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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a method for determining the number of loci required, and a method for
determining the number of SNPs loci required.

2. Description of the Related Art

[0002] Genetic analysis has become easy to perform by a DNA sequencer and the like developed recently. However,
the total base length of a genome is generally enormous, while a sequencer has limited read capacity. Accordingly, a
PCR method has become widespread as a technique in which only a required particular gene region is amplified to
perform reading on this selected base sequence thereof, thereby efficiently and accurately performing a genetic analysis.
In particular, a technique in which a plurality types of primers are supplied to one PCR reaction system at the same time,
and a plurality of gene regions are selectively amplified is called multiplex PCR.
[0003] Fetal nucleated red blood cells circulating in the maternal blood are rare cells that only about one cell is contained
per 106 to 107 cells in the maternal blood. In a case where a plurality of nucleated red blood cells suspected to be a fetal
nucleated red blood cell is harvested, the probability of all these harvested nucleated red blood cells being a fetal
nucleated red blood cell is extremely low.
[0004] In the related art, extracting a genomic DNA from a single nucleated red blood cell, amplifying whole genomic
regions using whole genome amplification (WGA), and then enriching a locus of interest by multiplex PCR or hybridization
were generally performed.
[0005] However, WGA has a problem that amplification biases are large, making it difficult to quantitatively determining
the number of chromosomes. Therefore, in recent years, a plurality of loci are PCR-amplified by using a genomic DNA
extracted from a single nucleated red blood cell as a template DNA of multiplex PCR instead of enriching the genomic
DNA, base sequence information is acquired using a next-generation sequencer, and therefore the number of chromo-
somes is quantitatively determined or genotyping is performed.
[0006] In this case, as the number of loci, which are amplification subjects, increases, influence of one locus on overall
performance becomes little, thereby making target performance such as accuracy easy to be achieved.
[0007] Therefore, the number of loci as amplification subjects is preferably large. On the other hand, as the number
of loci as amplification subjects increases, designing a primer for all loci as amplification subjects becomes difficult, and
furthermore, a primer-dimer is easily formed, thereby increasing a possibility of failing PCR amplification.

SUMMARY OF THE INVENTION

[0008] For this reason, demands for a method for determining the number of loci required for achieving target per-
formance are growing in a method in which a plurality of loci in a genomic DNA extracted from a single cell are PCR-
amplified by multiplex PCR to acquire base sequence information, thereby quantitatively determining the number of
chromosomes.
[0009] Accordingly, an object of the present invention is to provide a method for determining the number of loci required
for quantitatively determining the number of chromosomes from a single cell.
[0010] Another object of the present invention is to provide a method for determining the number of SNPs loci required
in a case of determining whether a single cell suspected to be derived from a fetus isolated from a pregnant woman is
derived from the fetus or a mother who is the pregnant woman by using SNPs genotyping.
[0011] As a result of extensive studies in order to achieve the above objects, the inventors of the present invention
have found that it is possible to provide a method for determining the number of loci required or a method for determining
the number of SNPs loci required by inputting experimental results and target performance, performing arithmetic process-
ing of the same, and determining the number of loci required or the number of SNPs loci required, and therefore have
completed the present invention.
[0012] In other words, the present invention are [1] to [9] as follows.

[1] A method for determining the number of loci required for quantitatively determining the number of chromosomes
from a single cell, the method comprising:

an experimental result input step of inputting, via input means, the number of loci n on a subject chromosome,
and a coefficient of variation x of the number of sequence reads of the subject chromosome, which are exper-
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imental results obtained by multiple repeated trials, and storing the same in storage means;
a target performance input step of inputting, via the input means, a coefficient of variation y of the number of
sequence reads of the subject chromosome, which is target performance, and storing the same in the storage
means;
a number-of-loci-required determination step of allowing calculation means to read out the number of loci n, the
coefficient of variation x, and the coefficient of variation y from the storage means and to calculate the number
of loci N required from the number of loci n and the coefficient of variation x which are the experimental results
and the coefficient of variation y which is the target performance such that the coefficient of variation x becomes
equal to or less than y, and storing the same in the storage means; and
a result display step of allowing the calculation means to read out the number of loci N required for quantitatively
determining the number of chromosomes from the storage means, and displaying the same on display means.

[2] The method according to [1], further comprising:
an experimental result conversion step of allowing the calculation means to read out the number of loci n on the
subject chromosome and a coefficient of variation x’ of the number of sequence reads per locus on the subject
chromosome from the storage means and to calculate the coefficient of variation x of the number of sequence reads
on the subject chromosome by the following equation, and storing the same in the storage means, after the exper-
imental result input step and before the number-of-loci-required determination step, in a case where the coefficient
of variation x’ of the number of sequence reads per locus on the subject chromosome is input and stored in the
storage means in place of the coefficient of variation x of the number of sequence reads of the subject chromosome
in the experimental result input step, 

where, SQRT (n) represents a square root of n.
[3] The method according to [1] or [2], further comprising:
a target performance conversion step of allowing the calculation means to read out a sensitivity SeT, a specificity
SpT, a positive predictive value PPVT, or a negative predictive value NPVT from the storage means and to convert
the same into a target coefficient of variation y of the number of sequence reads on the subject chromosome, and
storing the same in the storage means, after the target performance input step and before the number-of-loci-required
determination step, in a case where the sensitivity SeT, the specificity SpT, the positive predictive value PPVT, or
the negative predictive value NPVT is input and stored in the storage means in place of the coefficient of variation
y in the target performance input step.
[4] The method according to [3],
in which, in the target performance conversion step,
in a case where the sensitivity SeT is read out, assuming a cell group having aneuploidy and following a normal
distribution, because a proportion of cells determined to have aneuploidy in this cell group is a sensitivity, a target
sensitivity SeT is substituted for the sensitivity to set a coefficient of variation in this case as the target coefficient of
variation y,
in a case where the specificity SpT is read out, assuming a cell group having aneuploidy and following a normal
distribution, because a proportion of cells determined not to have aneuploidy in this cell group is a specificity, a
target specificity SpT is substituted for the specificity to set a coefficient of variation in this case as the target coefficient
of variation y,
in a case where a positive predictive value PPVT is read out, the positive predictive value is converted into the
sensitivity and the specificity using a pre-given prevalence rate and Equation 1, and furthermore, the sensitivity and
the specificity are converted into the target coefficient of variation y according to a case where the sensitivity SeT
is read out and a case where the specificity SpT is read out, and
in a case where a negative predictive value NPVT is read out, the negative predictive value is converted into the
specificity and the sensitivity using a pre-given prevalence rate and Equation 2, and furthermore, the specificity and
the sensitivity are converted into the target coefficient of variation y according to a case where the sensitivity SeT
is read out and a case where the specificity SpT is read out. 
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[5] The method according to any one of [1] to [4],
in which, in the number-of-loci-required determination step, the calculation means reads out the number of loci n,
the coefficient of variation x, and the coefficient of variation y from the storage means to calculate the number of
loci N required by the following equation, 

where, ceiling (z) represents a smallest integer that is equal to or greater than a real number z, and k is a predetermined
coefficient of 1.0 to 1.5.
[6] The method according to [5], in which z = n 3 (x/y)2.
[7] A method for determining the number of SNPs loci required in a case of determining whether a single cell
suspected to be derived from a fetus isolated from a pregnant woman is derived from the fetus or a mother who is
the pregnant woman by using SNPs genotyping, the method comprising:

an experimental result input step of inputting, via input means, an average mutation frequency ν and an allelic
dropout rate Θ% of m SNPs, which are obtained by a precedent experiment for analyzing m SNPs loci with m
being an integer of 2 or more, and storing the same in storage means;
a target performance input step of inputting a target accuracy Ψ% via the input means, and storing the same
in the storage means;
a number-of-SNPs-loci-required determination step of allowing calculation means to read out the number of
SNPs loci m, a mutation frequency ν, the allelic dropout rate Θ%, and the target accuracy Ψ% from the storage
means, to obtain a probability τ that the number of SNPs loci, where a true genotype of a mother and a genotype
of a fetal cell are mismatched to be homozygous and heterozygous, is 0 out of m in a case of the allelic dropout
rate Θ%, to obtain a probability υ = 1 that the number of SNPs loci, where a true genotype of a mother and a
genotype of a fetal cell are mismatched to be homozygous and heterozygous, is 0 out of m in a case of the
allelic dropout rate Θ%, to calculate Φ = 100 3 (υ - τ), and to increase m by 1 to calculate a smallest integer m
that satisfies Φ ≥ Ψ, and storing the same in the storage means as the number of SNPs loci M required; and
a result display step of allowing the calculation means to read out, from the storage means, the number of SNPs
loci M required in a case of determining whether a single cell suspected to be derived from a fetus isolated from
a pregnant woman is derived from the fetus or a mother who is the pregnant woman by using SNPs genotyping,
and displaying the same on display means.

[8] The method according to claim [7],
in which in the number-of-SNPs-loci-required determination step, the calculation means reads outs the mutation
frequency ν, the allelic dropout rate Θ%, and the target accuracy Ψ% from the storage means to calculate the number
of SNPs loci M required by the following equations, 
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where, ceiling (χ) represents a smallest integer that is equal to or greater than a real number χ, and κ is a prede-
termined coefficient of 1.0 to 1.5.
[9] The method according to [8], in which χ = log(1 - ψ)/log(1 - ξ).

[0013] According to the present invention, it is possible to provide a method for determining the number of loci required
for quantitatively determining the number of chromosomes from a single cell. More specifically, it is possible to provide
a method for determining the number of loci required for achieving target performance, in a method in which a plurality
of loci in a genomic DNA extracted from a single cell are PCR-amplified by multiplex PCR to acquire base sequence
information, thereby quantitatively determining the number of chromosomes.
[0014] In addition, according to the present invention, it is possible to provide a method for determining the number
of SNPs loci required in a case of determining whether a single cell suspected to be derived from a fetus isolated from
a pregnant woman is derived from the fetus or a mother who is the pregnant woman by using SNPs genotyping.
[0015] Furthermore, primers subjected to multiplex PCR are reduced, and therefore it is possible to reduce costs and
to easily design a primer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Fig. 1 is a conceptual diagram showing a configuration of an apparatus for determining the number of loci required
used in a method for determining the number of loci required for quantitatively determining the number of chromo-
somes from a single cell in the present invention.
Fig. 2 is a flow diagram explaining a method for determining the number of loci required for quantitatively determining
the number of chromosomes from a single cell in the present invention.
Fig. 3 is a diagram explaining a sensitivity, a specificity, a positive predictive value, and a negative predictive value.
Fig. 4 is a flow diagram explaining a method for determining the number of SNPs loci required in a case of determining
whether a single cell suspected to be derived from a fetus isolated from a pregnant woman is derived from the fetus
or a mother who is the pregnant woman by using SNPs genotyping in the present invention.
Fig. 5 is a diagram explaining that an apparent genotype becomes heterozygous and homozygous by allelic dropout
in a case where a true genotype is heterozygous.
Fig. 6 is a diagram for explaining a first embodiment of a method for designing a primer for PCR-amplifying a locus
as an amplification subject.
Fig. 7 is a diagram for explaining a second embodiment of a method for designing a primer for PCR-amplifying a
locus as an amplification subject.
Fig. 8 is a diagram for explaining a third embodiment of a method for designing a primer for PCR-amplifying a locus
region as an amplification subject.
Fig. 9 is a graph showing a probability distribution obtained by comparing a true genotype of a mother and a genotype
of a fetal cell in a case where an ADO rate is 0% in Example 2.
Fig. 10 is a graph showing the probability distribution obtained by comparing the true genotype of the mother and
the genotype of the maternal cell in a case where the ADO rate is 0% in Example 2.
Fig. 11 is a graph showing the probability distribution obtained by comparing the true genotype of the mother and
the genotype of the fetal cell in a case where the ADO rate is 50% in Example 2.
Fig. 12 is a graph showing the probability distribution obtained by comparing the true genotype of the mother and
the genotype of the maternal cell in a case where the ADO rate is 50% in Example 2.
Fig. 13 is a graph showing a probability that the true genotype of the mother, and the genotype of the maternal cell
or the genotype of a fetal cell are mismatched to be homozygous and heterozygous at X out of 20 SNPs loci in a
case where the ADO rate is 50% in Example 2. A probability that 0 out of 20 SNPs loci are mismatched to be
homozygous and heterozygous is 1 in a case of comparing the true genotype of the mother with the genotype of
the maternal cell, and a probability that 0 out of 20 SNPs loci are mismatched to be homozygous and heterozygous
is about 0.07 in a case of comparing the true genotype of the mother with the genotype of the fetal cell. Therefore,
accuracy of mother and child discrimination is about 93%.
Fig. 14 is a graph showing a probability that the true genotype of the mother, and the genotype of the maternal cell
or the genotype of the fetal cell are mismatched to be homozygous and heterozygous at X out of 35 SNPs loci in a
case where the ADO rate is 50% in Example 2. A probability that 0 out of 35 SNPs loci are mismatched to be
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homozygous and heterozygous is 1 in a case of comparing the true genotype of the mother with the genotype of
the maternal cell, and a probability that 0 out of 35 SNPs loci are mismatched to be homozygous and heterozygous
is 0.01 or less in a case of comparing the true genotype of the mother with the genotype of the fetal cell. Therefore,
accuracy of mother and child discrimination is 99% or more.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0017] In the present invention, in a case where a range is expressed using "to" for numerical values or the like capable
of specifying the range, the range includes left and right numerical values of "to," or the like. For example, in a case
where "a to b" is expressed for the numerical value a and b (where a ≠ b), the range thereof includes a and b. In addition,
for example, in a case where "ai to aj" (where i and j are integers satisfying 1 ≤ i ≤ k and 1 ≤ j ≤ k, and i ≠ j) is expressed
for permutations a1,a2,···,ak consisting of k elements (where k is an integer satisfying k ≥ 3), the range thereof includes
ai and aj.
[0018] In the present invention, each of the following abbreviations represents the following meanings.

