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DESCRIPTION

TITLE OF THE INVENTION

PRIMER SET FOR PCR FOR BACTERIAL DNA AMPLIFICATION, KIT FOR
DETECTION AND/OR IDENTIFICATION OF BACTERIAL SPECIES, AND,
METHOD OF DETECTION AND/OR IDENTIFICATION OF BACTERIAL
SPECIES

Technical Field
[0001]

The present invention relates to a primer set useful for detection
and/or identification of a bacterial species by an examination method using
PCR, particularly real time PCR, a kit containing this primer set for detection
or identification of a bacterial species, and a method of detection and/or

identification of bacterial species using them.

Background Art
[0002]

Microorganism examinations are technologies required in research
facilities, medical fronts, food manufacturing floors, etc. In medical fronts and
food manufacturing floors, smearing, microscopy, cultivation, etc. are
conventionally carried out as roufine examination methods. In medical fronts,
a drug susceptibility test is often carried out concurrently since some
microorganisms may have antibiotic-resistant genes. However, the above-
described general examination methods such as culfivation, etc. need fairly

long times (days), thus, speeding up and higher sensitivity of examinations
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are recently required and studied eagerly. There are various examination
methods developed owing to analysis of pathogenic genes, analysis of toxin
genes, analysis of antibiotic-resistant genes, analysis of DNA sequences
(rDNA) coding rRNA under phylogenetic viewpoint, etc., particularly due to
accumulation of the published database based on gene analysis.

[0003]

Now, gene examination methods are classified roughly into DNA
probe methods and gene amplification methods (PCR). Especially, the PCR
method is capable of amplifying a trace amount of DNA present in a sample
in a short period of time and has high detection sensitivity as compared with
the DNA probe method, and accordingly, its application range is wide.
[0004]

Under such a background, there is an investigation on detection of
unidentified bacteria using PCR, and there is a trial of amplifying a trace
amount of DNA of a sepsis-derived microorganism by PCR, hybridizing the
amplified causal microorganism DNA with a nucleotide probe specific to
bacterial species targeting an empirically supposed microorganism, and
detecting the causal microorganism and identifying the bacterial species (JP-
A No. 6-90799).

[0005]

Further, there is an investigation on development of sepsis examining
technologies Based on real time PCR using a hybridization probe, intending
quickness of detection and identification of bacterial species (Journal of
Analytical Bio-Science, Vol. 28, No. 5, (2005), 400 - 40). Furthermore, there
is an investigation on quick detection of a causal bacterium and identification

of the bacterial species, by conducting gene ampilification by PCR utilizing
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microbial DNA as a template and using several specific primer sets and then
analyzing a combination of melting temperatures (Tm value) according to the
resultant several DNA fragments or a difference between the Tm values
(International Publication WO 2007/097323).

[0006]

However, it can be said that concomitant satisfaction of high sensitivity
and high specificity is important in PCR, since precision should be ensured
even in the result obtained in a short period of time. There prior technologies
are a method limited to a supposed target microorganism though a gene
amplification technology by PCR is applied.

[0007}]

In contrast, a method of producing a DNA polymerase preparation by
a gene recombination technology is investigated, for providing a DNA
polymerase used in PCR (JP-A No. 2006-180886). There is a suggestion on
a method of suppressing amplification of a non-specific nucleic acid in
conducting amplification of an extremely trace amount of sample bacterial
DNA by a PCR method using a heat-resistant DNA preparation produced by
using eukaryote as a host (International Publication WO 2010/082640). By
using, in PCR, this heat-resistant DNA polymerase preparation produced by
using eukaryote as a host, an analysis method which is suitable for novel
examination of an extremely trace amount of a sample bacterium can be
provided, and this technology is an extremely epoch-making method as a
method of analyzing an extremely trace amount of a sample bacterium.
[0008]

Further, a method is supposed in which curves are obtained by high

resolution melting (HRM) curve analysis for three DNA fragments amplified
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from a bacterium, using a latest real time PCR apparatus, and the bacterial
species is judged according to a combination of their shapes (Journal of
Clinical Microbiology 2009, p.2252-2255: Journal of Clinical Microbiology
2010, p.3410-3413). However, these documents do not disclose clear
criteria for judging conformity or inconformity of wave shapes. In the above-
described documents, judgment of 60 bacteria is performed, however, it is
guessed to be difficuit to identify a wide range of bacterium species over 100
kinds by way of three curves by HRM from three DNA fragments.
Additionally, a sample after hemocuiture is used as a sample for extraction of
DNA in this method, needing a time required for culture.

[0009]

Further additionally, there is disclosed a method in which the Tm
values of a amplified16S rDNA fragment and several probes are measured
using a real time PCR apparatus, and the bacterial species is specified
based on the Tm values (Journal of Clinical Microbiology 2010, p.258-267).
Also in this method, a sample after hemoculture is used as a sample for

extracting DNA, needing a time necessary for culture.

Prior Art Document

Patent Document

[0010]

Patent document 1: Japanese Patent Laid-Open No. 90799/1994 (JP H06-
90799 A)

Patent document 2: International Publication WO 2007/097323
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Patent document 3: Japanese Patent Laid-Open No. 2006-180886 (JP2006-

180886 A)
Patent document 4: International Publication WO 2010/082640

Non-patent Document

[0011]

Non-patent document 1. Journal of Analytical Bio-Science, Vol. 28, No. 5,
(2005), 400-40

Non-patent document 2. Journal of Clinical Microbiclogy 2008, p.2252-2255
Non-patent document 3: Journal of Clinical Microbiology 2010, p.3410-3413
Non-patent document 4: Journal of Clinical Microbiology 2010, p.258-267

Summary of the Invention
Problems to be solved by the Invention
[0012]

Based on the technology disclosed in Patent document 4, it is believed
that if DNA can be amplified simply from an extremely trace amount of a
sample bacterium and if analysis, particularly gquantification or identification
analysis can be effected in a short period of time, then, even a gene at
extremely trace amount level unanalyzable to date can be analyzed, and
additionally, quick and correct judgment is attained in various sample
analysis fields such as the medical field, the veterinary field, the fields of daily
water and food, etc. However, further improvement in detection sensitivity
and quickness are needed from the clinical sites, food production floors, etc.

[0013]
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As described abave, a detection method using a PCR method gives
higher quickness as compared with a DNA probe method, and is suitable
also for detection with high sensitivity, thus, is useful as a quick and highly
sensitive detection method in the clinical sites, food production floors, efc..
However, conventional detection methods using a PCR method generate a
case in which detection is impossible when the bac'terial species contained in
a sample is unclear and a case in which furthermore improvement in
detection sensitivity and quickness cannot be sufficiently satisfied due to a
longer time necessary for bacterial proliferation in a sample for ensuring the
amount of nucleic acids necessary for detection, etc.

[0014]

For example, in Non-patent document 4, a fair amount of bacterial
bodies necessary for analysis after culture, etc. is understood also from a use
amount of bacterial DNA subjected to PCR of 2-10 ng. When E. coli is
exemplified as the bacterium, the genome size of the E. coli MG1655 strain is
4639675 bp, and if the average molecular weight of one base pair is
calculated from this and further if the presence of one copy (1 molecule) of a
genome per one bacterium cell is taken into consideration, then, it is
understood that the amount of the genome DNA per 1 cell of E. coli is about
5 fg and the bacterial amount corresponding to the amount of DNA subjected
to PCR is the fair amount, leading to a supposition that the detection
sensitivity of this method is not sufficient.

[0018]

In a case of detection and identification of a bacterium using a PCR

method, selection of a primer set used in a PCR method is one important

factor for enhancing sensitivity of detection and identification of an



10

15

20

25

examination. For example, the amplification efficiency in PCR, the threshold
cycle, the production ratio of the unintended amplification product, ete., vary
depending on selection of a primer set, and for enhancing sensitivity of
detection and identification of an examination, a primer set optimizing these
factors is necessary. Depending on the kind of a sample, there is also a
case where large amount of DNA derived from human cells other than the
DNA as an analyte to be detected is present in the sample, such as a sample
derived from blood, etc. 'For example, large amount of DNA derived from
human cells such as leucocytes, desquamated epithelial cells, etc. is present
in a blood specimen. According to investigations of the present inventors,
when the content of the bacterial DNA as a target to be tested is small in
such samples, selectivity by a primer set for PCR to bacterial DNA to be
detected or productivity of the amplification product become low. As a result,
there are cases where an amount of amplification product necessary for
identification of species as a target to be tested cannot be obtained, or where
rising of the background in identification occurs due to increase of undesired
DNA amplification products. In Patent document 4, remarkable improvement
in the identification sensitivity is attained by using a heat-resistant DNA
polymerase preparation containing a suppressed amount of bacteria-derived
DNA produced by using eukaryote as a host for identification of a bacterium
as an analyte using a PCR method, in an identification method by a
conventional technology which Patent document 4 utilizes, however, it is
required to enable identification at further higher sensitivity also for a sample
in which the amount of DNA of a bacterium as an analyte is further smaller
for a bacterium other than the bacterium as an analyte presentin large

amount. Also from such a standpoint, design of a primer giving higher
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selectivity, not generating unintended amplification products, is important for
a primer set to be used in a PCR method. However, a primer set designed
noticing the technical problems in using samples such as blood, efc. as an
analyte as described above has not been found in conventional technologies,
under present circumstances.

[0016]

Further, in analyzing a intended bacterium to be detected and
identifying an unidentified bacterium using the Tm value of a amplification
product, it is preferable {o select a primer set giving a ampilification product
having a Tm value suitable for enhancing quickness of an examination and
examination sensitivity.

[0017]

In contrast, also the property of a heat-resistant DNA polymerase
preparation used for amplification by a PCR method and the use condition
thereof are one of important factors for enhancing the detection sensitivity of
an examination using a PCR method.

[0018]

Commercially availablé heat-resistant DNA polymerase preparations

generally used in a PCR reaction include also highly purified preparations

supplied in the market, and in a PCR reaction using these highly purified

- preparations, amplification products of unknown reasons and derivation are

detected when a gene amplification reaction is required to be repeated in a
frequency over usual 30 cycles, for attaining detection at high sensitivity,
thus, use thereof is limited.

[0019]
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Patent document 4 describes mixing of host-derived bacterial DNA of
a DNA polymerase, however, does not describe mixing of bacteria-derived
DNA as the other contamination source from reagents and instruments. In
contrast, it has been found by investigation of the present inventors that
mixing of bacteria-derived DNA as a contamination source from reagents and
instruments exerts an extremely critical influence on detection of an
extremely trace amount of bacterial DNA in a sample and identification of the
bacterial species.

0020}

Means for controlling sensitivity and specificity together at higher
levels in PCR analysis for amplifying an extremely trace amount of bacteria-
derived DNA in a sample have not been provided yet, and also identification
of bacterial species at high sensitivity targeting bacteria-derived DNA in a
sample has not been sufficiently attained.

[0021] |

By a detection method using a heat-resistant DNA polymerase
preparation produced by using eukaryote as a host disclosed in Patent
document 2, the detection limit of bacteria-derived DNA can be lowered to 10
fg/uL, and analysis of sample-derived DNA at higher sensitivity becomes
possible as compared with a conventional detection method using PCR.
[0022]

According to the method disclosed in Patent document 2, bacterial
DNA of a concentration of 10 fg/uL or more can be detected when a PCR
method is carried out using SEQ ID No. 51 and SEQ ID No. 52, however,
DNA of a concentration of less than 10 fg/uL. cannot be detected. It can be

confirmed from this that if amplification of an intended product cannot be
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observed in performing PCR using SEQ ID No. 51 and SEQ ID No. 52 by the
method disclosed in Patent document 2 using a certain solution as a
template, then, the concentration of bacteria-derived DNA mixed in its
solution is less than 10 fg/ulL.

[0023]

For conducting not only detection of bacterial species in a sample but
also identification of bacterial species in a sample at high sensitivity with high
precision, it is necessary that a sample-derived DNA amplification product is
obtained in an amount sufficient for identification of bacterial species, in
addition to lowering of the detection limit of the amount of bacterial-derived
DNA. For example, for obtaining the highly reliable measurement result of
the Tm value in performing identification of bacterial species in a sample by
measuring the Tm value of the amplification product of sample-derived DNA,
it is important that the amplification product in an amount sufficient for this is
obtained by PCR. In other words, when sufficient amplification of DNA is not
conducted, the Tm value cannot be measured correctly, and identification
with high precision becomes difficult.

[0024]

For example, in the case of a detection method in which the amount of
genome DNA per one cell of E. coli is about 5 fg and the detection limit is 10
fg/uL, these amount of DNA per 1 L of a sample provided to PCR
corresponds theoretically to two cells of E. coli and, thus, detection of E. coli
at high sensitivity in a sample becomes possible. In contrast, if the amount of
E. coli-derived DNA in a sample which is necessary at minimum for
measuring the reliable Tm value of a DNA amplification product, namely, the

detection limit is assumed to 20 pg/uL, it is supposed that the bacterial
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amount corresponding to the amount of DNA provided to PCR is a fair
amount.
[0025]

Investigation of the present inventors obtained novel findings that it is
effective to use a primer set giving further improved amplification efficiency
of a amplification product and selectivity, for further lowering the detection
limit and conducting identification of bacterial species at high sensitivity with
good precision in a measurement system capable of detecting bacterial
species at high sensitivity. For example, primers made of sequence regions
common to 16SrRNA gene of all bacteria used in Patent document 2 and
Patent document 4 have the same sequence, and if a primer set giving
further improved amplification efficiency and selectivity of the amplification
product than primer sets disclosed in these patent documents can be
provided, it becomes possible to further improve not only the detection
sensitivity of bacterial species but also the identification sensitivity of bacterial
species.

[0026]

Therefore, the present invention has an object of providing a primer
set which is useful for further improvement of sensitivity in detection or
identification of bacterial species in a sample by a PCR method, a set for
PCR using this, and a method of detection or identification of bacterial
species in a sample.

[0027]
The present invention has another object of attaining further

improvement of sensitivity in detection or identification of bacterial species in
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a sample, by conducting a PCR method using the above-described primer

set while minimizing the mixing amount of bacteria-derived nucleic acids.

Means for Solving the Problem
[0028]

The present inventors have intensively studied in view of the above-
described problems and resultantly found that bacterial species identification
kit capable of carrying out detection of an extremely trace amount of bacterial
DNA in a sample and identification of the bacterial species at high sensitivity
with high precision can be obtained by using a specific primer set and further
minimizing mixing of bacteria-derived DNA as a contamination source of
reagents and instruments to be used.

[0029]

A primer set for polymerase chain reaction (PCR) for amplification of
bacterial DNA according to the present invention is characterized in |
comprising at least one primer pair of seven primer pairs obtained by
selecting one primer pair from each group of Graups S1 to S7 as described
below.

[0030]

A kit for detection of a bacterial species according to the present
invention is characterized in comprising at least one primer pair of seven
primer pairs obtained by selecting one primer pair from each of Groups K1 to
K7 as described below.

[0031]
The above kit may further comprise at least one of the regents and the

parts selected from an enzyme for PCR, a pH buffer, fluorochrome, dNTP,
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MgCl; and a vessel for measurement, which may have, independently or as a
whole, a contamination amount of bacterial nucleic acid of 10 fg or less than
10 fg.

[0032]

A method of detection and/or identification of an bacterial species as a
target in a sample according to the present invention is characterized in
comprising:

a step of conducting PCR using bacterial genome DNA prepared from
the sample, primers to obtain amplification product comprising a target gene
specific to the bacterial species as a target, a thermostable DNA polymerase,
and

a step of detecting andfor identifying the bacterial species as a target
in the sample by detecting the target gene in the amplification product by
PCR, or analyzing the amplification product by PCR,

wherein, as the primers, the above described primer set is used.

Effect of the Invention
[0033]

The present invention can provide a primer set for bacterial DNA
amplification PCR useful for detection and/or identification of bacterial
species at high sensitivity and a kit for detection and/or identification of
bacterial species. Further, sensitivity in detection and/or identification of
bacterial species can be further improved by minimizing mixing of bacteria-
derived DNA as a contamination source of reagents and instruments used in
this kit. Therefore, according to the present invention, detection of an

extremely trace amount of bacteria-derived DNA in a sample and detection
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and/or identification of bacterial species in the medical field, food field, etc.
can be carried out at higher sensitivity and with higher precision than

conventional examination Kits.

Brief Explanation of Drawings
[0034]
[Figure 1A] The figure is a view showing a part of the results of
electrophoresis in Example 2 and Comparative Example 2.
[Figure 1B] The figure is a graph showing a part (ampilification curve)
of the results of real time PCR in Example 3 and Comparative Example 3.
[Figure 1C] The figure is a graph showing a part (melting curve) of

the results of real time PCR of Example 3 and Comparative Example 3.

[Fig. 2] The figure is a view showing the result in Example 12.
[Fig. 3] The figure is a view showing the result in Example 13.
[Fig. 4] The figure is a view showing the result in Example 14.

Lines represent the amplification results of the following primer pairs. (1) a
combination of SEQ ID No. 15 and 16, (2} a combination of SEQ ID No. 43
and 50, (3} a combination of SEQ ID No. 51 and 52, (4) a combination of
SEQ ID No. 53 and 57, (5) a combination of SEQ ID No. 62 and 70, (6) a
combination of SEQ [D No. 81 and 103 and (7) a combination of SEQ ID No.
115 and 5.

[Fig. 5] The figure is a view showing the result in Example 16.

Modes for Carrying Out the Invention
[0035]

<Primer>
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The first point of the present invention resides in a specific primer set
capable of obtaining an effect of improvement of detection sensitivity and an
effect of improvement of identification precision based thereon.

[0036]

Primers in primer sets described in Patent document 4 have DNA
sequences hybridizing to bacterial-common conservation regions in DNA
(16S rDNA) coding 165 rRNA of the bacteria (SEQ ID No. 1, SEQ ID No. 186,
SEQ ID No. 28, SEQ ID No. 44, SEQ ID No. 51, SEQ ID No. 52, SEQ 1D No.
53, SEQ ID No. 67, SEQ ID No. 62, SEQ ID No. 70, SEQ ID No. 76, SEQ D
No. 91, SEQ ID No. 104, SEQ ID No. 2). As shown in lane 2 in Fig. 1A,
however, bands of other components other than the analyte to be detected
appeared and the intended amplification product could not be detected in
electrophoresis analysis by the primer sets described in Patent document 4.
[n addition, cases with low amplification efficiencies were observed
occasionally in real time PCR (see dotted line in Fig. 1B). Furthermore, a
peak (or shoulder) other than the main peak emerged in melting curve
analysis in real time PCR (see dotted line in Fig. 1C). These may constitute
an obstacle to further improvement of detection sensitivity in detection of an
extremely trace amount of sample-derived DNA and identification of bacterial
species.

[0037]

The seven regions recognized by the primer sets of Patent document
2 were investigated, while there are commonly conserved bacterial regions
on 16S rDNA. Specifically, regions were selected base on the primer sets of
Patent Document 2, which shifted from several bases to several tens of

bases in the directions to the 3’ terminals and the 5’ terminals of the
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commonly conserved regions, respectively, and, then, each of forward and
reverse primers was designed in a length of a base number of ten to several
tens. The eifects were confirmed for the primer pairs corresponding to the
seven designed conserved regions, and it was found that the primer pairs
classified to the following groups S1 through S7 and the primer pairs
classified to the following groups K1 through K7 were suitable.

[0038]

Thus, a primer set for PCR for amplification of bacterial DNA, which is
applicable far detection and/or identification of a bacterial species, is
prepared by selecting one primer pair from every one of Groups S1 to S7 to
obtain seven primer pairs, i. e., a first to a seventh primer pair, and using at
least one primer pairs, preferably at least four primer pairs from the primer
pair group thus selected.

A primer set for identification of a bacterial species may be prepared
by using at least 4 primer pairs of the first to the seventh primer pairs thus

selected.

(Primer Pairs for Primer Set)
Group S1:

1-1A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 1 and a reverse primer
consisting of any one sequence of SEQ ID: No. 22 and 27;

1-2A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 10 and a reverse primer

consisting of any one sequence of SEQ ID: No. 20 and 21;
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1-3A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: Na. 11 and a reverse primer
consisting of any one sequence of SEQ [D: No. 16, 18 and 26;

1-4; a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 12 and a reverse primer consisting
of any one sequence of SEQ ID; No. 16 to0 27;

1-b: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 13 and a reverse primer consisting
of any one sequence of SEQ ID: No. 16 to 27;

1-7: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 15 and a reverse primer consisting
of any one sequence of SEQ ID: No. 16 to 27;

1-8A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 6 and a reverse primer
consisting of any one sequence of SEQ ID: No. 16, 19 tc 21, 23, 24, 26 and
27;

1-9A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 7 and a reverse primer
consisting of any one sequence of SEQ ID: No. 16 to 21, 23, 24, 26 and 27,
or

1-10A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 8 and a reverse primer
consisting of any one sequence of SEQ ID: No. 16 to 21, 23, 24, 26 and 27;
Group S2:
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2-1A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 28 and a reverse primer
consisting of any one sequence of SEQ ID: No. 45, and 47 tc 50;

2-2: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 29 and a reverse primer consisting
of any one sequence of SEQ 1D: No. 44, 45, 47, 48 and 50;

2-3: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 30 and a reverse primer consisting
of any one sequence of SEQ ID: No. 45, and 47 to 50,

2-4: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 31 and a reverse primer consisting
of any one sequence of SEQ ID: No. 46 and 47;

2-5: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 32 and a reverse primer consisting
of any one sequence of SEQ ID: No. 45, and 47 to 49;

2-8A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 33 and a reverse primer
consisting of any one sequence of SEQ ID: No. 44, 45 and 47 to 50;

2-7A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ 1D: No. 34 and a reverse primer
consisting of any one sequence of SEQ [D: No. 45, 47 and 48;

2-8A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 35 and a reverse primer

consisting of any one sequence of SEQ {D: No. 44, 45, 48 and 49;
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2-9A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ [D: No. 36 and a reverse primer
consisting of any one sequence of SEQ [D: No. 44, 45, 48 and 49;

2-10A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ 1D: No. 37 and a reverse primer
consisting of any one sequence of SEQ ID: No. 45, and 47 to 50;

2-11: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 38 and a reverse primer
consisting of any one sequence of SEQ ID: No. 44 to 50;

2-12A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 39 and a reverse primer
consisting of any one sequence of SEQ ID: No. 44 to 48 and 50;

2-13: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 40 and a reverse primer
consisting of any one sequence of SEQ ID: No. 44 to 50;

2-14A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 41 and a reverse primer
consisting of any one sequence of SEQ ID: No. 45 and 46;

2-15A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 42 and a reverse primer
consisting of any one sequence of SEQ ID: No. 48 and 49; or

2-16A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 43 and a reverse primer
consisting of any one sequence of SEQ ID: No. 44, 46 to 48 and 50;
Group S3:
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a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 51 and a reverse primer consisting
of a sequence of SEQ ID: No. 52;

Group S4:

4-1: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 53 and a reverse primer consisting
of any one sequence of SEQ ID: No. §7 to 61;

4-2: a primer pair, which consists of a combination of a forward primer
ceonsisting of a sequence of SEQ ID: No. 54 and a reverse primer consisting
of any one sequence of SEQ ID: No. 59 and 61;

4-3: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 55 and a reverse primer consisting
of any one sequence of SEQ ID: No. 57 to 59 and 61; or

4-4: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 56 and a reverse primer consisting
of any one sequence of SEQ |D: No. 57 to 59 and 61,

Group S5:

5-1A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ 1D: No. 62 and a reverse primer
consisting of any one sequence of SEQ ID: No. 70, 73 to 75;

5-2: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 63 and a reverse primer consisting
of any one sequence of SEQ ID: No. 70 to 75;

5-3: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 64 and a reverse primer consisting

of any one sequence of SEQ ID: No. 70 to 75;
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5-4: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 65 and a reverse primer consisting
of any one sequence of SEQ ID: No. 70 fo 75;

5-5A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 66 and a reverse primer
consisting of any one sequence of SEQ ID: No. 70, 72, 73 and 75;

5-6A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ I1D: No. 87 and a reverse primer
consisting of any one sequence of SEQ ID: No. 70, 71 and 73 to 75;

5-7: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 68 and a reverse primer consisting
of any cne sequence of SEQ ID: No. 70 to 75; or

5-8: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 69 and a reverse primer consisting
of any one sequence of SEQ I1D: No. 70 to 75;

Group S6:

6-1A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 76 and a reverse primer
consisting of any one sequence of SEQ ID: No. 93, 96 and 101 to 103;

6-2: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No, 77 and a reverse primer consisting
of any one sequence of SEQ ID: No. 91, 96, and 101 to 103;

6-3: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 78 and a reverse primer consisting

of any one sequence of SEQ 1D: No. 81, and 101 to 103;
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B-4A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 79 and a reverse primer
consisting of any one sequence of SEQ ID: No. 91, and 101 to 103;

6-5: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 80 and a reverse primer consisting
of any one sequence of SEQ ID: No. 91, 93, and 100 to 103;

6-6: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 81 and a reverse primer consisting
of any one sequence of SEQ ID: No. 91, 93, and 101 to 103;

6-7: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 82 and a reverse primer consisting
of any one sequence of SEQ ID: No. 81, 96, 97, and 101 to 103;

6-8: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 83 and a reverse primer consisting
of any one sequence of SEQ ID: No. 91, 101 to 103;

6-9: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 84 and a reverse primer consisting
of any one sequence of SEQ ID: No. 91, and 101 to 103;

6-10: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 85 and a reverse primer
consisting of any one sequence of SEQ ID: No. 91, and 101 to 103; -

6-11A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 86 and a reverse primer

consisting of any one sequence of SEQ [D: No. 81, 93, and 101 to 103;
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6-12: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 87 and a reverse primer
consisting of any one sequence of SEQ iD: No. 91, 96, and 101 to 103;

6-13: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 88 and a reverse primer
consisting of any one sequence of SEQ ID: No. 91, and 101 to 103;

6-14: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 89 and a reverse primer
consisting of any one sequence of SEQ ID: No. 91, and 101 to 103; or

6-15: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 90 and a reverse primer
consisting of any one sequence of SEQ ID: No. 91, 92, 96, and 101 1o 103;
Group S7:

7-1A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 104 and a reverse primer
consisting of any one sequence of SEQ ID: No. 5, and 118 to 125, 127, 128,
130 and 131;

7-2A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 105 and a reverse primer
consisting of any one sequence of SEQ ID: No. 5, and 118 to 125;

7-3A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 106 and a reverse primer
consisting of any one sequence of SEQ ID: No. 2, 5, 116, and 118 to 131;

7-4A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ [D: No. 107 and a reverse primer

consisting of any one sequence of SEQ ID: No. 120 and 121;
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7-BA: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 108 and a reverse primer
consisting of any one sequence of SEQ ID: No. 120 and 123;

7-6A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 109 and a reverse primer
consisting of any one sequence of SEQ ID: No. 2, 118 to 122, 124 and 128;

7-7A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 110 and a reverse primer
consisting of any one sequence of SEQ ID: No. 118, 120, 121, 124, and 126
to 130;

7-8A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No, 111 and a reverse primer
consisting of any one sequence of SEQ ID: No. 2, 5, and 118 to 131;

7-9A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 112 and a reverse primer
consisting of any one sequence of SEQ ID: No. 2, 5, and 116, and 118 to
125;

7-10A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 113 and a reverse primer
consisting of any one sequence of SEQ ID: No. 2, 5, 118 to 126, 130 and
131;

7-11A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 114 and a reverse primer

consisting of a sequence of SEQ ID: No. 5; or
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7-12A: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ |ID: No. 115 and a reverse primer
consisting of any one sequence of SEQ ID: No. 2 and 5.

