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Abstract We report dot-blot hybridization with allele-
specific oligonucleotides for single nucleotide polymor-
phisms (SNPs) analysis to be applicable for practical
plant breeding and cultivar identification. Competitive
hybridization of a digoxigenin-labeled oligonucleotide
having the sequence of a mutant allele (or a wild-type
allele) together with an unlabeled oligonucleotide having
the sequence of a wild-type allele (or a mutant allele) was
highly effective to reduce background signals in dot-blot
hybridization. All 100 tested genes (200 alleles) in rice
having SNPs or insertions/deletions were detected in an
allele-specific manner. Genotypes of 43 rice cultivars
were identified by this technique, and eight SNP markers
were found to be sufficient for distinguishing all the
cultivars from each other. Dot-blot analysis was also
applied to genotyping of Wx and Sd1 of F4 plants in a
conventional breeding program. Since dot-blot analysis
with competitive hybridization provides a highly reli-
able, simple, and cost-effective technique for SNP anal-
ysis of a large number of samples, this technique is
expected to realize the practical use of a novel breeding
method, in which plants or breeding lines are selected by
SNP analyses of many genes in a laboratory.

Introduction

Genome studies of various organisms have determined
the nucleotide sequences of a large number of genes. In
plants, the genome sequences and many expressed se-
quence tag (EST) sequences of Arabidopsis thaliana and
rice,Oryza sativa, have been determined and published in
the database (The Arabidopsis Genome Initiative 2000;
Asamizu et al. 2000; http://www.arabidopsis.org/;
International Rice Genome Sequencing Project 2005;
Wu et al. 2002; http://www.rgp.dna.affrc.go.jp/). The
number of genes in Arabidopsis and rice have been
estimated to be ca. 25,000 and 38,000 (The Arabidopsis
Genome Initiative 2000; International Rice Genome
Sequencing Project 2005), respectively. Although, the
functions of most of genes with published nucleotide
sequences are unknown, data on functional analyses of
genes will rapidly accumulate, and many mutant genes
controlling phenotypic variations will be identified.
Mutant alleles can be distinguished from wild-type alleles
by analyses of SNPs and indels (insertions/ deletions).

Single nucleotide polymorphism (SNP) analyses are
useful for the distinction of cultivars. The most exten-
sively used DNA polymorphism analysis for the dis-
tinction of individuals or cultivars at present is simple
sequence length polymorphism (SSLP) of microsatellite
regions, because such regions are highly polymorphic as
to length (Saghai Maroof et al. 1994). However, mutant
cultivars cannot be distinguished from their original
cultivars by SSLP analysis. The semi-dwarf rice cultivar
‘Reimei’, which is a mutant of ‘Fujiminori’, has a
transversion mutation in Sd1, a gene participating in
gibberellin synthesis (Sasaki et al. 2002). The low-amy-
lose rice cultivar ‘Milky Queen’, a mutant of ‘Koshi-
hikari’, has a transition mutation in Wx, a gene
encoding granule-bound starch synthase I (Sato et al.
2002). These mutant genes have been incorporated into
a crossbreeding program in Japan. Only SNP analyses
will enable distinction of these cultivars from their ori-
ginal cultivars.
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Various methods of SNP analysis have been devel-
oped, i.e., heteroduplex analysis by density gradient gel
electrophoresis (DGGE) (Fischer and Lerman 1983),
single strand conformation polymorphism (SSCP)
analysis (Orita et al. 1989), CAPS analysis using primers
having modified sequences to create restriction sites
(dCAPS) (Michaels and Amasino 1998), mismatch
cleavage analysis with various mismatch cleavage en-
zymes (Till et al. 2004), mass-spectrometry using
MALDI-TOF MS (Ross et al. 1997; Stoerker et al.
2000), primer extension analysis using fluorescence-la-
beled ddNTP (Nasu et al. 2002; Jain et al. 2003), allele-
specific PCR using mismatched primers (Latorra et al.
2003; Zhou et al. 2004), and microarray technology
(Wang et al. 2005). Most of these methods are labor-
intensive or require expensive instruments.

Dot-blotting using allele-specific oligonucleotide has
been reported to be usable for detecting SNPs in b-
globin and HLA-DQa loci (Saiki et al. 1986). Although
this method is simple, and is expected to be suitable for
analyses of a large number of samples with low cost, it
has not been adopted so much in plant genome studies.
In the present study, we improved the dot-blotting
technique for SNP analysis (dot-blot-SNP hereafter)
using competitive hybridization with unlabeled oligo-
nucleotides. One hundred SNP markers for distinction
between japonica rice cultivars were produced and used
for the identification of rice cultivars and selection of F4

plants in a conventional crossbreeding program.

Materials and methods

Plant materials

Thrity-nine japonica paddy-rice cultivars, including 25 of
the top 30 cultivars of Japan in 2004, two upland rice
cultivars, i.e., ‘Owarihatamochi’ and ‘Senshou’, and two
indica cultivars, i.e., ‘Kasalath’ and ‘Habataki’, were
used for genotyping. These 39 japonica paddy-rice cul-
tivars were kindly provided by rice-breeding research
stations (Supplementary Table 1), where the cultivars
had been developed. F4 plants from a cross between an
F3 plant of ‘Iwanan 25’/‘Etsunan 190’ and an F4 plant of
‘Xin Qing Ai 1’/‘Ta Hung Ku’ were used for SNP
analyses of Sd1 and Wx.

Preparation of probes

A set of two oligonucleotide probes of 17 nucleotides
was used for each marker. The set of the probes for
detection of a ‘Nipponbare’ allele was an oligonucleo-
tide labeled with digoxigenin at the 5¢-end having the
sequence of the ‘Nipponbare’ allele and an unlabeled
oligonucleotide having the sequence of a variant allele.
The other set for the detection of the variant allele was
an unlabeled oligonucleotide having the ‘Nipponbare’
sequence and a digoxigenin-labeled oligonucleotide

having the variant sequence. SNPs of ESTs (Shirasawa
et al. 2004), intergenic regions (Nasu et al. 2002), and
reported mutant genes (Sasaki et al. 2002; Sato et al.
2002; Doi et al. 2004; Teranishi et al. 2004; Umemoto
et al. 2004) observed between japonica cultivars were
used for the production of the dot-blot-SNP markers.
Our unpublished SNP data were also used.

Dot-blot-SNP analysis

Genomic DNAs of the 43 cultivars and those of 382 F4

plants of the breeding line were isolated from 10 mg of
leaf tissue by the methods of Edwards et al. (1991) and
Wang et al. (1993), respectively, and dissolved in 1 ml 1·
TE buffer. DNA fragments of ca. 300 bp covering the
SNP sites were amplified by PCR using primers listed in
Table 1. Ten microliters of the reaction mixture con-
tained ca. 10 ng of the plant DNA, 10 pmol of each
primer, 1· ExTaq buffer, 2 nmol of each dNTP, and
0.5 U of Taq DNA polymerase (ExTaq, Takara Bio-
medicals, Japan). Thermal cycling conditions were as
follows: 1-min denaturation at 94�C; 40 cycles of 30-s
denaturation at 94�C, 30-s annealing at 58�C, 30-s
extension at 72�C; and a final 1-min extension at 72�C,
unless otherwise specified (Table 1). The amplified DNA
was denatured in a solution of 0.4 N NaOH and 10 mM
EDTA, and dot-blotted onto a nylon membrane (Ny-
tran, Schleicher & Schuell, Germany) by Multi-pin
Blotter (Atto, Tokyo, Japan). The probe mixture con-
taining 0.5 lM of the digoxigenin-labeled oligonucleo-
tide and 2.5 lM of unlabeled counterpart
oligonucleotide was hybridized at 50�C. After hybrid-
ization, the membranes were washed twice in 0.1· SSC
(NaCl 0.877 g/l, sodium citrate 0.441 g/l, pH 7.0) con-
taining 0.1% SDS at 50�C for 20 min. Signals were de-
tected with a DIG Nucleic Acid Detection Kit (Roche,
Switzerland). SSCP analysis of DNA fragments was
carried out according to Shirasawa et al. (2004).