PCR: Polymerase Chain Reaction
DNA: Deoxyribonucleic acid
SNPs: Single Nucleotide Polymorphisms
CV: Coefficient of variation

[0019] In addition, in the present invention defines 0° = 1.
[0020] Furthermore, a sensitivity, a specificity, a positive predictive value, and a negative predictive value have the
following meanings.
[0021] The sensitivity, which is indicated by a/(a + c) shown in Fig. 3, refers to a proportion of positively tested portions
in a case where a disease is present (prevalence).
[0022] The specificity, which is indicated by d/(b + d) shown in Fig. 3, refers to a proportion of negatively tested portions
in a case where no disease is present.
[0023] The positive predictive value, which is indicated by a/(a + b) shown in Fig. 3, refers to a proportion of a case
where a disease is present (prevalence) among positively tested portions. In addition, in a case where the sensitivity
and the prevalence rate are given, the positive predictive value can also be determined as positive predictive value =
sensitivity 3 prevalence rate/(sensitivity 3 prevalence rate + (1 - prevalence rate)(1 - specificity)).
[0024] The negative predictive value, which is indicated by d/(c + d) shown in Fig. 3, refers to a proportion a case
where no disease is present among negatively tested portions. In addition, in a case where the specificity and the
prevalence rate are given, the negative predictive value can also be determined as negative predictive value = specificity
3 (1 - prevalence rate)/(specificity 3 (1 - prevalence rate) + prevalence rate 3 (1 - sensitivity)).

[Method for determining number of loci required]

[0025] The "method for determining the number of loci required" according to the present invention is a method for
determining the number of loci required for quantitatively determining the number of chromosomes from a single cell,
the method comprising the following steps. The following will be explained with reference to Fig. 1 and Fig. 2 as appropriate.

<Experimental result input step S11>

[0026] An experimental result input step is a step of inputting, via input means (keyboard) 14, the number of loci n on
a subject chromosome, and a coefficient of variation x of the number of sequence reads of the subject chromosome,
which are experimental results obtained by multiple repeated trials, and storing the same in storage means (memory)
12 (S11 of Fig. 2).
[0027] In this step, it is also possible to use auxiliary input means 15 as input means with respect to hardware.

<<Subject chromosome>>

[0028] A subject chromosome is a chromosome of which the number of chromosomes is to be quantitatively determined.
The subject chromosome may be any one of an autosomal chromosome and sex chromosome. Examples thereof include
chromosome 21, chromosome 18, chromosome 13, chromosome X, chromosome Y, and the like.
[0029] Quantitative determination of chromosome 21 is carried out to detect a trisomy of chromosome 21, for example.
Examples of diseases caused due to a trisomy of chromosome 21 include Down syndrome.
[0030] Quantitative determination of chromosome 18 is carried out to detect a trisomy of chromosome 18, for example.
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Examples of diseases caused due to a trisomy of chromosome 18 include Edward syndrome.
[0031] Quantitative determination of chromosome 13 is carried out to detect a trisomy of chromosome 13, for example.
Examples of diseases caused due to a trisomy of chromosome 13 include Patau syndrome.
[0032] Quantitative determination of chromosome X is carried out to detect an extra X chromosome, for example.
Examples of diseases caused due to a trisomy of an extra X chromosome include Klinefelter syndrome or the like.
[0033] Quantitative determination of chromosome Y is carried out to detect an extra Y chromosome, for example.
Examples of diseases caused due to a trisomy of an extra Y chromosome include XYY syndrome or the like.

<<Locus>>

[0034] A locus is a genetic locus or a locus, which is not limited to a gene region and also includes a base sequence
which does not correspond to a gene or a location of a genetic marker.
[0035] In addition, the number of loci, that is, the number of loci, is not particularly limited, and is appropriately set in
consideration that it is a trial to provide experimental results for determining the number of loci required.

<<Number of sequence reads>>

[0036] The number of sequence reads is the number of sequence reads per subject chromosome, which is obtained
by amplifying a locus on the subject chromosome by multiplex PCR and sequencing amplification products with a next-
generation sequencer. In other words, the number of sequence reads is a total number of sequence reads per locus,
which is obtained by sequencing PCR products obtained by amplifying a locus on the subject chromosome by multiplex
PCR. As will be described later, instead of the total number of sequence reads per locus, an average number of sequence
reads per locus may be used as the number of sequence reads.

<<Repeated trials>>

[0037] The number of repeated trials is not particularly limited, but the number thereof is set in consideration that it is
performed to obtain experimental results for determining the number of loci required. For example, the number of
repetitions is preferably 3 to 100, more preferably 5 to 50, and even more preferably 10 to 30.
[0038] In a trial per one trial, for example, peripheral blood of a pregnant woman is collected, nucleated red blood cells
are isolated from the collected peripheral blood, genomic DNA is extracted from the isolated nucleated red blood cells,
multiplex PCR is performed using the extracted genomic DNA as a template DNA, and therefore the number of sequence
reads of the obtained PCR amplification products is obtained using the next-generation sequencer.
[0039] It is possible to obtain an average value m, variance σ2, coefficient of variation CV = σ/m, and the like of the
number of sequence reads of the subject chromosome from the number of sequence reads of the subject chromosome
obtained by multiple trials.

<Experimental result conversion step S13>

[0040] The method for determining the number of loci required according to the embodiment of the present invention
may further include an experimental result conversion step.
[0041] An experimental result conversion step is a step of allowing calculation means to read out the number of loci
n on the subject chromosome and a coefficient of variation x’ of the number of sequence reads per locus on the subject
chromosome from the storage means and to calculate the coefficient of variation x of the number of sequence reads on
the subject chromosome by the following equation, and storing the same in the storage means (S13 of Fig. 2). 

 Here, SQRT (n) represents a square root of n.
[0042] The experimental result conversion step is preferably performed after the above-described experimental result
input step and before the above-described number-of-loci-required determination step, in a case where the coefficient
of variation x’ of the number of sequence reads per locus on the subject chromosome is input and stored in the storage
means (memory) 12 in place of the coefficient of variation x of the number of sequence reads of the subject chromosome
in the experimental result input step.
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<Target performance input step S 12>

[0043] A target performance input step is a step of inputting, via the input means, a coefficient of variation y of the
number of sequence reads of the subject chromosome, which is target performance, and storing the same in the storage
means (S12 of Fig. 2).
[0044] A sensitivity SeT, a specificity SpT, a positive predictive value PPVT, or a negative predictive value NPVT may
be input in place of the coefficient of variation y. In this case, a target performance conversion step of converting the
sensitivity SeT, the specificity SpT, the positive predictive value PPVT, or the negative predictive value NPVT into a target
coefficient of variation y is carried out after the target performance input step and before the number-of-loci-required
determination step.
[0045] The auxiliary input means (mouse) 15 can also be used as auxiliary input means.

<Target performance conversion step S14>

[0046] The method for determining the number of loci required according to the embodiment of the present invention
may further include a target performance conversion step.
[0047] A target performance conversion step is a step of allowing the calculation means to read out the sensitivity
SeT, the specificity SpT, the positive predictive value PPVT, or the negative predictive value NPVT from the storage
means and to convert the same into the target coefficient of variation y of the number of sequence reads on the subject
chromosome, and storing the same in the storage means (S14 of Fig. 2).
[0048] The target performance conversion step is preferably performed after the above-described target performance
input step and before the above-described number-of-loci-required determination step, in a case where the sensitivity
SeT, the specificity SpT, the positive predictive value PPVT, or the negative predictive value NPVT is input and stored in
the storage means in place of the coefficient of variation y in the target performance input step.
[0049] A specific method of target performance conversion will be described.

(1) In a case where the sensitivity SeT is read out

[0050] In a case of assuming a cell group having aneuploidy and following a normal distribution, because a proportion
of cells determined to have aneuploidy in this cell group is a sensitivity, a target sensitivity SeT is substituted for the
sensitivity to set a coefficient of variation in this case as the target coefficient of variation y.

(2) In a case where the specificity SpT is read out

[0051] In a case of assuming a cell group not having aneuploidy and following a normal distribution, because a
proportion of cells determined not to have aneuploidy in this cell group is a specificity, a target specificity SpT is substituted
for the specificity to set a coefficient of variation in this case as the target coefficient of variation y.

(3) In a case where the positive predictive value PPVT is read out

[0052] The positive predictive value is converted into the sensitivity and the specificity using a pre-given prevalence
rate and Equation 1, and furthermore, the sensitivity and the specificity are converted into the target coefficient of variation
y according to a case where the sensitivity SeT is read out and a case where the specificity SpT is read out. 

(4) In a case where the negative predictive value NPVT is read out

[0053] The negative predictive value is converted into the specificity and the sensitivity using a pre-given prevalence
rate and Equation 2, and furthermore, the specificity and the sensitivity are converted into the target coefficient of variation
y according to a case where the sensitivity SeT is read out and a case where the specificity SpT is read out. 
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[0054] More specifically details are as described below.
[0055] A cell group D1 not having aneuploidy (hereinafter referred to as "normal cell group D1") and a cell group D2
having aneuploidy (hereinafter referred to as "abnormal cell group D2") are taken into consideration.
[0056] A test value X of the normal cell group D1 follows a normal distribution N(m1,σ1

2), and a test value X of the
abnormal cell group D2 follows a normal distribution N(m2,σ2

2).
[0057] In this case, N(m1,σ1

2) is given as a probability distribution having a probability density function f1(x) below. 

[0058] In addition, N(m2,σ2
2) is given as a probability distribution having a probability density function f2(x) below. 

[0059] Here, sqrt (z) represents a square root of z, and exp (z) represents ez. Here, e is the base of natural logarithm
(Napier’s constant).
[0060] A coefficient of variation CV1 of the normal cell group D1 and a coefficient of variation CV2 of the abnormal cell
group D2 are as below, respectively. 

(In a case where the group is determined to have aneuploidy in a case where the test value X exceeds a threshold value
c (in a case of X > c), and the group is determined not to have aneuploidy in a case where the test value X is equal to
or less than the threshold value c (in a case of X ≤ c).)
[0061] The sensitivity is a proportion of cells whose test value X exceeds the threshold value c in the abnormal cell
group D2, and is expressed by the following equation.

[0062] Therefore, σ2/m2 obtained by putting a target sensitivity SeT into the equation of sens(c) is a target coefficient
of variation y obtained by converting the target specificity SpT.
[0063] In addition, the specificity is a proportion of cells whose test value X is equal to or less than the threshold value
c in the normal cell group D1, and is expressed by the following equation.

[0064] Therefore, σ1/m1 obtained by putting a target sensitivity SeT into the equation of spec(c) is a target coefficient
of variation y obtained by converting the target sensitivity SeT.
[0065] Furthermore, based on the following expression, it is possible to obtain a target coefficient of variation y by
converting the positive predictive value into the sensitivity and the negative predictive value into the specificity, respec-
tively, using a pre-given prevalence rate, and by further converting the converted results into the coefficient of variation. 
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[0066] As the threshold value c, for example, c such that f1(c) = f2(c) can be employed, but is not limited thereto.
(In a case where the group is determined to have aneuploidy in a case where the test value X is less than the threshold
value c (in a case of X < c), and the group is determined not to have aneuploidy in a case where the test value X is equal
to or more than the threshold value c (in a case of X ≥ c).)
[0067] The sensitivity is a proportion of cells whose test value X is less than the threshold value c in the abnormal cell
group D2, and is expressed by the following equation.

[0068] Therefore, σ2/m2 obtained by putting a target sensitivity SeT into the equation of sens(c) is a target coefficient
of variation y obtained by converting the target specificity SpT.
[0069] In addition, the specificity is a proportion of cells whose test value X is equal to or less than the threshold value
c in the normal cell group D1, and is expressed by the following equation.

[0070] Therefore, σ1/m1 obtained by putting a target sensitivity SeT into the equation of spec(c) is a target coefficient
of variation y obtained by converting the target sensitivity SeT.
[0071] Furthermore, based on the following expression, it is possible to obtain a target coefficient of variation y by
converting the positive predictive value into the sensitivity and the negative predictive value into the specificity, respec-
tively, using a pre-given prevalence rate, and by further converting the converted results into the coefficient of variation. 

[0072] As the threshold value c, for example, c such that f1(c) = f2(c) can be employed, but is not limited thereto.

<Number-of-loci-required determination step S15>

[0073] A number-of-loci-required determination step is a step of allowing calculation means (CPU) 11 to read out the
number of loci n, the coefficient of variation x, and the coefficient of variation y from the storage means (memory) 12
and to calculate the number of loci N required from the number of loci n and the coefficient of variation y which are the
experimental results and the coefficient of variation y which is the target performance such that the coefficient of variation
becomes equal to or less than y, and storing the same in the storage means (memory) 12 (S15 of Fig. 2).
[0074] It is preferable that, in the number-of-loci-required determination step, the calculation means 11 read out the
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number of loci n, the coefficient of variation x, and the coefficient of variation y from the storage means 12 to calculate
the number of loci N required by the following equation. 

preferably 

[0075] Here, ceiling (z) represents the smallest integer that is equal to or greater than a real number z, and k is a
predetermined coefficient of 1.0 to 1.5.

<Result display step S16>

[0076] A result display step is a step of allowing the calculation means (CPU) 11 to read out the number of loci N
required for quantitatively determining the number of chromosomes from the storage means (memory) 12, and displaying
the same on display means (monitor) 16 (S16 of Fig. 2).
[0077] In addition, the number of loci N required may be output from output means (printer) 17 according to a command
from the input means (keyboard) 14 or the auxiliary input means (mouse) 15.

