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Figure 3
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Figure 4
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Figure 5

A_1 12 AATACCCCTCT CTAGGC TTT GBRATT GTGCTGTGATGATARAAT GAATET BAT GCARATG 60
a2 1 ZAATATCTGG = mmm === mmm = o e e o e e oo §

*kkk K

Probe PA_1 IAATACCCCTCTCTAGGCTTT GGAARTT GTGCTGTGATGATARAAT GRATGT GAT GCARAT G

Probe PR_2 : GATGCARATG
ALl 61:CTCATGCTTTGGARTTAGAGCCT TTCAGT CCTGAGCTAGGT AGGCTT TACTAGCTGTTAT 120
B2 10 ~====r=rm—m ==~ GAGCCT TTCAGT CCT GAG CTAGGT AGGCTTTACTAGCTGTTAT 52

Fokkokdkieiklolokiciokdoik soick Jokkickcioiolokdckokiviok ik iokk ok
Probe PRA_2 :CTCATGCTTTGGARTTRGAGCCT TTCAGT CCTGAGCTAGG
Probe PA_3 : TAGGCTTTACTAGCTGITAT

A1 121 TGTTTCTTTCCTATTGCTTATTT CGAGACCAGTAT CCCTARGAGTGGLATTTITTTTTCTG 1380

R.2 53 :TGTTTCTTTCCTATTGCTTATTTCGRGACCAGTAT CCCTARGAGTGGCAT TTTTITGETG 112
sokckkiokkiolkclkolioicik dakokkokickdolkioklck okl doickickk lolokoloilck oickoiolok ok

Probe PA_3 :TGTTTCTTTCCTATTGCTTAYTT CGAGACCAGTATCCCTA

Probe PR_4 : AGTATCCCTARGAGTGGCATTTTTTTGCT G

R_1 181 CCLCTARGAGAGTACAT TCATGT GTCTTGTGATGT ARCARRTCACGTGTTLCT TCGCTAA 240
B2 113 :CCCCTARGAGAGCACAT TCATGTGTCTTGTGATGT AACARATCACGT GTTCCTTCGLTAR 172

soksoksdeicikoiciokk dokioioldiokolckicickkicklciokdolck loiciolvick lolck ook dolekolokkoiokalolckok

Probe PR_4 ICCLCTARGAGAGTACAT TCATGTGTCTT

Probe PAS : GTGTCTTGTGATGT ARCARRTCACGTGTTCCTTCGCTRA

ALl 241 ARTARRTATGCATGGTCCTC 280

4 173 IAATARATATGCATGGTCCTC 182
Fokokokksiclofkololok dolokoloiok ook

Probe PA_S :AATARATATGCATGGTCCTC
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Figure 6
B_1 1:ACCCGTTATTATCATATGIT TRCTGTAGCACARTATTGTCT ART TRCGGRCTGATT RGGC 60
B 2 1 ACCTGTTATTATCATATGTT TACTGT AGCACARCATTGTCT AAT TRCGGALTRATTAGGC €0

K kiokelkokkRkRIk kol Rk Rk okkicliilkickiolickoik Jokkokikk

Probe PB_1 CACCCGTTATTATCATATGITTACTGT AGCACARTATTGTCT ART TARCGGACTGATT AGSC

Probe PB 2 2 CTGATTAGGC
B_1 61 TCARRARARTCATCTCGCARART ATRCGCART TTGTGT ART TARTTA-TTTTTTAGTCTA 119
B2 61 TCARRARRATCGTCTAGCARART ACACGCAAT CTGTGCART TRATTATTITTTTTAGTCTA 120

Aoioiokciokioick oKk Ackioioickk solbioioloiok dokiok Sakokiokioiiok Jokkkicilkiiiok
Probe PB_1 ITCRARRAARAT
Probe PB_2 ITCAARARARTCATCTCGCARRAT ATARCGCAAT TTGTGTART TRATTATTTTTTAGTCTA
Probe PB_3 : TTRATTATTITTITAGTCTA

B_1 120 - CATTTAATACT TCATAT GTGTGT CAAACATCC GAT GTGATAGGG TRGGGGAGRARCTAA~ 178
B.2 121 ZCATTTRATACT TCATACGTGTAT CAARACATCC GAT GTGATAGGG TRGAGGAGGARCTARR 180

Soksokioiiokikoliiick Kiokk diokiciikoldiokickicidolickioliolik Fokobk sklokicick
Probe PB_3 :CATTTARTACT TCATAT GTGTGT CRRACATCCGAT GTGATAGGGTAGGGGA

Probe PB4 : GTGATAGGGTAGGGGAGRARCTAA

B.1 173~ ARGT CC~~—-——-~CACCATTATTT CGT ACCAGT GAAGCT GACGCATCT TRATTGCTTL 228

B.2 131 CAAGT CCTTRETTGCCAGCATTATTT CGT ACCAGT GARGCT GAT GCATCY TRATTGCTTC 240
FgokkkK Fk sokiokioldekakikloickloRkdickiiokiok Aokokickoiokekdokiokikkok

Probe PB_4 - RAGTCC CRCCATTATTTCGTRC

Probe PBS © CAGTGARAGCT GACGCATCT TRATTGLTTC

B_1 230 . TGACCAARTGT TTAGTAGCAGCAGTACTATCRTATTCTTCCTEGCTGCTCATAARTATGATT 289
B_2 241 TGACCARATGT TTAGTAGCAGCAGTACTATCATAT TCT TCCTGCTACTCATAATATGATY 300

JokokoickokRiokoRioRiok ik leiok ackiciickoldiokkkiolikooiolok. dokokpickoliokickk

Probe PB_S :TGACCARATGT TTAGTAGCAGCA

Probe PE_S : CRGTACTATCATATTCTTCCTGCTGCTCRTRATATGATT
B._1 230 TTGICTTGCATATT TTCAGGAGACTALTGAG ' 320
B.2 301:TTGICTTGCATATTTTCAGGAGACTACTGAG 331

Adkkokiskekiekkckkoliskiekiiokiokkiokdok

Probe PB_B TTGICTTGCATATTTTCAGGAGACTACTGAG
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Figure 7
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Figure 8
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Figure 9
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METHOD FOR DESIGNING PROBE IN DNA
MICROARRAY, AND DNA MICROARRAY
PROVIDED WITH PROBE DESIGNED
THEREBY

TECHNICAL FIELD

[0001] The present invention relates to a method for design-
ing a probe used in a DNA microarray for detecting, for
example, a mutation in genomic DNA, a DNA microarray
having a probe designed by the method, and a method for
detecting a mutation using the DNA microarray.

BACKGROUND ART

[0002] Of the polymorphisms represented by a single
nucleotide polymorphism (SNP), there is a polymorphism
that can be used as a mutation characterizing a variation in a
homogenous organism. More specifically, a predetermined
variation in a homogenous organism can be distinguished
from other variations by detecting and identifying a specific
mutation such as a polymorphism in genomic DNA. Further-
more, a variation of an organism to be tested can be specified
by detecting and identifying the mutation.

[0003] As a method for detecting such a mutation in
genomic DNA, a method of directly determining a sequence
of' a mutation site, a method of using a restriction enzyme
fragment length polymorphism (RFLP), a method of using an
amplification fragment length polymorphism (AFLP) and the
like are known. In addition, a method of analyzing a variation
based on identification of a polymorphism using a DNA
microarray called as a DArT (Diversity Array Technology)
method (Nucleic Acids Research, 2001, Vol. 29, No. 4, e25) is
known.

[0004] A method for preparing a DNA microarray for use in
the DArT method is shown in FIG. 9. First, genomic DNA is
extracted from a predetermined organism species and frac-
tionated with restriction enzyme A and restriction enzyme B.
Next, to the both ends of each of the genomic DNA fragments
obtained by the restriction enzyme treatment, an adaptor is
connected and each of the genomic DNA fragments is cloned
into a vector. Next, using a primer capable of hybridizing with
the adaptor, genomic DNA fragments are amplified by PCR.
Then, genomic DNA fragments amplified are spotted on a
substrate as a probe to prepare a DNA microarray.

