
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

76
5 

19
1

B
1

TEPZZ 765_9_B_T
(11) EP 2 765 191 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
30.12.2015 Bulletin 2015/53

(21) Application number: 14161498.2

(22) Date of filing: 29.05.2009

(51) Int Cl.:
C12N 15/00 (2006.01) C12N 15/09 (2006.01)

C12Q 1/68 (2006.01)

(54) Method of detecting paecilomyces variotii

Verfahren zum Nachweis von Paecilomyces variotii

Procédé de détection de paecilomyces variotii

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HR HU IE IS IT LI LT LU LV MC MK MT NL NO PL 
PT RO SE SI SK TR

(30) Priority: 29.05.2008 JP 2008141500

(43) Date of publication of application: 
13.08.2014 Bulletin 2014/33

(62) Document number(s) of the earlier application(s) in 
accordance with Art. 76 EPC: 
09754822.6 / 2 325 309

(73) Proprietor: Kao Corporation
Chuo-ku
Tokyo 103-8210 (JP)

(72) Inventors:  
• Hosoya, Kouichi

Haga-gun, Tochigi 321-3497 (JP)
• Nakayama, Motokazu

Haga-gun, Tochigi 321-3497 (JP)
• Tokuda, Hajime

Haga-gun, Tochigi 321-3497 (JP)
• Yaguchi, Takashi

Chiba-shi, Chiba 260-8673 (JP)
• Hiro, Yusuke

Chiba-shi, Chiba 260-8673 (JP)

(74) Representative: Vossius & Partner 
Patentanwälte Rechtsanwälte mbB
Siebertstrasse 3
81675 München (DE)

(56) References cited:  
• HOUBRAKEN JOS ET AL: "Sexual reproduction 

as the cause of heat resistance in the food 
spoilage fungus Byssochlamys spectabilis 
(anamorph Paecilomyces variotii).", APPLIED 
AND ENVIRONMENTAL MICROBIOLOGY, vol. 74, 
no. 5, March 2008 (2008-03), pages 1613-1619, 
XP002661712, ISSN: 1098-5336

• GLASS N L ET AL: "Development of primer sets 
designed for use with the PCR to amplify 
conserved genes from filamentous 
ascomycetes.", APPLIED AND 
ENVIRONMENTAL MICROBIOLOGY, vol. 61, no. 
4, April 1995 (1995-04), pages 1323-1330, 
XP002661713, ISSN: 0099-2240

• KANTARCIOGLU A S ET AL: "Paecilomyces 
variotii central nervous system infection in a 
patient with cancer.", MYCOSES, vol. 46, no. 1-2, 
February 2003 (2003-02), pages 45-50, 
XP002661714, ISSN: 0933-7407

• DATABASE EMBL [Online] 30 March 2006 
(2006-03-30), "Paecilomyces variotii", 
XP002661715, retrieved from Ebi Database 
accession no. AY753362

• DATABASE EMBL [Online] 11 March 2008 
(2008-03-11), "Byssochlamys spectabilis", 
XP002661716, retrieved from Ebi Database 
accession no. EU037075

• NAKAYAMA MOTOKAZU ET AL: "A rapid method 
for identifying Byssochlamys and Hamigera.", 
JOURNAL OF FOOD PROTECTION AUG 2010, 
vol. 73, no. 8, August 2010 (2010-08), pages 
1486-1492, XP9178522, ISSN: 0362-028X



EP 2 765 191 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] The present invention relates to a method of detecting Paecilomyces variotii.

BACKGROUND ART

[0002] Paecilomyces variotii is an imperfect fungus which is widely distributed throughout nature. Paecilomyces variotii
forms asexual spores including double cell walls called chlamydospores in its life cycle. The chlamydospores of Pae-
cilomyces variotii are known to have very high resistance to stress, and to live and proliferate even under conditions for
sterilizing general fungi by heat and a reagent, resulting in growth of mold. Therefore, Paecilomyces variotii is regarded
as a harmful fungus in food industry and toiletry industry. Accordingly, in establishment of antiseptic and antifungal
systems, detection and identification of Paecilomyces variotii is considered to be very important.
[0003] Detection and identification of Paecilomyces variotii is performed mainly by morphological classification through
culture. In this method, it is necessary to continue the culture until morphological characters appear, and hence it takes
a long period of time (at least 14 days) to perform the method. Moreover, the morphological identification requires a very
high level of professionalism, and the identification results may vary depending on judges and have a problem in reliability.
Therefore, it is required to establish a detection and identification method which solves the problems of rapidness and
reliability.
[0004] As a method of rapidly and reliably detecting a fungus, an amplification method which targets a specific nucleotide
sequence of a gene (such as the PCR method or the LAMP method) is known (see, for example, JP-T-11-505728 ("JP-
T" means searched and published International patent publication), JP-A-2006-61152 ("JP-A" means unexamined pub-
lished Japanese patent application), JP-A-2006-304763 and JP-A-2007-174903). However, a gene region specific to
Paecilomyces variotii has not been clarified. Therefore, such method has a problem in that it is difficult to detect Pae-
cilomyces variotii specifically and rapidly.

SUMMARY OF INVENTION

[0005] An object of the present invention is to provide a method with which Paecilomyces variotii can be detected
specifically, easily, and rapidly, which is known to be a harmful fungus in food industry and toiletry industry. A further
object of the present invention is to provide DNA, a primer set, an oligonucleotide and a detection kit, which can be
applied to the method.
[0006] The difficulty in detection of Paecilomyces variotii as described above is caused by false positive and false
negative results in the PCR method using known conventional primers. The inventors of the present invention considered
that this problem is caused by difficulty in design of sensitive primers for specifically and rapidly detecting and discrim-
inating Paecilomyces variotii because database of the genes of Paecilomyces variotii is now weak and the gene region
specific to Paecilomyces variotii, conserved at species level, has not been clarified accurately.
[0007] In view of such problems, the inventors of the present invention have made extensive studies to search a novel
DNA region capable of specifically detecting and discriminating Paecilomyces variotii. As a result, the inventors have
found out that the β-tubulin gene of Paecilomyces variotii includes a region having a specific nucleotide sequence which
can be clearly different from that of another fungus (hereinafter, also referred to as "variable region"). Moreover, the
inventors have found out that such Paecilomyces variotii can be detected specifically and rapidly by targeting the variable
region. The present invention has been completed based on the findings.
[0008] The present invention resides in an oligonucleotide pair or oligonucleotide group for detecting Paecilomyces
variotii, containing at least one pair or one group selected from the group consisting of a pair of the following oligonu-
cleotides (a) and (b), a pair of the following oligonucleotides (a) and (c), and a group of the following oligonucleotides
(a),(b), and (c):

(a) an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 7, or an oligonucleotide
represented by a nucleotide sequence which has 70% or more homology to the nucleotide sequence set forth in
SEQ ID NO: 7 and can be used as a nucleic acid primer;
(b) an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 8, or an oligonucleotide
represented by a nucleotide sequence which has 70% or more homology to the nucleotide sequence set forth in
SEQ ID NO: 8 and can be used as a nucleic acid primer; and
(c) an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 9, or an oligonucleotide
represented by a nucleotide sequence which has 70% or more homology to the nucleotide sequence set forth in
SEQ ID NO: 9 and can be used as a nucleic acid primer.
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[0009] Further, the present invention relates to a kit for detecting Paecilomyces variotii, containing the above-described
oligonucleotide pair or oligonucleotide group.
[0010] Further, the present invention relates to a kit for detecting Paecilomyces variotii, containing:

the above-described primer set for use in the LAMP method;
a DNA polymerase; and
dNTP containing dATP, dCTP, dGTP and dTTP.

[0011] According to the present invention, it is possible to provide a method with which Paecilomyces variotii can be
detected specifically, easily, and rapidly, which is known to be a harmful fungus in food industry and toiletry industry.
Further, according to the present invention, it is possible to provide DNA, a primer set, an oligonucleotide and a detection
kit, which can be applied to the method.

BRIEF DESCRIPTION OF DRAWINGS

[0012]

[FIG. 1] FIG. 1 is a diagram illustrating the position relationship of nucleotide sequences recognized by the primers
of primer set 1 of the present invention in the nucleotide sequence of the β-tubulin gene of Paecilomyces variotii
IFM40913 strain.
[FIG. 2] FIG. 2 is a diagram illustrating the position relationship of nucleotide sequences recognized by the primers
of primer set 2 of the present invention in the nucleotide sequence of the β-tubulin genes of Paecilomyces variotii
IFM40913 strain and Paecilomyces variotii IFM40915 strain.
[FIG. 3] FIG. 3 is an electrophoretogram of PCR products obtained by using the oligonucleotides (c) and (d) of the
present invention in Example 1.
[FIG. 4] FIG. 4 is an electrophoretogram of PCR products obtained by using the oligonucleotides (c) and (d) of the
present invention in Example 1.
[FIG. 5] FIG. 5 is a graph illustrating the detection sensitivity of Paecilomyces variotii by real-time turbidity monitoring
method in Example 2. The numeral 1 denotes the detection sensitivity of a sample including genomic DNA derived
from Paecilomyces variotii IFM40913 strain; the numeral 2 denotes the detection sensitivity of a sample including
genomic DNA derived from Paecilomyces variotii IFM40915 strain; the numeral 4 denotes the detection sensitivity
of a sample including genomic DNA derived from Byssochlamys nivea IFM51244 strain; the numeral 5 denotes the
detection sensitivity of a sample including genomic DNA derived from Hamigera avellanea IFM42323 strain; and
the numeral 7 denotes the detection sensitivity of a sample including genomic DNA derived from Talaromyces luteus
IFM53242 strain.
[FIG. 6] FIG. 6(a) and FIG. 6(b) each are a graph illustrating the detection sensitivity of Paecilomyces variotii by
real-time turbidity monitoring method in Example 3. In FIG. 6(a), the numeral 1 denotes the detection sensitivity of
a sample including genomic DNA derived from Paecilomyces variotii IFM40913 strain; the numeral 2 denotes the
detection sensitivity of a sample including genomic DNA derived from Paecilomyces variotii IFM40915 strain; the
numeral 3 denotes the detection sensitivity of a sample including genomic DNA derived from Byssochlamys fluva
IFM48421 strain; the numeral 7 denotes the detection sensitivity of a sample including genomic DNA derived from
Neosartorya ficheri IFM46945 strain; and the numeral 8 denotes the detection sensitivity of a sample including
genomic DNA derived from Neosartorya spinosa IFM46967 strain. In
FIG. 6(b), the numeral 9 denotes the detection sensitivity of a sample including genomic DNA derived from Neosa-
rtorya glabra IFM46949 strain; the numeral 10 denotes the detection sensitivity of a sample including genomic DNA
derived from Neosartorya hiratsukae IFM47036 strain; the numeral 11 denotes the detection sensitivity of a sample
including genomic DNA derived from Alterraria alternate IFM41348 strain; the numeral 12 denotes the detection
sensitivity of a sample including genomic DNA derived from Aureobasidium pullulans IFM41409 strain; the numeral
14 denotes the detection sensitivity of a sample including genomic DNA derived from Fusarium oxysporum IFM50002
strain; and the numeral 15 denotes the detection sensitivity of a sample including genomic DNA derived from
Trichoderma viride IFM40938 strain.
[FIG. 7] FIG. 7 is an electrophoretogram of PCR products obtained by using the oligonucleotides (e) to (g) of the
present invention in Example 4.

MODE FOR CARRYING OUT THE INVENTION

[0013] Hereinafter, the present invention is described in detail.
[0014] The present invention is a method of specifically discriminating and detecting Paecilomyces variotii by identifying
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Paecilomyces variotii using a nucleic acid represented by a specific partial nucleotide sequence of the β-tubulin gene
of Paecilomyces variotii, i.e., a nucleic acid represented by a nucleotide sequence in a region (variable region) which is
present in the β-tubulin gene sequence of Paecilomyces variotii and is specific to Paecilomyces variotii. In this description,
the "variable region" is a region where nucleotide mutations tend to accumulate in the β-tubulin gene, and the nucleotide
sequence in this region is significantly different from that of another fungus. The "Paecilomyces variotii" in the present
invention is a filamentous deuteromycete and belongs to the genus Paecilomyces. Further, the "β-tubulin" is a protein
which constitutes a microtubule, and the "β-tubulin gene" is a gene encoding β-tubulin.
[0015] In the method of detecting Paecilomyces variotii of the present disclosure, Paecilomyces variotii is identified
using a nucleic acid represented by the following nucleotide sequence (a) or (b).