[Apparatus for determining number of loci required]

[0078] Next, an apparatus for executing the method for determining the number of loci required of the embodiment of
the present invention will be described with reference to Fig. 1.
[0079] The apparatus for executing the method for determining the number of loci required of the embodiment of the
present invention comprises the calculation means (CPU) 11, the storage means (memory) 12, auxiliary storage means
(storage) 13, the input means (keyboard) 14, and the display means (monitor) 16. In addition, this apparatus may further
comprise the auxiliary input means (mouse) 15, the output means (printer) 17, and the like.
[0080] Each means will be explained.
[0081] The input means (keyboard) 14 is means for inputting instructions, data, and the like to the apparatus, and is
used for inputting experimental results and target performance.
[0082] The auxiliary input means (mouse) 15 is used in place of or together with the input means (keyboard) 14.
[0083] The calculation means (CPU) 11 is means for performing arithmetic processing, and is not only used for
processing such as controlling of each means, and writing and reading of data but also for calculating the number of
loci N required.
[0084] The storage means (memory) 12 is used for storing results of arithmetic processing by the calculation means
(CPU) 11, or for storing inputs from the input means (keyboard) 14.
[0085] The auxiliary storage means (storage) 13 is a storage for storing an operating system, a program for determining
the number of loci required, and the like. A part thereof can also be used to expand the storage means.
[0086] The display means (display) 16 is one of interfaces with the user, and is used for displaying the number of loci
required after calculating the same.
[0087] The output means (printer) 17 is used for printing information displayed on the display means (display) 16
according to an instruction from the calculation means (CPU) 11.

[Method for determining number of SNPs loci required]

[0088] A "method for determining the number of SNPs loci required" of the embodiment of the present invention is a
method for determining the number of SNPs loci required in a case of determining whether a single cell suspected to
be derived from a fetus isolated from a pregnant woman is derived from the fetus or a mother who is the pregnant woman
by using SNPs genotyping, the method comprising the following steps.
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<Experimental result input step S21>

[0089] An experimental result input step is a step of inputting, via the input means (keyboard) 14, an average mutation
frequency ν and an allelic dropout rate Θ% of m SNPs, which are obtained by a precedent experiment for analyzing m
SNPs loci with m being an integer of 2 or more, and storing the same in the storage means (memory) 12 (S21 of Fig. 4).
[0090] In this step, it is also possible to use the auxiliary input means (mouse) 15 as input means with respect to
hardware.

<<Number of SNPs loci>>

[0091] The above-mentioned m is not particularly limited as long as it is an integer of 2 or more, but the number thereof
is set in consideration of being performed as a precedent experiment. For example, the number of SNPs loci is preferably
10 or more, more preferably 15 or more, and even more preferably 20 or more.

<<Mutation frequency>>

[0092] A mutation frequency ν is 0 ≤ ν ≤ 1. In the present invention, the mutation frequency ν is preferably 0.35 < ν <
0.65, more preferably 0.40 < ν < 0.60, and even more preferably 0.45 < ν < 0.55.

<<Allelic dropout rate>>

[0093] An allelic dropout rate (hereinafter referred to as "allelic dropout (ADO) rate") Θ% is generally 0% ≤ Θ% ≤ 100%.
It is preferable that the ADO rate become low.

<Target performance input step S22>

[0094] A target performance input step is a step of inputting a target accuracy Ψ% via the input means (keyboard) 14,
and storing the same in the storage means (memory) 12 (S22 in Fig. 4).

<<Target accuracy>>

[0095] A target accuracy Ψ% is not particularly limited, but is preferably 95.0% or more, more preferably 99.0% or
more, and even more preferably 99.9% or more.

<Number-of-SNPs-loci-required determination step S25>

[0096] A number-of-SNPs-loci-required determination step is a step of allowing the calculation means (CPU) 11 to
read out the number of SNPs loci m, the mutation frequency ν, the allelic dropout rate Θ%, and the target accuracy Ψ%
from the storage means (memory) 12,
to obtain a probability τ that the number of SNPs loci, where a true genotype of a mother and a genotype of a fetal cell
are mismatched to be homozygous and heterozygous, is 0 out of m in a case of the allelic dropout rate Θ%,
to obtain a probability υ = 1 that the number of SNPs loci, where a true genotype of a mother and a genotype of a fetal
cell are mismatched to be homozygous and heterozygous, is 0 out of m in a case of the allelic dropout rate Θ%,
to calculate Φ = 100 3 (υ - τ), and
to increase m by 1 to obtain the smallest m that satisfies Φ ≥ Ψ, and storing the same in the storage means (memory)
12 as the number of SNPs loci M required (S25 of Fig. 4).
[0097] It is preferable that, in the number-of-SNPs-loci-required determination step, the calculation means reads out
the mutation frequency ν, the allelic dropout rate Θ%, and a target accuracy Ψ% from the storage means to calculate
the number of SNPs loci M required by the following equations. 
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[0098] Here, ceiling (χ) represents the smallest integer that is equal to or greater than a real number χ, and κ is a
predetermined coefficient of 1.0 to 1.5.

<Result display step S26>

[0099] A result display step is a step of allowing the calculation means (CPU) 11 to read out, from the storage means
(memory) 12, the number of SNPs loci required in a case of determining whether a single cell suspected to be derived
from a fetus isolated from a pregnant woman is derived from the fetus or a mother who is the pregnant woman by using
SNPs genotyping, and displaying the same on display means (monitor) (S26 in Fig. 4).
[0100] In addition, the number of loci N required may be output from the output means (printer) 17 according to a
command from the input means (keyboard) 14 or the auxiliary input means (mouse) 15.

<Detailed description of method for calculating number of SNPs loci required in number-of-SNPs-loci-required determi-
nation step>

[0101] Hereinafter, the number of SNPs loci analyzed in the precedent experiment will be referred to as m (m ≥ 20,
m is an integer), a mutation frequency of m SNPs will be referred to as ν (0 ≤ ν ≤ 1), an allelic dropout rate will be referred
to as θ (0 ≤ θ ≤ 1), and a target accuracy will be referred to as ψ (0 < ψ ≤ 1).

<<Comparison between true genotype of mother and genotype of fetal cell>>

(In a case of an allelic dropout rate 0%)

[0102] For SNPs loci having a mutation frequency ν, a true genotype of a mother and a genotype of a fetal cell are
as follows.

(1) Probability of homozygous-homozygous match: p11 = 1 - 3ν(1 - ν)
(2) Probability of heterozygous-heterozygous match: p12 = ν(1 - ν)
(3) Probability of heterozygous-homozygous mismatch: p13 = ν(1 - ν)
(4) Probability of homozygous-heterozygous mismatch: p14 = ν(1 - ν)
(5) Probability of homozygous-homozygous mismatch: p15 = 0

[0103] Therefore, in a case where the true genotype of the mother and the genotype of the fetal cell are compared, a
probability P14 that k out of χ SNPs loci are homozygous-heterozygous mismatch is as below. 

[0104] In a case where the number of SNPs loci is represented by a random variable X, the random variable X follows
a binomial distribution B(χ,p14) of parameters χ,p14.

(In a case of an allelic dropout rate Θ%)

[0105] In a case where an allelic dropout rate is Θ% (Θ = 100 3 θ), as shown in Fig. 5, in a case where the true
genotype is heterozygous (ds), as an apparent genotype, (100 - Θ)% is heterozygous(ds), and Θ% is homozygous
(dd and ss). In a case where there is no chromosome-dependent bias in an allelic dropout, both homozygote (dd)
and homozygote (ss) are Θ/2%.
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[0106] Therefore, taking an allelic dropout rate Θ% into consideration, a probability q14 that the true genotype of the
mother and the genotype of the fetal cell are homozygous-heterozygous mismatch is as below. 

Here, 

[0107] In a case where the true genotype of the mother and the genotype of the fetal cell are compared, a probability
Q14 that k out of χ SNPs loci are homozygous-heterozygous mismatch is as below 

[0108] A probability Q14|k=0 that k = 0, that is, 0 out of χ SNPs loci are homozygous-heterozygous mismatch is as below. 

<<Comparison between true genotype of mother and genotype of maternal cell>>

(In a case of an allelic dropout rate 0%)

[0109] For SNPs loci having a mutation frequency v, a true genotype of a mother and a genotype of a fetal cell are as
follows.

(1) Probability of homozygous-homozygous match: p21 = ν2 + (1 - ν)2

(2) Probability of heterozygous-heterozygous match: p22 = 2ν(1 - ν)
(3) Probability of heterozygous-homozygous mismatch: p23 = 0
(4) Probability that the true genotype of the mother and the genotype of the maternal cell be homozygous-hetero-
zygous mismatch: p24 = 0
(5) Probability that the true genotype of the mother and the genotype of the maternal cell be homozygous-homozygous
mismatch: p25 = 0

[0110] Therefore, in a case where the true genotype of the mother and the genotype of the maternal cell are compared,
a probability P24 that k out of χ SNPs loci are homozygous-heterozygous match is as below. 

[0111] In a case where the number of SNPs loci is represented by a random variable X, the random variable X follows
a binomial distribution B(χ,p24) of parameters χ,p24.
[0112] Because p24 = 0, the above-mentioned P24 is as below. 

(In a case of an allelic dropout rate Θ%)

[0113] In a case where an allelic dropout rate is Θ% (Θ = 100 3 θ), as shown in Fig. 5, in a case where the true
genotype is heterozygous (ds), as an apparent genotype, (100 - Θ)% is heterozygous(ds), and Θ% is homozygous
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(dd and ss). In a case where there is no chromosome-dependent bias in an allelic dropout, both homozygote (dd)
and homozygote (ss) are Θ/2%.
[0114] In a case where the true genotype of the mother is homozygous, an apparent genotype of the maternal cell
does not become heterozygous due to allelic dropout. Therefore, a probability q24 that the true genotype of the mother
and the genotype of the maternal cell are homozygous-heterozygous mismatch is as below.
q24 = 0
[0115] In a case where the true genotype of the mother and the genotype of the maternal cell are compared, a probability
Q24 that k out of χ SNPs loci are homozygous-heterozygous mismatch is as below. 

[0116] A probability Q24|k=0 that k = 0, that is, 0 out of χ SNPs loci are homozygous-heterozygous mismatch is as below. 

{ 00 = 1 was defined.
[0117] Accordingly, regarding the true genotype of the mother and the genotype of the maternal cell, a probability that
0 out of m SNPs loci is homozygous-heterozygous mismatch is 1.
[0118] An accuracy Ψ(χ) of mother and child discrimination is as below. 

[0119] As a target accuracy Ψ% (Ψ = 100 3 ψ), the number of SNPs loci χ given with the target accuracy is ψ = 1 -
(1 - ξ)χ based on the above equation, and therefore, according to log(1 - ξ)χ = log(1 - ψ), χ = log(1 - ψ)/log(1 - ξ).
[0120] χ may be multiplied by a coefficient κ (1.0 ≤ κ ≤ 1.5).
[0121] The number of SNPs loci M required is obtained by M = ceiling (χ).

[Apparatus for determining number of SNPs required]

[0122] Next, an apparatus for executing the method for determining the number of SNPs required of the embodiment
of the present invention will be described with reference to Fig. 1.
[0123] The apparatus for executing the method for determining the number of SNPs required of the embodiment of
the present invention comprises the calculation means (CPU) 11, the storage means (memory) 12, auxiliary storage
means (storage) 13, the input means (keyboard) 14, and the display means (monitor) 16. In addition, this apparatus
may further comprise the auxiliary input means (mouse) 15, the output means (printer) 17, and the like.
[0124] Each means will be explained.
[0125] The input means (keyboard) 14 is means for inputting instructions, data, and the like to the apparatus, and is
used for inputting experimental results and target performance.
[0126] The auxiliary input means (mouse) 15 is used in place of or together with the input means (keyboard) 14.
[0127] The calculation means (CPU) 11 is means for performing arithmetic processing, and is not only used for
processing such as controlling of each means, and writing and reading of data but also for calculating the number of
SNPs loci required.
[0128] The storage means (memory) 12 is used for storing results of arithmetic processing by the calculation means
(CPU) 11, or for storing inputs from the input means (keyboard) 14.
[0129] The auxiliary storage means (storage) 13 is a storage for storing an operating system, a program for determining
the number of SNPs loci required, and the like. A part thereof can also be used to expand the storage means.
[0130] The display means (display) 16 is one of interfaces with the user, and is used for displaying the number of
SNPs required after calculating the same.
[0131] The output means (printer) 17 is used for printing information displayed on the display means (display) 16
according to an instruction from the calculation means (CPU) 11.
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[Designing of primer subjected to multiplex PCR]

[0132] After determining the number of loci required or the number of SNPs loci required, a primer to be subjected to
multiplex PCR may be designed by the method described below. Hereinafter, a region is read as a locus or SNPs loci.