Results

Improvement of dot-blot-SNP analysis

The SNPs of three genes were analyzed by dot-blot
hybridization using oligonucleotide probes. PCR prod-
ucts of about 300 bp were dot-blotted after denaturation
in 0.4 N NaOH. Hybridization of only digoxigenin-la-
beled oligonucleotide probes having the sequences of
wild type detected wild-type alleles, but weaker signals
of mutant alleles, which result in ambiguous genotyping,
were also observed in some genes (Fig. 1). The addition
of unlabeled oligonucleotides having mutant sequences
to the hybridization buffer containing the digoxigenin-
labeled wild-type probes enabled specific detection of the
wild-type alleles. In tests of the ratio of the unlabeled
oligonucleotide to the labeled probe, i.e., 0:1, 1:1,
2:1, 5:1, and 10:1, twofold to tenfold amounts of the

148



T
a
b
le

1
S
eq
u
en
ce
s
o
f
p
ri
m
er

p
a
ir
s
a
n
d
o
li
g
o
n
u
cl
eo
ti
d
e
p
ro
b
es

o
f
S
N
P
m
a
rk
er
s
a
n
d
th
e
co
n
d
it
io
n
s
o
f
P
C
R
,
h
y
b
ri
d
iz
a
ti
o
n
a
n
d
w
a
sh
in
g

M
a
rk
er

n
a
m
e

C
h
r.

cM
F
o
rw

a
rd

p
ri
m
er

se
q
u
en
ce

(5
¢–
3

¢)
R
ev
er
se

p
ri
m
er

se
q
u
en
ce

(5
¢–
3

¢)
P
ro
b
e
se
q
u
en
ce

o
f
N
ip
p
o
n
b
a
re

a
ll
el
e
(5

¢–
3

¢)

P
ro
b
e
se
q
u
en
ce

o
f
v
a
ri
a
n
t

a
ll
el
e
(5

¢–
3

¢)

P
C
R

co
n
d
it
io
n
s

(a
n
n
ea
li
n
g

te
m
p
er
a
tu
re
)

