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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a method for
designing a primer, a primer, a primer set, a DNA ampli-
fication method, and an analysis method.

2. Description of the Related Art

[0002] DNA sequencers and the like, which have been
progressing in recent years, facilitate gene analysis.
However, in general, a genome has a very large total
base length, while sequencers have limited reading ca-
pabilities. Thus, a technique of amplifying only a neces-
sary specific gene region and reading only its base se-
quence to thereby perform efficient and accurate gene
analysis, namely, a PCR method is commonly used. In
particular, a technique of simultaneously supplying plural
primer species to a single PCR reaction system to there-
by selectively amplify plural gene regions is referred to
as multiplex PCR.
[0003] However, in general, multiplex PCR exhibits dif-
ferent amplification capabilities among regions, which
adversely affects analysis, such as determination of chro-
mosome count. In the case of diploid organisms such as
humans, different amplification capabilities are exhibited
among alleles, which adversely affects identification of
genotype of SNP. In particular, this is noticeable in a case
where the amount of target DNA is small, such as single-
cell analysis.
[0004] WO2008/004691A describes the following: in
order to perform stable multiplex PCR without interfer-
ence between primers, primers are subjected to local
alignment to avoid use of primer sets that cause anneal-
ing between primers and formation of dimers, and, in-
stead, primers having sufficiently low complementarity
are used to perform efficient multiplex PCR.

SUMMARY OF THE INVENTION

[0005] However, even when primers are carefully de-
signed with local alignment of primers such that primers
have sufficiently low complementarity to each other, PCR
amplification efficiency varies among regions and among
alleles, which adversely affects determination of chromo-
some amount or identification of genotype. In particular,
this is noticeable in a case where the target is a small
amount of DNA, such as single-cell analysis.
[0006] Accordingly, an object of the present invention
is to provide a method for designing a primer, the method
enabling designing of a primer that enables correction of
DNA-amplification variations in regions or DNA-amplifi-
cation variations in alleles due to a PCR reaction, to there-
by enable accurate determination of chromosome
amount or accurate identification of genotype.

[0007] The inventor of the present invention performed
thorough studies on how to achieve the object. As a re-
sult, the inventor has found the following: a primer is de-
signed by a method for designing a primer supplied to a
PCR reaction, the method including a primer designing
step of defining a 5’-end-side base sequence of the prim-
er so as to include a base sequence or its complementary
base sequence, the base sequence enabling identifica-
tion of, among thermal cycles in the PCR reaction, a syn-
thesis cycle of a DNA molecule in an amplification product
obtained by the PCR reaction performed with the primer,
the identification being based on base-sequence data
obtained by sequencing the amplification product; this
primer enables correction of DNA-amplification varia-
tions in regions or DNA-amplification variations in alleles
due to the PCR reaction to thereby perform accurate de-
termination of chromosome amount or accurate identifi-
cation of genotype. Thus, the inventor has accomplished
the present invention.
[0008] Specifically, the present invention provides the
following [1] to [9].

[1] A method for designing a primer supplied to a
PCR reaction, the method including:
a primer designing step of defining a 5’-end-side
base sequence of the primer so as to include a base
sequence or its complementary base sequence, the
base sequence enabling identification of, among
thermal cycles in the PCR reaction, a synthesis cycle
of a DNA molecule in an amplification product ob-
tained by the PCR reaction performed with the prim-
er, the identification being based on base-sequence
data obtained by sequencing the amplification prod-
uct.
[2] The method for designing a primer supplied to a
PCR reaction according to [1] above,
wherein, in the primer designing step,
the primer is a primer used in N-th and N+1-th ther-
mal cycles,
N represents an odd number of 1 or more,
when N = 1, the step includes defining a comple-
mentary DNA fragment constituted by a base se-
quence that complementarily binds to a 3’ end side
of an amplification target region in amplification tar-
get DNA; defining a non-complementary DNA frag-
ment constituted by a base sequence that does not
complementarily bind to the amplification target re-
gion; and coupling the non-complementary DNA
fragment to a 5’ end of the complementary DNA frag-
ment; and
when N ≥ 3, the step includes defining a complemen-
tary DNA fragment constituted by a base sequence
of a non-complementary DNA fragment of a primer
used in an N-2-th thermal cycle; defining a non-com-
plementary DNA fragment constituted by a base se-
quence that is different from each one of base se-
quences of non-complementary DNA fragments of
primers used in 1st to N-2-th thermal cycles, and that
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does not complementarily bind to the amplification
target region; and coupling the non-complementary
DNA fragment to a 5’ end of the complementary DNA
fragment.
[3] The method for designing a primer supplied to a
PCR reaction according to [1] above,
wherein, in the primer designing step,
the primer is a primer used in an N-th thermal cycle,
N represents an integer of 1 or more,
when N = 1, the step includes defining a comple-
mentary DNA fragment constituted by a base se-
quence that complementarily binds to a 3’ end side
of an amplification target region in amplification tar-
get DNA; defining a non-complementary DNA frag-
ment constituted by a base sequence that does not
complementarily bind to the amplification target re-
gion; and coupling the non-complementary DNA
fragment to a 5’ end of the complementary DNA frag-
ment;
when N = 2, the step includes defining a comple-
mentary DNA fragment constituted by a base se-
quence that complementarily binds to a 3’ end side
of an amplification target region in amplification tar-
get DNA; defining a non-complementary DNA frag-
ment constituted by a base sequence that is different
from the base sequence of the non-complementary
DNA fragment of the primer used in the 1st thermal
cycle, and that does not complementarily bind to the
amplification target region; and coupling the non-
complementary DNA fragment to a 5’ end of the com-
plementary DNA fragment; and
when N ≥ 3, the step includes defining a complemen-
tary DNA fragment constituted by a base sequence
of a non-complementary DNA fragment of a primer
used in an N-2-th thermal cycle; defining a non-com-
plementary DNA fragment constituted by a base se-
quence that is different from each one of base se-
quences of non-complementary DNA fragments of
primers used in 1st to N-1-th thermal cycles, and that
does not complementarily bind to the amplification
target region; and coupling the non-complementary
DNA fragment to a 5’ end of the complementary DNA
fragment.
[4] A primer designed by the method for designing a
primer according to any one of [1] to [3] above.
[5] A primer set supplied to a PCR reaction, the prim-
er set including the primer according to [4] above.
[6] A primer set supplied to a PCR reaction, the prim-
er set including a plurality of the primer sets accord-
ing to [5] above.
[7] A DNA amplification method including supplying
the primer set according to [5] or [6] above to a PCR
reaction.
[8] A method for analyzing base-sequence data of
an amplification product obtained by supplying the
primer set according to [5] or [6] above to a PCR
reaction to amplify a plurality of regions, the method
including:

performing correction for each of coverages of the
regions in accordance with numbers of successful
PCR times in the amplification product.
[9] A method for analyzing base-sequence data of
an amplification product obtained by supplying the
primer set according to [5] or [6] above to a PCR
reaction to amplify a region including at least one
locus, the method including:
performing correction for each of coverages of alle-
les in accordance with numbers of successful PCR
times in the amplification product.