<First embodiment of method for designing primer for PCR-amplifying target region>

[0133] A first embodiment of the present invention, which is a method for designing a primer for PCR-amplifying a
target region, includes the following steps. The following description will refer to Fig. 6 as appropriate.
[0134] A subject region selection step (a) for selecting a subject region from a target region (S101 of Fig. 6).
[0135] A primer candidate base sequence generation step (b) of generation at least one base sequence of a primer
candidate for PCR-amplifying the subject region based on each base sequence in each of vicinity regions at both ends
of the subject region on a genomic DNA (S102 in Fig. 6).
[0136] A local alignment step (c) of obtaining a local alignment score by performing pairwise local alignment on two
base sequences included in each of combinations which are obtainable by selecting base sequences of two primer
candidates from the base sequences of the primer candidates generated in the primer candidate base sequence gen-
eration step, under a condition that partial sequences to be compared have 3’ terminals of the two base sequences
(S103 of Fig. 6).
[0137] A first stage selection step (d) of performing first stage selection of the base sequence of the primer candidate
for PCR-amplifying the subject region based on the local alignment score (S104 in Fig. 6).
[0138] A global alignment step (e) of obtaining a global alignment score by performing pairwise global alignment on
a base sequence, which has a predetermined sequence length and has 3’ terminals of two base sequences included
in combinations, in each of combinations which are obtainable by selecting base sequences of two primer candidates
from the base sequences of the primer candidates selected in the first stage selection step (S105 of Fig. 6).
[0139] A second stage selection step (f) of performing second stage selection of the base sequence of the primer
candidate for PCR-amplifying the subject region based on the global alignment score (S106 of Fig. 6).
[0140] A primer employment step (g) of employing the base sequence of the primer candidate which is selected in
both of the first stage selection step and the second stage selection step as the base sequence of the primer for PCR-
amplifying the subject region (S107 in Fig. 6).
[0141] However, among the above steps (a) to (g), both of the above steps (c) and (d) and both of the above steps
(e) and (f) are performed in random order or at the same time. That is, the steps (e) and (f) may be performed after the
step (c) and the step (d) are performed, or the steps (c) and (d) may be performed after the step (e) and the step (f) are
performed, or the steps (c) and (d), and the steps (e) and (f) may be performed in parallel.
[0142] In a case where the steps (c) and (d) are carried out after carrying out the steps (e) and (f), the steps (e) and
(c) are preferably the following steps (e’) and (c’), respectively.
[0143] A global alignment step (e’) of obtaining a global alignment score by performing pairwise global alignment on
a base sequence, which has a predetermined sequence length and has 3’ terminals of two base sequences included
in combinations, in each of combinations which are obtainable by selecting base sequences of two primer candidates
from the base sequences of the primer candidates generated in the primer candidate base sequence generation step.
[0144] A local alignment step (c’) of obtaining a local alignment score by performing pairwise local alignment on two
base sequences included in each of combinations which are obtainable by selecting base sequences of two primer
candidates from the base sequences of the primer candidates selected in the second stage selection step, under a
condition that partial sequences to be compared have 3’ terminals of the two base sequences.
[0145] In addition, in a case where the step (c) and the step (d) are carried out in parallel with the step (e) and the
step (f), the step (e) is preferably the following step (e’).
[0146] A global alignment step (e’) of obtaining a global alignment score by performing pairwise global alignment on
a base sequence, which has a predetermined sequence length and has 3’ terminals of two base sequences included
in combinations, in each of combinations which are obtainable by selecting base sequences of two primer candidates
from the base sequences of the primer candidates generated in the primer candidate base sequence generation step.
[0147] Furthermore, in a case of designing a primer and in a case where a base sequence of a primer candidate has
been generated, a primer is designed (S108, S109, and S110 of Fig. 6) from the primer candidate base sequence
generation step (b) (S102 of Fig. 6) or the subject region selection (a) (S101 of Fig. 6) in a case where the base sequence
of the primer candidate has not been generated from the local alignment step (c) (S103 of Fig. 6).

<Second embodiment of method for designing primer for PCR-amplifying target region>

[0148] A second embodiment of the present invention, which is a method for designing a primer for PCR-amplifying
a target region, includes the following steps. The following description will refer to Fig. 7 as appropriate.
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[0149] A first step of subject region selection (a1) of selecting a first subject region from target regions (S201 of Fig. 7).
[0150] A first step of primer candidate base sequence generation (b1) of generating at least one base sequence of a
primer candidate for PCR-amplifying the first subject region based on each base sequence in each of vicinity regions
at both ends of the first subject region on a genomic DNA (S202 in Fig. 7).
[0151] A first step of local alignment (c1) of obtaining a local alignment score by performing pairwise local alignment
on two base sequences included in each of combinations which are obtainable by selecting base sequences of two
primer candidates from the base sequences of the primer candidates generated in the first step of primer candidate
base sequence generation, under a condition that partial sequences to be compared have 3’ terminals of the two base
sequences (S203 in Fig. 7).
[0152] A first step of first stage selection (d1) of performing first stage selection of the base sequence of the primer
candidate for PCR-amplifying the first subject region based on the local alignment score (S204 in Fig. 7).
[0153] A first step of global alignment (e1) of obtaining a global alignment score by performing pairwise global alignment
on a base sequence, which has a predetermined sequence length and has 3’ terminals of two base sequences included
in combinations, in each of combinations which are obtainable by selecting base sequences of two primer candidates
from the base sequences of the primer candidates selected in the first step of first stage selection (S205 in Fig. 7).
[0154] A first step of second stage selection (f1) of performing second stage selection of the base sequence of the
primer candidate for PCR-amplifying the first subject region based on the global alignment score (S206 in Fig. 7).
[0155] A first step of primer employment (g1) of employing the base sequence of the primer candidate which is selected
in both of the first step of first stage selection and the first step of second stage selection as a base sequence of a primer
for PCR-amplifying the first subject region (S207 in Fig. 7).
[0156] However, among the above steps (a1) to (g1), both of the above steps (c1) and (d1) and both of the above steps
(e1) and (f1) are performed in random order or at the same time. That is, the steps (e1) and (f1) may be performed after
the step (c1) and the step (d1) are performed, or the steps (c1) and (d1) may be performed after the step (e1) and the
step (f1) are performed, or the steps (c1) and (d1), and the steps (e1) and (f1) may be performed in parallel.
[0157] In a case where the steps (c1) and (d1) are carried out after carrying out the steps (e1) and (f1), the steps (e1)
and (c1) are preferably the following steps (e1’) and (c1’), respectively.
[0158] A first step of global alignment (e1’) of obtaining a global alignment score by performing pairwise global alignment
on a base sequence, which has a predetermined sequence length and has 3’ terminals of two base sequences included
in combinations, in each of combinations which are obtainable by selecting base sequences of two primer candidates
from the base sequences of the primer candidates generated in the first step of primer candidate base sequence
generation.
[0159] A first step of local alignment (c1’) of obtaining a local alignment score by performing pairwise local alignment
on two base sequences included in each of combinations which are obtainable by selecting base sequences of two
primer candidates from the base sequences of the primer candidates selected in the first step of second stage selection,
under a condition that partial sequences to be compared have 3’ terminals of the two base sequences.
[0160] In addition, in a case where the step (c1) and the step (d1) are carried out in parallel with the step (e1) and the
step (f1), the step (e1) is preferably the following step (e1’).
[0161] A first step of global alignment (e1’) of obtaining a global alignment score by performing pairwise global alignment
on a base sequence, which has a predetermined sequence length and has 3’ terminals of two base sequences included
in combinations, in each of combinations which are obtainable by selecting base sequences of two primer candidates
from the base sequences of the primer candidates generated in the first step of primer candidate base sequence
generation.
[0162] A second step of subject region selection (a2) of selecting a second subject region different from the first subject
region from target regions (S211 in Fig. 7).
[0163] A second step of primer candidate base sequence generation (b2) of generating at least one base sequence
of a primer candidate for PCR-amplifying the second subject region based on each base sequence in each of vicinity
regions at both ends of the second subject region on a genomic DNA (S212 in Fig. 7).
[0164] A second step of local alignment (c2) of obtaining a local alignment score by performing pairwise local alignment
on two base sequences included in each of combinations which are combinations obtainable by selecting base sequences
of two primer candidates from the base sequences of the primer candidates generated in the second step of primer
candidate base sequence generation and base sequences of a primer already employed, and combinations obtainable
by selecting a base sequence of one primer candidate and a base sequence of one primer already employed, under a
condition that partial sequences to be compared have 3’ terminals of the two base sequences (S213 in Fig. 7).
[0165] A second step of first stage selection (d2) of performing first stage selection of the base sequence of the primer
candidate for PCR-amplifying the second subject region based on the local alignment score (S214 in Fig. 7).
[0166] A second step of global alignment (e2) of obtaining a global alignment score by performing pairwise global
alignment on a base sequence, which has a predetermined sequence length and has 3’ terminals of two base sequences
included in combinations, in each of combinations which are combinations obtainable by selecting base sequences of
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two primer candidates from the base sequences of the primer candidates selected in the second step of first stage
selection and base sequences of a primer already employed, and combinations obtainable by selecting a base sequence
of one primer candidate and a base sequence of one primer already employed (S215 in Fig. 7).
[0167] A second step of second stage selection (f2) of performing second stage selection of the base sequence of the
primer candidate for PCR-amplifying the second subject region based on the global alignment score (S216 in Fig. 7).
[0168] A second step of primer employment (g2) of employing the base sequence of the primer candidate which is
selected in both of the second step of first stage selection and the second step of second stage selection as a base
sequence of a primer for PCR-amplifying the second subject region (S217 in Fig. 7).
[0169] However, among the above steps (a2) to (g2), both of the above steps (c2) and (d2) and both of the above steps
(e2) and (f2) are performed in random order or at the same time. That is, the steps (e2) and (f2) may be performed after
the step (c2) and the step (d2) are performed, or the steps (c2) and (d2) may be performed after the step (e2) and the
step (f2) are performed, or the steps (c2) and (d2), and the steps (e2) and (f2) may be performed in parallel.
[0170] In a case where the steps (c2) and (d2) are carried out after carrying out the steps (e2) and (f2), the steps (e2)
and (c2) are preferably the following steps (e2’) and (c2’), respectively.
[0171] A second step of global alignment (e2’) of obtaining a global alignment score by performing pairwise global
alignment on a base sequence, which has a predetermined sequence length and has 3’ terminals of two base sequences
included in combinations, in each of combinations which are combinations obtainable by selecting base sequences of
two primer candidates from the base sequences of the primer candidates generated in the second step of primer candidate
base sequence generation and base sequences of a primer already employed, and combinations obtainable by selecting
a base sequence of one primer candidate and a base sequence of one primer already employed.
[0172] A second step of local alignment (c2’) of obtaining a local alignment score by performing pairwise local alignment
on two base sequences included in each of combinations which are combinations obtainable by selecting base sequences
of two primer candidates from the base sequences of the primer candidates selected in the second step of second stage
selection and base sequences of a primer already employed, and combinations obtainable by selecting a base sequence
of one primer candidate and a base sequence of one primer already employed, under a condition that partial sequences
to be compared have 3’ terminals of the two base sequences.
[0173] In addition, in a case where the step (c2) and the step (d2) are carried out in parallel with the step (e2) and the
step (f2), the step (e2) is preferably the following step (e2’).
[0174] A second step of global alignment (e2’) of obtaining a global alignment score by performing pairwise global
alignment on a base sequence, which has a predetermined sequence length and has 3’ terminals of two base sequences
included in combinations, in each of combinations which are combinations obtainable by selecting base sequences of
two primer candidates from the base sequences of the primer candidates generated in the second step of primer candidate
base sequence generation and base sequences of a primer already employed, and combinations obtainable by selecting
a base sequence of one primer candidate and a base sequence of one primer already employed.
[0175] In the case of further designing the primer, steps from the second step of subject region selection (a2) (S211
in Fig. 7) to the second step of primer employment (g2) (S217 in Fig. 7) are repeated (S208 in Fig. 7). That is, in a case
where three or more target regions are included, and in case of designing a primer for third and subsequent subject
regions, which have not yet been selected from the three or more target regions, each step from the step (a2) to the
step (g2) is repeated for the third and subsequent subject regions.

<Third embodiment of method for designing primer for PCR-amplifying target region>