H
y
b
ri
d
iz
a
ti
o
n

te
m
p
er
a
tu
re

S
ec
o
n
d
w
a
sh
in
g

b
u
ff
er

W
a
sh
in
g

te
m
p
er
a
tu
re

D
o
t-
b
lo
t-
S
N
P

m
a
rk
er
s
u
se
d
fo
r
g
en
o
ty
p
in
g
o
f
th
e
b
re
ed
in
g
li
n
es

W
x
-m

q
G
T
T
C
T
T
G
A
T
C
A
T
C
G
C
A
T
T
G
G

C
T
G
A
A
A
C
G
C
A
T
C
T
G
G
T
T
G
T
C

C
T
A
C
A
A
G
C
g
T
G
G
A
G
T
C
G

C
T
A
C
A
A
G
C
a
T
G
G
A
G
T
C
G

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

sd
1
-r

G
C
A
C
T
A
C
C
C
G
G
A
C
T
T
C
A
C
C
T
G

A
G
C
C
A
G
C
G
C
G
T
G
A
A
G
G
C
G
T
C

C
C
T
G
G
G
C
C
g
A
C
C
T
C
A
T
G

C
C
T
G
G
G
C
C
cA

C
C
T
C
A
T
G

5
8
b

5
0
/6
5

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

D
o
t-
b
lo
t-
S
N
P

m
a
rk
er
s
u
se
d
fo
r
id
en
ti
fi
ca
ti
o
n
o
f
th
e
4
3
cu
lt
iv
a
rs

S
1
3
1
5
7
a

1
5
.6

G
C
A
T
G
C
A
T
T
C
A
T
A
C
A
G
A
T
G
A
A
G

A
A
G
C
T
C
T
G
C
A
T
C
G
T
T
G
G
A
T
T

C
A
T
C
T
G
T
G
tG

A
C
T
G
T
C
T

C
A
T
C
T
G
T
G
cG

A
C
T
G
T
C
T

5
6

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

S
1
3
1
5
7
b
a

1
5
.6

G
C
A
T
G
C
A
T
T
C
A
T
A
C
A
G
A
T
G
A
A
G

C
G
A
A
T
G
C
G
G
A
G
A
A
T
T
C
A
A
G
C

G
C
A
T
A
C
ta
tc
ca
tc
a
c

G
C
A
T
A
C
a
tg
a
ca
a
g
a
a

5
8

5
0

1
·
S
S
C
/0
.1
%
S
D
S

5
0

C
6
0
6
5
6

1
1
0
.9

G
T
T
C
G
A
C
G
A
G
C
C
A
A
G
T
T
C
T
C

G
C
T
G
C
T
A
C
A
A
A
C
A
C
G
C
C
A
T
A

T
C
G
G
G
T
A
G
tG

G
A
A
T
G
T
A

T
C
G
G
G
T
A
G
cG

G
A
A
T
G
T
A

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

C
3
0
0
1
3

1
2
5
.4

A
C
G
A
A
C
C
C
T
A
G
C
C
A
C
A
T
G
A
C

C
T
C
C
C
C
T
C
T
C
T
C
T
C
T
T
G
T
T
C
C

C
C
A
T
C
C
A
A
cA

C
G
C
C
A
A
A

C
C
A
T
C
C
A
A
tA

C
G
C
C
A
A
A

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

S
4
6
5
5

1
3
6
.9

T
A
T
C
C
G
G
C
A
C
T
T
G
T
T
T
G
T
C
A
C

G
C
C
T
C
A
T
A
A
A
G
C
C
C
A
A
G
A
T
G

G
A
G
A
C
A
T
C
a
T
G
C
A
A
C
T
A

G
A
G
A
C
A
T
C
g
T
G
C
A
A
C
T
A

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

S
3
8
1
3
a

1
9
5
.7

C
C
T
C
T
T
T
A
G
T
A
C
C
A
C
C
T
C
G
A
C
A
G

G
C
A
G
C
A
G
C
C
T
G
T
T
A
T
C
C
T
T
C

C
T
C
G
C
C
T
A
cC

C
T
G
C
C
T
C

C
T
C
G
C
C
T
A
tC

C
T
G
C
C
T
C

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

S
3
8
1
3
b
a

1
9
5
.7

C
C
T
C
T
T
T
A
G
T
A
C
C
A
C
C
T
C
G
A
C
A
G

C
T
G
C
A
A
G
A
C
A
G
T
T
T
C
G
T
A
C
C

A
A
C
T
G
A
A
A
ta
tc
a
a
a
t

A
A
C
T
G
A
A
A
a
g
a
ca
tc
t

5
8

4
0
/5
0
c

1
·
S
S
C
/0
.1
%
S
D
S

5
0

S
1
3
1
5
5

1
1
1
8
.9

A
C
A
T
C
G
C
T
G
G
T
G
G
A
T
C
T
C
T
T

A
T
G
G
T
T
G
T
A
T
T
C
C
A
A
G
C
G
T
C
G

C
A
A
T
C
T
G
A
a
C
T
T
G
C
A
G
C

C
A
A
T
C
T
G
A
g
C
T
T
G
C
A
G
C

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

S
1
3
7
8
1

1
1
3
9
.9

A
G
T
T
G
A
G
C
A
T
T
G
T
C
C
T
T
T
G
T

C
A
A
G
C
A
A
C
A
A
T
A
A
T
G
A
C
A
G
C
A
G

A
T
G
A
C
A
A
T
a
T
A
A
G
C
C
C
A

A
T
G
A
C
A
A
T
tT
A
A
G
C
C
C
A

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

S
1
0
9
2
5

1
1
4
2
.9

T
A
T
T
G
C
C
G
G
A
C
A
T
T
C
A
C
A
A
A

G
G
T
A
C
T
G
C
C
A
G
G
A
T
T
T
G
C
A
T

A
A
A
C
T
A
G
A
g
T
T
C
A
A
G
T
A

A
A
A
C
T
A
G
A
a
T
T
C
A
A
G
T
A

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

C
7
2
7
A

1
1
4
5
.3

C
C
A
A
A
C
A
C
C
A
A
C
C
T
C
T
C
C
T
A

C
A
G
A
T
C
G
T
T
G
T
G
A
G
G
G
G
A
A
T

T
C
C
T
C
A
T
T
cT

C
T
T
G
C
T
A

T
C
C
T
C
A
T
T
tT
C
T
T
G
C
T
A

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

C
6
2
9
6
3

1
1
4
7
.2

G
A
C
A
A
A
C
T
T
C
C
C
C
T
C
T
G
C
T
G

A
G
A
C
A
C
T
G
C
T
G
G
A
G
A
A
A
G
A
T
C
A
G

A
T
C
C
A
T
G
C
tA

T
C
A
C
C
C
T

A
T
C
C
A
T
G
C
cA

T
C
A
C
C
C
T

5
8
b

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

C
1
1
8
7
6

1
1
5
4
.6

C
A
G
G
C
T
G
A
G
G
C
A
A
A
C
T
A
T
C
A

T
T
C
A
G
G
T
C
T
T
T
C
T
T
C
C
T
T
C
T
G
C

A
T
C
A
C
A
C
A
–
G
C
T
A
T
A
T
G
T

A
T
C
A
C
A
C
A
ca
G
C
T
A
T
A
T

5
8

5
0
d

1
·
S
S
C
/0
.1
%
S
D
S

5
0

R
3
2
0
3

1
1
5
9
.6

G
C
A
A
G
G
G
A
T
T
T
C
A
T
C
A
A
G
G
A

C
C
T
C
G
A
T
C
T
T
G
G
C
C
T
G
T
A
G
A

A
A
C
T
T
C
T
C
a
A
G
G
A
C
T
G
G

A
A
C
T
T
C
T
C
g
A
G
G
A
C
T
G
G

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

C
1
1
2

1
1
8
1
.8

C
C
T
T
G
A
T
G
A
C
A
C
G
C
T
G
T
A
T
C
C
G

A
G
T
T
C
C
A
T
A
C
T
G
C
T
T
G
T
A
G
A
G
G

C
G
G
T
G
A
C
C
tC

C
G
G
C
A
T
T

C
G
G
T
G
A
C
C
a
C
C
G
G
C
A
T
T

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

S
0
6
3
3

2
1
5
.0

A
C
G
A
A
G
A
G
C
A
A
A
G
C
A
G
C
A
A
C

A
C
C
G
G
G
A
G
A
T
T
T
C
A
A
G
G
A
T
T

A
T
T
C
G
C
T
C
tC

T
G
A
C
A
T
G

A
T
T
C
G
C
T
C
a
C
T
G
A
C
A
T
G

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

R
2
5
4
2

2
2
8
.0

A
C
T
T
C
A
T
G
A
C
T
A
G
G
A
A
G
C
A
A
G
C
A

C
A
T
A
G
G
C
A
G
A
C
A
A
G
A
T
G
G
T
T
C
A
T

A
G
C
A
C
A
G
C
a
A
T
T
G
A
C
T
G

A
G
C
A
C
A
G
C
g
A
T
T
G
A
C
T
G

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

C
5
3
7
2
2

2
5
7
.3

G
C
A
G
G
G
G
C
T
C
A
G
A
T
T
T
C
T
T
T

T
A
A
T
G
G
G
C
A
G
A
T
C
A
C
G
A
C
A
G

G
A
G
G
G
C
A
A
a
G
A
G
C
T
G
G
A

G
A
G
G
G
C
A
A
g
G
A
G
C
T
G
G
A

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

R
1
8
4
3

2
5
7
.6

C
A
C
G
T
A
T
G
C
A
T
T
T
T
C
T
A
C
C
A
G
C

G
C
C
T
G
C
T
G
A
C
A
A
T
C
A
T
C
T
C
T
T
C

A
A
A
T
A
T
T
C
g
A
T
G
T
T
C
T
T

A
A
A
T
A
T
T
C
a
A
T
G
T
T
C
T
T

5
8

4
0

1
·
S
S
C
/0
.1
%
S
D
S

4
0

S
2
0
7
6
8

2
9
5
.2

C
C
T
G
T
G
T
A
C
C
T
C
G
A
A
G
A
G
T
C
A
A

T
A
G
C
T
G
A
T
G
T
G
C
C
A
C
G
T
G
A
A

T
C
T
G
T
A
C
C
a
T
G
G
T
A
A
A
T

T
C
T
G
T
A
C