[0009] The present invention provides a method for de-
signing a primer, the method enabling designing of a
primer that enables correction of DNA-amplification var-
iations in regions or DNA-amplification variations in alle-
les due to a PCR reaction, to thereby enable accurate
determination of chromosome amount or accurate iden-
tification of genotype.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figs. 1A to 1D schematically illustrate a DNA
amplification method in which both paired primers are
primers according to the present invention, and an iden-
tical primer set is used in an odd-numbered PCR reaction
cycle and its subsequent even-numbered PCR reaction
cycle;

Figs. 2A to 2D schematically illustrate a DNA ampli-
fication method in which both paired primers are
primers according to the present invention, and a
different primer set is used in each PCR reaction
cycle; and
Figs. 3A to 3D schematically illustrate a DNA ampli-
fication method in which only one of paired primers
is a primer according to the present invention, and
a different primer set is used in each PCR reaction
cycle.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0011] <PCR> PCR (polymerase chain reaction) is an
approach, a technique, or a reaction for amplifying DNA
(deoxyribonucleic acid). The technique may be referred
to as a PCR method, and the reaction may be referred
to as a PCR reaction. In the PCR reaction, thermal cycles
are not necessarily performed continuously: for example,
at the start time, an intermediate time, or the finish time
of each thermal cycle, a substance may be added to or
removed from the reaction solution.
[0012] <SNP> SNP (single nucleotide polymorphism)
is variation in a population due to a variation of a single
base in the base sequence of the genome where the
frequency of the variation in the population is 1% or more.
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Method for designing primer

[0013] A method for designing a primer according to
the present invention includes a primer designing step
of defining a 5’-end-side base sequence of the primer so
as to include a base sequence or its complementary base
sequence, the base sequence enabling identification of,
among thermal cycles in the PCR reaction, a synthesis
cycle of a DNA molecule in an amplification product ob-
tained by the PCR reaction performed with the primer,
the identification being based on base-sequence data
obtained by sequencing the amplification product.
[0014] In general, in a PCR reaction, a thermal cycle
including the following three steps is repeated plural
times to thereby amplify an amplification target region of
amplification target DNA: a denaturation step of separat-
ing double-stranded DNA into single-stranded DNA, an
annealing step of binding primers to the single-stranded
DNA, and an extension step of synthesizing DNA com-
plementary to the single-stranded DNA from the 3’ ends
of the primers as starting points. Thus, when an identifi-
cation tag sequence is incorporated onto the 5’ end of
such a primer, the tag sequence enabling identification
of the primer, DNA molecules in an amplification product
generated in a PCR reaction performed with the primer
have, in their base sequences, a base sequence that is
the same as or complementary to the identification tag
sequence. In other words, this tag sequence is a base
sequence or its complementary base sequence, the base
sequence enabling identification of, among thermal cy-
cles in the PCR reaction, the synthesis cycle of a DNA
molecule in the amplification product obtained by the
PCR reaction performed with the primer, the identification
being based on base-sequence data obtained by se-
quencing the amplification product.
[0015] The base sequence or its complementary base
sequence, the base sequence enabling identification of
the synthesis cycle, will be described more specifically
in the description of a DNA amplification method accord-
ing to the present invention.
[0016] In a method for designing a primer according to
the present invention, primers can be designed such that
the primers are not annealed with each other to form
dimers. For example, on the basis of the disclosure of
WO2008/004691A, primers can be designed, by subject-
ing primers to local alignment with each other, so as to
avoid combinations of primers that are annealed with
each other to form dimers.
[0017] The primer designing step may include defining
a complementary DNA fragment constituted by a base
sequence that complementarily binds to an amplification
target region in amplification target DNA, defining a non-
complementary DNA fragment constituted by a base se-
quence that does not complementarily bind to the ampli-
fication target region, and coupling the non-complemen-
tary DNA fragment to the 5’ end of the complementary
DNA fragment. The base sequence of the non-comple-
mentary DNA fragment is constituted by a base se-

quence or its complementary base sequence, the base
sequence enabling identification of the synthesis cycle.
[0018] In the primer designing step, in a case where
the primer is a primer used in N-th and N+1-th thermal
cycles and N represents an odd number of 1 or more,
when N = 1, the step preferably includes defining a com-
plementary DNA fragment constituted by a base se-
quence that complementarily binds to a 3’ end side of an
amplification target region in amplification target DNA;
defining a non-complementary DNA fragment constitut-
ed by a base sequence that does not complementarily
bind to the amplification target region; and coupling the
non-complementary DNA fragment to a 5’ end of the com-
plementary DNA fragment; and, when N ≥ 3, the step
preferably includes defining a complementary DNA frag-
ment constituted by a base sequence of a non-comple-
mentary DNA fragment of a primer used in an N-2-th
thermal cycle; defining a non-complementary DNA frag-
ment constituted by a base sequence that is different
from each one of base sequences of non-complementary
DNA fragments of primers used in 1st to N-2-th thermal
cycles, and that does not complementarily bind to the
amplification target region; and coupling the non-com-
plementary DNA fragment to a 5’ end of the complemen-
tary DNA fragment.
[0019] This method for designing a primer provides an
advantage of a reduction in the number of primers de-
signed, compared with the case of designing a primer for
each of thermal cycles (N represents an odd number of
1 or more).
[0020] Alternatively, in the primer designing step, in a
case where the primer is a primer used in an N-th thermal
cycle and N represents an integer of 1 or more, when N
= 1, the step preferably includes defining a complemen-
tary DNA fragment constituted by a base sequence that
complementarily binds to a 3’ end side of an amplification
target region in amplification target DNA; defining a non-
complementary DNA fragment constituted by a base se-
quence that does not complementarily bind to the ampli-
fication target region; and coupling the non-complemen-
tary DNA fragment to a 5’ end of the complementary DNA
fragment; when N = 2, the step preferably includes de-
fining a complementary DNA fragment constituted by a
base sequence that complementarily binds to a 3’ end
side of an amplification target region in amplification tar-
get DNA; defining a non-complementary DNA fragment
constituted by a base sequence that is different from the
base sequence of the non-complementary DNA frag-
ment of the primer used in the 1st thermal cycle, and that
does not complementarily bind to the amplification target
region; and coupling the non-complementary DNA frag-
ment to a 5’ end of the complementary DNA fragment;
and, when N ≥ 3, the step preferably includes defining a
complementary DNA fragment constituted by a base se-
quence of a non-complementary DNA fragment of a prim-
er used in an N-2-th thermal cycle; defining a non-com-
plementary DNA fragment constituted by a base se-
quence that is different from each one of base sequences
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of non-complementary DNA fragments of primers used
in 1st to N-1-th thermal cycles, and that does not com-
plementarily bind to the amplification target region; and
coupling the non-complementary DNA fragment to a 5’
end of the complementary DNA fragment.
[0021] This method for designing a primer provides
primers whose 5’-end-side base sequences are individ-
ually unique to corresponding thermal cycles. This ena-
bles easier identification of synthesis cycles of DNA mol-
ecules in an amplification product.