[0176] A third embodiment, which is a method for designing a primer for PCR-amplifying a target region, includes the
following steps. The following description will refer to Fig. 8 as appropriate.
[0177] A subject region multiple selection step (a-0) of selecting a plurality of subject regions from target regions (S301
in Fig. 8).
[0178] A primer candidate base sequence multiple generation step (b-0) of generating at least one base sequence of
a primer candidate for PCR-amplifying the plurality of subject regions based on each base sequence in each of vicinity
regions at both ends of the plurality of subject regions on a genomic DNA (S302 in Fig. 8).
[0179] A first local alignment step (c-1) of obtaining a local alignment score by performing pairwise local alignment on
two base sequences included in each of combinations which are obtainable by selecting base sequences of two primer
candidates from the base sequences of the primer candidates for PCR-amplifying the first subject region among the
base sequences of the primer candidates generated in the primer candidate base sequence multiple generation step,
while using one of a plurality of subject regions selected in the subject region multiple selection step as the first subject
region, under a condition that partial sequences to be compared have 3’ terminals of the two base sequences (S303 in
Fig. 8).
[0180] A first first-stage selection step (d-1) of performing first stage selection of the base sequence of the primer
candidate for PCR-amplifying the first subject region based on the local alignment score (S304 in Fig. 8).
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[0181] A first global alignment step (e-1) of obtaining a global alignment score by performing pairwise global alignment
on a base sequence, which has a predetermined sequence length and has 3’ terminals of two base sequences included
in combinations, in each of combinations which are obtainable by selecting base sequences of two primer candidates
from the base sequences of the primer candidates selected in the first first-stage selection step (S305 in Fig. 8).
[0182] A first second-stage selection step (f-1) of performing second stage selection of the base sequence of the
primer candidate for PCR-amplifying the first subject region based on the global alignment score (S306 in Fig. 8).
[0183] A first primer employment step (g-1) of employing the base sequence of the primer candidate which is selected
in both of the first first-stage selection step and the first second-stage selection step as the base sequence of the primer
for PCR-amplifying the first subject region (S307 in Fig. 8).
[0184] However, among the above steps (c-1) to (g-1), both of the above steps (c-1) and (d-1) and both of the above
steps (e-1) and (f-1) are performed in random order or at the same time. That is, the steps (e-1) and (f-1) may be
performed after the step (c-1) and the step (d-1) are performed, or the steps (c-1) and (d-1) may be performed after the
step (e-1) and the step (f-1) are performed, or the steps (c-1) and (d-1), and the steps (e-1) and (f-1) may be performed
in parallel.
[0185] In a case where the steps (c-1) and (d-1) are carried out after carrying out the steps (e-1) and (f-1), the steps
(e-1) and (c-1) are preferably the following steps (e’-1) and (c’-1), respectively.
[0186] A first global alignment step (e’-1) of obtaining a global alignment score by performing pairwise global alignment
on a base sequence, which has a predetermined sequence length and has 3’ terminals of two base sequences included
in combinations, in each of combinations which are obtainable by selecting base sequences of two primer candidates
from the base sequences of the primer candidates for PCR-amplifying the first subject region among the base sequences
of the primer candidates generated in the primer candidate base sequence multiple generation step, while using one of
a plurality of subject regions selected in the subject region multiple selection step as the first subject region.
[0187] A first local alignment step (c’-1) of obtaining a local alignment score by performing pairwise local alignment
on two base sequences included in each of combinations which are obtainable by selecting base sequences of two
primer candidates from base sequences of primer candidates selected in the first second-stage selection step, under a
condition that partial sequences to be compared have 3’ terminals of the two base sequences.
[0188] In addition, in a case where the step (c-1) and the step (d-1) are carried out in parallel with the step (e-1) and
the step (f-1), the step (e-1) is preferably the following step (e’-1).
[0189] A first global alignment step (e’-1) of obtaining a global alignment score by performing pairwise global alignment
on a base sequence, which has a predetermined sequence length and has 3’ terminals of two base sequences included
in combinations, in each of combinations which are obtainable by selecting base sequences of two primer candidates
from the base sequences of the primer candidates for PCR-amplifying the first subject region among the base sequences
of the primer candidates generated in the primer candidate base sequence multiple generation step, while using one of
a plurality of subject regions selected in the subject region multiple selection step as the first subject region.
[0190] A second local alignment step (c-2) of obtaining a local alignment score by performing pairwise local alignment
on two base sequences included in each of combinations which are combinations obtainable by selecting base sequences
of two primer candidates from base sequences of primer candidates for PCR-amplifying the second subject region and
a base sequence of the primer already employed among the base sequences of the primer candidates generated in the
primer candidate base sequence multiple generation step, while using one excluding the first subject region among a
plurality of subject regions selected in the subject region multiple selection step as the second subject region, and
combinations obtainable by selecting a base sequence of one primer candidate and a base sequence of one primer
already employed, under a condition that partial sequences to be compared have 3’ terminals of the two base sequences
(S313 in Fig. 8).
[0191] A second first-stage selection step (d-2) of performing first stage selection of the base sequence of the primer
candidate for PCR-amplifying the second subject region based on the local alignment score (S314 in Fig. 8).
[0192] A second global alignment step (e-2) of obtaining a global alignment score by performing pairwise global
alignment on a base sequence, which has a predetermined sequence length and has 3’ terminals of two base sequences
included in combinations, in each of combinations which are combinations obtainable by selecting base sequences of
two primer candidates from the base sequences of the primer candidates selected in the second first-stage selection
step and base sequences of a primer already employed, and combinations obtainable by selecting a base sequence of
one primer candidate and a base sequence of one primer already employed (S315 in Fig. 8).
[0193] A second second-stage selection step (f-2) of performing second stage selection of the base sequence of the
primer candidate for PCR-amplifying the second subject region based on the global alignment score (S316 in Fig. 8).
[0194] A second primer employment step (g-2) of employing the base sequence of the primer candidate which is
selected in both of the second first-stage selection step and the second second-stage selection step as the base sequence
of the primer for PCR-amplifying the second subject region (S317 in Fig. 8).
[0195] However, among the above steps (c-2) to (g-2), both of the above steps (c-2) and (d-2) and both of the above
steps (e-2) and (f-2) are performed in random order or at the same time. That is, the steps (e-2) and (f-2) may be
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performed after the step (c-2) and the step (d-2) are performed, or the steps (c-2) and (d-2) may be performed after the
step (e-2) and the step (f-2) are performed, or the steps (c-2) and (d-2), and the steps (e-2) and (f-2) may be performed
in parallel.
[0196] In a case where the steps (c-2) and (d-2) are carried out after carrying out the steps (e-2) and (f-2), the steps
(e-2) and (c-2) are preferably the following steps (e’-2) and (c’-2), respectively.
[0197] A second global alignment step (e’-2) of obtaining a global alignment score by performing pairwise global
alignment on a base sequence, which has a predetermined sequence length and has 3’ terminals of two base sequences
included in combinations, in each of combinations which are combinations obtainable by selecting base sequences of
two primer candidates from base sequences of primer candidates for PCR-amplifying the second subject region among
the base sequences of the primer candidates generated in the primer candidate base sequence multiple generation
step, while using one excluding the first subject region among a plurality of subject regions selected in the subject region
multiple selection step as the second subject region, and base sequences of a primer already employed, and combinations
obtainable by selecting a base sequence of one primer candidate and a base sequence of one primer already employed.
[0198] A second local alignment step (c’-2) of obtaining a local alignment score by performing pairwise local alignment
on two base sequences included in each of combinations which are combinations obtainable by selecting base sequences
of two primer candidates from the base sequences of the primer candidates selected in the second second-stage selection
step and base sequences of a primer already employed, and combinations obtainable by selecting a base sequence of
one primer candidate and a base sequence of one primer already employed, under a condition that partial sequences
to be compared have 3’ terminals of the two base sequences.
[0199] In addition, in a case where the step (c-2) and the step (d-2) are carried out in parallel with the step (e-2) and
the step (f-2), the step (e-2) is preferably the following step (e’-2).
[0200] A second global alignment step (e’-2) of obtaining a global alignment score by performing pairwise global
alignment on a base sequence, which has a predetermined sequence length and has 3’ terminals of two base sequences
included in combinations, in each of combinations which are combinations obtainable by selecting base sequences of
two primer candidates from base sequences of primer candidates for PCR-amplifying the second subject region among
the base sequences of the primer candidates generated in the primer candidate base sequence multiple generation
step, while using one excluding the first subject region among a plurality of subject regions selected in the subject region
multiple selection step as the second subject region, and base sequences of a primer already employed, and combinations
obtainable by selecting a base sequence of one primer candidate and a base sequence of one primer already employed.
[0201] In addition, each step from the second local alignment step to the second primer employment step is repeated
for third and subsequent subject regions in a case where at least the one target region has three or more target regions,
three or more subject regions have been selected in the subject region multiple selection step, and a base sequence of
a primer candidate for PCR-amplifying each of the three or more subject regions has been generated in the primer
candidate base sequence multiple generation step; and in a case where one excluding the first and second subject
regions among a plurality of subject regions which have been selected in the subject region multiple selection step is
used as a third subject region, and a base sequence of a primer for PCR-amplifying the third and subsequent subject
regions is employed.

<Description of each step>

[0202] For each of the first to third embodiments of the method for designing a primer for PCR-amplifying a target
region, each step will be described with reference to Fig. 6 to Fig. 8 as appropriate.

<<Subject region selection step>>

[0203] In the present specification, the subject region selection step S101 (Fig. 6), the first step of subject region
selection S201 and the second step of subject region selection S211 (Fig. 7), and the subject region multiple selection
step S301 (Fig. 8) will be collectively referred to as a "subject region selection step" in some cases.

(First embodiment: subject region selection step S101)

[0204] This step is shown as "subject region selection" (S101) in Fig. 6.
[0205] In the first embodiment, the subject region selection step (a) is a step of selecting a subject region from target
regions. The method of selection is not particularly limited. For example, in a case where a priority order of designing a
primer is assigned to the target regions, a subject region for designing a primer is selected from the target regions
according to the order indicated by this priority order.



EP 3 524 687 A1

21

5

10

15

20

25

30

35

40

45

50

55

(Second embodiment: first step of subject region selection S201 and second step of subject region selection S211)

[0206] These steps are shown as "first step of subject region selection" (S201) and "second step of subject region
selection" (S211) in Fig. 7.
[0207] In the second embodiment, the first step of subject region selection (a1) is a step of selecting a first subject
region from target regions, and the second step of subject region selection (a2) is a step of selecting a second subject
region from target regions which have not yet been selected as a subject region. The method of selection is not particularly
limited. For example, in a case where a priority order of designing a primer is assigned to the target regions, a subject
region for designing a primer is selected from the target regions according to the order indicated by this priority order.

(Third embodiment: subject region multiple selection step S301)

[0208] This step is shown as "subject region multiple selection" (S301) in Fig. 8.
[0209] In the third embodiment, the subject region multiple selection step (a-0) is a step of selecting a plurality of
subject regions from target regions. The method of selection is not particularly limited. For example, in a case where a
priority order of designing a primer is assigned to the target regions, a plurality of subject regions for designing a primer
are selected from the target regions according to the order indicated by this priority order.

<<Primer candidate base sequence generation step>>

[0210] In the present specification, the primer candidate base sequence generation step S102 (Fig. 6), the first step
of primer candidate base sequence generation S202 and the second step of primer candidate base sequence generation
S212 (Fig. 7), and the primer candidate base sequence multiple generation step S302 (Fig. 8) will be collectively referred
to as a "primer candidate base sequence generation step" in some cases.

(First embodiment: primer candidate base sequence generation step S102)

[0211] This step is shown as "primer candidate base sequence generation" (S102) in Fig. 6.
[0212] In the first embodiment, the primer candidate base sequence generation step (b) is a step of generating at least
one base sequence of a primer candidate for PCR-amplifying the subject region based on each base sequence in each
of vicinity regions at both ends of the subject region on a genomic DNA.

(Second embodiment: first step of primer candidate base sequence generation S202 and second step of primer candidate 
base sequence generation S212)

[0213] These steps are shown as "first step of primer candidate base sequence generation" (S202) and "second step
of primer candidate base sequence generation" (S212) in Fig. 7.
[0214] In the second embodiment, the first step of primer candidate base sequence generation (b1) is a step of
generating at least one base sequence of a primer candidate for PCR-amplifying the first subject region based on each
base sequence in each of vicinity regions at both ends of the first subject region on a genomic DNA, and the second
step of primer candidate base sequence generation (b2) is a step of generating at least one base sequence of a primer
candidate for PCR-amplifying the second subject region based on each base sequence in each of vicinity regions at
both ends of the second subject region on a genomic DNA.
[0215] In the second embodiment, with respect to one subject region, generation of a base sequence of a primer
candidate, selection of a primer candidate, and employment of a primer are carried out, and the same steps are repeated
for the next one subject region.

(Third embodiment: primer candidate base sequence multiple generation step S302)

[0216] This step is shown as "primer candidate base sequence multiple generation" (S302) in Fig. 8.
[0217] In the third embodiment, the primer candidate base sequence multiple generation step (b-0) is a step of gen-
erating at least one base sequence of a primer candidate for PCR-amplifying the plurality of subject regions based on
each base sequence in each of vicinity regions at both ends of the plurality of subject regions on a genomic DNA.
[0218] In the third embodiment, a base sequence of a primer candidate is generated for all of the plurality of subject
regions, and selection and employment are repeated in subsequent steps.
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(Vicinity region)

[0219] Each vicinity regions of the subject region at both ends is collectively referred to as regions on the outside of
the 5’ terminal of the subject region and regions on the outside of the 3’ terminal of the subject region. The inside of the
subject region is not included in the vicinity regions.
[0220] A length of the vicinity region is not particularly limited, but is preferably less than or equal to a length that can
be expanded through PCR and more preferably less than or equal to an upper limit of a length of DNA fragment for
which amplification is desired. A length facilitating application of concentration selection and/or sequence reading is
particularly preferable. A length of the vicinity region may be appropriately changed in accordance with the type of
enzyme (DNA polymerase) used for PCR, and the like. A specific length of the vicinity region is preferably about 20 to
500 bases, more preferably about 20 to 300 bases, even more preferably about 20 to 200 bases, and particularly
preferably about 50 to 200 bases.

(Design parameter of primer)

[0221] In addition, in a case of generating a base sequence of a primer candidate, points, such as the length of a
primer, the GC content (referring to a total mole percentage of guanine (G) and cytosine (C) in all nucleic acid bases),
a melting temperature (which is a temperature at which 50% of double-stranded DNA is dissociated and becomes single-
stranded DNA, and in which Tm is derived from a melting temperature and is referred to as a "Tm value" in some cases,
and the unit is "°C"), and deviation of a sequence, to be taken into consideration in a general method for designing a
primer are the same.

• Length of primer

[0222] A length of primer (the number of nucleotides) is not particularly limited, but is preferably 15 mer to 45 mer,
more preferably 20 mer to 45 mer, and even more preferably 20 mer to 30 mer. In a case where a length of primer is
within this range, it is easy to design a primer excellent in specificity and amplification efficiency.

• GC content of primer

[0223] A GC content of primer is not particularly limited, but is preferably 40 mol% to 60 mol% and more preferably
45 mol% to 55 mol%. In a case where a GC content is within this range, a problem such as a decrease in the specificity
and the amplification efficiency due to a high-order structure is less likely to occur.

• Tm value of primer

[0224] A Tm value of primer is not particularly limited, but is preferably within a range of 50°C to 65°C and more
preferably within a range of 55°C to 65°C.
[0225] A difference in Tm values of primer is preferably 5°C or less and more preferably 3°C or less, in a primer pair
and a primer set.
[0226] Tm values can be calculated using software such as OLIGO Primer Analysis Software (manufactured by Mo-
lecular Biology Insights) or Primer 3 (http://www-genome.wi.mit.edu/ftp/distribution/software/).
[0227] In addition, Tm values can also be obtained through calculation using the following equation from the number
of A’s, T’s, G’s, and C’s (which are respectively set as nA, nT, nG, and nC) in a base sequence of a primer. 

[0228] A method for calculating a Tm value is not limited thereto, and a Tm value can be calculated through various
well-known methods in the related art.

• Deviation of base of primer

[0229] The base sequence of a primer candidate is preferably set as a sequence in which there is no deviation of
bases as a whole. For example, it is desirable to avoid a partially GC-rich sequence and a partially AT-rich sequence.
[0230] In addition, it is also desirable to avoid continuation of T and/or C (polypyrimidine) and continuation of A and/or
G (polypurine).
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• 3’ Terminal of primer

[0231] Furthermore, it is preferable that a 3’ terminal base sequence avoids a GC-rich sequence or an AT-rich sequence.
G or C is preferable for a 3’ terminal base, but is not limited thereto.