Furthermore, it has been revealed that the primer pairs divided into the
following Groups K1 to K7 is suitable to compose a kit for detection of a
bacterial species.

[0039]

Thus, a kit for PCR for detection and/or identification of a bacterial
species, is prepared by selecting one primer pair from every one of Groups
K1 to K7 to obtain seven primer pairs, i. ., a first to a seventh primer pair,
and using at least one primer pairs, preferably at least 4 primer pairs from the
primer pair group thus selected.

A kit for identification of a bacterial species may be prepared by using
at least 4 primer pairs of the first to the seventh primer pairs thus selected.
[0040]

(Primer Pairs for Kit)
Group K1:

1-1: a primer pair , which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 1 and a reverse primer consisting of
any one sequence of SEQ ID: No. 16 to 27;

1-2: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 10 and a reverse primer consisting
of any one sequence of SEQ ID: No. 16, 18, 20 and 21;

1-3: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 11 and a reverse primer consisting

of any one sequence of SEQ ID: No. 16 to 21, and 23 to 26;
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1-4: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 12 and a reverse primer consisting
of any one sequence of SEQ ID: No. 16 {o 27,

1-5: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 13 and a reverse primer consisting
of any one sequence of SEQ ID: No. 16 to 27;

1-6: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 14 and a reverse primer consisting
of any one sequence of SEQ ID: No. 16 to 27;

1-7: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 15 and a reverse primer consisting
of any one sequence of SEQ 1D: No. 16 to 27;

1-8: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 6 and a reverse primer consisting of
any one sequence of SEQ ID: No. 16 to 27,

1-9: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 7 and a reverse primer consisting of
any one sequence of SEQ 1D: No. 16 to 27;

1-10: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 8 and a reverse primer
consisting of any one sequence of SEQ ID: No. 16 to 27; or

1-11: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 8 and a reverse primer
consisting of any one sequence of SEQ ID: No. 16, 17, 19 and 26;

Group K2:
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2-1: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 28 and a reverse primer consisting
of any one sequence of SEQ ID: No. 44, 45, and 47 fo 50;

2-2: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ 1D: No. 29 and a reverse primer consisting
of any one sequence of SEQ ID: No. 44, 45, 47, 48 and 50;

2-3: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 30 and a reverse primer consisting
of any one sequence of SEQ ID: No. 45, and 47 to 50;

2-4: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ |D: No. 31 and a reverse primer consisting
of any one sequence of SEQ |D: No. 46 and 47;

2-5: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 32 and a reverse primer consisting
of any one sequence of SEQ ID: No. 45, and 47 to 49;

2-6: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 33 and a reverse primer consisting
of any one sequence of SEQ ID: No. 44 to 50;

2-7: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 34 and a reverse primer consisting
of any one sequence of SEQ 1D: No. 45 to 50,

2-8: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 35 and a reverse primer consisting

of any one sequence of SEQ iD: No. 44 to 50;
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2-9: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 36 and a reverse primer consisting
of any one sequence of SEQ 1D: No. 44 to 46, and 48 to 50;

2-10: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 37 and a reverse primer
consisting of any one sequence of SEQ 1D: No. 45 to 50;

2-11: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 38 and a reverse primer
consisting of any one sequence of SEQ ID: No. 44 to 50;

2-12: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 39 and a reverse primer
consisting of any one sequence of SEQ ID: No. 44 {o 50;

2-13: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 40 and a reverse primer
consisting of any one sequence of SEQ ID: No. 44 to 50;

2-14: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 41 and a reverse primer
consisting of any one sequence of SEQ ID: No. 44 to 50;

2-15: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 42 and a reverse primer
consisting of any one sequence of SEQ ID: No. 44 to 50; or

2-16: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID; No. 43 and a reverse primer
consisting of any one sequence of SEQ ID: No. 44 to 48, and 50;

Group K3:
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a primer pair , which consists of a combination of a forward primer
consisting of a sequence of SEQ 1D: No. 51 and a reverse primer consisting
of a sequence of SEQ ID: No. 52;

Group K4:

4-1: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 53 and a reverse primer consisting
of any one sequence of SEQ ID: No. 57 to 61;

4-2: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ [D: No. 54 and a reverse primer consisting
of any one sequence of SEQ ID: No. 59 and 61;

4-3: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ |D: No. 55 and a reverse primer consisting
of any onhe sequence of SEQ ID: No. 57 to 59, and 61; or

4-4: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ 1D: No. 56 and a reverse primer consisting
of any one sequence of SEQ ID: No. 57 to 59, and 61;

Group K5:

5-1: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 62 and a reverse primer consisting
of any one sequence of SEQ ID: No. 70, 71, and 73 to 75;

5-2: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 63 and a reverse primer consisting
of any one sequence of SEQ [D: No. 70 to 75;

5-3: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 64 and a reverse primer consisting

of any one sequence of SEQ ID: No. 70 to 75;
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5-4: a primer palr, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 65 and a reverse primer consisting
of any one sequence of SEQ ID: No. 70 to 75; |

5-5: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 66 and a reverse primer consisting
of any one segquence of SEQ ID: No. 70 to 75;

5-6: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 67 and a reverse primer consisting
of any ohe sequence of SEQ ID: No. 70 fo 75;

5-7: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 68 and a reverse primer consisting
of any one sequence of SEQ ID: No. 70 to 75; or

5-8: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 69 and a reverse primer consisting
of any one sequence of SEQ ID: No. 70 to 75;

Group K6:

6-1: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 76 and a reverse primer consisting
of any one sequence of SEQ ID: No. 91, 93, 96, and 101 to 103;

8-2: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 77 and a reverse primer consisting
of any one sequence of SEQ ID: No. 91, 96, and 101 to 103;

6-3: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 78 and a reverse primer consisting

of any one sequence of SEQ ID: No. 91, and 101 to 103;




10

15

20

31

6-4: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 79 and a reverse primer consisting
of any one sequence of SEQ ID: No. 91, 97, and 101 to 103;

6-5: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID; No. 80 and a reverse primer consisting
of any one sequence of SEQ ID: No. 91, 93, and 100 to 103;

6-6: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 81 and a reverse primer consisting
of any one sequence of SEQ ID: No. 91, 83, and 101 to 103;

6-7. a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ 1D: No. 82 and a reverse primer consisting
of any one sequence of SEQ ID: No. 91, 96, 97, and 101 to 103;

6-8: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ 1D: No. 83 and a reverse primer consisting
of any one sequence of SEQ ID: No. 91, 101 to 103;

8-9: a primer pair, which consists of a combination of a forward primer
censisting of a sequence of SEQ ID: No. 84 and a reverse primer consisting
of any one sequence of SEQ ID: No. 91, and 101 to 103;

6-10: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 85 and a reverse primer
consisting of any one sequence of SEQ 1D: No. 81, and 101 to 103;

6-11: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ iD: No. 86 and a reverse primer

consisting of any one sequence of SEQ ID: No. 91, 93, 97, and 101 to 103;
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6-12: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ |D: No. 87 and a reverse primer
consisting of any one sequence of SEQ ID: No. 91, 96, and 101 to 103;

6-13: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 88 and a reverse primer
consisting of any one sequence of SEQ ID: No. 91, and 101 to 103;

6-14: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ 1D; No. 89 and a reverse primer
consisting of any one sequence of SEQ I1D: No. 81, and 101 to 103; or

6-15: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ [D: No. 90 and a reverse primer
consisting of any one sequence of SEQ ID: No. 91, 92, 96, and 101 to 103;
Group K7:

7-1: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 104 and a reverse primer consisting
of any one sequence of SEQ ID: No. 2, 5, and 116 to 131;

7-2: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 105 and a reverse primer consisting
of any one sequence of SEQ ID: No. 2, 5, and 116 to 131;

7-3: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 106 and a reverse primer consisting
of any one sequence of SEQ ID: No. 2, 5, and 116 to 131;

7-4: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 107 and a revers primer consisting

of any one sequence of SEQ |D: No. 2, 5, and 116 to 131;
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7-5: a primer pair, which consists of a combination of a forward primer
caonsisting of a sequence of SEQ 1D: No. 108 and a reverse primer consisting
of any one sequence of SEQ ID: No. 2, 5, and 116 to 131;

7-6: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 109 and a reverse primer consisting
of any one sequence of SEQ ID: No. 2, 5, and 116 to 131;

7-7: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 110 and a reverse primer consisting
of any one sequence of SEQ ID: No. 2, 5, and 116 to 131;

7-8: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 111 and a reverse primer consisting
of any one sequence of SEQ ID: No. 2, 5, and 116 to 131;

7-9: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 112 and a reverse primer consisting
of any one sequence of SEQ ID: No. 2, 5, and 116 to 131;

7-10: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 113 and a reverse primer
consisting of any one sequence of SEQ ID: No. 2, 5, and 116 to 131;

7-11: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 114 and a reverse primer
consisting of any one sequence of SEQ ID: No. 2, 5 and 125; or

7-12: a primer pair, which consists of a combination of a forward
primer consisting of a sequence of SEQ ID: No. 115 and a reverse primer
consisting of any one sequence of SEQ ID: No. 2, 5, 1186, 118, 123, and 125
to 128.

[0041]
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The above primer set, which comprises a primer pair selected from
Groups S1 to S7, preferably comprises at least one primer pair from the
following seven primer pairs of S-1) to S-7).

S-1) as the primer set of Group S1, a primer pair , which consists of a
combination of a forward primer consisting of a sequence of SEQ 1D: No. 15
and a reverse primer consisting of a sequence of SEQ ID: No. 16;

S-2) as the primer set of Group S2, a primer pair, which consists of a
combination of a forward primer consisting of a sequence of SEQ ID: No. 43
and a reverse primer consisting of a sequence of SEQ ID: No. 50;

S-3) as the primer set of Group S3, a primer pair, which consists of a
combination of a forward primer consisting of a sequence of SEQ ID: No. 51
and a reverse primer consisting of a sequence of SEQ ID: No. 52;

S-4) as the primer set of Group S4, a primer pair, which consists of a
combination of a forward primer consisting of a sequence of SEQ ID: No. 53
and a reverse primer consisting of a sequence of SEQ ID: No. 57;

S-b) as the primer set of Groﬁp S5, a primer pair, which consists of a
combination of a forward primer consisting of a sequence of SEQ ID: No. 62
and a reverse primer consisting of a sequence of SEQ ID: No. 70;

S-6) as the primer set of Group S6, a primer pair, which consists of a
combination of a forward primer consisting of a sequence of SEQ ID: No. 81
and a reverse primer consisting of a sequence of SEQ ID: No. 103; and

S-7) as the primer set of Group S7, a primer pair, which consists of a
combination of a forward primer consisting of a sequence of SEQ 1D: No. 115
and a reverse primer consisting of a sequence of SEQ ID: No. 5.

[0042]
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In addition, the above primer set comprises preferably any one of the
primer pairs of the above S$-1) to S-7) as an essential component for
detection of bacterial species, and comprises preferably any one combination
of the following A to G for detection and/ar identification of bacterial species.

(A) when the primer set essentially comprises primer set S-1), the
primer set further comprises at least 3 primer pairs selected form S-2) to S-
7);

(B) when the primer set essentially comprises primer set S-2), the
primer set further comprises at least 3 primer pairs selected form S-1) and S-
3) to S-7);

(C) when the primer set essentially comprises primer pair S-3), the
primer set further comprises at least 3 primer pairs selected form S-1), S-2)
and S-4) to S-7);

(D) when the primer set essentially comprises primer pair $5-4), the
primer set further comprises at least 3 primer pairs selected form S-1) to S-3)
and S$-5) to S-7);

(E) when the primer set essentially comprises primer pair S-5), the
primer set further comprises at least 3 primer pairs selected form S-1) to S-4)
and S-8) to S-7);

(F) when the primer set essentially comprises primer pair S-6), the
primer set further comprises at least 3 primer pairs selected form S-1) to S-5)
and S-7);

(G) when the primer set essentially comprises primer pair $-7), the
primer set further comprises at least 3 primer pairs selected form S-1) to S-
B8).

[0043]
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The above primer set, which comprises a primer pair selected from the
above Groups K1 to K7, preferably comprises at least one primer pair from
the seven primer pairs of the following K-1) to K-7).

K-1) as the primer set of Group K1, a primer pair, which consists of a
combination of a forward primer consisting of a sequence of SEQ |D: No. 15
and a reverse primer consisting of a sequence of SEQ ID: No. 16;

K-2) as the primer set of Group K2, a primer pair, which consists of a
combination of a forward primer consisting of a sequence of SEQ ID: No. 43
and a reverse primer consisting of a sequence of SEQ 1D: No. 50;

K-3} as the primer set of Group K3, a primer pair, which consists of a
combination of a forward primer consisting of a sequence of SEQ ID; No. 51
and a reverse primer consisting of a sequence of SEQ ID: No. 52;

K-4) as the primer set of Group K4, a primer pair, which consists of a
combination of a forward primer consisting of a sequence of SEQ ID: No. 53
and a reverse primer consisting of a sequence of SEQ 1D: No. 57;

K-5) as the primer set of Group K5, a primer pair, which consists of a
combination of a forward primer consisting of a sequence of SEQ ID: No. 62
and a reverse primer consisting of a sequence of SEQ I1D: No. 70;

K-B) as the primer set of Group K6, a primer pair, which consists of a
combination of a forward primer consisting of a sequence of SEQ ID: No. 81
and a reverse primer consisting of a sequence of SEQ ID: No. 103; and

K-7) as the primer set of Group K7, a primer pair, which consists of a
combination of a forward primer consisting of a sequence of SEQ ID: No. 115
and a reverse primer consisting of a sequence of SEQ ID: No. 5,

[0044]
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In addition, the above primer set for a kit comprises preferably any one
of the primer pairs in the above K-1} to K-7} as an essential component for
detection of bacterial species, and comprises preferably any one combination
of the following A to G for detection and/or identification of bacterial species.

(A) when the primer set essentially comprises primer set K-1), the
primer set further comprises at least 3 primer pairs selected form K-2) to K-
7);

(B) when the primer set essentially comprises primer set K-2), the
primer set further comprises at least 3 primer pairs selected form K-1) and K-
3) to K-7);

(C) when the primer set essentially comprises primer pair K-3), the
primer set further comprises at least 3 primer pairs selected form K-1), K-2)
and K-4) to K-7);

(D)} when the primer set essentially comprises primer pair K-4), the
primer set further comprises at least 3 primer pairs selected form K-1) to K-3)
and K-5) to K-7);

(E) when the primer set essentially comprises primer pair K-5), the
primer set further comprises at least 3 primer pairs selected form K-1) to K-4)
and K-6) to K-7);

(F) when the primer set essentially comprises primer pair K-8), the
primer set further comprises at least 3 primer pairs selected form K-1) to K-5)
and K-7);

(G) when the primer set essentially comprises primer pair K-7), the
primer set further comprises at least 3 primer pairs selected form K-1) to K-
6).

[0045]
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By combining four from the primer pairs S-1 to S-7 in the above-
described primer sets, identification of bacterial species can be conducted,
and it is preferable that the number of pairs selected from these 7 primer
pairs is increased to 5 or more, and it is more preferable that all of the seven
primer pairs S-1 to S-7 are combined. |dentification precision can be further
improved by thus increasing the number of pairs to be selected.

[0048]

Likewise, by combining four out of primer pairs K-1 to K-7 in the
above-described primer sets, identification of bacterial species can be
conducted, and it is preferable that the number of pairs selected from these 7
primer pairs is increased to 5 or morg, and it is more preferable that all of the
seven primer pairs K-1 to K-7 are combined. Identification precision can be
further improved by thus increasing the number of pairs to be selected.
[0047]

Those, in which some bases in a primer sequence are converted, can
also he applied, provided that the effect of the present invention can he
obtained. Basically, those hybridizable with complementary strands of DNA
fragments having SEQ ID Numbers described in the claims of the present
application are regarded as equivalent to the primer of the present invention.
The primer sequences obtained by addition, deletion or substitution of 1 to 2
bases of primer sequences are regarded also as equivalent to the primer of
the present invention.

[0048]

It is noted that the primer sets of the present invention have been

found for the first time after confirmétion of their effects based on a large

amount of combinations and could not be attained by simple confirmation of
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the effects, and that the primer sets have been confirmed as the novel
combinations as the primer sets for detection and/or identification of bacterial
species, as a result of sequence search.

[0049]

The present invention does not prevent concomitant use of several
known primers for fungi, specific microorganisms or viruses, in addition to the
primer set of the present invention.

[0050]

The primer set of the present invention is suitably used for the purpose
of amplifying the intended DNA fragment by PCR from bacterial DNA
extracted from a sample, Measuring Tm of the amplified DNA fragment,
measuring the molecular weight thereof, and decoding its sequence.
Specifically, it is suitably used for identifying bacterial species by the Tm
value of a DNA fragment composed of a part of 16S rDNA sequence of a
hacterium to be amplified by the primer set of the present invention.

[0051]

In amplification of DNA by PCR and in measurement of Tm, DNA
containing the intended sequence may be previously amplified by a pair of
forward and reverse primers having a base number of 15 to 30 b containing a
DNA sequence hybridizing to bacterial-common conservation region on 16S
rDNA before using at least one primer pair out of the above-described first to
seventh primer pairs for a primer set or for a kit, and PCR amplification may
be further performed on the amplified sample by the above-described primer
set (so-called, Nested PCR method and Semi-nested PCR method).

[0052]
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The pair of forward and reverse primers having a base number of 15
to 30 b used for first amplification of DNA by PCR is not particularly restricted
providing it contains a DNA sequence hybridizing to a bacterial-common
conservation region on 16S rDNA sequence, and it is preferable that the
DNA chain length of the PCR product using this primer pair is 500 bp to 1500
bp. In particular, primers including those which generate amplification
product, to which a primer set for the second amplification hybridizes,
concretely such the primer pair described in Groups K 1 to K7, and, thus,
from which at least four DNA fragments are obtained, are preferable.

[0053]

The primer set used in the present invention is suitably used for
detection of an extremely trace amount of sample bacterial DNA and/or
identification of bacterial species. Therefore, it is necessary that
contamination of bacteria-derived DNA as a contamination source into each
primer pair is suppressed to minimum. The amount of contamination of
bacteria-derived DNA as a contamination source is less than 10 fg,
preferably less than 5 fg, further preferably less than 1 fg with respect to a
primer pair preparation solution.

[0054]

The primer concentration in PCR is not particularly restricted and in
general, it is appropriately set depending on investigation in a range of 0.05
MM to 1.0 M.

[0055]
<Reagent>
As the reagents other than the primer set used for PCR analysis in the

present invention, any known reagents can be used in any known
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combinations. The reagents necessary for measurement include an enzyme
for PCR, a pH buffer solution, dNTP, a Mg®" source, and sterile water purified
by a filtration treatment, etc. In real time PCR analysis, a fluorochrome is
required in addition to the above-described materials.
[0056]
<Enzyme for PCR>

As the enzyme for PCR used in the present invention, a heat-resistant
DNA polymerase in which the amount of contamination of bacteria-derived
DNA is suppressed to minimum is preferably used. Specific examples
thereof include, but not limited to, those produced by eukaryotes, those
highly purified, or those treated with EMA (ethidium monoazide) or PMA
(propidium monoazide) as a selectively membrane-permeable dye.
[0057]

In the present invention, the amount of mixing of bacteria-derived DNA
from a host or contamination source is less than 10 fg, preferably less than 5
fg, further preferably less than 1 fg with respect to an enzyme preparation
solution. In the case of use of a heat-resistant DNA polymerase preparation
{(preparation solution) produced by an eukaryote utilizing a bacteria-derived
heat-resistant DNA polymerase gene in which DNA from a bacteria-derived
heat-resistant DNA polymerase gene is mixed, the amount of mixing of
bacteria-derived DNA other than a gene coding the heat-resistant DNA
polymerase is not higher than the above-described upper limit. Tag DNA
Polymerase having a bacteria-derived DNA content less than 10 fg/uL is
preferable as the enzyme for PCR.

[0058]
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The gene coding the enzyme for PCR used in the present invention
may be any gene such as cDNA coding a heat-resistant DNA polymerase,
genome DNA, synthetic DNA, etc., and may be a single-stranded chain or a
double-stranded chain having its complementary strand, and may contain a
natural or ariificial nucleotide derivative. Further, when the heat-resistant
DNA polymerase is derived from an organism, the derivation of the heat-
resistant DNA polymerase is not particularly restricted.

[0059]

Specific examples of the heat-resistant, i.e., thermosiable DNA
polymerase used in the present invention include heat-resistant DNA
polymerases derived from Thermus aquaticus, Thermus thermophilus,
Bacillus stearothermophilus, Thermococcus gorgonarius, Thermococcus
kodakaraensis KOD1, Pyrococcus woesei, Pyrococcus furiosus, Aeropyrum
pernix, Aquifex aeolicus, Sulfolobus tokodaii, Pyrolobus fumarii or
Methanopyrus kandleri.

[0060]

Further, the heat-resistant DNA polymerase may be a biogenetically
artificially synthesized heat-resistant DNA polymerase.
[0061]

The enzyme for PCR used in the present invention is preferably an
organism-derived heat-resistant DNA polymerase having heat resistance,
more preferably one derived from a prokaryote such as methane bacteria,
thermoacidophiles, thermophiles, hyperthermophiles, etc.

[0062]
(Production by eukaryote)
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The enzyme for PCR used in the present invention is preferably an
enzyme produced by using a eukaryote as a host.
[00863]

The eukaryotic cell includes fungi, animal cells, plant cells, insect cells,
etc., and the host cell is not particularly restricted and may be a cell derived
from a eukaryote.

[0064]

The fungi include ascomycetes such as yeasts, fungi, etc., filamentous
bacteria, basidiomycetes, zygomycetes, etc., and of them, yeasts or
filamentous bacteria are preferable. Specific examples thereof include
Saccharomyces, Schizosaccharomyces, Candida, Pichia, Hansenula,
Kluyveromyces, Zygosaccharomyces, Yarrowia, Trichosporon, Rhodosporidi,
Aspergillus, Fusarium, Trichoderma, etc.

[0065]

Specifically, Saccharomyces cerevisiae, Schizosaccharomyces
pombe, Candida utilis, Candida boidini, Pichia metanolica, Pichia angusta,
Pichia pastoris, Pichia anomala, Hansenula polymorpha, Kluyveromyces
lactis, Zygosaccharomyces rouxii, Yarrowia lipolytica, Trichosporon puliulans,
Rhodosporidium toruloides, Aspergillus niger, Aspergillus nidulans,
Aspergillus awamori, Aspergillus oryzae, Trichoderma reesei, etc. are
mentioned.

[0066]

The animal cells include human-derived cultured cells, mouse-derived
cultured cells, etc., and specific examples thereof include CHO cells, Hela
cells, etc. The plant cells may be cells derived from plants, are desirably

established cuitured cells and include Nicotiana cells, Arabidopsis cells,
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Ipomoea cells, Daucus cells, Oryza cells, etc. Specific examples thereof
include Nicotiana tabacum BY-2 cultured cells, Arabidopsis thaliana cultured
cells, [pomoea batatas cultured cells, Daucus carota cultured cells, Oryza
sativa cultured cells, etc. The insect cells may be cells derived from insects,
are desirably established cultured cells and include Spodoptera frugiperda
ovary cell-derived cultured cell sf9 strain and sf21 strain, Bombix mori
cultured cell Bm-N strain, etc. The host cells are preferably microorganisms
or eukaryotes of quick multiplication such as yeasts, etc., and examples
thereof include yeasts typically including Saccharomyces such as
Saccharomyces cerevisiae, etc., plant cells typically including cultured cells
of Nicotiana plants such as Nicotiana tabacum, etc., and filamentous bacteria
typically including Aspergillus such as Aspergillus oryzae, etc.

[0067]

The production method is not particularly restricted, and production
can be carried out appropriately according to, for example, a method
described in Patent document 4.

(0068]
(High purification treatment)

Even general enzymes, which was produced by using bacteria such
as E. coli, etc. as a host, can be used in the present invention provided that
they were treated by a high purification treatment to physically remove host
bacterium-derived DNA using a DNA degrading enzyme, an ion exchange
resin, etc. and in which the amount of contamination of bacteria-derived DNA
as a contamination source is less than 10 fg with respect to the enzyme
preparation.

[0069]
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(Treatment with selectively membrane-permeable dye)

By mixing the enzyme for PCR with EMA (ethidium monoazide) or
PMA (propidium monoazide) as a selectively meﬁbrane-permeable dye and
irradiating it with light, bacteria-derived DNA as a contamination source,
particularly, killed bacteria-derived DNA can be inactivated. Since the
inactivated DNA does not present amplification by PCR, only DNA derived
from an intended bacterium to be detected present in a sample can be
detected and the bacterial species can be identified. The treatment
conditions comply with conditions recommended by a company of
manufacturing and distributing the reagent and the reagent treating agent.
[0070]
<QOther reagent, instrument, etc.>

The pH buffer solution is used for adjusting pH of a sample provided to
PCR analysis to 7.0 to 10.0 (more preferably, pH 8.0 to 9.0). Specific
examples thereof include a Tris-HCI buffer solution, etc. For example, the
Tris-HCI buffer solution is used af a concentration of 5 mM to 100 mM.
[0071)

dNTP is a nucleoside source for amplification of DNA by PCR, and
four kinds: dATP, dGTP, dCTP and dTTP are necessary. As the dNTP, one
chemically modified for application in a hot start method, for example,
CleanAmp™ dNTP manufactured by TriLink BioTechnologies, Inc. may be
used. Regarding the use amount, dATP, dGTP, dCTP and dTTP are used
each at a concentration of around 0.2 mM.

[0072]
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In amplification of DNA by PCR, Mg® is necessary. The Mg?* source
includes MgCl,, MgSO,, etc. MgCl; is preferable and used appropriately in a
use amount of 0.5 mM to 5.0 mM depending on investigation.

[0073]

The fluorochrome is used for the purpose of detecting a DNA
amplification product by real time PCR, and further, for the purpose of
measuring Tm of an amplified DNA fragment, and various known
fluorochromes can be used. For example, a method of using an intercalator
having a labeling function, a method of using a probe obtained by connecting
a fluorescent substance to a nucleotide hybridizing specifically to a DNA
sequence to be amplified, etc., are mentioned. The intercalator includes
ethidium bromide and SYBR Green | as unsaturated fluorochromes; and
Resolight (manufactured by Roche), EvaGreen (manufactured by Biotim) ,
etc., as saturated flucrochromes, etc. Preferable intercalators are SYBR
Green | as an unsaturated fluorochrome and EvaGreen and Resolight as a
saturated fluorochrome, more preferable intercalators are EvaGreen and
Resolight as a saturated fluorochrome. The use amount complies with
recommendation of a company of producing and distributing the
fluorochrome to be used.

[0074]

Additionally, genome DNA of a bacterium which is used as a positive
control of PCR and sterile water which is used as a negative control may be
contained in the kit.

As the vessel for PCR analysis and measurement used in the present
invention (for example, tube for analysis and measurement), those having a

shape and a structure appropriate to a measuring machine can be selected




10

15

20

25

47

and used. Those recommended by a measuring machine distributing source
can be used for measurement without particular problems.
{0075]

Other necessary instruments in carrying out the present invention
include instruments widely used in molecular biological experiments such as
pipettes, pipette tips, 1.5 ml microtubes, etc., and apparatuses thereof
include means widely used in molecular biological experiments such as PCR,
a clean bench, a centrifugal machine for a tube, etc.

[0076]
<Contamination level>

The second point of the present invention is reduction of the level of
contamination of bacteria-derived DNA as a contamination source in the
whole sample solution prepared for PCR measurement including a primer
used for detection and/or identification having the reduced level thereof,
which does not disturb detection of an extremely trace amount of a sample
bacterium and identification of bacterial species.