(a) A partial nucleotide sequence of a β-tubulin gene set forth in any one of SEQ ID NOS: 1 to 4 and 22 to 33, or a
complementary sequence thereof
(b) A nucleotide sequence which includes a nucleotide sequence set forth in any one of SEQ ID NOS: 1 to 4 and
22 to 33 which has a deletion, substitution, or addition of one to several nucleotides and can be used for detecting
Paecilomyces variotii, or a complementary sequence thereof

[0016] The variable region of the β-tubulin gene represented by the nucleotide sequence (a) or (b) has a nucleotide
sequence specific to Paecilomyces variotii and can be clearly different from that of another general fungus. Therefore,
according to the method of detecting Paecilomyces variotii of the present invention, Paecilomyces variotii can be detected
specifically and rapidly. Moreover, DNA represented by the nucleotide sequence (a) or (b) can be used.
[0017] Partial nucleotide sequences of the β-tubulin gene of Paecilomyces variotii are described based on SEQ ID
NOS: 1 and 2. The nucleotide sequence set forth in SEQ ID NO: 1 is a partial nucleotide sequence of the β-tubulin gene
of Paecilomyces variotii IFM40913 strain, and the nucleotide sequence set forth in SEQ ID NO: 2 is a partial nucleotide
sequence of the β-tubulin gene of Paecilomyces variotii IFM40915 strain. Moreover, parts of the partial nucleotide
sequences of the β-tubulin gene of Paecilomyces variotii IFM40913 and IFM40915 strain set forth in SEQ ID NOS: 1
and 2 are compared and described in FIG. 2. The inventors of the present invention have found out that the nucleotide
sequences in the region of the position 50 to 100 and the region of the position 280 to 340 in the nucleotide sequences
set forth in SEQ ID NOS: 1 and 2 are particularly poorly conserved among the fungi, and each of the fungi species has
a specific nucleotide sequence in these regions. The present invention targets these partial nucleotide sequences of
the β-tubulin gene.
[0018] Moreover, partial nucleotide sequences of the β-tubulin gene of Paecilomyces variotii are described based on
SEQ ID NOS: 3 and 4 and 22 to 33.
[0019] The nucleotide sequence set forth in SEQ ID NO: 3 represents a partial nucleotide sequence of the β-tubulin
gene of Paecilomyces variotii EU037073 strain.
[0020] The nucleotide sequence set forth in SEQ ID NO: 4 represents a partial nucleotide sequence of the β-tubulin
gene of Paecilomyces variotii IFM50293 strain.
[0021] The nucleotide sequence set forth in SEQ ID NO: 22 represents a partial nucleotide sequence of the β-tubulin
gene of Paecilomyces variotii NBRC4855 strain.
[0022] The nucleotide sequence set forth in SEQ ID NO: 23 represents a partial nucleotide sequence of the β-tubulin
gene of Paecilomyces variotii IFM52147 strain.
[0023] The nucleotide sequence set forth in SEQ ID NO: 24 represents a partial nucleotide sequence of the β-tubulin
gene of Paecilomyces variotii IFM52145 strain.
[0024] The nucleotide sequence set forth in SEQ ID NO: 25 represents a partial nucleotide sequence of the β-tubulin
gene of Paecilomyces variotii IFM51028 strain.
[0025] The nucleotide sequence set forth in SEQ ID NO: 26 represents a partial nucleotide sequence of the β-tubulin
gene of Paecilomyces variotii IFM51195 strain.
[0026] The nucleotide sequence set forth in SEQ ID NO: 27 represents a partial nucleotide sequence of the β-tubulin
gene of Paecilomyces variotii IFM55619 strain.
[0027] The nucleotide sequence set forth in SEQ ID NO: 28 represents a partial nucleotide sequence of the β-tubulin
gene of Paecilomyces variotii NBRC5479 strain.
[0028] The nucleotide sequence set forth in SEQ ID NO: 29 represents a partial nucleotide sequence of the β-tubulin
gene of Paecilomyces variotii IFM51027 strain.
[0029] The nucleotide sequence set forth in SEQ ID NO: 30 represents a partial nucleotide sequence of the β-tubulin
gene of Paecilomyces variotii NBRC31967 strain.
[0030] The nucleotide sequence set forth in SEQ ID NO: 31 represents a partial nucleotide sequence of the β-tubulin
gene of Paecilomyces variotii NBRC31685 strain.
[0031] The nucleotide sequence set forth in SEQ ID NO: 32 represents a partial nucleotide sequence of the β-tubulin
gene of Paecilomyces variotii SUM3339 strain.
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[0032] The nucleotide sequence set forth in SEQ ID NO: 33 represents a partial nucleotide sequence of the β-tubulin
gene of Paecilomyces variotii IFM50294 strain.
[0033] The inventors of the present invention have found out that the partial nucleotide sequences of the β-tubulin
gene are also particularly poorly conserved among the fungi, and each of the fungi species has a specific nucleotide
sequence. The present invention also targets the partial nucleotide sequences of the β-tubulin gene.
[0034] The nucleic acid represented by the partial nucleotide sequence of the β-tubulin gene of Paecilomyces variotii
to be used in the detection method of the presentdisclosure(the nucleotide sequence in the variable region) is a nucleic
acid represented by the nucleotide sequence set forth in any one of SEQ ID NOS: 1 to 4 and 22 to 33 or the complementary
sequence thereof.
[0035] The nucleotide sequences set forth in SEQ ID NOS: 1 to 4 and 22 to 33 or complementary sequences thereof
are nucleotide sequences of the variable regions of the β-tubulin gene, which are isolated and identified from Paecilo-
myces variotii IFM40913, IFM40915, EU037073, IFM50293, NBRC4855, IFM52147, IFM52145, IFM51028, IFM51195,
IFM55619, NBRC5479, IFM51027, NBRC31967, NBRC31685, SUM3339 and IFM50294, respectively. These sequenc-
es have very high homology in Paecilomyces variotii and have low homology to a fungus other than Paecilomyces
variotii, and hence it is possible to specifically distinguish and identify only Paecilomyces variotii by confirming whether
a sample has such nucleotide sequence or not.
[0036] Also in the case of using nucleic acids represented by the nucleotide sequences set forth in SEQ ID NOS: 1
to 4 and 22 to 33 with a deletion, substitution, or addition of one to several nucleotides or complementary sequences
thereof, it is possible to specifically distinguish and identify only Paecilomyces variotii.
[0037] (Hereinafter, the nucleotide sequence set forth in any one of SEQ ID NOS: 1 to 4 and 22 to 33 or a complementary
sequence thereof, and the nucleotide sequence set forth in any one of SEQ ID NOS: 1 to 4 and 22 to 33 with a deletion,
substitution, or addition of one to several nucleotides, which can be used for detecting Paecilomyces variotii, or a
complementary sequence thereof are also referred to as "nucleotide sequences in variable regions of the β-tubulin gene
of the present invention".)
[0038] The method of identifying Paecilomyces variotii using a nucleic acid represented by the nucleotide sequence
in the variable region of the β-tubulin gene of the present invention is not particularly limited, and may be performed by
a usual genetic engineering procedure such as a sequencing method, a hybridization method, a PCR method, or a
LAMP method.
[0039] In the detection method of the present invention, in order to identify Paecilomyces variotii using the nucleic acid
represented by the nucleotide sequence in the variable region of the β-tubulin gene of the present invention, the nucleotide
sequence of the β-tubulin gene in a sample is preferably determined to confirm whether the nucleotide sequence in the
gene includes the nucleotide sequence of the nucleic acid (a) or (b) or not. That is, the detection method of the present
invention includes: analyzing and determining the nucleotide sequence of the β-tubulin gene in a sample; comparing
the determined nucleotide sequence with the nucleotide sequence in the variable region of the β-tubulin gene of the
present invention; and identifying Paecilomyces variotii based on the matching or difference.
[0040] The method of analyzing and determining the nucleotide sequence is not particularly limited, and usual RNA
or DNA sequencing means may be used.
[0041] Specific examples of the method include an electrophoresis method such as a Maxam-Gilbert method or a
Sanger method, mass spectrometry, and a hybridization method. Examples of the Sanger method include a method of
labeling a primer or terminator by a radiation labeling method, a fluorescent labeling method, or the like.
[0042] In the present invention, in order to identify and detect Paecilomyces variotii using the nucleic acid represented
by the nucleotide sequence in the variable region of the β-tubulin gene of the present invention, an oligonucleotide for
detection which can hybridize with the nucleic acid represented by the nucleotide sequence in the variable region of the
β-tubulin gene of the present invention and acts as a nucleic acid probe or a nucleic acid primer may be used.
[0043] The oligonucleotide for detection of the present invention may be one which can be used for detecting Pae-
cilomyces variotii. That is, the oligonucleotide may be one which can be used as a nucleic acid primer or a nucleic acid
probe for detection of Paecilomyces variotii, or one which can hybridize with the β-tubulin gene of Paecilomyces variotii
under stringent conditions, It should be note that, in this description, the "stringent conditions" includes, for example, the
method described in Molecular Cloning-A LABORATORY MANUAL THIRD EDITION [Joseph Sambrook, David W.
Russell. Cold Spring Harbor Laboratory Press], and examples thereof include conditions where hybridization is performed
by incubating a solution containing 6 x SSC (composition of 1 3 SSC: 0.15M sodium chloride, 0.015M sodium citrate,
pH7.0), 0.5% SDS, 5 3 Denhardt and 100 mg/mL herring sperm DNA together with a probe at 65°C for 8 to 16 hours.
[0044] The oligonucleotide for detection of the present invention is more preferably an oligonucleotide represented by
the nucleotide sequence which is in a region in the nucleic acid represented by the nucleotide sequence (a) or (b) and
is set forth in any one of SEQ ID NOS: 7 to 9 , or a complementary sequence thereof. Further, the oligonucleotide for
detection of the present invention may be an oligonucleotide represented by a nucleotide sequence which has 70% or
more homology to the nucleotide sequence set forth in any one of SEQ ID NOS: 7 to 9 or a complementary sequence
thereof, and the homology is 95% or more. Further, the oligonucleotide for detection which can be used in the present
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invention includes an oligonucleotide represented by a nucleotide sequence set forth in any one of SEQ ID NOS: 7 to
9 or a complementary sequence with a mutation or modification such as a deletion, insertion or substitution of one or
several, preferably one to five, more preferably one to four, still more preferably one to three, even more preferably one
to two, particularly preferably one nucleotide. Moreover, an appropriate nucleotide sequence may be added to the
nucleotide sequence set forth in any one of SEQ ID NOS: 7 to 9 or a complementary sequence thereof.
[0045] The nucleotide sequence homology is calculated, for example, by Lipman-Pearson method (Science, 227,
1435, (1985)). Specifically, it can be calculated by performing analysis using a homology analysis (Search homology)
program of genetic information processing software Genetyx-Win (Software Development) while the unit size to compare
(ktup) parameter is set to 2.
[0046] The bonding pattern of the oligonucleotide for detection includes not only a phosphodiester bond present in a
natural nucleic acid but also a phosphoroamidate bond and a phosphorothioate bond, for example.
[0047] The oligonucleotide for detection of the present invention may be used as a nucleic acid primer and a nucleic
acid probe. The nucleic acid probe can be prepared by labeling the above-mentioned oligonucleotide with a labeling
substance. The labeling substance is not particularly limited and may be a usual labeling substance such as a radioactive
substance, an enzyme, a fluorescent substance, a luminescent substance, an antigen, a hapten, an enzyme substrate,
or an insoluble carrier. The oligonucleotide may be labeled at its terminal or at the sequence other than the terminals,
or at the sugar, phosphate group, or base moiety. Examples of means for detecting the label include: autoradiography
in the case of a nucleic acid probe labeled with a radioisotope; a fluorescent microscope in the case of a nucleic acid
probe labeled with a fluorescent substance; and an analysis using a sensitive film or a digital analysis using a CCD
camera in the case of a nucleic acid probe labeled with a chemiluminescent substance.
[0048] Further, the oligonucleotide may be bound to a solid-phase carrier and used as a capture probe. In this case,
the capture probe and labeled nucleic acid probe may be combined and used in a sandwich assay, or a target nucleic
acid may be labeled and captured.
[0049] In the detection method of the present invention, in order to identify and detect Paecilomyces variotii, hybridi-
zation is performed using, as a nucleic acid probe, preferably an oligonucleotide represented by the nucleotide sequence
set forth in any one of SEQ ID NOS: 7 to 9 or the complementary sequence thereof, or an oligonucleotide which has
70% or more homology to the nucleotide sequence set forth in any one of SEQ ID NOS: 7 to 9 or the complementary
sequence thereof and can be used as an oligonucleotide for detection, more preferably the oligonucleotide represented
by the nucleotide sequence set forth in any one of SEQ ID NOS: 7 to 9.
[0050] In order to detect Paecilomyces variotii in a sample, an oligonucleotide represented by the nucleotide sequence
set forth in any one of SEQ ID NOS: 7 to 9 or the complementary sequence thereof, or an oligonucleotide which has
70% or more homology to the nucleotide sequence set forth in any one of SEQ ID NOS: 7 to 9 or the complementary
sequence thereof and can be used as an oligonucleotide for detection is labeled to prepare a nucleic acid probe, and
the resultant nucleic acid probe is hybridized with DNA or RNA, followed by detection of the label of the hybridized probe
by an appropriate detection method. The nucleic acid probe is hybridized specifically with part of the variable region of
the β-tubulin gene of Paecilomyces variotii, and hence Paecilomyces variotii in a sample can be detected rapidly and
easily. As a method of measuring the label of the nucleic acid probe hybridized with DNA or RNA, a usual method (such
as a FISH method, a dot-blot method, a Southern-blot method, or a Northern-blot method) may be used.
[0051] Further, in the detection method of the present disclosure, in order to identify Paecilomyces variotii using the
nucleic acid represented by the nucleotide sequence in the variable region of the β-tubulin gene of the present invention,
a DNA fragment including the whole or a partial region of the nucleotide sequence is preferably amplified to confirm
whether the amplified product is present or not. The method of amplifying the DNA fragment including the region is not
particularly limited, and a usual method such as PCR (polymerase chain reaction) method, LCR (ligase chain reaction)
method, SDA (strand displacement amplification) method, NASBA (nucleic acid sequence-based amplification) method,
RCA (rolling-circle amplification) method, or LAMP (loop mediated isothermal amplification) method may be used. How-
ever, in the present invention, the PCR method or the LAMP method is preferably used.
[0052] A case where Paecilomyces variotii is detected by performing an amplification reaction by the PCR method in
the present invention is described.
[0053] A primer consisting of the oligonucleotide for detection of the present invention is preferably an oligonucleotide
which can hybridize with a region which is selected from the nucleotide sequence in the variable region of the β-tubulin
gene of the present invention and satisfies the following four conditions:

