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DESCRIPTICH

AMPLIFIED NUCLEIC ACID DETECTION METHOD AND DETECTICN DEVICE

TECHNICAL FIELD
(000113
The present invention relates to a simple method for
detecting amplified nucleic acids and a device for use in the
method.

BACKGROUND ART
[ooo0z2)

Technigques for specifically amplifving a targset nucleic
acid sequence are very lmportant for research and clinical
applications {e.g. genetic testing) in molecular biclogy. An
amplification product obtained by such a nucleic acid
amplification fechnigque can be speciiically detected, for
example, by a detection methced using a target
segquence~-containing nucleic acid fragment Immobilized on a
solid phase. This method, which is designed to specifically
capture a target nucleic acid on the sclid phase, allows for
easy removal of non-specific nucleic acids by washing or the
like, and thus improves the detectiocon specificity.

(60033}

In this method, in crder to capture a target nucleic acid
on the solid phase, a technigue using an antigen-antibody or
ligand-receptor pair capable of specifically binding together
may be used. For example, Non Patent Literature 1 discloses
a method for detecting a product of PCR amplification using a
primer terminally modified with biotin and another primer
modified with a fluocrescent substance. In this method, the PCR
product is contacted with a solid phase containing streptavidin
and agarose, and then bonded to the sclid phase as a
streptavidin-biotin complex, which can be measured for

flucrescence to assay the target amplification product.
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{00041

Unfortunately, the number of antigen-antibody ox
ligand-receptor combinations usable for labeling is limited,
whichmakes it substantially difficult tosimulianeously detect
multiple tarcet nucleic acids. Another problem is the cost:
flucrescently labeled nucleic acids are expensive.

[0005]

Another technigue for capturing a target nucleic acid on
a solid phase is to 1lmmobilize a probe containing an
cligonucleotide having a complementary sequence to the target
nucleic acid on the solid phase, which enables the target
nucleic-acid to be indirectly immobilized on the sclid phase
through hybridization of the target nucleic acid and the probe.
This technique is accompanied with detecticn of the intensity
of a signal of the formed hykbrid. This type of nuclelc acid
analysis makes it possible to simultanecusly assay multiple
target seguences by using varied probe sequences.

(0006}

In general, however, hybridization of an immobilized
probe and a target nucleic acidon a soiid phase requires heating
treatment for denaturing a double-stranded nucleic acid
amplified by PCR into single strands. Unicrtunately, this
heating treatment is troublesome and is also asscociated with
a reduction in hybridization efficiency due to reannealing.
Another problem is that single-stranded DNA tends to curl into
aball and is thus inferior in detection sensitivity. Although
Patent Literature 1 discloses a technigue for amplifving a
single-stranded nuclielc acid via nuclease treatment without
heating treatment, this technigque is also a troublesome

procedure and has the problem of curling of single strands into

balls.

[0007]
Among nucleic acid detection methods, the method based

on chromatography disclosed in Patent Literature 2 is easy to

cperate and allows for rapid and easy detection of target
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nucleic acids. This is a gene detection method that includes
the steps of sampling genes from a cell, virus or bacterium,
fragmenting the randomly sampled genes, and detecting a2 target
gene, wherein these steps are continuously performed on a singie
device for gene detection by transferring a liguid sample
containing the randomly sampled genes or fragments thereof by
capillary action. This method allows not only assessment of
the presence of a target gene but also identification of its
type.

[0008]
Also in Patent Literature 2, however, single-stranded

nucleic acids are amplified by NASBA. The problems in the use
of single-stranded nucleic acids are as described above.
[(00092]

In order to solve the above problems, Patent Literatures
3 and 4 disclose that a non-natural nucleic acild tag, a hairpin
structure or a pseudoknot structure for inhibiting nucleic acid
synthesis by DNA polymerase iz present on the 5' side of the
primer reglon. Thus the single-stranded region is left at one
end of the double-stranded nucleic acid after PCR reactions.
This technique is advantageocus in that an amplified
double-stranded DNA product having a hyvbridizable
single~stranded region at one end of the double-stranded DNA
can be produced only by performing PCR reactions using such a
special primer. However, since a fluorescent label or surface
plasmon resonance (SPR} imaging is reguired for detection,
expensive speclal equipment is necessary. Additionally, there

are problems with speed and simplicity.

CITATION LIST
PATENT LITERATURE
[001C]
Patent Literature 1l: JP-A H0L-252388
Patent Literature 2: JP-A 2006~2010862
Patent Literature 3: WO Z006/095550
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Patent Literature 4: JP-A 2008-2560948

NCN PATENT LITERATURE
(on1ll
Non Patent Literature 1: Analvtical biochemistry, 193,

231-235, (19%91)

SUMMARY OF INVENTION
TECHNICAL PROBLEM
[001z;

Genetic diagnosis and genetic testing in clinical
practice often impose the burdens of patient testing costs and
several hospital visits because they reguire large-scale,
expensive test equipment and take a long time for testing.
Accordingly, there 1s a need for reducing the burdens on
patients and testers without sacrificing the accuracy of
testing, and thus simple, rapid, highly-specific, and low-cost
methods that do not require special eguipment are being sought.
The present invention was made to solve the above problems, and
an obiect of the present invention is to provide a nucleic acid
detection method which takes advantage of the high specificity
of hybridization technigues, reduces the time length and the
number of steps regquired for detection of PCR products, and
allows for easy and highly accurate detection by visual
chservation witheout the need of special equipment; and a nucleic
aclid detection device or kit. Meanwhile, conventicnal
technigues leave room for improvement in terms of time and costs
because they require the preparation of an expensive label tag

for each target nucleic acid.

SOLUTION TO PROELEM

0013]
Ls a result of intensive studilies to solve the above

problems, the present inventors have independently found that

it is possible to easily and accurately detect an amplified DNA
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fragment without the need of special eguipment by amplifying
the target nucleic acid in the form of a double~stranded nucleic
acid having a single-stranded region at each end thereof,
allowing the amplified fragment to bind to a solid phase with
an cligonucleotide probe capable of hybridizing to one of the
single-stranded regions, and detecting the binding. Thus, the
present invention has been completed.
(00141

Specifically, the present invention relates To a nucleic
acid detectionmethod, including the step of hybridizinga first

oligonuclectide probe immobillized on a solid phase with one of

single-stranded regions which contain natural nucleotides and ™~

are respectively located at opposite ends of an aemplified
double~stranded DNA fragment.
[0015]

Preferably, the method further includes the step of
hybridizing a second oligonucleotide probe labeled with a
labeling substance with the other single-stranded region of the
anplified DNA fragment.

[00lel

Preferably, the labeling substance includes a colored
carrier that allows the amplified DNA fragment to be visually
detected.

[0017]

Preferably, the method includes the step of detecting the
presence of the amplified DNA fragment on a nuclelc acid
detection device.

[0018]

Preferably, the presence of the amplified DNA fragment
is detected by chromatography.
[0019]

Preferably, the method includes the follewing steps (a)
to ()¢

(a) placing the amplified DNA fragment in a zone on the

nucleic acid detection device which is different from a zone
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where the first oligonucleotide probe is immebilized;

{b) diffusing the amplified DNA fragment with a soclvent
on the device toward the zone where the first oligonuclectide
probe is immobillized; and

{c} hybridizing the first oligonuclieotide probe with the
amplified DNA fragment in the zone where the first
oligonuclectide probke is immobilized.

[0020]

Preferably, the method further includes the step of
hybridizing the second oligonuclectide probe labeled with the
labeling substance with the amplified DNA fragment before the
step (c).

[00z21]

Preferably, the method includes the following steps (d)
to (hi:

(d} placing the amplified DNA fragment and the second
oligonucleotide probe labeled with the labeling substance
respectively in discrete zones on the nuclelc acid detection
device which are different from a zone where the first
oligonucleotide probe is immobilized;

(e) diffusing the amplified DNA fragment with a solvent
toward the zone where the second oligonuclectide probe labeled
with the labeling substance 1s placed;

(f) hybridizing the second cligonucleotide probe labeled
with the lzbeling substance with the amplified DNA fragment in
the zone where the second oligonucleotide probe labeled with
the labeling substance is placed;

{g) diffusing a hybridization complex obtained in the
step (£) on a development medium toward the zone where the first
cligonuclectide probe 1s placed; and

(h) hybridizing the first cligonucleotide probe with the
complex in the zone where the first oligonucleotide probe is
immobilized.

[(06Cz22]
Preferably, each of the single-stranded regions
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containing natural nucleotides has a sequence in the same
orientation as the double-stranded DNA region.
[0023]

Preferably, the amplified DNA fragment is a product
obtained by a nucleic acid amplification technigue using two
primers each containing a tag region that is not made
double-stranded by a nucleic acid amplification reaction.
[0024]

Preferably, the amplified DNA fragment is a product
obtained by a nucleicacidamplification technigue usinga first
primer set including primers each containing a seguence capable
of hybridizing to a template of the target nucleic acid and a
common seguence incapable of hybridizing to the template, and
a second primer set including primers each containing a segquence
capable of hybridizing teo a complementary seguence to the
corresponding common seguence and a tag region that is not made
double-stranded by a nucleic acid amplification reaction.
[0025]

Preferably, the tag region that is not made
double-stranded by a nucleic zcid amplification reaction
contains natural nucleotides, and the entire seguences of gach
primer of the seccnd primer set 1s in the same orientation.
(0026}

The present invention also relates to a nucleic acid
detection device for use in the nucleic acid detection method,

which includes a zone wherse the amplified DNA fragment is

foud -

placed; a chromatographic carrier having the first
oligonucleotide probe capable of binding to the amplified DNA
fragment; and the second oligonuclectide probe labeled with the
labeling substance.
(00271

The present invention further relates to an amplified
double-stranded DNA fragment which is produced by a nucleic acid
amplification technique using two primers each containing a tag

region that is not made double-stranded by a nucleic acid
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amplification reaction, and which has at each end therecf a
single-stranded region containing natural nuclecotides.
[0028)

Preferably, the tag region of each primer that is not made
double-stranded by a nucleic acid amplification reaction
contains natural nuclectides, and the entire sequence of each

primer is in the same orientation.

ADVANTAGEQUS EFFECTS OF INVENTION
[0029]

The present invention allows an amplified DNA product to
specifically bind to a solid phase via a single-stranded region
of the amplified DNA product, and to form a complex with a
labesling compound via the other single-stranded reglon thereof.
Thig allows for easy and rapid detection of the amplified DNA
product by visual observation without using special equipment.
Additionally, the present invention, which involves detecting
structurally stable double~stranded DNA, improves in detection
sensitivity, compared to in the detection of entirely
single-stranded seguences. Furthermore, two or more target
nucleic acids in a sample can be assayed simultanecusly by
preparing multiple pairs of a single-stranded region of an
amplification product to be bonded to the solid phase and an
oligonucleotide probe on the solid phase that is complementary
to that region. According to another embodiment of the present
invention, it is possible to add a single kind of
single-stranded region to any targetl nucleic acids through a
low-cost joint primer. The use of a single kind of
single-stranded region allows any detection to be carried out
using a single kind of label tag and a single device. In this
case, 1t is not necessary to prepare an expensive label tag for
each target nucleic acid, which leads to a great improvement

in terms of fLime and costs.

BERIEF DESCRIPTION OF DRAWINGS
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rooze;

Fig. 1 is aschematicdiagramof a PCRprimer in the present
invention;

Fig. 2 is a sgchematic diagram of a first PCR primsr in
the present invention:

Fig. 3 1s a schematic diagram of a second PCR primsry in
the present invention;

Fig. 4 1s a schematic flow diagram of synthesis of a
partially double-stranded nucleic acid in the present
invention;

Fig. 5 1is a schematic flow diagram of synthesis of &
partially deuble-stranded nucleic acid in another embodiment
of the present invention:

Fig. 6 is a schematic diagram of an exemplary nucleic acid
chromatography device of the present invention;

Fig. 7 is a schematic flow diagram of the principle of
PCR product detection in the present invention:

Fig. 8 is a schematic diagram of an exemplary microarray
{DNA chip} of the present invention: and

Fig. %9 is a schematic diagram of an exemplary bead carrier

in the present invention.

DESCRIPTION OF EMBODIMENTS

(0031

The present invention relates to anucleic acid detection
method including the step of hybridizing a first
oligonucleotide probe immeobilized on & solid phase with one of
single-stranded reglions which contain natural nucleotides and
are respectively located at opposite ends of an amplified
double-stranded DNA fragment.
(00327

The amplified double-stranded DNA fragment is cobtained
by a nucleic acid amplification reaction of a sample DNA as a
template using a certain primer set.
[0033]
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The sample DNA is not particularly limited and may be any
one usable as a template in the nucleic aclid amplification
reaction. Specific examples include any DNAs derived from
biclogical samples such as bleood, bioclogical fiuids, tissues,
oral mucosa, hairs, nails, cultured cells, animals, plants, and
microorganisms. The sample DNA may be genomic DNA, cDNA,
mitochondrial DNA, chioroplast DNA, or the like. Moreover, a
cDNA synthesized from a RNA template by reverse transcription
may be alsc used. A suitable one can be appropriately selected
from these DNAs according to the DNA fragment te be amplified.
The sample DNA needs not be purified DNA, and cells or a tissue
containing the sample DNA can be used directly, witheout being
purified, in the nucleic acid amplification reaction.

[00347]

The amplified double-stranded DNA fragment having a
single~stranded region at each end 1z preferably a product
obtained by a nucleic acid amplification technique using two
primers each containing a tag region that is not made
double-stranded by a nucleic acid amplification reacticn. 1In
this case, the single-stranded regions at both ends of the
amplified double~stranded DNA fragment are derived from the tag
regions which are not made double-stranded by a nucleic acid
amplification reaction, in the primers used in the nucleic acid
amplification reaction.

[0035]

Fig. 1 shows a2 primer for nucleicacidamplification. The
primer containg a primer main region 1, and a tag region Z which
is located on the 5' side of the primer main region and which
is neot made double~stranded by a nucleic acid amplification
reaction. The primer may further contain a spacer structure
containing a polymerase reacticn inhikitory region 3 between
the primer main region and the tag region.

[00386]
The amplified double-stranded DNA fragment is preferably

a product obtained by a nucleic acid amplification technicgue
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using a first primer set including primers each containing a
+

t

sequence capable of hybridizing to a template of the tarnge
nucleic acid and a common sequence incapabkle of hybridizing to
the template, and a second primer set incliuding primers each
containing a sequence capable of hybridizing to a complementary
segquence to the corresponding common sequence and a tag region
that is not made double-stranded by a nucleic acidamplification
reaction. Fig. 2 shows each primer of a first PCR primer set.
This first PCR primer (joint primer) characteristically

contains a primer main region 4 capable of hybridizing to a

template of the target nucleic acid and a common region 5 located

on the 5' side of the primer main region and having a ssguence

commoen to a second primer. Fig. 3 shows each primer of a second
PCR primer set. This second primer characteristically
contains a primer main region & having a sequence common to the
first primer, and a tag region 7 which is located on the 5' side
of the main region 6 and which is not made double-stranded by
a2 nucleic acid amplification reaction. The second primer may
contain a spacer structure containing a polymerase reaction
inhibitory region 8 between the second primer main region and
the tag regicn.
(60377

The term "primer main region” refers to an
oligonucleotide region having a base sequence capable of
functioning as a primer in the nucleic acid amplification
reaction. Specifically, it is a base sequence that is capable
of hybridizing to the 5' end or 3' end of a target base segquence
of a target nucleic acid, and in general, 1g a base seguence
complementary to a base sequence at the 5' end or 3" end of the
target base sequence. The primer main regions may contaln base
deletions, insertions, and mismatch sites as long as they are
capable of specifically binding to the target nuclelic acids.
The primer main regions preferably have a length of at least
8 bases, more preferably at least 12 bases, and still mere

raeferably at least 15 bases. The maximum chain length of the
P Y
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primers is not particularly limited, and is generally 50 bases
or less, preferably 40 bases or less, fromthe viewpoint of thelr
gynthesis costs and other factors.

[0038]

The tag regions of the primers are not particularly
limited, provided that they contain natural nucleotides. The
term "natural nucleotide"” means a nuclecotide composed of a
natural base {(adenine, thymine, guanine, cytosine, or uracil),
asugarm@iety(deoxyriboseorzjbose),aﬂdphosphategroup(s),
all of which are not artificially modified. The natural
nucleotides may be D-nucleotides or L-nucleotides. The term
"D-nucleotide” refers to a nuclectides containing D-deoxyribose
or D-ribose. Likewise, the term "L-nucleotide™ refers to a
nucleotide containing L-deoxyribose or L-ribeose. The effect
of such tag regions containing natural nucleotides is to allow
easy synthesis at low cost. The proportion of natural
nucleotides in the tag region of the primer is preferably at
least 5%, more preferably at least 20%, still more preferably
at least 50%, further more preferably at least 70%, and most
preferably at least 90%. The length of the tag region is not
particularly limited, and the tag region has only to be long
enough to hybridize to a complementary nucleic acid strand. The
length is generally 5 bases to 60 bases, preferably 6 bases to
40 bases.