Primer and primer set

[0022] A primer according to the present invention is
a primer designed by the above-described method for
designing a primer according to the present invention,
and supplied to a PCR reaction.
[0023] Thus, a primer according to the present inven-
tion is a primer supplied to a PCR reaction, and the 5’-
end-side base sequence of the primer includes a base
sequence or its complementary base sequence, the base
sequence enabling identification of, among thermal cy-
cles in the PCR reaction, a synthesis cycle of a DNA
molecule in an amplification product obtained by the PCR
reaction performed with the primer, the identification be-
ing based on base-sequence data obtained by sequenc-
ing the amplification product.
[0024] A primer according to the present invention may
be a primer constituted by a complementary DNA frag-
ment constituted by a base sequence that complemen-
tarily binds to an amplification target region in amplifica-
tion target DNA, and a non-complementary DNA frag-
ment constituted by a base sequence that is coupled to
the 5’ end of the complementary DNA fragment and that
does not complementarily bind to the amplification target
region. The base sequence of the non-complementary
DNA fragment is constituted by a base sequence or its
complementary base sequence, the base sequence en-
abling identification of, among thermal cycles in the PCR
reaction, a synthesis cycle of a DNA molecule in an am-
plification product obtained by the PCR reaction per-
formed with the primer, the identification being based on
base-sequence data obtained by sequencing the ampli-
fication product.
[0025] In a case where the above-described primer is
a primer used in N-th and N+1-th thermal cycles where
N represents an odd number of 1 or more, a primer ac-
cording to the present invention is preferably constituted
by, when N = 1, a complementary DNA fragment consti-
tuted by a base sequence that complementarily binds to
the 3’ end side of an amplification target region in ampli-
fication target DNA, and a non-complementary DNA frag-
ment constituted by a base sequence that is coupled to
the 5’ end of the complementary DNA fragment, and that
does not complementarily bind to the amplification target
region; and, when N ≥ 3, the primer is preferably consti-
tuted by a complementary DNA fragment constituted by
the base sequence of the non-complementary DNA frag-

ment of the primer used in the N-2-th thermal cycle, and
a non-complementary DNA fragment constituted by a
base sequence that is coupled to the 5’ end of the com-
plementary DNA fragment, that is different from the base
sequence of the non-complementary DNA fragment of
the primer used in the N-2-th thermal cycle, and that does
not complementarily bind to the amplification target re-
gion.
[0026] In a case where the above-described primer is
a primer used in an N-th thermal cycle where N repre-
sents an integer of 1 or more, a primer according to the
present invention is preferably constituted by, when N =
1, a complementary DNA fragment constituted by a base
sequence that complementarily binds to the 3’ end side
of an amplification target region in amplification target
DNA, and a non-complementary DNA fragment consti-
tuted by a base sequence that is coupled to the 5’ end
of the complementary DNA fragment, and that does not
complementarily bind to the amplification target region;
when N = 2, the primer is preferably constituted by a
complementary DNA fragment constituted by a base se-
quence that complementarily binds to the 3’ end side of
an amplification target region of amplification target DNA,
and a non-complementary DNA fragment constituted by
a base sequence that is coupled to the 5’ end of the com-
plementary DNA fragment, that is different from the base
sequence of the non-complementary DNA fragment of
the primer used in the 1st thermal cycle, and that does
not complementarily bind to the amplification target re-
gion; and, when N ≥ 3, the primer is preferably constituted
by a complementary DNA fragment constituted by the
base sequence of the non-complementary DNA frag-
ment of the primer used in the N-2-th thermal cycle, and
a non-complementary DNA fragment constituted by a
base sequence that is coupled to the 5’ end of the com-
plementary DNA fragment, that is different from each one
of the base sequences of the non-complementary DNA
fragments of the primers used in the 1st to N-1-th thermal
cycles, and that does not complementarily bind to the
amplification target region.
[0027] A primer according to the present invention can
be produced, in accordance with the oligonucleotide
base sequence designed by the above-described meth-
od for designing a primer according to the present inven-
tion, by a known method for synthesizing an oligonucle-
otide.
[0028] A primer set according to the present invention
is a primer set that includes the above-described primer
according to the present invention and is supplied to a
PCR reaction.
[0029] A primer set according to the present invention
is preferably a primer set supplied to a PCR reaction, the
primer set being constituted by a combination of a first
primer selected from the group consisting of the above-
described primers according to the present invention,
and a second primer; and the pair of the first primer and
the second primer is used to amplify an amplification tar-
get region of amplification target DNA by a PCR reaction.
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More preferably, the second primer is selected from the
group consisting of the above-described primers accord-
ing to the present invention.
[0030] When both of the first primer and the second
primer are primers selected from the group consisting of
the above-described primers according to the present
invention, the base sequence of such a primer can be
added to the 5’ end side of a DNA molecule in an ampli-
fication product from a PCR reaction, and a base se-
quence complementary to the base sequence of the
primer can be added to the 3’ end side of a DNA molecule.
This enables more accurate identification of the synthesis
cycle of DNA molecules. An identical primer set can be
used in an odd-numbered cycle and an even-numbered
cycle to achieve a reduction in the number of steps.
[0031] When the first primer alone is a primer selected
from the group consisting of the above-described primers
according to the present invention, an identical primer
can be used as the second primer through all cycles of
the PCR reaction. This enables a reduction in the number
of steps for designing a primer.
[0032] Another primer set according to the present in-
vention is a primer set that includes a plurality of the
above-described primer sets according to the present
invention and is supplied to a PCR reaction.
[0033] This primer set is suitably used for multiplex
PCR.

DNA amplification method

[0034] A DNA amplification method according to the
present invention is a DNA amplification method includ-
ing supplying, to a PCR reaction, the above-described
primer set according to the present invention.
[0035] An amplification product generated by a DNA
amplification method according to the present invention
is sequenced, which enables identification of, in the PCR
reaction, the synthesis cycle of a DNA molecule in the
amplification product.
[0036] A DNA amplification method according to the
present invention broadly includes three embodiments:
(1) a method in which both paired primers are primers
having non-complementary DNA fragments at the 5’ end
sides, and an identical primer set is used in an odd-num-
bered PCR reaction cycle and its subsequent even-num-
bered PCR reaction cycle (refer to Figs. 1A to 1D), (2) a
method in which both paired primers are primers having
non-complementary DNA fragments at the 5’ end sides,
and a different primer set is used in each PCR reaction
cycle (refer to Figs. 2A to 2D), and (3) a method in which
only one of paired primers is a primer having a non-com-
plementary DNA fragment at the 5’ end side, and a dif-
ferent primer set is used in each PCR reaction cycle (refer
to Figs. 3A to 3D).
[0037] Hereinafter, these three embodiments will be
individually described.