(1) the region contains a nucleotide sequence including about 10 continuous nucleotides in the nucleotide sequence
of the gene specific to Paecilomyces variotii;
(2) the oligonucleotide has a GC content of about 30% to 80%;
(3) the oligonucleotide has low possibility to cause self-annealing; and
(4) the oligonucleotide has a melting temperature (Tm value) of about 55°C to 65°C.
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[0054] In the (1) above, the "region contains a nucleotide sequence including about 10 continuous nucleotides in the
nucleotide sequence of the gene specific to Paecilomyces variotii is present" refers to a region where the nucleotide
sequences of different fungi species are particularly poorly conserved (that is, the region has particularly high specificity
to Paecilomyces variotii) in the variable region of the β-tubulin gene of the present invention and where a nucleotide
sequence including about 10 continuous nucleotides in the nucleotide sequence specific to Paecilomyces variotii is
present. Moreover, in the (3) above, the "oligonucleotide has low possibility to cause self-annealing" means that the
primers are expected not to bind to each other due to the nucleotide sequences of the primers.
[0055] The number of nucleotides in the oligonucleotide for detection of the present invention is not particularly limited,
and is preferably 13 to 30, more preferably 18 to 23. The Tm value of the oligonucleotide in hybridization is preferably
in a range of 55°C to 65°C, more preferably 59°C to 62°C. The GC content in the oligonucleotide is preferably 30% to
80%, more preferably 45% to 65%, most preferably about 55%.
[0056] Further, in the present invention, in order to detect Paecilomyces variotii by performing an amplification reaction
by the PCR method, the following oligonucleotide (a), and the oligonucleotide (b) and/or oligonucleotide (c) are preferably
used as nucleic acid primers; the oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 7,
and the oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 8 and/or the oligonucleotide
represented by the nucleotide sequence set forth in SEQ ID NO: 9 are more preferably used; and the oligonucleotide
represented by the nucleotide sequence set forth in SEQ ID NO: 7, the oligonucleotide represented by the nucleotide
sequence set forth in SEQ ID NO: 8 and the oligonucleotide represented by the nucleotide sequence set forth in SEQ
ID NO: 9 are particularly preferably used.

(a) An oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 7, or an oligonucleotide
represented by a nucleotide sequence which has 10% or more homology to the nucleotide sequence set forth in
SEQ ID NO: 7 and can be used as a nucleic acid primer;
(b) An oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 8, or an oligonucleotide
represented by a nucleotide sequence which has 70% or more homology to the nucleotide sequence set forth in
SEQ ID NO: 8 and can be used as a nucleic acid primer; and
(c) An oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 9, or an oligonucleotide
represented by a nucleotide sequence which has 70% or more homology to the nucleotide sequence set forth in
SEQ ID NO: 9 and can be used as a nucleic acid primer.

[0057] Further, the oligonucleotide pair (oligonucleotide group) for detecting Paecilomyces variotii of the present in-
vention is a pair of oligonucleotides consisting of the oligonucleotide (a) and the oligonucleotide (b), a pair of oligonu-
cleotides consisting of the oligonucleotide (a) and the oligonucleotide(c), or a group of oligonucleotides consisting of the
oligonucleotide (a), the oligonucleotide (b) and the oligonucleotide (c).
[0058] The oligonucleotides of SEQ ID NO: 7, SEQ ID NO: 8 and SEQ ID NO:9 are oligonucleotides having nucleotide
sequences which are present in the β-tubulin gene region of Paecilomyces variotii and have nucleotide sequences
identical to a partial nucleotide sequence of the variable region or complementary sequences thereof. These oligonu-
cleotides can hybridize specifically with part of DNA of Paecilomyces variotii.
[0059] The oligonucleotides (a) and (b) correspond to the region of the position 98 to 116 and the region of the position
266 to 285, respectively, in the nucleotide sequence set forth in SEQ ID NO: 22. The oligonucleotides (a) and (c)
correspond to the region of the position 92 to 110 and the region of the position 261 to 280, respectively, in the nucleotide
sequence set forth in SEQ ID NO: 28. Therefore, when the oligonucleotides are hybridized with the β-tubulin gene of
Paecilomyces variotii, Paecilomyces variotii can be specifically detected.
[0060] Conditions of the PCR reaction in the present invention are not particularly limited as long as a DNA fragment
of interest can be amplified to a detectable degree. A preferred example of the PCR reaction conditions is as follows. A
cycle including: a thermal denaturation reaction for denaturation of double-stranded DNA into single strands at 95 to
98°C for 10 to 60 seconds; an annealing reaction for hybridization of a primer pair with the single-stranded DNA at about
59°C for about 60 seconds; and an elongation reaction for a reaction of a DNA polymerase at about 72°C for about 60
seconds is repeated about 30 to 35 times.
[0061] In the present invention, confirmation of gene fragments amplified by the PCR method can be performed by a
usual method. Examples of the method include, but not limited to, a method of integrating a nucleotide labeled with a
radioactive substance or the like in an amplification reaction, a method including performing electrophoresis for PCR
reaction products and confirming the existence of a band corresponding to the size of the amplified gene, a method of
determining the nucleotide sequences of PCR reaction products, and a method of integrating a fluorescent substance
into between the double strands of amplified DNA. In the present invention, the method including performing electro-
phoresis after a gene amplification treatment and confirming the existence of a band corresponding to the size of the
amplified gene is preferred.
[0062] In the case where a sample contains Paecilomyces variotii, amplification of DNA fragments specific to the
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fungus can be observed by performing a PCR reaction using the oligonucleotide pair of the present invention as a primer
set and performing electrophoresis for the resultant PCR reaction products. Specifically, in the case of using the oligo-
nucleotide(a), and the oligonucleotide (b) and/or the oligonucleotide (c) as nucleic acid primers, amplification of a DNA
fragment of about 200 bp is observed. The procedure can confirm whether the sample contains Paecilomyces variotii
or not.
[0063] In the present invention, in the case where a DNA fragment including the variable region is amplified by the
LAMP method, an isothermal complementary strand synthesis reaction can be performed because periodic temperature
control is not required. Therefore, a specific fungus in a sample can be detected easily and rapidly.
[0064] The LAMP method is a loop-mediated isothermal amplification method which does not require the periodic
temperature control essential for the PCR method (WO 00/28082 A1), which allows isothermal complementary strand
synthesis reactions by annealing the 3’-end side of a primer to a nucleotide serving as a template to prepare a starting
point of complementary strand synthesis and combining a primer that anneals to a loop formed at this time. In the LAMP
method, at least four primers which recognize six nucleotide sequence regions of the nucleic acid serving as a template
are required. The primers are designed so that the 3’-end side is certainly annealed to the nucleotide serving as a
template, and hence a checking mechanism based on complementary binding of the nucleotide sequences functions
repeatedly, which enables a sensitive and specific nucleic acid amplification reaction.
[0065] Six nucleotide sequence regions recognized by primers to be used in the LAMP method are referred to as F3,
F2 and F1 in this order from the 5’-end side of a nucleotide serving as a template, and B3c, B2c and B1c in this order
from the 3’-end side. Complementary sequences of F1, F2 and F3 are called F1c, F2c and F3c, respectively. Comple-
mentary sequences of B1c, B2c and B3c are called B1, B2 and B3, respectively.
[0066] While the six nucleotide sequence regions may be selected by the following procedure, the present invention
is not limited thereto.
[0067] Alignment of a nucleotide sequence of a gene of a fungus of interest is performed, and a plurality of primers
are designed using software such as Primer Explorer V4 (HP of Eiken Chemical Co., Ltd.). The primers are synthesized
and used in actual LAMP reactions, and primers which can specifically detect Paecilomyces variotii are adopted.
[0068] The details are as follows.

1. An alignment file of nucleotide sequence information of a target region of a fungus of interest is created using
alignment software such as Clustal X.
2. Primers are designed based on the information of the alignment file using Primer Explorer V4 (HP of Eiken
Chemical Co., Ltd.).
3. A set of primers which are more stable (which hardly have a dimer structure) and include many mutations on the
edge of the elongation direction (species-specific mutations) is selected from designed primer set candidates. In
particular, an inner primer including many mutations in the elongation direction increases the probability of differ-
entiation from related species. In the case where primer set candidates cannot be created, design is performed so
that the scope of the Tm value or the number of nucleotides in a primer is expanded.
4. A test is actually performed using the selected primer set to confirm the effectiveness. After confirmation of the
effectiveness, loop primers are designed to shorten the reaction time.

[0069] Primers to be used in the LAMP method are designed by first determining the above-mentioned six nucleotide
sequence regions from the nucleotide sequence of the target region, and then designing inner primers F and B and
outer primers F and B to be described below.
[0070] The inner primer used in the LAMP method is an oligonucleotide having, at the 3’ end, a nucleotide sequence
that recognizes a certain nucleotide sequence region in a target nucleotide sequence and provides a synthesis origin;
and having, at the 5’ end, a nucleotide sequence complementary to an arbitrary region of a nucleic acid synthesis reaction
product obtained with this primer at the origin. In this context, a primer containing a "nucleotide sequence selected from
F2" at the 3’ end and a "nucleotide sequence selected from F1c" at the 5’ end is called an inner primer F (hereinafter,
abbreviated to FIP), and a primer containing a "nucleotide sequence selected from B2" at the 3’ end and a "nucleotide
sequence selected from B1c" at the 5’ end is called an inner primer B (hereinafter, abbreviated to BIP). The inner primers
may have arbitrary nucleotide sequences including 0 to 50 nucleotides at a position between the F2 region and the F1c
region or between the B2 region and the B1c region.
[0071] On the other hand, the "outer primer" is an oligonucleotide having a nucleotide sequence that recognizes a
"certain nucleotide sequence region present on the 5’-end side of "a certain nucleotide sequence region" (e.g., the above-
mentioned F2 region or B2 region)" in the target nucleotide sequence and provides a synthesis origin. Examples thereof
include a primer including a nucleotide sequence selected from the F3 region and a primer including a nucleotide
sequence selected from the B3 region. In this context, a primer containing a "nucleotide sequence selected from F3" is
called an outer primer F (hereinafter, abbreviated to F3), and a primer containing a "nucleotide sequence selected from
B3" is called an outer primer B (hereinafter, abbreviated to B3).
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[0072] In this context, "F" in each primer indicates that the primer complementarity binds to the anti-sense strand of
the target nucleotide sequence and provides a synthesis origin. On the other hand, "B" in each primer indicates that the
primer complementarily binds to the sense strand of the target nucleotide sequence and provides a synthesis origin.
[0073] In the amplification of the nucleic acid by the LAMP method, a loop primer(s) (hereinafter, abbreviated to LF
and LB) can be preferably used in addition to the inner and outer primers. The loop primers refer to 2 primers (one for
each of strands composing a double-strand) containing, at the 3’ end, a nucleotide sequence complementary to a
sequence in a loop formed by the annealing of complementary sequences present at the same strand of an amplification
product obtained by the LAMP method. That is, the loop primer is a primer having a nucleotide sequence complementary
to a nucleotide sequence of a single strand moiety of the loop structure on the 5’-end side in the dumbbell-like structure.
The use of the loop primers increases nucleic acid synthesis origins in number and achieves reduction in reaction time
and enhancement in detection sensitivity (WO 02/24902 Pamphlet).
[0074] The nucleotide sequence of the loop primer may be selected from nucleotide sequences in the target region
or complementary strands thereof as long as the sequence is complementary to the nucleotide sequence of the single
strand moiety of the loop structure on the 5’-end side in the dumbbell-like structure, or may be another nucleotide
sequence. Further, one type or two types of loop primers may be used.
[0075] When a DNA fragment including the target region is amplified using at least four or more types of the above-
mentioned primers, the DNA fragment can be amplified to an amount sufficient for specific and efficient detection of the
DNA fragment. Therefore, a specific fungus can be detected by confirming whether the amplified product is present or not.
[0076] The primer which can be used for the LAMP method preferably includes 15 or more nucleotides, more preferably
20 or more nucleotides. Further, each primer may be an oligonucleotide of single nucleotide sequence or a mixture of
oligonucleotides of a plurality of nucleotide sequences.
[0077] Further, the outer primer which can be used for the LAMP method may be used in the PCR method for amplifying
a DNA fragment including a target region. In the PCR method, a DNA fragment of interest can be amplified by PCR
using the above-mentioned primers, the β-tubulin gene in a sample as a template, and a heat-stable DNA polymerase.
[0078] Hereinafter, primer sets which are preferably used in detection of Paecilomyces variotii by the LAMP method
are described. To specifically detect Paecilomyces variotii, the following primer set (primer set 1) is more preferably used.