[0005] Using the DNA microarray thus prepared, a varia-
tion of a organism species to be tested can be analyzed. First,
genomic DNA is extracted from an organism to be tested, and
fractionated with restriction enzyme A and restriction
enzyme B that are used for preparing the DNA microarray. To
the genomic DNA fragments, an adaptor is connected simi-
larly in the preparation of the DNA microarray and the result-
ant fragments are amplified by PCR. The amplified genomic
DNA fragments are tagged with a fluorescent label etc. and
hybridized with the probe spotted on the DNA microarray.
Based on the presence or absence of hybridization of the
labeled genomic DNA fragment with the probe detected, a
difference between the predetermined organism species used
in preparation of the DNA microarray and the organism spe-
cies to be tested can be analyzed.

SUMMARY OF INVENTION
Technical Problem

[0006] According to the DArT method, the diversity of an
organism species can be determined in a genotype level in the
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genomic DNA by using the DNA microarray prepared as
mentioned above. However, the DNA microarray prepared as
mentioned above has a problem in that the detection ability of
a probe, which is defined as a region flanked by restriction
enzyme recognition sites, is not sufficient. More specifically,
even if a genomic DNA fragment derived from an organism
species to be tested contains a small mutation such as SNP, the
genomic DNA fragment may often hybridize with the probe
of'the DNA microarray. In other words, the DArT method has
a detection limit, that is, detection cannot be made unless a
mutation such as a polymorphism is present in a restriction
enzyme recognition site or deletion of several hundreds of
base pairs is present.

[0007] Then, in the aforementioned circumstances, the
present invention is directed to providing a method for
designing a probe of a DNA microarray having an excellent
detection rate of a polymorphism such as SNP contained in
genomic DNA, a DNA microarray having a probe designed
by the method and a method for detecting a mutation using the
DNA microarray.

Solution to Problem

[0008] In the aforementioned circumstances, the present
inventors have made intensive studies and conceived a
method for designing a probe capable of detecting even a
small mutation such as SNP in the genomic DNA with an
excellent sensitivity, and a method of detecting a mutation by
using a DNA microarray having the probe immobilized
thereto.

[0009] The present invention includes the followings.
[0010] More specifically, the method for designing a probe
according to the present invention including the steps of:
specifying one or more regions having a shorter nucleotide
length than fragments flanked by restriction enzyme recog-
nition sites recognized by a restriction enzyme, contained in
genomic DNA derived from a target organism, and covering
at least one portion of the genomic DNA fragments; and
designing the specified one or more regions as a probe for
detecting the fragment in an organism to be tested.

[0011] The one or more regions can be specified by per-
forming the following steps:

[0012] (1a) extracting the genomic DNA;

[0013] (15) digesting the extracted genomic DNA with the
restriction enzyme;

[0014] (1¢) connecting an adaptor to the genomic DNA
fragments obtained the step (15);

[0015] (1d) amplifying the genomic DNA fragments using
a primer capable of hybridizing to the adaptor;

[0016] (1e) sequencing the amplified genomic DNA frag-
ment; and
[0017] (1f) determining the one or more regions based on

the nucleotide sequence.

[0018] In the step (15) herein, the genomic DNA may be
digested with one or more restriction enzymes. Furthermore,
in the step (1¢), the adaptor used preferably has a comple-
mentary sequence to a protruding end of the genomic DNA
fragments obtained the step (15). Moreover, the region to be
determined in the step (1f) has, for example, a 20 to 10000
nucleotide length, preferably, a 100 to 8000 nucleotide length
and more preferably, a 200 to 6000 nucleotide length.
[0019] Furthermore, the one or more regions can be speci-
fied using nucleotide sequence data on the genomic DNA by
performing the following steps:
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[0020] (2a) searching the nucleotide sequence data on the
genomic DNA for the restriction enzyme recognition
sequence to specify the nucleotide sequence of the genomic
DNA fragments obtained by digesting the genomic DNA
with the restriction enzyme; and

[0021] (2b) determining the one or more regions based on
the specified nucleotide sequence.

[0022] Herein, the region determined in the step (25) has,
for example, a 20 to 10000 nucleotide length, preferably, a
100 to 8000 nucleotide length, and more preferably, a 200 to
6000 nucleotide length.

[0023] Furthermore, the one or more regions can be deter-
mined by performing the following steps:

[0024] (3a) extracting the genomic DNA;

[0025] (3b) digesting the extracted genomic DNA with the
restriction enzyme;

[0026] (3¢) connecting an adaptor to the genomic DNA
fragments obtained in the step (35);

[0027] (3d) amplifying the genomic DNA fragments using
a primer capable of hybridizing to the adaptor;

[0028] (3e) digesting the amplified genomic DNA frag-
ment with another restriction enzyme; and

[0029] (3f) separating the DNA fragments obtained by
digestion in the step (3¢) as probes.

[0030] Furthermore, in the method for designing a probe
according to the present invention, a fragment flanked by the
restriction enzyme recognition sites may be a fragment
flanked by more than one restriction enzyme having different
recognition sequences.

[0031] In the step (3b) herein, the genomic DNA may be
digested with one or more restriction enzymes. Furthermore,
in the step (3¢), the adaptor used preferably has a comple-
mentary sequence to a protruding end of the genomic DNA
fragment obtained the step (15).

[0032] On the other hand, the DNA microarray according
to the present invention is prepared by immobilizing a probe
designed by the aforementioned method for designing a
probe according to the present invention on a carrier. Particu-
larly, in the DNA microarray according to the present inven-
tion, the probe is preferably synthesized on a carrier based on
the sequence data.

[0033] Ontheotherhand, a method for detecting a mutation
using the DNA microarray according to the present invention
is a method of detecting a mutation in a genomic DNA
derived from a target organism to be tested by using the
aforementioned DNA microarray according to the present
invention. Particularly, a mutation detection method using the
DNA microarray according to the present invention includes
the following steps:

[0034] extracting a genomic DNA derived from a target
organism to be tested;

[0035] digesting the genomic DNA with a restriction
enzyme having the same recognition sequence as the restric-
tion enzyme used in the method for designing a probe accord-
ing to the present invention;

[0036] connecting an adaptor to the genomic DNA frag-
ments obtained by the restriction enzyme treatment;

[0037] amplifying the genomic DNA fragments using a
primer capable of hybridizing to the adaptor; and

[0038] detecting a hybrid of the genomic DNA fragment
with the probe by bringing the amplified genomic DNA frag-
ment into contact with the DNA microarray according to the
present invention.
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[0039] Herein, in the step of digesting the genomic DNA
with the restriction enzyme, the genomic DNA may be
digested with one or more restriction enzymes similarly to the
method for designing a probe. Furthermore, in the step of
connecting the adaptor, as the adaptor, one having a comple-
mentary sequence to a protruding end of the genomic DNA
fragment obtained in the step of digesting the genomic DNA
with the restriction enzyme is preferably used. Moreover, the
step of amplifying the genomic DNA fragment may further
have a step of adding a labeling molecule to an amplified
genomic DNA fragment or may have a step of allowing the
genomic DNA fragment to incorporate a labeling molecule
when the genomic DNA fragment is amplified.

[0040] The specification of the present invention incorpo-
rates the content described in the specification and/or draw-
ings of JP Application No. 2009-283430 A, based on which
the priority of the present application is claimed.

Advantageous Effects of Invention

[0041] According to the present invention, it is possible to
provide a method for designing a probe having an excellent
detection rate of a polymorphism such as SNP contained in
genomic DNA, for use in a DNA microarray. Furthermore,
according to the present invention, it is possible to provide a
DNA microarray having an excellent detection rate of a poly-
morphism such as an SNP contained in a genomic DNA and
amethod for detecting a mutation by use of the DNA microar-
ray.

[0042] Application of the present invention enables to ana-
lyze, i.e., determine and identify, an organism species based
on a genotype, although it has been difficult to detect it by a
conventional method.