C
tT
G
G
T
A
A
A
T

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

C
6
3
7
2
6

2
9
5
.2

T
T
G
G
T
C
A
T
C
C
T
T
G
G
G
T
C
C
T
A

C
T
G
G
A
T
C
G
T
A
C
G
A
G
C
A
A
C
C
T

T
T
A
C
C
G
T
T
tT
T
T
A
A
A
G
C

T
T
A
C
C
G
T
T
g
T
T
T
A
A
A
G
C

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

R
1
9
0
6

2
9
6
.6

C
C
T
T
G
C
A
T
C
C
C
C
A
C
C
T
C
T
T
G
T

G
C
A
A
C
T
G
G
A
A
T
C
C
A
A
G
C
A
T
T
G

G
T
G
C
A
A
T
A
tG

C
A
T
C
T
T
T

G
T
G
C
A
A
T
A
g
G
C
A
T
C
T
T
T

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

S
1
0
8
4
4

2
9
8
.2

C
T
C
T
T
C
T
A
C
G
C
C
A
G
G
T
T
C
C
A
A

G
C
A
C
A
G
T
A
A
C
C
A
G
A
T
C
A
A
C
A
G

C
A
G
T
A
G
A
G
cT

G
T
G
G
A
G
A

C
A
G
T
A
G
A
G
tT
G
T
G
G
A
G
A

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

R
2
5
5
9

2
9
9
.6

G
C
A
A
T
T
G
T
G
C
C
T
T
A
T
A
C
C
G
A
G

G
A
G
C
T
T
C
T
G
T
C
T
T
T
G
G
T
A
A
C
A
C
G

A
T
A
T
G
T
G
G
tT
G
G
G
T
T
a
G

A
T
A
T
G
T
G
G
cT

G
G
G
T
T
g
G

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

E
4
1
6
9

2
9
9
.6

A
C
T
A
T
T
C
T
T
G
C
A
G
G
C
C
A
G
T
G

C
G
G
G
A
A
T
G
C
T
T
T
T
C
A
A
C
A
G
T

A
T
G
T
A
T
G
T
g
T
T
G
C
T
T
T
A

A
T
G
T
A
T
G
T
tT
T
G
C
T
T
T
A

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

C
1
2
1
8
7

2
9
9
.6

A
A
G
G
T
A
A
G
A
A
C
T
C
C
A
C
A
C
C
T
G
A

T
A
C
A
G
T
G
A
C
T
C
T
G
C
G
T
G
G
T
A
C
A
T

T
C
T
T
G
G
T
A
a
T
G
C
C
C
A
T
G

T
C
T
T
G
G
T
A
tT
G
C
C
C
A
T
G

5
8

4
0

1
·
S
S
C
/0
.1
%
S
D
S

4
0

E
3
2
9
5

2
1
0
1
.2

A
C
G
T
A
C
G
T
C
A
C
A
C
A
A
C
A
T
C
T
G
T
C

G
C
T
G
C
A
G
T
T
C
G
T
G
A
T
A
T
G
G
A

T
G
C
A
A
G
C
G
cC

G
T
C
G
T
G
A

T
G
C
A
A
G
C
G
a
C
G
T
C
G
T
G
A

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

C
1
2
4
0
9

2
1
5
7
.9

G
C
A
G
G
T
G
T
G
T
C
A
C
A
A
T
C
T
T
C
A

C
T
T
C
G
A
A
T
A
G
C
C
C
T
G
T
T
G
C
T
T
A

A
A
C
A
G
G
A
A
g
C
C
T
G
A
C
A
G

A
A
C
A
G
G
A
A
a
C
C
T
G
A
C
A
G

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

S
0
0
4
0

3
2
0
.3

T
C
T
G
C
T
G
C
C
T
C
T
G
C
A
C
A
T
A
C

C
A
A
A
A
G
C
A
A
C
C
A
G
A
G
C
C
A
A
T

A
G
T
A
C
T
A
G
a
T
C
A
G
T
C
T
T

A
G
T
A
C
T
A
G
tT
C
A
G
T
C
T
T

5
8

5
0

1
·
S
S
C
/0
.1
%
S
D
S

5
0

R
1
8
6
2

3
4
9
.3

G
C
A
C
G
A
G
G
G
G
A
A
A
T
T
A
C
T
A
A
G
A
T

C
G
T
C
A
A
A
G
A
T
A
A
C
C
A
G
G
T
T
G
G
T
A

G
G
A
T
A
T
C
C
a
T
G
A
C
C
G
T
G

G
G
A
T
A
T
C
C
g
T
G
A
C
C
G
T
G

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

S
0
2
7
9

3
6
9
.2

A
G
C
A
C
C
A
G
A
A
T
C
G
T
A
C
T
T
C
C
T

G
C
G
A
A
C
G
A
G
A
T
C
A
A
G
T
C
A
C
A

A
C
G
A
A
G
A
T
a
A
G
T
G
G
A
T
G

A
C
G
A
A
G
A
T
g
A
G
T
G
G
A
T
G

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

S
1
4
2
6
2

3
1
0
1
.6

C
C
T
C
C
A
C
T
G
C
T
T
A
G
T
C
A
C
C
A

C
A
G
T
G
A
A
C
T
A
A
T
G
G
G
A
A
C
A
G
C
A
G

A
A
T
T
C
T
G
T
tA

T
A
C
A
A
G
T

A
A
T
T
C
T
G
T
a
A
T
A
C
A
A
G
T

5
6

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

C
1
1
2
2
3

3
1
4
9
.1

A
T
T
G
T
A
C
C
C
T
G
A
C
G
A
T
C
G
A
A

C
T
G
T
C
T
T
T
C
C
A
G
A
C
A
G
A
A
G
A
A
C
C

C
G
C
T
T
G
A
C
a
G
T
G
A
A
T
G
G

C
G
C
T
T
G
A
C
g
G
T
G
A
A
T
G
G

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

S
0
7
3
8

4
3
0
.8

A
G
C
T
G
T
C
A
G
G
C
G
T
A
T
C
A
A
G
C

G
G
G
A
G
C
A
T
T
A
T
T
C
C
C
A
G
T
T
G

C
A
T
A
A
G
G
G
a
T
G
A
G
G
T
G
A

C
A
T
A
A
G
G
G
cT

G
A
G
G
T
G
A

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

C
6
2
0
5
4

4
5
7
.5

T
G
A
T
G
C
A
C
C
G
T
C
C
T
C
A
A
T
T
A

T
G
T
T
G
G
A
A
G
G
G
A
A
C
A
T
G
T
C
A

A
A
A
C
T
T
G
T
g
A
C
C
A
A
T
G
A

A
A
A
C
T
T
G
T
cA

C
C
A
A
T
G
A

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

C
1
1
8
8
2

4
1
0
8
.2

A
T
T
G
T
G
A
T
G
T
C
C
C
A
G
G
A
A
G
C

C
A
C
A
G
T
G
C
T
A
C
A
T
G
T
G
A
C
A
T
T
C
C

T
G
A
C
A
A
A
A
tT
G
A
G
A
A
C
T

T
G
A
C
A
A
A
A
cT

G
A
G
A
A
C
T

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

E
3
0
5
6
5

4
1
0
8
.2

G
T
T
C
G
G
A
C
G
A
A
A
T
G
A
G
T
G
T
A
T
C
C

T
G
G
C
T
C
A
T
G
C
T
G
G
T
A
T
G
G
T
A

A
T
A
T
T
T
T
A
a
A
A
C
G
A
A
G
A

A
T
A
T
T
T
T
A
g
A
A
C
G
A
A
G
A

5
8

4
0

1
·
S
S
C
/0
.1
%
S
D
S

4
0

R
2
3
7
6

4
1
1
1
.0

G
G
C
T
G
C
T
T
G
G
T
G
T
A
G
T
T
A
G
T

G
A
C
T
A
G
G
T
A
A
A
A
A
G
A
C
G
G
C
C
A
A
G

T
G
A
T
C
A
T
A
cG

C
T
T
G
A
T
A

T
G
A
T
C
A
T
A
tG

C
T
T
G
A
T
A

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

S
0
7
0
3

5
2
0
.6

T
G
G
A
T
C
A
T
T
C
C
T
G
C
T
T
A
T
C
C

C
A
C
C
A
C
C
C
A
T
T
C
C
A
A
T
T
C
A

C
T
C
A
A
T
T
G
g
T
T
G
C
T
G
A
T

C
T
C
A
A
T
T
G
tT
T
G
C
T
G
A
T

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

S
1
0
0
9
1

5
5
0
.2

C
G
A
C
A
A
T
G
T
G
A
T
G
C
C
A
A
C
A
T

A
C
C
A
A
A
A
C
A
A
T
G
G
G
C
A
G
C
T
A

G
T
T
A
C
C
A
T
cG

C
A
T
C
T
G
G

G
T
T
A
C
C
A
T
tG

C
A
T
C
T
G
G

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

S
0
9
9
4

5
9
5
.8

G
G
A
T
T
G
C
A
A
A
C
A
A
C
C
A
A
A
C
G

T
G
G
A
G
T
G
C
T
A
C
A
G
C
T
G
G
C
T
A

C
T
A
T
A
G
T
A
cC

A
G
G
A
G
T
A

C
T
A
T
A
G
T
A
a
C
A
G
G
A
G
T
A

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

149



T
a
b
le

1
(C

o
n
td
.)

M
a
rk
er

n
a
m
e

C
h
r.

cM
F
o
rw

a
rd

p
ri
m
er

se
q
u
en
ce

(5
¢–
3

¢)
R
ev
er
se

p
ri
m
er

se
q
u
en
ce

(5
¢–
3

¢)
P
ro
b
e
se
q
u
en
ce

o
f
N
ip
p
o
n
b
a
re

a
ll
el
e
(5

¢–
3

¢)

P
ro
b
e
se
q
u
en
ce

o
f
v
a
ri
a
n
t

a
ll
el
e
(5

¢–
3

¢)

P
C
R

co
n
d
it
io
n
s

(a
n
n
ea
li
n
g

te
m
p
er
a
tu
re
)