[0039]

The tag regions of the primers each preferably have a
nucleic acid seguence in the same crientation as the primer main
region. Theeffect of the tagregions of the primers each having
a nucleic acid sequence in the same orientation as the primer
main region is to allow easy synthesis at low cost. Even 1if
the tag region and the primer main region are not directly linked
to each other {e.g., a non-natural compound such as azobenzene
is inserted between the tag region and the primer main region),
these regions preferably have seguences in the same orientation

as each other. The nucleic acids being in the same orientation
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means that adliacent nucleotides are linked to each other via
a b5'~-3', not & 3'-3" or 5'-5", phosphodiester bond betwsen the
sugar moleties of the nucleotides. For example, in the case
of a tag region where nucleotides are linked to cone another via
a 5'~3' phosphodiester bond between the sugar moieties, the
nucleotides in the main regicn are also linked to one another
via a 5'-3' bond between the sugar moieties.

10040}

The pelymerase reaction inhibitory region is not
particulariy limited, provided that it inhibits a nucleic acid
extension reaction catalyzed by a polymerase to maintain the
gingle-stranded structure in the region. Examples of such =
structure include nucleic acid sequences having a
three-dimensional structure that inhibits the progress of DNA
polymerase, such as a tight halrpin structure and a pseudoknot
structure; non-natural nucleic acids such as L-nucleic acids
and artificial nucleic acids, RNA, and non-nucleic acid
structures such as aliphatic chains.

(00417

The terms "halrpin structure” and "pseudoknot structure”
refer to stable loop structures formed by pairing with another
single-stranded region in the same molecule. L-DNA, which is
DNA containing L-deoxyribose, does not function as a template
in DNA extension reactions because it is not recognized by
generally used DNA polymerases. In addition, L-DNA forms a
left-handed double helix, and thus is incapable of hybridizing
to naturally-occurring D-nuclelc acids and capable of
hybridizing cnly to nucleic acids of the same L-form. The term
"artificial nucleic acids® refers to nucleic acids inte which
a compound that is not present innatural nucleic acld sequenceas
is artificially inserted. Examples include, but are not
limited to, peptide nucleic acids {(PNA), bridged nucleic acids
(BNA and LNA), azobenzene, flucrescein, Cy3, and Cyvy5.

[0042Z]
PNA refers tc a molecule having a structure similar to
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DNA and RNA but having a backbone including a peptide structurse.

The backbone includes N- (Z-aminocethyl)~glycine units linked by

amide bonds. Further, purine and pyrimidine rings, which

correspond to nucleic-acid bases, are linked to the backbone

through a methylene group and a carbonyl group. BNA (LNA)

refers to nucleic acids artificially synthesized by modifying

the sugar moiety of DNA or RNA to form a bridge.
[0043]

In the case that the tag region consists only of natural

nuclectides and has a nuclelc acld sequence in the same

orientation as the primer main regicon, the polymerase reaction

inhibitory region is typically necessary between the tag ragion

and the primer region. On the other hand, in the case that the

tag region is incapable of functioning as a template in the

reaction catalyzed by a DNA polymerase and thus i1is not made

double~stranded by the nucleic acid amplification reaction,

just like L-nucleic acids, artificial nucleic acids and the like,

the polymerase reaction inhibitory region can ke omitted.

Moreover, the primer in the present invention may contain only

one of structures such as stabkle loop structures {e.g. halrpin

structures, pseudoknot structures), non-natural nucleic acids

(e.g. L-nucleic acids, artificial nucleic acids), and

non-nucleic acid structures (e.g. aliphatic chains), or may

contain two or more of these structures in combination.
10044)

The primer can be labeled with wvarious molecules

generally used for oligonucleotide labeling. Examples of such

molecules include enzymes, magnetic particles, fluorescent

pigments, and radiolsotopes. Any of these may be used alone,

or two or more of these may be used in combination.
(00457

The primers thus designed can be produced by any methods

without particular limitation, and known methods can be used.

Specifically, the designed primers can be easily obtained with

ot

DNZA synthesizer or from a custom synthesis service.
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[004¢6]

The nucleic acid amplification technicgue is not
particularly limited, provided that it produces an amplified
double-stranded DNA fragment having at each end therecof a
single-stranded region containing natural nucleotides, using
the primers mentioned above. One example therecf is PCR.
Isothermal amplification technigues such as LAMP and ICAN may
zlso be used.

[(0047]

In the case where the nucleic acid amplification
technigue is PCR, a pair of reverse and forward primers for the
PCR reaction may be designed such that both primers contain
different polymerase reaction inhibitory regicns from each
other, or such that one of them contains a polymerase reaction
inhibitory region and the other is free of any polymerase
reaction inhibitory region but is modified with biotin or the
like.

[0048]

The PCR conditions are not particularly limited, provided
that a target region of the above-described sample DNA is
amplifiedby PCRusing the sample DNA as a template and the primer
set. Specifically, the polymerase used in the PCR is not
particularly limited, and is preferably a heat-stable DNA
polymerase, and more preferably a heat-stable polymerase that
deoes not substantially have a 3'~to-53' exonuclease activity.
Cne non-limiting example of such heat-stable DNA polymerases
is Ex~Taqg {(avaiiable from TAKARA BIC INC.). Likewise, the PCR
reaction conditicns including temperature, time, and bufifer
composition arenot particularly limited, andmay appropriately
be determined according to the DNA polymerase selected to use,
the seguences of the primers, the length of the target sequence,
and other factors. The length of the DNA to be amplified by
the nucleic acid amplification reaction is preferably at least
20 bases, and more preferably at least 40 bases. If the length

is less than 20 bases, the probability of neon-specific
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amplification tends to be increased.

PCR can be carried ocut in a conventional manner using the
primer set to provide an amplification product in which a
gingle-stranded region is added to each end of the target
nucleic acid sequence. Fig. 4 ig a schematic flow diagram of
an exemplary amplification reaction using primers each
containing a primer main region and a tag region. The forward
primer 10 contains a primer main region 11 having the same
sequence as a part of the 5’ end of a target nucleic acid sequence
9, and a tag regicn 12 located on the 5' end of the primer main
region 11. The reverse primer 13 contains a primer main region.
14 having a complementary sequence tTo a part of the 3' end of
the target nucleic acid seguence, and a tag region 15 located
on the 5’ end of the primermain region 14. The linked tag region
in each primer typically has a different sequence from each
cther. The primer set is used in PCR to afford an amplified
DNA product 16 having a single-stranded region at each end
because the added tag regiocns of both primsrs are not
substantially involved in the PCR reaction. The amplified DUA
fragment having a single-stranded region at each end refers to
an amplified DNA product having a double-stranded DNA part that
is the same as the target DNA region, and also having
single-stranded regions which are regpectively located as 5!
end tag parts at opposite ends of the double-stranded DNA part,
as shown in Fig. 4. The amplified DNA fragment more
specifically refers to an amplified double-stranded DNA
fragment having at each end thereof a single-stranded region
that includes non-modified nucleic acids, wherein the
single-stranded region at each end has a sequence in the same
orientation as the corresponding DNA strand which 1t is located
next to.

[0050]
" Fig. 5 is a schematic flow diagram of an exsmplary

amplification reaction using primexrs each containing a primer
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mazin region and a common seguence reglon as a Jjoint primer set,
and primers each containing the common seguence region and a
tag region. PCR can be carried out in a conventiconal manner
using the first and second primer sets toc provide an
amplification product in which a single-stranded region is
added to each end of the target nucleic acid seqguence.
0051}

The first forward primer 18 contains a primer main reglon
19 having the same sequence as a part of the b' end of a target
nucleic acid seguence 17, and a common sequence region 20
located on the 5' end of the primer main region 12. The first
reverse primer 21 contains a primer main region 22 having a
complementary seguence to a part of the 3' end of the target
nucleic acid seguence, and a common sequence region 23 located
on the 5' end of the primer main region 2ZZ. The added common
sequence regions of both primers typically have different
sequences from each other. The first primer set is used in the
PCR reaction to afford an amplified double-stranded DNA product
24 containing the common regions.
(00521

Morsover, the second forward primer 25, which 1s shown
around the common seqguence region at either end of the amplified
DNA product 24, contains a primer main region 26 having a
sequence common to a part of the 5" end of the amplified
double-stranded DNA product 24 containing the common regions,
and a tag regilon 27 located on the 5 end of the primer main
region 26. The second reverse primer 28 contains a primer main
region 29 having a complementary seguence commen to a part of
the 3' end of the amplified double-stranded DNA precduct 24
containing the common regions, and a tag region 30 located on
the 5' end of the primer main region 29. The linked tag regions
of both primers typically have different sequences from each
other. The primer set is used in PCR to afford an amplified
DNA product 31 having a single-stranded region at each end

because the added tag regions of both primers are not
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substantially involved in the PCR reacticn. In this embodiment,
the PCR reaction using the first primers and then the PCR
reaction using the second primers are sequentially carried out
as shown in Fig. 5. With respect to the order, the first and
second primers may be added at the same time, or alternatively,
the second primers may be added later.

[0053]

The amplified DNA fragment having a single-stranded
region at each end refers to an amplified DNA product having
a double-stranded DNA part that is the same as the target DNA
region, and alsoc having single-stranded regicns which are
respectively located as 5' end tag parts at opposite ends of
the double-stranded DNA part, as denoited by the reference
numeral 31 in Fig. 5.

[0054]

In the case of using such first and second primer sets,
a single set of second primers can be used for different target
nuclieic acids to provide the same single-stranded tag sequences,
as long as these primer sets are designed to have the same common
sequences. The amplified DNA fragment more specifically
refers to an amplified double-stranded DNA fragment having at
each end thereof a single-stranded regicn that includes
nen-modified nucleic acids, wherein the single-stranded region
at each end has a seguence in the same orientation as the
corresponding DNA strand which it i1s located next to.

(00557

The single~stranded regions of the amplification product
synthesized using the primers are used to form a hybridization
complex. The term "hybridization”™ means that molecules
containing nucleic acids complementarily form a complex (e.g.
DNA/DNA, DNA/RNA, DNA/PNA, L-DNA/L-DNA}. In the nucleic acid
detection method of the present invention, the amplified DNA
product obtained in the nuclelc acid amplification step can be
used ina hvbridization reaction without the need ¢f a treatment

for making the amplified product single-stranded (e.g. heat
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treatment) and other treatments because the amplified DNA
fragment contains the single-stranded regions.
[0056]

It is possible to hybridize a first oligenuclectide probe
immobilized on a capture carrier (solid phase) with one of
single-stranded tag regicns which contain natural nucleotides
and are respectively located at opposite ends of the amplified
double~stranded DNA fragment. The detectionmethodpreferably
further includes the step of hybridizing a second
oligonuclieotide probe labeled directly or indirectly with a

labeling substance with the other single-stranded region of the

ramplified double—stranded DNA fragment. The formation of a

triple complex of the amplified double-stranded DNA fragment,
the first oligonucleotide probe, and the second oligonucleotide
probe is called "sandwich hybridization". The order of
hybridization of the three substances 1s not particularly
limited.

(00577

The length c¢f the first cligonuclectide probe is not
particularly limited as long as it is capable of hybridizing
to the single-stranded regilon of the amplified double-stranded
DHA fragment, and is preferably 5 to 60 bases, and more
preferably 10 to 40 oases.

0058}

The length of the second oligonucleotide probe is not
particularly limited as long as it 1s capable of hybridizing
to the single-stranded region of the amplified double-stranded
DNA fragment, and is preferably 5 to €0 bases, and more
preferably 10 to 40 bases.

[0059]

The lakeling substance bound to the second
cligonucleotide prcbe is not particularly limited as long as
1t enables the amplified double-stranded DNA fragment to be
detected. The labeling substance is preferably a colored

carrier that enables the amplified double-stranded DNA fragment
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to be visually detected. Examples of such colored carriers
include colcored particlas, and enzyme- or pigment-bound
carriers. Preferred among these are colored particles,
[00860]

Examples of the colicored particles include ceolleidal
particles of metals such as gold, silver, copper and platinum,
colored latexes which are latexes coleored with a2 pigment, a dye
or the like, and silica nanoparticles which are silica (silicon
dioxide) particles in which pigment molecules are immobilized.
Preferred among these are colloidal gold particles and colored
(e.g. blue, red) latex particles made of a water-dispersible
polymer. The use of suchcoloredparticlesallows theamplified
DNA fragment to be visually determined more easily. In
particular, in the case of simultaneously detecting multiple
analytes, colored particles of different cclor is used for each
analyte toallow themultiple analytes Lo be visually deternined
easily at the same time.

[COe6l]

In the case where colored particles are used, the
particles size is not particularly limited. Preferably, the
particle size is determined such that the colored particles have
less adverse effect on the formation of 2 sandwich hybridization
complex and on the capturing of the target sequence-containing
amplification product on the solid phase, andprovide good color
development in the detection. The particle size of colored
particles is selected to be smaller than the pore size of a
later-described chromatographic medium. Specifically, the
particle size 1s typically not more than 500 nm, preferably 0.1
nm to 100 nm, and more preferably I nm To -0 nm. The enzymes
usable as the colored carrier are proteins that catalyze
reactions of substrates to develop a color or emit light.
Examples include peroxidases, alkaline pheosphatases, and
luciferases, although the enzvmes are not limited to these
examples, provided that they allow detection by observation

with the naked eye.
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(60627

The conditions of the hybridization of the
single-stranded region at the end of the amplified
double-stranded DNA fragment and the first or second
oligonucleotide probe are not particularly limited, provided
that they can hybridize to each other. Preferably, they are
reacted at room temperature in 10 mM phosphate buffer. In this
case, the hybridizaticn rate can be increased by adding a salt
such as sodium chloride.

00637

The presence of the target nucleic acid can be assessed
by detecting the target substance in the sandwich hybridization
complex formed in an identifiable zone on the capture carrier
{solid phase). The detection is preferably based on visual
observation. According o the detection method of the present
invention, the amplification product of the nucleic acid
amplification reaction can be used directly in the
hybridization reaction without the need of any treatment for
making the amplification product single-stranded (e.g. heat
denaturation). In addition, it is possible to easily and
rapidly assess the presence of the target nucleic acid by visual
observation without the need of special eguilpment.

[CO64)

The nucleic acid detection method involving the formation
of a sandwich hybridization complex is preferably carried out
on a nucleic acid detection device. In addition, it is
preferable to use chromatography for the detection of the
amplified DNA product.

[0065]

The nucleic acid chromatography device of Fig. 6 includes
a sample pad 32 (a carrier to which the amplified DNA product
ié to be applied), a conjugate pad 33 (& carrier in which a
colored carrier-bound oligonucleotide is placed), a carrier 34
having a capture oligonucleotide (a chromatographic medium),

and an absorption pad 35, and these members are attached on a
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supporting member 36 with a pressure~sensitive adhesive or the
like. The carrier 34 isprovidedwith a test line 37 along which
the capture oligonucleotide is applied, and a control line 38,
In the case where the colored carrier-bound oligonuclieotide is
mixed with a developing sclution, the conjugate pad 33 may not
be used.

[0066]

Preferably, the chromatography is carried out to detect
the amplified double-stranded DNA fragment by a methoed
including the following steps (a) to {c): {(a) placing the
amplified DNA fragment in a zone on the nucleic acid detection
device which is different from a zone where the first
cligeonuclecotide probe is immobilized; (b) diffusing the
amplified DNA fragment with a sclvent on the device toward the
zone where the first oligonucleotide probe is immobilized; and
(¢) hybridizing the first oligonucleotide probe with the
amplified DNA fragment in the zone where the first
cligonucliectide probe is immobilized.

(00671

For example, in the nucleic acid chromatography device
of Fig. 6, the amplified DNA fragment is placed on the sample
pad 32 in the step (a). In the step (b), the amplified DNA
fragment is diffused in the directicn of the arrow. In the step
(¢}, the amplified DNA fragment is hybridized with and captured
by the first oligonucleotide probe immobilized on the test line
37.

[0068]

Preferably, the detection method further includes the
step of hybridizing the second coligonucliectide probe labeled
with the labeling substance with the amplified DNA fragment
before the step (c). For example, in the case of the nucleic
acid chromatography device of Fig., 6, the amplified DNA fragment
and the second oligonucleotide probe are hybridized on the
conjugate pad 33.

(00691
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Moreover, the chromatography i1s preferably carried out
by the following steps (d) te (h): (d) placing the amplified
DNA fragment and the second cligonucleotide probe labeled with
the labeling substance respectively in discrete zones on the
nucleic acid detection device which are different from a zcne
where the first oligonucleotide probe is immobilized; (e}
diffusing the amplified DNA fragment with a solvent toward the
zone where the second cligenuclectide probe lakbeled with the
lazbeling substance is placed; (f£) hybridizing the second
oligonucleotide probe labeled with the labeling substance with
the amplified DNA fragment in the zone where the second
cligonucleotide probe labeled with the labeling substance is
placed; (g) diffusing a hybridization complex obtained in the
step (f) on a development medium toward the zone where the first
oligonucleoctide probe is placed; and (h) hybridizing the first
ocligonuclectide probe with the complex in the zone where the
first oligonuclectide probe is immobilized.