BRIEF DESCRIPTION OF DRAWINGS

[0043] FIG. 1 is a flow chart schematically showing a
method for designing a probe to which the present invention
is applied.

[0044] FIG. 2isaflow chart schematically showing another
method for designing a probe to which the present invention
is applied.

[0045] FIG. 3 is a flow chart schematically showing further
another method for designing a probe to which the present
invention is applied.

[0046] FIG. 4 is a flow chart schematically showing a step
of detecting a mutation by using a DNA microarray having a
probe designed by applying the present invention.

[0047] FIG. 5 is a characteristic view showing alignment of
A_1and A_ 2 and the site of the designed probe.

[0048] FIG. 6 is a characteristic view showing alignment of
B_1 and B_ 2 and the site of the designed probe.

[0049] FIG. 7is a characteristic graph showing the relation-
ship between the rate of mutation introduced in a probe and
the intensity of a signal detected.

[0050] FIG. 81isa characteristic graph showing the relation-
ship between the ratio of mutation site probe prepared in
Example 3 and the ratio of the sequence data in which a
mutation was detected.

[0051] FIG. 9 is a characteristic view schematically show-
ing a step of preparing a DNA microarray used in a conven-
tional DArT method.

DESCRIPTION OF EMBODIMENTS

[0052] Now, the method for designing a probe for use in the
DNA microarray according to the present invention, a DNA
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microarray having a probe designed by the method for
designing a probe, and a method of detecting a mutation by
use of the DNA microarray, will be more specifically
described, referring to the drawings.

Method for Designing a Probe

[0053] The probe to be designed in the present invention is
preferably applied to, particularly, a so-called oligonucle-
otide microarray. The oligonucleotide microarray is a
microarray, which is prepared by synthesizing an oligonucle-
otide having a desired nucleotide sequence on a carrier and
using the oligonucleotide as a probe. The synthesized oligo-
nucleotide used as a probe has, for example, a 20 to 100
nucleotide length, preferably a30 to 90 nucleotide length, and
more preferably a 50 to 75 nucleotide length.

[0054] Note that, the probe designed in the present inven-
tion may be applied to a microarray, which is prepared by
spotting a synthesized oligonucleotide having the aforemen-
tioned nucleotide length onto a carrier, similarly to so-called
Stanford-type microarray.

[0055] More specifically, the probe designed in the present
invention can be applied to any microarray as long as it is
conventionally known. Therefore, the probe designed in the
present invention can be applied to a microarray using a flat
substrate formed of glass and silicone etc., as a carrier and to
a beads array using micro-beads as a carrier.

[0056] More specifically, in the method for designing a
probe according to the present invention, first, genomic DNA
is extracted from a predetermined organism, as shown in FIG.
1 (Step 1a). As the organism, any one of a microorganism
such as a bacterium and a fungus, an insect, a plant and an
animal may be used. Note that, the method for designing a
probe shown in FIG. 1 is preferably applied to the case of
using an organism whose genomic DNA nucleotide sequence
data has not yet been elucidated. Furthermore, a method of
extracting genomic DNA is not particularly limited and a
method known in the art can be used.

[0057] Next, the extracted genomic DNA is digested with
one or more restriction enzymes (Step 15). In the example
shown in FIG. 1, genomic DNA is digested with two types of
restriction enzymes, restriction enzyme A and restriction
enzyme B, which are sequentially used in this order. The
restriction enzymes used herein are not particularly limited.
For example, Pstl, EcoRI, HindIII, BstNI, Hpall and Haelll
can be used. Particularly, the restriction enzyme can be appro-
priately selected in consideration of an appearance frequency
of a recognition sequence such that genomic DNA is com-
pletely digested into genomic DNA fragments having a 20 to
10000 nucleotide length. Furthermore, in the case where
more than one restriction enzyme is used, it is preferred that
after all restriction enzymes are applied, the genomic DNA
fragments of a 200 to 6000 nucleotide length remain. More-
over, when more than one restriction enzyme is used, the
order of supplying restriction enzymes to treatment is not
particularly limited. Furthermore, when common treatment
conditions (solution composition, temperature etc.,) are used,
more than one restriction enzyme may be used in the same
reaction system. To describe more specifically, in the example
shown in FIG. 1, genomic DNA is digested by using restric-
tion enzyme A and restriction enzyme B in this order; how-
ever, restriction enzyme A and restriction enzyme B may be
simultaneously used in a same reaction system to digest
genomic DNA. Alternatively, restriction enzyme B and
restriction enzyme A may be used in this order to digest
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genomic DNA. Furthermore, the number of restriction
enzymes to be used may be 3 or more.

[0058] Next, to genomic DNA fragments treated by the
restriction enzyme, an adaptor is connected (Step 1c). The
adaptor herein is not particularly limited as long as it can
connect to both ends of each of the genomic DNA fragments
obtained by the aforementioned restriction enzyme treat-
ment. As the adaptor, for example, one having a single strand
complementary to a protruding end (sticky end) formed at
both ends of genomic DNA fragments by restriction enzyme
treatment, and having a primer binding sequence to which a
primer to be used in the amplification treatment (specifically
described later) can hybridize, can be used. Furthermore, as
the adaptor, one having a single strand complementary to the
protruding end (sticky end) and having a restriction enzyme
recognition site for use in cloning into a vector.

[0059] Furthermore, in the digestion of the genomic DNA
with more than one restriction enzyme, more than one adaptor
can be prepared for use corresponding to the restriction
enzymes. More specifically, in the digestion of the enomic
DNA with more than one restriction enzyme, more than one
protruding end generates. To correspond to the more than one
protruding end, more than one adaptor having a single strand
complementary thereto can be used. At this time, the more
than one adaptor corresponding to the more than one restric-
tion enzyme may have a common primer binding sequence
such that a common primer can hybridize or may have differ-
ent primer binding sequences such that different primers can
hybridize.

[0060] Furthermore, in the digestion of genomic DNA with
more than one restriction enzyme, an adaptor can be prepared
foruse corresponding to one restriction enzyme selected from
the more than one restriction enzyme used or corresponding
to a part of the restriction enzymes used.

[0061] Next, a genomic DNA fragment having an adaptor
added to the both ends is amplified (Step 1d). When the
adaptor having a primer binding sequence is used, the
genomic DNA fragment can be amplified by use of a primer
capable of hybridizing with the primer binding sequence.
Alternatively, the genomic DNA fragment having an adaptor
added thereto is cloned into a vector by use of the adaptor
sequence. In this case, the genomic DNA fragment can be
amplified by use of a primer capable of hybridizing to a
predetermined region of the vector. Note that, as an amplifi-
cation reaction of a genomic DNA fragment by use of a
primer, for example, PCR can be used.

[0062] Furthermore, in the case where genomic DNA is
digested with more than one restriction enzyme and more
than one adaptor corresponding to the restriction enzymes are
connected to the genomic DNA fragments, the adaptors will
be connected to all genomic DNA fragments obtained by
treatment using more than one restriction enzyme. In this
case, all genomic DNA fragments obtained can be amplified
by a nucleic acid amplification reaction using a primer bind-
ing sequence contained in each of the adaptors.

[0063] Alternatively, in the digestion of the genomic DNA
with more than one restriction enzyme and the connection to
the genomic DNA fragment an adaptor corresponding to one
restriction enzyme selected from the more than one restric-
tion enzyme used or corresponding to a part of the restriction
enzymes used, only a genomic DNA fragment, of the
obtained genomic DNA fragments, having a recognition
sequence of the selected restriction enzyme at both ends can
be amplified.
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[0064] Next, the amplified genomic DNA fragment is
sequenced (Step 1e), one or more regions having a shorter
nucleotide length than the genomic DNA fragments and cov-
ering at least a part of the genomic DNA fragments are speci-
fied; and a probe for the one or more regions specified are
designed for detecting the amplified genomic DNA fragment
of'an organism to be tested (Step 1f). A method for sequencing
a genomic DNA fragment is not particularly limited. A
method known in the art employing the Sanger method etc.
and a DNA sequencer can be used.