H
y
b
ri
d
iz
a
ti
o
n

te
m
p
er
a
tu
re

S
ec
o
n
d
w
a
sh
in
g

b
u
ff
er

W
a
sh
in
g

te
m
p
er
a
tu
re

C
1
2
7
2

6
1
3
.5

T
G
C
G
T
G
A
A
T
T
G
G
A
A
A
C
T
T
G
A
C

T
G
T
T
G
C
A
T
C
C
T
T
T
C
A
T
G
T
C
G

G
G
T
A
A
C
C
T
tC

A
T
A
T
G
C
G

G
G
T
A
A
C
C
T
g
C
A
T
A
T
G
C
G

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

C
6
2
8
6
6

6
1
3
.5

C
T
C
G
T
C
A
T
G
T
C
T
A
A
C
T
T
C
C
C
T
T
T
C

C
G
C
A
C
C
C
C
G
T
A
C
T
A
C
A
T
T
C
T

T
C
T
A
A
A
T
T
g
T
A
A
C
A
A
T
G

T
C
T
A
A
A
T
T
a
T
A
A
C
A
A
T
G

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

C
0
2
2
6

6
1
3
.5

G
C
A
C
A
G
T
C
G
C
A
A
G
C
T
A
G
C
T
C

C
A
T
C
A
G
A
T
A
C
A
G
G
G
A
G
A
A
C
A
T
C
C

C
A
G
C
A
G
A
C
g
A
C
C
C
A
G
A
A

C
A
G
C
A
G
A
C
tA

C
C
C
A
G
A
A

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

S
S
II
a

6
3
7
.8

G
T
G
G
G
G
T
T
C
T
C
G
G
T
G
A
A
G
A
T

G
G
C
G
G
A
C
A
T
G
G
T
C
T
C
T
T
C
A
C

G
G
G
A
C
A
C
C
a
T
G
T
C
G
G
C
G

G
G
G
A
C
A
C
C
g
T
G
T
C
G
G
C
G

5
8
b

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

R
2
1
7
1

6
5
1
.0

G
C
A
C
A
T
T
G
G
C
A
T
T
A
C
A
C
A
A
G
T
A
G

A
T
G
T
A
G
A
C
C
T
G
C
T
C
T
T
T
C
T
G
A
C
C

C
T
T
T
A
C
A
A
tT
A
T
G
T
A
G
T

C
T
T
T
A
C
A
A
g
T
A
T
G
T
A
G
T

5
8

4
0

1
·
S
S
C
/0
.1
%
S
D
S

4
0

C
2
3
5

6
5
4
.1

A
G
C
G
A
G
G
A
G
T
C
A
A
G
G
A
G

T
G
A
T
G
C
A
C
A
A
T
C
T
G
C
A
A
A
C
C

A
T
G
T
A
A
T
T
tC

A
G
A
G
G
A
A

A
T
G
T
A
A
T
T
g
C
A
G
A
G
G
A
A

5
8

4
0
/5
0
c

1
·
S
S
C
/0
.1
%
S
D
S

4
0

S
0
5
6
7

6
7
9
.0

C
C
T
T
T
G
A
A
C
T
G
G
G
G
C
A
T
C
T
A

T
G
T
C
G
G
C
A
A
G
C
A
A
A
G
T
G
T
A
G

G
C
G
C
T
A
C
A
a
T
A
G
T
A
C
C
G

G
C
G
C
T
A
C
A
g
T
A
G
T
A
C
C
G

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

S
0
4
9
7

6
1
0
0
.0

A
A
G
A
T
G
T
T
G
G
G
G
T
G
C
T
T
C
A
C

C
C
T
A
T
C
A
T
C
C
G
A
G
T
G
C
C
A
T
T

G
T
G
T
G
A
T
G
tA

G
A
C
A
A
A
T

G
T
G
T
G
A
T
G
cA

G
A
C
A
A
A
T

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

S
0
5
0
0

7
0
.8

T
T
T
A
C
G
C
A
A
A
A
C
G
A
G
G
T
G
G
T

G
G
C
G
T
T
A
A
T
C
C
T
G
C
A
A
A
A
C
T

A
T
C
T
T
A
A
T
tT
T
C
A
A
T
C
C

A
T
C
T
T
A
A
T
cT

T
C
A
A
T
C
C

5
8

4
0

1
·
S
S
C
/0
.1
%
S
D
S

4
0

R
5
6
5

7
2
4
.2

T
C
T
C
C
A
G
G
A
T
G
G
A
A
A
T
G
T
T
C

A
A
T
G
G
C
C
C
A
A
A
T
G
C
A
G
A
T
A
G

C
A
C
T
G
T
T
G
cT

C
T
C
A
T
C
A

C
A
C
T
G
T
T
G
tT
C
T
C
A
T
C
A

5
8

5
0

1
·
S
S
C
/0
.1
%
S
D
S

4
0

E
3
1
0
1
5

7
2
4
.8

A
A
A
G
G
A
G
C
A
G
C
T
T
C
C
A
G
T
A
G
G

C
A
C
A
C
T
G
A
T
A
C
C
G
T
T
G
T
C
A
C
C
T

G
A
A
T
G
A
T
G
a
G
C
A
A
G
A
A
T

G
A
A
T
G
A
T
G
g
G
C
A
A
G
A
A
T

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

C
6
0
0
6
4

7
3
5
.7

C
T
A
C
A
A
G
C
T
T
G
C
C
A
G
C
A
T
C
A

T
C
C
A
G
A
A
C
A
C
C
A
T
C
G
T
G
A
A
G

T
G
C
T
G
G
C
C
cT

T
A
T
T
T
G
A

T
G
C
T
G
G
C
C
tT
T
A
T
T
T
G
A

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

C
1
4
6
7

7
7
3
.2

C
A
A
T
C
G
T
C
T
G
G
A
G
A
G
C
T
C
T
A
T
G

A
A
G
C
A
A
A
T
C
G
G
A
A
G
A
A
C
A
G
G

A
A
T
T
C
A
T
G
a
A
A
A
C
A
G
T
T

A
A
T
T
C
A
T
G
g
A
A
A
C
A
G
T
T

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

R
2
3
9
4

7
8
0
.5

C
T
A
C
T
A
T
T
G
A
A
A
A
G
C
C
A
T
A
G
T
T
A
G
G

G
C
T
T
G
A
A
A
A
T
G
T
G
G
T
G
G
T
T
C

T
T
T
G
G
A
G
C
cT

T
C
T
T
A
A
T

T
T
T
G
G
A
G
C
tT
T
C
T
T
A
A
T

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

N
K
1
0
a

7
8
0
.5

C
G
A
G
G
T
T
C
C
C
T
A
A
T
G
A
C
C
A
A

C
T
T
G
T
A
C
T
T
C
G
C
C
C
C
T
C
T
T
G

a
g
a
a
g
g
ca
G
C
T
G
T
G
T
G

ca
tc
tc
a
cG

C
T
G
T
G
T
G

5
8

5
0

1
·
S
S
C
/0
.1
%
S
D
S

5
0

R
2
5
6
1

7
8
1
.1

A
C
A
T
C
C
G
T
C
T
T
A
T
C
A
G
G
C
A
A
G
T
A

C
T
A
A
A
G
C
A
G
T
T
G
G
G
A
G
A
G
G
G

A
T
T
C
C
T
T
T
g
C
T
G
G
A
T
C
A

A
T
T
C
C
T
T
T
tC

T
G
G
A
T
C
A

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

C
8
4
7

7
9
1
.7

G
G
A
A
A
G
C
A
T
C
G
A
G
T
A
C
A
A
T
A

C
T
G
C
A
A
A
A
A
G
C
A
T
A
C
C
C
A
C
A

A
T
T
T
C
C
C
A
a
C
T
C
A
T
T
T
T

A
T
T
T
C
C
C
A
g
C
T
C
A
T
T
T
T

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

E
5
0
0
6
6

8
2
5
.2

A
T
G
C
A
G
C
A
G
T
T
T
A
G
G
C
A
T
G
A

C
T
G
A
A
G
A
C
C
A
G
G
G
G
A
T
A
G
G
G

A
A
G
T
T
A
G
C
g
C
T
A
A
G
C
C
T

A
A
G
T
T
A
G
C
cC

T
A
A
G
C
C
T

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

E
6
1
9
8
6

8
4
4
.6

A
A
G
G
A
C
A
A
T
T
G
T
G
T
G
G
C
T
G
T

C
T
C
T
C
A
A
G
G
G
C
T
A
G
A
A
A
T
T
A
C
C
A
C

T
T
G
C
C
T
A
G
tG

G
T
A
A
A
T
A

T
T
G
C
C
T
A
G
a
G
G
T
A
A
A
T
A

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

S
2
0
0
4
5

8
5
8
.1

T
A
T
T
T
C
T
C
C
C
T
C
T
A
T
C
T
T
C
T
C
C

G
T
A
T
C
G
A
T
T
G
A
T
C
G
G
T
G
T
T
G
C
A
C

T
A
A
A
A
G
A
T
g
T
G
G
A
G
G
A
A

T
A
A
A
A
G
A
T
a
T
G
G
A
G
G
A
A

5
8

4
0

1
·
S
S
C
/0
.1
%
S
D
S

4
0

C
5
2
3
3
5

8
5
8
.4

C
C
C
A
T
C
A
T
A
T
C
A
C
C
C
A
T
T
C
C

A
A
G
C
C
C
T
T
G
T
T
C
C
T
T
A
T
C
C
A
A
C

A
A
A
C
A
A
T
A
tA

T
G
C
A
T
G
A

A
A
A
C
A
A
T
A
g
A
T
G
C
A
T
G
A

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

R
8
0

8
7
3
.2

G
G
A
G
T
T
C
G
C
G
A
C
G
T
T
C
C
G
C
C
C
T

A
C
T
T
G
T
C
T
T
T
G
T
G
G
G
G
C
A
A
G

A
G
A
A
G
C
C
T
g
G
G
C
C
A
G
C
C

A
G
A
A
G
C
C
T
a
G
G
C
C
A
G
C
C

5
6

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

S
0
6
4
1

8
1
0
5
.7

C
A
C
G
C
T
C
A
G
C
A
A
A
A
A
T
G
T
C
A

G
G
C
C
T
C
A
T
C
G
G
A
T
G
T
T
C
T
A
A

T
T
A
A
A
A
T
T
cT

T
C
A
T
C
G
T

T
T
A
A
A
A
T
T
a
T
T
C
A
T
C
G
T

5
8

4
0

1
·
S
S
C
/0
.1
%
S
D
S

4
0

S
1
8
7
2

9
6
.8

C
C
A
T
C
A
C
C
T
C
C
A
A
T
T
G
T
G
C
T

A
G
C
T
A
G
A
A
G
C
T
C
C
C
C
C
A
A
A
C

T
A
A
T
A
T
T
G
cG

A
C
A
C
G
C
T

T
A
A
T
A
T
T
G
tG

A
C
A
C