[0077]

Patent document 4 describes that the amount of contamination of
bacteria-derived DNA in a heat-resistant polymerase preparation solution is
preferably 10 fg or less.  As a result of investigation by the present inventors,
however, it was found that also bacterial contamination in reagents and
instruments is an extremely important factor for detection of an extremely
trace amount of a sample bacterium and identification of bacterial species.
When commercially available reagents and instruments were used directly to
analysis, as they are, PCR amplifications was occasionally observed

(Comparative Example 11).
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[0078]

In the present invention, suppression of contamination of bacteria-
derived DNA as a contamination source is necessary, not only for reagents to
be used, but also for instruments and filtered water used for preparation of
solutions for measurement. Regarding the instruments, the instruments are
washed with water for washing capable of dissolving DNA, which has no
DNA contamination in an operation space closing off DNA contamination
from the environment, such as a clean room, etc. DNA contamination can be
checked by analyzing the washing water after washing by a PCR method.
When appropriate, contamination of DNA may be checked by using this
method.

[0079]

In the present invention, the amount of contamination of bacteria-
derived DNA as a contamination source is 10 fg or less, preferably 5 fg or
less, further preferably 1 fg or less with respect to the whole kit for
identification. For respective reagents and instruments, the amount is lower
than 10 fg, preferably lower than 5 fg, further preferably lower than 1 fg with
respect to an individual preparation solution, depending on the embodiment
of a kit described later. By suppressing the amount of mixing of bacteria-
derived DNA as a contamination source to such a level, there are no
emergence of unnecessary peaks and no deviation of the Tm value even in
execution of amplification of 30 cycles or more in PCR analysis necessary for
detection of an extremely trace amount of a sample bacterium and
identification of bacterial species, thus, detection of bacterial species and
identification of bacterial species can be effected at high sensitivity with high

precision.
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[0080]
< Method of removing contaminant >

The method of suppressing contamination of bacteria-derived DNA as
a contamination source in reagents and instruments used in the present
invention includes an UV irradiation treatment, a gamma ray sterilization
treatment, an ultrafiltration treatment, an EMA treatment, etc. Whenitis
evident that the amount of mixing of bacteria-derived DNA as a
contamination source is 10 fg or less by a receiving inspection, etc., the
following treatments are not necessarily required.

[0081]
(Gamma ray sterilization treatment)

Reagents and instruments used in the present invention can be
directly irradiated with a gamma ray to break bacteria-derived DNA as a
contamination source. Gamma ray irradiation conditions vary depending on
the kind of the material to be irradiated. In general, 5 kGy to 30 kGy,
preferably 10 kGy to 25 kGy are applied.

[0082]

For specific fluorochromes such as Resolight, EvaGreen, SYBR
Green |, efc., primers and instruments made of specific materials such as
polypropylene, efc., however, a gamma ray sterilization treatment cannot be
applied depending on conditions since they deteriorate by gamma ray
irradiation. Example 15 described later shows the effect of a gamma ray
sterilization treatment.

[0083]

(Ultrafiltration treatment)
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Bacteria-derived DNA as a contamination source can be separated
and removed, by treating reagents used in the present invention with
ultrafiltration. Concretely, when bacteria-derived DNA is bacterial celis per se
or genome, their molecular weights are so large. Thus, ultrafiltration of the
reagents can be carried out by selecting an ultrafiltration membrane through
which the reagents, etc., pass, but genomic DNA does not pass. As the
ultrafiltration membrane, a membrane having a molecular weight cut off of 1 -
kDa to 1000 kDa, preferably 10 kDa to 100 kDa, more preferably 30 kDa to
50 kDa is preferably used. An ultrafiltration membrane having a molecular
weight cut off of 10 kDa to 1000 kDa, preferably 30 kDa to 100 kDa, more
preferably 30 kDa to 50 kDa is used for filtration of a primer(s). The material
of the ultrafiltration membrane is not particularly restricted and includes
regenerated cellulose, cellulose acetate, polyether sulfone, etc. As the
pressure source for ultrafiltration, any of a vapor pressurization method, a
centrifugal method, etc. may be used, and a preferable method is selected
depending on the treating amount. |
[0084]

When the treating amount is small, a centrifugal membrane filtration
treatment is preferable. In the case of the centrifugal membrane filtration
treatment, the amount of a {reating solution and the centrifugal force (G) in a
centrifugal operation comply with recommendation by a company of
producing and distributing a filtration apparatus to be used.

[0085]

Example 13, Example 14, Comparative Example 10 and Comparative

Example 11 described later show the effect of a centrifugal membrane

filkration treatment.
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[0086]
(Treatment with selectively membrane-permeable dye)

Reagents and instruments can be treated with EMA (ethidium
monoazide) or PMA (propidium monoazide) as a selectively membrane-
permeable dye and irradiated with light to inactivate bacteria-derived DNA as
a contamination source, particularly, killed bacteria-derived DNA. Since
inactivated DNA does not manifest multiplication by PCR, only DNA derived
from an intended bacterium to be detected present in a sample can be
detected and identification of bacterial species can be conducted.

[0087]

Treatment conditions comply with conditions recommended by a
company of producing and distributing the reagents and the reagent treating
agents. For example, it is disclosed for "Viable Bacteria Selection Kit for
PCR" manufactured by TAKARA BIO Inc. that appended Solution A-gn (10
ul) and Solution B-gn (5 ul) are added to 40 ul of a sample solution to be
treated, the solution is allowed to stand still and reacted under light shielding
for 5 to 15 minutes, then, irradiated with light for about 5 minutes. Example
16 described later shows the effect of an EMA treatment.
<Embodiment of kit>

The bacterial species identification kit of the present invention is a kit
for identifying the bacterial species by analyzing a DNA fragment composed
of a part of 163 rDNA sequence of a bacterium to be amplified by a primer
set of the present invention. The analysis of a DNA fragment includes
analysis of the molecular weight of a DNA fragment, measurement of the Tm

value, etc. Measurement of the Tm value is preferable, and real time PCR is
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suitably used for this purpose. The molecular weight can be analyzed by
electrophoresis, a mass spectrometer, etc.
[0088]

As the primer pair composing a kit for detection of bacterial species,
the primer pairs classified into the following groups K1 to K7 were found to be
suitable. Then, each one primer pair was selected from respective groups
K1 to K7, and at least one, preferably at least four of thus obtained seven
primer pairs were used to constitute bacterial species detection kit.

[0089] |
(Primer pair for kit)
Group K1:

1-1: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 1 and a reverse primer consisting of
any one of SEQ ID No. 16 to 27,

1-2: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 10 and a reverse primer consisting
of any one of SEQ [D No. 16, 18, 20 and 21,

1-3: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 11 and a reverse primer consisting
of any one of SEQ ID No. 16 to 21, and 23 to 26,

1-4: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 12 and a reverse primer consisting
of any one of SEQ ID No. 16 to 27,

1-5: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ 1D No. 13 and a reverse primer consisting

of any one of SEQ ID No. 16 to 27,
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1-8; a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 14 and a reverse primer consisting
of any one of SEQ ID-No. 16 to 27,

1-7: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 15 and a reverse primer consisting
of any one of SEQ ID No. 16 to 27,

1-8: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 6 and a reverse primer consisting of
any one of SEQ ID No. 16 to 27,

1-9: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 7 and a reverse primer consisting of
any one of SEQ ID No. 16 to 27,

1-10; a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 8 and a reverse primer consisting of
any one of SEQ ID No. 16 to 27, or

1-11: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 9 and a reverse primer consisting of
any one of SEQ ID No. 16, 17, 19 and 26,

Group K2:

2-1. a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 28 and a reverse primer consisting
of any one of SEQ ID No. 44, 45, and 47 to 50,

2-2: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 292 and a reverse primer consisting

of any one of SEQ ID No. 44, 45, 47, 48 and 50,
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2-3: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 30 and a reverse primer consisting
of any one of SEQ ID No. 45, and 47 to 50,

2-4: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 31 and a reverse primer consisting
of any one of SEQ ID No. 46 and 47,

2-5: a primer pair consisting of a combinétion of a forward primer
consisting of a sequence of SEQ ID No. 32 and a reverse primer consisting
of any one of SEQ ID No. 45, and 47 to 49,

2-6: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 33 and a reverse primer consisting
of any one of SEQ ID No. 44 to 50,

2-7: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 34 and a reverse primer consisting
of any one of SEQ ID No. 45 to 50,

2-8: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 35 and a reverse primer consisting
of any one of SEQ ID No. 44 to 50,

2-9: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 36 and a reverse primer consisting
of any one of SEQ 1D No. 44 to 46, and 48 to 50,

2-10: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ 1D No. 37 and a reverse primer consisting

of any one of SEQ ID No. 45 {o 50,
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2-11: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ 1D No. 38 and a reverse primer consisting
of any one of SEQ ID No. 44 to 50,

2-12: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 39 and a reverse primer consisting
of any one of SEQ ID No. 44 to 50,

2-13: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ 1D No. 40 and a reverse primer consisting
of any one of SEQ ID No. 44 {o 50,

2-14: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 41 and a reverse primer consisting
of any one of SEQ ID No. 44 o 50,

2-15: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ 1D No. 42 and a reverse primer consisting
of any one of SEQ ID No. 44 to 50, or

2-16: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 43 and a reverse primer consisting
of any one of SEQ ID No. 44 to 48, and 50,

Group K3:

a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ 1D No. 51 and a reverse primer consisting
of a sequence of SEQ I1D No. 52,

Group K4:

4-1: a primer pair consisting of a combination of a forward primer

consisting of a sequence of SEQ ID No. 53 and a reverse primer consisting

of any one of SEQ ID No. 57 to 61,
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4-2: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 54 and a reverse primer consisting
of any one of SEQ ID No. 59 and 61,

4-3. a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 55 and a reverse primer consisting
of any one of SEQ ID No. 57 to 59 and 61, or

4-4: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ 1D No. 56 and a reverse primer consisting
of any one of SEQ ID No. 57 to 59, and 61,

Group K5:

5-1: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 62 and a reverse primer consisting
of any one of SEQ ID No. 70, 71, and 73 to 75,

5-2: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 63 and a reverse primer consisting
of any one of SEQ ID No. 70 to 75,

5-3. a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 64 and a reverse primer consisting
of any one of SEQ ID No. 70 to 75,

6-4. a primer pair consisting of a combination of a forward primer
cansisting of a sequence of SEQ ID No. 65 and a reverse primer consisting
of any one of SEQ ID No. 70 to 75,

5-5: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 66 and a reverse primer consisting

of any one of SEQ ID No. 70 to 75,
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5-6: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 67 and a reverse primer consisting
of any one of SEQ ID No. 70 to 75,

5-7: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 68 and a reverse primer consisting
of any one of SEQ ID No. 70 to 75, or

5-8: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ {D No. 69 and a reverse primer consisting
of any one of SEQ ID No. 70 to 75,

Group K6:

6-1: a primer pair consisting of a combination of a forward primer
congisting of a sequence of SEQ 1D No. 76 and a reverse primer consisting
of any one of SEQ ID No. 91, 93, 96, and 101 to 103,

6-2: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 77 and a reverse primer consisting
of any one of SEQ ID No. 91, 96, and 101 to 103,

6-3: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 78 and a reverse primer consisting
of any one of SEQ ID No. 91, and 101 to 103,

6-4: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 79 and a reverse primer consisting
of any one of SEQ ID No. 91, 97, and 101 to 103,

6-5: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ 1D No. 80 and a reverse primer consisting

of any one of SEQ D No. 91, 93, and 100 to 103,




10

13

20

58

6-6: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 81 and a reverse primer consisting
of any one of SEQ ID No. 91, 93, and 101 to 103,

6-7: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 82 and a reverse primer consisting
of any one of SEQ ID No. 91, 96, 97, and 101 to 103,

6-8: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ 1D No. 83 and a reverse primer consisting
of any one of SEQ ID No. 91, and 101 to 103,

6-9: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 84 and a reverse primer consisting
of any one of SEQ ID No. 91, and 101 fo 103,

6-10: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ {D No. 85 and a reverse primer consisting
of any one of SEQ 1D No. 91, and 101 to 103,

6-11: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ 1D No. 86 and a reverse primer consisting
of any one of SEQ ID No. 91, 93, 97, and 101 to 103,

6-12: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 87 and a reverse primer consisting
of any one of SEQ ID No. 91, 96, and 101 te 103,

6-13: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 88 and a reverse primer consisting

of any one of SEQ ID No. 91, and 101 to 103,
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6-14: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 89 and a reverse primer consisting
of any one of SEQ 1D No. 91, and 101 to 103, or

6-15: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 90 and a reverse primer consisting
of any one of SEQ 1D No. 81, 92, 86, and 101 to 103,

Group K7:

7-1: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 104 and a reverse primer consisting
of any one of SEQ ID No. 2, 5, and 116 to 131,

7-2: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 105 and a reverse primer consisting
of any one of SEQ ID No. 2, 5, and 1186 to 131,

7-3: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 106 and a reverse primer consisting
of any one of SEQ ID No. 2, 5, and 116 fo 131,

7-4: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 107 and a reverse primer consisting
of any one of SEQ ID No. 2, 5, and 116 to 131,

7-5: a primer pair consisting of a combination of a forward primer
cansisting of a sequence of SEQ ID No. 108 and a reverse primer consisting
of any one of SEQ ID No. 2, 5, and 116 to 131,

7-6: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 109 and a reverse primer consisting

of any one of SEQ ID No. 2, 5, and 116 to 131,
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7-7. a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 110 and a reverse primer consisting
of any one of SEQ ID No. 2, 5, and 116 to 131,

7-8: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 111 and a reverse primer consisting
of any one of SEQ ID No. 2, 5, and 116 to 131,

7-9: a primer pair consiéting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 112 and a reverse primer consisting
of any one of SEQ ID No. 2, 5, and 116 to 131,

7-10: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 113 and a reverse primer consisting
of any one of SEQ ID No. 2, 5, and 116 to 131,

7-11: a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 114 and a reverse primer consisting
of any one of SEQ [D No. 2, 5 and 125, or

7-12; a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 115 and a reverse primer consisting
of any one of SEQ ID No. 2, 5, 116, 118, 123, and 125 to 128.

[0090]

It is preferabte that the above-described primer sets and kits contain at
least one primér pair from the following seven primer pairs 1) to 7).

1) a primer pair consisting of a combination of a farward primer
consisting of a sequence of SEQ ID No. 15 and a reverse primer consisting

of a sequence of SEQ ID No. 16,
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2) a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 43 and a reverse primer consisting
of a sequence of SEQ ID No. 50,

3) a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 51 and a reverse primer consisting
of a sequence of SEQ ID No. 52,

4) a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 53 and a reverse primer consisting
of a sequence of SEQ ID No. 57,

5) a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ ID No. 62 and a reverse primer consisting
of a sequence of SEQ ID No. 70,

6) a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ 1D No. 81 and a reverse primer consisting
of a sequence of SEQ ID No. 103, and

7) a primer pair consisting of a combination of a forward primer
consisting of a sequence of SEQ |ID No. 115 and a reverse primer consisting
of a sequence of SEQ ID No. 5.

[0091]

Further, the above-described kit containing as an essential component
at least one of the ahove-described primer pairs 1) to 7) are preferable, and
those containing at least one of the following combinations A to G are
preferabie for identification of bacterial species.

(A) A combination essentially containing the above-described primer
set 1) and further containing at least three primer pairs selected from the

above-described 2) to 7).
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(B) A combination essentially containing the above-described primer
set 2) and further containing at least three primer pairs selected from the
above-described 1) and 3) to 7).

(C) A combination essentially containing the above-described primer
pair 3) and further containing at least three primer pairs selected from the
above-described 1), 2) and 4) to 7).

(D) A combination essentially containing the ahove-described primer
pair 4) and further containing at |east three primer pairs selected from the
above-described 1) to 3) and 5) to 7).

(E) A combination essentially containing the above-described primer
pair 5) and further containing at least three primer pairs selected from the
above-described 1) to 4) and 6) to 7).

(F) A combination essentially containing the above-described primer
pair 8) and further containing at least three primer pairs selected from the
above-described 1) to §) and 7).

(G) A combination essentially containing the above-described primer
pair 7) and further containing at least three primer pairs selected from the
above-described 1) to 6).

[0092]

The kit for detection and/or identification of bacterial species of the
present invention has a constitution containing one or more out of the above-
described primer pairs. In addition to this primer, if necessary, at least one
reagent and/or part selected from reagents such as an enzyme for PCR, a
pH buffer solution, MgCla, dNTP (or CleanAmp-dNTP), sterile water, etc. and
parts such as vessels for PCR analysis and measurement (for example, tube

for analysis and measurement), other necessary instruments, etc. can be
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contained in the kit. Further, in analysis in real time PCR, a fluorochrome
can be added as a component. Depending on various embodiments of a
PCR method, components necessary for a PCR method, in addition to these

components, may be added to a kit. These reagents or parts may be packed

' in any form such as an individual form, a partial form, an integrated form, etc.

Specifically, the following forms are exemplified.

1) Reagents to be used are divided individually,

2) Reagents are divided into three components: a mixture obtained by
previously mixing a pH buffer solution, MgCly, dNTP (or CleanAmp-dNTP),
and a fluorochrome in analysis by real time PCR; a primer pair; and an
enzyme.

3) Reagents are divided into two components: a mixture obtained by
previously mixing a pH buffer solution, MgCly, dNTP (or CleanAmp-dNTP), a
fluorochrome in analysis by real iime PCR and a primer pair; and an enzyme.

4) A pH buffer solution, MgCl,, dNTP (or CleanAmp-dNTP), a
fluorochrome in analysis by real time PCR, a primer and an enzyme are all
previously mixed.

[0093]

In the above-described kit, the amount of mixing of bacteria-derived
DNA as a contamination source is 10 fg or less on the whole, the enzyme to
be used is one having undergone production by an eukaryote, a high
purification ireatment or a treatment with a selectively membrane-permeable
dye such as EMA or the like, and the reagents and instruments to be used
(including tube for PCR analysis) are those individually or wholly having
undergone a gamma ray sterilization freatment, a centrifugal membrane

filtration treatment or a treatment with a selectively membrane-permeable
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dye, if needed. In packing reagents and parts, various treatments are so
conducted that the amount of mixing of bacteria-derived DNA in a package
after packing and sealing is 10 fg or less.

[0094]

<Application field, Sample>

The kit for detection and/or identification of bacterial species of the
present invention can be used for detection of a bacterium and identification
of bacterial species in various fields such as the medical field, food field,
environmental analysis, etc. Particularly, in the medical field, the kit is useful
since it can detect an infecting bacterium in an infectious disease and/or
identify bacterium species.

[0095]

The sample analyzed by the bacteria test is not particularly restricted,
and a wide variety of samples can be applied. Specifically, in the medical
field, the sample includes blood, spinal fluid, lacrimal fluid, amnion fluid, other
body fluids, materials adhered to medical devices such as catheters, efc.
Blood, amnion fluid and spinal fluid are particularly useful for defection of a
pathogenic bacterium of a serious infectious disease. [n the food field, the
sample includes foods themselves, liquid or solid samples in the course of
production, materials adhered to a machine in the production process, etc.
[0096]
<DNA extraction treatment>

[n execution of detection of a bacterium in a sampie and/or
identification of bacterium species using the identification kit of the present
invention, it is necessary that DNA is previously extracted from a bacterium

possibly present in a sample. As the DNA extraction method, an alkali
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melting method, a boiling method, a phenol extraction method, etc. are
currently known, and dedicated DNA exfraction kits are marketed from
various makers.

[0097]

The DNA extraction methoed in the present invention is not particularly
restricted, and it is desirable to select a method proper for a subject sample
since the suitable method varies depending on a sample. The suitably
applicable means for DNA extraction includes QlAamp DNA Mini Kit
manufactured by Qiagen and High pure PCR template preparation kit
manufactured by Roche used in the examples of the present application. As
described in the manuat of QiAamp DNA Mini Kit manufactured by Qiagen,
the elution amount can be changed in a range of 50 pl to 200 pl according to
necessity.

[0098]
<PCR analysis>

The primer set or kit of the present invention is used in a PCR method.
As the PCR method, various PCR methods for amplification of a target gene
for detecting intended bacteria can be used. Real time PCR is a preferable
analysis method, and a combination of real time PCR and analysis of a
melting curve for Trn measurement is more preferable. In this case, it is
preferable that the performance of controlling temperature is +0.1°C as the
specification of a machine of real time PCR to be used. Specific examples of
PCR and real time PCR and measurement of Tm using them are listed
below.

[0099]
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In PCR and real time PCR, apparatuses, methaods, etc. which are
usually known can be used.
[0100]

Conditions of thermal cycles in PCR (temperature, time, temperature
elevating and dropping rate, cycle number) are not particularly restricted and
may be appropriately set depending on the properties of a primer, an
enzyme, a template, etc. fo be used and the sensitivity of a DNA detection
method after PCR. For setting such conditicns, a lot of documents are
already known.

[0101]

in PCR, a template double-stranded DNA thermal denaturation step, a
primer annealing step and a DNA elongation step with an enzyme are
repeated, in general. The thermal denaturation step may include
temperature and time at which a template double-stranded DNA dissociates
into single strands, and for example, a step of heating at 90°C to 98°C for
several seconds to several minutes is set. In initiation of PCR, a process of
thermal denaturation of several minutes to 10 minutes is often added only in
the first cycle. The primer annealing step is set according to the base
sequence of a primer and the number of bases, and a step of heating at 40°C .
to 72°C for several seconds to dozens of seconds is often set. In the DNA
elongation step, the femperature complies with the property of the enzyme
such as its optimum temperature, efc., and, for example, the range of 58°C to
76°C is general. Regarding the time of the DNA elongation step, the
necessary time is roughly estimated and set from the chain length of DNA to
be amplified and the DNA synthesis speed of an enzyme. The intended DNA

is amplified by repeating steps of thermal denaturation, annealing and
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elongation, and the number of this repetition may be appropriately altered
depending on the amount of template DNA, the amouni of an enzyme and
the sensitivity of a DNA detection method after PCR, and in general, 10 to 50
times are exemplified. When the annealing temperature and the DNA
elongation temperature are approximately the same, it is also possible to
carry out the both steps simultaneously.

[0102]

Also for real time PCR, conditions for thermal denaturation, annealing
and DNA elongation necessary for DNA amplification, and further, the
numbers of repetitions of these steps, are the same as those for the above-
described PCR. In real time PCR, the amount of amplified DNA can be
quantified and estimated by measuring the fluorescent intensity derived from
an intercalator and a probe, before and after the step of DNA elongation.
The temperature for measuring fluorescent intensity can be appropriately
altered depending on the kind of a probe, etc. The temperature far
measuring fluorescent intensity may be, for example, the temperature in DNA
elongation as it stands in the case of execution using an intercalator, and
when the chain length of intended DNA to be amplified is relatively long and
its Tm value is relatively high, the temperature for measuring fluorescent
intensity may be set at temperatures between the Tm value of intended DNA
and the Tm value of non-specifically amplified DNA typically including the
intermediate value therebetween, by utilizing a fact that non-specifically
amplified unintended DNA having relatively short chain length such as a
primer dimer, etc. (also referred to as non-specifically amplified DNA) has
relatively low Tm value. By this, it is possible that, particularly in execution

using an intercalator, only non-specifically amplified DNA such as a primer
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dimer, efc. dissociates into single strands from a double-stranded structure,
and the amount of DNA quantified or estimated from fluorescent intensity is a
value for intended DNA.

[0103]

Further, in real time PCR, Tm of amplified DNA can be measured by
analysis of a melting curve after completion of the DNA amplification step. In
a melting curve analysis, dissociation of DNA from a double~étranded
structure into single strands according to temperature change is observed,
however, its temperaiure and detection conditions are not particularly
restricted. In general, stages of thermal denaturation (Denaturation) (90°C to
98°C), double strand formation (Annealing) (40°C to 80°C) and melting
(Melting) (gradually rising from temperature of double strand formation up to
around 98°C) are implemented and the change of fluocrescent intensity in the
melting step is monitored to obtain a melting curve, and the Tm value can be
obtained from this. Such measurement is possible in a lot of models of the
real time PCR apparatus, and can be carried out according to device usage
instructions.

[0104]
<Method of detection and/or identification>

As a method of detection or identification of bacterial species in a
sample according to the present invention, the method comprising the
following steps can be used.

(1) A step of conducting PCR using genome DNA of bacterium
prepared from the above-described sample, a primer for obtaining an

amplification product containing an intended gene specific to the intended
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bacterial species o be detected as a target, and a heat-resistant DNA
polymerase.

(2) A step of conducting detection or identification of the intended
bacterial species to be detected in the above-described sample, by detection
of the above-described intended gene in the amplification product in the
above-described PCR or analysis of the amplification product.

[0105]

By using a primer set according to the present invention as the primer,
identification of bacterial species at high sensitivity can be performed.
Further, by using reagents and instruments having controlled contamination
level described above, further higher sensitivity and higher treating speed
can be attained.

[01086]

In this detection and/or identification method, the amplification step is
preferably conducted under suppression of amplification of genes other than
the intended gene (unintended gene). For this suppression of amplification
of unintended genes, PCR by a hot start method can be used. As an
example, a hot start method using an anti-DNA polymerase antibody is
mentioned. |n this case, it is preferable to use an anti-DNA polymerase
antibody in an amount surplus to heat-resistant DNA polymerase 1U. Also, a
hot start method in which reversible chemical modification is performed on a
DNA polymerase as disclosed in Japanese Patent Laid-Open No. 2000-4847
(JP 2000 4847 A) and Japanese Patent Laid-Open No. 276776/1998 (JP
H10 276776 A) can be suitably used. Further, a hot start method in which
chemically modified dNTP is used or a chemically modified primer is used as

described in US Patent Publication No. 20070281308 can also be suitably
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used. Furthermore, a hot start method in which a DNA polymerase and
constituent components {for example, primer, dNTP, Mg?* salf} indispensable
for DNA amplification by a DNA polymerase are physically isolated using a
wax melting by heating can also be suitably used.

[0107]

The step of detection and/or identification of a amplification product
can be carried out by measuring Tm by real time PCR using an intercalator
or a probe having a fluorescent label for detection. Preferable is real time
PCR using an intercalator, and the intercalator includes, preferably,
unsaturated fluorochromes: SYBR Green |, saturated fluorochromes:
EvaGreen and Resolight; more preferably, saturated fluorochromes:
EvaGreen and Resolight.

[0108]

In the step of detection and/or identification by measurement of Tm
using real time PCR, the amplification product of the above-described
intended gene can be made detectable and the amplification products of
unintended genes other than this can be made undetectable. For this
purpose, a method is preferable, which detects the amplification product of
the intended gene by setting the conditions that detection of the amplification
product of the intended gene can be detected, while the amplification
products of unintended genes other than the intended gene can be not
detected, by:

(1) designing the above-described primer so that the melting
temperature (Tm") of the amplification product of an intended gene is higher
than the melting temperature (Tm®) of the amplification products of

unintended genes, and
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(2) performing detection of the amplification product at temperatures

between Tm™ and Tm8,.
[0109]

Further, a method can be used in which the amplification step and the
step of detection andfor identification are conducted by real time PCR using a
display indicating the amount of the amplification product, and the
amplification products of unintended genes are hidden on the above-
described display.

[0110]

The step of detection and/or identification can also be conducted by
analysis of the amplification product in which the amplification product is
developed by elecirophoresis on a gel, etc. and visualized. The step of
detection and/or identification can also be conducted by analysis of the
amplification product in which the base sequence of the amplification product
is read. Further, this step can also be conducted by a method in which the
molecular weight of the amplification product is measured and analyzed by a
mass spectrometer.