[0065] In the steps (Steps 1e and 1f), one or more regions
having a shorter nucleotide length than the amplified genomic
DNA fragments are designed as a probe(s) for detecting the
genomic DNA fragment. Herein, in the case where more than
one region of a predetermined genomic DNA fragment are
used for designing, detection of the genomic DNA fragment
using more than one probe is intended. Furthermore, a single
region may be selected from a genomic DNA fragment and
designed, whereas a predetermined number (two or more) of
regions may be selected from another genomic DNA frag-
ment and designed. In short, the number of regions to be
designed may differ from one genomic DNA fragment to
another. As the regions to be designed herein, those having,
for example, a 20 to 10000 nucleotide length, preferably, a
100 to 8000 nucleotide length, and more preferably, a 200 to
6000 nucleotide length are used, as mentioned above. Fur-
thermore, in the case where more than one region is designed,
the adjacent regions may be overlapped with each other or
may have an interval of several nucleotides between them.
[0066] Particularly, more than one region is preferably set
so as to cover the entire region of the sequenced genomic
DNA fragment. In this case, more than one probe responds to
a genomic DNA fragment obtained by a restriction enzyme
treatment from genomic DNA derived from a predetermined
organism to detect the genomic DNA fragment by these more
than one probe.

[0067] Inthe meantime, the method for designing a probe
according to the present invention is not limited to a method
including a step of digesting genomic DNA with a restriction
enzyme(s) as mentioned above, and genomic data of a target
organism, as shown in FIG. 2 may be used.

[0068] In the method shown in FIG. 2, first, nucleotide
sequence data on the genome derived from a target organism
is obtained (Step 2a). The nucleotide sequence data on the
genome can be obtained from various types of data bases
known in the art. The data base is not particularly limited;
however, DDBJ data base provided by the DNA Data Bank of
Japan, EMBL data base provided by the European Bioinfor-
matics Institute, Genbank data base provided by the National
Center for Biotechnology Information, the KEGG data base
provided by the Kyoto Encyclopedia of Genes and Genomes
or data base integrated of these data bases can be appropri-
ately used.

[0069] In this method, next, the nucleotide sequence data
on the genomic DNA obtained is searched for the recognition
sequence of the restriction enzyme(s) as mentioned above
(Step 2a). The nucleotide sequences of genomic DNA frag-
ments which will be obtained by digesting the aforemen-
tioned genomic DNA with the aforementioned restriction
enzyme(s) are specified. The recognition sequence to be
searched for herein is a restriction enzyme(s) corresponding
to the restriction enzyme(s) used in the method shown in FIG.
1. More specifically, in this step, recognition sequences of one
or more restriction enzymes are searched for.
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[0070] Next, based on the nucleotide sequence of the deter-
mined genomic DNA fragment, one or more regions covering
at least a part of the genomic DNA fragment are determined
(Step 2b). In the step (Step 2b), one or more regions having a
shorter nucleotide length than the sequenced genomic DNA
fragments are designed as a probe for detecting the genomic
DNA fragment. Herein, if more than one region is designed
for a predetermined genomic DNA fragment, detection of the
genomic DNA fragment using more than one probe is
intended. Furthermore, a single region may be selected from
a genomic DNA fragment and designed, whereas a predeter-
mined number (2 or more) of regions may be selected from
another genomic DNA fragment and designed. In short, the
number of regions to be designed may differ from one
genomic DNA fragment to another. As the region to be
designed herein, those having, for example, a 20 to 100 nucle-
otide length, preferably a 30 to 90 nucleotide length, and more
preferably a 50 to 75 nucleotide length are used, as mentioned
above.

[0071] Furthermore, more than one region is preferably set
so as to cover the entire region of the sequenced genomic
DNA fragment. In this case, more than one probe responds to
genomic DNA fragments obtained by a restriction enzyme
treatment from genomic DNA derived from a predetermined
organism to detect the genomic DNA fragment by these more
than one probe.

[0072] Inthe meantime, the method for designing a probe
according to the present invention may be a method having
neither a step of sequencing nor a step of obtaining nucleotide
sequence data using a database and including a step of digest-
ing the genomic DNA fragment with a further different
restriction enzyme, as shown in FIG. 3. To describe more
specifically, in the method shown in FIG. 3, first, step 1a to
step 1d of the method shown in FIG. 1 are carried out to
amplify a genomic DNA fragment having an adaptor attached
to the both ends (Step 3a to 3d). Then, the amplified genomic
DNA fragment is digested with a restriction enzyme (herein-
after, restriction enzyme C) having a different recognition
sequence from the restriction enzymes used in step 35 (Step
3e). Owing to this step, the PCR fragment amplified in step 34
is digested into further shorter fragments.

[0073] In this manner, more than one region covering at
least a part of the genomic DNA fragments obtained by
digesting genomic DNA with restriction enzyme A and
restriction enzyme B can be specified by more than one DNA
fragment without sequencing. As the region to be specified,
those having, for example, a 20 to 100 nucleotide length,
preferably a 30 to 90 nucleotide length, and more preferably,
a 50 to 75 nucleotide length are mentioned, as mentioned
above. In other words, as restriction enzyme C, one capable of
cleaving a genomic DNA fragment obtained by digesting
genomic DNA with restriction enzyme A and restriction
enzyme B into DNA fragments having, for example, a 20 to
100 nucleotide length, preferably a 30 to 90 nucleotide
length, and more preferably a 50 to 75 nucleotide length can
be used.

[0074] Next, the DNA fragments obtained by digestion
with restriction enzyme C are separated from type to type to
obtain probes (Step 3f). In this step, the DNA fragments
obtained by digesting with restriction enzyme C can be sepa-
rated by electrophoresis, followed by cutting out. Further-
more, the separated DNA fragment may be further cloned into
a vector and used as a probe, or after cloning, may be further
amplified and used as a probe. Also in this method, more than
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one probe responds to the genomic DNA fragments obtained
in step 3d from genomic DNA derived from a predetermined
organism.

DNA Microarray

[0075] The DNA microarray having a probe designed as
mentioned above can be prepared by a method known in the
art. For example, a DNA microarray having a probe designed
by the method shown in FIG. 1 or FIG. 2 can be prepared by
synthesizing an oligonucleotide having a desired nucleotide
sequence on a carrier based on the nucleotide sequence of
each probe designed by the method shown in FIG. 1 or FIG.
2. Herein, the method for synthesizing an oligonucleotide is
not particularly limited and a method known in the art can be
applied. For example, a method of synthesizing an oligo-
nucleotide on a carrier by a photolithographic technology in
combination with a light irradiation chemosynthesis tech-
nique can be applied. As another method that can be applied,
anoligonucleotide having a linker molecule, which has a high
affinity for a carrier surface, on an end may be separately
synthesized based on the nucleotide sequence data of each
probe designed by the method shown in FIG. 1 or FIG. 2, and
thereafter immobilized at a predetermined position on the
carrier surface.

[0076] Furthermore, the probe designed and prepared by
the method shown in FIG. 3 is immobilized on a carrier to
prepare a DNA microarray having a probe designed by the
method shown in FIG. 3. In this case, for example, the probe
designed by the method shown in FIG. 3 is spotted on a carrier
by a pin type arrayer and a nozzle type arrayer to prepare a
DNA microarray.

[0077] The DNA microarray prepared as described above
has one or more probes having a nucleotide length shorter
than the genomic DNA fragment, which is obtained by a
restriction enzyme treatment of genomic DNA derived from a
predetermined organism. More specifically, the DNA
microarray prepared as described above is used in detecting a
predetermined genomic DNA fragment by one or more
probes having a nucleotide length shorter than the genomic
DNA fragment. Particularly, the DNA microarray preferably
has more than one probe to a predetermined genomic DNA
fragment to detect the genomic DNA fragment by the more
than one probe.