G
C
T

5
8

5
0

1
·
S
S
C
/0
.1
%
S
D
S

5
0

S
0
3
1
3

9
3
0
.6

G
G
T
G
A
A
T
T
C
A
T
G
G
C
A
C
T
G
G
T

G
G
A
A
C
G
A
T
G
T
G
A
C
G
G
A
A
A
A
G

A
A
T
T
C
T
A
C
a
T
G
T
A
T
G
C
T

A
A
T
T
C
T
A
C
g
T
G
T
A
T
G
C
T

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

S
1
5
8
0

9
3
3
.0

G
G
G
C
T
C
C
C
C
C
A
C
T
T
A
T
A
T
C
T

G
C
C
C
G
T
A
T
A
G
G
A
C
A
C
C
A
A
T
G

C
G
G
C
C
C
A
C
a
G
T
C
C
A
T
C
A

C
G
G
C
C
C
A
C
g
G
T
C
C
A
T
C
A

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

C
3
0
5
1
5

9
5
5
.3

C
C
T
G
C
A
A
G
A
A
C
A
A
C
C
T
G
A
T
G

A
C
T
A
T
T
A
C
C
T
T
G
G
T
C
C
G
A
A
G
A
G
C

T
T
G
A
C
A
G
C
a
A
C
C
A
T
C
A
C

T
T
G
A
C
A
G
C
tA

C
C
A
T
C
A
C

5
8

5
0

1
·
S
S
C
/0
.1
%
S
D
S

4
0

S
1
1
6
1
5

9
5
5
.9

C
T
G
C
A
G
C
A
A
A
C
T
C
A
C
T
C
A
C
T
C
T
A

A
C
A
A
C
T
A
C
T
G
C
T
G
G
G
G
C
T
T
C

A
G
C
A
C
G
G
T
g
G
T
G
G
C
T
C
T

A
G
C
A
C
G
G
T
a
G
T
G
G
C
T
C
T

5
8

6
0
/5
0
c

1
·
S
S
C
/0
.1
%
S
D
S

4
0

S
1
9
7
4
S

9
5
5
.9

T
T
G
T
T
C
G
C
C
T
C
C
G
C
T
T
C
T
T
C

A
A
A
A
C
C
A
C
T
T
C
C
C
C
C
A
A
T
T
C

T
T
T
G
A
T
T
C
cT

C
C
A
A
G
C
T

T
T
T
G
A
T
T
C
a
T
C
C
A
A
G
C
T

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

S
0
7
0
8

9
9
3
.5

G
T
T
A
G
C
A
T
G
C
A
T
C
G
G
T
A
A
A
T
T
C

G
C
C
A
T
G
C
T
G
G
T
T
T
C
A
A
C
A
G
T

A
T
A
T
A
T
A
T
g
T
C
T
A
G
A
T
T

A
T
A
T
A
T
A
T
a
T
C
T
A
G
A
T
T

5
8

5
0
/4
0
c

1
·
S
S
C
/0
.1
%
S
D
S

4
0

E
5
0
8
3
6

1
0

5
.5

G
T
A
C
A
C
A
C
C
G
T
C
G
C
T
G
T
T
C
T
T

T
G
G
C
C
T
G
C
T
T
T
T
T
C
T
T
C
A
C
T

C
A
T
C
A
C
G
A
g
G
G
C
G
G
C
G
A

C
A
T
C
A
C
G
A
tG

G
C
G
G
C
G
A

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

O
sP
H
R

1
0

1
0
.9

G
T
C
T
T
G
C
G
A
A
A
T
G
T
G
A
C
G
T
G

C
C
T
G
C
A
T
T
C
G
A
A
G
A
A
T
T
C
C
A

G
C
T
G
G
T
G
C
g
G
C
G
C
C
T
T
G

G
C
T
G
G
T
G
C
a
G
C
G
C
C
T
T
G

5
8
b

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

C
9
1
3
A

a
1
0

1
0
.9

G
C
T
T
C
T
T
A
G
G
A
T
T
G
A
G
G
A
G
G
A
G

A
G
A
A
C
A
C
G
C
A
A
G
C
T
C
A
G
A
A
C

a
tg
ct
g
tc
T
T
C
A
C
C
A
T

g
ca
tg
a
ta
T
T
C
A
C
C
A
T

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

C
1
4
8

1
0

1
7
.9

C
C
T
G
C
A
A
A
G
T
G
C
A
A
G
A
A
C
A
A

C
A
A
C
G
A
G
C
A
G
G
A
A
G
T
T
G
T
G
A

A
A
G
A
T
A
T
G
tC

G
A
G
A
A
T
C

A
A
G
A
T
A
T
G
cC

G
A
G
A
A
T
C

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

E
h
d
1

1
0

4
4
.3

G
A
G
G
A
T
C
G
A
A
G
A
G
C
T
G
A
G
C
A

C
T
T
C
T
T
T
G
G
A
A
C
T
G
C
C
T
C
T
G
C

A
C
C
A
C
C
T
C
g
G
A
G
A
A
G
A
C

A
C
C
A
C
C
T
C
a
G
A
G
A
A
G
A
C

5
8

5
0

1
·
S
S
C
/0
.1
%
S
D
S

5
0

S
2
0
9
2
5

1
0

5
3
.9

T
G
G
T
T
G
C
A
A
A
T
C
T
G
G
A
A
T
A
C
C
T

G
A
G
A
A
A
G
C
A
C
A
T
G
C
C
A
A
C
T
T
G
T

G
C
C
A
A
T
A
G
cT

A
A
T
A
A
T
A

G
C
C
A
A
T
A
G
tT
A
A
T
A
A
T
A

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

C
1
6

1
0

7
1
.4

A
C
A
T
C
T
T
G
A
G
G
A
T
T
G
G
G
A
G
C

G
A
G
C
G
T
C
T
T
C
T
T
G
G
C
A
A
T
C
T

T
G
T
A
T
G
G
A
a
A
A
G
T
T
A
A
T

T
G
T
A
T
G
G
A
g
A
A
G
T
T
A
A
T

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

R
0
8
3
5

1
0

7
2
.8

G
T
C
C
G
T
C
C
G
G
T
A
T
C
A
A
G
A
G
T

A
C
C
G
G
A
T
A
A
A
A
T
C
A
G
C
C
A
C
A

T
A
A
A
C
C
T
A
cT

A
T
T
A
A
A
T

T
A
A
A
C
C
T
A
a
T
A
T
T
A
A
A
T

5
8

3
0

1
·
S
S
C
/0
.1
%
S
D
S

4
0

S
1
0
6
1
6

1
1

2
0
.3

C
A
C
C
C
T
T
G
T
G
G
T
C
A
C
A
C
T
T
G

C
G
G
T
G
A
A
C
A
C
C
A
G
G
T
T
C
A
T
T

G
A
T
C
C
G
C
T
g
A
C
G
G
A
G
G
G

G
A
T
C
C
G
C
T
a
A
C
G
G
A
G
G
G

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

E
3
0
1
3
9
a

1
1

5
7
.3

A
C
C
T
A
T
T
G
G
C
T
G
G
T
C
T
G
C
A
T

G
A
G
A
C
T
C
A
A
A
A
T
C
A
G
T
C
G
C
G
T
A

G
G
C
A
T
G
A
A
cT

T
T
T
G
T
T
G

G
G
C
A
T
G
A
A
tT
T
T
T
G
T
T
G

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

E
3
0
1
3
9
b

1
1

5
7
.3

T
C
A
A
T
A
G
T
G
C
G
T
C
C
G
G
A
A
A
T

G
G
T
G
C
A
C
A
A
C
T
C
A
T
G
T
A
C
A
A
C
T

A
C
A
T
A
C
G
A
tC

C
A
A
T
T
G
T

A
C
A
T
A
C
G
A
cC

C
A
A
T
T
G
T

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

S
7
2
3

1
1

8
5
.7

G
T
G
G
G
A
T
T
T
A
G
G
A
G
G
A
C
A
A
G

A
G
G
C
C
T
G
T
A
T
G
T
G
C
C
A
A
T
C
G

G
T
G
T
T
C
G
C
a
A
A
C
A
A
G
C
A

G
T
G
T
T
C
G
C
g
A
A
C
A
A
G
C
A

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

C
1
1
7
2

1
1

8
5
.7

C
A
G
G
A
A
G
C
T
C
T
G
G
C
A
T
T
G
A
G

G
T
A
C
A
A
G
A
A
A
C
C
C
G
G
C
T
G
T
G

T
A
T
C
T
A
T
A
g
T
C
A
G
C
A
A
G

T
A
T
C
T
A
T
A
a
T
C
A
G
C
A
A
G

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

C
1
1
5
8
9

1
1

9
1
.4

T
C
T
T
G
C
A
G
G
T
C
A
C
T
A
C
A
A
G
C
A
T

G
G
T
C
A
G
C
T
A
T
A
T
G
C
A
T
C
A
G
G
G
T
A

G
A
A
T
T
C
A
A
a
C
A
A
C
A
G
G
C

G
A
A
T
T
C
A
A
g
C
A
A
C
A
G
G
C

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

E
3
8
7
6

1
1

9
1
.4

A
G
C
A
T
T
T
G
G
C
T
C
G
T
A
G
C
A
A
T

A
C
A
A
G
T
C
G
C
C
T
C
C
A
A
T
A
T
G
C

T
C
C
T
G
A
G
C
g
A
C
A
A
G
C
C
T

T
C
C
T
G
A
G
C
a
A
C
A
A
G
C
C
T

5
8

5
0

0
.1

·
S
S
C
/0
.1
%
S
D
S

5
0

C
1
2
9
6
5

1
1

9
9
.2

T
C
T
G
T
T
A
C
G
C
A
G
G
T
G
T
C
C
A
G

C
T
T
G
C
C
A
A
C
A
T
T
G
C
C
A
G
A
T
A

T
A
C
A
A
T
T
T
tG

A
T
G
C
G
T
G

T
A
C
A
A
T
T
T
g
G
A
T
G
C
G
T
G

5
8

5
0

1
·
S
S
C
/0
.1
%
S
D
S

5
0

150



unlabeled oligonucleotide yielded clear allele-specific
signals (Fig. 1). Therefore, a fivefold amount of the
unlabeled oligonucleotide was used as the standard
hybridization condition.

Although, alleles containing insertions have been
detected using probes of insertion sequences in our
previous study (Shirasawa et al. 2005), alleles with
deletions have not. To detect both alleles, junction se-