(1) Method in which both paired primers are primers hav-
ing non-complementary DNA fragments at 5’ end sides, 
and identical primer set is used in odd-numbered PCR 
reaction cycle and its subsequent even-numbered PCR 
reaction cycle

[0038] Hereinafter, the method will be described with
some reference to Figs. 1A to 1D.
[0039] In the first cycle of a PCR reaction (refer to Fig.
1A), genome DNA is used as the amplification target DNA
(template DNA), and a primer set is applied to this am-
plification target DNA, the primer set being constituted
by a primer F1 (denoted by "PRIMER F1" in Fig. 1A) con-
stituted by a complementary DNA fragment constituted
by a base sequence A0 (denoted by "A0" in Fig. 1A) an-
nealed with the amplification target region of the first
strand of the amplification target DNA, and a non-com-
plementary DNA fragment constituted by a base se-
quence A1 (denoted by "A1" in Fig. 1A) that is coupled
to the 5’ end of the complementary DNA fragment, and
that is not annealed with the amplification target region;
and a primer R1 (denoted by "PRIMER R1" in Fig. 1A)
constituted by a complementary DNA fragment consti-
tuted by a base sequence B0 (denoted by "B0" in Fig.
1A) annealed with the amplification target region of the
second strand of the amplification target DNA, and a base
sequence B1 (denoted by "B1" in Fig. 1A) that is coupled
to the 5’ end of the complementary DNA fragment and
that is not annealed with the amplification target region.
[0040] The first cycle of the PCR reaction (refer to Fig.
1A) synthesizes a DNA molecule having, at the 5’ end,
the base sequence A1 derived from the non-complemen-
tary DNA fragment of the primer F1; and a DNA molecule
having, at the 5’ end, the base sequence B1 derived from
the non-complementary DNA fragment of the primer R1.
[0041] In the second cycle of the PCR reaction (refer
to Fig. 1B), the amplification product generated in the
first cycle of the PCR reaction is used as the amplification
target DNA, and the same primer set as in the first cycle,
the primer set being constituted by the primer F1 and the
primer R1, is applied to the amplification target DNA.
[0042] The second cycle of the PCR reaction (refer to
Fig. 1B) synthesizes a DNA molecule having, at the 5’
end, the base sequence A1 derived from the non-com-
plementary DNA fragment of the primer F1, and having,
at the 3’ end, a base sequence b1 (denoted by "b1" in
Fig. 1B) complementary to the base sequence B1 of the
non-complementary DNA fragment of the primer R1; and
a DNA molecule having, at the 5’ end, the base sequence
B1 derived from the non-complementary DNA fragment
of the primer R1, and having, at the 3’ end, a base se-
quence a1 (denoted by "a1" in Fig. 1B) complementary
to the base sequence A1 of the non-complementary DNA
fragment of the primer F1.
[0043] In the third cycle of the PCR reaction (refer to
Fig. 1C), the amplification product generated in the sec-
ond cycle of the PCR reaction is used as the amplification
target DNA (template DNA), and a primer set is applied
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to this amplification target DNA, the primer set being con-
stituted by a primer F2 (denoted by "PRIMER F2" in Fig.
1C) constituted by a complementary DNA sequence con-
stituted by a base sequence A1 annealed with the 3’ end
side of the amplification target region of the first strand
of the amplification target DNA, and a non-complemen-
tary DNA fragment constituted by a base sequence A2
(denoted by "A2" in Fig. 1C) that is coupled to the 5’ end
of the complementary DNA fragment, and that is not an-
nealed with the amplification target region; and a primer
R2 (denoted by "PRIMER R2" in Fig. 1C) constituted by
a complementary DNA sequence constituted by a base
sequence B1 annealed with the 3’ end side of the ampli-
fication target region of the second strand of the amplifi-
cation target DNA, and a non-complementary DNA frag-
ment constituted by a base sequence B2 (denoted by
"B2" in Fig. 1C) that is coupled to the 5’ end of the com-
plementary DNA fragment, and that is not annealed with
the amplification target region.
[0044] The third cycle of the PCR reaction (refer to Fig.
1C) synthesizes a DNA molecule having, at the 5’ end,
the base sequence A2 derived from the non-complemen-
tary DNA fragment of the primer F2; and a DNA molecule
having, at the 5’ end, the base sequence B2 derived from
the non-complementary DNA fragment of the primer R2.
[0045] In the fourth cycle of the PCR reaction (refer to
Fig. 1D), the amplification product generated in the third
cycle of the PCR reaction is used as the amplification
target DNA (template DNA), and the same primer set as
in the third cycle (Fig. 1C), the primer set being consti-
tuted by the primer F2 and the primer R2, is applied to
the amplification target DNA.
[0046] The fourth cycle of the PCR reaction (refer to
Fig. 1D) synthesizes a DNA molecule having, at the 5’
end, the base sequence A2 derived from the non-com-
plementary DNA fragment of the primer F2, and having,
at the 3’ end, a base sequence b2 (denoted by "b2" in
Fig. 1D) complementary to the base sequence B2 of the
non-complementary DNA fragment of the primer R2; and
a DNA molecule having, at the 5’ end, the base sequence
B2 derived from the non-complementary DNA fragment
of the primer R2, and having, at the 3’ end, a base se-
quence a2 (denoted by "a2" in Fig. 1D) complementary
to the base sequence A2 of the non-complementary DNA
fragment of the primer F2.
[0047] In the fifth and subsequent cycles of the PCR
reaction, a 2(i+1)+1-th cycle and a 2(i+1)+2-th cycle
where i represents an integer of 1 or more are also per-
formed with an identical primer set constituted by primers
Fi+2 and Ri+2.
[0048] The primer Fi+2 is constituted by a complemen-
tary DNA fragment constituted by a base sequence Ai+1,
and a non-complementary DNA fragment constituted by
a base sequence Ai+2 that is coupled to the 5’ end of the
complementary DNA fragment, and that does not com-
plementarily bind to the amplification target region. The
base sequence Ai+1 of the complementary DNA fragment
of the primer Fi+2 is the same as the base sequence Ai+1

of the non-complementary DNA fragment of the primer
Fi+1. The base sequence Ai+2 of the non-complementary
DNA fragment of the primer Fi+2 is different from each
one of base sequences A1 to Ai+1 of the non-complemen-
tary DNA fragments of the primer Fi to the primer Fi+1,
and is the same as the base sequence Ai+2 of the com-
plementary DNA fragment of the primer Fi+3.
[0049] The primer Ri+2 is constituted by a complemen-
tary DNA fragment constituted by a base sequence Bi+1,
and a non-complementary DNA fragment constituted by
a base sequence Bi+2 that is coupled to the 5’ end of the
complementary DNA fragment, and that does not com-
plementarily bind to the amplification target region. The
base sequence Bi+1 of the complementary DNA fragment
of the primer Ri+2 is the same as the base sequence Bi+1
of the non-complementary DNA fragment of the primer
Ri+1. The base sequence Bi+2 of the non-complementary
DNA fragment of the primer Ri+2 is different from the base
sequence Bi+1 of the non-complementary DNA fragment
of the primer Ri+1, and is the same as the base sequence
Ai+2 of the complementary DNA fragment of the primer
Fi+3.
[0050] The 2(i+1)+1-th cycle of the PCR reaction syn-
thesizes a DNA molecule having, at the 5’ end, the base
sequence Ai+2 derived from the non-complementary
DNA fragment of the primer Fi+2; and a DNA molecule
having, at the 5’ end, the base sequence Bi+2 derived
from the non-complementary DNA fragment of the primer
Ri+2. The 2(i+1)+2-th cycle of the PCR reaction synthe-
sizes a DNA molecule having, at the 5’ end, the base
sequence Ai+2 derived from the non-complementary
DNA fragment of the primer Fi+2, and having, at the 3’
end, a base sequence bi+2 complementary to the base
sequence Bi+2 of the non-complementary DNA fragment
of the primer Ri+2; and a DNA molecule having, at the 5’
end, the base sequence Bi+2 derived from the non-com-
plementary DNA fragment of the primer Ri+2, and having,
at the 3’ end, a base sequence ai+2 complementary to
the base sequence Ai+2 of the non-complementary DNA
fragment of the primer Fi+2.
[0051] A DNA molecule synthesized in the 2(i+1)+1-th
cycle of the PCR reaction and a DNA molecule synthe-
sized in the 2(i+1)+2-th cycle of the PCR reaction are
distinguishable from each other because the latter has,
at the 3’ end, the base sequence ai+2 or bi+2 complemen-
tary to the base sequence Ai+2 or Bi+2 of the non-com-
plementary DNA fragment of the primer.
[0052] A DNA molecule synthesized in the 2(i+1)-th
cycle of the PCR reaction and a DNA molecule synthe-
sized in the 2(i+1)+1-th cycle of the PCR reaction are
distinguishable from each other because the latter has,
at the 5’ end, a base sequence derived from the base
sequence Ai+2 or Bi+2 of the non-complementary DNA
fragment of the primer.
[0053] As described above, DNA molecules synthe-
sized in the cycles of the PCR reaction each have, at the
5’ end or 3’ end, a base sequence enabling identification
of the synthesis cycle of the DNA molecule.
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[0054] This enables identification of, among thermal
cycles of the PCR reaction, the synthesis cycle of a DNA
molecule in the amplification product obtained by the
PCR reaction, the identification being based on base-
sequence data obtained by sequencing the amplification
product.
[0055] Thus, the synthesis cycles of the synthesized
DNA molecules are individually identified, so that the
maximum number of PCR times of the amplification tar-
get region can also be determined.
[0056] Incidentally, the last cycle of the PCR reaction
may be an even-numbered cycle or an odd-numbered
cycle.