[0078] Note that, as the DNA microarray, any type of
microarray may be used such as a microarray using a flat
surface substrate formed of e.g., glass or silicone as a carrier,
abeads array using micro beads as a carrier or a three dimen-
sional microarray having a probe immobilized on the inner
surface of a hollow fiber.

Method for Detecting Mutation

[0079] A mutation present in genomic DNA can be
detected by using the DNA microarray prepared as described
above. The mutation herein refers to a polymorphism such as
a single polymorphism present between homogenous organ-
isms, a variation of a nucleotide sequence present between
related species or a mutation artificially introduced into a
predetermined organism.

[0080] More specifically, first, a genomic DNA is extracted
from an organism to be tested, as shown in FIG. 4. The
organism to be tested herein is an organism to be compared to
the organism used in preparing the DNA microarray. Then,
the extracted genomic DNA is digested with the restriction
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enzyme used in preparing the DNA microarray to prepare
more than one genomic DNA fragment. Subsequently, the
obtained genomic DNA fragments are connected to the adap-
tor used in preparing the DNA microarray. Next, the genomic
DNA fragment having an adaptor attached to the both ends is
amplified by use of a primer used in preparing the DNA
microarray. In this manner, the genomic DNA derived from
an organism to be tested, which corresponds to the genomic
DNA fragment amplified in step 1d for preparing the DNA
microarray, the genomic DNA fragment whose nucleotide
sequence is specified in step 24, and the genomic DNA frag-
ment amplified in step 3d, can be amplified.

[0081] In this step, of the genomic DNA fragments having
an adaptor added thereto, a predetermined genomic DNA
fragment may be selectively amplified. For example, in the
case where more than one adaptor is used so as to correspond
to more than one restriction enzyme, the genomic DNA frag-
ment having a specific adaptor added thereto can be selec-
tively amplified. Furthermore, of the genomic DNA frag-
ments obtained by digesting genomic DNA with more than
one restriction enzyme, only to a genomic DNA fragment
having a protruding end corresponding to a predetermined
restriction enzyme, an adaptor is added. In this manner, a
genomic DNA fragment having the adaptor added thereto can
be selectively amplified. Likewise, a predetermined genomic
DNA fragment can be concentrated by selectively amplifying
it.

[0082] Next,alabelis added to the amplified genomic DNA
fragment. As the label, any substance may be used as long as
it is known in the art. As the label, for example, a fluorescent
molecule, a pigment molecule and a radioactive molecule can
beused. Note that, this step may be omitted by performing the
step of amplifying a genomic DNA fragment by using nucle-
otides having a label. This is because an amplified DNA
fragment is labeled by amplifying the genomic DNA frag-
ment by use of a nucleotide having a label in above step.
[0083] Next, the genomic DNA fragment having a label is
brought into contact with a DNA microarray under predeter-
mined conditions to hybridize the probe immobilized to the
DNA microarray with the genomic DNA fragment having a
label. At this time, the probe partly hybridizes with the
genomic DNA fragment under highly stringent conditions
under which the probe does not hybridize if a single nucle-
otide mismatch is present but only hybridizes if the nucle-
otides completely match with each other. Under such highly
stringent conditions thus employed, a small mutation such as
a single polymorphism can be detected.

[0084] Note that, the stringent conditions can be controlled
by a reaction temperature and a salt concentration. More
specifically, further higher stringent conditions can be
obtained by increasing the temperature and further higher
stringent conditions can be obtained by reducing a salt con-
centration. For example, when a probe having a 50 to 75
nucleotide length is used, further higher stringent conditions
are prepared if conditions of 40 to 44° C., 0.21SDS, 6xSSC
are employed.

[0085] Furthermore, hybridization between the probe and
the genomic DNA fragment having a label can be detected
based on the label. More specifically after a hybridization
reaction between the aforementioned genomic DNA frag-
ment having a label and a probe, unreacted genomic DNA
fragments etc. were washed away. Thereafter, the label of the
genomic DNA fragment specifically hybridized to the probe
is observed. For example, in the case where the label is a



US 2012/0190582 Al

fluorescent substance, the fluorescent wavelength is detected.
In the case where the label is a pigment molecule, the wave-
length of the pigment is detected. More specifically, a fluo-
rescent detection apparatus and an image analyzer etc., usu-
ally used for DNA microarray analysis, can be used.

[0086] Particularly, if the aforementioned DNA microarray
is used, the genomic DNA fragment derived from an organ-
ism to be tested is detected by one or more probes having a
shorter nucleotide length than the genomic DNA fragments.
In a conventional DArT method (FIG. 9), since a genomic
DNA fragment derived from a predetermined organism is
amplified by PCR and used as a probe, even if a genomic
DNA fragment derived from an organism to be tested having
a mismatch of several tens of nucleotides, the probe often
hybridized with it (pseudo-positive reaction). However, in the
aforementioned DNA microarray, since detection was made
by use of one or more probes having a shorter nucleotide
length than the genomic DNA fragments, an incident prob-
ability of such a pseudo-positive reaction can be reduced,
with the result that a genomic DNA fragment derived from an
organism to be tested can be highly accurately detected. Par-
ticularly, when a genomic DNA fragment derived from an
organism to be tested is detected by more than one probe, a
small mutation contained in a genomic DNA fragment
derived from an organism to be tested can be detected by
detecting the presence or absence of hybridization in more
than one probe.

[0087] Furthermore, in the aforementioned DNA microar-
ray, an unknown mutation can be detected. In a conventional
DNA microarray using an oligonucleotide synthesized on a
carrier as a probe for mutation detection, a detection target is
only a known mutation having known sequence data. How-
ever, according to the aforementioned method for designing a
probe, even if a genomic DNA fragment contains a mutation
whose sequence has not yet been found, such an unknown
mutation can be a target of detection. In other words, an
unknown mutation can be found by use of the DNA microar-
ray having the aforementioned probe.

[0088] As described in the foregoing, according to the
DNA microarray of the present invention, since a mutation
contained in the genomic DNA of an organism to be tested
can be detected in comparison with that of a predetermined
organism used in preparing the DNA microarray, for
example, diversity in homogeneous organisms can be ana-
lyzed at a gene level. Furthermore, if the DNA microarray
according to the present invention is prepared with respect to
various types of variants contained in homogenous organism,
which variant an organism to be tested belongs to can be
analyzed at a gene level.

EXAMPLES

[0089] Now, the present invention will be more specifically
described by way of Examples. The technical range of the
present invention is not limited by the following Examples.

Example 1

[0090] In this Example, it was shown that a mutation
present in an allele of each of sugar cane varieties NiF8 and
Ni9 can be detected by designing a probe in accordance with
the procedure shown in FIG. 1 without using the whole
sequence data or mutation data.
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[0091] (1) Material

[0092] Sugar cane varieties NiF8 and Ni9 were used.
[0093] (2) Treatment with Restriction Enzyme

[0094] Genomic DNA was extracted separately from sugar

cane varieties NiF8 and Ni9 in accordance with a customary
method. Genomic DNA (750 ng) was treated with restriction
enzyme Pstl (NEB Inc. 25 units) at 37° C. for 2 hours, fol-
lowed with restriction enzyme BstNI (NEB Inc., 25 units) at
60° C. for 2 hours.

[0095] (3) Adaptor Ligation

[0096] To the genomic DNA fragment (120 ng) treated in
the step (2), Pstl sequence adaptors (5-CACGATGGATC-
CAGTGCA-3' (SEQ ID NO: 1), 5'-CTGGATCCATCGT-
GCA-3' (SEQIDNO: 2)) and T4 DNA Ligase (NEB Inc., 800
units) were added and a treatment was performed at 16° C., all
night and all day. In this manner, the adaptor was selectively
added to the genomic DNA fragment having a Pstl recogni-
tion sequence at the both ends, among those treated in the step
2.