quences of the insertion sites were used as probes in the
present study. Competitive hybridization of a labeled
probe for a mutant allele and a fivefold amount of an
unlabeled oligonucleotide for a wild-type allele, which
share a sequence from one end to the middle and have
different sequences in the other half, detected only by the
mutant allele (Fig. 2a).

In the analysis of the SNP in Sd1, an oligonucleotide
probe for sd1-r detected no signal, while a probe for the
wild-type allele of Sd1 detected allele-specific signals.
Since the probe for sd1-r contained a palindromic
sequence, this probe was considered to create a self-
annealed form. Raising the hybridization temperature to
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Fig. 1 Effect of competitive hybridization on background signals in
dot-blot-SNP analysis. Three genes having SNPs, Wx, S3813a, and
S4655, were analyzed by dot blotting with or without competitive
hybridization. ‘‘wt’’ and ‘‘mq’’ are alleles of Wx, and ‘‘A’’ and ‘‘B’’
indicate alleles of S3813a and S4655. No competitive oligonucle-
otides (1:0) and one- (1:1), two- (1:2), five- (1:5), and tenfold (1:10)
amounts of competitive oligonucleotides were added to hybridiza-
tion mixture. Two dots were blotted for each allele. Addition of
two-, five-, and tenfold amounts of competitive oligonucleotides
reduced the background signals, giving clear allele-specific signals
were detected

Fig. 2 Dot-blot-SNP analyses of C913 having indel (a) and Sd1 (b).
Both alleles of the gene having indel were detected in an allele-
specific manner. Signals of the sd1-r allele were detected by raising
the hybridization temperature to 65�C
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65�C enabled specific detection of the sd1-r allele
(Fig. 2b).

In the 100 dot-blot-SNP markers (= 200 probes)
listed in Table 1, including 95 SNP markers, four <100-
bp-indel markers, and one 2-bp-indel marker, 154
probes detected allele-specific signals under the standard
condition described in Sect. Materials and methods. Use
of washing buffer with a high SSC concentration, i.e., 1·
SSC/0.1% SDS, enabled the detection of allele-specific
signals by 19 probes, and lowering the washing tem-
perature to 40�C with 1· SSC/0.1% SDS washing also
enabled the detection of allele-specific signals by three
other probes. With hybridization at 40�C, allele-specific
signals were detected by 18 probes and one probe with
1· SSC/0.1% SDS washing at 40 and 50�C, respectively.
For a probe having high GC content, i.e., 11 GC bases,
hybridization at 60�C yielded allele-specific signals, and
for two probes having low GC content, i.e., two and
three GC bases, hybridization at 30�C yielded allele-
specific signals. In C11876, a marker for the 2-bp indel,
an allele-specific signal was detected when the concen-
tration of the unlabeled oligonucleotide in the hybrid-
ization buffer was increased to 5 lM. All the 200 probes
(100 SNP markers) produced in the present study de-
tected allele-specific signals under the optimized condi-
tions of the hybridization and the washing (Table 1).

Genotyping of rice cultivars using the dot-blot-SNP
analysis

Genotypes of the 95 SNP markers and the five indel
markers were analyzed in 43 rice cultivars (Supplemen-
tary Table 1). Although, four and nine DNA fragments
of the markers were not amplified by PCR and hybrid-
ized with neither probe, respectively, data of the 417
combinations of cultivars and markers were obtained.
The nine DNA fragments hybridized with neither probe
showed band patterns different from those of ‘Nippon-
bare’ alleles and the variant alleles by SSCP analysis,
indicating that these fragments have other SNPs.
Twenty markers separated the 43 cultivars into two
groups at about 50%:50%. These are considered to be
useful markers for the identification of cultivars. The 43
cultivars were separated into 30–40%:70–60%, 20–
30%:80–70%, 10–20%:90–80%, and 0–10%:90–100%
by 23, 24, 28, and five markers, respectively. Analysis of
eight markers, i.e., E30565, R0835, R1709, S10091,
S10844, S11615, S13781, and S4655, was sufficient for
distinguishing the 43 cultivars from each other (Table 2).

Both S723 and C1172 are DNA markers that are
closely linked with Pb1 (the panicle blast resistance gene)
and Stvb-i (the rice stripe disease resistance gene), which
were derived from indica cultivar ‘Modan’ (Fujii et al.
2000; Hayano-Saito et al. 1998). Four japonica cultivars,
namely, ‘Asahinoyume’, ‘Goropikari’, ‘Matsuribare’
and ‘Tsukinohikari’, were found to have ‘Modan’-type
alleles of S723 and C1172, suggesting that these cultivars
may have both Pb1 and Stvb-i. Ehd1 is a gene for T
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heading date, and the loss-of-function of Ehd1 in ‘Tai-
chung 65’ is due to one amino acid substitution (Doi
et al. 2004). This mutation was not found in the other 42
cultivars. Five cultivars, namely, ‘Dontokoi’, ‘Itadaki’,
‘Kinuhikari’, ‘Yumetsukushi’, and ‘Habataki’, showed
signals of indica-type alleles of C727A, C62963, C11876,
and sd1-d, all of which are located on the long arm of
chr. 1. These five cultivars are progenies of ‘IR8’ having
the sd1-d allele (Sasaki et al. 2002). The chromosomal
region containing C727A, C62963, C11876 and sd1-d is
considered to be transmitted from ‘IR8’ to these culti-
vars. The ‘Sasanishiki’-type allele of OsPHR, which
strengthens UV-B resistance (Teranishi et al. 2004), was
frequent in japonica cultivars (Supplementary Table 1).