[0070]

For example, in the case of the nucleic acid
chromatography device of Fig. 6, the amplified DNA fragment is
placed on the sample pad 32, and the second oligonucleotide
probe is placed on the conjugate pad 33 in the step (d). In
the step (&), the amplified DNA fragment 1s diffused from the
gsample pad 32 in the direction of the arrow. In the step (L},
the amplified DNA fragment and the second oligonucleotide probe
are hybridized on the conjugate pad 33. In the step (g}, the
hybridization complex of the amplified DNA fragment and the
second oligonucleotide probe labeled with the labeling
substance is diffused in the direction of the arrow. In the
step (h), the first cligonuclectide probe and the complex are
hybridized on the test line 37.

[6071]

On the test line on themembrane, an cligenucleotide probe

having a complementary sequence to one of the tag regions of

the amplified DNA fragment is immobilized as the first
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oligeonucleotide probe for capturing. The first

oligonucleotide probe for capturing may be bound to the membrane

directly or via a functicnal group or a certain substance.

Examples of such mediating substances include, but are not

limited to, peptides, proteins and nucleic acids. In the case

where avidin is used as a mediating substance, the capture

oligonucleotide should be modified with biotin.

[0072]

On the control line on the membrane, an cligonucleotide

probe for capturing the colored carrier is immobilized., The

oligonucleotide probe for the contrel line has a complementary

sequence to the second oligonucleotide probe labeled with the

labeling substance so that it certainly captures the labeling

substance when the sample solution is developesd. The

oligonucleotide probe for the control line may also be bound

to the membrane directly or via a functional group or a substance,

as described above. Examples of mediating substances include,

but are not limited to, peptides, proteins and nucleic acids.

In the case where avidin is used as a mediating substance, the

capture oligonucleotide should be meodified with biotin.

0073]

The presence of the target nucleic acid in a sample can

be assessed by visually observing a color on the test line. Also,

a color on the contrel line canbe visually cbhserved to determine

whether the develcpment and the ceclor reaction are normally

carried ocut. The "to visually observe"” means obssrvation with

the naked evye toc assess the color.

(00741

Examples of the chromatcgraphic medium include paper

filters such as gqualitative filters, guantitative filters,

prhase separating filters, glass fiber filters, silica fiber

filters, and biccomponent fiber filters. Other examples

inciude filters made of celliuloses {e.g. nitroceilulose),

synthetic resin films such as polyethersulfone membranes, and

porous gels such as si

11

ca gel, agarose, dextran, and gelatin.
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Nylon membranes can alsc be suitably used. In practical use,
the form and size of the chromatographic medium are not
particularly limited, and may be any suitable ones in operation
and cbservation of the reacticn results.
[0G751

These carriers may be modified in various ways to improve
the hydrophilicity and affinity for the compound. In order to

make the operation easier, the back surface of the

chromatographic medium whose opposite surface is provided with

reaction sites is preferably provided with a supporting
material made of plastic or the like.
(00763

The developing direction in the device is not
particularly limited, andmay be horizontal or vertical as shown
in Fig. 6. Since the =olvent used in the nucleic acid
amplification reaction can function as a developing solvent as
well, the reaction solution obtained by the nucleic acid
amplification reaction can be directly dropped to the sample
pad 32 in Fig. 6. Alternatively, a separate developing solution
may be added to the reaction solution obtained by the
amplification reaction, and the resulting solution may be added
to the sample pad. Any developing solvent can be used without
particular limitation, provided that it is liguid. Examples
therecf include phosphate buffer and Good's buffers such as Tris
buffer. Such solvents may contain salts, surfactants,
proteins, and nucleic acids dissolved therein.

[0077]

With reference to Fig. 7, an exemplary embodiment of the
oresent invention is described in which a sandwich
hybridization complex is formed on a chromatographic carrier.
An amplified DNA fragment 16 obtained in the nucleic acid
amplification step is used in the subsequent complex formation
step without performing a treatment for making the fragment
single-stranded {e.g. heat treatment) and other treatments.

Then, the amplified DNA fragment 16 is hybridized with an
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oligonucleotide probe including a colored carrier 490 and a

nucleic acid seguence 39 capable of specifically binding to one
(tag reglon 12) of the tag regions cof the DNA fragment, and
thereby forms a first complex 41. The complex 41 may be formed,
for example, in a PCR reaction vessel, priocr to the application
to the development medium, or may be formed by applying the
amplified DNA fragment to the carrier and allowing the amplified
DNA fragment to move by capillary acticen teo pass through a

carrier that has been subjected to coating with the labeling
molecule-bound oligonuclectide and drying.

[(06078]

The complex 41 comes into contact with a capture
oligonucleotide probe 43 that is previously allowed to be bound
in an identifiable zone on & chromatographic medium 42 made of
a porous membrane or the like, cn the development medium. The
capture oligonucleotide 43 has a complementary sequence to the
other tag sequence 15 cf the amplified DNA fragment, and thus
hybridizes to the complex 41 to form a sandwich hybridizatiocon
complex.

[0079]

The order of procedures for forming such a sandwich
hybridization complex is not particularly limited. It is
preferable that the amplified DNA fragment and the second
oligonuclectide probe labeled with the labeling substance form
a complex 41, and then the complex and the first oligonucleotide
probe for capturing form a complex. Alternatively, a sandwich
hybridization complex may be formed by enriching the amplified
DNA fragment via the first cligonucleotide probe for capturing
on the development medium, and then developing the second
oligonucleotide labeled with the labeling substance.

[0080]

Another exanple of the nucleic acid detection device is
a microarray (DNA chip) as shown in Fig. 8. The triple complex
can be formed by sandwich hybridization in wells of the

microcarray 44 in which a capture cligonucleotide is
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immobilized.

[oo0sl]

' Still another example 1s a bead form as shown in Fig. 9.
The triple complex can be formed by sandwich hybridizaticn on
the bead carrier 45 having a capture oligonuclectide.

[0082]

The nucleic acid detection method and the nucleic acid
detection device of the present invention can be used for any
technigques involving a nucleic acid amplification step. 1In
other words, the nucleic acid detection method and the nucleic
acld detection device of the present invention can be used for
technigues in any fields which involve detection of an amplified
DNA fragment (e.g. PCR product) obtained by a nucleic acid
amplification technigue. Specifically, they are used for, for
example, molecular biology research, detection of pathogens,
detection of foreilgn matter such as allergens in foods, food
gquality contrel (inspecticonofmislabeled foods and genetically

modified foods), livestock control, detection of single

‘nucleotide polymorphisms (hereinafter, also referred to as

"SNPT"), screening of diseases such as cancer, and so on.
Acceordingly, the present invention encompasses methods for
detecting a pathogenic infectious disease, methocds for
detecting foreign matter (e.g. allergen) in foods, food quality
control methods, livestock control methods, methods for
detecting a single nucleotide polymorphism, and like methods
which include a step of performing the nuclelc acid detection
method of the present inventicn.
[0083]

ks embediments of applicaticon of the present invention,
a pathogen detection method and an allergen detection method
according to the present invention are described in detail
below.
(00847

The pathogen detection method according to the present

invention may be any method inciuding the step of detecting a
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gene specific to a pathogen by the nucleic acid detection method
of the present invention. The pathogen is not particularly
limited, and specific examples include pathogenic bacteria,
pathogenic viruses, food poiscning bacteria, and bacteria and
viruses causing hospital infections. More gspecifically, there
may be mentioned, for example, viruses such as hepatitis Cvirus
(HCV), cytomegalovirus (CMV), Epstein~Barr virus (EBV),
herpesviruses, and human immunodeficiency wvirus {HIV):
bacteria such as Escherichia coli (e.g. C157), Mycobacterium
tuberculosis, Salmonella typhi, salmonella bacteria, and
Vibrio parahaemolyticus; and microorganisms such as
mycoplaéma.

[0085]

More specifically, the pathogen detection method
according to the present invention includes determining, by the
nucleic acid detecticon method, whether a gene specific to a
pathogen 1s present, for example, in a DNA sample prepared from
& sample to be assessed for the presence of the pathogen. Cr,
a sample to be assessed for the presence of the pathogen may
be directly used for a template for nucleic acid amplification
without preparing a DNA sample. For example, in the case where
the pathogen to be detected is a bacterium such as Escherichia
coli, a bacterial colony suspension can be used for a template.
Then, 1f the gene specific to the pathegen is detected, 1T can
be determined that the sample centains the pathogen. In this
manner, 1t 1s possible toeasily and highly accurately determine
whether a sample contains a pathogen without the need of special
equipment. Thus, the pathogen detection method according to
the present invention can be used for the diagnosis of microbizal
infectious diseases.

[008B5]

The allergen detection method according to the present
invention may be any method including the step of detecting a
gene encoding an allergen by the nucleic acid detection method

of the present invention. The zllergen is not particularly
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limited, and specific examples include allergens contained in
foods. More specifically, theremay be menticned, for example,
egg albumen allergens, milk allergens, wheat allergens,
buckwheat allergens, peanut allergens, and so on. More
specifically, the allergen detection method according to the
present invention includes determining, by the nucleic acid
detection method, whether a gene encoding an allergen derived
from egg, milk, wheat, buckwheat, peanut or the 1like is present,
for exanple, in a DNA sample prepared from & food. Then, 1if
such a gene is detected, 1t can be determined that the food
contains an ingredient containing the allergen.

100873

In this manner, it 1s possible to easily and highly
accurately determine whether a sample such as food contains an
ingredient containing an allergen without the need of speclal
eguipnent. t should be noted that the allexgen origin is not
limited to those described above. For example, taking the
example of grains, the allergen origin may be any type of rice,
corn, Italianmillet, prosomilliet, Japanesemillet, buckwheat,
or pulses. Since DNA is thermally stable, a trace amount of
DNA can be detected even in processed foods. Thus, the allergen
detection method according to the present invention provides
data that can be used not conly for food labeling and allergen
information of foods but also for detection of minute amounts
of residual food additives (e.g. processing materials,
carry-overs) and detection of contaminants that are not
intended by a manufacturer (e.g. the presence or aksence of
cross-contamination between the manufacturing lines).

[oosg]

In addition to these applications, the present invention
ig applicable to determination of the parentage of a mammal
including human, identification of the pedigree of livestock,
variety identification for agricultural products, SNP
detection, detection of diseases (e.g. cancer) caused by gene

mutations, and the like. More specifically, for example,
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taking the example of livestock, the present invention can be
used for pedigree registration, individual identification,
parentage determination, removal of a carrier individual with
a disease-causing gene, and the like. It should be noted that
the present invention is not limited to the embodiments
mentiocned above, but may be modified within the scope of the
appended claims. An embodiment based on a proper combination
of technical means disclosed in different embodiments is

encompassed in the technical scope cof the present invention.

EXAMPLES
[0089]

The present inventicn is described in more detail below,
referring to examples which are not to be construed as limiting
the technical scope of the present invention.

[C0&0]
<Exampls 1>
(1) Synthesis of L-DNA-tagged primers

Inthis example, a forward primer (F) and a reverse primer
(R} were designed to be able to amplify about 330 base pairs
by PCR amplification using pUCLYS {availilable from Takara Bio,
Inc.) as a template. Then, tag sequences Tl and T2 which are
non-natural {(L~)DNA strands were respectively introduced into
the 5" ends of these primers to construct L-DNA-~tagged primers
Ti-F and TZ-R. The synthesis of these L-DNA-tagged primers was
carried out by a general phosphoramidite method using a DNA
automatic synthesizer (H-8-8SE: Gene World) witha 0.2 uM column.
(00911

The following shows the primer set prepared in this study.
Primer F: 5'-"d{GGARACAGCTATGACCATGA)-3" (SEQ ID No:l)
Primer R: 5'-"d(CTATGCGGCATCAGAGCAG)~3" (SEQ ID No:2)

Tag sequence Ti: 5'-"d (GACAACGGAGACAGAGCCARA)~3' (SEQ ID No:3)
Tag sequance T2: 5'-"d (ATGCTACCGTATGCCCAGTG) ~3" (SEQ ID No:d)
Primer T1-F:

5 =24 (GACARCGGAGACAGAGCCAAY ~"d {GGAAACAGCTATGACCATGA) -3 (SED
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Primer TZ-R:
5'-*d (ATGCTACCGTATGCCCAGTG) -4 {CTATGCGGCATCAGAGCAG) =3'  (SEQ
ID No:6)
[0oez]
(2) PCR using L-DNA-tagged primer set

PCR was performed using the primer set prepared by
performing the above step (1). ©Speciiically, a 100 pl PCR
mixture was prepared by putting the prepared primer F and primer
R {15 pmol each) and pUCl8 (10 ng) in a 0.Z-ml PCR tube, and
following the instruction manual of a PCR device ExTag
(avallable from Takara Rio, Inc¢.). Thereafter, the tube was
set in a thermal cycler (Genelmp PCR System, avallable from
Applied Biosystems), and subjected to heat treatment at 295°C
for five minutes and then exposed to 35 cycles of 95°C for 30
seconds, 55°C for 30 ssconds, and 72°C for 30 seconds.
Conseqguently, the target fragment of about 330 bp was amplified.
Separately, the same reaction was carried out in the absence
of pUCl® as a negative control.
{00927
{3) Preparation of latex-bound L-~oligonucleotide probe

A carboxyl group-containing polystyrene latex (soclids
contents 10% (w/w), available from Bangs Laboratories, Inc.)
and an amino-group containing L-oligonuclectide probe (SEQ ID
No:7, strand complementary to SEQ ID Ne:3) were bonded by mixing
them in MES buffer containing a necessary amount of a
water-soluble carbodiimide, and the resulting product was
blocked with moncethanolamine. The reaction solution was
centrifuged, and the supernatant was then removed. The
obtained precipitate was washed with water, and then
resuspended in HEPES buffer with a surfactant. The suspensiocn
was uniformly applied to a glass fiber pad, and the padwas dried
in a vacuum oven. In this manner, a conjugate pad was obtained.
Nuclectide probe 1: 5° ~Sd (TTGGCTCTGTCTCCGTTGTC) -NBo-3" (SEQ ID
Ng:7)
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(60947
(4) Immobilization of L-cligonuclectide probe on solid phase
Anylonmembrane modifiedwith carboxyl groups (available
from Fall Ceorporation, & mm x 60 mm) was treated with a
water—-soluble carbodiimide, and washed with deionized water.
An amino group-containing L-oligonuclectide probe having a
sequence (SEQ ID No:8) complementary to SEQ ID No:4 was applied
to the activated membrane with a dispenser along a line drawn
30 mm from one end of the membrane, and ailr-dried for 15 minutes,
Subseguently, the membrane was treated with Tris buffer and
hlocked, and then washed with water and dried.
Nucleotide probe 2: 5'-"d (CACTGGEGCATACGGTAGCAT) ~NH,-3"' (SEQ ID
No:8)
[0085]
(5) Preparatiocon of nucleic acid chromatography-1ike test strip
A test strip to be used for detection of the PCR product
amplified using the L-DNA-tagged primer set was prepared by
attaching a chromatographic medium consisting of the nylon
membrane prepared above, the conjugate pad prepared above, a
general sample pad as a sample application zone, and an
absorption pad for abscrbing the developed sample and the
labeling substance to a substrate consisting of a backing sheet
as shown in Fig. o.
RUEY
(6) Detection of PCR product using test strip
The PCR product obtained in the step (2) was immediately,
without being denatured, applied to the sample application zone
on the test strip prepared in the step (5) to perform detection
by chromatography. A colored line specific to the target
nucleic acid was detected along the test line for the sample
preparedusing plUCL9 as an analyte in the step (2). Incontrast,
there was no line detected for the negative control prepared
using water instead. The detection by chromatography took as
short a time as 10 to 15 minutes.
[0CG7]
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<Example 2>
(1) Synthesis of hairpin-tagged primers

In the same manner as in the step (1} in Example 1, a
forward primer (F) and a reverse primer (R) were designed to
be able to amplify about 330 base pairs by PCR amplification
using pUCl9 {(available from Takara Bio, Inc.) as a template.
Then, a polymerase reaction inhibitory region (H) having a
hairpin structure and a2 tag sequence I3 or T4 were introduced
into the 5' end c¢f sach corresponding primer to synthesi:ze
tagged primers T3-H-F and T4-H-R.
[0ce8]

The following shows the primer set prepared in this study.
Polymerase reaction inhibitory sequence H:
51 -Pd (AGGCGRAGGTCGCGAGCGCACATGTGCGCTCGCGACCTC GCCT) -3 (SEQ ID
No:9)
Tag seguence T3: 57 P (TATGATATGCTTCTCCACGCATART) -3 (SEQ ID
No:10)
Tag sequence T4: 5P (TGCTCTETACACTTGCTCAAT) -3 (SEQ ID
Neo:11)
Primer T3-H-F:
5t P (TATGATATGCTTCTCCACGCATAATAGGCGAGGTCGCGAGCGCACATG
TGCGCTCGCGACCTCGCCTGGARACAGCTATGACCATGA)Y -3 (SEQ ID No:12)
Primer T4-H-R:
51 P (TECTCTGTACACTTGCTCAATAGGCGAGGTCGCGAGCGCACATGTGC
GCTCGCGACCTCGCCTCTATGCGGCATCAGAGCAG) ~3Y {SED ID No:13)
[0099]
(2) PCR using hairpin-tagged primer set