[0097] (4) PCR Amplification

[0098] To the genomic DNA fragments (15 ng) having an
adaptor obtained in the step (3), a Pstl sequence adaptor
recognizing primer (5'-GATGGATCCAGTGCAG-3' (SEQ
ID NO: 3)) and Taq polymerase (company TAKALA, Prime-
STAR, 1.25 units) were added and genomic DNA fragments
were amplified by PCR (a cycle consisting of 10 seconds at
98° C., 15 seconds at 55° C., and 1 minute at 72° C. was
repeated 30 times and the PCR sample was treated at 72° C.
for 3 minutes and stored at 4° C.).

[0099] (5) Acquisition of Genomic Sequence

[0100] The genomic DNA fragment amplified by PCR in
the step (4) was analyzed by the Sanger method for sequenc-
ing. As a result, 2 types of genomic sequence data (A__ 1 (SEQ
IDNO: 4)and B_ 1 (SEQ ID NO: 5)) derived from NiF8 were
obtained. Furthermore, genomic sequence data (A_ 2 (SEQ
ID NO: 6) and B__2 (SEQ ID NO: 7)) of locus region of Ni9
allele were obtained by use of sequence data of genomic
sequence A1 and B_ 1.

[0101] (6) Probe Designing

[0102] Basedonthe genomic sequencedata(A_1,B_ 1)of
the step (5), 5 and 6 probes of a 50 to 70 bp were separately
designed. More specifically, in this Example, a probe of sugar
cane variety NiF8 was designed. A 1 and A_ 2 alignments
and the position of the designed probe are shown in FIG. 5.
Furthermore, B_ 1 and B_ 2 alignments and the position of
the designed probe are shown in FIG. 6.

[0103] (7) Preparation of Array

[0104] Based on the nucleotide sequence data of the
designed probes, the DNA microarrays having these probes
were prepared (outsource to Roche).

[0105] (8) Sample Preparation

[0106] Fragments from sugar cane varieties NiF8 and Ni9
were separately amplified by PCR in accordance with the
aforementioned methods (2) to (4). PCR amplification frag-
ments were purified by a column (company, Qiagen), and
thereafter, Cy3-labeled 9mers (TriLink Inc., 10.D.) was
added. The mixture was treated at 98° C. for 10 minutes and
allowed to stand still on ice for 10 minutes. Thereafter, Kle-
now (NEB Inc., 100 units) was added. The mixture was
treated at 37° C. for 2 hours and then precipitated with ethanol
to prepare a labeled sample.

[0107] (9) Detection of Hybridization Signal

[0108] Hybridization was performed by use of the DNA
microarray prepared in the step (7) and using the labeled
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sample of the step (8) in accordance with the NimbleGen
Array User’s Guide to detect a signal derived from the label.
[0109] (10) Calculation of Mutation Rate

[0110] A mutation rate was calculated based on homology
of the genome sequence of the loci regions of NiF8 and Ni9
alleles within respective probes.

[0111] (11) Calculation of signal intensity ratio

[0112] The signal intensity ratio is obtained by dividing the
signal intensity of array using NiF8 as a sample by the signal
intensity of the array using Ni9 as a sample.

[0113] (12) Results and Discussion

[0114] The measurement results of signal intensity and the
signal intensity ratio calculated from the results are shown in
Table 1 and Table 2.

TABLE 1
probe signal
length Mutation rate Signal intensity intensity
(bp) (%) NiF8 Ni9 ratio
PA_1 60 91.7% 2,304 225 10.2
PA_2 50 54.0% 1,318 249 53
PA_3 65 0.0% 4,837 4,554 1.1
PA_4 58 3.4% 1,738 894 1.9
PA_S5 60 0.0% 4,240 3,075 1.4
TABLE 2
Signal
Probe length  Mutation rate __ Signal intensity  intensity
(bp) (%) NiF8 Ni9 ratio
PB_1 69 4.3% 1,921 298 6.4
PB_2 69 10.1% 3,398 272 12.5
PB_3 70 5.7% 541 247 2.2
PB_4 50 30.0% 608 209 29
PB_5 52 1.9% 1,463 902 1.6
PB_6 70 1.4% 2,807 2,665 1.1
[0115] From FIG. 5, it was found that a single insertion/

deletion mutation of 101 bp and three mutations of 1 to
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several-bases mutation are present between A_ 1 and A_ 2.
From Table 1, it was found that, in a probe (PA__3 and PA_ 5,
mutation rate 0%) having no mutation between NiF8 and Ni9,
high signal intensity was detected in each of NiF8 and Ni9.
This means that A__1 and A_ 2 sequences corresponding to
the sequence data are present respectively in the samples of
NiF8 and Ni9. Furthermore, since the signal intensity ratio of
both samples is as low as 1.1 to 1.4, signal intensity ratio of a
probe having no mutation was low.

[0116] On the other hand, as a mutation rate increases, the
signal intensity ratio of both samples increased (1.9 (PA_ 4)
10 10.2 (PA__1)). This is because, A__ 2 sequence is present in
the Ni9 sample but a mutation is present in A_ 2 sequence,
which corresponds to PA__ 1, PA_ 2, and PA_ 4 probes, with
the result that hybridization strength decreases and the signal
of Ni9 decreases.

[0117] Similarly, from FIG. 6, it is found that three inser-
tion/deletion mutations and 14 SNPs are present between
B_1and B_ 2. Also with respectto B_ 1 and B_ 2, a signal
intensity ratio increases as a mutation rate increases (1.1
(PB_6) to 12.5 (PB__2)) as is apparent from Table 2.

[0118] From the above results, it was demonstrated that
DNA mutation of a several-bp level can be detected and the
site of a mutation of several-tens of nucleotides can be speci-
fied by using a probe having a nucleotide length shorter than
a genomic DNA fragment serving as a sample.

Example 2

[0119] In this Example, to the probe derived from NiF8
prepared in Example 1, a mutation was artificially introduced.
Based on the mutation introduction rate and the signal inten-
sity ratio thereof to an original probe, the mutation detection
ability was evaluated.

[0120] (1) Material

[0121] Sugar cane variety NiF'8 was used.

[0122] (2) Acquisition of Basic Probe Sequence Data
[0123] A PCR amplification fragment of NiF8 was pre-

pared in accordance with the steps (2) to (4) of Example 1 and
the genomic sequence was determined by the Sanger method.
Based on independent genomic sequence data, 6 basic probes
having a 50 to 75 bp were prepared (Table 3).

TABLE 3
Sequence
Probe Sequence length
PC 1 gccgtegctcacaaggaccaacgaacggaaaggcatgcatgcagag 64
agtt (SEQ ID NO: 8)
PC 2 tatgagctatatgtaatgtaagtgtactactctecctgtcaccttge 71
acttgacagca (SEQ ID NO: 9)
PC 3 cctetetttgetecgaaattggtcatgtactcatgttatatgcaat 78
atatacggagtagtact (SEQ ID NO: 10
PC 4 tcagaaacgcaacattctgcactctgattttactatatgcatcget
tctcattttactgacttg (SEQ ID NO: 11) 79
PC 5 aagtaatgttatcaatcggcaaatcaaatatggccagaatcaacat 88
aagaaactgagatttggcacagaaatg (SEQ ID NO: 12)
PC 6 ttcatctacatttagtactccatgcatatatcgcaagtttgatgty 90

acggaaatcttttgtttgcacaatacttt (SEQ ID NO: 13)
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[0124]

[0125] Probes were prepared by separately inserting, delet-
ing and substituting with 1, 2, 3, 4, 5, 10, 15, 20 and 25
nucleotides into, from and for the basic probes of the step (2).

(3) Preparation of Mutation Probe

[0126] (4) Array Preparation, Labeling, Hybridization-Sig-
nal Detection
[0127] A DNA microarray was prepared in the same man-

ner as in the steps (7) to (9) of Example 1. A sample was
prepared and a hybridization reaction and the following sig-
nal detection were performed.

[0128] (5) Calculation of Signal Intensity Ratio

[0129] The value of the signal intensity ratio was obtained
by dividing the signal intensity of a mutation probe by the
basic probe signal intensity. A graph and an approximation
curve were prepared by Excel 2007.