Primer set 1 for detecting Paecilomyces variotii

[0079]

LPae1F3 primer: ACGATCCTATAGGCAGACCA (SEQ ID NO: 10)
LPae1B3 primer: CCAGCGGCCTATTTATTGGT (SEQ ID NO: 11)
LPae1FIP primer: CGTCTCTCTCGATTCCGTGTCGCCTTGACGGCTCTGGTGT (SEQ ID NO: 12)
LPae1BIP primer: CTCCGACCTTCAGCTCGAGCGGAGCGTTCCTCTTGGGAT (SEQ ID NO: 13)

[0080] To detect Paecilomyces variotii, loop primers are preferably used in addition to the above-mentioned primers.
The following primers are preferably used as the loop primers.

Loop primers for detecting Paecilomyces variotii

[0081]

LPae1LF loop primer: TCCCCAGATATCGTGTACTTAC (SEQ ID NO: 14)
LPae1LB loop primer: ACTTCAACGAGGTAGTTGTTG (SEQ ID NO: 15)

[0082] FIG. 1 illustrates the position relationship of nucleotide sequences recognized by the above-mentioned primers
in the nucleotide sequence of the β-tubulin gene of Paecilomyces variotii IFM40913 strain.
[0083] In the present disclosure , the following primer set (primer set 2) is also preferably used in detection of Pae-
cilomyces variotii by the LAMP method.

Primer set 2 for detecting Paecilomyces variotii

[0084]

LPae2F3 primer: CGATATCTGGGGATGCTTCG (SEQ ID NO: 16)
LPae2B3 primer: CGTCCATGGTACCAGGCT (SEQ ID NO: 17) LPae2FIP primer:
ATGCGCTCGAGCTGAAGGTCCGGAATCGAGAGAGAGACGACT (SEQ ID NO: 18)
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LPae2BIP primer: TGATCCCAAGAGGAACGCCCCACGAGGAACGTACTTCTTGCC (SEQ ID NO: 19)

[0085] To detect Paecilomyces variotii, loop primers are preferably used in addition to the above-mentioned primers.
The following primers are preferably used as the loop primers.

Loop primers for detecting Paecilomyces variotii

[0086]

LPae2LF loop primer: GGAGGAGCCATTGTAGCTAA (SEQ ID NO: 20)
LPae2LB loop primer: GAGCTCACCAATAAATAGGCC (SEQ ID NO: 21)

[0087] FIG. 2 illustrates the position relationship of nucleotide sequences recognized by the above-mentioned primers
in the nucleotide sequence of the β-tubulin gene of Paecilomyces variotii IFM40913 strain and Paecilomyces variotii
IFM40915 strain.
[0088] The primer set for detecting Paecilomyces variotii of the present disclosure is a primer set to be used for
detection by the LAMP method and includes a primer consisting of an oligonucleotide represented by the nucleotide
sequence set forth in SEQ ID NO: 10, a primer consisting of an oligonucleotide represented by the nucleotide sequence
set forth in SEQ ID NO: 11, a primer consisting of an oligonucleotide represented by the nucleotide sequence set forth
in SEQ ID NO: 12 and a primer consisting of an oligonucleotide represented by the nucleotide sequence set forth in
SEQ ID NO: 13; and the primer set preferably further includes primers consisting of oligonucleotides represented by the
nucleotide sequences set forth in SEQ ID NO: 14 and SEQ ID NO: 15.
[0089] The another primer set for detecting Paecilomyces variotii of the present disclosure is a primer set to be used
for detection by the LAMP method and includes a primer consisting of an oligonucleotide represented by the nucleotide
sequence set forth in SEQ ID NO: 16, a primer consisting of an oligonucleotide represented by the nucleotide sequence
set forth in SEQ ID NO: 17, a primer consisting of an oligonucleotide represented by the nucleotide sequence set forth
in SEQ ID NO: 18 and a primer consisting of an oligonucleotide represented by the nucleotide sequence set forth in
SEQ ID NO: 19; and the primer set preferably further includes primers consisting of oligonucleotides represented by the
nucleotide sequences set forth in SEQ ID NO: 20 and SEQ ID NO: 21.
[0090] When the above-described primer set is used, a DNA fragment including a target region of the β-tubulin gene
of Paecilomyces variotii can be amplified specifically, rapidly, and sensitively by the LAMP method. Therefore, the
existence of Paecilomyces variotii in a sample can be determined by confirming amplification of the DNA fragment.
[0091] Further, the oligonucleotide for detecting Paecilomyces variotii of the present invention is preferably an oligo-
nucleotide represented by a nucleotide sequence corresponding to any one of the following (a’) to (f) when nucleotide
sequence regions F3, F2 and F1 are selected from the 5’-end side in a target region selected from the nucleotide
sequence of the β-tubulin gene, nucleotide sequence regions B3c, B2c and B1c are selected from the 3’-end side in the
target region, complementary nucleotide sequences of the B3c, B2c and B1c are called B3, B2 and B1, respectively,
and complementary nucleotide sequences of the F3, F2 and F1 are called F3c, F2c and F1c, respectively.

(a’) A nucleotide sequence having the sequence identical to that of the B2 region at the 3’ terminal side and the
sequence identical to that of the B 1 c region at the 5’ terminal side
(b’) A nucleotide sequence having the sequence identical to that of the B3 region
(c’) A nucleotide sequence having the sequence identical to that of the F2 region at the 3’ terminal side and the
sequence identical to that of the F1c region at the 5’ terminal side
(d’) A nucleotide sequence having the sequence identical to that of the F3 region
(e’) A nucleotide sequence having a sequence complement to a part between the B1 region and the B2 region
(f’) A nucleotide sequence having a sequence complement to a part between the F1 region and the F2 region

[0092] The oligonucleotide of the present invention may be used not only as a primer for the LAMP method but also
as, for example, a primer for the PCR method or a probe for detecting a nucleic acid.
[0093] An enzyme used in amplification of the DNA fragment including the target region by LAMP method is not
particularly limited as long as it is generally used, and it is preferably a template-dependent nucleic acid synthetase
having strand displacement activities. Such an enzyme includes Bst DNA polymerase (large fragment), Bca (exo-) DNA
polymerase, and the Klenow fragment of E. coli DNA polymerase I; and preferably includes Bst DNA polymerase (large
fragment). The enzyme that can be used in the present invention may be purified from viruses, bacteria, or the like or
may be prepared by a gene recombination technique. These enzymes may be modified by fragmentation, amino acid
substitution, or the like.
[0094] The temperature for amplification of the DNA fragment including the target region by the LAMP method is not
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particularly limited but is preferably 55 to 68°C, more preferably 60 to 65°C.
[0095] The amplification of the DNA fragment including the target region can be confirmed by general method. For
example, in the case of amplifying the DNA fragment including the target region by the LAMP method, the nucleic acid
amplification products can be detected by hybridization of a labeled oligonucleotide specifically recognizing amplified
nucleotide sequences or a fluorescent intercalator method (JP-A-2001-242169), or can be detected by directly applying
the reaction solution after the completion of reaction to agarose gel electrophoresis. In the agarose gel electrophoresis,
the LAMP amplification products are detected in the form of a ladder of many bands differing in base length.
[0096] Moreover, in the LAMP method, substrates are consumed in large amounts by nucleic acid synthesis, and
pyrophosphoric acid ions as by-products are converted into magnesium pyrophosphate through its reaction with coex-
isting magnesium ions and makes the reaction solution cloudy to the extent that can be observed visually. Thus, the
nucleic acid amplification reaction may be detected by confirming this cloudiness by use of a measurement apparatus
that can optically observe time-dependent rises in turbidity after the completion of reaction or during reaction, for example,
by confirming changes in absorbance at 400 nm by use of a usual spectrophotometer (WO 01/83817 Pamphlet).
[0097] In the present invention, primers to be used for amplifying the DNA fragment including the target region may
be chemically synthesized based on designed sequences or purchased from a manufacturer of reagents. Specifically,
the primers may be synthesized using an oligonucleotide synthesizer or the like. Moreover, after synthesis, the oligo-
nucleotides may be purified by an adsorption column, high-performance liquid chromatography, or electrophoresis before
use. Furthermore, an oligonucleotide having a nucleotide sequence with a substitution, deletion, insertion, or addition
of one or several nucleotides may be synthesized by a known method.
[0098] The sample to be used in the present invention is not particularly limited and may be a food or drink itself, a
raw material of the food or drink, an isolated fungus, a cultured fungus, or the like.
[0099] A method of preparing DNA from a sample is not particularly limited as long as DNA can be obtained at a
sufficient purification degree and in a sufficient amount for detecting Paecilomyces variotii. While the sample may be
used without purification, the sample may be subjected to a pre-treatment such as separation, extraction, concentration,
or purification before use. For example, the sample may be purified by phenol and chloroform extraction or using a
commercially available extraction kit to increase the purity of the nucleic acid before use. Moreover, DNA obtained by
reverse transcription of RNA in a sample may be used.
[0100] A variety of reagents necessary for amplification of the DNA fragment including the target region using the
primer of the present invention may be packaged as a kit in advance.
[0101] For example, the kit of the present disclosure includes the above-mentioned primer set which may be used in
the LAMP method (preferably, the primer set which includes the primers consisting of each of the oligonucleotides
represented by the nucleotide sequences set forth in SEQ ID NOS: 10 to 13, the primer set which includes the primers
consisting of each of the oligonucleotides represented by the nucleotide sequences set forth in SEQ ID NOS: 10 to 15,
the primer set which includes the primers consisting of each of the oligonucleotides represented by the nucleotide
sequences set forth in SEQ ID NOS: 16 to 19, or the primer set which includes the primers consisting of each of the
oligonucleotides represented by the nucleotide sequences set forth in SEQ ID NOS: 16 to 21), a DNA polymerase, and
dNTPs consisting of dATP, dCTP, dGTP, and dTTP. The kit preferably includes the above-mentioned primer set, a
variety of oligonucleotides necessary as loop primers (preferably primers consisting of the oligonucleotides represented
by the nucleotide sequences set forth in SEQ ID NOS: 7 and 8), four types of dNTPs serving as substrates of nucleic
acid synthesis (dATP, dCTP, dGTP, and dTTP), a DNA polymerase such as a template-dependent nucleic acid synthetase
having strand displacement activity, a buffer which provides preferred conditions for enzymatic reactions, a salt serving
as a cofactor (such as a magnesium salt or a manganese salt), and a protecting agent for stabilizing an enzyme or a
template, and if necessary, reagents necessary for detection of reaction products. The kit of the present invention may
include a positive control for confirming whether the LAMP reaction proceeds normally by the primers of the present
invention. The positive control is, for example, DNA including a region which is amplified by the method of the present
invention.
[0102] Further, the kit for detecting Paecilomyces variotii of the present invention includes, as nucleic acid primers,
an oligonucleotide pair or an oligonucleotide group, which includes at least one pair or one group selected from the
group consisting of a pair of the oligonucleotides (a) and (b), a pair of the oligonucleotides (a) and (c), or a group of the
oligonucleotides (a), (b) and (c). The kit can be preferably used in the method of detecting Paecilomyces variotii by the
PCR method. The kit of the present invention may include not only the above-mentioned nucleic acid primers but also,
depending on purpose, substances which are usually used for detecting a fungus, such as a label-detecting substance,
a buffer, a nucleic acid synthetase (such as a DNA polymerase, an RNA polymerase, or a reverse transcriptase), and
an enzyme substrate (such as dNTP or rNTP). The kit of the present invention may include a positive control for confirming
whether the PCR reaction proceeds normally by the primers of the present invention. The positive control is, for example,
DNA including a region which is amplified by the method of the present invention.
[0103] According to the method of the present invention, a procedure from a sample preparation step to a fungus
detection step can be performed within a time as short as about 60 to 120 minutes.
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EXAMPLES

[0104] Hereinafter, the present invention will be described more in detail with reference to Examples.