(2) Method in which both paired primers are primers hav-
ing non-complementary DNA fragments at 5’ end sides, 
and different primer set is used in each PCR reaction 
cycle

[0057] Hereinafter, the method will be described with
some reference to Figs. 2A to 2D.
[0058] In the first cycle of the PCR reaction (refer to
Fig. 2A), genome DNA is used as the amplification target
DNA (template DNA), and a primer set is applied to the
amplification target DNA, the primer set being constituted
by a primer F1 (denoted by "PRIMER F1" in Fig. 2A) con-
stituted by a complementary DNA fragment constituted
by a base sequence A0 (denoted by "A0" in Fig. 2A) an-
nealed with the amplification target region of the first
strand of the amplification target DNA, and a non-com-
plementary DNA fragment constituted by a base se-
quence A1 (denoted by "A1" in Fig. 2A) that is coupled
to the 5’ end of the complementary DNA fragment, and
that is not annealed with the amplification target region;
and a primer R1 (denoted by "PRIMER R1" in Fig. 2A)
constituted by a complementary DNA fragment consti-
tuted by a base sequence B0 (denoted by "B0" in Fig.
2A) annealed with the amplification target region of the
second strand of the amplification target DNA, and a base
sequence B1 (denoted by "B1" in Fig. 2A) that is coupled
to the 5’ end of the complementary DNA fragment, and
that is not annealed with the amplification target region.
[0059] The first cycle of the PCR reaction (refer to Fig.
2A) synthesizes a DNA molecule having, at the 5’ end,
the base sequence A1 derived from the non-complemen-
tary DNA fragment of the primer F1; and a DNA molecule
having, at the 5’ end, the base sequence B1 derived from
the non-complementary DNA fragment of the primer R1.
[0060] In the second cycle of the PCR reaction (refer
to Fig. 2B), the amplification product generated in the
first cycle of the PCR reaction is used as the amplification
target DNA, and a primer set is applied to this amplifica-
tion target DNA, the primer set being constituted by a
primer F2 (denoted by "PRIMER F2" in Fig. 2B) consti-
tuted by a complementary DNA fragment constituted by
a base sequence A0 annealed with the amplification tar-
get region of the first strand of the amplification target
DNA, and a non-complementary DNA fragment consti-

tuted by a base sequence A2 (denoted by "A2" in Fig.
2B) that is coupled to the 5’ end of the complementary
DNA fragment, and that is not annealed with the ampli-
fication target region; and a primer R2 (denoted by "PRIM-
ER R2" in Fig. 2B) constituted by a complementary DNA
fragment constituted by a base sequence B0 annealed
with the amplification target region of the second strand
of the amplification target DNA, and a base sequence B2
(denoted by "B2" in Fig. 2B) that is coupled to the 5’ end
of the complementary DNA fragment, and that is not an-
nealed with the amplification target region.
[0061] The second cycle of the PCR reaction (refer to
Fig. 2B) synthesizes a DNA molecule having, at the 5’
end, the base sequence A2 derived from the non-com-
plementary DNA fragment of the primer F2, and having,
at the 3’ end, a base sequence b1 (denoted by "b1" in
Fig. 2B) complementary to the base sequence B1 of the
non-complementary DNA fragment of the primer R1; and
a DNA molecule having, at the 5’ end, the base sequence
B2 derived from the non-complementary DNA fragment
of the primer R2, and having, at the 3’ end, a base se-
quence a1 (denoted by "a1" in Fig. 2B) complementary
to the base sequence A1 of the non-complementary DNA
fragment of the primer F1.
[0062] In the third cycle of the PCR reaction (refer to
Fig. 2C), the amplification product generated in the sec-
ond cycle of the PCR reaction is used as the amplification
target DNA (template DNA), and a primer set is applied
to this amplification target DNA, the primer set being con-
stituted by a primer F3 (denoted by "PRIMER F3" in Fig.
2C) constituted by a complementary DNA sequence con-
stituted by a base sequence A1 annealed with the 3’ end
side of the amplification target region of the first strand
of the amplification target DNA, and a non-complemen-
tary DNA fragment constituted by a base sequence A3
(denoted by "A3" in Fig. 2C) that is coupled to the 5’ end
of the complementary DNA fragment, and that is not an-
nealed with the amplification target region; and a primer
R3 (denoted by "PRIMER R3" in Fig. 2C) constituted by
a complementary DNA sequence constituted by a base
sequence B1 annealed with the 3’ end side of the ampli-
fication target region of the second strand of the amplifi-
cation target DNA, and a non-complementary DNA frag-
ment constituted by a base sequence B3 (denoted by
"B3" in Fig. 2C) that is coupled to the 5’ end of the com-
plementary DNA fragment, and that is not annealed with
the amplification target region.
[0063] The third cycle of the PCR reaction (refer to Fig.
2C) synthesizes a DNA molecule having, at the 5’ end,
the base sequence A3 derived from the non-complemen-
tary DNA fragment of the primer F3, and having, at the
3’ end, a base sequence b2 (denoted by "b2" in Fig. 2C)
complementary to the base sequence B2 of the non-com-
plementary DNA fragment of the primer R2 used in the
second cycle; and a DNA molecule having, at the 5’ end,
the base sequence B3 derived from the non-complemen-
tary DNA fragment of the primer R3, and having, at the
3’ end, a base sequence a2 (denoted by "a2" in Fig. 2C)
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complementary to the base sequence A2 of the non-com-
plementary DNA fragment of the primer F2 used in the
second cycle.
[0064] In the fourth cycle of the PCR reaction (refer to
Fig. 2D), the amplification product generated in the third
cycle of the PCR reaction is used as the amplification
target DNA (template DNA), and a primer set is applied
to this amplification target DNA, the primer set being con-
stituted by a primer F4 (denoted by "PRIMER F4" in Fig.
2D) constituted by a complementary DNA sequence con-
stituted by a base sequence A2 annealed with the 3’ end
side of the amplification target region of the first strand
of the amplification target DNA, and a non-complemen-
tary DNA fragment constituted by a base sequence A4
(denoted by "A4" in Fig. 2D) that is coupled to the 5’ end
of the complementary DNA fragment, and that is not an-
nealed with the amplification target region; and a primer
R4 (denoted by "PRIMER R4" in Fig. 2D) constituted by
a complementary DNA sequence constituted by a base
sequence B2 annealed with the 3’ end side of the ampli-
fication target region of the second strand of the amplifi-
cation target DNA, and a non-complementary DNA frag-
ment constituted by a base sequence B4 (denoted by
"B4" in Fig. 2D) that is coupled to the 5’ end of the com-
plementary DNA fragment, and that is not annealed with
the amplification target region.
[0065] The fourth cycle of the PCR reaction (refer to
Fig. 2D) synthesizes a DNA molecule having, at the 5’
end, the base sequence A4 derived from the non-com-
plementary DNA fragment of the primer F4, and having,
at the 3’ end, a base sequence b3 (denoted by "b3" in
Fig. 2D) complementary to the base sequence B3 of the
non-complementary DNA fragment of the primer R3; and
a DNA molecule having, at the 5’ end, the base sequence
B4 derived from the non-complementary DNA fragment
of the primer R4, and having, at the 3’ end, a base se-
quence a3 (denoted by "a3" in Fig. 2D) complementary
to the base sequence A3 of the non-complementary DNA
fragment of the primer F3.
[0066] In the fifth and subsequent cycles of the PCR
reaction, a j+4-th cycle where j represents an integer of
1 or more is also performed with a primer set constituted
by primers Fj+4 and Rj+4.
[0067] The primer Fj+4 is constituted by a complemen-
tary DNA fragment constituted by a base sequence Aj+2,
and a non-complementary DNA fragment constituted by
a base sequence Aj+4 that is coupled to the 5’ end of the
complementary DNA fragment, and that does not com-
plementarily bind to the amplification target region. The
base sequence Aj+2 of the complementary DNA fragment
of the primer Fj+4 is the same as the base sequence Aj+2
of the non-complementary DNA fragment of the primer
Fj+2. The base sequence Aj+4 of the non-complementary
DNA fragment of the primer Fj+4 is different from each
one of the base sequences A1 to Aj+3 of the non-com-
plementary DNA fragments of the primer F1 to the primer
Fj+3, and is the same as the base sequence Aj+4 of the
complementary DNA fragment of the primer Fj+6.