[0130]

[0131] The relationship between the mutation rate intro-
duced into a probe and the signal intensity detected is shown
inFIG. 7. As shown in FIG. 7, the mutation rate of a probe and
the signal intensity ratio are highly correlated (y=0.0804x-0.
518, R2=0.8068). From the correlation, it was found that a
signal intensity ratio tends to reduce to 50% or less at a
mutation rate of 3% or more. Even if there is a 1 bp mutation,
the signal intensity ratio decreases up to less than 50%
depending upon the probe. From the above results, it was
demonstrated that mutation of a single to several nucleotides
or more can be highly accurately detected by a probe having
a nucleotide length shorter than the genomic DNA fragment.

(6) Results and Discussion

Example 3

[0132] Inthis Example, using sugar cane varieties NiF8 and
Ni9 genomic sequence data (5,848 nucleotides), 5 to 15
probes consisting of several tens of bps were prepared for
each genomic sequence datum and detection of a mutation
between both samples was carried out.

[0133] (1) Material

[0134] Sugar cane varieties NiF8 and Ni9 were used.
[0135] (2) Acquisition of Genomic Sequence Data

[0136] Fragments of NiF8 and Ni9 were amplified by PCR

according to the steps (2) to (4) of Example 1 and analyzed by
the Sanger method to obtain the genomic sequence data.
More specifically genomic sequence data of 5,848 PCR
amplification fragments were obtained.

[0137] (3) Preparation of Probe

[0138] Five to fifteen probes each having 50 to 75 bp were
designed based on the genomic sequence data obtained in the

step (2). More specifically, based on the genomic sequence
data (5,848 data), 59,462 probes were designed.

[0139] (4) Array Preparation, Labeling, Hybridization-Sig-
nal Detection
[0140] A DNA microarray was prepared in accordance

with the steps (7) to (9) of Example 1. A sample was prepared
and a hybridization reaction and the following signal detec-
tion were performed

[0141] (5) Detection of Mutation-Site Probe

[0142] Whenasignal intensity ratio of an array using Ni9 as
a sample to an array using NiF8 as a sample is twice or more
or Y2 or less, the probe was determined as a mutation-site
probe.
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[0143] (6) Ratio of Mutation-Site Probe Per Sequence Data

[0144] A value obtained by dividing the number of muta-
tion-site probes per sequence datum by the number of probes
prepared per sequence datum, was used.

[0145]

[0146] 59,462 probes were designed from 5,848 genomic
sequence data. Of them, the number of probes in the case
where a signal intensity ratio was beyond 2, was 5,596.
Sequence data having at least one of such a probe was 1,497.
Of these sequence data, the number of data providing a signal
intensity ratio of 2 or more in all probes were 189, which was
12.6% of the total (FIG. 8). It was considered that mutation
within the sequence data is caused by a large insertion/dele-
tion of several kbp within a restriction enzyme recognition
sequence. On the other hand, the sequence data in which a
mutation was detected in a part of probes was 87.4% of all
data. This is because an ability to detect a mutation is
improved by designing more than one probe of several tens of
bps in the interior. From the above results, in all probes, the
sequence data in which a mutation of this time was detected is
7.9 fold as large as the sequence data providing a signal
intensity ratio of 2 fold or more. Thus, it was clearly demon-
strated that the ability to detect a mutation improves by
designing more than one probe having several tens of bps,
which is shorter than a genomic DNA fragment serving as a
sample.

(7) Results and Discussion

Example 4

[0147] In this Example, to validate availability of a DNA
microarray having a probe designed based on known
sequence data of another organism, a DNA microarray having
aprobe designed based on the total sequence data of Sorghum
was prepared and a mutation of sugar cane genomic DNA was
detected.

[0148] (1) Material
[0149] Sugar cane varieties NiF8 and Ni9 were used.
[0150] (2) Acquisition of Sorghum genomic sequence data

from genome DB

[0151] From Sorghum total genomic sequence data of
genome DB (Gramene: http://www.gramene.org/), sequence
data between Pstl recognition sequences were obtained.
[0152]
[0153] Based on the sequence data of step (2), a probe
having 50 to 75 bp was designed.

(3) Preparation of Probe

[0154] (4) Array preparation, labeling, hybridization-sig-
nal detection
[0155] A DNA microarray was prepared in accordance

with the steps (7) to (9) of Example 1. A sample was prepared
and a hybridization reaction and the following signal detec-
tion were performed.

[0156] (5) Calculation of the Number of Mutation-Site
Probes
[0157] Whenasignal intensity ratio of an array using Ni9 as

a sample to an array using NiF8 as a sample is twice or more
or Y2 or less, the probe was determined as a mutation-site
probe.

[0158]

[0159] In this Example, 1,744,104 probes were designed
based on Sorghum genomic sequence data, as shown in Table
4.

(6) Results and Discussion
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TABLE 4

Number of probes

Total number
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[0160] Of them, the number of sequence data having a
probe providing a signal intensity of 1,000 or more was
95,420. The ratio of this to the number of sequence data used
was 4.2% to 7.0% per Sorghum chromosome. In total, it was
5.5%. From the results, it was considered that a homologous

of test Signal Detection number region to these probe sequences is present each in sugar cane

Chromosome samples (1,000 or more) of mutations NiF8 and Ni9. Furthermore, of these probes, the number of

Chr 1 215,534 14,988 3959 Prob.es in the case where a signal intensity ratio was beyond 2,

Che. 2 191,280 12,627 3383 in NiF8 and Ni9, was 25,747. It was 1.2% to 1.8% per chro-

Chr. 3 214,387 13,138 3,629 mosome of the test probes. In total, it was 1.5%. In the region

Chr. 4 183,499 10,658 2,794 of a probe providing a signal intensity ratio exceeding 2, it is

Chr. 5 161,513 6,810 1,952 idered th L2 b d Ni

Chr 6 164,830 8830 2330 considered that a mutation is present between NIF8 and Ni9.

Chr. 7 161,463 6,846 1,959 From the results in the foregoing, it is clearly demonstrated

Chr. 8 138,922 5,819 1,656 that designing a probe by use of genome information of

Cﬁ- 9 153,484 7:A26 1,930 another organism can be used for analyzing gene mutation in

Chr 10 159,192 8278 2135 a predetermined organism.

All 1,744,104 95,420 25,747 [0161] All publications and patents and patent applications
cited in the specification are incorporated by reference in its
entirety.

SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 14
<210> SEQ ID NO 1
<211> LENGTH: 18
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic DNA
<400> SEQUENCE: 1
cacgatggat ccagtgca 18
<210> SEQ ID NO 2
<211> LENGTH: 16
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic DNA
<400> SEQUENCE: 2
ctggatccat cgtgca 16
<210> SEQ ID NO 3
<211> LENGTH: 16
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic DNA
<400> SEQUENCE: 3
gatggatcca gtgcag 16
<210> SEQ ID NO 4
<211> LENGTH: 260
<212> TYPE: DNA
<213> ORGANISM: Saccharum officinarum
<400> SEQUENCE: 4
aataccccte tectaggettt ggaattgtge tgtgatgata aaatgaatgt gatgcaaatg 60