[0111]
<ldentification method>

Faor identifying the detected bacterium, the Tm value of a DNA
fragment obtained from the detected bacterium using a primer set of the
present invention can be utilized. In the algorithm for identification, a process
can be added in which an influence of measurement errors such as, for
example, a measuring error in every trial run of an apparatus is minimized by

effecting identification utilizing not only a combination of the Tm values
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themselves described above but also a combination of differences between
the Tm values.
[0112]

As the method for correcting the measuring error in every trial run of
an apparatus described above, “the average value of a combination of Tm
values is calculated, a combination of the relative values of respective Tm
values from its average value” can be utilized. Namely, it is a method in
which the configuration of a combination of Tm values is identified as
“shape”. “Shape” shown in fwo dimensions of the configuration of a
combination of Tm values is not influenced by a measuring error. For
example, a combination of Tm values (n (n is an integer of 4 or more and 7 or
less)) specific to a detected bacterium are represented as T1db to Tndb (db
is database), and the reiative values from its average value are represented
as d1db to dndb, respectively. In the same way, a combination of Tm values
(n {(n is an integer of 4 or more and 7 or less)) of unknown intended
organisms to be detected obtained from a sample are represented as T1ref
to Tnref (ref is reference), and the relative values from its average value are
represented as d1ref to dnref, respectively. After comparison with the
database, “one having a near combination of relative values = one in which
“shape” of the configuration of a combination of Tm values is close” is utilized
as the identification algorithm.

[0113]

Specific calculation methods include, but not limited to, for example, a
method of calculating the distance between two points on the Euclidean
space (formula 1).

[0114]
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[Formula: 1]

Dist.=V[(D1dp-D1ref)*+H(D2g5-D2e) >+ ... .(DNgy-Die)?]

In the calculation method by Formula 1, one in which the D value
obtained by this calculation formula is nearest to 0 is identified as a required
bacterium species to be detected. However, in view of the measuring error
of a PCR apparatus to be used, the allowable range of the D value is 0 to
0.37, preferably 0 fo 0.30 depending on the temperature control specification
of the apparatus and the number of primers.

[0115]

The above-described algorithm can be used as a data base type
identification software on a computer.
[0116]
<ldentifiable bacterial species>

Regarding the identifiable microorganisms, any microorganisms
corresponding to bacteria according to the taxonomic designhation can be
detected and identified according to the system.

Concrete bacterial species include: Achromobacter denitrificans,
Achromobacter xylosoxidans, Acinetobacter baumannii, Acinetobacter
calcoaceticus, Actinomyces israelii, Aerococcus christensenii, Aeromonas
hydrophila. Aeromonas sobria. Aggregatibacter actinomycetemcomitans,
Alcaligenes faecalis, Alistipes onderdonkii. Anaerococcus vaginalis,
Anaeroglobus geminatus, Arcanobacterium haemolyticum,
Arcanobacterium pyogenes, Arthrobacter cumminsii, Atopobium vaginae,
Bacillus anthracis, Bacillus cereus, Bacillus coagulans. Bacillus
licheniformis, Bacillus megaterium. Bacillus pumilus, Bacillus

sphaericus, Bacillus subtilis, Bacteroides dorei, Bacteroides finegoldii,
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Bacteroides fragilis, Bacteroides nordii, Bacteroides salyersiae,
Bacteroides thetaiotaomicron, Bacteroides uniformis, Bacteroides
vulgatus, Bartonelia henselae, Bartonella quintana, Bifidobacterium
bifidum. Bifidobacterium breve, Bilophila wadsworthia, Bordetella
pertussis, Borrelia burgdorferi, Borrelia recurrentis, Brevibacillus
laterosporus, Brucella abortus, Brucella melitensis. Brucella suis,
Burkholderia cepacia, Burkholderia mallei, Burkholderia pseudomailei,
Campylobacter coli, Campylobacter curvus, Campylobacter jejuni,
Campylobacter rectus, Capnocytophaga gingivalis, Capnocytophaga
granulosa, Capnocytophaga haemolytica, Capnocytophaga sputigena,
Cardicbacterium hominis, Chryseobacterium meningosepticum. Citrobacter
amalonaticus, Citrobacter freundii, Citrobacter koseri, Clostridium
butyricum, Clostridium difficile, Clostridium histolyticum, Clostridium
hylemonae, Clostridium paraputrificum. Clostridium perfringens,
Clostridium septicum. Clostridium sporogenes, Clostridium subterminale.
Clostridium tertium, Clostridium tetani, Corynebacterium amycolatum,
Corynebacterium confusum, Corynebacterium diphtheriae,
Corynebacterium glucuronolyticum, Corynebacterium jeikeium,
Corynebacterium kroppenstedtii, Corynebacterium macginleyi.
Corynebacterium minutissimum, Corynebacterium pseudodiphtheriticum,
Corynebacterium pseudotuberculosis, Corynebacterium riegelii,
Corynebacterium tuberculostearicum, Corynebacterium ulcerans,
Corynebacterium xerosis, Edwardsiella tarda, Eggerthella lenta, Eikenella
corrodens, Elizabethkingia meningoseptica, Empedobacter brevis,
Enterobacter aerogenes. Enterobacter aesrogenes, Enterobacter cloacae.

Enterobacter sakazakii, Enterococcus avium, Enterococcus bovis,
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Enterococcus casseliflavus, Enterococcus cecorum, Enterococcus dispar,
Enterococcus durans, Enterococcus faecium, Enterococcus flavescens,
Enterococcus gallinarum. Enterococcus gilvus, Enterococcus hirae,
Enterococcus italicus, Enterococcus malodoratus, Enterococcus munditii,
Enterococcus pallens, Enterococcus pseudoavium, Enterococcus
raffinosus. Enterococcus sanguinicola, Erysipelothrix rhusiopathiae,
Escherichia albertii, Escherichia coli, Eubacterium lentum, Eubacterium
limosum, Finegoldia magna. Francisella tularensis, Fusobacterium
necrophorum, Fusobacterium nucleatum, Fusobacterium periodonticum,
Fusobacterium varium, Gardnerella vaginalis, Gemella morbillorum,
Geobacillus stearothermophilus, Granulicatella adiacens, Haemophilus
ducreyi, Haemophilus influenzae, Haemophilus parainfluenzae, Hafnia
alvei, Halomonas venusta, Helicobacter cinaedi. Helicobacter pylori,
Kingella kingae. Klebsiella granulomatis, Klebsiella oxytoca, Klebsiella
pneumcniae, Lactobacillus acidophilus, Lactobacillus crispatus,
Lactobacillus delbrueckii, Lactobacillus jensenii, Lactococcus garvieae,
Legionella pneumophila, Leptospira interrogans, Listeria monocytogenes,
Micrococcus luteus., Moraxella catarrhalis, Morganella morganii,
Mycoplasma genitalium. Mycoplasma hominis, Neisseria gonorrhoeae.
Neisseria meningitidis, Nocardia cyriacigeorgica, Odoribacter
splanchnicus, Pantoea agglomerans, Parabacteroides distasonis,
Parvimonas micra, Pasteurella multocida. Pediococcus damnosus,
Peptoniphilus asaccharolyticus, Peptoniphilus gorbachii,
Peptostreptococcus anaerobius, Plesiomonas shigelloides,
Porphyromonas asaccharolytica, Porphyromonas gingivalis, Prevotella

bivia. Prevotella bivia, Prevotella corporis, Prevotella intermedia.
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Prevoteila melaninogenica, Prevotella nigrescens, Prevotella timonensis.
Prevotella veroralis, Propionibacterium acnes, Propionibacterium avidum,
Propionibacterium granulosum, Proteus mirabilis. Proteus vulgaris.
Providencia retigeri. Providencia stuartii, Pseudomonas aeruginosa,
Pseudomonas fluorescens, Pseudomonas putida, Rothia dentocariosa,
Rothia mucilaginosa, Salmonella enterica, Serratia marcescens, Serratia
plymuthica, Shigella boydii, Shigella dysenteriae, Shigella flexneri,
Shigella sonnei. Spirillum minus, Staphylococcus aureus, Staphylococcus
auricularis, Staphylococcus capitis, Staphylococcus caprae,
Staphylococcus carnosus, Staphylococcus cohnii, Staphylococcus
epidermidis, Staphylococcus haemolyticus, Staphylococcus hominis,
Staphylococcus lugdunensis, Staphylococcus pasteuri, Staphylococcus
pettenkoferi, Staphylococcus pulvereri, Staphylococcus saccharolyticus,
Staphylococcus saprophyticus, Staphylococcus schleiferi, Staphylococcus
simulans, Staphylococcus warneri, Staphylococcus xylosus,
Stenctrophomonas maltophilia, Streptobacillus moniliformis, Streptococcous
agalactiae, Streptococcus anginosus., Streptococcus bovis, Streptococcus
canis, Streptococcus constellatus, Streptococcus dysgalactiae,

Streptococcus equi, Streptococcus gailolyticus, Streptococcus gordonii,

Streptococcus infantarius, Streptococcus iniag, Streptococcus

intermedius. Streptococcus lutetiensis, Streptococcus mitis, Streptococcus
mutans, Stireptococcus oralis, Streptococcus pasteurianus, Streptococcus
pneumoniae., Streptococcus porcinus, Streptococcus pyogenes,
Streptococcus salivarius, Streptococcus salivarius, Strepiococcus
sanguinis, Streptococcus sobrinus, Streptococcus suis, Streptococcus

vestibularis, Sutterella wadsworthensis, Treponema pallidum., Ureaplasma
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parvum, Vagococcus fluvialis, Veillonella atypica, Veillonella parvula,
Vibrio alginolyticus, Vibrio cholerae, Vibrio fluvialis, Vibrio
parahaemolyticus, Vibrio vulnificus, Yersinia enterocclitica. Yersinia
pestis, Yersinia pseudotuberculosis. The identifiable microorganisms are

not limited to the above bacteria.

EXAMPLES
[0117]

The present invention will be illustrated specifically by examples and
test examples below, but the present invention is not limited to them.,
[0118]
(Production Example 1)  DNAP preparation method

e-DNAP was prepared by the following method according to
paragraphs 0195 to 0201 of Patent document 4, and used in examples
below.
(1) Synthesis of DNA

The entire DNA sequence of a heat-resistant DNA polymerase derived
from T.aquaticus was synthesized by GenScript. In this procedure, the
codon sequence was optimized to a yeast host, S.cerevisiae. The
synthesized DNA was incorporated into a plasmid pUCS57 and supplied from
GenScript, and a vector pUC-TAQ1 was obtained. The gene coding the heat-
resistant DNA polymerase was so designed that Hind |l added into the 5'
end seguence and an EcoRl restriction enzyme site added into the 3' end
sequence.
(2) Construction of vector for expression of T. aguaticus-derived heat-

resistant DNA polymerase
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The gene coding the synthesized T. aquaticus-derived heat-resistant
DNA polymerase was inserted into a plasmid pYES2 (Invitrogen), to
construct a vector pYES-TAQ1. For the gene coding the heat-resistant DNA
polymerase, pUC-TAQ1 was digested by restriction enzymes Hindlll, EcoRl
(TaKaRa Bio), electrophoresed on 1% agarose gel (Wako), and the gene
coding the heat-resistant DNA polymerase was recovered by QlAquick gel
extraction kit (Qiagen). The plasmid pYES2 was digested by EcoRI, Notl
(TaKaRa Bio), and the gene coding the heat-resistant DNA polymerase and
pYES2 were connected by DNA Ligation Kit Ver. 2.1 {TaKaRa Bio).
(3) Transformation of S.cerevisiae

PCR was conducted using the genome of Saccharomyces cerevisiae
X2180 as a template and using a forward primer of SEQ 1D No. 134 and a
reverse primer of SEQ ID No. 135, to obtain a fragment A of about 550 bp.
Likewise, PCR was conducted using the genome of Saccharomyces
cerevisiae X2180 as a template and using a forward primer of SEQ [D No.
136 and a reverse primer of SEQ ID No. 137, to obtain a fragment B of about
550 bp. Next, PCR was conducted using the fragment A and the fragment B
as a template and using a forward primer of SEQ ID No. 134 and a reverse
primer of SEQ ID No. 137, to obtain a fragment AB. Next, Saccharomyces
cerevisiae X2180 was cultured, then, a competent cell was made, and the
fragment AB was transformed using FastTrackTM-Yeast Transformation Kit
(Geno Technology). The transformant was applied to the minimal agar
medium in which 5-FOA was contained so as to give a final concentration of
1 mg/ml. This agar medium was cultured at 28°C for 3 days, then, a
growable strain was obtained in the minimal agar medium containing 5-FOA,

and named Saccharomyces cerevisiae X2180-S strain. The yeast
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Saccharomyces cerevisiae X2180 strain is available from American Type
Culture Collection as a bank for cells, bacteria and genes.
[0119]

This obtained vector pYES-TA01 was introduced into the yeast
(Saccharomyces cerevisiae X2180-S strain). As the host, the other yeast
can also be used providing it is a uracil auxotroph. For transformation,
FastTrackTM-Yeast Transformation Kit (Geno Technelogy} was used.

(4) Production of T. aquaticus-derived heat-resistant DNA polymerase by
S.cerevisiae

In the following experiment, the instruments and ultrapure water used
were free of DNA. The resultant transformant was cultured at 28°C for 72
hours under vibration in 100 ml of an SD medium (0.67% Bacto yeast
nitrogen base, 2% Galactose). These were centrifugally separated at 5000
rpm for 10 minutes and harvested, and suspended in a disrupting buffer
solution (60 mM Tris-HCI pH7.5, 50 mM KCI), and bacterial bodies were
disrupted using 0.5 mm glass beads, then, centrifugally separated at 12000
rom for 30 minutes, to obtain the yeast disrupting solution supernatant and a
precipitate as a cell extract. Next, the above-described cell exiract was
thermally treated at 70°C for 60 minutes, and after the thermal treaiment,
centrifugal separation was carried out at 5000 rpm for 30 minutes at 4°C and
the supernatant was recovered. To this supernatant, polyethyleneimine
(Sigma Aldrich) was added so as to give a final concentration of 0.1%, and
the mixture was stirred vigorously for 1 minute, then, allowed fo stand at
room temperature for 5 minutes. Thereafter, the mixture was centrifugally

separated at 8000 rpm at 4°C for 30 minutes and the supernatant was
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recovered, and this supernatant was allowed to pass through a filter of 0.45
mm.
[0120]
(5) Purification of T. aquaticus-derived heat-resistant DNA polymerase

In the following experiment, the instruments and ulirapure water used
were free of DNA, and the experiment was conducted in a low temperature
cabinet. The recovered coarse extracted solution was subjected to HiTrap Q
FF (GE) equilibrated with a buffer solution A (50 mM Tris-HCI pH7.5), and
thereatfter, a 5% buffer solution B (50 mM Tris-HCI pH7.5, 1M NaCl) was
allowed to flow through a column to elute foreign substances. Next, 2 15%
buifer solution B was allowed to flow through a column to elute a heat-
resistant DNA polymerase. The eluted enzyme solution was subjected to
HiTrap Heparin equilibrated with a 15% buffer solution B, the content of the
buffer solution B was increased gradually up to 50%, and an enzyme eluted
fraction was recovered. The buffer solution of this enzyme fraction was
replaced by a preservation buffer solution (40 mM Tris-HCI pH8.0, 1M NaCl,
2mM DTT, 0.2 mM EDTA), and fu_rther, a preservation solution (98%
glycerol, 1% Tween20, 1% NP-40) was added in an equal amount and the
mixture was stirred, then, preserved as an enzyme solution at -20°C.
(6) Measurement of activity of T. aquaticus-derived heat-resistant DNA
polymerase

First, a solution shown in Table 1 was prepared, and thermally
insulated at 70°C for 5 minutes. Using this solution, a reaction solution was
prepared as shown in Table 2, and the solution was reacted at 74°C for 5
minutes, and 50 L of 10 mM EDTA was added to stop the reaction. After
stopping of the reaction, 10 pL of SYBER Green | and 15 yl of sterile water




g1

were added and the mixture was allowed to stand at room temperature for 5
minutes, then, fluorescence thereof was measured (Em: 427 nm, Ex: 528
nm). Activity of the heat-resistant DNA polymerase was defined based on

the unit number of Thunder Taqg (Nippon Gene Co,, Ltd.) as a standard.

5 [0121]
[Table 1]
Table 1 Composition of reaction solution 1 for measurement of
activity 3
1ug/ul M13mp18 DNA 28l
10uM M13 primer 2.4uL
10mM Tris-HCI (pH8.8)
50mM KCI
0.08% Nonidet P-40
2mM MgClI2
DwW Appropriate amount
Total 140pL
[0122]
[Table 2]

Table 2 Composition of reaction solution 2 for measurement of

activity

Solution of Table 14 2.4k
2mM dNTPs 5L

10mM Tris-HCI (pH8.8)

50mM KCI

0.08% Nonidet P-40

2mM MgCl2
Enzyme solution TpL
DW Appropriate amount
Total 25ul.

10 [0123]

(Example 1) Bacterial identification by nested-PCR
In the present example, E. coli DNA was extracted from the culture

solution of E. coli MG1655 using QlAamp DNA purification kit (QIAGEN), and




10

15

82

after extraction, the DNA amount was measured by an absorption
spectrometer and diluted with ultrapure water, and EC1 and EC3 shown in
Table 3, out of the diluted solutions, were used as a template of the reaction.
Rotor-Gene Q MDx 5plex HRM (QIAGEN) was used as a real time PCR
apparatus. The instruments and ultrapure water used were free of DNA.

The E. coli MG1655 strain is available from American Type Culture Collection
as a bank for cells, bacteria and 'genes.

[0124]

[Table 3]

Table 3 E. coli genome solution used in experiment

Name E. coli genome concentration (ng/mL)
EC1 10.0
EC2 1.0
EC3 0.1

[0125]

In conducting nested-PCR, a reaction solution having a formulation
shown in Table 4 was heated at 95°C for 5 minutes, then, a process including
heating at 94°C for 10 seconds, at 65°C for 10 seconds and at 72°C for 30

seconds was repeated 40 times.
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[0126]
[Table 4]

Table 4 Reaction solution composition 1

Template 2.0 uyL
10X Thnuder Taqg Buffer 20 uL
25mM MgCl2 16 uL
e-DNAP 1.0 Unit
2mM CleanAmp-dNTP 2.0 L
EvaGreen (Biotium) 1.0 yL
10uM forward primer 0.6 uL
10pM reverse primer 06 pL
DW | Appropriate amount
Total 20.0 pL
[0127]
5 As the primer, a forward primer SEQ ID No. 1 and a reverse primer

SEQ ID No. 2 were used. After completion of PCR, the reaction solution was
recovered, and diluted 500-fold with DNA-free ultrapure water. The reaction
was carried out using this diluted solution as a template, with a formulation

shown in Table 5.

10 [0128]
[Tabte 5]
Table 5 Reaction solution composition 2
Template 20 L
10X Thnuder Taq Buffer 20 pL
25mM MgCi2 2.0 pL
e-DNAP 1.0 Unit
2mM CleanAmp-dNTP 20 pL
EvaGreen (Biotium) 1.0 pL
10uM forward primer 06 pL
10puM reverse primer 06 pL
DW Appropriate amount
Total 200 pL

[0129]
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Regarding the method of PCR, the reaction solution was heated at
95°C for 5 minutes, then, a process including heating at 94°C for 10 seconds,
at 60°C for 10 seconds and at 72°C for 10 seconds was repeated 35 times.
For the primer, 7 sets including (1) a combination of a forward primer SEQ 1D
No. 1 and a reverse primer SEQ ID No. 18, (2) a combination of a forward
primer SEQ ID No. 28 and a reverse primer SEQ ID No. 44, (3) a
combination of a forward primer SEQ ID No. 51 and a reverse primer SEQ [D
No. 52, (4) a combination of a forward primer SEQ ID No. 53 and a reverse
primer SEQ ID No. 57, (5) a combination of a forward primer SEQ ID No, 62
and a reverse primer SEQ ID No. 70, (6) a combination of a forward primer
SEQ ID No. 76 and a reverse primer SEQ ID No. 91 and (7) a combination of
a forward primer SEQ ID No. 104 and a reverse primer SEQ ID No. 2 were
adopted, amplification of DNA thereof was performed, then, the DNA
dissociation curve thereof was made and the Tm values were measured. In
creation of the DNA dissociation curve, the reaction solution was heated at
95°C for 10 seconds, then, incubated at 72°C for 90 seconds, and heated up
to 95°C by 0.5°C stepwise. At each stage, the reaction solution was
incubated for 2 seconds, and the data were obtained. The resultant Tm
value was compared with the Tm value of E. coli previously obtained and the
D value was determined, as described in Patent document 4. When the D
value is 0.3 or less, they were judged to be homogeneous. This result is
shown in Table 6 together with the resuit of Comparative Example 1.

[0130]
(Comparative Example 1) (Direct-PCR) compared with Example 1 (nested-

PCR)
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The following comparative example is a replication experiment of
Patent document 4. E. coli DNA was extracted from the culfure solution of E.
coli MG 1655 using QlAamp DNA purification kit (QIAGEN}), and after
extraction, the DNA amount was measured by an absorption spectrometer
and diluted with DNA free ultrapure water, and EC1 and EC3 shown in Table
3, out of the diluted sclutions, were used as a template of the reaction. The
reaction was conducted with a formulation shown in Table 5. The
instruments and ultrapure water used were free of DNA. Regarding the
method of PCR, the reaction solution was heated at 95°C for 5 minutes, then,
a process including heating at 84°C for 10 seconds, at 60°C for 10 seconds
and at 72°C for 20 seconds was repeated 35 times. For the primer, 7 sets
including (1) a combination of a forward primer SEQ ID No. 1 and a reverse
primer SEQ ID No, 16, (2) a combination of a forward primer SEQ ID No. 28
and a reverse primer SEQ {D No. 44, (3) a combination of a forward primer
SEQ ID No. 51 and a reverse primer SEQ D No. 52, (4) a combination of a
forward primer SEQ ID No. 53 and a reverse primer SEQ D No. 57, (5) a
combination of a forward primer SEQ ID No. 82 and a reverse primer SEQ ID
No. 70, (6) a combination of a forward primer SEQ ID No. 76 and a reverse
primer SEQ ID No. 91 and (7) a combination of a forward primer SEQ 1D No.
104 and a reverse primer SEQ 1D No. 2 were adopted, amplification of DNA
thereof was performed, then, the DNA dissociation curve thereof was made
and the Tm values were measured. The resultant Tm value was compared
with the Tm value of E. coli previously obtained and the D value was
determined, according to Example 7 of Patent document 4. This result is
shown in Table 6 together with the result of Example 1. When the D value is

0.3 or less, they were judged to be homogeneous.
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[0131]
[Table 6]

Table 6 Comparison between direct-PCR and nested-PCR

Template Comparative example 1 Example 1
EC1 o o
EC3 x o

o: ldentification was successful
x: {dentification was a failure

[0132]
(Example 2) Verification of primer (Electrophoresis with purified coli genome})
_In the present example, EC3 shown in Table 3 was used as a
template of the reaction. The instruments and ultrapure water used were free
of DNA. For the primer combination, the reaction solution was so added as
to give (1) respective combinations of a forward primer consisting of SEQ ID
No. 1 and reverse primers consisting of SEQ ID No. 2 to 5, (2) respective
combinations of forward primers consisting of SEQ ID No. 1 and 6 to 15 and
reverse primers consisting of SEQ 1D No. 16 to 27, (3) respective
combinations of forward primers consisting of SEQ ID No. 28 to 43 and
reverse primers consisting of SEQ 1D No. 44 to 60, (4) respective
combinations of forward primers consisting of SEQ 1D No. 53 to 56 and
reverse primers consisting of SEQ ID No. 57 to 61, (5) respective
combinations of forward primers consisting of SEQ ID No. 62 to 69 and
reverse primers consisting of SEQ ID No. 70 to 75, (6) respective
combinations of forward primers consisting of SEQ 1D No. 76 to 90 and
reverse primers consisting of SEQ ID No. 91 to 103, (7) respective

combinations of forward primers consisting of SEQ ID No. 104 fo 113 and
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reverse primers consisting of SEQ D No. 2 and 116 10 131, respective
combinations of a forward primer consisting of SEQ ID No. 114 and reverse
primers consisting of SEQ ID No. 2 and 5 and 125, respective combinations
of a forward primer consisting of SEQ ID No. 115 and reverse primers
consisting of SEQ ID No. 2 and 5 and 125, and PCR thereof was performed.
The reaction was conducted with a formulation shown in Table 4 for the
above-described combination (1), and with a formulation shown in Table 5 for
the above-described combinations (2) to (7).

[0133]

For (1) out of the above-described primer combinations, the reaction
solution was heated at 95°C for 5 minutes, then, a process including heating
at 94°C for 10 seconds, at 65°C for 10 seconds and at 72°C for 30 seconds
was repeated 35 times. For (2) to (7) out of the above-described primer
combinations, the reaction solution was heated at 95°C for 5 minutes, then, a
pracess including heating at 94°C for 10 seconds, at 60°C for 10 seconds
and at 72°C for 10 seconds was repeated 35 times. The solution after the
reaction was electrophoresed on 2% agarose gel and stained with ethidium
bromide, then, the amplification amount of the intended product and
amplification of the non-specific product were verified. Here, the combination
of a forward primer consisting of SEQ {D No. 1 and a reverse primer
consisting of SEQ ID No. 2, the combination of a forward primer consisting of
SEQ ID No. 1 and a reverse primer consisting of SEQ 1D No. 186, the
combination of a forward primer consisting of SEQ [D No. 28 and a reverse
primer consisting of SEQ ID No. 44, the combination of a forward primer
consisting of SEQ ID No. 53 and a reverse primer consisting of SEQ 1D No.

57, the combination of a forward primer consisting of SEQ ID No. 62 and a
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reverse primer consisting of SEQ ID No. 70, the combination of a forward
primer consisting of SEQ ID No. 76 and a reverse primer consisting of SEQ
ID No. 91 and the combination of a forward primer consisting of SEQ ID No.
104 and a reverse primer consisting of SEQ ID No. 2 correspond to
replication experiments of Patent document 4. The results are shown in
Tables 7-1 to 7-7 together with the result of Comparative Example 2.
[0134]

Evaluation in Table 7 was conducted according fo the following
criteria.
Amount of intended product;
® : amplification is particularly good
o: amplification is good
A: amplification is poor
x: amplification is particularly poor
Non-specific amplification product
o: non-specific product is not found
A: non-specific product is found
x; non-specific product is abundant
(Comparative Example 2) Comparative example for Example 2

The following comparative example is a replication experiment of
Patent document 4. in the present comparative example, EC3 shown in
Table 3 was used as a template of the reaction. The instruments and
ultrapure water used were free of DNA. The reaction solution was so added
as to give (1) a combination of a forward primer consisting of SEQ ID No. 1
and a reverse primer consisting of SEQ 1D No. 2, (2) a combination of a

forward primer consisting of SEQ ID No. 1 and a reverse primer consisting of
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SEQ ID No. 16, (3) a combination of a forward primer consisting of SEQ ID
No. 28 and a reverse primer consisting of SEQ ID No. 44, (4) a combination
of a forward primer consisting of SEQ ID No. 53 and a reverse primer
consisting of SEQ ID No. 57, (5) a combination of a forward primer consisting
of SEQ ID No. 62 and a reverse primer consisting of SEQ ID No. 70, (6) a
combination of a forward primer consisting of SEQ ID No. 76 and a reverse
primer consisting of SEQ ID No. 81 and (7) a combination of a forward primer
consisting of SEQ ID No. 104 and a reverse primer consisting of SEQ ID No.
2, and PCR thereof was performed. The reaction was conducted with a
formulation shown in Table 4 for the above-described combination (1), and
with a formulation shown in Table 5 for the above-described combinations (2)
to (7).