PCR was performed using the primer set prepared by
performing the above step (1). Specifically, a 100 upl PCR
mixture was prepared by putting the prepared primer F and primexr
R (15 pmol each), and pUC1l% (10 ng) in a 0.Z-ml PCR tube, and
following the instruction manual of a PCR device ExTag
(available from Takara Bio, Inc.). Thereafter, The Tube was
set in a thermal cycler {GeneBAmp PCR System, available from

Applied Biosystems), and subjected to heat treatment at 85°C
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for five minutes and then exposed to 35 cycles of 95°C for 30
seconds, 55°C for 320 seconds, and 72°C for 30 seconds.
Consequently, the target fragment of about 330 bp was amplified.
Separately, the same reaction was carried out in the absence
of pUC1Y9 as a negative control.
f01007
(3) Preparation of latex-bound ocligonucleotide probe

A carboxyl group-containing polystyrene latex (solids
content: 10% (w/w), available from Bangs Laboratories, Inc.)
and an amino-group contailning oligonuclecotide probe (SEQ ID
No:14, strand complementary to SEQ ID Ne:10) were bonded by
mixing them in MES buffer containing a necessary amount of a
water-soluble carbodiimide, and the resulting product was
blocked with menoethanolamine. The reaction sclution was
centrifuged, and the supernatant was then removed. The
obtained precipitate was washed with water, and then
resuspended in HEPES buffer with a surfactant. The suspension
was uniformly applied to a glass fiber pad, and the pad was dried
in a vacuum oven. In this manner, a conjugate pad was obtained.
Oligonucleotide probe 3:
51 P (ATTATGCGTGGAGAAGCATATCATA) -NH,~3" {SEQ ID No:l4)
[0101]
(4) Immobilizaticon of oligonucleotide probe on solid phase

Anylonmembrane modifiedwith carboxyl groups (available
frem Pall Corporation, © mm x 60 mm) was treated with a
water-asoluble carbodiimide, and washed with deionized water.
An amino group-containing L-cligonucleotide probe having a
sequence (SEQ ID No:15) complementary to SEQ ID No:ll was
applied to the activated membrane with a dispenser along a line
drawn 30 mm from one end of the membrane, and air-dried for 15
minutes. Subsequently, the membrane was treated with Tris
buffer and blocked, and then washed with water and dried.
Oligonucleotide probe 4: 5'-Pd(ATTGAGCAAGTGTACAGAGCA) -NH,-3'
{SEQ ID No:15)
[0102]
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(5) FPreparation of nucleic acid chromatography~like test strip

A test strip to be used for detection of the PCR product
amplified using the halrpin~tagged primer set was prepared by
attaching a chromatographic medium consisting of the nylon
membrane prepared above, the conjugate pad prepared above, a
general sample pad as a sample applicaticen zone, and an
absorpticn pad for absorbing the developed sample and the
labeling substance to a substrate consisting of a backing sheet
as shown in Fig. 6.
[0103]
(6) Detection of PCR product using test strip

The PCR product obtained in the step (2) was immediately,
without being denatured, applied to the sample application zone
on the test strip prepared in the step (5) to perform detection
by chromatography. A colored line specific to the target
nucleic acid was detected along the test line for the sample
prepared using plUClY as an analyte in the step (2). In contrast,
there was no line detected for the negative control prepared
using water instead. The detection by chromatography took as
short a time as 10 to 15 minutes.
[0104]
<Example 3>
{1) Synthesis of artificial nucleic acid (azobenzene)} ~-inseried
primers

In the same manner as in the step (1) in Example 1, a
forward primer (F) and a reverse nrimer (R) were designed to
be able to amplify about 3230 base pairg by PCR amplification
using pUCLY {availlable from Takara Bio, Inc.;} as a template.
Then, a polymerase reaction inhibitory region (¥X) containing
azobenzene {(artificial nucleic aclid) and a tag seguence T5 or
T6 were introduced into the 5' end of each corresponding primer
to synthesize tagged primers TH-¥X-F and T6-X-R. These two
zzobenzene-inserted primers were purchased as products
custom-synthesized by T3UKUBA COLIGC SERVICE CO., LTD. The

following shows the primer set prepared in this study.
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[0105]

Tag sequence T5: 5' -P3 (TGGCRACATTTTTCACTGGGTTTATAG) -3 (SEQ ID

No:16)

Tag seguence Té6: 5 -PA(GGTTAGCTTCCAACCACGTGTAGATCA) -3 (SEQ ID

No:17}

Primer T5-X-F: 5'-"d{TGGCAACATTTTTCACTGGGTTTATAG X

GGAAACAGCTATGACCATGA) -3" (SEQ ID No:18})

Primer Té6-¥X-R: 5'-"d{GGTTAGCTTCCARCCACGTGTAGATCA X

TCTATGCGGCATCAGAGCAG) ~3" (SEQ ID No:19)

The azobenzene inserted into the primers is represented by the

following formula {1}.

(01067

5}
O O

NH

8]
Oz é’—OH 1)

3}!
[(0107]
(72} PCR using azobenzene-inserted primer set

PCR was performed using the primer set prepared by

performing the above step (1l). Specifically, a 100 gl PCR
mixture was prepared by putting the primer TO-X-F and primer
T6-¥~R (15 pmol each) and pUCLY (10 ng} in a 0.2Z-ml PCR tube,
and following the instruction manual of a PCR device ExTag
(available from Takara Bio, Inc.). Thereafter, the tube was
set in a thermal cycler {(GeneAmp PCR System, availlable from
Zpplied Biosystems), and subjected tc heat treatment at 95°C
for five minutes and then exposed to 35 cycles of 95°C for 30
seconds, 55°C for 30 seconds, and 72°C for 30 seconds.
Consequently, the target fragment of about 330 bp was amplified.
Separately, the same reaction was carried cut in the absence
of pUCLlY as a negative control.
[0108]
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(3} Preparation of latex-~bound cliligonucleotide probe

A carboxyl group-containing polystyrene latex (solids
content: 10% (w/w), available from Bangs Laboratories, Inc.)
and an amino-group containing cligonucleotide probe (SEQ ID
No:20, strand complementary to SEQ ID No:16) were bonded by
mixing them in MES buffer containing a necessary amount of a
water-soluble carbodiimide, and the reszulting product was
blocked with moncethanclamine. The reaction sclution was
centrifuged, and the supernatant was then removed. The
obtained precipitate was washed with water, and then
resuspended in HEPES buffer with a surfactant. The suspension
was uniformly applied to a glass fiber pad, and the pad was dried
in a vacuum oven. In thismanner, a conijugate pad was obtained.
51-Pg (CTATAAACCCAGTGAAAAATGTTGCCA) ~NH,-3"' (SEQ ID No:20)
[0108]
{4y Immobilization of oligonucieotide probe on solid phase

Oligonucleotide probe 5:

Anylcnmembrane modified with carboxyl groups {available
from Pall Corporation, € mm x 60 mm) was treated with a
water—solubie carbodiimide, and washed with deionized water.
An amino group-containing D-oligonucleotide probe having a
seguence (SEQ ID No:21} complementary to SEQ ID No:l7 was
applied to the activated membrane with a dispenser along a line
drawn 30 mm from one end of the membrane, and air-dried for 15
minutes. Subseguently, the membrane was Ifreated with Tris
buffer and blocked, and then washed with water and dried.
Oligonucleotide probe 6:
57 -P4 (GATCATACACGTGGTTGGAAGCTAACS) -NH,~3" (SEQ ID No:21)
(01107
(5} Preparation of nucleic acid chromatography-like test strip

A test strip to be used for detection of the PCR product
amplifiedusing the azobenzene-inserted primer set was prepared
by attaeching a chromatographic medium consisting of the nylon
membrane prepared above, The coniugate pad prepared above, a

general sample pad as a sample application zone, and an
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absorption prad for absorbing the developed sample and the
labeling substance to a substrate consisting of a backing sheet
s shown in Fig. 6.

[0111]

(6) Detection of PCR product using test strip

The PCR product obtained in the step (2) was immediately,
without being denatured, applied to the sample application zone
con the test strip prepared in the step (5) to perform detection
by chromatography. A colored line specific to the target
nucleic acid was detected along the test line for the sample
preparedusing pUClY9 as an analyte in the step (2). Incontrast,
there was no line detected for the negative contrel preparsd
using water instead. The detection by chromatography took as
short a time as 10 te 15 minutes.

[0112]
<Examplie 4>
{1} Preparation of gold colloid~bound oligonucleotide probe

Gold Colloid {40 nm, 9.0 x 10*? (particles/ml}, available
from British BioCell International) and a thiol
group-containing oligonucleotide precbe (SEQ ID No:2Z, strand
complementary to SEQ ID No:16) were mixed and incubated at 50°C
for 16 hours. The resulting mixture was centrifuged at 6000
rem for 15 minutes, and the supernatant was removed. The
residue was combined and mixed with 0.05 M sedium chloride and
5 mM phosphate buffer (pH 7), and then incubated again at 50°C
for 40 hours.

[6113]

Lfter the incubation, the resulting mixture was
centrifuged (6000 zpm, 15 minutes). The supernatant was
removed, and the residue was combined with 5 mM phosphate buffer
(pH 7). This buffer replacement procedure was performed again.
[0114]

The obtained gold colloid solutlon was uniformly applied
to a glass fiker pad, and the pad was dried in a vacuum oven.

In this manner, a coniugate pad was obtained.
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Cligonucleotide probe 7:
5% -"d (CTATAAACCCAGTGAARAATGTTGCCA)Y ~SH-3" (SEQ ID No:22)
[0116]
(2) Immobilization of oligonucleotide probe on solid phase
A 3'-biotin-modified oligonuclectide probe having a
seguence (SEQ ID No:23) complementarthmSEQZNJNO:E? was mixed
with streptavidin. The resulting mixture was applied along a
line on a nitrcocellulose membrane (product name: Hi-Flow 180,
available from Millipore Corporation) with a dispenser, and
alr-dried at 40°C for 30 minutes.
Oligonucleotide probe 8:
5'-Pd (GATCATACACGTGGTTGGAAGCTAACC) -Biotin-3" (SEQ ID No:23)
[0117]
(3} Preparation of nucleic acid chromatography~like test strip
A test strip to be used for detection of the PCR product
amplifiedusing the azobenzene~inserted primer set was prepared
by attaching a chromatographic medium consisting of the
nitrecelliulose membrane prepared above, the conijugate pad
prepared above, a general sample pad as a sample application
zene, and an absorption pad for absorbing the developed sample
and the labeling substance To a substrate ccnsisting of a
backing sheet as shown in Fig. 6.
[0118]
{4} Detection of PCR product using test strip
The PCR preoduct obtained in the step (2) in Example 3 was
immediately, without beilng denatured, applied to the sample
application zone on the test strip prepared in the step (3) to
perform detection by chromatography. A coclored line specific
to the target nucleic acid was detected along the test line for
the sample prepared using pUCLSY as an analyte in the step (2)
in Example 3. In contrast, there was no line detected for the
negative contrcl prepared using water instead. The detection
by chromatography took as short a time as 10 to 15 minutes.
(0119]
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<Example 5>
(1) Immobilization of oligonuclectide probe on solid phase
An oligonucleotide probe having a seguence (SEQ IDNo:24)
complementary te SEQ ID No:l7 was applied along a line on an
UltraBind affinity membrane {available from Pall Corporation)
with a dispenser, and alr-dried at 80°C for one hour.
Oligonucleotide probe 9:
5'-"d (GATCATACACGTGGTTGGAAGCTAACC)Y -3 (SEQ ID No:2Z4)
[6120]
(2} Preparation of nucleic acid chromatography-like test strip
A test strip to be used for detection of the PCR product
amplifiedusing the azobenzene-inserted primer set was prepared
by attaching a chromatographic medium consisting of the
UltraBind affinity membrane prepared above, the conjugate pad
prepared above, a general sample pad as a sample application
zone, and an absorption pad for absorbing the developed sample
and the labeling substance tc a substrate consisting of a
backing sheet as shown in Fig. 6.
[0121]
(3) Detection of PCR product using test strip
The PCR product obtained in the step (2) in Example 3 was
immediately, without being denatured, applied to the sample
application zone on the test strip prepared in the step (2) to
perform detection by chromatography. A colored line specific
to the target nucleic acid wasg detected along the test line for
the sample prepared using pUCLY as an analyte in the step (2)
in Example 3. In contrast, there was no line detected for the
negative control prepared using water instead. The detection
by chromatography took as short a time as 10 to 15 minutes.
[0122]
<Example 6>
(1) Synthesils of artificial nucleic acid {azchenzene) ~inserted
primers
In this example, three pairs of primers, a forward primer
{

S|

1) and a reverse primer (R1), a forward primer (F2) and a
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reverse primer (R2), and a forward primer (F3) and a reverse
primer (R3), were designed to be able to amplify about 330 base
pairs, about 200 base pairs, and about 100 base pairs,
respectively, by PCRamplification using the three genes: pUCLY
favailable from Takara Bio, Inc.), an EcoRI methylase gene, and
a BamHI methylase gene as target nucleic acid templates,
reapectively. Then, a polymerase reaction inhibitory region
(X) containing azobenzene (artificial nucleic acid) and a tag
sequence T10 or Tll, or a tag sequence T1Z or T13, or a tag
sequence T14 or T15 were introduced into the 5' end of each
corresponding primer to synthesize tagged primers T10~X~F1 and
Tl11l-¥X-R1, T12-X-F2 and T13-X-RZ, and Tl4~X~-F3 and T15~-X-R3.
These six azobenzene-inserted primers were purchased as
products custom-synthesized by TSUKUBA OLIGO SERVICE CC., LTD.
The following shows the three primer sets prepared in this
study.

[G123]

Tag sequence T10: 5'-Pd (TGGCAACATTTTTCACTGGGTTTATAG) -3 (SEQ
D Ne:z2h) .

Tag seguence T11l: 51 -P4 (GGTTAGCTTCCAACCACGTGTAGATCA) -3 (SEQ
ID No:Z6)

Primer T10-X-Fi: 5'-"d(TGCCAACATTTTTCACTGGGTTTATAG %
GGARBACAGCTATGACCATGA)-3' (SEQ ID No:27)

Primer T11-X-R1l: 5'~"d{(GGTTAGCTTCCAACCACGTGTAGATCA X
TCTATGCGGCATCAGAGCAG) ~37 (SEQ ID No:28)

Tag sequence T1Z: 51 -4 (CGCATTGAGCARGTGTACAGAGCAT) -3 (SEQ ID
No:29)

Tag sequence T13: 5'—Dd(ATTATGCGTGGAGAAGCATATCATA)m3‘ {SEQ ID
No:30)

Primer T12-X-F2: 5'-Pd(CGCATTGAGCAAGTGTACAGAGCAT X
AGCATTATGAATTATATGGT) -3" (SEQ ID No:31)

Primer T13-X-R2: 5'-"d{ATTATGCGTGGAGAAGCATATCATA ¥
TTGTTTACATTITATAGCATCY -3 (SEQ ID No:32)

Tag sequence T14: 5P (AATTGCGCATGTCCATGTGTARY -3 (SEQ ID
No:33)
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Tag sequence T15: 51 -Pd (TACTTTAGAGGARACTGCTGAG) -3 (SEQ ID
No:34)

Primer TL4-X-F3: 5'-"d{AATTGCGCATGTCCATGTGTAR X
TGGTTTTARAACTCTGATAC) -3 (8EQ ID No:35)

Primer T15-¥-R3: 5'-"d({TACTTTAGAGGARACTGCTGAG X
AGTATGATCEAGGGTGTAACA) -3 (SEQ ID No:36)

(01247

(2) PCR using three azobenzene-inserted primer sets

PCR was performed using the three primer sets prepared
by performing the above step (1). Specifically, & 100 pul PCR
mixture was prepared by putting the primer T10-X-F1l and primer
T11-X~R1, the primer T12-X-F2 and primer T13-X-RZ, and the
primer T14-X-F3 and primer T15-X-R3 (15 pmol each) and the
template{s) (10 ng each) in a 0.2-ml PCR tube, and following
the instruction manual of a PCR device ExTag (available from
Takara Rio, Inc.). The following five kinds of PCR mixtures
were prepared:

(1) a PCRmixture containing pUClY9 (available from Takara Bilo,
Inc.) as & template;

{(il) a PCR mixture containing the EcoRI methylase gene as a
template;

{iii) a PCR mixture containing the BamHI methylase gene as a
template;

{iv) a PCR mixture containing all the three templates pUCLY
{available from Takara Bic, Inc.), the EcoRI methylase gene,
and the BamHI methylase gene; and

{(v) a PCR mixture containing nc templats.