DNA-based selection of rice breeding lines using
dot-blot-SNP analysis

Dot-blot SNP analysis was applied to DNA-based
selection of breeding lines in a conventional cross-
breeding program in rice. Wx alleles of the 382 F4 plants
of bulk-population derived from the cross between an F3

plant of ‘Iwanan 25’/‘Etsunan 190’ having sd1-r and
Wx-mq and an F4 plant of ‘Xin Qing Ai 1’/‘Ta Hung
Ku’ having low-temperature germinability were ana-
lyzed by dot-blot-SNP analysis. To reduce the time
needed for DNA preparation, the simple DNA prepa-
ration technique of Wang et al. (1993) was adopted for
this analysis. The amounts of amplified DNA by PCR
were variable, probably due to the inconstant purity of
DNA. Densities of the allele-specific signals were com-
pared with those of the combined signals detected by a
mixture of the labeled probes for estimation of the
amount of amplified DNA (Fig. 3). About three-fourths
of the plants, 288, showed wild-type signals of densities
comparable to the combined signals, and about one-
fourth of the plants, 119, showed mutant signals com-
parable to the combined signals. In 39 of the 382 plants,
both the wild-type signals and the mutant signals were as
dense as the combined signals. These results suggest that

there were 249 homozygotes of Wx, 80 homozygotes of
Wx-mq, and 39 heterozygotes. Genotypes of the
remaining 14 F4 plants were not determined because of
the small amounts of amplified DNA.

Sd1 alleles of the F4 plants were analyzed. About half
of the plants, 159, showed wild-type (Sd1) signals of the
densities comparable to the combined signals of Sd1 and
sd1-r, and about the other half of the plants, 218,
showed mutant (sd1-r) signals comparable to the com-
bined signals. Thirty-nine plants exhibited dense signals
with both the wild-type probe and the mutant probe,
suggesting that these plants are heterozygotes of Sd1/
sd1-r. In 44 plants, an insufficient amount of DNA was
amplified. Genotypes of Wx and Sd1 of the F4 plants
were successfully determined by dot-blot SNP analysis.

Discussion

Allele-specific detection was achieved by dot-blot-SNP
analysis in all the tested genes having SNPs. Mutant
alleles with indels were also distinguished from wild-type
alleles. These results suggest the wide applicability of
this technique to genotyping of various genes. Our dot-
blot-SNP analysis is based on competitive allele-specific
short oligonucleotide hybridization (CASSOH) reported
by Matsubara and Kure (2003). Their technique does
not require technical expertise, and results can be ob-
tained within a very short time. However, the use of an
immunochromatographic strip raises the cost of this
analysis. Other techniques for SNP analysis reported to
date are costly or laborious (Nasu et al. 2002; Jain et al.
2003), and some of them require expensive instruments
(Ross et al. 1997; Stoerker et al. 2000; Wang et al.
2005). Although, dot-blot-SNP analysis requires some
labor for the detection of the allele-specific signals, this
method is suitable for a large number of samples because
864 samples can be blotted on one 8 · 12 cm2 mem-
brane. The most costly process in dot-blot-SNP analysis
is PCR. However, less than 1 ll of the reaction mixture
was sufficient for dot-blotting. Multiplex PCR using

Fig. 3 Dot-blot-SNP analysis of the Wx alleles in F4 plants of a
crossbreeding program. Two dots were blotted for each plant as
shown in the picture at the right. PCR products of ‘Koshihikari’
(K) havingWx and ‘Milky Queen’ (M) having Wx-mq were blotted
as positive and negative controls at the upper right corner of each

membrane. The pictures show hybridization with the labeled Wx
probe and the unlabeled Wx-mq probe (a), with the labeled Wx-mq
probe and the unlabeled Wx probe (b), and with a mixture of the
labeled Wx probe and the labeled Wx-mq probe (c)
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several primer pairs may be effective in reducing the cost
and labor for PCR.

High reliability of the data is another advantage of
dot-blot-SNP analysis. Specific amplification using al-
lele-specific primers is a highly simple method for SNP
analysis, and may be widely applicable (Latorra et al.
2003; Zhou et al. 2004). However, the efficiency of
DNA amplification by PCR depends on the purity of
the template DNA sample. In the analysis of a large
number of samples, reducing the time and labor needed
for DNA preparation by using simple techniques is
important, but such techniques sometimes result in
failure of the DNA amplification by PCR, leading to a
misinterpretation of results. In dot-blot-SNP analysis,
the dots without amplified DNA were not detected by
either a wild-type probe or a mutant probe. The result
of amplification failure can be abandoned without
confusion of the data.

Since leading cultivars of rice, which differ in cooking
quality, are highly similar to each other in appearance,
establishment of a technique for cultivar identification is
required not only by seed suppliers but also by food
markets. Eight markers were found to be sufficient to
differentiate the 43 cultivars used in the present study.
Theoretically, all the cultivars can be distinguished from
each other by SNP analyses, and dot-blot-SNP analysis
can be used as a simple technique for cultivar identifi-
cation. Furthermore, dot-blot-SNP analysis of each
grain enables detection of the contaminated seeds and
estimation of the percentage of each cultivar in blended
grains. One problem of this method for cultivar identi-
fication is that its ability to distinguish lines is too high.
Since lines in F9 to F10 generations are generally released
as new cultivars in conventional rice breeding, the rice
cultivars are heterozygous at some loci. Propagation of
the cultivars in different places may produce different
genotypes in one cultivar. To avoid a misidentification
of cultivar, heterozygosity of the SNP markers should be
recorded using the original seeds released from research
stations, as was done in the present study (Supplemen-
tary Table 1).

Marker-aided selection using DNA markers closely
linked to a gene controlling an important agronomical
trait can be applied to conventional crossbreeding of
various crops. However, selection using the linked DNA
markers may sometimes result in the loss of the tar-
get alleles by recombination between the markers and
target alleles. To avoid this problem, it is necessary to
use the target alleles themselves as the DNA markers. In
addition to Wx and Sd1, several genes controlling
agronomically important traits have been identified
(Song et al. 1995; Yano et al. 2000; Ashikari et al. 2005).
We propose a new breeding method tentatively named
‘‘DNA-selection breeding,’’ where most of the genes for
the agronomically important traits are selected by SNP
analyses without investigating the plants in the field,
only the final test for the productivity and adaptability
of the lines is being performed in the field so as to reduce
the labor, cost, and time required for plant breeding.

Dot-blot-SNP analysis may contribute to the develop-
ment of this new breeding method.

The high ability of the dot-blot-SNP technique to
analyze many individuals may facilitate various genetic
studies, e.g., gene mapping, QTL analysis, and popula-
tion genetics. The genes controlling quantitative traits,
many of which are important breeding objectives, can be
mapped with QTL analysis (Yano et al. 2000). For the
identification of genes in QTLs, fine mapping using
closely linked DNA markers is indispensable. Many
agronomical traits important for plant breeding cannot
be assessed using segregating populations derived from
the distantly related parents, such as indica rice and
japonica rice. SNPs can be useful as markers for gene
mapping using a population derived from a cross be-
tween closely related lines. In our preliminary study of
QTL analysis of high-temperature tolerance at grain-
filling period of rice, SNP analysis using dot-blotting
was ten-times more efficient than electrophoretic analy-
ses of the SSLP and CAPS markers. Further identifica-
tion of SNPs and production of dot-blot-SNP markers
are required for genetic study of rice.
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