[0135]

For (1) out of the above-described primer combinations, the reaction
solution was heated at 95°C for 5 minutes, then, a process int_:luding heating
at 94°C for 10 seconds, at 65°C for 10 seconds and at 72°C for 30 seconds
was repeated 35 times. For (2) to (7) out of the above-described primer
combinations, the reaction solution was heated at 895°C for 6 minutes, then, a
process including heating at 94°C for 10 seconds, at 60°C for 10 seconds
and at 72°C for 10 seconds was repeated 35 times. The solution after the
reaction was electrophoresed on 2% agarose gel and stained with ethidium
bromide, then, the amplification amount of the intended product and
amplification of the non-specific product were verified. The results are shown

in Tables 7-1 to 7-7 together with the result of Example 2.
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[0136]
[Table 7-1]
Table 7-1
Electrophoresis : Amount of intended product
SEQID] SEQID [SEQID ] SEQID
No. 2 No. 3 No. 4 No. 5
SEQ ID No. 1 Q @ O O
EC3
Electrophoresis : Non specificityity
SEQID| SEQID | SEQ ID SEQ
No. 2 No. 3 No.4 | IDNo. 5
SEQ ID No. 1 O O O O
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[0138]
[Table 7-3]

Table 7-3
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EC3

Electrophoresis : Amount of intended product

SEQID
No.44

SEQID
No.45

SEQID
No.46

SEQID
No.47

SEQID
No.48

SEQID
No.49

SEQID
No.50

SEQ ID No.28

=
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SEQ ID No.29

SEQ D No.30

SEQ ID No.31
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SEQ ID No.34

SEQ ID No.35
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SEQ 1D No.31
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[0139]
[Table 7-4]
Table 7-4
Electrophoresis : Amount of intended product
SEQID| SEQID {SEQID | SEQID{SEQID
No.57 | No.58 No.59 | No.60 { No.61
SEQ ID No.53 % A Q * ©
SEQ ID No.54 ® X A * A
SEQ ID No.55 @) O O X O
SEQ ID No.56 @) @) O X ©
EC3
Electrophoresis . Non specificity
SEQID| SEQID |SEQID|SEQID| SEQ ID
No.57 | No.58 No.59 | No.60 | No.61
SEQ ID No.53 x O Q X O
SEQ ID No.54 x X O - X O
SEQ ID No.55 @) e O x O
SEQ ID No.56 O O @) x O
Electrophoresis : Amount of intended product
SEQID| SEQID | SEQID |SEQID; SEQID |SEQID
No.70 | No.71 No.72 | No.73 | No.74 | No.75
SEQ ID No.62 O x - O O O
SEQ ID No.63 @) X A A ) x
SEQ ID No.64 © X % X O x
SEQ ID No.65 © O A O % X
SEQ ID No.66 A x X x X A
SEQ ID No.67 A ® x O ¥ X
SEQ ID No.68 O x % x % x
SEQ 1D No.68 O X x X X X
EC3
Electrophoresis ; Non specificity
SEQID| SEQID |SEQID | SEQID| SEQID |SEQID
No.70 | No.71 No.72 | No.73 | No.74 | No.75
SEQ ID No.62 A x - A O O
SEQ ID No.63 O x O O O X
SEQ ID No.64 O % x E O X
SEQ ID No.65 O x O @) X ®
SEQ ID No.66 O x X % * O
SEQ ID No.67 O x ® @) x ®
SEQ ID No.63 O X x x X X
SEQ ID No.69 O X X ® X X
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Elzctrophoresis : Amount of intended product
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EC3

Electraophoresis : Amotnt of intended product

SEQID
No.2

SEQID
No.116

SEQID
No.117

SEQ D
Ne.118

SEQID
No.119

SEQID
No. 120

SEQID
No.121

SEQ D
No.122

SEQ ID
No.123

SEQ D No.104

SEQ ID No.105

o

lalie)

SEQ ID No.106

SEQ ID No.107

SEQ ID No.108

SEQ ID No.109

SEQ ID No.110

SEQ ID No.111

SEQ ID No. 112

SEQ ID No.113
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EC3

Electrophoresis

s Amount of intended

product

SEQID
No.124

SEQID
No. 125

SEQID

SEQID
No.126

SEQID
No. 127

SEQID
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SEQID
No.129

SEQID
No. 130

SEQID
No.131

SEQ ID No.104

SEQ ID Np,105

SEQ ID No.106

SEQ ID No,107

SEQ 1D Ne.108

SEQ ID Neo.109

SEQ ID No.110

SEQID Na.111

SEQ ID No.112

SEQ ID No.113
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EC3

Electrophoresis  Non specific product

SEQID
No.2

SEQID
No,116

SEQID
Ne. 117

SEQID
Ne.118

SEQID
No.119

SEQID
No.120

SEQID
No.121

SEQID
Na.122

SEQID
Ne, 123

SEQ ID No.104

SEQ ID No.108

O[0

O[>

SEQ ID No.106

SEQ 1D Ne. 107

SEQ ID Ne.108

SEQ ID Ne.10%

SEQ 1D No.110

SEQ ID No. 141

SEQ D No.112

SEQ ID No.913
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Electrophoresis:
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No.126
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No, 127
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No.129

SEQID
ND.130
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No.131
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SEQ D No.108
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SEQ ID Neo.110

SEQ ID No.111
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[0143]
(Example 3) Verification of primer (PCR with purified coli genome and
melting thereof)

In the present example, EC3 in Table 3 was used as a template. The
instruments and ultrapure water used were free of DNA. The reaction
solution was so added as to give (1) respective combinations of a forward
primer consisting of SEQ ID No. 1 and reverse primers consisting of SEQ ID
No. 2 to 5, (2) respective combinations of forward primers consisting of SEQ
ID No. 1 and 6 to 15 and reverse primers consisting of SEQ 1D No. 16 to 27,
(3) respective combinations of forward primers consisting of SEQ ID No, 28
to 43 and reverse primers consisting of SEQ ID No. 44 to 50, (4) respective
combinations of forward primers consisting of SEQ 1D No. 53 to 56 and
reverse primers consisting of SEQ [D No. 57 to 61, (5) respective
combinations of forward primers consisting of SEQ {D No. 62 to 69 and
reverse primers consisting of SEQ ID No. 70 to 75, (6) respective
combinations of forward primers consisting of SEQ 1D No. 76 to 90 and
reverse primers consisting of SEQ ID No. 91 to 103, (7) respective
combinations of forward primers consisting of SEQ ID No. 104 o 113 and
reverse primers consisting of SEQ [D No. 2 and 116 to 131, respective
combinations of a forward primer consisting of SEQ {D No. 114 and reverse
primers consisting of SEQ ID No. 2 and 5 and 125 and respective
combinations of a forward primer consisting of SEQ [D No. 115 and reverse
primers consisting of SEQ [D No. 2 and § and 125, and PCR thereof was
performed. The reaction was conducted with a formulation shown in Table 4
for the above-described combination (1), and with a formulation shown in

Table 5 for the above-described combinations (2) to (7).
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{0144]

Rotor-Gene Q MDx 5Splex HRM (QIAGEN) was used as a real time
PCR apparatus, and in the program thereof, for (1) out of the above-
described primer combinations, the reaction solution was heated at 95°C for
5 minutes, then, a process including heating at 94°C for 10 seconds, at 65°C
for 10 seconds and at 72°C for 30 seconds was repeated 35 times, and for
(2) to (7), the reaction solution was heated at 95°C for 5 minutes, then, a
process including heating at 94°C for 10 seconds, at 60°C for 10 seconds
and at 72°C for 10 seconds was repeated 35 times, then, the DNA
dissociation curve of the amplification product was made. The reaction
solution was heated at 95°C for 10 seconds, then, incubated at 72°C for 90
seconds, and heated up to 95°C by 0.5°C stepwise, in order to make the
DNA dissociation curve. At each stage, the reaction solution was incubated
for 2 seconds, and the data were obtained. The threshold cycle of the
amplification curve and the dissociation curve were verified. Here, a
combination of a forward primer consisting of SEQ ID No. 1 and a reverse
primer consisting of SEQ ID No. 2, a combination of a forward primer
consisting of SEQ ID No. 1 and a reverse primer consisting of SEQ ID No.
16, a combination of a forward primer consisting of SEQ ID No. 28 and a
reverse primer consisting of SEQ ID No. 44, a combination of a forward
primer consisting of SEQ ID No. 53 and a reverse primer consisting of SEQ
ID No. 57, a combination of a forward primer consisting of SEQ ID No. 62
and a reverse primer consisting of SEQ D No. 70, a combination of a
forward primer consisting of SEQ ID No. 76 and a reverse primer consisting
of SEQ ID No. 91 and a combination of a forward primer consisting of SEQ

ID No. 104 and a reverse primer consisting of SEQ |D No. 2 correspond to
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replication experiments of Patent document 4. The results are shown in
Tables 8-1 to 8-7 together with the result of Comparative Example 3.
[0145]

Evaluation in Table 8 was carried out according fo the following
criteria.
Threshold cycle:
@ : threshold cycle is fast (decreased by 2 cycles or more)
o: threshold cycle is somewhat fast (decreased by 0-1 cycle)
A: threshold cycle is somewhat slow (increased by 1-2 cycles)
x: threshold cycle is slow (increased by 3 cycles or more)
Melting analysis
o: only one peak
A small peaks
x: several peaks
-: no peak
(Comparative Example 3) Comparative example for Example 3

The following comparative example is a replication experiment of
Patent document 4. In the present comparative example, EC3 shown in
Table 3 was used as a template of the reaction. The instruments and
ultrapure water used were free of DNA, and the operation was conducted in a
clean bench. The reaction solution was so added as to give (1) a
combination of a forward primer consisting of SEQ ID No. 1 and a reverse
primer consisting of SEQ 1D No. 2, (2) a combination of a forward primer
consisting of SEQ ID No. 1 and a reverse primer consisting of SEQ D No.
18, (3) a combination of a forward primer consisting of SEQ 1D No. 28 and a

reverse primer consisting of SEQ 1D No. 44, (4) a combination of a forward
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primer consisting of SEQ ID No. 53 and a reverse primer consisting of SEQ
ID No. 57, (5) a combination of a forward primer consisting of SEQ ID No. 62
and a reverse primer consisting of SEQ ID No. 70, (6) a combination of a
forward primer consisting of SEQ ID No. 76 and a reverse primer consisting
of SEQ ID No. 91 and (7) a combination of a forward primer consisting of
SEQ ID No. 104 and a reverse primer consisting of SEQ ID No. 2, and PCR
thereof was conducted. The reaction was conducted with a formulation
shown in Table 4 for the above-described combination (1), and with a
formulation shown in Table 5 for the above-described combinations (2) to (7).
[0146]

Rotor-Gene Q MDx 5plex HRM (QIAGEN) was used as a real time
PCR apparatus, and in the program thereof, for (1) out of the above-
described primer combinations, the reaction solution was heated at 95°C for
5 minutes, then, a process including heating at 94°C for 10 seconds, at 65°C
for 10 seconds and at 72°C for 30 seconds was repeated 35 times, and for
(2) to (7), the reaction solution was heated at 95°C for 5 minutes, then, a
process including heating at 94°C for 10 seconds, at 60°C for 10 seconds
and at 72°C for 10 seconds was repeated 35 times, then, the DNA
dissociation curve of the amplification product was made. In creation of the
DNA dissociation curve, the reaction solution was heated at 95°C for 10
seconds, then, incubated at 72°C for 90 seconds, and heated up to 95°C by
0.5°C stepwise. At each stage, the reaction solution was incubated for 2
seconds, and the data were obtained. The threshold cycle of the
amplification curve and the dissociation curve were verified. The resulis are
shown in Tables 8-1 to 8-7 together with the result in Example 3.

[0147]
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[Table 8-1]
Table 8-1
PCR: Threshold cycle
SEQID | SEQID | SEQID | SEQID
No. 2 No. 3 No. 4 No. 5
SEQID No. 1 O O O O
EC3
PCR: Melting analysis
SEQID | SEQID | SEQID | SEQID
No. 2 No. 3 No. 4 No. §
SEQ ID No. 1 X O O O
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Table 8-2
PCR:Threshold cycle
SEQID | SEQID | SEQID | SEQID [ SEQID |SEQID [ SEQID [SEQID|{ SEQID [SEQID| SEQ ID | SEQ D
No.16 Na.47 No.18 No.19 | No.20 [ No21 | No22 | No23 [ No24 | No.251 No28 | No27
SEQIDNe| O - - - - - X - o R - -
SEQ |2 No.6 Q - - A [y ® A A - @] ]
SEQDMNo7| O 0 0 @ ® | © - & | & - o_| 0
SEQ D No.8 @ C A Q Q o - o Q - @] ©
SEQMNoY O - - - - - - - - - - -
SEQ ID No.10 - - - - o] x - - - - - -
SEQ ID No.11 @ O % - - - - - - - A -
SEQ ID No.t2 - © =] ) 2] ) Y A A x o &)
SEQIDNa13 @ G- - 8. 2] €. @ - @ A, - A A
SEQ ID No.14, - - - - - - - - - - . -
SEQIDNa15| @ © 2] o © @ - & D @ 2] &)
EC3
PCR: Melting analysis
SEQID | SEQID | SEQID | SEQID | SEQID [SEQID | SEQID |SEQID| SEQID |SEQID| SEQID [SEQ D
No.16 No.17 No.18 No.19 No,20 [ Ne.2d No.22 | No.23 | No24 | No.25| No.26 | Na.27
SEQ ID Na.1 A - - - - - iy - A - - -
SEQ ID No.& Q - - 0 ] x - @] O - ¥ iy
SEQIDNoY] Q @] ) 0 o] O - o] o] - Q @)
SEQIDNc.Bl O ] o] o] o 0 - 0 0 - A A
SEQ I No.9j A - - - - - - - - - - -
SEQ D No.10, - - - - (0] (o] - - - - - -
SEQ D No. 11 A A 8] - - - - - - - O -
SEQ 1D No.12 - 0 o] o] Q Q Q [¢] Q C o] O
SEQID No.13 Q O o] 6] Q A - o Q - o] O
SEQ ID No.14 - - - - - - - - - “ - -
SEQID No.15 o] 0 o] Q e} A - o] o] O o] O

[e-g a1qell

{8¥1.0]
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[Table 8-3]
Table 8-3
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EC3

PCR:Threshold cycle

SEQID
No.44

SEQ D
No.45

SEQID
No.47

SEQID
No.48

SEQ 1D No.28

SEQ ID No.29

O

SEQ ID No.30

©|0|0

Q0|0

SEQ ID No.31

SEQ D No.32

SEQ 1D No.33

SEQ ID No.34

@00

SEQID No.35

]

O 010|800 |0

SEQ ID No.36

SEQ ID No.37

SEQ ID No.38

SEQ ID No.38

SEQ ID No.40

Ol|0|0I0|0|101© 0|0

SEQ ID No.41

OO0 |0 010

OO0

SEQ ID No.42

SEQ ID No.43

o)

PCR: Melting analysis

SEQID
No.44

SEQID
No.45

SEQID
No.47

SEQ ID
No.49

SEQ ID No.28

SEQ ID No.29

A

SEQ ID No.30

Qo>

SEQ ID No.31

SEQ ID No.32

SEQ ID No.33

O

x| >

SEQ ID No.34

DXD‘l

x>

SEQ ID No.35

SEQ ID No.38

SEQ ID No.37

SEQ ID No.38

B O

SEQ ID No.39

SEQ ID No.40

SEQ ID No.41

OO PO

SEQ ID No.42

OB OB OO}

SEQ ID No.43
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[0150]
[Table 8-4]
Table 8-4
PCR:Threshold cycle
SEQID | SEQID | SEQID | SEQID | SEQID
l No.57 No.58 No.59 No.60 | No.61
SEQ ID No.53 - ) O @) e
SEQ ID No.54 - - O - O
SEQ ID No.565 O O O - @]
SEQID No.56 O O O - O
EC3
PCR: Melting analysis
SEQID | SEQID | SEQID | SEQID | SEQID
- No.57 No.58 No.59 No.60 No.61
SEQ ID No.53 - O ®) A @)
SEQ ID No.54 - - O - (@)
SEQ ID No.55 ®) O O - O
SEQ ID No.56 @) O @] - O
PCR:Threshold cycle
SEQIID | SEQID | SEQID | SEQID | SEQID | SEQID
o No.70 No.71 No.72 No.73 No.74 | No.75
SEQ ID No.52 - - O - -
SEQ ID No.63 O O - o) © e
SEQ D No.64 - - - - - @]
SEQ ID No.65 O O - '®) O -
SEQ ID No.66 O - - ®) - -
SEQ ID No.&67 O QO - © O @]
SEQID No.68 @) O '®) (@) O @)
SEQ ID No.69 9] O O (@) @) O
EC3
PCR: Melting analysis
SEQID | SEQID | SEQID | SEQID | SEQID | SEQID
No.70 No.71 No.72 No.73 No.74 | No.75
SEQID No.62 - - (@) - -
SEQ ID No.63 ®) O - A X O
SEQ ID No.64 - - - - - (@)
SEQ ID No.65 @) Ja\ - O O -
SEQ ID No.66 O - - x - -
SEQ ID No.67 A O - FaN A O
SEQ ID No.68 * O O A O @)
SEQ ID No.69 A O O x O A
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PCR: Thresho!

d cycle

o]

SEQ ID
Ne.#1

SEQ D
No.g2

SEQID
Ne.83

SEQ ID
Mo.94

SEQID
No.85

SEQID
No.g5

SEQID
No,97

SEQID
Nog8

SEQID
No.gg

SEQ ID
No.100

SEQID
No.101

SEQID
Na.102

SEQ ID
No.103

SEQ 1D Ne. 76

[S2Q 1D Na7T

ISEQ 1D Ne.78

[SEQ ID No.79

|ISEQ ID No.80

X|x[

SEQ ID No 81

SEQ 1D No.82

x|

SEQ D Ng.83

SEQ 1D No.84

SEQ 10 No.8s

SEQ 10 No.86

o mbxfe |s

SEQ ID No.87

SEQ 10 No.g8

SEQ 1D No.8g

SEQ 1D No.90
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O{8)| & {CIO[0I0 (0O (I 1010
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EC3

[e]

PCR: Maiting analysis

SEQ IO
No.g9t

SEQ 1D
No.92

SEQ 1D
No.923

SEQ ID
No.94

SEQ D
No.g5

SEQ I
No.96

SEQ D
MNa.97

SEQID
No.98

SEQID
Ne.og

SEQID
No. 100

SEQ D
No.161

SEQ 1D
No.162

SEQ D
No.103

SEQ D No.76

ISEGQ I No.77

SEQ 1T No.78

SEG ID No.73

SEQ 1D No.BD

ESERE

x|

SEQ ID No.&1

(RE1SEE

SEQ D No.B2

x

SEQ ID No.B3

NI TRES -

SEQ

1 No.B4

SEQ

D No.85

SEQ

D No.B5

=330

[SEQ

D No.87

SEQ

D _No.88

SEQ

D No.89

SEQ 1D No.so
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EC3

PCR; Thresheld cycle

SEQID
No.2

SEQID
Ng.118

SEQID
Na, 117

SEQID
Ne.118

SEQID
Mo, 119

SEQID
No.120

SEQID
No.121

SEQ ID
No, 122

SEQID
No.123

SEQ D No.104

SEQ I© No.105

C0

BEQ ID No.106

olo(o

SEQ ID No.107

(el elle]

SEQ 1D No.108

SEQ ID No.109

SEQ ID No.110

SEQ 1D No.111

SEQ ID No.112

SEQ ID No.113

Ol|ojo] |[ojolo(8| |O

+|O[Oj010]0] -

ielleliellol X

ielislis](e]le} 0]le]

0|0i0|0|0|0j0[0]0]0

olojojojo|ojolC|ojo

O|Clo{o|ojo0jo|o|0

O|0|0J0j0I0[0l0|0|0

o]{e](e]ie](e] 0} e]le]{e](?]

SEQ ID No.114

SEQ ID No.115

EC3

PCR;Threshold cycle

SEQID
No. 124

SEQID
No.125

SEQID

SEQID
No.126

S5EQ ID No. 104

0

SEQ 1D N, 105

SEQ ID No.106

SEQ ID No.107

|O|

SEQ ID No.108B

SEQ ID No.108

SEQ D Ne, 110

SEQ ID No.111

|OO|

SEQ ID No.112

o] olle] o] eliele]elle]

SEQ ID No.113

olie]le]ie] e} 6] 0] e)i0]

oooooooooog

SEQ I No.114

SEQ ID No.115
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EC3

PCR: Melting analysis

SEQID
No.2

SEQID
Ng.116

SEQID
No, 117

SEQ ID
No.118

SEQ ID
Ne.119

SEQID
Ng.120

SEQID
No. 121

SEQ D
No.122

SEQID
No.123

SEQ 1D No.104

SEQ ID No.105

o

00

Ol0

0|0

SEQ D No.106

SEQ ID No.107

¢ B>

SEQ ID No.108

SEQ 1D No. 109

SEQ 1D No.110

SEQ ID No,111

SEQ 12 No.112

SEQ ID No. 113

B |0i0}+ [O[C]1010

1 |OJO[O| % [>]+ [O[C]>

elielEIEIN

1 |Oi0[0(0;0;% |0
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SEQ 1D No. 114

SEQ 1D No.115

EC3

PCR: Melting analysis
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No.124

SEQID
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SEQID
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SEQID
No.130

SEQ 1D No.104

SEQ 1D Na.105

SEQ D No.106

SEQ ID No.107

O] %

SEQ ID No,108

SEQ ID No.109

SEQ ID No.110

IOOI

SEQID No.111

SEQ ID No.112

SEQ ID No.113
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(0154}
(Example 4) Verification of primer (Electrophoresis with simulated DNA
sample)

In the present example, a solution HE prepared by adding E. coli
genomic DNA to 100 pg/mi human genomic DNA (clonetech) to reach a final
concentration of 10 pg/m| was used as a template. The instruments and
ultrapure water used were free of DNA. With respect to the primer
combination, the reaction solution was so added as to give (1) respective
combinations of a forward primer consisting of SEQ ID No. 1 and reverse
primers consisting of SEQ ID No. 2 to 5, (2) respective combinations of
forward primers consisting of SEQ ID No. 1 and 8 to15 and reverse primers
consisting of SEQ 1D No. 16 to 27, (3) respective combinations of a forward
primer consisting of SEQ ID No. 28 and reverse primers consisting of SEQ ID
No. 44 and 45 and 47, a combination of a forward primer consisting of SEQ
ID No. 30 and a reverse primer consisting of SEQ ID No. 48, a combination
of a forward primer consisting of SEQ ID No. 31 and a reverse primer
consisting of SEQ 1D No. 47, a combination of a forward primer consisting of
SEQ ID No. 32 and a reverse primer consisting of SEQ 1D No. 48, respective
combinations of forward primers consisting of SEQ ID No. 33 to 43 and
reverse primers consisting of SEQ ID No. 44 to 50, (4) respective
combinations of a forward primer consisting of SEQ ID No. 53 and reverse
primers consisting of SEQ 1D No. 57 and 61, respective combinations of a
forward primer consisting of SEQ ID No. 54 and reverse primers consisting of
SEQ ID No. 59 and 61, respective combinations of a forward primer
consisting of SEQ ID No. 55 reverse primers consisting of SEQ 1D No. 57 to

59 and 61, a combination of a forward primer consisting of SEQ ID No. 56
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and a reverse primer consisting of SEQ ID No. 61, (5) respective
combinations of a forward primer consisting of SEQ |D No. 62 and reverse
primers consisting of SEQ ID No. 70 and 71 and 73 to 75, respective
combinations of forward primers consisting of SEQ [D No. 63 to 69 and
reverse primers consisting of SEQ D No. 70 to 75, (8) respective
combinations of forward primers consisting of SEQ 1D No. 76 to 90 and
reverse primers consisting of SEQ ID No. 91 to 103 and (7) respective
combinations of forward primers consisting of SEQ ID No. 104 to 113 and
reverse primers consisting of SEQ ID No. 2 and 116 to 131, and PCR thereof
was conducted. The reaction was conducted with a formulation shown in
Table 4 for the above-described combination (1), and with a formulation
shown in Table 5 for the above-described combinations (2) to (7).

[0155]

For (1) out of the above-described primer combinations, the reaction
solution was heated at 95°C for & minutes, then, a process including heating
at 94°C for 10 seconds, at 65°C for 10 seconds and at 72°C for 30 seconds
was repeated 35 times. For (2) to (7) out of the above-described primer
combinations, the reaction solution was heated at 95°C for 5 minutes, then, a
process including heating at 94°C for 10 seconds, at 60°C for 10 seconds
and at 72°C for 10 seconds was repeated 35 times. The solution after the
reaction was electrophoresed on 2% agarose gel and stained with ethidium
bromide, then, the amplification amount of the intended product and
amplification of the non-specific product were verified. Here, a combination
of a forward primer consisting of SEQ ID No. 1 and a reverse primer
consisting of SEQ ID No. 2, a combination of a forward primer consisting of

SEQ ID No. 1 and a reverse primer consisting of SEQ ID No. 16, a
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combination of a forward primer consisting of SEQ ID No. 28 and a reverse
primer consisting of SEQ 1D No. 44, a combination of a forward primer
consisting of SEQ ID No. 53 and a reverse primer consisting of SEQ ID No.
57, a combination of a forward primer consisting of SEQ ID No. 62 and a
reverse primer consisting of SEQ ID No. 70, a combination of a forward
primer consisting of SEQ ID No. 76 and a reverse primer consisting of SEQ
ID No. 81 and a combination of a forward primer consisting of SEQ ID No.
104 and a reverse primer consisting of SEQ [D No. 2 correspond to
replication experiments of Patent document 4. The results are shown in
Tables 8-1 to 9-7 together with the result of Comparative Example 4.
[0156]
'Eva[uation in Table 9 was carried out according to the following

criteria.
Amount of intended product:
@ . amplification is particularly good
o: amplification is good
a: amplification is poor
x; amplification is particularly poor
Non-specific product amplification
c: non-specific product is not found
A: non-specific product is found
x: non-specific product is abundant
(Comparative Example 4) Comparative example for Example 4

The following comparative example is a replication experiment of
Patent document 4. In the present example, a solution HE prepared by

adding E. coli genomic DNA to 100 pg /ml human genomic DNA {clonetech)
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to reach a final concentration of 10 pg/ml was used as a template. The
instruments and ultrapure water used were free of DNA, and the operation
was conducted in a clean bench. The reaction solution was so added as to
give (1) a combination of a forward primer consisting of SEQ ID No. 1 and a
reverse primer consisting of SEQ 1D No. 2, (2) a combination of a forward
primer consisting of SEQ ID No. 1 and a reverse primer consisting of SEQ ID
No. 16, (3) a combination of a forward primer consisting of SEQ ID No. 28
and a reverse primer consisting of SEQ |D No. 44, (4) a combination of a
forward primer consisting of SEQ ID No. 83 and a reverse primer consisting
of SEQ IP No. 57, (5) a combination of a forward primer consisting of SEQ ID
No. 62 and a reverse primer cansisting of SEQ [D No. 70, (6) a combination
of a forward primer consisting of SEQ ID No. 76 and a reverse primer
consisting of SEQ 1D No. 91 and (7) a combination of a forward primer
consisting of SEQ 1D No. 104 and a reverse primer consisting of SEQ ID No.
2, and PCR thereof was conducted. The reaction was conducted with a
formulation shown in Table 4 for the above-described combination (1), and
with a formulation shown in Table 5 for the above-described combinations (2)
to (7).