[0068] The primer Rj+4 is constituted by a complemen-
tary DNA fragment constituted by a base sequence Bj+2,
and a non-complementary DNA fragment constituted by
a base sequence Bj+4 that is coupled to the 5’ end of the
complementary DNA fragment, and that does not com-
plementarily bind to the amplification target region. The
base sequence Bj+2 of the complementary DNA fragment
of the primer Rj+4 is the same as the base sequence Bj+2
of the non-complementary DNA fragment of the primer
Rj+2. The base sequence Bj+4 of the non-complementary
DNA fragment of the primer Rj+4 is different from each
one of the base sequences B1 to Bj+3 of the non-com-
plementary DNA fragments of the primer R1 to the primer
Rj+3, and is the same as the base sequence Bj+4 of the
complementary DNA fragment of the primer Rj+6.
[0069] The j+4-th cycle of the PCR reaction synthesiz-
es a DNA molecule having, at the 5’ end, the base se-
quence Aj+4 derived from the non-complementary DNA
fragment of the primer Fj+4, and having, at the 3’ end, a
base sequence bj+3 complementary to the base se-
quence Bj+3 of the non-complementary DNA fragment of
the primer Rj+3; and a DNA molecule having, at the 5’
end, the base sequence Bj+4 derived from the non-com-
plementary DNA fragment of the primer Rj+4, and having,
at the 3’ end, a base sequence aj+3 complementary to
the base sequence Aj+3 of the non-complementary DNA
fragment of the primer Fj+3.
[0070] As described above, DNA molecules synthe-
sized in the cycles of the PCR reaction each have, at the
5’ end, a base sequence enabling identification of the
synthesis cycle of the DNA molecule.
[0071] This enables identification of, among thermal
cycles of the PCR reaction, the synthesis cycle of a DNA
molecule in the amplification product obtained by the
PCR reaction, the identification being based on base-
sequence data obtained by sequencing the amplification
product.
[0072] Thus, the synthesis cycles of the synthesized
DNA molecules are individually identified, so that the
maximum number of PCR times of the amplification tar-
get region can also be determined.

(3) Method in which only one of paired primers is primer 
having non-complementary DNA fragment at 5’ end side, 
and different primer set is used in each PCR reaction 
cycle

[0073] Hereinafter, the method will be described with
some reference to Figs. 3A to 3D.
[0074] In the first cycle of the PCR reaction (refer to
Fig. 3A), genome DNA is used as the amplification target
DNA (template DNA), and a primer set is applied to the
amplification target DNA, the primer set being constituted
by a primer F1 (denoted by "PRIMER F1" in Fig. 3A) con-
stituted by a complementary DNA fragment constituted
by a base sequence A0 (denoted by "A0" in Fig. 3A) an-
nealed with the amplification target region of the first
strand of the amplification target DNA, and a non-com-
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plementary DNA fragment constituted by a base se-
quence A1 (denoted by "A1" in Fig. 3A) that is coupled
to the 5’ end of the complementary DNA fragment, and
that is not annealed with the amplification target region;
and a primer R0 (denoted by "PRIMER R0" in Fig. 3A)
constituted by a complementary DNA fragment consti-
tuted by a base sequence B0 (denoted by "B0" in Fig.
3A) annealed with the amplification target region of the
second strand of the amplification target DNA.
[0075] The first cycle of the PCR reaction (refer to Fig.
3A) synthesizes a DNA molecule having, at the 5’ end,
the base sequence A1 derived from the non-complemen-
tary DNA fragment of the primer F1; and a DNA molecule
having, at the 5’ end, the base sequence B0 derived from
the complementary DNA fragment of the primer R0.
[0076] In the second cycle of the PCR reaction (refer
to Fig. 3B), the amplification product generated in the
first cycle of the PCR reaction is used as the amplification
target DNA, and a primer set is applied to this amplifica-
tion target DNA, the primer set being constituted by a
primer F2 (denoted by "PRIMER F2" in Fig. 3B) consti-
tuted by a complementary DNA fragment constituted by
a base sequence A0 annealed with the amplification tar-
get region of the first strand of the amplification target
DNA, and a non-complementary DNA fragment consti-
tuted by a base sequence A2 (denoted by "A2" in Fig.
3B) that is coupled to the 5’ end of the complementary
DNA fragment, and that is not annealed with the ampli-
fication target region; and a primer R0 constituted by a
complementary DNA fragment constituted by a base se-
quence B0 annealed with the amplification target region
of the second strand of the amplification target DNA.
[0077] The second cycle of the PCR reaction (refer to
Fig. 3B) synthesizes a DNA molecule having, at the 5’
end, the base sequence A2 derived from the non-com-
plementary DNA fragment of the primer F2; and a DNA
molecule having, at the 3’ end, a base sequence a1 (de-
noted by "a1" in Fig. 3B) complementary to the base se-
quence A1 of the non-complementary DNA fragment of
the primer F1.
[0078] In the third cycle of the PCR reaction (refer to
Fig. 3C), the amplification product generated in the sec-
ond cycle of the PCR reaction is used as the amplification
target DNA (template DNA), and a primer set is applied
to this amplification target DNA, the primer set being con-
stituted by a primer F3 (denoted by "PRIMER F3" in Fig.
3C) constituted by a complementary DNA sequence con-
stituted by a base sequence A1 annealed with the 3’ end
side of the amplification target region of the first strand
of the amplification target DNA, and a non-complemen-
tary DNA fragment constituted by a base sequence A3
(denoted by "A3" in Fig. 3C) that is coupled to the 5’ end
of the complementary DNA fragment, and that is not an-
nealed with the amplification target region; and a primer
R0 constituted by a complementary DNA sequence con-
stituted by a base sequence B0 annealed with the 3’ end
side of the amplification target region of the second strand
of the amplification target DNA.