[01z5]

After these PCR mixtures were prepared, the tubes were
set in a thermal cyvcler (GeneAmp PCR System, avallable from
Applied Biosystems), and subjected to heat treatment at 95°C
for five minutes and then exposed to 30 cycles of 95°C for 30

seconds, 55°C for 30 seconds, and 72°C for 30 seconds.
Consequently, the following DNA fragments containing the target

gequences were amplified: (i) about 330 bp; (ii) about 200 bp;
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(iii) about 100 bp: (iv) three fragments of about 330 bp, about
200 bp, and about 100 bp; and (v) no amplified DNA fragment
(negative ccntrol).

(01zeé]

(3) Preparation of latex-bound oligonucleotide probes

Each pair of a carboxyl group-containing polystyrene

latex (blue) (solids content: 10% (w/w), available from Bangs

Laboratories, Inc.) and an amino group-containing
oligonuclectide probe 16 (SEQ ID No:37, strand complementary
to SEQ IDNo:25), a carboxvyl group-containing polystyrene latex
(orange) (solids content: 10% (w/w), available from Bangs
Laboratories, Inc.) and an amino group-containing
oligonuclectide probe 17 (SEQ ID No:38, strand complementary
to SEQ ID No:29), and a carboxyl group-containing polystyrene
latex (green) (solids content: 10% (w/w), available from Bangs
Laboratories, Inc.) and an amino group-containing
oligonuclectide probe 18 (SEQ ID No:39, strand complementary
o SEQ ID No:33) were bonded by mixing the pair in MES buffer
containing a necessary amount of a water-soluble carbodiimide,
and the resulting products were blocked with monoethanolamine.
The reacticn solutions were centrifuged, and the supernatants
were then removed. The obtained precipitates were
individually washed with water and then resuspended in HEPES
buffer with a surfactant to prepare an oligonucleotide probe
l16-keound latex (blue), an oligonucleotide probe 17-bound latex
(orange), and an oligonucleotide probe 18-bound latex (green),
respectively.

[0127]

These three latexes were uniformly applied to a glass
fiber pad, and the padwas dried in a vacuum oven. In thismanner,
a conjugate pad was obtained.

Oligonuclectide probe 16:

51 -4 (CTATBAACCCAGTGRRAAAATGTTGCCA) -NH,-3" (SEQ ID No:37)
Oligonucleotide probe 17:

54 P (TTGOTCTGTACACTTGCTCARATGCG) - NH,~-3 Y (SEQ ID No:38)
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Oligonucleotide probe 18:
57 Pd (TTACACATGGACATGCGCARTT) -NH,~3" (SEQ ID No:29)
(4) Immobilization of three oligonucleotide probes on solid
phase
A 3'-biotin-modified cligonuclieotide probe having a
sequence (SEQ ID No:40) complementary to SEQ ID No:26, a
3'-biotin-modified oligonucleotide probe having a sequence
(SEQ ID No:41l) complementary to SEQ ID No:30, and &
3'-biotin-modified oligonucleotide probe having a seguence
(SEQ ID No:42) complementary to SEQ ID No:34 were individually
mixed with streptavidin. The resulting mixtures were applied
with a dispenser respectively along three separated lines on
anitrocellulosemembrane {product name: Hi~Flow 135, available
from Millipore Corporation) in the stated order from the
upstream, and air-dried at 40°C for 30 minutes. In this manner,
three detection lines were formed.
Oligonucleotide probe 19:
51 -Pd (GATCATACACGTGGTTGGAAGCTARCC) -Bilotin=-3" (SEQ ID No:40)
Oligonucleotide probe 20:
5P (TATGATATGCTTCTCCACGCATAAT) ~Biotin~3" (SEQ ID No:41)
Oligonucleotide probe 21:
51 P4 (CTCAGCAGTTTCCTCTARAGTA) ~Riotin-3" (SEQ ID No:42)
101287
(5) Preparation of nucleic acid chromatography-like test strip
A test strip to be uzed for detection of the PCR products
amplified using the azobenzene-~inserted primer sets was
prepared by attaching a chromatographic medium consisting of
the nitrocellulose membrane prepared above, the conjugate pad
prepared in the step (3), a general sample pad as a sample
application zone, and an absorption pad for absorbing the
developed sample and the labeling substances to a substrate
consisting of a backing sheet as shown in Fig. 6.
[0129¢]
(6} Detection of PCR products using test strip

Each of the PCR products (1) to {v) prepared in the step
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(2) was immediately, without being denatured, applied to the
sample application zone on the test strip prepared in the step
(%) to perform detection by chromatography. The results are
shown below.
(i): Only the first detecticn line turned blue.
(ii): Only the second detection line turned orange.
(1ii}: Only the third detection line turned green.
{iv): The first, second, and third detection lines turned blue,
orange, and green, respectively.
(v): No color change was cbhserved foxr all the detection lines.

The results confirmed that it Is possible to specifically
detect each of the target genes and Lo simultaneously detesct
the Three kinds of genes.

The detection by chromatography took as short a time as
10 to 15 minutes.
[(0130]
<Example 7>
(1) Synthesis of joint primers

In this example, three pairs of primers, a forward primer
{F11l) and a reverse primer (R3l), a forward primer {(Fi2) and
a reverse primer (RjZ), and a forward primer (Fi3) and a reverse
primer (R3j3}), were designed to be able to amplify about 330
base pairs, about 200 base pairs, and about 100 base pairs,
respectively, by PCRamplification using the three genes: pUCL9
(available from Takara Bio, Inc.), an EcoRI methylase gene, and
a BamHI methylase gene as target nucleic acid templates,
respectively. Then, common seguences KFl and KR1, common
seguences KFZ and KRZ, or common seguences KF3 and KR3 were
introduced into the 5' ends of each corresponding primer pair
to synthesize common sequence-added primers KF1-Fjl and KR1-RJ1,
KFZ-F32 and KRZ2-Rj2, and KF3-Fj3 and KR3-Rj3. These six common
seguence-added primers (joint primers) were purchased as
products custom-synthesized by TSUKURBA OLIGO SERVICE CC., LTD.
The following shows the three primer sets prepared in this

study.
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[0131]

Commen sequence KF1l: 5 P4 {TGGECTGACCTAGAGETCTT) -3 {3EQ ID
No:43)

Common seguence KR1: 51 P4 (ATGARATGCAGGCCATTCGEG) ~3 ¢
No:44)

Primer KEF1-Fil: 5'-"d (TGGGCTGACCTAGAGETCTT
GGAAACAGCTATGACCATGA) -3 (SEQ ID No:45)

Primer KR1-ERjl: 5' -"d (ATGARATGCAGGCCATTCGE
TCTATGCGGCATCAGRGCAG) -3 (SEQ ID No:46)

Common sequence KF2: 5" -Pd (CCEOAACAGACACCAGETTT) =3 (SEQ ID
No:47)

Common seguence KR2: 5'-"d(GAAGCTGTACCGTCACATGAY-3' (SEQ ID
No:48)

Primer KF2-F32: 5'-"d(CCGGAACAGACACCAGGTTT
AGCATTATGAATTATATGGT) -3" (SEQ ID No:49)

Primer KRZ-RiZ: 5' -Pd (GAAGCTGTACCGTCACATGA
TTGTTTACATTTATAGCATC) ~3" (SEQ ID No: 50)

Commen seguence KFE3: 5¢-PH(ATACCGATGAGTGTGCTACC) -3 (SEQ ID
No: 51)

Common sequence KR3: 5'-Pd(TGGCCTGTGTGACACTATGECS) -3' (SEQ ID
No: 52)

Primer KF3-F43: 5'-"d{ATACCGATGAGTGTGCTACC
TGGTTTTARRACTCTGATAC) -3 (SEQ ID No: 53)

Primer KR3-R33: 5 -Pd (TGGCCTGTGTGACACTATGC
AGTATGATGAGGGTGTAACA)-3" (SEQ ID No: 54)

[C132]

(2) Synthesis of artificial nucleic acid (azobenzene)-inserted

w
o
0

ID

primers

In this example, three pairs of primers containing the
game common segquences as those of the respective joint primers
prepared in the step 1 were designed to be able to respectively
oind to the three kinds of PCR fragments amplified respectively
using the joint primer sets. Then, a polymerase reaction
inhibitory reglon (X} containing azobenzene (artificial

nucleic acid) and a tag seguence T2Z or TZ23, or a tag seguesnce
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T24 or TZ5, or a tag sequence T2&6 or TZ27 were introduced into
the 5' end ¢f each corresponding primer to synthesize tagged
primers T22-X-KF1l and TZ23-X-KR1, T24-X-KF2 and T25-X~-KR2, and
T26-X-KF3 and T27-X-KR3. These six azobenzene-inserted
primers were purchased as preducts custom-synthesized by
T3OKUBA OLIGC SERVICE CO., LTD. The following shows the three
primer sets prepared in this study.

[0133]

Tag sequence T22: 5'~ d(TGGCAACATTTTTCACTGGGTITATAG) -3 (SEQ
ID No: 55)

Tag sequence TZ3: 51 -4 (GETTAGCTTCCAACCACGTGTAGATCA) -3 (SEQ
ID No: 56)

Primer T22-X-KFl: 5'-Pd(TGGCAACATTTTTCACTGGGTTTATAG X
TGCGCTGACCTAGAGGTCTT) -3 (SEQ ID No: 57)

Primer T23-X-KR1: 5'-"d{GGTTAGCTTCCAACCACGTIGTAGATCA X
ATGRARATGCAGGCCATTCGGE) ~37 (SEQ ID No: 58

Tag sequence T24: 5'-"d (CGCATTGAGCAAGTGTACAGAGCAT) -3 (SEQ ID
No: 59)

Tag sequence T25: 51 P4 (ATTATGCGTGGAGRAGCATATCATA) =37 (SEQ ID
No:eld)

Primer T24-X-KF2: 5'-"d(CGCATTGAGCAAGTGTACAGAGCAT X
CCGGAACAGACACCAGGTTT)-3"' (SEQ ID No:bl)

Primer T25-X-KR2: 5'-Pd(ATTATGCGTGGAGAAGCATATCATA X
GAAGCTGTACCGTCACATGA)Y -3 (SEQ ID No:62)

Tag seguence T26: 5'-Pd(AATTGCGCATGTCCATGTGTAAR) -3 (SEQ ID
No:63)

Tag seguence T27: 5'-Pd(TACTTTAGAGGARACTGCTGAG) -3 (SEQ ID
No:64)

Primer T26-X-KF3: 5'-"d(AATTGCGCATGTCCATGTGTAA X
ATACCGATGAGTGETGCTACC) -3" (SEQ ID No:65)

Primer T27-X-KR3: 5'-Pd{TACTTTAGAGGARACTGCTGAG X
TGGCCTGETGETGACACTATGC) -3 (SEQ ID No:gb)

(01347

(3) PCR using joint primers and azobenzene-inserted primers

PCR was performed using the six primer sets prepared by
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performing the above steps (1) and (2). Specifically, a 100
pHl PCR mixture was prepared by putting the primer KF1-Fj1, the
primer KR1I-Rjl, the primer KF2-Fi2, the primer KR2-RJ2, the
primer KF3-F73, the primer KR3-R33, the primer T22-X-KF1l, the
primer T23-X-KR1, the primer TZ4-X-KF2, the primer T25-X-KRZ,
the primer T26-X~-KF3, and the primer T27~-X~KR3 (8 pmol each},
and the template(s) (10 ng each) in & 0.2-ml PCR tube, and
following the instruction manual of a PCR device ExTag
{available from Takara Blo, Inc.). The following five kinds
of PCR mixtures were prepared:

(1) a PCR mixture containing pUCLS {(available from Takara Bic,
Inc.) as a template;

(ii1) a PCR mixture containing the EcoRI methylase gene as a
template;

(1ii) & PCR mixture containing the BamHI methylase gene as a
template;

(iv) a PCR mixture containing all the three templates pUC19
(available from Takara Bio, Inc.), the EcoRI methylase gene,
and the BamHI methylase gene; and

(v) a PCR mixture containing no template.

[0135]

After these PCR mixtures were prepared, the tubes were
set in a thermal cycler (GeneAmp PCR System, available from
Applied Biosystems), and subjected to heat treatment at 95°C
for five minutes and then exposed to 30 cycles of 95°C for 30
seconds, 55°C for 30 seconds, and 72°C for 30 seconds.
Consequently, the following DNA fragments containing the target
seguences were amplified: (i) about 360 bp; (ii) about 230 bp:
(1ii) about 130 bp; (iv) three fragments of about 360 bp, about
230 bp, and about 130 bp; and {(v) no amplified DNA fragment
(negative control).

[0136]
(4) Preparation of latex-bound oligonuclectide probes
Each palr of a carboxyl group-containing polystyrene

latex (blue) (solids content: 10% (w/w), available from Bangs
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Laboratories, Inc.) and an amino group-containing
oligonucleotide probe 28 (SEQ ID No:67, strand complementary
to SEQ ID No:55}, a carboxyl group~containing polystyrene latex
{orange) (solids content: 10% (w/w), available from Bangs
Laboratories, Inc.) and an aminc group~containing
oligonucleotide probe 29 (SEQ ID No:68, strand complementary
to S3EQ ID No:28), and a carboxyl group-containing polystyrene
latex (green) (solids content: 10% (w/w), available from Bangs
Laboratories, Inc.) and an amino group-containing
oligonucleoctide probe 30 (SEQ ID No:69, strand complementary
to SEQ ID No:63) were bonded by mixing the pair in MES buffer
containing a necessary amount of a water-soluble carbodiimide,
and the resulting products were blocked with monocethanolamine.
The reacticn solutions were centrifuged, and the supernatants
were then removed. The obtained precipitates were
individually washed with water and then resuspended in HEPES
buffer with a surfactant to prepare an oligeonucleotide probe
28-bound latex (blue), an oligonucleotide prebe Z8-bound latex
(orange), and an cligonucleotide probe 30-bound latex (green),
respectively.
(01377

These thres latexes were uniformly applled to a glass
fiber pad, and the padwas dried in a vacuumoven. Inthismanner,
a conjugate pad was obtained.
Oligonucleotide prcbe 28:
51-"d (CTATAAACCCAGTGARARATGETTGCCA) -NH,—-3 ' (SEQ ID No:67)
Oligonucleotide probe 2Z29:
51 -"d (TTGCTCTGTACACTTGCTCAATGCG) ~NH,~3" (SEQ ID No:68)
Cligonuclectide probe 30:
51 -3 (TTACACATGGACATGCGCAATT) -NH,-3" (SEQ ID No:69)
[0138]
(5) Immcbilization of three oligonucleotide prebes on solid
phase

A 3'~biotin-modified cligonuclectide probe having a

sequence (SEQ ID No:70) complementary to SEQ ID No: 56, a
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3'~bictin-modified oligonucleoctide probe having a seguence
(SEQ ID WNe:71) complementary to SEQ ID No:690, and a
3t-biotin-medified oligonuclectide probe having a seguence
{SEQ ID No:72) complementary to SEQ ID No:64 were individually
mixed with streptavidin. The resulting mixtures were applied
with a dispenser respectively along three separated lines on
anitrocellulose membrane {product name: Hi-Flow 135, available
from Millipore Corporation) in the stated order from the
upstream, and air-dried at 40°C for 30 minutes. In thismanner,
three detection lines were formed,.
[013%]
Oligonucleotide probe 31:
51 P8 (GATCATACACGTGGTTCGAAGCTAACC) -Biotin~3" (SEQ ID No:70)
Oligonucleotide probe 32:
5P (TATGATATGCTTCTCCACGCATAAT) -Biotin-3" (SEQ ID No:71)
OCligonucleotide probe 33:
5'-Pd (CTCAGCAGTTTCCTCTAAAGTA) -Biotin-3" (SEQ ID No:72)
[0140]
(6} Preparation of nucleic acid chromatography-like test strip
A test strip to be used for detection of the PCR products
amplified using the azobenzene-inserted primer sets was
prepared by attaching a chromatographic medium consisting of
the nitrocellulose membrane prepared above, the conjugate pad
prepared in the step (4), a general sample pad as a sample
application zone, and an absorption pad for absorbing the
developed sample and the labeling substances to a substrate
consisting of a backing sheet as shown in Fig. 6.
(01417
(7} Detection of PCR products using test strip
Each of the PCR products (i) to (v) prepared in the step
(3) was immediately, without being denatured, applied to the
sample application zone on the test strip prepared in the step
(6) to perform detection by chromatography. The results are
shown below.