<<Specificity-checking step>>

[0232] A specificity-checking step of evaluating specificity of a base sequence of a primer candidate may be performed
(not shown) based on sequence complementarity with respect to chromosomal DNA of a base sequence of each primer
candidate which has been generated in the "primer candidate base sequence generation step."
[0233] In the specificity check, in a case where local alignment of a base sequence of chromosomal DNA and a base
sequence of a primer candidate is performed and a local alignment score is less than a predetermined value, it is possible
to evaluate that the complementarity of the base sequence of the primer candidate with respect to a genomic DNA is
low, and the specificity of the base sequence of the primer candidate with respect to a genomic DNA is high. It is desirable
to perform local alignment also on a complementary chain of chromosomal DNA. This is because chromosomal DNA
is double-stranded whereas the primer is single-stranded DNA. In addition, a base sequence complementary to the base
sequence of the primer candidate may be used instead of the base sequence of the primer candidate.
[0234] In addition, homology search may be performed on genomic DNA base sequence database using the base
sequence of the primer candidate as a query sequence. Examples of a homology search tool include Basic Local
Alignment Search Tool (BLAST) (Altschul, S. A., et al., "Basic Local Alignment Search Tool," Journal of Molecular Biology,
1990, October, Vol. 215, pp. 403-410), FASTA (Pearson, W. R., et al., "Improved tools for biological sequence compar-
ison," Proceedings of the National Academy of Sciences of the United States of America, National Academy of Sciences,
1988, April, Vol. 85, pp. 2444-2448), and the like. It is possible to obtain local alignment as a result of performing the
homology search.
[0235] All of the scores and a threshold value of a local alignment score are not particularly limited, and can be
appropriately set in accordance with the length of a base sequence of a primer candidate and/or PCR conditions, and
the like. In a case of using a homology search tool, a default value of the homology search tool may be used.
[0236] For example, as the scores, it is considered that match (complementary base) = + 1, mismatch (non-comple-
mentary base) = - 1, and an indel (insertion and/or deletion) = - 3 are employed, and the threshold value is set to be + 15.
[0237] In a case where a base sequence of a primer candidate has complementarity to a base sequence at an
unexpected position on chromosomal DNA but has low specificity thereto, in some cases, an artifact is amplified instead
of a subject region in a case where PCR is performed using a primer of the base sequence of a primer candidate.
Therefore, the case where the base sequence of the primer candidate has complementarity to the base sequence at
an unexpected position on chromosomal DNA but has low specificity thereto is excluded.

<<Local alignment step>>

[0238] In the present specification, the local alignment step S103 (Fig. 6), the first step of local alignment S203 and
the second step of local alignment S213 (Fig. 7), and the first local alignment step S303 and the second local alignment
step S313 (Fig. 8) will be collectively referred to as a "local alignment step" in some cases.

(First embodiment: local alignment step S103)

[0239] This step is shown as "local alignment" (S103) in Fig. 6.
[0240] In the first embodiment, the local alignment step (c) is a step of obtaining a local alignment score by performing
pairwise local alignment on two base sequences included in each of combinations which are obtainable by selecting
base sequences of two primer candidates from the base sequences of the primer candidates generated in the primer
candidate base sequence generation step, under a condition that partial sequences to be compared have 3’ terminals
of the two base sequences.

(Second embodiment: first step of local alignment S203 and second step of local alignment S213)

[0241] These steps are shown as "first step of local alignment" (S203) and "second step of local alignment" (S213) in
Fig. 7.
[0242] In the second embodiment, the first step of local alignment (c1) is a step of obtaining a local alignment score
by performing pairwise local alignment on two base sequences included in each of combinations which are obtainable
by selecting base sequences of two primer candidates from the base sequences of the primer candidates generated in
the first step of primer candidate base sequence generation, under a condition that partial sequences to be compared
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have 3’ terminals of the two base sequences. The second step of local alignment (c2) is a step of obtaining a local
alignment score by performing pairwise local alignment on two base sequences included in each of combinations which
are combinations obtainable by selecting base sequences of two primer candidates from the base sequences of the
primer candidates generated in the second step of primer candidate base sequence generation and base sequences
of a primer already employed, and combinations obtainable by selecting a base sequence of one primer candidate and
a base sequence of one primer already employed, under a condition that partial sequences to be compared have 3’
terminals of the two base sequences.

(Third embodiment: first local alignment step S303 and second local alignment step S313)

[0243] These steps are shown as "first local alignment" (S303) and "second local alignment" (S313) in Fig. 8.
[0244] In the third embodiment, the first local alignment step (c-1) is a step of obtaining a local alignment score by
performing pairwise local alignment on two base sequences included in each of combinations which are obtainable by
selecting base sequences of two primer candidates from the base sequences of the primer candidates for PCR-amplifying
the first subject region among base sequences of primer candidates generated in the primer candidate base sequence
multiple generation step, under a condition that partial sequences to be compared have 3’ terminals of the two base
sequences. The second local alignment step (c-2) is a step of obtaining a local alignment score by performing pairwise
local alignment on two base sequences included in each of combinations which are combinations obtainable by selecting
base sequences of two primer candidates from the base sequences of the primer candidates for PCR-amplifying the
second subject region selected among the base sequences of the primer candidates generated in the primer candidate
base sequence multiple generation step and base sequences of a primer already employed, and combinations obtainable
by selecting a base sequence of one primer candidate and a base sequence of one primer already employed, under a
condition that partial sequences to be compared have 3’ terminals of the two base sequences.

(Local alignment method)

[0245] A combination of base sequences to be subjected to local alignment may be a combination selected while
allowing overlapping, or may be a combination selected without allowing overlapping. However, in a case where formability
of a primer-dimer between primers of an identical base sequence has not yet been evaluated, the combination selected
while allowing overlapping is preferable.
[0246] A total number of combinations is "pH2 = p+1C2 = (p + 1)!/2(p - 1)!" in a case where the selection is performed
while allowing overlapping, and is "pC2 = p(p - 1)/2" in a case where the selection is performed without allowing overlapping,
in which the total number of base sequences for performing local alignment is set to be p.
[0247] Local alignment is alignment which is performed on a partial sequence and in which it is possible to locally
check a portion with high complementarity.
[0248] However, the local alignment in the present invention is different from local alignment usually performed on a
base sequence, and is designed such that partial sequences to be subjected to comparison include the 3’ terminals of
both base sequences by performing local alignment under the condition that the "partial sequences to be subjected to
comparison include the 3’ terminals of the base sequences."
[0249] Furthermore, in the present invention, an aspect is preferable in which partial sequences to be subjected to
comparison include the 3’ terminals of both base sequences by performing local alignment under the condition that the
"partial sequences to be subjected to comparison include the 3’ terminals of the base sequences," that is, the condition
that "only alignments in which a partial sequence to be subjected to comparison begins at the 3’ terminal of one sequence
and ends at the 3’ terminal of the other sequence."
[0250] Local alignment may be performed by inserting a gap. The gap means insertion and/or deletion (indel) of a base.
[0251] In addition, in the local alignment, a case where bases are complementary to each other between base sequence
pairs is regarded as a match and a case where bases are not complementary to each other therebetween is regarded
as a mismatch.
[0252] Alignment is performed such that scores for each of the match, the mismatch, and the indel are given and the
total score becomes a maximum. The score may be appropriately set. For example, scores may be set as in Table 1.
"-" in Table 1 represents a gap (insertion and/or deletion (indel)).

[Table 1]

A T G C -

A -1 +1 -1 -1 -1

T +1 -1 -1 -1 -1
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[0253] For example, it is considered that local alignment is performed on base sequences of SEQ ID NO: 1 and SEQ
ID NO: 2 shown in Table 2. Here, scores are as shown in Table 1.

[0254] Based on the base sequences of SEQ ID NO: 1 and SEQ ID NO: 2, a dot matrix shown in Table 3 is generated.
Specifically, the base sequence of SEQ ID NO: 1 is arranged from the left to the right in an orientation of 5’ to 3’ and the
base sequence of SEQ ID NO: 2 is arranged from the bottom to the top in an orientation of 5’ to 3’. "·" is filled in a grid
of which bases are complementary to each other, and a dot matrix shown in Table 3 is obtained.

[0255] Based on the dot matrix shown in Table 3, alignment (pairwise alignment) of partial sequences shown in Table

(continued)

A T G C -

G -1 -1 -1 +1 -1

C -1 -1 +1 -1 -1

- -1 -1 -1 -1

"-":gap(indel)

[Table 2]

Base sequence (5’→3’)

SEQ ID NO: 1 TAGCCGGATGTGGGAGATGG
SEQ ID NO: 2 CCAGCATTGGAAAGATCTGG
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4 is obtained (refer to a diagonal line portion of Table 3). In Table 4, matches are represented by "1," and mismatches
are represented by ":."

[0256] In this (pairwise) alignment, there are two matches, and there are four mismatches. There is no indel (gap).
[0257] Therefore, a local alignment score based on this (pairwise) alignment is (+1) 3 9 + (-1) 3 8 + (-1) 3 0 = +1.
[0258] The alignment (pairwise alignment) can be obtained not only through the dot matrix method exemplified herein,
but also through a dynamic programming method, a word method, or various other methods.

<<First stage selection step>>

[0259] In the present specification, the first stage selection step S104 (Fig. 6), the first step of first stage selection
S204 and the second step of first stage selection S214 (Fig. 7), and the first first-stage selection step S304 and the
second first-stage selection step S314 (Fig. 8) will be collectively referred to as "first stage selection step" in some cases.

(First embodiment: first stage selection step S104)

[0260] This step is shown as "first stage selection" (S104) in Fig. 6.
[0261] In the first embodiment, the first stage selection step (d) is a step of performing first stage selection of the base
sequence of the primer candidate for PCR-amplifying the subject region based on the local alignment score.

(Second embodiment: first step of first stage selection S204 and second step of first stage selection S214)

[0262] These steps are shown as "first step of first stage selection" (S204) and "second step of first stage selection"
(S214) in Fig. 7.
[0263] In the second embodiment, the first step of first stage selection (d1) is a step of performing first stage selection
of the base sequence of the primer candidate for PCR-amplifying the first subject region based on the local alignment
score. The second step of first stage selection (d2) is a step of performing first stage selection of the base sequence of
the primer candidate for PCR-amplifying the second subject region based on the local alignment score.

(Third embodiment: first first-stage selection step S304 and second first-stage selection step S314)

[0264] These steps are shown as "first first-stage selection" (S304) and "second first-stage selection" (S314) in Fig. 8.
[0265] In the third embodiment, the first first-stage selection step (d-1) is a step of performing first stage selection of
the base sequence of the primer candidate for PCR-amplifying the first subject region based on the local alignment
score. The second first-stage selection step (d-2) is a step of performing first stage selection of the base sequence of
the primer candidate for PCR-amplifying the second subject region based on the local alignment score.

(First stage selection method)

[0266] A threshold value (also referred to as a "first threshold value") of the local alignment score is predetermined.
[0267] In a case where a local alignment score is less than the first threshold value, it is determined that a combination
of these two base sequences has low dimer formability, and the following step is performed.
[0268] In contrast, in a case where a local alignment score is greater than or equal to the first threshold value, it is
determined that a combination of these two base sequences has high primer-dimer formability, and the following step
is not performed on this combination.
[0269] The first threshold value is not particularly limited and can be appropriately set. For example, the first threshold
value may be set according to PCR conditions such as an amount of genomic DNA used as a template for a polymerase
chain reaction.
[0270] Here, in the example shown in the above-described "local alignment step," a case where the first threshold
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value is set to "+ 3" is considered.
[0271] In the above-described example, the local alignment score is "+1" and is less than "+ 3," which is the first
threshold value. Therefore, it is possible to determine that the combination of the base sequences of SEQ ID NO: 1 and
SEQ ID NO: 2 has low primer-dimer formability.
[0272] The present step is performed on each of combinations which are obtainable with local alignment scores
calculated in the local alignment step S103, the first step of local alignment S203, the second step of local alignment
S213, the first local alignment step S303, or the second local alignment step S313.

<<Global alignment step>>

[0273] In the present specification, the global alignment step S105 (Fig. 6), the first step of global alignment S205 and
the second step of global alignment S215 (Fig. 7), and the first global alignment step S305 and the second global
alignment step S315 (Fig. 8) will be collectively referred to as a "global alignment step" in some cases.

(First embodiment: global alignment step S105)

[0274] This step is shown as "global alignment" (S105) in Fig. 6.
[0275] In the first embodiment, the global alignment step (e) is a step of obtaining a global alignment score by performing
pairwise global alignment on a base sequence, which has a predetermined sequence length and has 3’ terminals of two
base sequences included in combinations, in each of combinations which are obtainable by selecting base sequences
of two primer candidates from the base sequences of the primer candidates selected in the first stage selection step.

(Second embodiment: first step of global alignment S205 and second step of global alignment S215)

[0276] These steps are shown as "first step of global alignment" (S205) and "second step of global alignment" (S215)
in Fig. 7.
[0277] In the second embodiment, the first step of global alignment (e1) is a step of obtaining a global alignment score
by performing pairwise global alignment on a base sequence, which has a predetermined sequence length and has 3’
terminals of two base sequences included in combinations, in each of combinations which are obtainable by selecting
base sequences of two primer candidates from the base sequences of the primer candidates selected in the first step
of first stage selection. The second step of global alignment (e2) is a step of obtaining a global alignment score by
performing pairwise global alignment on a base sequence, which has a predetermined sequence length and has 3’
terminals of two base sequences included in combinations, in each of combinations which are combinations obtainable
by selecting base sequences of two primer candidates from the base sequences of the primer candidates selected in
the second step of first stage selection and base sequences of a primer already employed, and combinations obtainable
by selecting a base sequence of one primer candidate and a base sequence of one primer already employed.