[0157]

For (1) out of the above-described primer combinations, the reaction
solution was heated at 95°C for 5 minuies, then, a process including heating
at 94°C for 10 seconds, at 65°C for 10 seconds and at 72°C for 30 seconds
was repeated 35 times. For (2) to (7) out of the above-described primer
combinations, the reaction solution was heated at 85°C for 5 minutes, then, a
process including heating at 94°C for 10 seconds, at 60°C for 10 seconds

and at 72°C for 10 seconds was repeated 35 times. The solution after the
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reaction was electrophoresed on 2% agarose gel and stained with ethidium
bromide, then, the amplification amount of the intended product and
amplification of the non-specific product were verified. The results are shown
in Tables 9-1 to 8-7 together with the result of Example 4.

[0158]

[Table 9-1]
Table 9-1
Electrophoresis : Amount of intended product

SEQID | SEQID | SEQID | SEQID
No. 2 No. 3 No. 4 No. 5

SEQID No. 1 o) o) O O

HE

Electrophoresis ; Non specificity
SEQID | SEQID | SEQID | SEQID
No. 2 No. 3 No. 4 No. 5

SEQID No. 1 Q @) O '®)
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HE

Electrophoresis  Amount of intended product

SEQ B
Mo. 16

SEQD
Ne.17

SEQID
No.18

SEQID
No.19

SEQID
No.20

SEQID
Ne.21

SEQID
No.22

SEQID
No.23

SEQID
No.24

SEQID
Na.25

SEQ B
No.28

SEQID
No.27

SEQ 10 No.1
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SEQ 1D No.8
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[Table 9-3]

Table 9-3
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HE

Electrophoresis ; Amount of infended product

SEQID
No.44

SEQ ID
No.45

SEQID
No.46

SEQID
No.47

SEQID
No.48

SEQID
No.49

SEQID
No.50

SEQ ID No.28

8]

A

SEQ D No.29

SEQ ID No.30

SEQ ID No.31

O

SEQ ID Ne.32

SEQ ID No.33

SEQ ID No,34

SEQ ID No.35

SEQ ID No.36

SEQ ID No.37

SEQ ID No.38

SEQ ID No.39

SEQ ID No.40

SEQ ID No.41

SEQ ID No.42
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Elecirophoresis :

Non specificity
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No.44

SEQID
No.45

SEQID
- No.46

SEQID
iNo.47

SEQID
No.48

SEQID
No.49

SEQID
No.50

SEQ ID No.28
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(0161]
[Tablie 9-41
Table 9-4
Electrophoresis : Amount of intended product
SEQID | SEQID | SEQID | SEQID | SEQID
No.57 No.58 No.59 No.60 No.61
SEQ ID No.53 X ©
SEQ ID No.54 X ©
SEQ ID Nu.55 ® © © ©
SEQ ID No.56 X
HE
Electrophoresis : Non specificity
SEQID | SEQID | SEQID | SEQID | SEQID
No.57 No.58 No.59 No.80 No.61
SEQ ID No.53- X O
SEQ ID No.54 % O
SEQID No.55 9] O O O
SEQ ID No.56 x
Electrophoresis . Amount of infended product
SEQID | SEQID | SEQID | SEQID | SEQID { SEQID
No.70 No.71 No.72 No.73 No.74 No.75
SEQ iD No.62 QO A - O O O
SEQ ID No.63 O @] O O O O
SEQ ID No.64 AN X A ® JaY A
SEQ ID No.65 Q O O O O O
SEQ ID No.66 O O @] @) O O
SEQ 1D No.67 O @) O O O O
SEQ ID No.68 O O QO O O O
SEQ ID No.69 O A O O O O
HE
Electrophoresis - Non specificity
SEQID | SEQID | SEQIP | SEQID | SEQID { SEQ D
No.70 No.71 No.72 No.73 No.74 No.75
SEQ ID No.62 Q @) - @) ®) Q
SEQ ID No.B3 A O O A O A
SEQ ID No.B4 A X b x O %
SEQ ID No.65 A @) O A O Q
SEQ ID No.66 O @) O O O O
SEQ ID No.67 @) O O O O O
SEQ ID No.68 O @) O O O O
SEQ ID No.6S @] A O O O QO
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HE

Electrophoresis : Amount of intended product

SEQID
No.2

SEQID
No.118

SEQID
Ne.i17

SEQID
No.118

SEQ ID
No.118

SEQ D
No.120

SEQ D
No.121

SEQID
Nec.122

SEQID
No.123

SEQ ID No.104

SEQ 1D No. 165

SEQ ID No.106

SEQ 1D No.107

SEQ ID No,108

SEQ ID No. 108

SEQ ID No.110

SEQ D No.114

SEQ ID No.112
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Table 8-7
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HE

Electrophoresis  Non specific product

SEQID | SEQID
No.2 No.116

SEQID
No.117

SEQID
No.118

SEQID
No.118

SEQID
No.120

SEQID
No.i21
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No.122
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[0185]
(Example 5) Verification of primer (PCR with simulated DNA sample and
melting thereof)

In the present example, a solution HE prepared by adding E. coli
genomic DNA to 100 pg /ml human genomic DNA (clonetech) to reach a final
concentration of 10 pg/ml was used as a template. The instruments and
ultrapure water used were iree of DNA. With respect to the primer
combination, the reaction solution was so added as to giv_e (1) respective
combinations of a forward primer consisting of SEQ 1D No. 1 and reverse
primers consisting of SEQ ID No. 2 to 5, (2) respective combinations of
forward primers consisting of SEQ ID No. 1 and 6 to 15 and reverse primers
consisting of SEQ ID No. 16 to 27, {3) respective combinations of a forward
primer consisting of SEQ ID No. 28 and reverse primers consisting of SEQ 1D
No. 44 and 45 and 47, a combination of a forward primer consisting of SEQ
D No. 30 and a reverse primer consisting of SEQ ID No. 48, a combination
of a forward primer consisting of SEQ ID No. 31 and a reverse primer
consisting of SEQ ID No. 47, a combination of a forward primer consisting of
SEQ ID No. 32 and a reverse primer consisting of SEQ 1D No. 48, respective
combinations of forward primers consisting of SEQ ID No. 33 to 43 and
reverse primers consisting of SEQ ID No. 44 to 50, (4) respective
combinations of a forward primer consisting of SEQ ID No. 53 and reverse
primers consisting of SEQ ID No. 57 and 61, respective combinations of a
forward primer consisting of SEQ ID No. 54 and reverse primers consisting of
SEQ ID No. 59 and 61, respective combinations of a forward primer
consisting of SEQ ID No. 55 and reverse primers consisting of SEQ 1D No.

57 to 59 and 61, a combination of a forward primer consisting of SEQ 1D No.
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56 and a reverse primer consisting of SEQ ID No. 61, (5) respective
combinations of a forward primer consisting of SEQ ID No. 62 and reverse
primers consisting of SEQ ID No. 70 and 71 and 73 to 75, respective
combinations of forward primers consisting of SEQ ID No. 63 to 69 and
reverse primers consisting of SEQ ID No. 70 to 75, (6) respective
combinations of forward primers consisting of SEQ ID No. 76 to 90 and
reverse primers consisting of SEQ ID No. 91 to 103, (7) respective
combinations of forward primers consisting of SEQ ID No. 104 to 113 and
reverse primers consisting of SEQ 1D No. 2 and 116 to 131, a combination of
a forward primer consisting of SEQ ID No. 114 and a reverse primer
consisting of SEQ ID No. 5 and respective combinations of a forward primer
consisting of SEQ ID No. 115 and reverse primers consisting of SEQ 1D No.
2 and 5, and PCR thereof was conducted. The reaction was conducted with
a formulation shown in Table 4 for the above-described combination (1), and
with a formulation shown in Table 5 for the above-described combinations (2)
to (7).
[0166]

Rotor-Gene Q MDx Splex HRM (QIAGEN) was used as a real time
PCR apparatus, and in the PCR program thereof, for (1) out of the above-
described primer combinations, the reaction solution was heated at 95°C for
5 minutes, then, a process including heating at 94°C for 10 seconds, at 65°C
for 10 seconds and at 72°C for 30 seconds was repeated 35 times, and for
(2) to (7), the reaction solution was heated at 95°C for & minutes, then, a
process including heating at 94°C for 10 seconds, at 60°C for 10 seconds
and at 72°C for 10 seconds was repeated 35 times, then, the DNA

dissociation curve of the amplification product was made. The reaction
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solution was heated at 95°C for 10 seconds, then, incubated at 72°C for 90
seconds, and heated up to 95°C by 0.5°C stepwise, in otder to make the
DNA dissociation curve. Ateach stage, the reaction solution was incubated
for 2 seconds, and the data were obtained. The threshold cycle of the
amplification curve and the dissociation curve were verified. Here, a
combkination of a forward primer consisting of SEQ ID No. 1 and a reverse
primer consisting of SEQ 1D No. 2, a combination of a forward primer
consisting of SEQ ID No. 1 and a reverse primer consisting of SEQ ID No.
16, a combination of a forward primer consisting of SEQ [D No. 28 and a
reverse primer consisting of SEQ {D No. 44, a combination of a forward
primer consisting of SEQ ID No. 53 and a reverse primer consisting of SEQ
ID No. 57, a combination of a forward primer consisting of SEQ ID No. 62
and a reverse primer consisting of SEQ 1D No. 70, a combination of a
forward primer consisting of SEQ 1D No. 76 and a reverse primer consisting
of SEQ ID No. 91 and a combination of a forward primer consisting of SEQ
ID No. 104 and a reverse primer consisting of SEQ ID No. 2 correspond to
replication experiments of Patent document 4. The results are shown in
Tables 10-1 to 10-7 together with the result of Comparative Example 5.
[0167]

Evaluation in Table 10 was carried out according to the following
criteria.
Threshold cycle:
@ - threshold cycle is fast (decreased by 2 cycles or more)
o: threshold cycle is somewhat fast (decreased by 0-1 cycle)
A: threshold cycle is somewhat slow (increased by 1-2 cycles)

x: threshold cycle is slow (increased by 3 cycles or more)
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Melting analysis:.
0. only one peak
A: small peaks
X: several peaks
- no peak
(Comparative Example 5) Comparative example for Example 5

The following comparative example is a replication experiment of
Patent document 4. In the present example, a solution HE prepared by
adding E. coli genomic DNA to 100 pg /ml human genomic DNA (clonetech)
to reach a final concentration of 10 pg/m! was used as a template. The
instruments and ultrapure water used were free of DNA. The reaction
solution was so added as to give (1) a combination of a forward primer

consisting of SEQ ID No. 1 and a reverse primer consisting of SEQ ID No. 2,

- (2) a combination of a forward primer consisting of SEQ ID No. 1 and a

reverse primer consisting of SEQ ID No. 16, {(3) a combination of a forward
primer consisting of SEQ ID No. 28 and a reverse primer consisting of SEQ
ID No. 44, (4) a combination of a forward primer consisting of SEQ ID No. 53
and a reverse primer consisting of SEQ 1D No. 57, (5) a combination of a
forward primer consisting of SEQ ID No. 62 and a reverse primer consisting
of SEQ ID No. 70, (6) a combination of a forward primer consisting of SEQ ID
No. 76 and a reverse primer consisting of SEQ ID No. 91 and (7) a
combination of a forward primer consisting of SEQ 1D No. 104 and a reverse
primer consisting of SEQ ID No. 2, and PCR thereof was conducted. The
reaction was conducted with a formulation shown in Table 4 for the above-
described combination (1), and with a formulation shown in Table 5 for the

above-described combinations (2) to (7).
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[0168]

Rotor-Gene Q MDx 5plex HRM (QIAGEN) was used as a real time
PCR apparatus, and in the PCR program thereof, for (1) out of the above-
described primer combinations, the reaction solution was heated at 95°C for
5 minutes, then, a process including heating at 94°C for 10 seconds, at 65°C
for 10 seconds and at 72°C for 30 seconds was repeated 35 times, and for
(2) to (7), the reaction solution was heated at 95°C for & minutes, then, a
process including heating at 94°C for 10 seconds, at 60°C for 10 seconds
and at 72°C for 10 seconds was repeated 35 times, then, the DNA
dissociation curve of the amplification product was made. The reaction
solution was heated at 95°C for 10 seconds, then, incubated at 72°C for 90
seconds, and heated up to 95°C by 0.5°C stepwise, in order to make the
DNA dissociation curve. At each stage, the reaction solution was incubated
for 2 seconds, and the data were obtained. The threshold cycle of the
amplification curve and the dissociation curve were verified. The results are

shown in Tables 10-1 to 10-7 together with the result of Example 5.

{0169]
[Table 10-1]
Table 10-1
PCR: Melting analysis
SEQID | SEQID | SEQID | SEQID
No.2 [ No.3 No. 4 No. 5
SEQ ID No. 1 O Q © O
HE
Electrophoresis : Non specificity
SEQID| SEQID |SEQID | SEQID
No. 2 No. 3 No, 4 No. 5
SEQ ID No. 1 O O O e
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[0176]

(Example 6) Comparison with Pafent document 4 in direct-PCR

In the present example, E. coli DNA was extracted from the culture
solution of E. coli MG1655 using QiAamp DNA purification kit (QIAGEN}), and
after extraction, the DNA amount was measured by an absorption
spectrometer, and EC1 and EC2 solutions shown in Table 3 diluted with
ultrapure water were used as a template of the reaction. The instruments
and uitrapure water used were free of DNA. The reaction was carried out
with a formulation shown in Table 5. Rotor-Gene Q MDx 5plex HRM
(QIAGEN) was used as a real time PCR apparatus, and in the program
thereof, the reaction solution was heated at 95°C for 5 minutes, then, a
process including heating at 94°C for 10 seconds, at 80°C for 10 seconds
and at 72°C for 10 seconds was repeated 35 times, then, the DNA
dissociation curve of the amplification product was made. The reaction
solution was heated at 95°C for 10 seconds, then, incubated at 72°C for 90
seconds, and heated up to 95°C by 0.5°C stepwise, in order to make the
DNA dissociation curve. At each stage, the reaction solution was incubated
for 2 seconds and the data were obtained, and the Tm value of the
amplification product was measured. Regarding the primer, PCR using the
following all seven sets was carried out:

(1) a combination of a forward primer SEQ ID No. 15 and a reverse
primer SEQ D No. 186,

{2) a combination of a forward primer SEQ 1D No. 43 and a reverse
primer SEQ ID No. 50,

(3) a combination of a forward primer SEQ |ID No. 51 and a reverse

primer SEQ (D No. 52,
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(4} a combination of a forward primer SEQ ID No. 53 and a reverse
primer SEQ ID No. 57,

(5) a combination of a forward primer SEQ ID No. 62 and a reverse
primer SEQ ID No. 70,

(6) a combination of a forward primer SEQ ID No. 81 and a reverse
primer SEQ ID No. 103 and

(7) a combination of a forward primer SEQ ID No. 115 and a reverse
primer SEQ 1D No, 5.

Then, the Tm value of the each resultant fragment was compared with
the Tm value of E. coli previously obtained and the D value was determined,
as described in Patent document 4. When the D value is 0.3 or less, they

were judged to be homogeneous. This result is shown in Table 11 together

" with the result of Comparative Example 6.

[0177]
(Comparative Example 6) Primer part in Patent document 4 in Example 6
The following comparative example is a replication experiment of
Patent document 4. In the present comparative example, E. coli DNA was
extracted from the culture solution of E. coli MG1655 using QlAamp DNA
purification kit (QIAGEN}, and after exiraction, the DNA amount was
measured by an absorption spectrometer, and EC1 and EC2 solutions shown
in Table 3 diluted with ultrapure water were used as a template of the
reaction. The reaction was carried out with a formulation shown in Table 5.
The instruments and ultrapure water used were free of DNA. Rotor-Gene Q
MDx 5plex HRM (QIAGEN) was used as a real time PCR apparatus, and in
the program thereof, the reaction solution was heated at 95°C for 5 minutes,

then, a process including heating at 94°C for 10 seconds, at 60°C for 10
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seconds and at 72°C for 10 seconds was repeated 35 times, then, the DNA

dissociation curve of the amplification product was made, and the Tm value

of each amplification product was measured. Regarding
carried out with the following all seven sets:

(1) a combination of a forward primer SEQ ID No
primer SEQ ID No. 16,

(2) a combination of a forward primer SEQ 1D No
primer SEQ 1D No. 44,

(3) 2 combination of a forward primer SEQ ID No
primer SEQ ID No. 52,

(4) a combination of a forward primer SEQ ID No
primer SEQ ID No. 57,

(56) a combination of a forward primer SEQ ID No
primer SEQ ID No. 70,

(6) a combination of a forward primer SEQ ID No
primer SEQ ID No. 91 and

(7) a combination of a forward primer SEQ ID No

primer SEQ ID No. 2.

the primer, PCR was

. 1 and a reverse

. 28 and a reverse

.51 and a reverse

.53 and a reverse

.62 and a reverse

. 76 and a reverse

. 104 and a reverse

Then, the Tm value of the each resultant fragment was compared with

the Tm value of E. coli previously obtained and the D value was determined,

as described in Patent document 4. This result is shown in Table 11 together

with the result of Example 8. When the D value is 0.3 0

judged to be homogeneous.

r less, they were
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[0178]
[Table 11]
Table 11 Comparison of Primers in direct-PCR
Comparative
Template Example 6 Example 6
EC1 O O
EC2 X X
o: Identification was successful.
x: |dentification was a failure.
5 [0179]

(Example 7} Detection sensitivity with simulated sample and comparison of
nested PCR with primer in Patent document 4
In the present example, an E. coli suspension was added to 2 ml of

whole blood of a healthy individual as shown in Table 12 to prepare a

10 solution. Experiments were all conducted in clinical laboratory center of
Toyama University Hospital (2630 Sugitani, Toyama city, Toyama prefecture,
930-0194, Japan).
[0180]
[Table 12]

Table 12 Concentration in model blood sample
Name E. coli concentration (CFU/m}
B1 2560
B2 50

15  [0181]
The solution prepared by adding an E. coli suspension to whole biocd
was centrifugally separated at 100 g for 5 minutes and the plasma fraction
was recovered, then, the supernatant thereof was further centrifugally

separated at 13000 g for 5 minutes, and the precipitate was recovered. DNA
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solutions B1 and B2 extracted from this precipitate using QlAamp DNA
purification kit (QIAGEN) were used as a template and PCR was carried out.
The instruments and ulirapure water used were free of DNA. Rotor-Gene Q
MDx 5plex HRM (QIAGEN) was used as a real time PCR apparatus, and in
the PCR program thereof, first, the reaction solution was heated at 95°C for 5
minutes, then, a process including heating at 94°C for 10 seconds, at 65°C
for 10 seconds and at 72°C for 30 seconds was repeated 40 times. For the
primer, a combination of a forward primer SEQ ID No. 1 and a reverse primer
SEQ ID No. 5 was adopted and the reaction was conducted with a
formulation shown in Table 4. Next, this reaction product was diluted 500-
fold with DNA-free ultrapure water, and further, this was used as a template
and heated at 85°C for 5 minutes with a formuiation shown in Table 5, then, a
process including heating at 94°C for 10 seconds, at 60°C for 10 seconds
and at 72°C for 10 seconds was repeated 30 times, then, the DNA
dissociation curve of the amplification product was made. As the primer, the
following all seven sets were used:

(1) a combination of a forward primer SEQ ID No. 15 and a reverse
primer SEQ |ID No. 16,

(2) a combination of a forward primer SEQ ID No. 43 and a reverse
primer SEQ ID No. 50,

(3) a combination of a forward primer SEQ ID No. 51 and a reverse
primer SEQ ID No. 52,

(4) a combination of a forward primer SEQ 1D No. 53 and a reverse
primer SEQ ID No. 57,

(5} a combination of a forward primer SEQ ID No. 62 and a reverse

primer SEQ ID No. 70,
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(6) a combination of a forward primer SEQ ID No. 81 and SEQ ID No.
103 and

(7) a combination of a forward primer SEQ ID No. 115 and a reverse
primer SEQ ID No. 5.

The resultant Tm value was compared with the Tm value of E. coli
previously obfained and verified, as described in Patent document 4. The
reaction solution was heated at 95°C for 10 seconds, then, incubated at 72°C
for 90 seconds, and heated up to 95°C by 0.5°C stepwise, in order to make
the DNA dissociation curve. At each stage, the reaction solution was
incubated for 2 seconds and the data were obtained, and the Tm value of the
amplification product was measured. The results are shown in Table 13
together with the result of Comparative Example 7. When the D value is 0.3
or less, they were judged to be homogeneous.

[0182]
(Comparative Example 7) Primer part in Patent document 4 in Example 7

The following comparative example is a replication experiment of
Patent document 4. In the present comparative example, an E. coli
suspension was added to 2 m! of whole blood of a healthy individual as
shown in Table 12 to prepare a solution. Experiments were all conducted in
clinical laboratory center of Toyama University Hospital. The solution
prepared by adding an E. coli suspension to whole blood was centrifugally
separated at 100 g for 5 minutes and the plasma fraction was recovered,
then, the supernatant thereof was further centrifugally separated at 13000 g
for 5 minutes, and the precipitate was recovered. A DNA solution extracted
from this precipitate using QlAamp DNA purification kit (QIAGEN) was used

as a template and PCR was carried out. The instruments and ultrapure
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water used were free of DNA. Rotor-Gene Q MDx 5plex HRM (QIAGEN)
was used as a real time PCR apparatus, and in the PCR program thereof,
first, the reaction solution was heated at 95°C for 5 minutes, then, a process
including heating at 94°C for 10 seconds, at 65°C for 10 seconds and at
72°C for 30 seconds was repeated 40 times. For the primer, a combination
of a forward primer SEQ ID No. 1 and a reverse primer SEQ 1D No, 2 was
adopted and the reaction was conducted with a formulation shown in Table 1.
Next, this reaction product was diluted 500-fold with DNA-free ultrapure
water, and this was used as a template and heated at 95°C for 5 minutes
with a formulation shown in Table 2, then, a process including heating at
94°C for 10 seconds, at 60°C for 10 seconds and at 72°C for 10 seconds
was repeated 30 times, then, the DNA dissociation curve of the amplification
product was made, and the Tm value of each amplification product was
measured. Regarding the primer, the following all seven sets were used:

(1) a combination of a forward primer SEQ |ID No. 1 and a reverse
primer SEQ ID No. 16,

(2) a combination of a forward primer SEQ 1D No. 28 and a reverse
primer SEQ ID No. 44,

(3) a combination of a forward primer SEQ ID No. 51 and a reverse
primer SEQ [D No. 62,

(4) a combination of a forward ptrimer SEQ ID No. 53 and a reverse
primer SEQ ID No. 57,

(5) a combination of a forward primer SEQ 1D No. 62 and a reverse
primer SEQ ID No. 70,

(6} a combination of a forward primer SEQ ID No. 76 and a reverse

primer SEQ ID No. 91 and
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(7) a combination of a forward primer SEQ ID No. 104 and a reverse
primer SEQ D No, 2.

The resultant Tm value was compared with the Tm value of E. coli
previously obtained and verified, as described in Patent document 4. The
results are shown in Table 13 together with the result of Example 7. When

the D value is 0.3 or less, they were judged to be homogeneous.

[0183]
[Table 13]
Table 13 Investigation of identification sensitivity using model blood sample
Template Comparative example 7 Example 7
B1 O o
B2 X O

O : |dentification was successful.
x: ldentification was a failure.

[0184]
(Example 8) Verification of primer with multiple bacterial species
(electrophoresis)

In the present example, genomes extracted from cultured bacteria of
Bacteroides flagilis, Campylobacter jejuni, Clostridium perfringes,
Acinetobacter calcoaceticus, Klebsiella pneumoniae, Staphylococcus aureus,
Enterococcus faecalis, Bacillus cereus, Pseudomonas aeruginosa,
Corynebacterium xerosis and Enterobacter cloacae preserved in Toyama
University (clinical laboratory center of Toyama University Hospital) using
QlAamp DNA purification kit (QIAGEN) were used as a template of the

reaction. The reaction was carried out with a formulation shown in Table 5.
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The instruments and ultrapure water used were free of DNA. In the PCR
program, the reaction solution was heated at 95°C for 5 minutes, then, a
process including heating at 94°C for 10 seconds, at 60°C for 10 seconds
and at 72°C for 10 seconds was repeated 35 times. PCR was carried out for
the following primer combination:

(1) a combination of SEQ ID No. 13 and SEQ ID No. 17,

(2) a combination of SEQ ID No. 34 and SEQ 1D No. 50,

(3) a combination of SEQ ID No. 43 and SEQ 1D No. 50,

(4) a combination of SEQ ID No. 54 and SEQ 1D No. 61,

(5) a combination of SEQ ID No. 55 and SEQ ID No. 58,

(6) a combination of SEQ [D No. 55 and SEQ ID No. 61,

(7) a combination of SEQ ID No. 68 and SEQ ID No. 72,

(8) a combination of SEQ ID No. 77 and SEQ [D No. 103,

(9) a combination of SEQ ID No. 81 and SEQ ID No. 103,

(10) a combination of SEQ ID No. 114 and SEQ ID No. 125 and

(11) a combination of SEQ ID No. 115 and SEQ ID No. 5.

Then, the presence or absence of amplification of the intended
fragment was verified. The results are shown in Tables 14-1 to 14-5 together
with the result of Comparative Example 8.

[0185]

Bacterial strains of Bacteroides flagilis, Campylobacter jejuni,
Clostridium perfringes, Acinetobacter calcoaceticus, Klebsiella pneumoniae,
Staphylococcus aureus, Enterococcus faecalis, Bacillus cereus,
Pseudomonas aeruginosa, Corynebacterium xerosis and Enterobacter
cloacae are available from RIKEN BioResource Center and Japan Cuiture

Collection of Microorganisms.




10

20

25

139

[0186]
Evaluation in Table 14 was carried out according to the following
criteria.
Amount of intended product:
@ : amplification is particutarly good
o: amplification is good
A: amplification is poor
x: amplification is pariicularly poor
Amplification of non-specific product
o: non-specific product is not found
A: non-specific product is found
x: non-specific product is abundant
Threshold cycle:
@  threshold cycle is fast (decreased by 2 cycles or more)
o: threshold cycle is somewhat fast (decreased by 0-1 cycle)
a: threshold cycle is somewhat slow (increased by 1-2 ¢ycles)
x: threshold cycle is slow (increased by 3 cycles or more)
Melting analysis:
o: only one peak
A small peaks
x: several peaks
- No peak
(Comparative Example 8) Verification of primer with multiple bacterial
species (electrophoresis)

The following comparative example is a replication experiment of

Patent document 4. [n the present comparative example, genomes extracted
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from cultured bacteria of Bacteroides flagilis, Campylobacter jejuni,
Clostridium perfringes, Acinetobacter calcoaceticus, Klebsiella pneumoniae,
Staphylococcus aureus, Enterococcus faecalis, Bacillus cereus,
Pseudomonas aeruginosa, Corynebacterium xerosis and Enterobacter
cloacae preserved in Toyama University (clinical laboratory center of Toyama
University Hospital) using QlAamp DNA purification kit (QIAGEN) were used
as a tempiate of the reaction. The reaction was carried out with a formulation
shown in Table 5. The instruments and ultrapure water used were free of
DNA. In the PCR program, the reaction solution was heated at 95°C for 5
minutes, then, a process including heating at 94°C for 10 seconds, at 60°C
for 10 seconds and at 72°C for 10 seconds was repeated 35 times.