ctcatgettt ggaattagag cctttcagte ctgagectagg taggcetttac tagetgttat 120
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tgtttcttte ctattgctta tttcgagacc agtatceccta agagtggcat tttttttetg 180
ccectaagag agtacattca tgtgtcttgt gatgtaacaa atcacgtgtt ccttegetaa 240
aataaatatg catggtcctce 260
<210> SEQ ID NO 5
<211> LENGTH: 320
<212> TYPE: DNA
<213> ORGANISM: Saccharum officinarum
<400> SEQUENCE: 5
acccgttatt atcatatgtt tactgtagca caatattgte taattacgga ctgattagge 60
tcaaaaaaat catctcgcaa aatatacgca atttgtgtaa ttaattattt tttagtctac 120
atttaatact tcatatgtgt gtcaaacatc cgatgtgata gggtagggga gaaactaaaa 180
gteccaccat tatttecgtac cagtgaagct gacgcatctt aattgettet gaccaaatgt 240
ttagtagcag cagtactatc atattcttce tgctgctcat aatatgattt tgtcttgcat 300
attttcagga gactactgag 320
<210> SEQ ID NO 6
<211> LENGTH: 192
<212> TYPE: DNA
<213> ORGANISM: Saccharum officinarum
<400> SEQUENCE: 6
aatatctggg agcctttcag tcctgageta ggtaggettt actagetgtt attgtttett 60
tcctattget tatttcgaga ccagtatcce taagagtgge atttttttge tgccectaag 120
agagcacatt catgtgtctt gtgatgtaac aaatcacgtg ttcecttceget aaaataaata 180
tgcatggtce tc 192
<210> SEQ ID NO 7
<211> LENGTH: 331
<212> TYPE: DNA
<213> ORGANISM: Saccharum officinarum
<400> SEQUENCE: 7
acctgttatt atcatatgtt tactgtagca caacattgte taattacgga ctaattagge 60
tcaaaaaaat cgtctagcaa aatacacgca atctgtgcaa ttaattattt ttttagtcta 120
catttaatac ttcatacgtg tatcaaacat ccgatgtgat agggtagagyg aggaactaaa 180
caagtcctta gttgecagca ttatttegta ccagtgaage tgatgcatct taattgette 240
tgaccaaatg tttagtagca gcagtactat catattctte ctgctactca taatatgatt 300
ttgtcttgca tattttcagg agactactga g 331

<210> SEQ ID NO 8

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 8

gecgtegete acaaggacca acgaacggaa aggcatgcat gcagagagtt 50
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<210> SEQ ID NO 9

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 9

tatgagctat atgtaatgta agtgtactac tctectgtca ccttgcactt gacagca

<210> SEQ ID NO 10

<211> LENGTH: 63

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 10
cctetetttyg ctecgaaatt ggtcatgtac tcatgttata tgcaatatat acggagtagt

act

<210> SEQ ID NO 11

<211> LENGTH: 64

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 11
tcagaaacgce aacattctge actctgattt tactatatge atcgettete attttactga

cttyg

<210> SEQ ID NO 12

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 12
aagtaatgtt atcaatcggce aaatcaaata tggccagaat caacataaga aactgagatt

tggcacagaa atg

<210> SEQ ID NO 13

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 13
ttcatctaca tttagtactc catgcatata tcgcaagttt gatgtgacgg aaatcttttg

tttgcacaat acttt

<210> SEQ ID NO 14

<211> LENGTH: 58

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic DNA

57

60

63

60

64

60

73

60

75
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<400> SEQUENCE: 14

agtatcccta agagtggeat ttttttgetg ccectaagag agtacattca tgtgtett 58

1-20. (canceled)

21. A method for designing a probe, comprising the steps
of:

specifying one or more regions having a shorter nucleotide
length than genomic DNA fragment flanked by restric-
tion enzyme recognition sites, contained in genomic
DNA derived from a target organism, and covering at
least one portion of the genomic DNA fragment; and

designing the specified one or more regions as a probe for
detecting a mutation contained in the genomic DNA
fragment.

22. The method for designing a probe according to claim
21, wherein the one or more regions is specified by perform-
ing the following steps:

(1a) extracting the genomic DNA;

(15) digesting the extracted genomic DNA with the restric-

tion enzyme;

(1c¢) connecting an adaptor to the genomic DNA fragments
obtained the step (15);

(1d) amplifying the genomic DNA fragments using a
primer capable of hybridizing to the adaptor;

(1e) sequencing the amplified genomic DNA fragments;
and

(1f) determining the one or more regions based on the
nucleotide sequence.

23. The method for designing a probe according to claim
22, wherein, in the step (15), the genomic DNA is digested
with more than one restriction enzyme.

24. The method for designing a probe according to claim
23, wherein, in the step (1¢), an adaptor is connected corre-
sponding to one restriction enzyme selected from the more
than one restriction enzyme or corresponding to a part of the
more than one restriction enzyme used.

25. The method for designing a probe according to claim
22, wherein the adaptor has a complementary sequence to a
protruding end of the genomic DNA fragments obtained in
the step (15).

26. The method for designing a probe according to claim
21, wherein the one or more regions are specified using the
nucleotide sequence data on the genomic DNA by performing
the following steps:

(2a) searching the nucleotide sequence data on the
genomic DNA for the restriction enzyme recognition
sequence to specify the nucleotide sequence of the
genomic DNA fragments obtained by digesting the
genomic DNA with the restriction enzyme; and

(2b) determining the one or more regions based on the
specified nucleotide sequence.

27. The method for designing a probe according to claim
26, wherein, in the step (2a), the genomic DNA fragments
obtained by digesting the genomic DNA with more than one
restriction enzyme are sequenced.

28. The method for designing a probe according to claim
27, wherein, in the step (2b), the one or more regions are
determined with respect to the genomic DNA fragments

flanked by one restriction enzyme selected from the more
than one restriction enzyme or a part of more than one restric-
tion enzyme used.

29. The method for designing a probe according to claim
21, wherein the one or more regions are determined by per-
forming the following steps:

(3a) extracting the genomic DNA;

(3b) digesting the extracted genomic DNA with the restric-

tion enzyme;

(3¢) connecting an adaptor to the genomic DNA fragments

obtained in the step (3b);

(3d) amplifying the genomic DNA fragments using a

primer capable of hybridizing to the adaptor;

(3e) digesting the amplified genomic DNA fragment with

another restriction enzyme; and

(3/) separating the DNA fragments obtained by digestion in

the step (3¢) as probes.

30. The method for designing a probe according to claim
29, wherein, in the step (3b), the genomic DNA is digested
with more than one restriction enzyme.

31. The method for designing a probe according to claim
30, wherein, in the step (3¢), an adaptor is connected corre-
sponding to one restriction enzyme selected from the more
than one restriction enzyme or corresponding to a part of the
more than one restriction enzyme used.

32. The method for designing a probe according to claim
29, wherein, the adaptor has a complementary sequence to a
protruding end of the genomic DNA fragments obtained in
the step (35).

33. The method for designing a probe according to claim
21, wherein the designed probe has a 20 to 100 nucleotide
length.

34. A DNA microarray comprising a probe designed by the
method for designing a probe according to claim 21 and a
carrier on which the probe to be immobilized.

35. The DNA microarray according to claim 34, wherein
the probe is synthesized on the carrier based on the sequence
data.

36. A method for detecting a mutation using a DNA
microarray, comprising the steps of:

extracting a genomic DNA derived from an organism to be

tested;

digesting the genomic DNA with a restriction enzyme hav-

ing the same recognition sequence as the restriction
enzyme used in the designing a probe immobilized on
the DNA microarray according to claim 34;
connecting an adaptor to the genomic DNA fragments
obtained by the restriction enzyme treatment;
amplifying the genomic DNA fragments using a primer
capable of hybridizing to the adaptor; and
detecting a hybrid of the genomic DNA fragment with the
probe by bringing the amplified genomic DNA fragment
into contact with the DNA microarray according to
claim 34.

37. The method for detecting a mutation using the DNA

microarray according to claim 36, wherein, in the step of
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digesting the genomic DNA, the genomic DNA is digested
with more than one restriction enzyme.

38. The method for detecting a mutation using a DNA
microarray according to claim 37, wherein, in the step of
connecting an adaptor is connected corresponding to one
restriction enzyme selected from the more than one restric-
tion enzyme or corresponding to a part of the more than one
restriction enzyme are connected.

39. The method for detecting a mutation using a DNA
microarray according to claim 36, wherein the adaptor has a

Jul. 26,2012

complementary sequence to a protruding end of the genomic
DNA fragments obtained in the step of digesting the genomic
DNA with a restriction enzyme.

40. The method for detecting a mutation using a DNA
microarray according to claim 36, wherein the organism to be
tested is different from the organism used in preparing the
DNA microarray.