(Third embodiment: first global alignment step S305 and second global alignment step S315)

[0278] These steps are shown as "first global alignment" (S305) and "second global alignment" (S315) in Fig. 8.
[0279] In the third embodiment, the first global alignment step (e-1) is a step of obtaining a global alignment score by
performing pairwise global alignment on a base sequence, which has a predetermined sequence length and has 3’
terminals of two base sequences included in combinations, in each of combinations which are obtainable by selecting
base sequences of two primer candidates from the base sequences of the primer candidates selected in the first first-
stage selection step. The second global alignment step (e-2) is a step of obtaining a global alignment score by performing
pairwise global alignment on a base sequence, which has a predetermined sequence length and has 3’ terminals of two
base sequences included in combinations, in each of combinations which are combinations obtainable by selecting base
sequences of two primer candidates from the base sequences of the primer candidates selected in the second first-
stage selection step and base sequences of a primer already employed, and combinations obtainable by selecting a
base sequence of one primer candidate and a base sequence of one primer already employed.

(Global alignment method)

[0280] The global alignment score is obtained by selecting two primers from the group consisting of all of the primer
candidates generated in the "primer candidate base sequence generation step" (in a case where the "local alignment
step" and the "first stage selection step" are performed first, and in a case where there are combinations of primer
candidates in which a local alignment score is less than the first threshold value, all of the primer candidates included
in the combinations thereof), and all of the primers that have already been employed (limited to cases where primers
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that have already been employed are present); and performing pairwise global alignment on a base sequence, which
has a predetermined sequence length and has the 3’ terminal.
[0281] A combination of base sequences to be subjected to global alignment may be a combination selected while
allowing overlapping, or may be a combination selected without allowing overlapping. However, in a case where formability
of a primer-dimer between primers of an identical base sequence has not yet been evaluated, the combination selected
while allowing overlapping is preferable.
[0282] A total number of combinations is "xH2 = x+1C2 = (x + 1)!/2(x - 1)!" in a case where the selection is performed
while allowing overlapping, and is "xC2 = x(x - 1)/2" in a case where the selection is performed without allowing overlapping,
in which the total number of base sequences for performing global alignment is set to be x.
[0283] Global alignment is an alignment which is performed on the "entire sequence" and in which it is possible to
check complementarity of the entire sequence.
[0284] However, here, the "entire sequence" refers to the entirety of a base sequence which has a predetermined
sequence length and includes the 3’ terminal of a base sequence of a primer candidate.
[0285] Global alignment may be performed by inserting a gap. The gap means insertion and/or deletion (indel) of a base.
[0286] In addition, in the global alignment, a case where bases are complementary to each other between base
sequence pairs is regarded as a match and a case where bases are not complementary to each other therebetween is
regarded as a mismatch.
[0287] Alignment is performed such that scores for each of the match, the mismatch, and the indel are given and the
total score becomes a maximum. The score may be appropriately set. For example, scores may be set as in Table 1.
"-" in Table 1 represents a gap (insertion and/or deletion (indel)).
[0288] For example, it is considered that global alignment is performed on three bases (refer to portions with capital
letters) at the 3’ terminal of each base sequence of SEQ ID NO: 1 and SEQ ID NO: 2 shown in Table 5. Here, scores
are as shown in Table 1.

[0289] In a case of performing global alignment on base sequences of the three bases (portion with capital letters) at
the 3’ terminal of the base sequence of SEQ ID NO: 1 and the three bases (portion with capital letters) at the 3’ terminal
of SEQ ID NO: 2 such that the score becomes a maximum, it is possible to obtain alignment (pairwise alignment) shown
in Table 6. In Table 6, mismatches are represented by ":."

[0290] In this (pairwise) alignment, there are three mismatches, and there is no matches and indels (gap).
[0291] Therefore, a global alignment score based on this (pairwise) alignment is (+1) 3 0 + (-1) 3 3 + (-1) 3 0 = -3.
[0292] The alignment (pairwise alignment) can be obtained through the dot matrix method a dynamic programming
method, a word method, or various other methods.

<<Second stage selection step>>

[0293] In the present specification, the second stage selection step S106 (Fig. 6), the first step of second stage selection
S206 and the second step of second stage selection S216 (Fig. 7), and the first second-stage selection step S306 and
the second second-stage selection step S316 (Fig. 8) will be collectively referred to as a "second stage selection step"
in some cases.

[Table 5]

Base sequence (5’→3’)

SEQ ID NO: 1 tagccggatgtgggagaTGG
SEQ ID NO: 2 ccagcattggaaagatcTGG
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(First embodiment: second stage selection step S106)

[0294] This step is shown as "second stage selection" (S106) in Fig. 6.
[0295] In the first embodiment, the second stage selection step (f) is a step of performing second stage selection of
the base sequence of the primer candidate for PCR-amplifying the subject region based on the global alignment score.

(Second embodiment: first step of second stage selection S206 and second step of second stage selection S216)

[0296] These steps are shown as "first step of second stage selection" (S206) and "second step of second stage
selection" (S216) in Fig. 7.
[0297] In the second embodiment, the first step of second stage selection (f1) is a step of performing second stage
selection of the base sequence of the primer candidate for PCR-amplifying the first subject region based on the global
alignment score. The second step of second stage selection (f2) is a step of performing second stage selection of the
base sequence of the primer candidate for PCR-amplifying the second subject region based on the global alignment score.

(Third embodiment: first second-stage selection step S306 and second second-stage selection step S3136)

[0298] These steps are shown as "first second-stage selection" (S306) and "second second-stage selection" (S316)
in Fig. 8.
[0299] In the third embodiment, the first second-stage selection step (f-1) is a step of performing second stage selection
of the base sequence of the primer candidate for PCR-amplifying the first subject region based on the global alignment
score. The second second-stage selection step (f-2) is a step of performing second stage selection of the base sequence
of the primer candidate for PCR-amplifying the second subject region based on the global alignment score.

(Second stage selection method)

[0300] A threshold value (also referred to as a "second threshold value") of the global alignment score is predetermined.
[0301] In a case where a global alignment score is less than the second threshold value, it is determined that a
combination of these two base sequences has low dimer formability, and the following step is performed.
[0302] In contrast, in a case where a global alignment score is greater than or equal to the second threshold value, it
is determined that a combination of these two base sequences has high dimer formability, and the following step is not
performed on this combination.
[0303] The second threshold value is not particularly limited and can be appropriately set. For example, the second
threshold value may be set according to PCR conditions such as an amount of genomic DNA used as a template for a
polymerase chain reaction.
[0304] It is possible to set the global alignment score obtained by performing pairwise global alignment on a base
sequence which has a predetermined number of bases and includes the 3’ terminal of a base sequence of each primer
to be less than the second threshold value by setting a base sequence with several bases from the 3’ terminal of a primer
as an identical base sequence.
[0305] Here, in the example shown in the above-described "global alignment step," a case where the second threshold
value is set to "+ 3" is considered.
[0306] In the above-described example, the global alignment score is "-3" and is less than "+ 3," which is the second
threshold value. Therefore, it is possible to determine that the combination of the base sequences of SEQ ID NO: 1 and
SEQ ID NO: 2 has low primer-dimer formability.
[0307] The present step is performed on each of combinations which are obtainable with global alignment scores
calculated in the global alignment step S105, the first step of global alignment S205, the second step of global alignment
S215, the first global alignment step S305, or the second global alignment step S315.
[0308] In addition, in order to reduce the amount of calculation, it is preferable to first perform both steps of the "global
alignment step" and the "second stage selection step" and to perform both steps of the "local alignment step" and the
"first stage selection step" on a combination of the base sequences of the primers, which has passed the "second stage
selection step." Particularly, as the number of subject regions and the number of base sequences of primer candidates
increase, the effect of reducing the amount of calculation is increased, and it is possible to speed up the overall processing.
[0309] This is because, since global alignment is performed on a base sequence with a short length called a "prede-
termined sequence length" in the "global alignment step," the amount of calculation of a global alignment score is smaller
than that of a local alignment score which is obtained by searching a partial sequence with high complementarity from
the entire base sequence under the condition that the base sequence includes the 3’ terminal, and therefore it is possible
to speed up the processing. It is known that the global alignment is faster than the local alignment in a case of alignment
with respect to a sequence having an identical length in a well-known algorithm.
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<<Amplification sequence length-checking step>>

[0310] An amplification sequence length-checking step (not shown) of calculating a distance between ends of base
sequences of primer candidates on chromosomal DNA, in combinations of the base sequences of the primer candidates
for which it has been determined that formability of a primer-dimer is low in the "first stage selection step" and "second
stage selection step," and determining whether the distance is within a predetermined range may be performed.
[0311] In a case where the distance between the ends of the base sequences is within the predetermined range, it is
possible to determine that there is a high possibility that combinations of the base sequences of the primer candidates
can appropriately amplify a subject region. The distance between the ends of the base sequences of the primer candidates
is not particularly limited, and can be appropriately set in accordance with the PCR condition such as the type of enzyme
(DNA polymerase). For example, the distance between the ends of the base sequences of the primer candidates can
be set to be within various ranges such as a range of 100 to 200 bases (pair), a range of 120 to 180 bases (pair), a
range of 140 to 180 bases (pair), a range of 140 to 160 bases (pair), and a range of 160 to 180 bases (pair).

«Primer employment step»

[0312] In the present specification, the primer employment step S107 (Fig. 6), the first step of primer employment
S207 and the second step of primer employment S217 (Fig. 7), and the first primer employment step S307 and the
second primer employment step S317 (Fig. 8) will be collectively referred to as a "primer employment step" in some cases.

(First embodiment: primer employment step S107)

[0313] This step is shown as "primer employment" (S107) in Fig. 6.
[0314] In the first embodiment, the primer employment step (g) is a step of employing the base sequence of the primer
candidate which is selected in both of the first stage selection step and the second stage selection step as the base
sequence of the primer for PCR-amplifying the subject region.

(Second embodiment: first step of primer employment S207 and second step of primer employment S217)

[0315] These steps are shown as "first step of primer employment" (S207) and "second step of primer employment"
(S217) in Fig. 7.
[0316] In the second embodiment, the first step of primer employment (g1) is a step of employing the base sequence
of the primer candidate which is selected in both of the first step of first stage selection and the first step of second stage
selection as a base sequence of a primer for PCR-amplifying the first subject region. The second step of primer em-
ployment (g2) is a step of employing the base sequence of the primer candidate which is selected in both of the second
step of first stage selection and the second step of second stage selection as a base sequence of a primer for PCR-
amplifying the second subject region.

(Third embodiment: first primer employment step S307 and second primer employment step S317)

[0317] These steps are shown as "first primer employment" (S307) and "second primer employment" (S317) in Fig. 8.
[0318] In the third embodiment, the first primer employment step (g-1) is a step of employing the base sequence of
the primer candidate which is selected in both of the first first-stage selection step and the first second-stage selection
step as a base sequence of a primer for PCR-amplifying the first subject region. The second primer employment step
(g-2) is a step of employing the base sequence of the primer candidate which is selected in both of the second first-
stage selection step and the second second-stage selection step as a base sequence of a primer for PCR-amplifying
the second subject region.

(Primer employment method)

[0319] In the primer employment step, the base sequence of the primer candidate, in which a local alignment score
obtained by performing pairwise local alignment on a base sequence of each primer candidate under a condition that a
partial sequence to be subjected to comparison includes the 3’ terminal of the base sequence is less than the first
threshold value, and a global alignment score obtained by performing pairwise global alignment on a base sequence
which has a predetermined number of bases and includes the 3’ terminal of the base sequence of each primer candidate
is less than the second threshold value, is employed as a base sequence of a primer for amplifying a subject region.
[0320] For example, it is considered that base sequences of SEQ ID NO: 1 and SEQ ID NO: 2 shown in Table 7 are
employed as base sequences of primers for amplifying a subject region.
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[0321] As already described, the local alignment score is "+1" and thus is less than "+3," which is the first threshold
value, and the global alignment score is "-3" and thus is less than "+3," which is the second threshold value.
[0322] Accordingly, it is possible to employ the base sequence of the primer candidate represented by SEQ ID NO:
1 and the base sequence of primer candidate represented by SEQ ID NO: 2 as base sequences of primers for amplifying
a subject region.

<<Primer design of other target regions>>

[0323] After employing a primer for one target region, primers for other target regions may further be designed.
[0324] In the first embodiment, in a case where a base sequence of a primer candidate for other target regions has
been already generated in the primer candidate base sequence generation step S102, steps are carried out from the
local alignment step S103. In a case where a base sequence of a primer candidate for other target regions has not yet
generated, other target region is selected in the subject region selection step S101 because the other target region has
not been selected in the subject region selection step S101, and after generating a base sequence of a primer candidate
for the other target region in the primer candidate base sequence generation step S102, steps subsequent to the local
alignment step S103 are carried out.
[0325] In the second embodiment, steps are repeated from when a target region other that the first target region is
selected in the second step of subject region selection S211.
[0326] In the third embodiment, because the base sequence of the primer candidate for the target region selected in
the subject region multiple selection step S301 has already been generated in the primer candidate base sequence
multiple generation step S302, steps are repeated from the second local alignment step S313.

<<Characteristic points in designing primer and the like>>

[0327] Characteristic points in a method for designing a primer for PCR-amplifying a target region, in the method for
designing a primer to be subjected to multiplex PCR of the present invention, are generally as follows: selecting a plurality
of specific subject regions, searching vicinity base sequences, checking complementarity with each extracted primer
set, selecting base sequences having low complementarity, and thereby obtaining primer groups which include a subject
region as an amplification subject and do not become complementary to each other.
[0328] Characteristic points in checking the complementarity of a base sequence of a primer are that primer groups
are generated such that complementarity of a whole sequence becomes low using local alignment and the complemen-
tarity with respect to ends of a base sequence of a primer becomes low using global alignment.
[0329] In addition, by using a Tm value range calculated from a target value and an actual value as a Tm value in a
case of generating a base sequence of a primer candidate, it is possible to more stably perform PCR amplification of a
target region.
[0330] Hereinafter, the present invention will be described in more detail using Examples, but is not limited to these
Examples.