(1}: Only the first detection line turned blue.
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(ii): Only the second detection line turned crange.
(iii}: Only the third detection line turned green.
{iv): The first, second, and third detection lines turned blue,
crange, and green, respectively.
(v): No color change was cbserved for all the detection lines.
The results confirmed that it is possible to specifically
detect each of the target genes and tc detect the three kinds
of genes. The detection by chromatography took as short a time
as 10 to 15 minutes.
101423
<Example 8>
(1) Synthesis of joint primer
In this example, a forwardprimer (F} and a reverse primer
(R} were designed to be able to amplify about 330 base pairs
by PCR amplificaticn using pUCLlY9 {(available from Takara Rio,
Inc.) asatarget nucleic acidtemplate. Then, common seguences
KF and KR were respectively introduced into the 5' ends of these
primers to synthesize common sequence-added primers KF-F and
KR-R. These two common sequence-added primers {joint primers)
were purchased as products custom-synthesized by TSUKUBA OLIGC
SERVICE CC., LTD. The following shows the primer set prepared
in this study.
[0143]
Common seguence KF: 5'—Dd(TGGGCTGACCTAGAGGTCTT)—3‘ (SEQ ID
No:73)
Common ssaguence KR: 5'~Dd(ATGAAATGCAGGCCATTCGG)*3' (SEQ ID
No:74)
Primer KF-F: 5'-Pd(TGGGCTGACCTAGAGGTCTT
GGAAACAGCTATGACCATGA) -37 (SEQ ID No:75)
Primer KR-R: 5'-Pd{ATGAAATGCAGGCCATTCGG
TCTATGCGGCATCAGAGCAG) -3 [(SEQ ID No:74)
[0144]
(2) Synthesis of biotin-modified primer and FITC-~modified
primer

In this example, primers containing the same common
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seqguences as those of the respective Joint primers prepared in
the step (1) were designed to be able to bind to the PCR fragment
amplified using the Zoint primer set. One of these primers
synthesized had a 5' end modified with biotin, and the other
had a 57 end modified with FITC. These two modified primers
were purchased as products custom-synthesized by TSUKUBA QLIGO
SERVICE CO., LTD. The following shows the primer set prepared
in this study.
Primer KF2: 5'-Biotin-"d(TGGECTGACCTAGAGGTCTT) -3 (SEQ ID
No:77)
Primer KR2: 5'~FITC~"d (ATGARATGCAGGCCATTCGG) -3 (SEQ ID No:78)
(61457 .
(3) PCR using idoint primer and modified primer

PCR was performed using the primer sets prepared by
performing the above steps (1) and (2}). Specifically, a 100
nl PCR mixture was prepared by putting the primer KF-F, the
primer KR-R, the primer KFZ, and the primer KRZ (8 pmol sach),
and pUC1Y% (10 ng) as a template in a 0.2-ml PCR tube, and
following the instruction manual of a PCR device ExTag
(available from Takara Bio, Inc.}. After the preparation of
the PCR mixture, the tube was set in a thermal cycler (Genelmnp
PCR System, available from Applied Biosystems), and subijected
to heat treatment at 25°C for five minutes and then exposed to
30 cycles of 95°C for 30 seconds, 55°C for 30 seconds, and 72°C
for 30 seconds. Consequently, an about 360~bp DNA fragment
containing the target sequence was amplified.
[0146]
(4; Preparation of latex-bound streptavidin

A carboxyl group-containing polystyrene latex (blue)
(solids content: 10% (w/w), available from Bangs Laboratories,
Inc.) and streptavidin (available from Wako Pure Chemical
Industries, Ltd.) were bonded by mixing them in MES buffer
containing a necessary amount of a water-soluble carbodiimide,
and the resulting product was blocked with moncethanolamine,

The reaction soluticon was centrifuged, and the supernatant wag
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then removed. The obtained precipitate was washed with water,
and then resuspended in HEPES buffer with a surfactant to
prepare a streptavidin-bound latex (blue). This latex
solution was uniformly applied to a glass fiber pad, and the
pad was dried in a vacuum oven. In this manner, a conjugate
pad was obtained.
[0147]
{5) Immobilization of anti-FITC (fluorescein isothiccvanate)
antibody to solld phase

An anti-FITC antibody {available from Invitrogen) was
dissolved in 5 mM Tris buffer {(pH 7.5), and applied with a
dispenser along a line on a nitrocellulose membrane (product
name: Hi-Flow 135, available from Millipore Corporation), and
then ailr-dried at 40°C for 30 minutes. In this manner, a
detection line was formed.
[0148]
{6) Preparation of nucleic acid chromatography-like test strip

A test strip to be used for detection of the PCR product
amplified using the set of the bilotin-modified primer and the
FITC-modified primer was prepared by attaching a
chromatographic medium consisting of the nitrocellulcse
membrane prepared above, the conjugate pad prepared in the step
(4), a general sample pad as a sample application zone, and an
absorption pad for absorbing the developed sample and the
labeling substance to a substrate consisting of a backing sheet
ag ghown in Fig. ©.
[0149]
(7} Detection of PCR product using test strip

The PCR product cbtained in the step (3) was immediately,
without being denatured, applied to the sample application zone
on the test strip prepared in the step (6) to perform detection
by chromatography. Conseguently, a colored line specific to
the target nucleic acid was detected aiong the test line for
the sample prepared using pUCLY% as an analyte in the step (3).

In contrast, there was no line detected for the negative control
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prepared using water instead. The detection by chromatography
roock as short a time as 10 to 15 minutes.
[0150]
<Example 9>
(1} Synthesis of joint primers

In this example, three pairs of primers, a forward primer
(F41) and a reverse primer (Rjl), a forward primer (Fi2Z2) and
a reverse primer (Rj2), and a forward primer (Fj3) and a reverse
primer (Rj3), were designed to be able to amplify about 330 base
pairs, about 200 base pairs, and about 100 base pairs,
respectively, by PCR amplification using the three genes: pUCIS
{available from Takara Bio, Inc.), an EcoRI methylase gene, and
a BamHI methylase gene as target nucleic acid templates,
respectively. Then, common seguences KFi and KR1, common
sequences KF2 and KR2, or commen sequences KEF3 and KR3 were
introduced into the 5 ends of each corresponding primer pailr
to synthesize common sequence-added primers KF1-F31 and KR1-Rjl,
KF2-F32 and KR2-Rj2, and KF3-F]3 and KR3-Rj3. These six common
Sequence—added primers (joint primers) were purchased as
products custom-synthesized by TSUKUBA OLIGO SERVICE CO., LTD.
The following shows the three primer sets prepared in this
study.
[0151]
Common sequence KF1l: 5'-"d(TGGGCTGACCTAGAGGTCTT)-3' (SEQ ID
Ne:79)
Common sequence KRI1: 5'-Pd (ATGARATGCAGGCCATTCGE) -3 (SEQ ID
No:80)
Primer KFL-Fil: 5'-"d(TGGGCTGACCTAGAGGTCTT
GGARACAGCTATGACCATGR) -3 (SEQ ID No:gl)
Primer KR1-Rjl: 51 ~"d {ATGARATGCAGGCCATTCGG
TCTATGCGGCATCAGAGCAG)-3"' (SEQ ID No:82)
Common seguence KFZ: 5'-P4 (CCGGRACAGACACCAGGTTTY -3 (SEQ ID
No:83)
Common seqguence KRZ: 5' "3 {GAAGCTGTACCGTCACATGAY -3 (SEQ ID
No:84)
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Primer KF2-Fj2: 5'-"d(CCGGARCAGACACCAGGTTT
AGCATTATGAATTATATGGET) -3 (SEQ ID No:8bh)
Primer KR2-RjZ2: 5'-"d{GRAAGCTGTACCGTCACATGA
TTGTTTACATTTATAGCATC)-3" (SEQ ID No:Be)
Commen seguencs KE3: 5 =P (ATACCGATGAGTIGTGCTACCY -3 (SEQ ID
No:87:
Common sequence KR3: 51 P (TGGCCTETGTGACACTATGC) -3 (SEQ ID
No:88)
Primer KF3-F33: 5'-"d(ATACCGATGAGTGTGCTACC
TGGTTTTAAAACTCTGATAC) 3" (SEQ ID No:89;
Primer KR3-R33: 5'-"d(TGCCCTGTGTGRACACTATGE
AGTATGATGAGGGTGTAACA)-3" (SEQ ID No:30)
(0152}
(2) Synthesis of artificial nucleic acid (azobenzene)-inserted
primers and biotin-modified primers

In this example, three pairs of primers containing the
same common sequences as those of the respective joint primers
prepared in the step (1) were designed to be able to respectively
bind to the three kinds of PCR fragments amplified respectively
using the joint primer sets. As one primer of each of these
three pairs, primers modified with biotin at the 5' end, i.e.,
KF1l, KF2 and KF3, were synthesized. Also, as the other primer
of each of these three pairs, tagged primers having at the 5
end a polymerase reaction inhibitory reglon (¥} containing
azcbhenzene (artificilal nucleic acid), and a tag seguence T34,
T35 or T36, i.e., T34~X-KR1, T35-X-KRZ, and T36-X-KR3, were
synthesized. These six modified primers were purchased as
products custom-synthesized by TSUKUBA OLLGO SERVICE CC., LTD.
The following shows the three primer sets prepared.
[C153]
Tag seqguence T34: 51 -Pd (GETTAGCTTCCAACCACGTGTAGATCA) -3 (SEQ
ID No:9l)
Primer XFl: 5'-Biotin-"d(TGGGCTGACCTAGAGGTCTT)~3" (SEQ ID
No:t92)
Primer T34-X-KR1: 5°-Pd{GGTTAGCTTCCAACCACGTGTAGATCA X



10

20

25

30

35

56

ATGRAATGCAGGCCATTCGG) -3 (SEQ ID No:93)

Tag sequence T35: 5'-"d(ATTATGCCTGGAGRAGCATATCATA) -3 (SEQ ID

No: 94

rimer KF2: 5'-Rictin-"d (CCGGARCAGARCACCAGGTTT)-3' (SEQ ID

No:95)

Primer T35~-X~KR2: 5'-"d(ATTATGCGTGCAGAAGCATATCATA X

GAAGCTGTACCGTCACATGA) -3"' (SEQ ID No:26)

Tag seguence T36: 51 -4 (TACTTTAGAGGRARACTGCTGAG)-3" (SEQ ID

No:97)

Primer KF3: 5'-Biotin-"d(ATACCGATGAGTGTGCTACC)-3"' (SEQ ID

No:98)

Primer T36-X~-KR3: 5'-"d(TACTTTAGAGGARACTGCTGAG X

TGGCCTGTGTGACACTATGC) -3 (SEQ ID Ne:99)

[0154]

(3) PCR using Joint primers and azobenzene-inserted primers
PCR was performed using the six primer sets prepared by

performing the above steps (1} and (2). Specifically, a 100

pl PCR mixture was prepared by putting the primer KF1-Fjl, the

primer KR1-RJ1l, the primer KF2-FjZ, the primer KRZ2-RiZ, the

primer KF3~Fij3, the primer KR3-Ri3, the primer KFl, the primer

T34-%X-KR1, the primer KF2, the primer T35-X-KRZ, the primer KF3,

and the primer T36~X-KR3 (8 pmol each), and the template(s) {10

ng each; in a 0.Z-ml PCR tube, and following the instructiocn

manual of a PCR device ExTag (available from Takara Bio, Inc.).

The following five kinds of PCR mixtures were prepared:

{1} a PCR mixture containing pUClS (available from Takara Bio,

Inc.) as a template;

(ii) a PCR mixture containing the EcoRI methylase gene as a

template;

(iii) a PCE mixture conteining the BamHI methylzase gene as a

template;

(iv) a PCR mixture containing all the three templates pUCLY

{available from Takara Bio, Inc.), the EcoRI methylase gene,

and the BamHI methylase gene; and

(v a PCR mixture containing no template.
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After these PCR mixtures were prapared, the tubes were
set in a thermal cycler {(Genelfmp PCR System, available from
Applied Biosystems), and subjected to heat treatment at 95°C
for five minutes and then exposed to 30 cycles of 55°C for 30
seconds, 55°C for 30 seconds, and 72°C for 30 seconds.
Consequently, the following DNA fragments containing the target
sequences were amplified: (i) about 360 bp; (11) about 230 bp:;
(1ii} about 130 bp; (iv) three fragments of about 360 bp, about
230 bp, and about 130 bp; and (v) no amplified DNA fragment
(negative control).

[0155]
(4) Preparation of gold cellold-bound streptavidin

Geold Colleoid (particle size: 40 nm, available from
British BicCell International) and streptavidin were mixed and
incubated at 50°C for 16 hours. The resulting nmixture was
centrifuged at 6000 rpm for 15 minutes, and the supernatant was
removed. The residue was combined and mixed with 0.05 M sodium
chioride and 5 mM phosphate buffer (pH 7}, and then incubated
again at 50°C for 40 hours.

After the incubation, the resulting mixture was
centrifuged {000 rpm, 12 minutes). The supernatant was
removed, and the residue was combined with 5 mM phesphate buffer
(pH 7). This buffer replacement procedure was performed again.

The obtained gold colloid solution was uniformly applied
to a glass fiber pad, and the pad was then dried in a vacuum
oven. In thilis manner, a conjugate pad was obtained.

[0156]
(5) Immokilization of three cligonuclectide probes on solid
phase

An oligonucleotide probe having a sequence (SEQ ID
No:100) complementary to SEQ IDNg: 91, anoligonuclectide probe
having a segquence (SEQ IDNo:101) complementary to SEQ ID No: &4,
and an oligonucleotide probe having a sequence (SEQ ID No:102)
complementary to SEQ ID No:97 were synthesized. The resulting

probe sclutions were applied with a dispenser respectively
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along three separated lines on a nitrocelilulose membrane
(product name: Hi-Flow 135, available from Millipore
Corporation) in the stated order from the upstream, and
air-dried at 40°C for 30 minutes, In this manner, three
detection lines were formed.
[0157:
Cligonuclectide probe 37:
5 P4 (GATCATACACGTGETTGCAAGCTAACC) -3 (SEQ ID No:100)
Oligonucleotideprobe.BS:5’wa(TATGATATGCTTCTCCACGCATAAT)~3’
(SEQ ID No:lOl)
Oligonucleotide probe 39: 5'-"d(CTCAGCAGTTTCCTCTAARAGTA) -3
(SEQ ID No:102)
[0158]
(6} Preparation of nucleic acid chromatography-like test strip
A test strip to be used for detection of the PCR products
amplified using the sets of the biotin-modified primers and the
azobenzena-inserted primers was prepared by attaching a
chromatographic medium consisting of the nitrocellulose
membrane prepared above, the conjugate pad prepared in the step
(4), a general sample pad as a sample application zone, and an
abgsorption pad for absorbing the develcoped sample and the
labeling substance to a substrate consisting of a backing sheet
as shown in Fig. 6.
[0159]
(7) Detection of PCR products using test strip
Bach of the PCR products (i) to (v) prepared in the step
{3} was immediately, without being denatured, applied to the
sample application zone on the test strip prepared in the step
(6) to perform detection by chromatography. The results are
shown below.
{1): Only the first detection line was colored.
{(ii}: Only the seccnd detection line was colored.
(iii): Only the third detection line was colored.
(iv): All the first, second, and third detection lines were

colored.
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(v): No color change was observed for all the detection lines.
The results confirmed that it is possible to specifically
detect each of the target genes and to detect the three kinds
of genes. The detection by chromatography tock as short a time
as 19 to 15 minutes,
[0160]
<Example 10>
(1) Synthesis of artificial nucleic acid (azobenzene)~ingerted
primer
In this example, Escherichia coli (E. coli DH5a)
transfected with the plasmid pUCLY was used as a target. A
forward primer (F) and a reverse primer (R) were designed to
be able to amplify about 330 base pairs by PCR amplification
using pUCLY as a template. Then, a polymerase reaction
inhibitory region (¥} containing azobenzene (artificial
nucleic acid), and a tag sequence T37 or T38 were introduced
into the &
tagged primers T37-X-F and T38-X-R. These two

end of each corresponding primer to synthesize

azobenzene-inserted primers were purchased as products
custom-synthesized by TSUKUBA OLIGO SERVICE CGC., LTD. The
following shows the primer set prepared in this study.

Tag seguence T37: 57 =P {TGGCAACATTTTTCACTGEETTTATAG) -3 (SEQ
ID No:103)

Tag sequence T38: 5'-"d(GGTTAGCTTCCARCCACGTGTAGATCA) -3 (SEQ
ID No:104)

Primer 5 -P4 (GGAAACAGCTATGACCATGA) ~3' (SEQ ID No:l105)
Primer R: 5'-"d(TCTATGCGGCATCAGAGCAG)-3' (SEQ ID No:106)
Primer T37-X-F: 5'-"d(TGGCAACATTTTTCACTGGETTTATAG X
GGARACAGCTATGACCATGR) -3' (SEQ ID No:107)

Primer T38-X-R: 5'-Pd(GETTAGCTTCCAACCACGTGTAGATCA X
TCTATGCGGCATCAGAGCAG) -3 (SEQ ID No:108)

[C161]

(2} PCR using azobenzene-inserted primer set

I'rJ

A colony of Escherichia coli (E. coli DHBa) cells
transfected with the plasmid pUC1% was collected and mixed in
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1ml of water. PCR was performed using the primer set prepared
in the above step (1). Specifically, a 25 yul PCR mixture was
prepared by putting the primer F and primer R (5 pmol each) and
the Escherichia coli suspension (1 pl) in a 0.2-ml PCR tube,
and following the instructicon manual of a PCR device ExTag
{available from Takara Bio, Inc.). Subseguently, the tube was
set in a thermal cycler (GeneAmp PCR System, available from
Applied Biosystems), and subjected to heat treatment at 95°C
for five minutes and then exposed to 30 cycles of 95°C for 30
seconds, 55°C for 30 seconds, and 72°C for 30 seconds.
Consequently, the target fragment of about 330 bp was amplified.
Separately, the same reaction was carried out in the absence
of the suspension as a negative control.