[0187]

PCR was carried out for the following primers:

(1) a combination of SEQ ID No. 1 and SEQ ID No. 16,

(2) a combination of SEQ ID No. 28 and SEQ D No. 44,

(3) a combination of SEQ ID No. 51 and SEQ ID No. 52,

(4) a combination of SEQ ID No. 53 and SEQ |D No. 57,

(6) a combination of SEQ ID No. 62 and SEQ ID No. 70,

(6) @ combination of SEQ ID No. 76 and SEQ ID No. 91 and

(7) a combination of SEQ ID No. 104 and SEQ ID No. 2.

Then, the presence or absence of amplification of the intended
fragment was verified. The results are shown in Table 14 fogether with the
result of Example 8,

{0188]

(Example 9) Verification of primer with multiple bacterial species (PCR)
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In the present example, genomes exfracted from cultured bacteria of
Bacteroides flagilis, Campylobacter jejuni, Clostridiurn perfringes,
Acinetobacter calcoaceticus, Klebsiella pneumoniae, Staphylococcus aureus,
Enterococcus faecalis, Bacillus cereus, Pseudomonas aeruginosa,
Corynebacterium xerosis and Enterobacter cloacae preserved in Toyama
University (clinical laboratory center of Toyama University Hospital) using
QlAamp DNA purification kit (QIAGEN) were used as a template of the
reaction. The reaction was carried out with a formulation shown in Table 5.
The instruments and ultrapure water used were free of DNA. Rotor-Gene Q
MDx 5plex HRM (QIAGEN) was used as a real time PCR apparatus, and in
the program thereof, the reaction solution was heated at 95°C for 5 minutes,
then, a process including heating at 94°C for 10 seconds, at 60°C for 10
seconds and at 72°C for 10 seconds was repeated 35 times, then, the DNA
dissociation curve of the amplification product was made. The reaction
solution was heated at 895°C for 10 seconds, then, incubated at 72°C for 90
seconds, and heated up to 95°C by 0.5°C stepwise, in order to make the
DNA dissociation curve.

PCR was carried out for the following primers:

(1) a combination of SEQ ID No. 13 and SEQ ID No. 17,

(2) a combination of SEQ ID No. 34 and SEQ ID No. 50,

(3) a combination of SEQ ID No. 43 and SEQ ID No. 50,

(4) a combination of SEQ 1D No. 54 and SEQ ID No. 61,

{56) a combination of SEQ ID No. 55 and SEQ ID No. 58,

(6) a combination of SEQ ID No. 55 and SEQ ID No. 61,

(7) a combination of SEQ ID No. 68 and SEQ ID No. 72,

(8) a combination of SEQ ID No. 77 and SEQ 1D No. 103,
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(9) a combination of SEQ ID No. 81 and SEQ ID No. 103,

(10) a combination of SEQ ID No. 114 and SEQ ID No. 125 and

(11) a combination of SEQ ID No. 115 and SEQ ID No. 5.

Then, the DNA dissociation curve of the amplification product was
made. The reaction solution was heated at 95°C for 10 seconds, then,
incubated at 72°C for 90 seconds, and heated up to 95°C by 0.5°C stepwise,
in order to make the DNA dissociation curve. At each stage, the reaction
solution was incubated for 2 seconds and the data were obtained, and the
Tm value of the ampilification product was measured. Based on the results,
the threshold cycle of the amplification curve and the dissociation curve were
verified. The results are shown in Table 14 together with the result of
Comparative Example 5.

[0189]
(Comparative Example 9) Verification of primer with multiple bacterial
species. (PCR)

The following comparative example is a replication experiment of
Patent document 4. In the present comparative example, genomes extracted
from cultured bacteria of Bacteroides flagilis, Campylobacter jejuni,
Clostridium perfringes, Acinetobacter calcoaceticus, Klebsiella pneumoniae,
Staphylococcus aureus, Enterococcus faecalis, Bacillus cereus,
Pseudomonas aeruginosa, Corynebacterium xerosis and Enterobacter
cloacae preserved in Toyama University (clinical laboratory center of Toyama
University Hospital) using QlAamp DNA purification kit (QIAGEN) were used
as a template of the reaction. The reaction was carried out with a formulation
shown in Table 5. The instruments and ultrapure water used were free of

DNA. Rotor-Gene Q MDx 5plex HRM (QIAGEN) was used as a real time
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PCR apparatus, and in the program, the reaction solution was heated at
95°C for 5 minutes, then, a process including heating at 94°C for 10 seconds,
at 60°C for 10 seconds and at 72°C for 10 seconds was repeated 35 times.
[0190]

For the primer, a combination of SEQ ID No. 1 and SEQ ID No. 16, a
combination of SEQ [D No. 28 and SEQ 1D No. 44, a combination of SEQ ID
No. 51 and SEQ ID No. 52, a combination of SEQ ID No. 53 and SEQ ID No.
57, a combination of SEQ ID Na. 62 and SEQ ID No. 70, a combination of
SEQ ID No. 76 and SEQ ID No. 91 and a combination of SEQ ID No, 104
and SEQ ID No. 2 were used for PCR, and thereafter, the bNA dissociation
curve of the amplification product was made. The reaction solution was
heated at 95°C for 10 seconds, then, incubated at 72°C for 90 seconds, and
heated up to 95°C by 0.5°C stepwise, in order to make the DNA dissociation
curve. Ateach stage, the reaction solution was incubated for 2 seconds and
the data were obtained, and the Tm value of the amplification product was
measured. Based on the results, the threshold cycle of the amplification
curve and the dissociation curve were verified. The results are shown in

Table 14 together with the result of Example 9.
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Forward

Reverce

Bactaroides fagilis

Eleclrophoresis

Amplfi - Non-
-Gation specificily

PCR

Threshold  Melling
cyclk  Analysis

Campylobacter jejuni

Electrophoresis

Amplifi  Non-
-cation spacificity

PCR

Threshold Meliing
cycle  Analysis

Closkidium perfringas

Electraphoresis

Amplfi  Non-

-cation  specificity

PCR

Threshold  Melling
cycle Analysis
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SEQID No.18

SEQID No.13

SEQID No.A7
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Forward

Reverce

Acinelohacler calcoacelicus

Eleclrophoresis

Anplifi Non-

~alion specificity

PCR

Threshold Melting

cycle

Analysis

Kiehsiefla preumoniae

Electrophoresis

Ampliii  Non-
-cation specificity

Threshcld  Melling
Analysis

cycle

PCR

Slaphylococcus aureus

Electrophoresis
Arpih Non-
-calion  specificity

Thrashold

cycle

PCR

Melling
Analysis

SEQID Na.1

SEQID No.16

SEQHD No.13
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[0193]
[Table 14-3]

Table 14-3
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Forward

Reverce

Enterococcus faecalis

Electrophoresis PCR

Amplifi
-cation

Non- [Threshold Melting
specificity {cycle Analysis

SEQ ID No.1

SEQID No.16

SEQ ID No.13

SEQ ID No.17

SEQ ID No.28

SEQ ID No.44

SEQ 1D No.34

SEQ ID No.50

SEQ ID No.43

SEQ ID No.50

SEQ ID No.51

SEQ ID No.52

SEQ ID No.53

SEQ ID No.57

SEQ ID No.54

SEQ ID No.61

SEQ ID No.55

SEQ 1D No.58

SEQ ID No.55

SEQ 1D No.61

SEQ ID No.62

SEQ ID No.70

SEQ ID No.68

SEQ ID No.72

SEQ ID No.76

SEQ ID No.91

SEQ 1D No.77

SEQ ID No.103

SEQ ID No.8t

SEQ ID No.103

SEQ ID No.104

SEQ ID No.2

SEQ ID No.114

SEQ |D No.125

SEQ ID No.115

SEQ ID No.5

CQOPIBEIPBEEEPD>DD>D>IOP

QO x> DBDIOD
OQOQO0OOICOIDOOOIPIO>OIPO
OCOO0I0OQOIOICOOVIDICOOIOO




Tebiz 144

147

Fonvard

Reverce

Bacillus cereus

Ekeclrophoresis
Amglifi  Non-
-cation specificity

PCR

Threshold  Melting

cycle

Analysis

Streptococeus agalachiae

Electrophoresis
Amplifi  Non-
-cafion specificity

cycle

PCR

Threshold Meling

Analysis

FPseudomonas asruginosa

Electrophoresls

Amplifi Non-
-cation specicly

PCR

Threshold  Melling

cycle

Analysis

SEQID No.1

SEQID No.16

SEQID No. 13

SEQ D Ne.17

SEQI0 No.23

SEQID No.d4

SEQID No.34

SEQ ID No.50
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Ferward

Reverce

Electrophoresis
Non-  |Threshold Melling
Analysls

Amplf

-cation

Corynebaclerium xerosis
PCR

specificity |cycle

Enlerabacler cloacag

Electrophoresis

Ampift None

-talion specificity

Threshold Melfing

cycle

PCR

Analysis|

Escherichia coli

Electiophoresis

Amplfi  Non-

-calion  specificly

Threshald

cycle

PCR
Meling
Analysis

SEQ D No1

SEQID No.16

SEQ D No.13

SEQID No.17

SEQ 0 No.28

SEQID No.4¢

SEQ 19 No.34
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SEQ D No.50
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[0196]
(Example 10)Verification with simulated blood sample of other bacterial

species than E. coli

In the present example, cultured bacteria of Bacillus cereus,
Pseudomonas aeruginosa, Enterobacter aerogenes and Streptococcus
agalctiae preserved in Toyama University (clinical [aboratory center of
Toyama University Hospital) were added to 2 mi of whole blood from a
healthy individual so as to give concentrations shown in Table 15 to prepare
solutions, being prepared along with the efforts of Toyama University
Hospital. Experiments were all conducted in clinical laboratory center of
Toyama University Hospital. The solution prepared by adding a bacterium
suspension to whole blood was centrifugally separated at 100 ¢ for 5 minutes
and the plasma fraction was recovered, then, the supernatant thereof was
further centrifugally separated at 13000 g for 5 minutes, and the precipitate
was recovered. A DNA solution extracted from this precipitate using QlAamp
DNA purification kit (QIAGEN) was used as a femplate and PCR was carried
out in clinical laboratory center of Toyama University Hospital. The
instruments and ultrapure water used were free of DNA. Rotor-Gene Q MDx
5plex HRM (QIAGEN) was used as a real time PCR apparatus, and in the
PCR program theredof, first, the reaction solution was heated at 95°C for 5
minutes, then, a process including heating at 94°C for 10 seconds, at 65°C
for 10 seconds and at 72°C for 30 seconds was repeated 40 times. For the
primer, a combination of a forward primer SEQ {D No. 1 and a reverse primer
SEQ ID No. 5 was adopted. The reaction was conducted with a formulation
shown in Table 4. This reaction product was diluted 500-fold with DNA-free

ultrapure water, and further, this was used as a template and heated at 95°C
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for & minutes with a formulation shown in Table 5, then, a process including

heating at 94°C for 10 seconds, at 60°C for 10 seconds and at 72°C for 10

seconds was repeated 30 times, then, the DNA dissociation curve of the

amplification product was made. The reaction solution was heated at 95°C

for 10 seconds, then, incubated at 72°C for 90 seconds, and heated up to

95°C by 0.5°C stepwise, in order to make the DNA d

issociation curve. At

each stage, the reaction solution was incubated for 2 seconds and the data

were obtained, and the Tm value of the amplification

product was measured.

As the primer, the following seven sets were used:

a combination of a forward primer SEQ ID No
primer SEQ ID No. 16,

a combination of a forward primer SEQ [D No
primer SEQ 1D No. 50,

a combination of a forward primer SEQ [D No
primer SEQ ID No. 52,

a combination of a forward primer SEQ 1D No
primer SEQ {D No. 57,

a combination of a forward primer SEQ {D No
primer SEQ ID No. 70,

a combination of a forward primer SEQ ID No
and

a combination of a forward primer SEQ 1D No

primer SEQ D No. 5.

. 15 and a reverse

.43 and a reverse

. 51 and a reverse

. 53 and a reverse

. 62 and a reverse

.81 and SEQ ID No. 103

. 115 and a reverse

Then, the resultant Tm value was compared with the Tm values of

various bacterial species previously obtained and ve

Patent document 4.

rified, as described in
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The results are shown in Table 15.
[0197]
[Table 15]

Table 15 Concentrations of model blood samples prepared by
using bacteria other than E, coli and resulis

Name Species CFU/ml  Identification

Ak19Ba Bacillus cereus 5040 o}

AK24 5t Streptococcus agalactiae 548 0

AK24Ps  Pseudomonas aeruginosa 530 o
AEa24 Enterobacter aerogenes 262 O
Name Species CFU/ml  Identification
PA-Bc Bacillus cereus 5040 o
PA-Sa Streptococcus agalactiae 548 0
PA-Ps Pseudomonas aeruginosa 530 o
PA-Ea Enterobacter aerogenes 262 o

5 [0198]

(Example 11)Verification with clinical sample of Hospital of Toyama
University
In the present example, a DNA solution extracted from a blood sample
of a patient suspected of sepsis in Toyama University Hospital was used as a
10 template, and experiments were all conducted in a laboratory of the
examination department of Toyama University Hospital. The instruments and
ultrapure water used were free of DNA. Rotor-Gene Q MDx &plex HRM was

used as a real time PCR apparatus, and in the PCR program thereof, first,
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the reaction solution was heated at 95°C for 5 minutes, then, a process
including heating at 94°C for 10 seconds, at 65°C for 10 seconds and at
72°G for 30 seconds was repeated 40 times. For the primer, a combination
of a forward primer SEQ ID No. 1 and a reverse primer SEQ ID No. 5 was
adopted. The reaction was conducted with a formulation shown in Table 4.
This reaction product was diluted 500-fold with DNA-free ultrapure water, and
further, this was used as a template and heated at 95°C for 5 minutes with a
formulation shown in Table 5, then, a process including heating at 94°C for
10 seconds, at 60°C for 10 seconds and at 72°C for 10 seconds was
repeated 30 times, then, the DNA dissociation curve of the ampiification
product was made. The reaction solution was heated at 95°C for 10
seconds, then, incubated at 72°C for 90 seconds, and heated up to 95°C by
0.5°C stepwise, in order to make the DNA dissociation curve. At each stage,
the reaction solution was incubated for 2 seconds and the data were
obtained, and the Tm value of the amplification product was measured. As
the primer, the following seven sets were used:

a combination of a forward primer SEQ |ID No. 15 and a reverse
primer SEQ 1D No. 186,

a combination of a forward primer SEQ 1D No. 43 and a reverse
primer SEQ ID No. 50,

a combination of a forward primer SEQ ID No. 51 and a reverse
primer SEQ ID No. 52,

a combination of a forward primer SEQ ID No. 53 and a reverse
primer SEQ ID No. 57,

a combination of a forward primer SEQ ID No. 62 and a reverse

primer SEQ ID No. 70,
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a combination of a forward primer SEQ ID No. 81 and SEQ ID No. 103
and

a combination of a forward primer SEQ 1D No. 115 and a reverse
primer SEQ ID No. 5

Then, the resultant Tm value was compared with data in the data base
containing input Tm values of various bacterial species previously obtained
and verified, as described in Patent document 4. The results are shown in

Table 16.
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Table 16 Identificaticn results of clinical samples in Toyama University

[52]

Consistency of

Results of Example 11 Blood culture method
results
CS-1 Racteroides vulgatus Bacteroides vulgatus @]
. . Kiebsiei, iag,
cs-2 Kiebsielia preumaniae eoste apnea{momae,
Corynebacleritim sp.

Staphylococcus haermolyticus or

33 Staphylocaccus haemolyticus
aureus

C54 Citrobacter freundii Citrobacter freundii

CS-5 Bacillus cereus Bacillus cereus

CS-6 Staphy :;?szf;.;?:phs ar Staphylococeus epidermidis

CS-7 Staphylococeous aureus Staphylococcus aureus

CS-8 Kiebsielfa pneumoniae Klebsiella prsumeniae

CS-9 Escherichia colf Escherichia coli
CS-10 Enterobacter cloacae Enterobacter cloacae
CS-1 Escherichia colf Escherchia coli

COoO0C0O O 00O O O

(94 siqel1]

[ssL00
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[0200]
(Example 12}Regarding hot start PCR

In the present example, a DNA solution (HE) was used as a template,
and an amplification reaction was conducted using CleanAmp dNTPs
(Sigma-Aldrich) as dNTP for hot start and using dNTP conventionally used,
and the results were compared. The reaction was conducted with a
formulation shown in Tables 4 and 17.
[0201]
[Table 17]

Table 17 Composition of Reaction solution 3

Template 20 pkL

10X Thnuder Taq Buffer 2.0 uL

25mM MgCi2 1.6 ul

e-DNAP 1.0 Unit

2mM dNTP 20 pL

EvaGreen (Biotiumy) 1.0 pl

10uM forward primer 0.6 ulL

10uM reverse primer 0.6 pL
DW | Appropriate amount

Total 20.0 pL

[0202]

The instruments and ultrapure water used were free of DNA. As the
template, EC3 shown in Table 3 was used. For the primer, a combination of
a forward primer SEQ ID No. 1 and a reverse primer SEQ [D No. 2 was
adopted, and in the PCR program, first, the reaction solution was heated at
95°C for 5 minutes, then, a process including heating at 94°C for 10 seconds,
at 65°C for 10 seconds and at 72°C for 30 seconds was repeated 35 times.

The solution after the reaction was electrophoresed on 2% agarose gel and
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stained with ethidium bromide, then, the amplification of the intended product
and amplification of the non-specific product were verified.
[0203]

The results are shown in Fig. 2.
[0204}
(Example 13)DNA removal treatment (ultrafiltration, E. coli genome addition
experiment)

The instruments and ulirapure water used were free of DNA. Five
hundred microliter of sterile water was added info Amicon UFC50508
(Millipore) and centrifugal separation was performed at 5000 g for 5 minutes,
and, then, the filtrate and the solution remaining in the filter were removed.
Next, 500 uL of 1 N hydrochloric acid was supplied and centrifugal
separation was performed at 5000 g for 5 minutes, and, then, the filtrate and
the solution remaining in the filter were removed. Finally, 500 ul. of sterile
water was supplied and centrifugal separation was performed at 5000 g for 5
minutes, and, then, the filtrate and the solution remaining in the filter were
removed. Such an operation was repeated twice. Next, 100 ul of a mixed
solution composed of components obtained after removal of the template and
EvaGreen from a formulation of the reaction solution shown in Table 4 was
prepared, and further, 4 pg of E. coli DNA was added. The resultant solution
was put into Amicon UFC50508 after the above operations and centrifugal
separation was performed at 5000 g for 5 minutes. Then, the filtrate was
recovered. EvaGreen and sterile water were added to the resultant filirate
and PCR was conducted. Rotor-Gene Q MDx 5Splex HRM (QIAGEN) was
used as a PCR apparatus, and in the PCR program thereof, first, the reaction

solution was heated at 95°C for 5 minutes, then, a process including heating
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at 94°C for 10 seconds, at 65°C for 10 seconds and

at 72°C for 30 seconds

was repeated 35 times. For the primer, a combination of SEQ ID No. 1 and 2

was adopted. The product of this reaction solution was diluted 500-fold, and

further, PCR was conducted with a formulation shown in Table 5 using this

diluted product as a template. The reaction solution

was heated at 95°C for 5

minutes, then, a process including heating at 94°C for 10 seconds, at 60°C

for 10 seconds and at 72°C for 10 seconds was repeated 30 times, then, the

DNA dissociation curve of the amplification product was made, and the Tm

value of each amplification product was measured. PCR was carried out with

the following seven sets:

a combination of a forward primer SEQ ID No
SEQ ID No. 18,

a combination of a forward primer SEQ ID No
primer SEQ ID No. 44,

a combination of a forward primer SEQ ID No
primer SEQ ID No. 52,

a combination of a forward primer SEQ ID No
primer SEQ ID No. 57,

a combination of a forward primer SEQ ID No
primer SEQ [D No. 70, -

a combination of a forward primer SEQ 1D No
primer SEQ ID No. 91 and

a combination of a forward primer SEQ 1D No

primer SEQ ID No. 2.

. 1 and a reverse primer

. 28 and a reverse

. 51 and a reverse

. 53 and a reverse

.62 and a reverse

. 76 and a reverse

. 104 and a reverse
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Then, the presence or absence of amplification of each DNA sample
was verified. The results are shown in Fig. 3 together with the result of
Comparative Example 10.

[0205]
(Comparative Example 10) DNA removal treatment (ultrafiltration, negative
controt of E. coli genome addition experiment)

Five hundred microliter of sterile water was added into Amicon
UFC50508 (Millipore) and centrifugal separation was performed at 5000 g for
5 minutes, and, then, the filtrate and the solution remaining in the filter were
removed. Next, 500 pL of 1 N hydrochloric acid was supplied and centrifugal
separation was performed at 5000 g for 5 minutes, then remove the filtrate
and the solution remaining in the filter. Finally, 500 pL of sterile water was
supplied and centrifugal separation was performed at 5000 g for 5 minutes,
and, then, the filtrate and the solution remaining in the filter were removed.
Such an operation was repeated twice. Next, 100 yL of a mixed solution
composed of components obtained after removal of the template and
EvaGreen from a formulation of the reaction solution shown in Table 4 was
prepared. The resultant solution was put into Amicon UFC50508 after the
above operations and cenfrifugal separation was performed at 5000 g for 5
minutes. Then, the filtrate was recovered. EvaGreen and sterile water were
added to the resultant filtrate and PCR was conducted. Rotor-Gene Q MDx
5plex HRM {QIAGEN) was used as a PCR apparatus, and in the PCR
program thereof, first, the reaction solution was heated at 95°C for 5 minutes,
then, a process including heating at 94°C for 10 seconds, at 65°C for 10
seconds and at 72°C for 30 seconds was repeated 35 times. For the primer,

a combination of SEQ ID No. 1 and 2 was adopted. The product of this
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reaction solution was diluted 500-fold, and further, PCR was conducted with

a formulation shown in Table 5 using this diluted product as a template. The

reaction solution was heated at 95°C for 5 minutes, t

hen, a process including

heating at 94°C for 10 seconds, at 60°C for 10 seconds and at 72°C for 10

seconds was repeated 30 times, then, the DNA dissociation curve of the

amplification product was made, and the Tm value of each amplification

product was measured. PCR was carried out with the following seven sets:

a combination of a forward primer SEQ ID No
SEQ ID No. 18,

a combination of a forward primer SEQ ID No
primer SEQ 1D No. 44,

a combination of a forward primer SEQ 1D No
primer SEQ ID No. 52,

a combination of a forward primer SEQ ID No
primer SEQ ID No. 57,

a combination of a forward primer SEQ ID No
primer SEQ 1D No. 70,

a combination of a forward primer SEQ 1D No
primer SEQ ID No. 91 and

a combination of a forward primer SEQ ID No

primer SEQ ID No. 2.

. 1 and a reverse primer

. 28 and a reverse

. 51 and a reverse

. 53 and a reverse

. 62 and a reverse

. 76 and a reverse

. 104 and a reverse

Then, the presence or absence of amplification of each DNA sample

was verified. The results are shown in Fig. 3 together with the result of

Example 13.
[0206]
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(Example 14)DNA removal treatment (Purification of contaminated reagent,
direct-PCR)

The instruments and ultrapure water used were free of DNA. Five
hundred microliter of sterile water was added into Amicon UFC50508
(Millipore) and centrifugal separation was performed at 5000 g for 5 minutes,

and, then, the filtrate and the solution remaining in the filter were removed.

.Next, 500 L of 1 N hydrochloric acid was supplied and centrifugal

separation was performed at 5000 g for 5 minutes, and, then, the filtrate and
the solution remaining in the filter were removed. Finally, 500 ub of sterile
water was supplied and centrifugal separation was performed at 5000 g for 5
minutes, and, then, the filtrate and the solution remaining in the filter were
removed. Such an operation was repeated twice. Next, 100 uL of a mixed
solution composed of components obiained after removal of the template and
EvaGreen from a formulation of the reaction solution shown in Table 4 was
prepared. The resuitant solution was put into Amicon UFC50508 after the
above operations and centrifugal separation was performed at 5000 g for 5
minutes. Then, the filtrate was recovered. EvaGreen and sterile water were
added to the resultant filtrate and PCR was conducted. Rotor-Gene Q MDx
5plex HRM (QIAGEN) was used as a PCR apparatus, and in the program of
PCR, first, the reaction solution was heated at 95°C for 5 minutes, then, a
process including heating at 94°C for 10 seconds, at 65°C for 10 seconds
and at 72°C for 30 seconds was repeated 35 times. For the primer, a
combination of SEQ 1D No. 1 and 2 was adopted. The product of this
reaction solution was diluied 500-fold, and further, PCR was conducted with
a formulation shown in Table 5 using this diluted product as a template.

Rotor-Gene Q MDx 5plex HRM (QIAGEN) was used as a PCR apparatus,
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and the reaction solution was heated at 95°C for 5 minutes, then, a process
including heating at 94°C for 10 seconds, at 60°C for 10 seconds and at
72°C for 10 seconds was repeated 26 times, then, the DNA dissociation
curve of the amplification product was made, and the Tm value of each
amplification product was measured. PCR was carried out with the following
seven sets:

(1) a combination of a forward primer SEQ ID No. 15 and a reverse
primer SEQ ID No. 16,

(2) a combination of a forward primer SEQ 1D No. 43 and a reverse
primer SEQ 1D No. 50,

(3} a combination of a forward primer SEQ ID No. 51 and a reverse
primer SEQ ID No. 52,

(4) a combination of a forward primer SEQ [D No. 53 and a reverse
primer SEQ [D No. 57,

(5) a combination of a forward primer SEQ ID No. 62 and a reverse
primer SEQ ID No. 70,

(6) a combination of a forward primer SEQ |D No. 81 and a reverse
primer SEQ ID No. 103 and

(7) a combination of a forward primer SEQ ID No. 115 and a reverse
primer SEQ 1D No. 5.

Then, the presence or absence of ampilification of the intended
fragment was verified. The resulis are shown in Fig. 4 together with the
result of Comparative Example 11.

[0207]
(Comparative Example 11) DNA removal treatment (Purification of

contaminated reagent, direct-PCR)
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The instruments and ultrapure water used were free of DNA. A
solution having a reaction formulation shown in Table 4 was prepared, and
PCR was conducted. Rotor-Gene Q MDx 5plex HRM (QIAGEN) was used
as a PCR apparatus, and in the PCR program thereof; first;-the reaction
solution was healed at 95°C for 5§ minutes, then, a process including heating
at 94°C for 10 seconds, at 65°C for 10 seconds and at 72°C for 30 seconds
was repeated 35 times. For the primer, a combination of SEQ ID No. 1 and 2
was adopted. The product of this reaction solution was diluted 500-fold, and
further, PCR was conducted with a formulation shown in Table 5 using this
diluted product as a template. Rotor-Gene Q MDx 5plex HRM (QIAGEN)
was used as a PCR apparatus, and the reaction solution was heated at 95°C
for 5 minutes, then, a process including heating at 94°C for 10 seconds, at
60°C for 10 seconds and at 72°C for 10 seconds was repeated 26 times,
then, the DNA dissociation curve. of the amplification product was made, and
the Tm value of each amplification product was measured. PCR was carried
out with the following seven sets:

(1) a combination of a forward primer SEQ [D No. 15 and a reverse
primer SEQ [D No. 16,

(2) a combination of a forward primer SEQ ID No. 43 and a reverse
primer SEQ ID No. 50,

(3) a combination of-a forward.primer SEQ [D No. 51 and a reverse
primer SEQ ID No. 52,

{(4) a combination of a forward primer SEQ [D No. 53 and a reverse
primer SEQ ID No. 57,

(5) a combination of a forward primer SEQ [ID No. 62 and a reverse

primer SEQ ID No. 70,
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(6) a combination of a forward primer SEQ 1D No. 81 and a reverse
primer SEQ ID No. 103 and

(7) a combination of a forward primer SEQ 1D No. 115 and a reverse
primer SEQ ID No. 5.