Example 1 Detection of Paecilomyces variotii by PCR method

(1) Analysis of target gene

[0105] The nucleotide sequence of the β-tubulin gene of Paecilomyces variotii was determined by the following method.
[0106] A test fungus was cultured in the dark on a potato dextrose agar slant at 25°C for 7 days. DNA was extracted
from the fungus using GenTorukun TM (manufactured by TAKARA BIO INC.). PCR amplification of a target site was
performed using PuRe TaqTM Ready-To-Go PCR Beads (manufactured by GE Health Care UK LTD) and, as primers,
Bt2a (5’-GGTAACCAAATCGGTGCTGCTTTC-3’, SEQ ID NO: 34) and Bt2b (5’-ACCCTCAGTGTAGTGACCCTTGGC-
3’, SEQ ID NO: 35) (Glass and Donaldson, Appl Environ Microbiol 61:1323-1330, 1995). Amplification of β-tubulin partial
length was performed under conditions including a denaturation temperature of 95°C, an annealing temperature of 59°C,
an elongation temperature of 72°C, and 35 cycles. PCR products were purified using Auto SegTM G-50 (manufactured
by Amersham Pharmacia Biotech). The PCR products were labeled with BigDye (registered trademark) terminator Ver.
1.1 (manufactured by Applied Biosystems), and electrophoresis was performed using ABI PRISM 3130 Genetic Analyzer
(manufactured by Applied Biosystems). Nucleotide sequences from fluorescence signals in electrophoresis were deter-
mined using the software "ATGC Ver. 4" (manufactured by Genetyx).

(2) Preparation of primers

[0107] Based on the β-tubulin sequence of Paecilomyces variotii determined as above, the β-tubulin sequences of
Hamigera avellanea, Talaromyces flavus, Talaromyces luteus, Talaromyces trachyspermus, Byssochlamys nivea and
Byssochlamys fulva determined in the same way as above, and known β-tubulin sequences of a variety of fungi, alignment
analyses were performed using DNA analysis software (Clustal W), to thereby determine nucleotide sequences specific
to Paecilomyces variotii (SEQ ID NOS: 1 to 4 and 22 to 33). From regions having particularly high specificity to Paecilo-
myces variotii on the 3’-end side in the determined regions, partial regions which satisfy the following four conditions
were searched:

1) the partial region includes several nucleotides specific to the species;
2) the partial region has a GC content of about 30% to 80%;
3) the partial region has low possibility to cause self-annealing; and
4) the partial region has a Tm value of about 55 to 65°C.

Based on the nucleotide sequences, five primer pairs including primers which consist of each of the oligonucleotides
represented by the nucleotide sequences set forth in SEQ ID NOS: 5 and 6 were designed. Then, the primers were
synthesized by Sigma-Aldrich Japan (desalted products, 0.02 mmol scale) and purchased.

(3) Preparation of samples

[0108] The fungi shown in Tables 1 and 2 were used as fungi to be used for evaluation of the effectiveness of the
designed primers, i.e., Paecilomyces variotii, other heat-resistant fungi, and general fungi. These fungi were stored in
Medical Mycology Research Center (MMRC), Chiba University, and the fungi deposited based on IFM numbers or the
like were obtained and used.
[0109] The respective fungi were cultured under optimum conditions. The culture was performed using a potato dex-
trose medium (trade name: Pearlcore potato dextrose agar medium, manufactured by Eiken Chemical Co., Ltd.) under
culture conditions of 25°C (for general fungi) or 30°C (for heat-resistant fungi) for 7 days.

Table 1

Sample No. Scientific name Strain No. (IFM)

1 Paecilomyces varioti IFM40913

2 Paecilomyces varioti IFM40915

3 Byssochlamys fluva IFM48421
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(continued)

Sample No. Scientific name Strain No. (IFM)

4 Byssochlamys fluva IFM51213

5 Byssochlamys nivea IFM51244

6 Byssochlamys nivea IFM51245

7 Hamigera avellanea IFM42323

8 Hamigera avellanea IFM52241

9 Talaromyces flavus IFM42243

10 Talaramyces flavus IFM52233

11 Talaromyces luteus IFM53242

12 Talaromyces luteus IFM53241

13 Talaromyces trachyspermus IFM42247

14 Talaromyces trachyspermus IFM52252

15 Talaromyces wortmannii IFM52255

16 Talaromyces wortmannii IFM52262

Table 2

Sample No. Scientific name Strain No. (IFM)

1 Paecilomyces varioti IFM40913

2 Paecilomyces varioti IFM40915

3 Byssochlamys nivea IFM50292

4 Neosartorya ficheri IFM46945

5 Neosartorya spinosa IFM46967

6 Neosartorya glabra IFM46949

7 Neosartorya hiratsukae IFM47036

8 Aspergillus fumigatus A125

9 Aspergillus niger An25

10 Aspergillus terreus A229

11 Aspergillus flavus As17

12 Emericella nidulans As18

13 Penicillium griseofulvum IFM54313

14 Penicillium citirinum IFM54314

15 Alternaria alternate IFM41348

16 Aureobasidium pullulans IFM41409

17 Chaetomium globosum IFM40869

18 Fusarium oxysporum IFM50002

19 Trichoderma viride IFM40938

20 Cladosporium cradosporioides IFM41450



EP 2 765 191 B1

14

5

10

15

20

25

30

35

40

45

50

55

(4) Preparation of genomic DNA

[0110] The respective fungi were collected from the agar media using platinum loops.
[0111] Genomic DNA solutions were prepared from the collected fungi using a genomic DNA preparation kit (PrepMan
ultra (trade name) manufactured by Applied Biosystems). The concentration of each DNA solution was adjusted to 50
ng/mL.

(5) PCR reaction

[0112] One mL of the genomic DNA solution prepared above as a DNA template, 13 mL of Pre Mix Taq (trade name,
manufactured by TAKARA BIO INC.) and 10 mL of sterile distilled water were mixed, and 0.5 mL of a forward primer (20
pmol/mL) such as a primer consisting of an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID
NO: 5 (Pae1F primer) and 0.5 mL of a reverse primer (20 pmol/mL) such as a primer consisting of an oligonucleotide
represented by the nucleotide sequence set forth in SEQ ID NO: 6 (Pae1R primer) were added thereto, to thereby
prepare 25 mL of a PCR reaction solution.
[0113] The PCR reaction solution was subjected to a gene amplification treatment using an automatic gene amplification
device thermal cycler DICE (TAKARA BIO INC.). PCR reaction conditions were 30 cycles of (i) a thermal denaturation
reaction at 98°C for 10 seconds, (ii) an annealing reaction at 63°C for 1 minute, and (iii) an elongation reaction at 72°C
for 1 minute.

(6) Confirmation of amplified gene fragment

[0114] After the PCR reaction, 10 mL of a sample was collected from the PCR reaction solution and electrophoresed
using a 2% agarose gel, and DNA was stained with SYBR Safe DNA gel stain in 1 3 TAE (Invitrogen), followed by
fluorescence detection under ultraviolet light, to thereby confirm whether the amplified DNA fragment was present or
not. As a result, in the case of using the primer pair including the oligonucleotides represented by the nucleotide sequences
set forth in SEQ !D NOS: 5 and 6 of the designed five primer sets, in a sample containing genomic DNA of Paecilomyces
variotii, amplification of gene fragments was confirmed at a position corresponding to the size expected from the designed
primer pairs. On the other hand, in a sample containing no genomic DNA of Paecilomyces variotii, amplification of gene
fragments was not confirmed. FIG. 3 and FIG. 4 show an electrophoretogram in the agarose gel in the case of using
the primer pair including the oligonucleotides represented by the nucleotide sequences set forth in SEQ ID NOS: 5 and
6. Note that, FIG. 3 shows an electrophoretogram of samples of the fungi shown in Table 1, and FIG. 4 shows an
electrophoretogram of samples of the fungi shown in Table 2. The numbers in the electrophoretograms represent samples
which were subjected to reactions using DNAs extracted from samples of the corresponding sample numbers in the tables.
[0115] As a result, in the case of the samples containing the genomic DNA of Paecilomyces variotii, amplification of
gene fragments of about 250 bp was confirmed. On the other hand, in the case of the samples containing no genomic
DNA of Paecilomyces variotii, amplification of gene fragments was not confirmed.
[0116] The above-described results reveal that Paecilomyces variotii can be specifically detected by using the oligo-
nucleotides of the present invention set forth in SEQ ID NOS: 5 and 6. Moreover, the results reveal that it is possible to
easily design oligonucleotides for detecting Paecilomyces variotii, which can act as nucleic acid probes or nucleic acid
primers for specifically detecting Paecilomyces variotii, based on the nucleotide sequence of the variable region of the
β-tubulin gene of the present invention.

Example 2 Detection of Paecilomyces variotii by LAMP method

(1) Design and synthesis of primers

[0117] Based on the nucleotide sequence regions which were specified in Example 1 above and specific to Paecilo-
myces variotii (SEQ ID NOS: 1 to 4 and 22 to 33), primers consisting of each of oligonucleotides represented by the
nucleotide sequences set forth in SEQ ID NOS: 10 to 15 were designed, and the primers were synthesized by E Genome
order (FUJITSU SYSTEM SOLUTIONS LIMITED, SEQ ID NOS: 10 and 11; 5 pmol scale, SEQ ID NOS: 12 and 13; 40
pmol scale, SEQ ID NOS: 14 and 15: 20 pmol scale; all of the primers are column-purified products) and purchased.

(2) Preparation of samples

[0118] The fungi shown in Table 3 were used as fungi to be used for evaluation of the effectiveness of the designed
primers, i.e., Paecilomyces variotii and other heat-resistant fungi. These fungi were stored in Medical Mycology Research
Center (MMRC), Chiba University, and the fungi deposited based on IFM numbers or the like were obtained and used.
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[0119] The respective fungi were cultured under optimum conditions. The culture was performed using a potato dex-
trose medium (trade name: Pearlcore potato dextrose agar medium, manufactured by Eiken Chemical Co., Ltd.) under
culture conditions of 30°C for 7 days.

(3) Preparation of genomic DNA

[0120] The respective fungi were collected from the agar media using platinum loops.
[0121] Genomic DNA solutions were prepared from the collected fungi using a genomic DNA preparation kit (PrepMan
ultra (trade name) manufactured by Applied Biosystems). Specifically, several colonies were collected from each medium,
and the fungus was suspended in 200 mL of a reagent supplied with the kit and dissolved by a heat treatment at 100°C
for 10 minutes. Centrifugation was performed at 14,800 rpm for 5 minutes, and the supernatant was collected. The
concentration of the resultant genomic DNA solution was adjusted to 50 ng/mL. The genomic DNA solution was used
as a template DNA in the following LAMP reaction.

(4) Preparation of reaction solution for LAMP reaction

[0122] 12.5 mL of 2 3 Reaction Mix (Tris-HCl (pH 8.8) 40 mM, KCl 20 mM, MgSO4 16 mM, (NH4)2SO4 20 mM, 0.2%
Tween20, Betaine 1.6 M, dNTPs 2.8 mM: Eiken Chemical Co., Ltd.; Loopamp DNA amplification reagent kit), 1 mL of a
primer consisting of an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 10 (LPae1 F3
primer: 5 pmol/mL), 1 mL of a primer consisting of an oligonucleotide represented by the nucleotide sequence set forth
in SEQ ID NO: 11 (LPae1B3 primer: 5 pmol/mL), 1 mL of a primer consisting of an oligonucleotide represented by the
nucleotide sequence set forth in SEQ ID NO: 12 (LPae1FIP primer: 40 pmo/mL), 1 mL of a primer consisting of an
oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 13 (LPae1BIP primer: 40 pmol/mL), 1
mL of a primer consisting of an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 14
(LPae1LF loop primer: 20 pmol/mL), 1 mL of a primer consisting of an oligonucleotide represented by the nucleotide
sequence set forth in SEQ ID NO: 15 (LPae1LB loop primer: 20 pmol/mL), 1 mL of Bst DNA Polymerase (8U/25mL,
manufactured by Eiken Chemical Co., Ltd.) and 1 mL of the template DNA prepared above were mixed, and distilled
water was added thereto, to thereby prepare a total of 25 mL of a reaction solution.

(5) LAMP reaction

[0123] The reaction solution prepared above was subjected to a DNA amplification reaction at 6362°C for 60 minutes
using a real-time turbidity measuring apparatus Loopamp RT-160C (manufactured by Eiken Chemical Co., Ltd.). Simul-
taneously, the turbidity of the reaction solution was measured (wavelength: 400 nm).

(6) Confirmation of DNA amplification

[0124] Amplification of DNA was judged to be present or not by whether or not the turbidity increased in the reaction
solution. The measurement results of the turbidity of the reaction solutions are shown in FIG. 5.
[0125] As a result, the turbidity increases, that is, the DNA synthesis and amplification reactions were observed from
about 23 minutes after the initiation of the reaction only in the systems where the genomic DNAs of Paecilomyces variotii
were used as templates.