[(0162]

{3) Preparation of gold collcid-bound oligonucleotide probe

Gold Colloid (10 nm, 5.7 x 10*? (particles/ml), available
from British BioCell International) and an anti-FITC antibody
soluticn (5 mM phosphate buffer, pH 7) were mixed and left to
stand still for 20 minutes at room temperature. To the
resulting mixture, one half volume of a solution of 1% BSA and
0.1% PEG was added, and the mixture was centrifuged at 10000
rpm for 25 minutes. After removing the supernatant, the residue
was combined and nixed with the solution of 1% BSA and 0.1% PEG,
and the mixture was then centrifuged at 10000 rpm for 25 minutes.
After the centrifugation, the supernatant was removed and the
residue was combined with 5 mM phosphate buffer {pH 7). This
buffer replacement procedure was performed again.

[0163]

The obtained gold colloid solution was mixed with a
3'-FITC-modified oligonucleotide probe 40 {SEQ ID No:109,
strand complementary to SEQ ID No:103). The mixture was
uniformly applied to a glass fiber pad, and the pad was then
dried in a wvacuum oven. In this manner, a conjugate pad was
obtained.

Oligonuclectide probe 40:
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51 -Pd (CTATARACCCAGTGAARAATGTTGCCA) ~FITC-3" (SEQ TID No:109)
[01i64]
(4) Tmmcbilization cf coligonucleotide proke on solid phase
A 37'-bictin-modifiled oligonucleotide probe 41 having a
sequence (SEQ ID No:lld) complementary tc SEQC ID No:104 was
mixed with streptavidin. The resulting mixture was applied
with a digpenser along a line on a nitrocellulose membrane
(product name: Hi-Flow 180, available frcm Millipore
Corporation}, and alr-dried at 40°C for 30 minutes.
Cligonucleotide probe 41:
51 -P4 (GATCATACACGTGGTTGGARGCTAACC) -Biotin-3"' (SEQ ID No:110)
[0165]
(5) Preparation of nucleic acid chromatography-like test strip
A test strip to be used for detection of the PCR product
amplified using the azobenzene~insertedprimer set was prepared
by attaching a chromatographic medium consisting of the
nitrocellulose membrane prepared above, the conjugate pad
prepared above, a general sample pad as a sample application
zone, and an absorpticon pad for absorbing the developed sample
and the labeling substance to a substrate consisting of a
backing sheet as shcown in Fig. 6.
[0166]
(6) Detection of PCR preduct using test strip
The PCR product obtained in the step (2) was immediately,
without being denatured, applied to the sample application zone
on the test strip prepared in the step (5) to perform detection
by chromatography. A colored line specific to the target
nuclelic acid was detected along the test iine for the sample
prepared using Escherichia coli cells as an analyte in the step
(2). 1In contrast, there was no line detected for the negative
control prepared without using Escherichia coli cells. The
detection by chromatography took as short a time as 10 to 15

minutes.
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0167]

Primer region

Tag region

Polymerase reaction inhibitcry region {(spacer region)
Primer region of first primer (Jjoint primer)

Common seguence of first primer (joint primer)

Common segquence of second primer

Tag region of second primer

£

Polymerase reacticon inhibitory region (spacer region) of

second primer

9. Target nucleic acid sequence

10. Forward primer

11. Primer region cf forward primer

12. Tag region of forward primer

13. Reverse primer

14. Primer region of reverse primer

15. Tag region of reverse primer

16. PCR product having a partially double-stranded nucleic acid
structure

17. Target nucleic acid seguence

18. First forward primer

19. Primer region of first forward primer

20, Tag region of first forward primer

21. First reverse primer

22. Primer region of first reverse primer

23. Taqg regicn of first reverse primer

24, Double-stranded PCR product synthesized with first primers
25. Second forward primer

26. Primer region cof second forward primer

27. Tag region of second forward primer

28. Second reverse primer

29. Primer reglon of second reverse primer

30. Tag region of second reverse primer

31. PCR product having a partially double~stranded nucleic acid
structure
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32. Sample pad

33. Con’jugate pad

34. Carrier having capture oligecnucleotide

35, Absocorpticn pad

36. Substrate

37, Test line

38. Control line

39. Oligonucleotide to be bonded to target molecule
40. Target mclecule

41. PCR product-target mclecule complex

42, Porous membrana

43. Capture oligonuclectide

44. Carrier (microarray) having capture oligonucleotide in each
well

45, Bead carrvier having capture cligonucleotide
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CLAIMS

Claim 1. A nucleic acid detection method, comprising the
step of hybridizing a first oligonucleotide probe immobilized
on a scolid phase with one of single-stranded regions which

comprise natural nucleotides and are respectively located at

opposite ends of an amplified double~stranded DNA fragment.

Claim 2. The nucleic acid detection method according to
claim 1, further comprising the step of hybridizing a second
oligonucleotide probe labeled with a labeling substance with

the other single-stranded region of the amplified DNA fragment.

Claim 3. The nucleic acid detection method according to
claim 2,

wherein the labeling substance comprises a colored
carrier that allows the amplified DNA fragment tc be visually
detected.

Claim 4. The nucleic acid detection method according teo any
one of claims 1 to 3, comprising the step of detecting the
presence of the amplified DNA fragment on a nucleic acid

detection device.

Claim 5. The nucleic acid detection method according to any
one of claims 1 to 4,
wherein the presence of the amplified DNA fragment is

detected by chromatography.

Claim 6. The nucleic acid detection method accerding to
claim 4 or 5} compriéiﬁg the following steps {(a) to {(c):

{a) placing the amplified DNA fragment in a zone on the
nucleic acid detection device which is different from a zone
where the first oligonucleotide probe i1s immobilized;

(by diffusing the amplified DNA fragment with a solvent
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on the device toward the zone where the first oligonuclectide
probe is immobilized; and

(c) hybridizing the first oligonucleotide probe with the
amplified DNA fragment in the zone where the first

oligonucleotide probe is immobilirzed.

Cilaim 7. The nucleic acid detection method according to
claim €, further comprising the step of hybridizing the second
oligonucleotide probe labeled with the labeling substance with

the amplified DNA fragment before the step (c).

Claim B, The nucleic acid detection method according to
claim 4 or 5, comprising the following steps (d) te (h):

{d) placing the amplified DNA fragment and the second
oligonucleotide probe labeled with the labeling substance
respectively in discrete zones on the nucleic acid detection
device which are different from a zone where the first
oligonucliectide probe 1s immobilized;

(e) diffusing the amplified DNA fragment with a solvent
toward the zone where the second oligonuclecotide probe labeled
with the labeling substance is placed;

(f}y hybridizing the second oligonucleotide probe labeled
with the labeling substance with the amplified DNA fragment in
the zone where the second oligonuclectide probe labeled with
the labeling substance is placed;

(gy diffusing a hybridization complex obtained in the
step (f) on a development medium toward the zone where the first
oligeonucleotide probe 1s placed; and

(h} hybridizing the first oligonucleotide probe with the
complex in the zone where the first oligeonucleotide probe is

immobilized.

Claim 9. The nucleic acid detection method according to any
one of claims 1 to 8,

wherein each of the single-stranded regions comprising
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natural nuclectides has a seguence in the same orientation as

the double-stranded DNA region.

Claim 10. The nucleic acid detection method according to any
one of claimg 1 to 9,

wherein the amplified DNA fragment is a product obtained
by a nucleicacid amplification technigue using two primers each
containing a tag region that is not made double-stranded by a

nucleic acid amplification reaction.

Claim 11. The nucleic acid detection method according to any
one of claimg 1 to 9,

wherein the amplified DNA fragment is a product obtained
by a nucleic acid amplification technique using & first primer
set including primers each comprising a seguence capable of
hybridizing toa template of the target nucleic acid and a common
sequence incapable of hybridizing to the template, and a second
primer set including primers each comprising a seguence capable
of hybridizing to a complementary sequence to the corresponding
common seguence and a tag region that is not made

double-stranded by a nucleic acid amplification reaction.

Claim 12. The nucleic acid detection method according to
claim 11,

wherein the tag region that is not made double-stranded
by a nucleic acid amplification reaction comprises natural
nucleotides, and has a seqguence in the same orlentation as the
seguence capable of hybridizing to a complementary seqguence to

the corresponding common seguence.

Claim 13. A detection device for use in the nucleic acid
detection method according to any one of claims 1 to 12, the
device comprising:

a zone where the amplified DNA fragment is placed;

a chromatographic carrier having the first
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oligonucleotide probe capable of binding to the ampiified DNA
fragment; and
the second oligonucleotide probe labeled with the

labeling substance.

Ciaim 14. An amplified double-stranded DNA fragment which is
produced by a nucleic acid amplification technique using two
primers each containing a tag region that is not made
double-stranded by a nucleic acid amplification reaction, and
which has at each end thereof a single-stranded region

comprising natural nuclectides.

Claim 15. The amplified double-stranded DNA fragment
according to claim 14,

wherein the tag regilon of sach primer that is not made
double-stranded by a nucleic acid amplification reaction
comprises natural nucleotides, and

the entire sequence of each primer 1s in the same

orientation.



<1

<120>

<130>

<140>
141>

150>
<1515

<150>
151>

<160>
<1700
<210
VARD.
212>

213

{220>
<223>
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Patentln version 3.1
1

20

DNA
Artificial

Primer F



2/59

<400> 1

gpazacaget atgaccatga

210> 2

211> 19

<212> DNA

213> Artificial

(220>
223> Primer R

<400> 2

ctatgeggoca tcagagcag

210> 3

Q21> 20

<212> DNA

213> Artificial

220>
223> Tag sequence T1

220>
221> misc_Teature
222> (1)..(20)



<223>

<400>

L-form DNA

3

gacaacggag acagagecaa

<210>
211>
212>
213>

<2200
<223>

<220>
<2215
<222>
{223>

<400>

4

20

DNA
Artificial

Tag sequence T2

misc_feature
(1).. (20}
L-form DNA

4

atgetaccgt atgeccagtg

<210>
Q1>
212>
213>

5

40

DNA
Artificial

3/59

20

20



<220>
<223>

<220>
221>
<222>
<223>

<400>

gacaacggag acagagccaa ggaaacaget atgaccatga

210>
AR DS
212>
213>

<220>
223>

<220>
<2217
222>
<223>

<400>

4/59

Primer Ti-F

misc_fTeature
(1).. (20)
L-form DNA

5

6

39

DNA
Artificial
Primer T2-R

misc_feature
{1)..(20)
L-form DNA

6

atgetacegt atgcccagtg ctatgeggea tcagageag

40

39



<210>
211>
<212>
<213>

<220>
<223>

<220>
221>
<222>
223>

<220>
221>
<222>
223>

<400>

5/59

7

20

DNA
Artificial

Probe 1

misc_feature
(1).. (20)
L-form DNA

modified_base
(20).. (20)

modified with amino group.

7

ttggotetgt ctcegtigte

<210>
211>
<212>
213>

8

20

DNA
Artificial



<220>
223>

<220>
221>
222>
<223>

<220>
221>
222>
<223>

<400>

6/59

Probe 2

misc_feature
(1y.. (20
L~form DNA

modified_base
(20) .. (20}

modified with amino group.

8

cactgggecat acggtageat

<2107
211>
212>
213>

<220>
<223>

<400>

9

42

DNA
Artificial

PCR inhibitory sequence H

20



aggegagete gegagegeae atgtgegetc gegacctoge ct

<210>
RI11>
2D
213>

<2205
<223>

<400>

10

25

DNA
Artificial

Tag sequence T3

10

tatgatatge ttotccacge ataat

<210>
<211>
212>
<213>

220>
223>

<400>

11

21

DNA
Artificial

Tag sequence T4

11

tgctectgtac acttgetcaa t

<210>

12

42

25

21



8/59
Q11> 87
{212> DNA
213> Artificial

<220>
<223> Primer T3-H-F

400> 12
tatgatatgc ttectccacge ataataggog agstcgogag cgeoacatgtg cgetogegac 60

ctegeotgga aacagetatg accatga 87

<210> 13

<21t> 82

<212> DNA

213> Artificial

<220>
<223> Primer T4-H-R

<400> 13
tgetetgtac acttgetcaa taggegaget cgogagogea catgtgeoget cgogacctecg 60

cctetatgee goatcagage ag 82

210> 14



Q211>
212>
213>

<220>
223>

<220>
221>
222>
223>

<400>

9/59
25
DNA
Artificial

Probe 3

modified base
(25).. (25)

modified with amino group.

14

attatgegtg gagaageata tcata

210>
<2115
<212
213>

<220>
<223>

<220>
2215
<222>
223>

15

21

DNA
Artificial

Probe 4

modified_base
21).. @20

modified with amino group.

25



<400>

15

attgagoaag tgtacagage a

210>
211>
212>
213>

<220>
223>

<400>

6

27

DNA
Artificial

Tag sequence T5

16

tggoaacatt tttcactggg ttitatag

210>
211>
212>
213>

<220>
<223>

<400>

17

27

DNA
Artificial

Tag seguence 16

17

gottagettec caaccacgtg tagatesa

10/59

27

27



<210>
211>
212>
.<2¥3>

220>
<223>

<220>
221>
222>
(223>

11/59

18

48

DNA
Artificial
Primer T5-X-F

misc_feature .
(28).. (28}

n is the azobenzene represented by Formula (1) of

the specification.

<400>

18

tggoaacatt tttcactggg tttatagngg aaacagetat gaccatga

<210
AR
212>
213

<2205
223>

<220>

19

48

DNA
Artificial
Primer T6-X-R



12/59
<221> misc_feature
222> (28)..(28)
223> n is the azobenzene represented by Formula (1) of

the specification.

<400> 19

gettagette caaccacgtg tagatcantc tatgeggeat cagageag

210> 20

Q1> 27

<212> DNA

213> Artificial

220>
223> Probe b

<2205

<221> modified_base

222> (21).. (20

223> modified with amino group.

<400> 20

ctataaaccc agtgaaaaat gttgecca

10> 21
Q11 27



212>
<213

<220>
<223>

220>
221>
222>
<223>

<400>

13/59
DNA
Artificial

Prohe ©

modified_base
27y.. @D

modified with amino group.

21

gatcatacac gtggttggaa gctaacce

<2105
WARD.
212>
213>

<220,
<223>

<2205
221>
222>
223>

22

27

DNA
Artificial

Probe 7

mod ified_base
27N .. @D
modified with thiol group.

27



<400>

22

ctataaaccc agtgaaaaat gttgcca

210>
21>
212>
213>

<220>
{223>

{220>
221>
222>
<223>

<400>

23

27

DNA
Artificial

Probe 8

modified_base
(20).. (20
modified with biotin.

23

gatcatacac gtggttggaa gotaace

210>
211>
212>
213>

<220>

24

27

DNA
Artificial

14/59

2]

21



<223>

<400>

Probe 9

24

gatcatacac gtggttggaa gotaace

<210>
211>
212>
<213>

<220>
<223>

<4007

25

21

DNA
Artificial

Tag sequence T10

25

tggcaacatt tttcactggg tttatag

<210>
211>
<212
213>

<220>
<223>

<400>

26

27

DNA
Artificial

Tag seguence T11

26

gpttagettc caaccacgtg tagatca

15/59

27

27

27



210>
\VARD.
<2125
213>

<220>
<223>

<2207
221>
<2227
<223>

16/59

27

48

DNA
Artificial

Primer T10-X-F1

misc_feature
(28).. (28)

n is the azobenzene represented by Formula (1) of

the specofocation.

<400>

21

tggcaacatt tttcactgege tttatagngg aaacagetat gaccatga

210>
2115
212>
213>

<2207
<223>

28

48

DNA
Artificial

Primer T11-X-R1



<2205
221>
222>
<223>

17/59

misc_feature
(28).. (28)

n is the azobenzene represented by Formula (1) of

the specification

<400>

28

ggttagettc caaccacgtg tagatcantc tatgeggeat cagagcag

<2105
AR D
212>
213>

<2207
<223>

<400>

29

25

DNA
Artificial

Tag sequence T12

29

cgeattgage aagtgtacag agcat

<210>
Q211>
<212>
213>

<2207

30

25

DNA
Artificial

48

25



223>

<400>

18/569

Tag sequence T13

30

attatecegte gagaagcats tcata

210>
211>
212>
<213>

<220>
{223>

<220>
221>
<2225
223>

31

46

DNA
Artificial

Primer T12-X-F2

misc_feature
(26).. (26)

n is the azobenzene represented by Formuia (1) of

the specification.:

<400>

31

cgcattgage aagtgtacag agcatnagea ttatgaatia tatggt

210>
Q211>
212>
213>

32

46

DNA
Artificial

25

46



<220>
<223>

<220>
221>
222>
<223>

19/59

Primer T13-X-R2

misc_feature
(26).. (26}

n is the azobenzene represented by Formuia (1) of

the specification.