Then, the presence or absence of amplification of the intended
fragment was verified. The results are shown in Fig. 4 together with the
resuit of Example 14.

[0208)
(Example 15)DNA removal treatment (gamma ray sterilization, E. coli DNA is
treated with gamma ray)

The instruments and ultrapure water used were free of DNA. A
solution was prepared by adding 500 fg of E. coli DNA to 100 L. of sterile
water, and this was irradiated with a gamma ray of 10 kGy and 25 kGy. This
solution was used as a template and PCR was conducted under the following
conditions. The reaction was carried out with a formulation shown in Table 1.
Rotor-Gene Q MDx 5plex HRM (QIAGEN) was used as a PCR apparatus,
and in the program of PCR, first, the reaction solution was heated at 95°C for
5 minutes, then, a process including heating at 94°C for 10 seconds, at 65°C
for 10 seconds and at 72°C for 30 seconds was repeated 40 times, then, the
DNA dissociation curve was made. For the primer, a combination of SEQ ID
No. 1 and 2 was adopted. The product of this reaction solution was diluted
500-fold, and further, this was used as a template and heated at 95°C for 5
minutes, then, a process including heating at 94°C for 10 seconds, at 60°C
for 10 seconds and at 72°C for 10 seconds was repeated 30 times, then, the
DNA dissociation curve of the amplification product was made. PCR was

carried out with the following seven sets:
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(1) a combination of a forward primer SEQ ID No
primer SEQ ID No. 16,

(2) a combination of a forward primer SEQ ID No
primer SEQ [D No. 44,

(3) a combination of a forward primer SEQ ID No
primer SEQ ID No. 52, |

(4) a combination of a forward primer SEQ 1D No
primer SEQ ID No. 57,

(6) a combination of a forward primer SEQ ID No
primer SEQ 1D No. 70,

(6) a combination of a forward primer SEQ |D No
primer SEQ ID No. 91 and

(7} a combination of a forward primer SEQ ID No
primer SEQ D No. 2..

Then, the presence or absence of amplification o
was verified. The results are shown in Table 18.
[0209]

[Table 18]
Table 18 gamma ray sterilization

.1 and a reverse

. 28 and a reverse

. 51 and a reverse

. 53 and a reverse

.62 and a reverse

. 76 and a reverse

. 104 and a reverse

f each DNA sample

Amplification of target product

No treatment )
10kGy A
25kGy X

O . Amplification was observed.

A Amplification was slightly observed.
x: No amplification was observed.
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[0210]
(Example 18)DNA removal treatment (EMA)

The instruments and ultrapure water used were free of DNA, and the
operation was conducted in a clean bench. A solution was prepared by
omitting the template, the primers and EvaGreen from the composition of the
reaction liquid formulation of Table 5, but adding 25 ng of E, coli genomic
DNA. Next, Ethidium Monoazide Bromid (Molecular Probe) was added to the
resultant solution so that the final concentration of Ethidium Monoazide
Bromid was 20 yM to provide a solution containing Ethidium Monoazide
Bromid, while the above resultant solution without addition of Ethidium
Monoazide Bromid was provided as the negative control. These solutions
were placed under an LED bulb of 570 Im and irradiated with light for 15
minutes. Thereafter, primers and EvaGreen were added, and each mixiure
was heated at 85°C for 10 minutes, then, a process including heating at 95°C
for 10 seconds, at 60°C for 30 seconds and at 72°C was repeated 60 times,
then, the DNA dissociation curve of the amplification product was made. The
presence or absence of amplification of the intended product was verified.
For the primer, a forward primer SEQ ID No. 51 and a reverse primer SEQ ID
No. 52 were adopted. The results are shown in Fig. 5.

[0211]
(Example 17)Identification of bacterial species by four Tm values

A blind test was conducted by preparing the unidentified solution
having no bacterial names of 4 bacterial species. Escherichia coli,
Clostridium difficile, Klebsiella pneumoniae and Enterobacter cloacae were
named as Bacterium No. 1 1o No. 4, respectively and DNA was extracted

from each bacterium to try to identify them. PCR reactions were carried out
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in the same manner as Example 11. The identification was made only on the
basis of a combination of four Tm values among them. In view of the
measurement error of Rotor-Gene Q, those in which Dist < 0.2 or less were

regarded as homogeneous.

[0212]
[Table 19]
Table 19 Discrimination of bacterial species by four Tm values
Sample name Name of bacterial species Dist.
Bacterium No. 1 E. coli =0.18
Bacterium No. 2 C. difficile =0.15
Bacterium No. 3 K. pneumoniae =0.19

Bacterium No. 4 E. cloacae =0.19




167

Claim 1

A primer set for polymerase chain reaction (PCR) for amplification of
bacterial DNA, which comprises at least one primer pair of seven primer sets
obtained by selecting one primer pair from each group of the following S1 to S7
groups:

Group S1:

1-1A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 1 and a reverse primer consisting of
any one sequence of SEQ ID: No. 22 and 27,

1-2A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 10 and a reverse primer consisting of
any one sequence of SEQ ID: No. 20 and 21,

1-3A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 11 and a reverse primer consisting of
any one sequence of SEQ ID: No. 16, 18 and 26;

1-4; a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 12 and a reverse primer consisting of
any one sequence of SEQ ID: No. 16 to 27;

1-5: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 13 and a reverse primer consisting of
any one sequence of SEQ ID: No. 16 to 27;

1-8A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 6 and a reverse primer consisting of

any one sequence of SEQ ID: No. 16, 19 to 21, 23, 24, 26 and 27,



168

1-9A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 7 and a reverse primer consisting of
any one sequence of SEQ ID: No. 16 to 21, 23, 24, 26 and 27; or

1-10A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 8 and a reverse primer consisting of
any one sequence of SEQ ID: No. 16 to 21, 23, 24, 26 and 27;

Group S2:

2-1A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 28 and a reverse primer consisting of
any one sequence of SEQ ID: No. 45 and 47 to 50;

2-2: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 29 and a reverse primer consisting of
any one sequence of SEQ ID: No. 44, 45, 47, 48 and 50;

2-3: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 30 and a reverse primer consisting of
any one sequence of SEQ ID: No. 45 and 47 to 50;

2-4: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 31 and a reverse primer consisting of
any one sequence of SEQ ID: No. 46 and 47,

2-5: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 32 and a reverse primer consisting of
any one sequence of SEQ ID: No. 45 and 47 to 49;

2-6A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 33 and a reverse primer consisting of

any one sequence of SEQ ID: No. 44, 45 and 47 to 50;
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2-7A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 34 and a reverse primer consisting of
any one sequence of SEQ ID: No. 45, 47 and 48;

2-8A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 35 and a reverse primer consisting of
any one sequence of SEQ ID: No. 44, 45, 48 and 49;

2-9A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 36 and a reverse primer consisting of
any one sequence of SEQ ID: No. 44, 45, 48 and 49;

2-10A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 37 and a reverse primer consisting of
any one sequence of SEQ ID: No. 45 and 47 to 50;

2-11: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 38 and a reverse primer consisting of
any one sequence of SEQ ID: No. 44 to 50;

2-12A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 39 and a reverse primer consisting of
any one sequence of SEQ ID: No. 44 to 48 and 50;

2-13: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 40 and a reverse primer consisting of
any one sequence of SEQ ID: No. 44 to 50;

2-14A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 41 and a reverse primer consisting of
any one sequence of SEQ ID: No. 45 and 46;

2-15A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 42 and a reverse primer consisting of

any one sequence of SEQ ID: No. 48 and 49; or
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2-16A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 43 and a reverse primer consisting of
any one sequence of SEQ ID: No. 44, 46 to 48 and 50;

Group S3:

a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 51 and a reverse primer consisting of a
sequence of SEQ ID: No. 52;

Group S4:

4-1: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 53 and a reverse primer consisting of
any one sequence of SEQ ID: No. 57 to 61;

4-2: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 54 and a reverse primer consisting of
any one sequence of SEQ ID: No. 59 and 61,

4-3: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 55 and a reverse primer consisting of
any one sequence of SEQ ID: No. 57 to 59 and 61; or

4-4: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 56 and a reverse primer consisting of
any one sequence of SEQ ID: No. 57 to 59 and 61;

Group S5:

5-1A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 62 and a reverse primer consisting of
any one sequence of SEQ ID: No. 70, 73 to 75;

5-2: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 63 and a reverse primer consisting of

any one sequence of SEQ ID: No. 70 to 75;



171

5-3: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 64 and a reverse primer consisting of
any one sequence of SEQ ID: No. 70 to 75;

5-4: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 65 and a reverse primer consisting of
any one sequence of SEQ ID: No. 70 to 75;

5-5A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 66 and a reverse primer consisting of
any one sequence of SEQ ID: No. 70, 72, 73 and 75;

5-6A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 67 and a reverse primer consisting of
any one sequence of SEQ ID: No. 70, 71 and 73 to 75;

5-7: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 68 and a reverse primer consisting of
any one sequence of SEQ ID: No. 70 to 75; or

5-8: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 69 and a reverse primer consisting of
any one sequence of SEQ ID: No. 70 to 75;

Group S6:

6-1A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 76 and a reverse primer consisting of
any one sequence of SEQ ID: No. 93, 96 and 101 to 103;

6-2: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 77 and a reverse primer consisting of

any one sequence of SEQ ID: No. 91, 96 and 101 to 103;
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6-3: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 78 and a reverse primer consisting of
any one sequence of SEQ ID: No. 91 and 101 to 103;

6-4A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 79 and a reverse primer consisting of
any one sequence of SEQ ID: No. 91 and 101 to 103;

6-5: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 80 and a reverse primer consisting of
any one sequence of SEQ ID: No. 91, 93 and 100 to 103;

6-6: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 81 and a reverse primer consisting of
any one sequence of SEQ ID: No. 91, 93 and 101 to 103;

6-7: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 82 and a reverse primer consisting of
any one sequence of SEQ ID: No. 91, 96, 97 and 101 to 103;

6-8: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 83 and a reverse primer consisting of
any one sequence of SEQ ID: No. 91, 101 to 103;

6-9: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 84 and a reverse primer consisting of
any one sequence of SEQ ID: No. 91 and 101 to 103;

6-10: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 85 and a reverse primer consisting of
any one sequence of SEQ ID: No. 91 and 101 to 103;

6-11A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 86 and a reverse primer consisting of

any one sequence of SEQ ID: No. 91, 93 and 101 to 103;
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6-12: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 87 and a reverse primer consisting of
any one sequence of SEQ ID: Nos. 91, 96 and 101 to 103;

6-13: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 88 and a revers primer consisting of
any one sequence of SEQ ID: No. 91 and 101 to 103;

6-14: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 89 and a reverse primer consisting of
any one sequence of SEQ ID: No. 91 and 101 to 103; or

6-15: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 90 and a reverse primer consisting of
any one sequence of SEQ ID: No. 91, 92, 96 and 101 to 103;

Group S7:

7-1A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 104 and a reverse primer consisting of
any one sequence of SEQ ID: No. 5and 118 to 125, 127, 128, 130 and 131;

7-2A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 105 and a reverse primer consisting of
any one sequence of SEQ ID: No. 5 and 118 to 125;

7-3A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 106 and a reverse primer consisting of
any one sequence of SEQ ID: No. 2,5 and 116 and 118 to 131;

7-4A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 107 and a reverse primer consisting of

any one sequence of SEQ ID: No. 120 and 121;
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7-5A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 108 and a reverse primer consisting of
any one sequence of SEQ ID: No. 120 and 123;

7-6A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 109 and a reverse primer consisting of
any one sequence of SEQ ID: No. 2, 118 to 122, 124 and 126;

7-7A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 110 and a reverse primer consisting of
any one sequence of SEQ ID: No. 118, 120, 121, 124 and 126 to 130;

7-8A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 111 and a reverse primer consisting of
any one sequence of SEQ ID: No. 2,5 and 118 to 131;

7-9A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 112 and a reverse primer consisting of
any one sequence of SEQ ID: No. 2,5 and 116, and 118 to 125;

7-10A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 113 and a reverse primer consisting of
any one sequence of SEQ ID: No. 2,5, 118 to 126, 130 and 131,

7-11A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 114 and a reverse primer consisting of
a sequence of SEQ ID: No. 5; or

7-12A: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 115 and a reverse primer consisting of

any one sequence of SEQ ID: No. 2 and 5.

Claim 2
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A primer set according to claim 1, which comprises at least one primer
pair of the following seven primer pairs 1) to 7):

1) a primer pair selected from Group S1;

2) a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 43 and a reverse primer consisting of a
sequence of SEQ ID: No. 50;

3) a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 51 and a reverse primer consisting of a
sequence of SEQ ID: No. 52;

4) a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 53 and a reverse primer consisting of a
sequence of SEQ ID: No. 57;

5) a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 62 and a reverse primer consisting of a
sequence of SEQ ID: No. 70;

6) a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 81 and a reverse primer consisting of a
sequence of SEQ ID: No. 103; and

7) a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 115 and a reverse primer consisting of

a sequence of SEQ ID: No. 5.
Claim 3
A primer set according to claim 2, comprising any one of the primer pairs

1) to 7).

Claim 4
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A primer set according to claim 3, comprising any one of the following
combinations A to G:

(A) when the primer set comprises primer pair 1), the primer set further
comprises at least 3 primer pairs selected form 2) to 7);

(B) when the primer set comprises primer pair 2), the primer set further
comprises at least 3 primer pairs selected form 1) and 3) to 7);

(C) when the primer set comprises primer pair 3), the primer set further
comprises at least 3 primer pairs selected form 1), 2) and 4) to 7);

(D) when the primer set comprises primer pair 4), the primer set further
comprises at least 3 primer pairs selected form 1) to 3) and 5) to 7);

(E) when the primer set comprises primer pair 5), the primer set further
comprises at least 3 primer pairs selected form 1) to 4) and 6) to 7);

(F) when the primer set comprises primer pair 6), the primer set further
comprises at least 3 primer pairs selected form 1) to 5) and 7);

(G) when the primer set comprises primer pair 7), the primer set further

comprises at least 3 primer pairs selected form 1) to 6).

Claim 5
A primer set according to any one of claims 1 to 4 for detection of a

bacterial species.

Claim 6
A primer set according to claim 4 for detection and/or identification of a

bacterial species.

Claim 7
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A primer set according to any one of claims 1 to 5, comprising at least 4

primer pairs of the seven primer pairs.

Claim 8

A kit for detection of a bacterial species, which comprises at least one
primer pair of seven primer pairs obtained by selecting one primer pair from each
group of the following K1 to K7:

Group K1:

1-1: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 1 and a reverse primer consisting of
any one sequence of SEQ ID: No. 16 to 27;

1-2: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 10 and a reverse primer consisting of
any one sequence of SEQ ID: No. 16, 18, 20 and 21;

1-3: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 11 and a reverse primer consisting of
any one sequence of SEQ ID: No. 16 to 21 and 23 to 26;

1-4: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 12 and a reverse primer consisting of
any one sequence of SEQ ID: No. 16 to 27;

1-5: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 13 and a reverse primer consisting of
any one sequence of SEQ ID: No. 16 to 27;

1-6: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 14 and a reverse primer consisting of

any one sequence of SEQ ID: No. 16 to 27;
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1-8: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 6 and a reverse primer consisting of
any one sequence of SEQ ID: No. 16 to 27;

1-9: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 7 and a reverse primer consisting of
any one sequence of SEQ ID: No. 16 to 27;

1-10: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 8 and a reverse primer consisting of
any one sequence of SEQ ID: No. 16 to 27; or

1-11: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 9 and a reverse primer consisting of
any one sequence of SEQ ID: No. 16, 17, 19 and 26;

Group K2:

2-1: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 28 and a reverse primer consisting of
any one sequence of SEQ ID: No. 44, 45 and 47 to 50;

2-2: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 29 and a reverse primer consisting of
any one sequence of SEQ ID: No. 44, 45, 47, 48 and 50;

2-3: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 30 and a reverse primer consisting of
any one sequence of SEQ ID: No. 45 and 47 to 50;

2-4: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 31 and a reverse primer consisting of

any one sequence of SEQ ID: No. 46 and 47,
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2-5: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 32 and a reverse primer consisting of
any one sequence of SEQ ID: No. 45 and 47 to 49;

2-6: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 33 and a reverse primer consisting of
any one sequence of SEQ ID: No. 44 to 50;

2-7: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 34 and a reverse primer consisting of
any one sequence of SEQ ID: No. 45 to 50;

2-8: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 35 and a reverse primer consisting of
any one sequence of SEQ ID: No. 44 to 50;

2-9: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 36 and a reverse primer consisting of
any one sequence of SEQ ID: No. 44 to 46 and 48 to 50;

2-10: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 37 and a reverse primer consisting of
any one sequence of SEQ ID: No. 45 to 50;

2-11: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 38 and a reverse primer consisting of
any one sequence of SEQ ID: No. 44 to 50;

2-12: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 39 and a reverse primer consisting of
any one sequence of SEQ ID: No. 44 to 50;

2-13: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 40 and a reverse primer consisting of

any one sequence of SEQ ID: No. 44 to 50;
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2-14: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 41 and a reverse primer consisting of
any one sequence of SEQ ID: No. 44 to 50;

2-15: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 42 and a reverse primer consisting of
any one sequence of SEQ ID: No. 44 to 50; or

2-16: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 43 and a reverse primer consisting of
any one sequence of SEQ ID: No. 44 to 48 and 50;

Group K3:

a primer pair , which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 51 and a reverse primer consisting of a
sequence of SEQ ID: No. 52;

Group K4:

4-1: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 53 and a reverse primer consisting of
any one sequence of SEQ ID: No. 57 to 61;

4-2: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 54 and a reverse primer consisting of
any one sequence of SEQ ID: No. 59 and 61,

4-3: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 55 and a reverse primer consisting of
any one sequence of SEQ ID: No. 57 to 59 and 61; or

4-4: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 56 and a reverse primer consisting of
any one sequence of SEQ ID: No. 57 to 59 and 61;

Group K5:
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5-1: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 62 and a reverse primer consisting of
any one sequence of SEQ ID: No. 70, 71 and 73 to 75;

5-2: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 63 and a reverse primer consisting of
any one sequence of SEQ ID: No. 70 to 75;

5-3: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 64 and a reverse primer consisting of
any one sequence of SEQ ID: No. 70 to 75;

5-4: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 65 and a reverse primer consisting of
any one sequence of SEQ ID: No. 70 to 75;

5-5: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 66 and a reverse primer consisting of
any one sequence of SEQ ID: No. 70 to 75;

5-6: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 67 and a reverse primer consisting of
any one sequence of SEQ ID: No. 70 to 75;

5-7: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 68 and a reverse primer consisting of
any one sequence of SEQ ID: No. 70 to 75; or

5-8: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 69 and a reverse primer consisting of
any one sequence of SEQ ID: No. 70 to 75;

Group K6:
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6-1: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 76 and a reverse primer consisting of
any one sequence of SEQ ID: No. 91, 93, 96 and 101 to 103;

6-2: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 77 and a reverse primer consisting of
any one sequence of SEQ ID: No. 91, 96 and 101 to 103;

6-3: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 78 and a reverse primer consisting of
any one sequence of SEQ ID: No. 91 and 101 to 103;

6-4: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 79 and a reverse primer consisting of
any one sequence of SEQ ID: No. 91, 97 and 101 to 103;

6-5: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 80 and a reverse primer consisting of
any one sequence of SEQ ID: No. 91, 93 and 100 to 103;

6-6: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 81 and a reverse primer consisting of
any one sequence of SEQ ID: No. 91, 93 and 101 to 103;

6-7: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 82 and a reverse primer consisting of
any one sequence of SEQ ID: No. 91, 96, 97 and 101 to 103;

6-8: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 83 and a reverse primer consisting of
any one sequence of SEQ ID: No. 91, 101 to 103;

6-9: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 84 and a reverse primer consisting of

any one sequence of SEQ ID: No. 91 and 101 to 103;
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6-10: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 85 and a reverse primer consisting of
any one sequence of SEQ ID: No. 91 and 101 to 103;

6-11: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 86 and a reverse primer consisting of
any one sequence of SEQ ID: No. 91, 93, 97 and 101 to 103;

6-12: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 87 and a reverse primer consisting of
any one sequence of SEQ ID: No. 91, 96 and 101 to 103;

6-13: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 88 and a reverse primer consisting of
any one sequence of SEQ ID: No. 91 and 101 to 103;

6-14: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 89 and a reverse primer consisting of
any one sequence of SEQ ID: No. 91 and 101 to 103; or

6-15: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 90 and a reverse primer consisting of
any one sequence of SEQ ID: No. 91, 92, 96 and 101 to 103;

Group K7:

7-1: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 104 and a reverse primer consisting of
any one sequence of SEQ ID: No. 2,5 and 116 to 131;

7-2: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 105 and a reverse primer consisting of

any one sequence of SEQ ID: No. 2,5 and 116 to 131;
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7-3: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 106 and a reverse primer consisting of
any one sequence of SEQ ID: No. 2,5 and 116 to 131;

7-4: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 107 and a reverse primer consisting of
any one sequence of SEQ ID: No. 2,5 and 116 to 131;

7-5: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 108 and a reverse primer consisting of
any one sequence of SEQ ID: No. 2,5 and 116 to 131;

7-6: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 109 and a reverse primer consisting of
any one sequence of SEQ ID: No. 2,5 and 116 to 131;

7-7: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 110 and a reverse primer consisting of
any one sequence of SEQ ID: No. 2,5 and 116 to 131;

7-8: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 111 and a reverse primer consisting of
any one sequence of SEQ ID: No. 2,5 and 116 to 131;

7-9: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 112 and a reverse primer consisting of
any one sequence of SEQ ID: No. 2,5 and 116 to 131;

7-10: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 113 and a reverse primer consisting of
any one sequence of SEQ ID: No. 2,5 and 116 to 131;

7-11: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 114 and a reverse primer consisting of

any one sequence of SEQ ID: No. 2, 5 and 125; or
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7-12: a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 115 and a reverse primer consisting of

any one sequence of SEQ ID: No. 2,5, 116, 118, 123 and 125 to 128.

Claim 9

A kit according to claim 8, which comprises at least one primer pair of
the following seven primer pairs 1) to 7):

1) a primer pair selected from Group K1;

2) a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 43 and a reverse primer consisting of a
sequence of SEQ ID: No. 50;

3) a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 51 and a reverse primer consisting of a
sequence of SEQ ID: No. 52;

4) a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 53 and a reverse primer consisting of a
sequence of SEQ ID: No. 57;

5) a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 62 and a reverse primer consisting of a
sequence of SEQ ID: No. 70;

6) a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 81 and a reverse primer consisting of a
sequence of SEQ ID: No. 103; and

7) a primer pair, which consists of a combination of a forward primer
consisting of a sequence of SEQ ID: No. 115 and a reverse primer consisting of

a sequence of SEQ ID: No. 5.
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Claim 10
A kit according to claim 9, comprising any one of the primer pairs 1) to

7).

Claim 11

A kit according to claim 10, comprising any one of the following
combinations A to G:

(A) when the primer set comprises primer pair 1), the primer set further
comprises at least 3 primer pairs selected form 2) to 7);

(B) when the primer set comprises primer pair 2), the primer set further
comprises at least 3 primer pairs selected form 1) and 3) to 7);

(C) when the primer set comprises primer pair 3), the primer set further
comprises at least 3 primer pairs selected form 1), 2) and 4) to 7);

(D) when the primer set comprises primer pair 4), the primer set further
comprises at least 3 primer pairs selected form 1) to 3) and 5) to 7);

(E) when the primer set comprises primer pair 5), the primer set further
comprises at least 3 primer pairs selected form 1) to 4) and 6) to 7);

(F) when the primer set comprises primer pair 6), the primer set further
comprises at least 3 primer pairs selected form 1) to 5) and 7);

(G) when the primer set comprises primer pair 7), the primer set further

comprises at least 3 primer pairs selected form 1) to 6).

Claim 12
A kit according to claim 11 for detection and/or identification of a

bacterial species.

Claim 13
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A kit for identification of a bacterial species according to any one of
claims 8 to 11, which comprises at least four primer pairs of the seven primer

pairs.

Claim 14

A kit according to any one of claims 8 to 13, which further comprises an
additional primer pair of a forward primer consisting of a sequence of SEQ ID:
No. 1 and a reverse primer consisting of any one sequence of SEQ ID: No. 2 to

5.

Claim 15
A kit according to claim 14, wherein the additional primer pair, which
consists of a forward primer consisting of a sequence of SEQ ID: No. 1 and a

reverse primer consisting of a sequence of SEQ ID: No. 5.

Claim 16
A kit according to any one of claims 8 to 15, which further comprise an

enzyme for PCR.

Claim 17
A kit according to claim 16, wherein the primers and the enzyme for PCR
have, independently or as a whole, a contamination amount of bacterial nucleic

acid of 10 fg or less than 10 fg.

Claim 18
A kit according to claim 16, which further comprises at least one of a pH

buffer, dANTP, MgCl, and a vessel for measurement.
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Claim 19
A kit according to claim 18, wherein the pH buffer, ANTP, MgCl, and the
vessel for measurement have, independently or as a whole, a contamination

amount of bacterial nucleic acid of 10 fg or less than 10 fg.

Claim 20

A kit according to of claim 19, wherein the primers, the enzyme for PCR,
the pH buffer, dNTP, MgCl, and the vessel for measurement are individually
packaged and the contamination amount of bacterial nucleic acid in each of the

packages is 10 fg or less than 10 fg.

Claim 21
A kit according to of claim 16 or 17, which further comprises

fluorochrome.

Claim 22

A kit for identification of a bacterial species according to claim 21,
wherein the primer, the enzyme for PCR, the pH buffer, dNTP, the fluorochrome,
MgCl, and the vessel for measurement have, independently or as a whole, a

contamination amount of bacterial nucleic acid of 10 fg or less than 10 fg.

Claim 23

A kit according to claim 22, wherein the primer, the enzyme for PCR, the
pH buffer, dNTP, the fluorochrome, MgCl, and the vessel for measurement are
individually packaged and the contamination amount of bacterial nucleic acid in

each of the packages is 10 fg or less than 10 fg.
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Claim 24

A kit according to claim 19, 20, 22 or 23, wherein the contamination
amount of bacterial nucleic acid is reduced to 10 fg or less than 10fg by
conducting any one of gamma ray treatment, an ultrafiltration and an EMA

treatment.

Claim 25
A kit according to any one of claims 18 to 20 and 22 to 23, wherein dNTP

is chemically modified for hot start PCR.

Claim 26
A kit according to any one of claims 16 to 25, wherein the enzyme for
PCR is a Taq DNA Polymerase having an amount of bacterial DNA of less than

10 fg/pl.

Claim 27

A method of detection and/or identification of a bacterial species as a
target in a sample, comprises

a step of conducting PCR using bacterial genome DNA prepared from
the sample, primers to obtain amplification product comprising a target gene
specific to the bacterial species as a target, a thermostable DNA polymerase,
and

a step of detecting and/or identifying the bacterial species as a target in
the sample by detecting the target gene in the amplification product by PCR, or

analyzing the amplification product by PCR,
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wherein, as the primers, the primer set according to claim 1 to 19 is

used.

Claim 28
A method of identification of a bacterial species according to claim 27,

wherein a kit according to any one of claims 8 to 26 is used.