Table 3

Sample No. Scientific name Strain No. (IFM)

1 Paecilomyces varioti IFM40913

2 Paecilomyces varioti IFM40915

3 Byssochlamys fluva IFM48421

4 Byssochlamys nivea IFM51244

5 Hamigera avellanea IFM42323

6 Talaromyces flavus IFM42243

7 Talaromyces luteus IFM53242

8 Talaromyces worfmannii IFM52255
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[0126] On the other hand, in the systems where the genomic DNAs of other fungi were used, the turbidity increases
in the reaction solutions were not observed for 40 minutes after the initiation of the reaction. Note that, also in the systems
where the genomic DNAs of fungi other than Paecilomyces variotii were used, the turbidity increases of the reaction
solutions were observed from about 45 minutes after the initiation of the reaction. However, the phenomena are probably
caused by time-dependent occurrence of a nonspecific reaction among primers or by a reaction of a small amount of
primers to sites other than the target due to a long reaction time.

Example 3 Detection of Paecilomyces variotii by LAMP method

(1) Design and synthesis of primers

[0127] Based on the nucleotide sequence regions which were specified in Example 1 above and specific to Paecilo-
myces variotii (SEQ ID NOS: 1 to 4 and 22 to 33), primers consisting of each of oligonucleotides represented by the
nucleotide sequences set forth in SEQ ID NOS: 16 to 21 were designed, and the primers were synthesized by E Genome
order (FUJITSU SYSTEM SOLUTIONS LIMITED, SEQ ID NOS: 16 and 17; 5 pmol scale, SEQ ID NOS: 18 and 19; 40
pmol scale, SEQ ID NOS: 20 and 21: 20 pmol scale; all of the primers are column-purified products) and purchased.

(2) Preparation of samples

[0128] The fungi shown in Table 4 were used as fungi to be used for evaluation of the effectiveness of the designed
primers, i.e., Paecilomyces variotii, other heat-resistant fungi, and general fungi. These fungi were stored in Medical
Mycology Research Center (MMRC), Chiba University, and the fungi deposited based on IFM numbers or the like were
obtained and used.
[0129] The respective fungi were cultured under optimum conditions. The culture was performed using a potato dex-
trose medium (trade name: Pearlcore potato dextrose agar medium, manufactured by Eiken Chemical Co., Ltd.) under
culture conditions of 25°C (for general fungi) or 30°C (for heat-resistant fungi) for 7 days.

(3) Preparation of genomic DNA

[0130] The respective fungi were collected from the agar media using platinum loops.
[0131] Genomic DNA solutions were prepared from the collected fungi using a genomic DNA preparation kit (PrepMan

Table 4

Sample No. Scientific name Strain No. (IFM)

1 Paecilomyces varioti IFM40913

2 Paecilomyces varioti IFM40915

3 Byssochlamys fluva IFM48421

4 Hamigera avellanea IFM42323

5 Penicillium qriseofulvum IFM54313

6 Penicillium citirinum IFM54314

7 Neosartorya ficheri IFM46945

8 Neosartorya spinosa IFM46967

9 Neosartorya glabra IFM46949

10 Neosartorya hiratsukae IFM47036

11 Alterratia alternate IFM41348

12 Aureobasidium pullulans IFM41409

13 Chaetomium globosum IFM40869

14 Fusarium oxysporum IFM50002

15 Trichoderma viride IFM40938

16 Cladosporium cradosporioides IFM41450
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ultra (trade name) manufactured by Applied Biosystems). Specifically, several colonies were collected from each medium,
and the fungus was suspended in 200 mL of a reagent supplied with the kit and dissolved by a heat treatment at 100°C
for 10 minutes. Centrifugation was performed at 14,800 rpm for 5 minutes, and the supernatant was collected. The
concentration of the resultant genomic DNA solution was adjusted to 50 ng/mL. The genomic DNA solution was used
as a template DNA in the following LAMP reaction.

(4) Preparation of reaction solution for LAMP reaction

[0132] 12.5 mL of 2 3 Reaction Mix (Tris-HCl (pH 8.8) 40 mM, KCI 20 mM, MgSO4 16 mM, (NH4)2SO4 20 mM, 0.2%
Tween20, Betaine 1.6 M, dNTPs 2.8 mM: Eiken Chemical Co., Ltd.; Loopamp DNA amplification reagent kit), 1 mL of a
primer consisting of an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 16 (LPae2F3
primer: 5 pmol/mL), 1 mL of a primer consisting of an oligonucleotide represented by the nucleotide sequence set forth
in SEQ ID NO: 17 (LPae2B3 primer: 5 pmol/mL), 1 mL of a primer consisting of an oligonucleotide represented by the
nucleotide sequence set forth in SEQ ID NO: 18 (LPae2FIP primer: 40 pmo/mL), 1 mL of a primer consisting of an
oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 19 (LPae2BIP primer: 40 pmol/mL), 1
mL of a primer consisting of an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 20
(LPae2LF loop primer: 20 pmol/mL), 1 mL of a primer consisting of an oligonucleotide represented by the nucleotide
sequence set forth in SEQ ID NO: 21 (LPae2LB loop primer: 20 pmol/mL), 1 mL of Bst DNA Polymerase (8U/25mL,
manufactured by Eiken Chemical Co., Ltd.) and 1 mL of the template DNA prepared above were mixed, and distilled
water was added thereto, to thereby prepare a total of 25 mL of a reaction solution.

(5) LAMP reaction

[0133] The reaction solution prepared above was subjected to a DNA amplification reaction at 6362°C for 60 minutes
using a real-time turbidity measuring apparatus Loopamp RT-160C (manufactured by Eiken Chemical Co., Ltd.). Simul-
taneously, the turbidity of the reaction solution was measured (wavelength: 400 nm).

(6) Confirmation of DNA amplification

[0134] Amplification of DNA was judged to be present or not by whether or not the turbidity increased in the reaction
solution. The measurement results of the turbidity of the reaction solutions are shown in FIG. 6.
[0135] As a result, the turbidity increases, that is, the DNA synthesis and amplification reactions were observed from
about 20 minutes after the initiation of the reaction only in the systems where the genomic DNAs of Paecilomyces variotii
were used as templates.
[0136] On the other hand, in the systems where the genomic DNAs of other fungi were used, the turbidity increases
in the reaction solutions were not observed for 50 minutes after the initiation of the reaction. Note that, also in the systems
where the genomic DNAs of fungi other than Paecilomyces variotii were used, the turbidity increases of the reaction
solutions were observed from about 60 minutes after the initiation of the reaction. However, the phenomena are probably
caused by time-dependent occurrence of a nonspecific reaction among primers or by a reaction of a small amount of
primers to sites other than the target due to a long reaction time.

Example 4 Detection of Paecilomyces variotii by PCR method

(1) Preparation of primers

[0137] From the nucleotide sequence regions which were specified in Example 1 above and specific to Paecilomyces
variotii (SEQ ID NOS: 1 to 4 and 22 to 33), partial regions which satisfy the following four conditions were searched:

1) the partial region includes several nucleotides specific to the species;
2) the partial region has a GC content of about 30% to 80%;
3) the partial region has low possibility to cause self-annealing; and
4) the partial region has a Tm value of about 55 to 65°C.

Based on the nucleotide sequences, five primer pairs including primers which consist of each of the oligonucleotides
represented by the nucleotide sequences set forth in SEQ ID NOS: 7 to 9 were designed. Then, the primers were
synthesized by Sigma-Aldrich Japan (desalted products, 0.02 mmol scale) and purchased.
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(2) Preparation of samples

[0138] The fungi shown in Table 5 were used as fungi to be used for evaluation of the effectiveness of the designed
primers, i.e., Paecilomyces variotii and other heat-resistant fungi. These fungi were stored in Medical Mycology Research
Center (MMRC), Chiba University, and the fungi deposited based on IFM numbers or the like were obtained and used.
[0139] The respective fungi were cultured under optimum conditions. The culture was performed using a potato dex-
trose medium (trade name: Pearlcore potato dextrose agar medium, manufactured by Eiken Chemical Co., Ltd.) under
culture conditions of 30°C for 7 days.

(3) Preparation of genomic DNA

[0140] The respective fungi were collected from the agar media using platinum loops.
[0141] Genomic DNA solutions were prepared from the collected fungi using a genomic DNA preparation kit (PrepMan
ultra (trade name) manufactured by Applied Biosystems). The concentration of each DNA solution was adjusted to 50
ng/mL.

(4) PCR reaction

[0142] One mL of the genomic DNA solution prepared above as a DNA template, 15 mL of Pre Mix Taq (trade name,
manufactured by TAKARA BIO INC.) and 11 mL of sterile distilled water were mixed, and 1 mL of a primer consisting of
an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 7 (Pae4F primer, 20 pmol/mL), 1
mL of a primer consisting of an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 8 (Pae4R-
1 primer, 20 pmo/mL) and 1 mL of a primer consisting of an oligonucleotide represented by the nucleotide sequence set
forth in SEQ ID NO: 9 (Pae1 R-2 primer, 20 pmol/mL) were added thereto, to thereby prepare 30 mL of a PCR reaction
solution. PCR reaction solutions for the other four primer pairs were prepared in the similar manner described above.
[0143] The PCR reaction solution was subjected to a gene amplification treatment using an automatic gene amplification
device thermal cycler DICE (TAKARA BIO INC.). PCR reaction conditions were 35 cycles of (i) a thermal denaturation
reaction at 95°C for 1 minute, (ii) an annealing reaction at 59°C for 1 minute, and (iii) an elongation reaction at 72°C for
1 minute.

(5) Confirmation of amplified gene fragment

[0144] After the PCR reaction, 2.5 mL of a sample was collected from the PCR reaction solution and electrophoresed
using a 2% agarose gel, and DNA was stained with SYBR Safe DNA gel stain in 1 3 TAE (Invitrogen), followed by
fluorescence detection under ultraviolet light, to thereby confirm whether the amplified DNA fragment was present or
not. As a result, in the case of using the primer pair consisting of the oligonucleotides represented by the nucleotide

Table 5

No. Strain scientific name

1 NBRC4855 Pae. variotii
2 NBRC7563 Pae. variotii
3 NBRC5479 Pae. variotii

4 NBRC31685 Pae. variotii
5 IFM48421 B. fluva
6 IFM51213 B. fluva
7 IFM51244 B. nivea
8 IFM51245 B. nivea
9 IFM42323 H. avellanea

10 IFM52241 H. avellanea
11 IFM42243 T flavus
12 IFM53242 T. luteus
13 IFM42247 T. trachysperumus
14 IFM52255 T. wortmannii

15 IFM53622(T) T. ebumeus
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sequences set forth in SEQ ID NOS: 7 to 9 of the designed five primer sets, in a sample containing genomic DNA of
Paecilomyces variotii, amplification of gene fragments was confirmed at a position corresponding to the size expected
from the designed primer pairs. On the other hand, in a sample containing no genomic DNA of Paecilomyces variotii,
amplification of gene fragments was not confirmed. FIG. 7 shows an electrophoretogram in the agarose gel in the case
of using the primer set including the oligonucleotides represented by the nucleotide sequences set forth in SEQ ID NOS:
7 to 9. The numbers in the electrophoretograms represent samples which were subjected to reactions using DNAs
extracted from samples of the corresponding sample numbers in Table 5.
[0145] As a result, in the case of the samples containing the genomic DNA of Paecilomyces variotii, amplification of
gene fragments of about 200 bp was confirmed. On the other hand, in the case of the samples containing no genomic
DNA of Paecilomyces variotii, amplification of gene fragments was not confirmed.
[0146] The above-described results reveal that Paecilomyces variotii can be specifically detected by using the oligo-
nucleotides of the present invention. Moreover, the results reveal that it is possible to easily design oligonucleotides for
detecting Paecilomyces variotii, which can act as nucleic acid probes or nucleic acid primers for specifically detecting
Paecilomyces variotii, based on the nucleotide sequence of the variable region of the β-tubulin gene of the present
invention.
[0147] As is clear from the results of Examples 1 to 4, according to the method of the present invention, it is possible
to detect Paecilomyces variotii easily, rapidly, and specifically.

INDUSTRIAL APPLICABILITY

[0148] According to the method of detecting Paecilomyces variotii of the present invention, it is possible to provide a
method with which Paecilomyces variotii can be detected specifically, easily, and rapidly. Therefore, the method of
detecting Paecilomyces variotii of the present invention is useful for detection of Paecilomyces variotii, which is known
to be a harmful fungus in the food industry, the toiletry industry, and the like.
[0149] Having described our invention as related to the present embodiments, it is our intention that the invention not
be limited by any of the details of the description, unless otherwise specified, but rather be construed broadly within its
scope as set out in the accompanying claims.
[0150] Furthermore, the present invention relates to the following items:

[1] A method of detecting Paecilomyces variotii, comprising identifying Paecilomyces variotii using a nucleic acid
represented by the following nucleotide sequence (a) or (b):

(a) a partial nucleotide sequence of a β-tubulin gene set forth in any one of SEQ ID NOS: 1 to 4 and 22 to 33,
or a complementary sequence thereof; and
(b) a nucleotide sequence which includes a nucleotide sequence set forth in any one of SEQ ID NOS: 1 to 4
and 22 to 33 which has a deletion, substitution, or addition of one to several nucleotides and can be used for
detecting Paecilomyces variotii, or a complementary sequence thereof.