<400>

32

attatgcegtg gagaagcata tcatanttgt ttacatttat agcate

210>
CARD.
212>
213>

<220>
<223>

<400>

33

22

DNA
Artificial

Tag sequence T14

33

aattgegecat gtceatgigt aa

<210>
AR

34
22

46

22



212>
213>

<220>
223>

<400>

20/59

DNA

Artificial

Tag sequence T15

34

tactttagag gaaactgetg ag

<2105
<2115
212>
213>

<220>
<223>

<220>
221>
<222>
{223>

35

43

DNA
Artificial

Primer T14-X~F3

misc_feature
(23).. (23)

n is the azobenzene represented by Formula (1) of

the specification.

<400>

35

aattgcogeat gteocatgtgt aantgegtttt aaaactotga tac

22

43



<210>
<2115
212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

21/59
36
43
DNA
Artificial

Primer T15-X-R3

misc_feature
(23).. (23)

n is the azobenzene represented by Formula (1) of

the specification.

<400>

36

tactttagag gaaactgetg agnagtatga tgagggigta aca

<210>
<211
212>
Q13

<220>
<223>

220>
221>

37

27

DNA
Artificial

Probe 16

modified_base



22/59
222> @2h.. 2D
<223> modified with amino group.

<400> 37

ctatazacce agtgaaaaat gttgccea

210> 38
Q211> 25
<212> DNA
213> Artificial

{220
223> Probe 17

<220>

<221> modified_base

<222> (25).. (25)

223> modified with amino group.

<400> 38

ttgototgta cacttgetca atgeg

210> 39

211> 22

<212> DNA

<213> Artificial

21

25



<2207
{223>

<220>
<2215
<222>
<223>

<400>

23/59

Probe 18

modified_base
(22).. (22)

modified with amino group.

39

ttacacatgeg acatgcgecaa tt

<210>
211>
212>
<213>

<220>
<2235

<220>
<221>
222>
<223>

<400>

40

27

DNA
Artificial

Probe 19

modified_hase
2nh..@2h
modified with biotin.

40

gatcatacac gtggttggaa getaace

22

27



210>
2112
212>
213>

<2207
223>

220>
221>
{222>
<223>

<400>

Artificial

Probe 20

modified_base

(25).. (25)

modified with biotin.

41

tatgatatge ttotccacge ataat

210>
211>
212>
213>

<220>
223>

220>

42

22

DNA
Artificial

Probe 21

24/59

25



221>
222>
<223>

<400>

25/59
modified_base
(22).. (22
modified with biotin.

42

ctcagcagtt toctctaaag ta

<210>
Q211>
212>
213>

<2205
<223>

<400>

43

20

DNA
Artificial

GCommon sequence KF1

43

tgggctgace tagaggtett

<210>
<2115
212>
213>

<220>
223>
<222>

44

20

DNA
Artificial

Common sequence KRI1

(.. (20)

22

20



{2235

<400>

26/59

44

atgaaatgca ggecattogg

<210>
Q211>
212>
213>

<220>
223>

<400>

45

40

DNA
Artificial

Primer KFi-Fjl

45

tgggctgace tagaggtott ggaaacaget atgaccatga

<210>
Q211>
212>
<213>

<2207
<223>

<400>

46

40

DNA
Artificial

Primer KR1-Rj1

46

atgasatgea ggocattogg totatgegge atcagageag

20

40

40



27/59

210> 47
211> 20
<212> DNA
213> Artificial

220>
<223> Common sequence KF2

<400> 47

ccggaacaga caccaggttt 20

<210> 48

211> 20

<212> DNA

213> Artificial

220>
223> Common sequence KR2

<400> 48
gaagetgtac cegtcacatga 20

210> 49
211> 40



212>
213

<220>
<223>

<400>

28/59
DNA
Artificial

Primer KF2-Fj2

49

cocggaacaga caccaggttt agcattatga attatatggt

210>
Q11>
212>
213>

<220>
<223>

<400>

50

40

DNA
Artificial

Primer KR2-Rj2

50

gaagetgtac cgtcacatga ttgittacat ttatagcatc

<210
AR D
212>
213>

220>

51

20

DNA
Artificial

40

40



29/59
<223> Gommon segusnce KF3

<400> 51
ataccgatga gtgtegctace

<210> 52

211> 20

<212> DNA

<213> Artificial

<220
223> Common sequence KR3

<400> 52
tgecctgtegt gacactatge

<210> 53

211> 40

<212> DNA

213> Artificial

220>
223> Primer KF3-Fj3

<400> 53
ataccgatga gtgtgetacc tggttttaaa actctgatac

20

20

40



<210>
21>
Q212>
213>

<220>
<223>

<400>

30/59

54

40

DNA
Artificial

Primer KR3-Rj3

94

tggectgtet gacactatge agtatgatga gggtgtaaca

<2100
AR,
VAV
<213>

<2205
223>

<400>

55

27

DNA
Artificial

Tag sequence 122

55

tggcaacatt tttoactgeg itttatag

<210>
\VARD

56
217

40

27



212>
213>

<220>
223>

<400>

31/59
DNA
Artificial

Tag sequence 123

56

gettagette caaccacgty tagateca

<2105
<115
212>
213>

<2207
<223>

<2205
221>
<222>
223>

57

48

DNA
Artificial

Primer T122-X-KF1

misc_feature
(28) .. (28)

n is the azobenzene represented by Formula (1) of

the specification.

<400>

57

tggecaacatt titcactgegg tttatagnte gscteaccta gaggtott

27

438



210>
211>
212>
213>

<2207
223>

<220>
<221>
222>
<223>

32/59
58
48
DNA
Artificial

Primer T23-X-KR1

misc_feature

(28).. (28)

n is the azobenzene represented by Formula (1) of

the specification.

<400>

58

ggttagettc caaccacgtg tagatcanat gaaatgcagg ccattcgg

<210>
<2110
212>
213>

<220,
<223>

<400>

59

25

DNA
Artificial

Tag sequence 124

59

cgeoattgage aagtgtacag ageat

48

25



33/59

<210> 60
211> 25
<212> DNA
213> Artificial

220>
223> Tag sequence 125

<400> 60
attatgcegteg gagaageata tcata

<210> 61

211> 46

<212> DNA

213> Artificial

2200
(223> Primer T24-X~KF2

<2205

<221> misc_feature

222> (26).. (26)

<223> n is the azobenzene represented by Formula (1) of

the specification.



<400>

34/59
61

cgcattgage asagtgtacag agcatnccgg aacagacacc aggttt

210>
211
212>
213>

<220>
<223>

<220>
221>
222>
<223>

62

46

DNA
Artificial

Primer T25-X-KR2

misc_feature
(26).. (26)

n is the azobenzene represented by Formufa (1) of

the specification.

<400>

62

attatgcgtg gagaagcata tcatangaag ctgtaccgtic acatga

<2105
<2115
Q12>
213>

<2207

63

22

DNA
Artificial



223>

<400>

Tag sequence 126

63

aattegecgcat gtecatgtgt aa

210>
211>
212>
213>

<220>
<223>

<400>

64

22

DNA
Artificial

Tag sequence T27

64

tactttagaeg gaaactgecte ag

210>
211>
212>
213>

<220>
223>

220>
221>

65

43

DNA
Artificial

Primer T26-X-KF3

misc_Teature

35/59

22

22



36/59
222> (23).. (23}
223> n is the azobenzene represented by Formula (1) of

the specification.

<400> 65
aatigecgcat gtccatgtgt aanataccga tgagtgtget ace 43

210> 66

211> 43

<212> DNA

213> Artificial

{2200
223> Primer T27-X-KR3

<220>

<221> misc_feature

222> (23).. (23}

{223> n is the azobenzene represented by Formula (1) of

the specification,

<400> 66

tactttagag gaaactgetg agntggectg tgtgacacta tge 43

<210> 67
Q1> 27



37/59
<212> DNA
213> Artificial

220>
<{223> Probe 28

<220>

<221> modified_base

222> (27)..@27)

<223> modified with amino group.

<400> 67

ctataaaccc agtgaaaaat gitgcca

<210> 68

Q211> 25

<212> DNA

213> Artificial

220>
223> Probe 29

<220>

<221> modified_base

<222> (25)..(25)

<223> modified with amino group.

27



<400>

38/59
68

ttgcictgta cacttgocteca atgeg

210>
<211
212>
<213>

<220>
<223>

<220>
221>
222>
223>

<400>

69

22

DNA
Artificial

Probe 30

modified_base
(22)..22)

modified with amino group.

69

ttacacatgg acatgocgeaa tt

210>
211>
212>
<213>

<220>
223>

70

27

DNA
Artificial

Probe 31

25

22



<220>
221>
222>
<223>

<400>

gatcatacac gtgegtteggaa getaace

210>
WARD,
212>
213>

<2207
223>

<220>
221>
222>
223>

<400>

modified_base
2h.. 27N
modified with biotin.

10

71

25

DNA
Artificial

Probe 32

modified_base

(25).. (28)

modified with biotin.

11

tatgatatge tictccacge ataat

<210

12

39/59

21

25



40/59
211> 22
<212> DNA
213> Artificial

<220>
<223> Probe 33

<220>

<221> modified_base

222> (22).. (22)

<223> modified with biotin

<400> 72

ctcagecagtt tecictaaag ta

210> 73

211> 20

<212> DNA

213> Artificial

<2200
{223> Common seguence KF

400> 73
tgggetgace tagaggtotit

22

20



41/59
<2105 74

Q211> 20

<212>  DNA

213> Artificial

220>
{223> Common sequence KR

<400> 74

atgazatgeca ggocattogg

210> 75

Q211> 40

<212> DNA

213> Artificial

<220>
223> Primer KF-F

<400> 75

tgeggcigace tagaggtett ggaaacagel atgaccatga

210> 76

211> 40

<212> DNA

213> Artificial

20

40



<220>
<223>

<400>

42/59

Primer KR-R

76

atgaaatgca ggeccaticge totatgcgge atcagageag

210>
2115
22>
213>

<220>
<223>

<220>
221>
<222>
<223>

<400>

17
20
DNA
Artificial
Primer KFZ

modified_base
(H..
modified with biotin.

11

tgggctgace tagaggtott

<210>
<2115
<212

78
20
DNA

40

20



<213>

<220>
<223>

<220>
221>
222>
<223>

<400>

Artificial

Primer KR2

modified base

(.. M
modified with FITC.

18

atgaaatgeca gegccattegg

<210>
<211
212>
213>

<2205
<223>

<400>

79

20

DNA
Artificial

Common sequence KF1

79

tgggctgace tagaggtott

210>
Q11>

80
20

43/59



44/59
212> DNA |
213> Artificial

<220>

<223> Gommon sequence KRT
<222>  (1)..(20)

223>

<400> 80

atgaaatgea ggeccaticge

210> 81

211> 40

<212> DNA

<213> Artificial

220>
223> Primer KF1-Fj1

<400> 81

tegpctgace tagaggtott ggaaacaget atgaccatga

<210> 82

211> 40

<212> DNA

213> Artificial

20

40



45/59

<2207
<223> Primer KR1-Rjt

<400> 82

atgaaatgeca ggocattogg totategcgge atcagageag

<210> 83

211> 20

<212> DNA

213> Artificial

{2205
223> (Common sequence KF2

<400> 83

ccggaacaga caccaggttt

<210> 84
211> 20
<212> DNA
213> Artificial

220>
<223> CGommon sequence KR2



<400>

46/59
84

gaagctgtac cgicacatga

210>
AR D
212>
213>

<220>
223>

<400>

85

40

DNA
Artificial

Primer KE2-Fj2

85

ccggaacaga caccaggttt agecattatga attatatggt

<210>
(VAR D
212>
213>

<220>
223>

<400>

86

40

DNA
Artificial

Primer KR2-Rj2

86

gaagoetgtac cgtocacatga ttgtttacat ttatagcate

20

40

40



<210>
11>
212>
213>

<220>
<223>

<400>

87

20

DNA
Artificial

Common sequence KF3

87

ataccgatga gtgtgetace

210>
211>
212>
213>

<220>
<223>

<400>

88

20

DNA
Artificial

Common sequence KR3

88

tggcctgtgt zacactatec

210>
211>
212>
AR,

89

40

DNA
Artificial

47/59

20

20



<220>
<223>

<400>

48/59

Primer KF3-FJ3

89

ataccgatga gtgtectacc tggtittaaa actcigatac

<210>
215
212>
<213>

<220~
<223>

<400>

90

40

DNA
Artificial

Primer KR3-Rj3

90

tggectgtet gacactatge agtatgatga gggtgtaaca

<210>
211>
212>
213>

<220>
<223>

91

217

DNA
Artificial

Tag seguence T34

40

40



<400> 91

ggttagetic caaccacgtg tagatea

210> 92
211> 20
<212> DNA
213> Artificial

<220
<223> Primer KF1

<220>

<221> modified_base

222> (.. (1)

<223> modified with biotin.

<400> 92
tgggetgace ftagaggtett

210> 93

211> 48

<212> DNA

213> Artificial

<220>
<223> Primer T34-X-KR1

49/59

27

20



220>
221>
222>
223>

50/59

misc_feature
(28)..(28)

n is the azobenzene represented by Formula (1) of

the specification.

<400>

93

ggttagetic caaccacgteg tagatcanat gaaatgcagg ccattecge

210>
2115
212>
<213>

<2205
223>

<400>

94

25

DNA
Artificial

Tag sequence T3b

94

attatgcgtg gagaagcata fcata

<210>
2115
212
213>

95

20

DNA
Artificial

48

25



51/59
220>
223> Primer KF2

<220>

221> modified_base

222> (1).. (1)

<223> modified with biotin,

<400> 95

ccggaacaga caccaggttt 20

<210> 96

Q211> 46

<212> DNA

213> Artificial

<220>
<223> Primer T35-X-KR2

<220>

221> misc_feature

<222> (26).. (26)

223> n is the azobenzene represented by Formula (1) of

the specification.

<400> 96

attatgegte gagaageata tcatangaag ctptaccgic acatsa 46



Q21
Q2
212>
213>

<220>
<223>

<400>

97

22

DNA
Artificial

Tag sequence T36

97

tactttagag gaaactgetg ag

<210>
AR D,
212>
<213>

220>
<223>

<220>
221>
222>
223>

<400>

98
20
DNA
Artificial
Primer KF3

modified_base
(.. M

modified with biotin.

98

ataccgatga gtgtgctace

52/59

22

20



<210>
\ARD
<212>
213>

<220>
<223>

<220>
221>
<222>
<223>

53/59

99

43

DNA
Artificial

Primer T36-X-KR3

misc_feature
(23).. {23}

n is the azobenzene represented by Formula (1) of

the specification.

<400>

99

tactttagag gaaactgctg agntggectg tgtgacacta tge

210>
<2115
212
21

<220>
<223>

100

27

DNA
Artificial

Probe 37



<400>

gatcatacac gtggttggaa geotaace

<2107
211>
212>
213>

<220>
223>

<400>

100

101

25

DNA
Artificial

Probe 38

101

tatgatatge ttoctccacge ataat

210>
21
212>
213>

<2207
223>

<400>

102

22

DNA
Artificial

Probe 39

102

ctecagecagtt tcctectaaag ta

21

25

22



<210>
211
VAV
213

220>
223>

<400>

103

27

DNA
Artificial

Tag sequence T37

103

tggoaacatt tttcactggg tttatag

210>
211>
212>
<213>

<220>
223>

<400>

104

21

DNA
Artificial

Tég sequence 138

104

gegttagettc caaccacgtg tagatca

210>
2115
212>
213>

105

20

DNA
Artificial

55/59

27

27



<220>
<223>

<400>

Primer F

105

gg aaacagctat gaccatga

<2102
211>
212>
213>

<2205
223>

<400>

106

20

DNA
Artificial

Primer R

106

tc tatgeggeat cagageag

<210
211>
212>
213>

<220>
223>

107

48

DNA
Artificial

Primer T37-X-F

56/59

20

20



57/59
<220>
221> misc_feature
<222> (28)..(28)
223> n is the azobenzene represented by Formula (1) of

the specification.

<400> 107
tggoaacatt titcactggg tttatagngg asacagetat gaccatga 48

<210> 108
<211> 48
<212> DNA
<213> Artificial

{2200
<223> Primer T38-X-R

<2200

221> misc_feature

222> (28)..(28)

<223> n is the azobenzene represented by Formula (1) of

the specification.

<400> 108
gettagettec caaccacgig tagatcantc tatgeggeat cagagcag 48



<210>
Q211>
212>
213>

220>
<223>

<220>
221>
<222>
<223>

<400>

109

27

DNA
Artificial

Probe 40

modified_base
(27).. (27
modified with FITG.

109

ctataaaccc agitgaaaaat gttgeca

<210>
21>
212>
213>

<2205
<223>

<220>
221>
222>

110

27

DNA
Artificial

Probe 41

modified_base
@n..@2n

58/59

27



223> modified with biotin.

<400> 110

gatcatacac gtgegtteggaa gotaace

59/59

21