[0079] The third cycle of the PCR reaction (refer to Fig.
3C) synthesizes a DNA molecule having, at the 5’ end,
the base sequence A3 derived from the non-complemen-
tary DNA fragment of the primer F3; and a DNA molecule
having, at the 3’ end, a base sequence a2 (denoted by
"a2" in Fig. 3C) complementary to the base sequence A2
of the non-complementary DNA fragment of the primer
F2 used in the second cycle.
[0080] In the fourth cycle of the PCR reaction (refer to
Fig. 3D), the amplification product generated in the third
cycle of the PCR reaction is used as the amplification
target DNA (template DNA), a primer set is applied to
this amplification target DNA, the primer set being con-
stituted by a primer F4 (denoted by "PRIMER F4" in Fig.
3D) constituted by a complementary DNA sequence con-
stituted by a base sequence A2 annealed with the 3’ end
side of the amplification target region of the first strand
of the amplification target DNA, and a non-complemen-
tary DNA fragment constituted by a base sequence A4
(denoted by "A4" in Fig. 3D) that is coupled to the 5’ end
of the complementary DNA fragment, and that is not an-
nealed with the amplification target region; and a primer
R0 constituted by a complementary DNA sequence con-
stituted by a base sequence B0 annealed with the 3’ end
side of the amplification target region of the second strand
of the amplification target DNA.
[0081] The fourth cycle of the PCR reaction (refer to
Fig. 3D) synthesizes a DNA molecule having, at the 5’
end, the base sequence A4 derived from the non-com-
plementary DNA fragment of the primer F4, and a DNA
molecule having, at the 3’ end, a base sequence a3 (de-
noted by "a3" in Fig. 3D) complementary to the base se-
quence A3 of the non-complementary DNA fragment of
the primer F3.
[0082] In the fifth and subsequent cycles of the PCR
reaction, a k+4-th cycle where k represents an integer of
1 or more is also performed with a primer set constituted
by primers Fk+4 and R0.
[0083] The primer Fk+4 is constituted by a complemen-
tary DNA fragment constituted by a base sequence Ak+2,
and a non-complementary DNA fragment constituted by
a base sequence Ak+4 that is coupled to the 5’ end of the
complementary DNA fragment, and that does not com-
plementarily bind to the amplification target region. The
base sequence Ak+2 of the complementary DNA frag-
ment of the primer Fk+4 is the same as the base sequence
Ak+2 of the non-complementary DNA fragment of the
primer Fk+2. The base sequence Ak+4 of the non-com-
plementary DNA fragment of the primer Fk+4 is different
from each one of the base sequences A1 to Ak+3 of the
non-complementary DNA fragments of the primer F1 to
the primer Fk+3, and is the same as the base sequence
Ak+4 of the complementary DNA fragment of the primer
Fk+6. As described above, the primer R0 is constituted
by the base sequence B0 annealed with the 3’ end side
of the amplification target region of the second strand of
the amplification target DNA.
[0084] The k+4-th cycle of the PCR reaction synthe-
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sizes a DNA molecule having, at the 5’ end, the base
sequence Ak+4 derived from the non-complementary
DNA fragment of the primer Fk+4; and a DNA molecule
having, at the 3’ end, a base sequence aj+3 complemen-
tary to the base sequence Aj+3 of the non-complementary
DNA fragment of the primer Fj+3.
[0085] As described above, DNA molecules synthe-
sized in the cycles of the PCR reaction each have, at the
5’ end or 3’ end, a base sequence enabling identification
of the synthesis cycle of the DNA molecule.
[0086] This enables identification of, among the ther-
mal cycles of the PCR reaction, the synthesis cycle of a
DNA molecule in the amplification product obtained by
the PCR reaction, the identification being based on base-
sequence data obtained by sequencing the amplification
product.
[0087] Thus, the synthesis cycles of the synthesized
DNA molecules are individually identified, so that the
maximum number of PCR times of the amplification tar-
get region can also be determined.

Analysis method

[0088] An analysis method according to an embodi-
ment of the present invention is a method for analyzing
base-sequence data of an amplification product obtained
by amplifying a plurality of regions by supplying a primer
set according to the present invention to a PCR reaction,
the method including performing correction for each of
coverages of the regions in accordance with the number
of successful PCR times in the amplification product.
[0089] When a plurality of regions are amplified by mul-
tiplex PCR, and sequencing is performed with a next-
generation sequencer, the regions may exhibit different
coverages (the number of reads in the sequencing).
[0090] In the analysis method, in the PCR reaction, the
synthesis cycles of DNA molecules in amplification prod-
ucts corresponding to regions are identified, the numbers
of successful PCR times (maximum numbers of PCR
times) for the regions are determined, and correction be-
tween the coverages of the regions is performed in ac-
cordance with the numbers.
[0091] Correction between the coverages of the re-
gions is performed to ensure uniform PCR amplification
efficiency between the regions to thereby, for example,
enhance the accuracy of determination of chromosome
amount.
[0092] An analysis method according to another em-
bodiment of the present invention is a method for ana-
lyzing base-sequence data of an amplification product
obtained by supplying a primer set to a PCR reaction to
amplify a region including at least one locus, the method
including performing correction for each of coverages of
alleles in accordance with the number of successful PCR
times in the amplification product.
[0093] When polymorphism sites of SNP (single nu-
cleotide polymorphism), CNV (copy number variation),
or the like are amplified by PCR, and sequencing is per-

formed with a next-generation sequencer, alleles may
exhibit different coverages (the number of reads in the
sequencing).
[0094] In the analysis method, in the PCR reaction, the
synthesis cycles of DNA molecules in amplification prod-
ucts corresponding to alleles are identified, the numbers
of successful PCR times (maximum numbers of PCR
times) for the alleles are determined, and correction be-
tween the coverages of the alleles is performed in ac-
cordance with the numbers.
[0095] Correction between the coverages of alleles is
performed to ensure uniform PCR amplification efficien-
cy between the alleles to thereby, for example, enhance
the accuracy of identification of genotype of genetic pol-
ymorphism sites.

