleic acid is a single-10 

stranded RNA. 

 

11. The detection method according to any one of claims 1 

to 10, wherein the nucleic acid containing the target 

nucleic acid region is a nucleic acid obtained from a 15 

clinical sample of a subject. 

 

12. A method for screening for a cell having a variation of 

a reference sequence in a target nucleic acid region, the 

method comprising the steps of: 20 

 preparing a nucleic acid from a subject cell; 

 carrying out the detection method according to any one 

of claims 1 to 11 using the obtained nucleic acid as a 

template and determining the presence or absence of an 

amplified product; and 25 

 identifying the cell as having a variation of the 

reference sequence when the presence of the amplified 

product has been determined. 
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13. A kit for use in the detection method according to any 

one of claims 1 to 11, the kit comprising a single-stranded 

nucleic acid, wherein the single-stranded nucleic acid is 

RNA or a chimeric nucleic acid composed of RNA and one or 

more different nucleic acids, and wherein the single-5 

stranded nucleic acid contains a sequence complementary to 

a reference sequence in a target nucleic acid region. 

 

14. A detection reagent for use in the detection method 

according to any one of claims 1 to 11, the detection 10 

reagent comprising a single-stranded nucleic acid, wherein 

the single-stranded nucleic acid is RNA or a chimeric 

nucleic acid composed of RNA and one or more different 

nucleic acids, and wherein the single-stranded nucleic acid 

contains a sequence complementary to a reference sequence 15 

in a target nucleic acid region. 
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