Examples

[Example 1]

[0331] It was considered to examine aneuploidy of chromosome 13, chromosome 18, and chromosome 21 at accuracy
of a definitive diagnostic level (sensitivity about 99.9% and specificity about 99.999%) by using a single cell.
[0332] As a precedent experiment, when amplification was performed on 30 locus by multiplex PCR and the amplified
product was sequenced using a next-generation sequencer to measure the number of sequence reads of a subject
chromosome, a total CV of amplification (a coefficient of variation of the number of sequence reads of a subject chro-
mosome) was about 30%.
[0333] In order to achieve sensitivity 99.9% and specificity 99.999%, it is necessary to make the total CV of amplification
(a coefficient of variation of the number of sequence reads of a subject chromosome) about 6.5%.

[Table 7]

Base sequence (5’→3’)

SEQ ID NO: 1 TAGCCGGATGTGGGAGATGG
SEQ ID NO: 2 CCAGCATTGGAAAGATCTGG



EP 3 524 687 A1

32

5

10

15

20

25

30

35

40

45

50

55

[0334] The number of loci N required for the above achievement can be obtained by the following equations. 

z = the number of loci in precedent experiment 3 (total CV of amplification in precedent experiment/target CV)2

Here, ceiling (z) represents the smallest integer that is equal to or greater than a real number z, and k represents
a predetermined coefficient.

[0335] In other words, in this example, conditions are as follows.
The number of loci in precedent experiment = 20
Total CV in precedent experiment = 30%
Target CV = 6.5%
Coefficient k = 1.0 assuming that a deterioration in coefficient of variation of the number of sequence reads per locus
due increasing the number of loci does not occur.
Accordingly, z = 1.0 3 30 3 (30/6.5)2 ≈ 639.05, and the number of loci required N = ceiling (z) = 640
[0336] When amplification by multiplex PCR was performed on 647 locus exceeding the number of loci required, PCR
amplification products are sequenced, and the number of sequence reads of a subject chromosome was measured to
calculate a total CV of amplification, the total CV of amplification was 6.5% or less, indicating that a definitive diagnosis
is possible at accuracy of a sensitivity of 99.9% and a specificity of 99.999%.
[0337] In this example, a coefficient k = 1.0 assuming that a deterioration in coefficient of variation of the number of
sequence reads per one locus, which is caused by increasing the number of loci, does not occur, but in a case where
a deterioration in coefficient of variation of the number of sequence reads per one locus occurs, the coefficient k is set
to, for example, k = 1.1, 

[0338] The number of loci required N = ceiling(z) = 703 may also be used.
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[Example 2]

(Preconditions)

[0339] It was considered to determine whether cells isolated from peripheral blood of a pregnant woman are derived
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from a mother or derived from a fetus at an accuracy of 99%.
[0340] A SNP type of the mother can be determined without being influenced by noise of single cell specific fusion
such as ADO by separately collecting a large amount of cells from the oral cavity.
[0341] In addition, it was assumed that the mother and a father are not closely related.

(Precedent experiment)

[0342] As a precedent experiment, mother and child discrimination was confirmed by multiplex PCR at SNPs 20 loci.
[0343] An average mutation frequency of the above-mentioned SNPs 20 loci was referred to as p. Here, 0 < p < 1.
[0344] At this time, a probability that parent and child have different genotypes is 2pq(p2 + pq + q2). Here, q = 1 - p.
[0345] In other words, a probability that SNP types of the mother and child match in all 20 loci is about 0.8%, and
therefore mother and child could be distinguished from each other with a probability of 99% or more.
[0346] In a case where an allelic dropout rate is 0%, a probability that a true genotype of a mother and a genotype of
a fetal cell isolated from peripheral blood are homozygous match, a probability of heterozygous match, a probability of
becoming heterozygous-homozygous, a probability of becoming homozygous-heterozygous, and a probability of ho-
mozygous mismatch are 1 - 3p(1 - p), p(1 - p), p(1 - p), p(1 - p), and 0, respectively, in a case where an average mutation
frequency of SNPs is p.
[0347] In addition, similarly, in a case where an allelic dropout rate is 0%, a probability that a true genotype of a mother
and a genotype of a maternal cell isolated from peripheral blood are homozygous match, a probability of heterozygous
match, a probability of becoming heterozygous-homozygous, a probability of becoming homozygous-heterozygous, and
a probability of homozygous mismatch are p2 + (1 - p)2, 2p(1 - p), 0, 0, and 0, respectively, in a case where an average
mutation frequency of SNPs is p.
[0348] Therefore, in a case where an average mutation frequency of SNPs of 20 loci is 0.4596, by binomial distributions,
distributions of the number that k out of 20 SNPs of a true genotype of a mother and a genotype of a fetal cell are
homozygous match, the number of heterozygous match, the number of heterozygous-homozygous mismatch, the
number of homozygous-heterozygous mismatch, and the number of homozygous mismatch, respectively, are as shown
in Fig. 9.
[0349] Similarly, in a case where an average mutation frequency of SNPs of 20 loci is 0.4596, by binomial distributions,
distributions of the number that a true genotype of a mother and a genotype of a maternal cell are homozygous match
out of 20, the number of heterozygous match, the number of heterozygous-homozygous mismatch, the number of
homozygous-heterozygous mismatch, and the number of homozygous mismatch, respectively, are as shown in Fig. 10.
[0350] However, as a result of the precedent experiment, it was found that an ADO rate (allelic dropout rate) was 50%.
[0351] Because allelic dropout (ADO) occurs at a probability of 50%, a genotype of a locus where a true genotype is
heterozygous is apparently determined to be homozygous at a probability of 50%.
[0352] Therefore, in a case where an ADO rate is 50%, distributions of the number that a true genotype of a mother
and a genotype of a fetal cell are homozygous match out of 20, the number of heterozygous match, the number of
heterozygous-homozygous mismatch, the number of homozygous-heterozygous mismatch, and the number of ho-
mozygous mismatch, respectively, are corrected as shown in Fig. 11.
[0353] Similarly, in a case where an ADO rate is 50%, distributions of the number that a true genotype of a mother
and a genotype of a maternal cell are homozygous match out of 20, the number of heterozygous match, the number of
heterozygous-homozygous mismatch, the number of homozygous-heterozygous mismatch, and the number of ho-
mozygous mismatch, respectively, are corrected as shown in Fig. 12.
[0354] Based on Fig. 11 and Fig. 12, a case where a distribution of the number of becoming homozygous-heterozygous
is extracted and superimposed, is as shown in Fig. 13.
[0355] Because the maternal cell does not become homozygous-heterozygous, an accuracy of mother and child
discrimination in Fig. 13 is equal to an intersection area of the graph from Fig. 11 and the graph from Fig. 12. In this
case, mother and child can be distinguished at about 93%.
[0356] In a case where the number of SNPs increases, a distribution of the fetal cell moves to the right side of the
graph, and therefore an accuracy of mother and child discrimination is improved.
[0357] As shown in Fig. 14, in a case where the number of SNPs loci was set to 35, an overlap portion between the
graph of the fetal cell and the graph of the maternal cell falls below 0.01, and a discrimination accuracy exceeds 99%.
[0358] The above description was applied to the following equations. 
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(here, χ = the number of SNPs loci, ν = mutation frequency, and Θ = ADO rate (%))
[0359] An accuracy in a case where a mutation frequency is 0.4596, an ADO rate = 50%, and the number of SNPs
loci is 20, becomes about 93% according to the following equations. 

[0360] In addition, an accuracy in a case where a mutation frequency is 0.4596, an ADO rate = 50%, and the number
of SNPs loci is 35, becomes about 99% according to the following equations. 

Explanation of References

[0361]

11: Calculation means (CPU)
12: Storage means (memory)
13: Auxiliary storage means (storage)
14: Input means (keyboard)
15: Auxiliary input means (mouse)
16: Display means (monitor)
17: Output means (printer)

Sequence Listing

[0362] International application No. W-6215 PCT based on International Patent Cooperation Treaty Method for deter-
mining the number of loci required JP17032699 20170911-00270209251701919596 Normal
20170911153254201709041454188070_P1AP101_W-_12.app
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Claims

1. A method for determining the number of loci required for quantitatively determining the number of chromosomes
from a single cell, the method comprising:

an experimental result input step of inputting, via input means, the number of loci n on a subject chromosome,
and a coefficient of variation x of the number of sequence reads of the subject chromosome, which are exper-
imental results obtained by multiple repeated trials, and storing the same in storage means;
a target performance input step of inputting, via the input means, a coefficient of variation y of the number of
sequence reads of the subject chromosome, which is target performance, and storing the same in the storage
means;
a number-of-loci-required determination step of allowing calculation means to read out the number of loci n, the
coefficient of variation x, and the coefficient of variation y from the storage means and to calculate the number
of loci N required from the number of loci n and the coefficient of variation x which are the experimental results
and the coefficient of variation y which is the target performance such that the coefficient of variation x becomes
equal to or less than y, and storing the same in the storage means; and
a result display step of allowing the calculation means to read out the number of loci N required for quantitatively
determining the number of chromosomes from the storage means, and displaying the same on display means.

2. The method according to claim 1, further comprising:
an experimental result conversion step of allowing the calculation means to read out the number of loci n on the
subject chromosome and a coefficient of variation x’ of the number of sequence reads per locus on the subject
chromosome from the storage means and to calculate the coefficient of variation x of the number of sequence reads
on the subject chromosome by the following equation, and storing the same in the storage means, after the exper-
imental result input step and before the number-of-loci-required determination step, in a case where the coefficient
of variation x’ of the number of sequence reads per locus on the subject chromosome is input and stored in the
storage means in place of the coefficient of variation x of the number of sequence reads of the subject chromosome
in the experimental result input step, 

where, SQRT (n) represents a square root of n.

3. The method according to claim 1 or 2, further comprising:
a target performance conversion step of allowing the calculation means to read out a sensitivity SeT, a specificity
SpT, a positive predictive value PPVT, or a negative predictive value NPVT from the storage means and to convert
the same into a target coefficient of variation y of the number of sequence reads on the subject chromosome, and
storing the same in the storage means, after the target performance input step and before the number-of-loci-required
determination step, in a case where the sensitivity SeT, the specificity SpT, the positive predictive value PPVT, or
the negative predictive value NPVT is input and stored in the storage means in place of the coefficient of variation
y in the target performance input step.

4. The method according to claim 3,

wherein, in the target performance conversion step,
in a case where the sensitivity SeT is read out, assuming a cell group having aneuploidy and following a normal
distribution, because a proportion of cells determined to have aneuploidy in this cell group is a sensitivity, a
target sensitivity SeT is substituted for the sensitivity to set a coefficient of variation in this case as the target
coefficient of variation y,
in a case where the specificity SpT is read out, assuming a cell group not having aneuploidy and following a
normal distribution, because a proportion of cells determined not to have aneuploidy in this cell group is a
specificity, a target specificity SpT is substituted for the specificity to set a coefficient of variation in this case as
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the target coefficient of variation y,
in a case where a positive predictive value PPVT is read out, the positive predictive value is converted into the
sensitivity and the specificity using a pre-given prevalence rate and Equation 1, and furthermore, the sensitivity
and the specificity are converted into the target coefficient of variation y according to a case where the sensitivity
SeT is read out and a case where the specificity SpT is read out, and
in a case where a negative predictive value NPVT is read out, the negative predictive value is converted into
the specificity and the sensitivity using a pre-given prevalence rate and Equation 2, and furthermore, the spe-
cificity and the sensitivity are converted into the target coefficient of variation y according to a case where the
sensitivity SeT is read out and a case where the specificity SpT is read out. 

5. The method according to any one of claims 1 to 4,
wherein, in the number-of-loci-required determination step, the calculation means reads out the number of loci n,
the coefficient of variation x, and the coefficient of variation y from the storage means to calculate the number of
loci N required by the following equation, 

where, ceiling (z) represents a smallest integer that is equal to or greater than a real number z, and k is a predetermined
coefficient of 1.0 to 1.5.

6. The method according to claim 5,
wherein 

7. A method for determining the number of SNPs loci required in a case of determining whether a single cell suspected
to be derived from a fetus isolated from a pregnant woman is derived from the fetus or a mother who is the pregnant
woman by using SNPs genotyping, the method comprising:

an experimental result input step of inputting, via input means, an average mutation frequency ν and an allelic
dropout rate Θ% of m SNPs, which are obtained by a precedent experiment for analyzing m SNPs loci with m
being an integer of 2 or more, and storing the same in storage means;
a target performance input step of inputting a target accuracy Ψ% via the input means, and storing the same
in the storage means;
a number-of-SNPs-loci-required determination step of allowing calculation means to read out the number of
SNPs loci m, a mutation frequency ν, the allelic dropout rate Θ%, and the target accuracy Ψ% from the storage
means, to obtain a probability τ that the number of SNPs loci, where a true genotype of a mother and a genotype
of a fetal cell are mismatched to be homozygous and heterozygous, is 0 out of m in a case of the allelic dropout
rate Θ%, to obtain a probability υ = 1 that the number of SNPs loci, where a true genotype of a mother and a
genotype of a fetal cell are mismatched to be homozygous and heterozygous, is 0 out of m in a case of the
allelic dropout rate Θ%, to calculate Φ = 100 3 (υ - τ), and to increase m by 1 to calculate a smallest integer m
that satisfies Φ ≥ Ψ, and storing the same in the storage means as the number of SNPs loci M required; and
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a result display step of allowing the calculation means to read out, from the storage means, the number of SNPs
loci M required in a case of determining whether a single cell suspected to be derived from a fetus isolated from
a pregnant woman is derived from the fetus or a mother who is the pregnant woman by using SNPs genotyping,
and displaying the same on display means.

8. The method according to claim 7,
wherein, in the number-of-SNPs-loci-required determination step, the calculation means reads outs the mutation
frequency ν, the allelic dropout rate Θ%, and the target accuracy Ψ% from the storage means to calculate the number
of SNPs loci M required by the following equations, 

where, ceiling (χ) represents a smallest integer that is equal to or greater than a real number χ, and κ is a prede-
termined coefficient of 1.0 to 1.5.

9. The method according to claim 8,
wherein 
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