EXAMPLES

[0096] The present invention will be described more
specifically with reference to Examples; however, the
present invention is not limited to these Examples.

Example 1

[0097] A region A and a region B in the human genome
are individually present on different chromosomes.
[0098] A set of primers for amplifying the region A and
the region B is designed in accordance with a method
for designing a primer according to the present invention;
the primers are synthesized; and multiplex PCR is per-
formed to obtain an amplification product of the region A
and the region B.
[0099] The amplification product is sequenced with a
next-generation sequencer to measure each of a cover-
age Ca of the region A, a coverage Cb of the region B,
a maximum number Ma of PCR times of the region A,
and a maximum number Mb of PCR times of the region B.
[0100] In order to ensure uniform PCR amplification
efficiency between the region A and the region B to en-
hance the accuracy of determination of chromosome
amount, a corrected coverage Cb’ of the region B is cal-
culated using the following formula. 

[0101] Consider a case where the following actual val-
ues are obtained: the coverage Ca of the region A = 500,
the maximum number Ma of successful PCR times = 12,
the coverage Cb of the region B = 100, and the maximum
number Mb of PCR times = 10. In this case, the corrected
coverage Cb’ of the region B will be 

This correction enables accurate estimation of the

19 20 



EP 3 358 009 A1

13

5

10

15

20

25

30

35

40

45

50

55

amounts of chromosomes before PCR.

Example 2

[0102] A SNP site A in the human genome has three
genotypes: CC, CT, and TT.
[0103] A set of primers for amplifying the SNP site A
is designed in accordance with a method for designing
a primer according to the present invention; the primers
are synthesized; and PCR is performed to obtain an am-
plification product of the SNP site A.
[0104] The amplification product is sequenced with a
next-generation sequencer to measure each of a read
coverage Cc of C at the SNP site A, a read coverage Ct
of T at the SNP site A, a maximum number Mc of PCR
times for reads of C at the SNP site A, and a maximum
number Mt of PCR times for reads of T at the SNP site A.
[0105] In order to ensure uniform PCR amplification
efficiency between the C allele and the T allele to en-
hance the accuracy of identification of genotype of the
SNP site A, a corrected coverage Ct’ of the T allele is
calculated using the following formula. 

[0106] Consider a case where the following actual val-
ues are obtained: the coverage Cc of the C allele at the
SNP site A = 500, the coverage Ct of the T allele at the
SNP site A = 100, the maximum number Mc of PCR times
for the C allele at the SNP site A = 12, and the maximum
number Mt of PCR times for the T allele at the SNP site
A = 10. In this case, a corrected coverage Ct’ of the T
allele will be 

[0107] This correction enables enhancement of the ac-
curacy of identifying genotype of the SNP site A to be CT.
[0108] The present invention is applicable to, in gene
analysis such as determination of chromosome count or
SNP analysis, correction of coverage data or the like to
perform accurate analysis.

Claims

1. A method for designing a primer supplied to a PCR
reaction, the method comprising:
a primer designing step of defining a 5’-end-side
base sequence of the primer so as to include a base
sequence or its complementary base sequence, the
base sequence enabling identification of, among
thermal cycles in the PCR reaction, a synthesis cycle
of a DNA molecule in an amplification product ob-
tained by the PCR reaction performed with the prim-

er, the identification being based on base-sequence
data obtained by sequencing the amplification prod-
uct.

2. The method for designing a primer supplied to a PCR
reaction according to claim 1,
wherein, in the primer designing step,
the primer is a primer used in N-th and N+1-th ther-
mal cycles,
N represents an odd number of 1 or more,
when N = 1, the step includes defining a comple-
mentary DNA fragment constituted by a base se-
quence that complementarily binds to a 3’ end side
of an amplification target region in amplification tar-
get DNA; defining a non-complementary DNA frag-
ment constituted by a base sequence that does not
complementarily bind to the amplification target re-
gion; and coupling the non-complementary DNA
fragment to a 5’ end of the complementary DNA frag-
ment; and
when N ≥ 3, the step includes defining a complemen-
tary DNA fragment constituted by a base sequence
of a non-complementary DNA fragment of a primer
used in an N-2-th thermal cycle; defining a non-com-
plementary DNA fragment constituted by a base se-
quence that is different from each one of base se-
quences of non-complementary DNA fragments of
primers used in 1st to N-2-th thermal cycles, and that
does not complementarily bind to the amplification
target region; and coupling the non-complementary
DNA fragment to a 5’ end of the complementary DNA
fragment.

3. The method for designing a primer supplied to a PCR
reaction according to claim 1,
wherein, in the primer designing step,
the primer is a primer used in an N-th thermal cycle,
N represents an integer of 1 or more,
when N = 1, the step includes defining a comple-
mentary DNA fragment constituted by a base se-
quence that complementarily binds to a 3’ end side
of an amplification target region in amplification tar-
get DNA; defining a non-complementary DNA frag-
ment constituted by a base sequence that does not
complementarily bind to the amplification target re-
gion; and coupling the non-complementary DNA
fragment to a 5’ end of the complementary DNA frag-
ment;
when N = 2, the step includes defining a comple-
mentary DNA fragment constituted by a base se-
quence that complementarily binds to a 3’ end side
of an amplification target region in amplification tar-
get DNA; defining a non-complementary DNA frag-
ment constituted by a base sequence that is different
from the base sequence of the non-complementary
DNA fragment of the primer used in the 1st thermal
cycle, and that does not complementarily bind to the
amplification target region; and coupling the non-
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complementary DNA fragment to a 5’ end of the com-
plementary DNA fragment; and
when N ≥ 3, the step includes defining a complemen-
tary DNA fragment constituted by a base sequence
of a non-complementary DNA fragment of a primer
used in an N-2-th thermal cycle; defining a non-com-
plementary DNA fragment constituted by a base se-
quence that is different from each one of base se-
quences of non-complementary DNA fragments of
primers used in 1st to N-1-th thermal cycles, and that
does not complementarily bind to the amplification
target region; and coupling the non-complementary
DNA fragment to a 5’ end of the complementary DNA
fragment.

4. A primer designed by the method for designing a
primer according to any one of claims 1 to 3.

5. A primer set supplied to a PCR reaction, the primer
set comprising the primer according to claim 4.

6. A primer set supplied to a PCR reaction, the primer
set comprising a plurality of the primer sets according
to claim 5.

7. A DNA amplification method comprising supplying
the primer set according to claim 5 or 6 to a PCR
reaction.

8. A method for analyzing base-sequence data of an
amplification product obtained by supplying the prim-
er set according to claim 5 or 6 to a PCR reaction to
amplify a plurality of regions, the method comprising:
performing correction for each of coverages of the
regions in accordance with numbers of successful
PCR times in the amplification product.

9. A method for analyzing base-sequence data of an
amplification product obtained by supplying the prim-
er set according to claim 5 or 6 to a PCR reaction to
amplify a region including at least one locus, the
method comprising:
performing correction for each of coverages of alle-
les in accordance with numbers of successful PCR
times in the amplification product.
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