[2] The method of detecting Paecilomyces variotii according to Item 1, comprising the steps of:

determining a nucleotide sequence of a β-tubulin gene region of a test fungus; and
confirming whether the nucleotide sequence in the region includes the nucleotide sequence (a) or (b) or not, to
conduct the identification.

[3] The method of detecting Paecilomyces variotii according to Item 1 or 2, comprising the steps of:

amplifying a whole or part of the nucleotide sequence (a) or (b); and
confirming whether the amplified product is present or not, to conduct the identification.

[4] The method of detecting Paecilomyces variotii according to Item 3, wherein the amplification reaction is performed
by a polymerase chain reaction (PCR) method.

[5] The method of detecting Paecilomyces variotii according to Item 4, wherein the gene amplification reaction is
performed using an oligonucleotide capable of hybridizing with a region which is in the nucleic acid represented by
the nucleotide sequence (a) or (b) as a nucleic acid primer; and wherein the oligonucleotide satisfies the following
four conditions (1) to (4):

(1) the oligonucleotide includes a region containing about 10 continuous nucleotides which are present in a
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region of the gene specific to Paecilomyces variotii;
(2) the oligonucleotide has a GC content of about 30% to 80%;
(3) the oligonucleotide has low possibility to cause self-annealing; and
(4) the oligonucleotide has a melting temperature (Tm value) of about 55°C to 65°C.

[6] The method of detecting Paecilomyces variotii according to Item 4 or 5, wherein the polymerase chain reaction
(PCR) method is performed using the following oligonucleotides (c) and (d); or the following oligonucleotide (e), and
oligonucleotide (f) and/or the oligonucleotide (g), as nucleic acid primers:

(c) an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 5, or an oligonucleotide
represented by a nucleotide sequence which has 70% or more homology to the nucleotide sequence set forth
in SEQ ID NO: 5 and can be used as a nucleic acid primer;
(d) an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 6, or an oligonucleotide
represented by a nucleotide sequence which has 70% or more homology to the nucleotide sequence set forth
in SEQ ID NO: 6 and can be used as a nucleic acid primer;
(e) an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 7, or an oligonucleotide
represented by a nucleotide sequence which has 70% or more homology to the nucleotide sequence set forth
in SEQ ID NO: 7 and can be used as a nucleic acid primer;
(f) an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 8, or an oligonucleotide
represented by a nucleotide sequence which has 70% or more homology to the nucleotide sequence set forth
in SEQ ID NO: 8 and can be used as a nucleic acid primer; and
(g) an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 9, or an oligonucleotide
represented by a nucleotide sequence which has 70% or more homology to the nucleotide sequence set forth
in SEQ ID NO: 9 and can be used as a nucleic acid primer.

[7] The method of detecting Paecilomyces variotii according to Item 3, wherein the amplification reaction is performed
by a loop mediated isothermal amplification (LAMP) method.

[8] The method of detecting Paecilomyces variotii according to Item 7, which is performed by using a primer set
which includes oligonucleotides represented by nucleotide sequences set forth in SEQ ID NOS: 10 to 13 or SEQ
ID NOS: 16 to 19.

[9] The method of detecting Paecilomyces variotii according to Item 7, which is performed by using: a primer set
which includes oligonucleotides represented by the nucleotide sequence set forth in SEQ ID NOS: 10 to 13; and a
primer consisting of an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 14 and/or
a primer consisting of an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 15.

[10] The method of detecting Paecilomyces variotii according to Item 7, which is performed by using: a primer set
which consists of each of oligonucleotides represented by the nucleotide sequence set forth in SEQ ID NOS: 16 to
19; and a primer consisting of an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO:
20 and/or a primer consisting of an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 21.

[11] A DNA represented by the nucleotide sequence (a) or (b), which is used for detecting Paecilomyces variotii:

(a) a partial nucleotide sequence of a β-tubulin gene set forth in any one of SEQ ID NOS: 1 to 4 and 22 to 33,
or a complementary sequence thereof; and
(b) a nucleotide sequence which includes a nucleotide sequence set forth in any one of SEQ ID NOS: 1 to 4
and 22 to 33 which has a deletion, substitution, or addition of one to several nucleotides and can be used for
detecting Paecilomyces variotii, or a complementary sequence thereof.

[12] An oligonucleotide for detecting Paecilomyces variotii, which can hybridize with a nucleic acid represented by
the following nucleotide sequence (a) or (b) and act as a nucleic acid probe or nucleic acid primer for specifically
detecting Paecilomyces variotii:

(a) a partial nucleotide sequence of a β-tubulin gene set forth in any one of SEQ ID NOS: 1 to 4 and 22 to 33,
or a complementary sequence thereof; and
(b) a nucleotide sequence which includes a nucleotide sequence set forth in any one of SEQ ID NOS: 1 to 4
and 22 to 33 which has a deletion, substitution, or addition of one to several nucleotides and can be used for
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detecting Paecilomyces variotii, or a complementary sequence thereof.

[13] The oligonucleotide for detecting Paecilomyces variotii according to Item 12, which is an oligonucleotide rep-
resented by a nucleotide sequence set forth in any one of SEQ ID NOS: 5 to 21, which is in a region in a nucleic
acid represented by the nucleotide sequence (a) or (b), a complementary sequence thereof, or an oligonucleotide
which has 70% or more homology to the nucleotide sequence set forth in any one of SEQ ID NOS: 5 to 21 or the
complementary sequence thereof and can be used as an oligonucleotide for detection.

[14] The oligonucleotide for detecting Paecilomyces variotii according to Item 12 or 13, which is an oligonucleotide
represented by a nucleotide sequence corresponding to any one of the following (a’) to (f) in the following case that:

nucleotide sequence regions F3, F2 and F1 are selected in this order from a 5’-end side in a target region
sequence selected from the nucleotide sequence of the β-tubulin gene of Paecilomyces variotii;
nucleotide sequence regions B3c, B2c and B1c are selected in this order from a 3’-end side in the target region;
complementary nucleotide sequences of the F3, F2 and F1 are called F3c, F2c and F1c, respectively; and
complementary nucleotide sequences of the B3c, B2c and B1c are called 83, B2 and B1, respectively;

(a’) a nucleotide sequence comprising the sequence identical to that of the B2 region at the 3’ terminal side
and the sequence identical to that of the B1c region at the 5’ terminal side;
(b’) a nucleotide sequence comprising the sequence identical to that of the B3 region;
(c’) a nucleotide sequence comprising the sequence identical to that of the F2 region at the 3’ terminal side
and the sequence identical to that of the F1 c region at the 5’ terminal side;
(d’) a nucleotide sequence comprising the sequence identical to that of the F3 region;
(e’) a nucleotide sequence comprising a sequence complement to a part between the B1 region and the
B2 region; and
(f’) a nucleotide sequence comprising a sequence complement to a part between the F1 region and the F2
region.

[15] The oligonucleotide for detecting Paecilomyces variotii according to any one of Items 12 to 14, wherein the
oligonucleotide is a nucleic acid primer.

[16] The oligonucleotide for detecting Paecilomyces variotii according to any one of Items 12 to 15,
wherein the oligonucleotide is in the nucleic acid represented by the nucleotide sequence (a) or (b), and satisfies
the following four conditions (1) to (4):

(1) the region contains a nucleotide sequence including about 10 continuous nucleotides in the nucleotide
sequence of the gene specific to Paecilomyces variotii;
(2) the oligonucleotide has a GC content of about 30% to 80%;
(3) the oligonucleotide has low possibility to cause self-annealing; and
(4) the oligonucleotide has a melting temperature (Tm value) of about 55°C to 65°C.

[17] An oligonucleotide pair or oligonucleotide group for detecting Paecilomyces variotii, comprising at least one
pair or one group selected from the group consisting of a pair of the following oligonucleotides (c) and (d), a pair of
the following oligonucleotides (e) and (f), a pair of the following oligonucleotides (e) and (g), and a group of the
following oligonucleotides (e), (f) and (g):

(c) an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 5, or an oligonucleotide
represented by a nucleotide sequence which has 70% or more homology to the nucleotide sequence set forth
in SEQ ID NO: 5 and can be used as a nucleic acid primer;
(d) an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 6, or an oligonucleotide
represented by a nucleotide sequence which has 70% or more homology to the nucleotide sequence set forth
in SEQ ID NO: 6 and can be used as a nucleic acid primer;
(e) an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 7, or an oligonucleotide
represented by a nucleotide sequence which has 70% or more homology to the nucleotide sequence set forth
in SEQ ID NO: 7 and can be used as a nucleic acid primer;
(f) an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 8, or an oligonucleotide
represented by a nucleotide sequence which has 70% or more homology to the nucleotide sequence set forth
in SEQ ID NO: 8 and can be used as a nucleic acid primer; and
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(g) an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 9, or an oligonucleotide
represented by a nucleotide sequence which has 70% or more homology to the nucleotide sequence set forth
in SEQ ID NO: 9 and can be used as a nucleic acid primer.

[18] A kit for detecting Paecilomyces variotii, comprising the oligonucleotide pair or oligonucleotide group according
to Item 17.

[19] A primer set, which is selected from the group consisting of the following primer sets (i) to (iv);
wherein the primer set is used for detecting Paecilomyces variotii by Loop mediated isothermal amplification (LAMP)
method:

the primer set (i), comprising:

a primer consisting of the nucleotide sequence set forth in SEQ ID NO: 10; a primer consisting of the
nucleotide sequence set forth in SEQ ID NO: 11; a primer consisting of the nucleotide sequence set forth
in SEQ ID NO: 12; a primer consisting of the nucleotide sequence set forth in SEQ ID NO: 13; a primer
consisting of the nucleotide sequence set forth in SEQ ID NO: 14; and a primer consisting of the nucleotide
sequence set forth in SEQ ID NO: 15;

the primer set (ii), comprising:

a primer consisting of the nucleotide sequence set forth in SEQ ID NO: 10; a primer consisting of the
nucleotide sequence set forth in SEQ ID NO: 11; a primer consisting of the nucleotide sequence set forth
in SEQ ID NO: 12; and a

primer consisting of the nucleotide sequence set forth in SEQ ID NO: 13; the primer set (iii), comprising:

a primer consisting of the nucleotide sequence set forth in SEQ ID NO: 16; a primer consisting of the
nucleotide sequence set forth in SEQ 1D NO: 17; a primer consisting of the nucleotide sequence set forth
in SEQ ID NO: 18; a primer consisting of the nucleotide sequence set forth in SEQ ID NO: 19; a primer
consisting of the nucleotide sequence set forth in SEQ ID NO: 20; and a primer consisting of the nucleotide
sequence set forth in SEQ ID NO: 21; and the primer set (iv), comprising:

a primer consisting of the nucleotide sequence set forth in SEQ ID NO: 16; a primer consisting of the
nucleotide sequence set forth in SEQ ID NO: 17; a primer consisting of the nucleotide sequence set
forth in SEQ ID NO: 18; and a primer consisting of the nucleotide sequence set forth in SEQ ID NO: 19.

[20] A kit for detecting Paecilomyces variotii, comprising:

the primer set according to Item 19;
a DNA polymerase; and
dNTP containing dATP, dCTP, dGTP and dTTP.

SEQUENCE LISTING

[0151]

<110> KAO CORPORATION

<120> Method of detecting Paecilomyces variotii

<130> S3453 EP/1 S3

<140>
<141> 2009-05-29

<150> JP 2008-141500
<151> 2008-05-29
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<160> 35

<170> PatentIn version 3.3

<210> 1
<211> 512
<212> DNA
<213> Paecilomyces variotii; strain IMF40913

<400> 1

<210> 2
<211> 515
<212> DNA
<213> Paecilomyces variotii; strain IMF40915

<220>
<221> misc_feature
<222> (258) .. (258)
<223> n is a, c, g, or t

<400> 2
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<210> 3
<211> 518
<212> DNA
<213> Paecilomyces variotii; strain EU037073

<400> 3

<210> 4
<211> 519
<212> DNA
<213> Paecilomyces variotii; strain IFM50293

<400> 4

<210> 5
<211> 20
<212> DNA
<213> Artificial

<220>
<223> Artificially synthesized primer sequence
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<400> 5
cctagagtcc gtttggggac 20

<210> 6
<211> 20
<212> DNA
<213> Artificial

<220>
<223> Artificially synthesized primer sequence

<400> 6
gttcctcttg ggatcatagg 20

<210> 7
<211> 19
<212> DNA
<213> Artificial

<220>
<223> Artificially synthesized primer sequence

<400> 7
gagcacggcc ttgacggct 19

<210> 8
<211> 20
<212> DNA
<213> Artificial

<220>
<223> Artificially synthesized primer sequence

<400> 8
gcatatggag cgtccttatc 20

<210> 9
<211> 20
<212> DNA
<213> Artificial

<220>
<223> Artificially synthesized primer sequence

<400> 9
gctcatgggg cgttcctctt 20

<210> 10
<211> 20
<212> DNA
<213> Artificial

<220>
<223> Artificially synthesized primer sequence

<400> 10
acgatcctat aggcagacca 20
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<210> 11
<211> 20
<212> DNA
<213> Artificial

<220>
<223> Artificially synthesized primer sequence

<400> 11
ccagcggcct atttattggt 20

<210> 12
<211> 40
<212> DNA
<213> Artificial

<220>
<223> Artificially synthesized primer sequence

<400> 12
cgtctctctc gattccgtgt cgccttgacg gctctggtgt 40

<210> 13
<211> 39
<212> DNA
<213> Artificial

<220>
<223> Artificially synthesized primer sequence

<400> 13
ctccgacctt cagctcgagc ggagcgttcc tcttgggat 39

<210> 14
<211> 22
<212> DNA
<213> Artificial

<220>
<223> Artificially synthesized primer sequence

<400> 14
tccccagata tcgtgtactt ac 22

<210> 15
<211> 21
<212> DNA
<213> Artificial

<220>
<223> Artificially synthesized primer sequence

<400> 15
acttcaacga ggtagttgtt g 21

<210> 16
<211> 20
<212> DNA
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<213> Artificial

<220>
<223> Artificially synthesized primer sequence

<400> 16
cgatatctgg ggatgcttcg 20

<210> 17
<211> 18
<212> DNA
<213> Artificial

<220>
<223> Artificially synthesized primer sequence

<400> 17
cgtccatggt accaggct 18

<210> 18
<211> 42
<212> DNA
<213> Artificial

<220>
<223> Artificially synthesized primer sequence

<400> 18
atgcgctcga gctgaaggtc cggaatcgag agagagacga ct 42

<210> 19
<211> 42
<212> DNA
<213> Artificial

<220>
<223> Artificially synthesized primer sequence

<400> 19
tgatcccaag aggaacgccc cacgaggaac gtacttcttg cc 42

<210> 20
<211> 20
<212> DNA
<213> Artificial

<220>
<223> Artificially synthesized primer sequence

<400> 20
ggaggagcca ttgtagctaa 20

<210> 21
<211> 21
<212> DNA
<213> Artificial

<220>
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<223> Artificially synthesized primer sequence

<400> 21
gagctcacca ataaataggc c 21

<210> 22
<211> 470
<212> DNA
<213> Paecilomyces variotii; strain NBRC4855

<400> 22

<210> 23
<211> 506
<212> DNA
<213> Paecilomyces variotii; strain IFM52147

<400> 23

<210> 24
<211> 518
<212> DNA
<213> Paecilomyces variotii; strain IFM52145
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<400> 24

<210> 25
<211> 461
<212> DNA
<213> Paecilomyces variotii; strain IFM51028

<400> 25

<210> 26
<211> 522
<212> DNA
<213> Paecilomyces variotii; strain IFM51195

<400> 26
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<210> 27
<211> 523
<212> DNA
<213> Paecilomyces variotii; strain IFM55619

<400> 27

<210> 28
<211> 463
<212> DNA
<213> Paecilomyces variotii; strain NBRC5479

<400> 28
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<210> 29
<211> 518
<212> DNA
<213> Paecilomyces variotii; strain IFM51027

<400> 29

<210> 30
<211> 450
<212> DNA
<213> Paecilomyces variotii; strain NBRC31967

<400> 30
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<210> 31
<211> 497
<212> DNA
<213> Paecilomyces variotii; strain NBRC31685

<220>
<221> misc_feature
<222> (7)..(7)
<223> n is a, c, g, or t

<400> 31

<210> 32
<211> 519
<212> DNA
<213> Paecilomyces variotii; strain SUM3339

<220>
<221> misc_feature
<222> (1) .. (1)
<223> n is a, c, g, or t

<400> 32
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<210> 33
<211> 516
<212> DNA
<213> Paecilomyces variotii; strain IFM50294

<400> 33

<210> 34
<211> 24
<212> DNA
<213> Artificially synthesized primer sequence

<400> 34
ggtaaccaaa tcggtgctgc tttc 24

<210> 35
<211> 24
<212> DNA
<213> Artificially synthesized primer sequence

<400> 35
accctcagtg tagtgaccct tggc 24
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Claims

1. A method of detecting Paecilomyces variotii, comprising the following steps for identification of Paecilomyces variotii

(1) amplifying a partial nucleotide sequence of a β tubulin gene by a polymerase chain reaction (PCR) method
using the following oligonucleotides (a) and (b); (a) and (c); or (a), (b) and (c) as nucleic acid primers:

(a) an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 7, or an oligonu-
cleotide represented by a nucleotide sequence which has 95% or more homology to the nucleotide sequence
set forth in SEQ ID NO: 7 and can be used as a nucleic acid primer;
(b) an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 8, or an oligonu-
cleotide represented by a nucleotide sequence which has 95% or more homology to the nucleotide sequence
set forth in SEQ ID NO: 8 and can be used as a nucleic acid primer;
(c) an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 9, or an oligonu-
cleotide represented by a nucleotide sequence which has 95% or more homology to the nucleotide sequence
set forth in SEQ ID NO: 9 and can be used as a nucleic acid primer; and

(2) confirming whether the amplified product is present or not,
wherein the presence of the amplified product is indicative of Paecilomyces variotii.

2. An oligonucleotide pair or oligonucleotide group for detecting Paecilomyces variotii, comprising at least one pair or
one group selected from the group consisting of the following oligonucleotides (a) and (b); (a) and (c); or (a), (b) and (c):

(a) an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 7, or an oligonucleotide
represented by a nucleotide sequence which has 95% or more homology to the nucleotide sequence set forth
in SEQ ID NO: 7 and can be used as a nucleic acid primer;
(b) an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 8, or an oligonucleotide
represented by a nucleotide sequence which has 95% or more homology to the nucleotide sequence set forth
in SEQ ID NO: 8 and can be used as a nucleic acid primer; and
(c) an oligonucleotide represented by the nucleotide sequence set forth in SEQ ID NO: 9, or an oligonucleotide
represented by a nucleotide sequence which has 95% or more homology to the nucleotide sequence set forth
in SEQ ID NO: 9 and can be used as a nucleic acid primer.

3. A kit for detecting Paecilomyces variotii, comprising the oligonucleotide pair or oligonucleotide group according to
Claim 2.

Patentansprüche

1. Verfahren zum Nachweis von Paecilomyces variotii, umfassend die folgenden Schritte zur Identifikation von Pae-
cilomyces variotii

(1) das Amplifizieren einer partiellen Nucleotidsequenz eines β-Tubulingens durch ein Polymerasekettenreak-
tionsverfahren (PCR) unter Verwendung der folgenden Oligonucleotide (a) und (b); (a) und (c); oder (a), (b)
und (c) als Nucleinsäureprimer:

(a) Oligonucleotid, das dargestellt ist durch die in SEQ ID NO:7 dargelegte Nucleotidsequenz oder ein
Oligonucleotid, das dargestellt ist durch eine Nucleotidsequenz, die 95% oder mehr Homologie zu der in
SEQ ID NO:7 dargelegten Nucleotidsequenz hat und als Nucleinsäureprimer verwendet werden kann;
(b) Oligonucleotid, das dargestellt ist durch die in SEQ ID NO:8 dargelegte Nucleotidsequenz, oder ein
Oligonucleotid, das dargestellt ist durch eine Nucleotidsequenz, die 95% oder mehr Homologie zu der in
SEQ ID NO:8 dargelegten Nucleotidsequenz hat und als Nucleinsäureprimer verwendet werden kann;
(c) Oligonucleotid, das dargestellt ist durch die in SEQ ID NO:9 dargelegte Nucleotidsequenz, oder ein
Oligonucleotid, das dargestellt ist durch eine Nucleotidsequenz, die 95% oder mehr Homologie zu der in
SEQ ID NO:9 dargelegten Nucleotidsequenz hat und als Nucleinsäureprimer verwendet werden kann; und

(2) das Bestätigen, ob das amplifizierte Produkt vorhanden ist oder nicht, wobei das Vorhandensein des amp-
lifizierten Produkts auf Paecilomyces variotii schließen lässt.
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2. Oligonucleotidpaar oder Oligonucleotidgruppe zum Nachweis von Paecilomyces variotii, umfassend mindestens
ein Paar oder eine Gruppe ausgewählt aus der Gruppe bestehend aus den folgenden Oligonucleotiden (a) und (b);
(a) und (c); oder (a), (b) und (c):

(a) Oligonucleotid, das dargestellt ist durch die in SEQ ID NO:7 dargelegte Nucleotidsequenz, oder Oligonuc-
leotid, das dargestellt ist durch eine Nucleotidsequenz, die 95% oder mehr Homologie zu der in SEQ ID NO:7
dargelegten Nucleotidsequenz hat und als Nucleinsäureprimer verwendet werden kann;
(b) Oligonucleotid, das dargestellt ist durch die in SEQ ID NO:8 dargelegte Nucleotidsequenz, oder Oligonuc-
leotid, das dargestellt ist durch eine Nucleotidsequenz, die 95% oder mehr Homologie zu der in SEQ ID NO:8
dargelegten Nucleotidsequenz hat und als Nucleinsäureprimer verwendet werden kann; und
(c) Oligonucleotid, das dargestellt ist durch die in SEQ ID NO:9 dargelegte Nucleotidsequenz, oder Oligonuc-
leotid, das dargestellt ist durch eine Nucleotidsequenz, die 95% oder mehr Homologie zu der in SEQ ID NO:9
dargelegten Nucleotidsequenz hat und als Nucleinsäureprimer verwendet werden kann.

3. Kit zum Nachweis von Paecilomyces variotii, umfassend das Oligonucleotidpaar oder die Oligonucleotidgruppe
nach Anspruch 2.

Revendications

1. Méthode de détection de Paecilomyces variotii, comprenant les étapes d’identification de Paecilomyces variotii
suivantes

(1) l’amplification d’une séquence de nucléotides partielle d’un gène de la β-tubuline par une méthode de
réaction en chaîne par polymérase (PCR) à l’aide des oligonucléotides (a) et (b) ; (a) et (c) ; ou (a), (b) et (c)
suivants à titre d’amorces d’acide nucléique :

(a) un oligonucléotide représenté par la séquence de nucléotides exposée dans SEQ ID No : 7, ou un
oligonucléotide représenté par une séquence de nucléotides qui présente une homologie de 95 % ou plus
avec la séquence de nucléotides exposée dans SEQ ID No : 7 et peut être utilisé à titre d’amorce d’acide
nucléique ;
(b) un oligonucléotide représenté par la séquence de nucléotides exposée dans SEQ ID No : 8, ou un
oligonucléotide représenté par une séquence de nucléotides qui présente une homologie de 95 % ou plus
avec la séquence de nucléotides exposée dans SEQ ID No : 8 et peut être utilisé à titre d’amorce d’acide
nucléique ;
(c) un oligonucléotide représenté par la séquence de nucléotides exposée dans SEQ ID No : 9, ou un
oligonucléotide représenté par une séquence de nucléotides qui présente une homologie de 95 % ou plus
avec la séquence de nucléotides exposée dans SEQ ID No : 9 et peut être utilisé à titre d’amorce d’acide
nucléique ; et

(2) la confirmation que le produit amplifié est présent ou non, la présence du produit amplifié indiquant la
présence de Paecilomyces variotii.

2. Paire d’oligonucléotides ou groupe d’oligonucléotides pour détecter Paecilomyces variotii, comprenant au moins
une paire ou un groupe choisi dans le groupe constitué par les oligonucléotides (a) et (b) ; (a) et (c) ; ou (a), (b) et
(c) suivants :

(a) un oligonucléotide représenté par la séquence de nucléotides exposée dans SEQ ID No : 7, ou un oligonu-
cléotide représenté par une séquence de nucléotides qui présente une homologie de 95 % ou plus avec la
séquence de nucléotides exposée dans SEQ ID No : 7 et peut être utilisé à titre d’amorce d’acide nucléique ;
(b) un oligonucléotide représenté par la séquence de nucléotides exposée dans SEQ ID No : 8, ou un oligonu-
cléotide représenté par une séquence de nucléotides qui présente une homologie de 95 % ou plus avec la
séquence de nucléotides exposée dans SEQ ID No : 8 et peut être utilisé à titre d’amorce d’acide nucléique ;
(c) un oligonucléotide représenté par la séquence de nucléotides exposée dans SEQ ID No : 9, ou un oligonu-
cléotide représenté par une séquence de nucléotides qui présente une homologie de 95 % ou plus avec la
séquence de nucléotides exposée dans SEQ ID No : 9 et peut être utilisé à titre d’amorce d’acide nucléique.

3. Kit pour la détection de Paecilomyces variotii, comprenant la paire d’oligonucléotides ou le groupe d’oligonucléotides
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selon la revendication 2.
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