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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 Sd! of F, 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.
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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 Sd/, 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 f-
globin and HLA-DQu 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 F,
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. F,4 plants from a cross between an
F; plant of ‘Iwanan 25°/*Etsunan 190’ and an F,4 plant of
‘Xin Qing Ai 1’/Ta Hung Ku’ were used for SNP
analyses of SdI 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 F,
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 1x
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, 1x ExTag buffer, 2 nmol of each dNTP, and
0.5 U of Tag DNA polymerase (ExTag, 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 uM of the digoxigenin-labeled oligonucleo-
tide and 2.5uM of unlabeled counterpart
oligonucleotide was hybridized at 50°C. After hybrid-
ization, the membranes were washed twice in 0.1x 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, ie., 0:1, 1:1,
2:1, 5:1, and 10:1, twofold to tenfold amounts of the



149

0S  SAS%1°0/DSS X1°0 0s 8 VIOVOOVORVIOVIVLD VIDVODVIIVLIOVLVIO VIODODILOOVOVIOODLOVODL DOVVVIIOVVIOVVVOODLLVOD 866 S ¥660S
05 SAS%1°0/DSS XI°0 0S 8¢S DOLOLVOOILVOOVLLD  DOHIDLVODILVIOOVLLO VIODVIODODLVVOVVVVIOV LVOVVIDOLVOLOLVVIOVOD T0S S 16001S
0S  SAS%1°0/2SS X1'0 08 8¢ LVOIOOLIIDLILVVOLD  LVOLIDLISOLLVVOLD VOLLVVOOLLVOOOVOIVD DOLVLLODLIDLLVDLVOOL 90T S €0L0S
0S  SAS%1°0/DSS X1°0 0s 8 VLVOLIOOWLVOLVOL  VLVOLLODOVLVOLVOL DVVOIDDOVOVVVVVIOOVIOVO LOVLLOVIOLOOLIDOLOODD 0111 4 9ILETd
0 SAS%1'0/0SS X1 g 8¢ VOVVOOVVSVLLLILVLY  VOVVOOVVEVLLLLVLV VLIOOLVLIOOIOOLVILOOOL DOLVIOLOVOLVVVOOVOODLLD T801 ¥ 69s0ed
0S  SAS%1°0/2SS X1°0 0s 8¢S LOVVOVODIIVVVVOVOL  1DVVOVODLIVVVVOVOL  DOOLLVOVOLOLVOVIODILOVOVD DDOVVOOVIOILOLVOLOLLY T801 v T88IID
05 SAS%1°0/DSS XI°0 0$ 8¢S VOLVVIOVOLOLLOVVY  VOLVVOOVSLOLIOVVY VOLOLVOVVODOVVODLLOL VLLVVOLODLODDVODLVOL S'LS v $S0T9D
05 SAS%10/DSS XI°0 0s 8¢ VOLODVDHILHDDVVLVD VOHLOOVOLEDOOVVIVD DIILOVOOILLYLLYDOOVOODD DOVVIOLVLODDOVILOLOOV 80 4 8ELOS
0S  SAS%1°0/DSS X1°0 0$ 8 DOLVVOLOSOVOLLIDD DOLVVOLOIVOLLIDD  DOVVOVVOVIVOVIOLLLOLOLD VVOILVOOVOLIDIVIOLLY l'6vl € €I
0S  SAS%1°0/DSS XI°0 0S 9¢ LOVVOVLVELOILOLLVV LOVVOVIVILOLOLLYY ODVODOVOVVODDLVVIOVVOLOVD VOOVOLOVLLIOOILOVIDLDD 9101 € [€144 N
0S  SAS%I1°0/2SS X1°0 0s 8 DLVODILOVILVOVVOIV DIVODLOVELVOVVOIV VOVOLOVVOLVOVOIVVOOD LODOLIDVIODLVVOVIIVODV T69 € 6LT0S
0S  SAS%1°0/DSS XI°0 0$ 8 DLODIDVOIIODOLVLIVOD  DILOIDVOLEDDLVLYDD VIOOLLOOVIIVVIVOVVVOLOD LVOVVIOVLILYVVODODVOOVID €£6% € 981
0S  SAS%1°0/0SS X1 0s 8¢ LIDIOVOLIDVIOVIOV  LIDIOVILEOVIOVIOV LVVOIDVOVIIVVIDVVVVD DVLVOVIDLIOLIDOIOOIOL €0T € 0v00S
0S  SAS%1°0/DSS XI°0 0s 85 DVOVOHIIDEVVODVIVV DVIVOHIIISVVDOVOVV VLLODLLOLIDODVLVVOILLD VOLLDLVVOVOIOLOLOOVOD 6'LS] < 60¥TID
0S  SAS%1°0/DSS XI°0 0$ 8¢ VOLODLODPODOVVIODL VOLODLODDIOVVIOL VODLVLVOLODLLOVOODILDD  DLOLDLVOVVIOVOVOLOOVLOOV 101 [ soced
0 SAS%1'0/0SS X1 ov 8¢S DIVOOOOILIVLIODLIOL  DHLVOOIODLEVIOODLIOL LVOVLIOOIODOODIOLOVOLOVOVL VOLOOVOVOOLOVVOVVILOOVY 966 < L8ITID
0S  SAS%1°0/DSS XI°0 0S 8 VLLLODLIMLOLVLIOLY VLLLOOLISLOLVLOLY LOVOVVOLLLLODLVYVODDD DLOVIIOOVIOLIDLLVIOV 966 [4 691vd
0S  SAS%1°0/DSS XI°0 0$ 8¢S DILIODOIPOOILOLVLY  DELIOODIIDOLOLVIY  DOVOVVIOOLLIOLOLOLIOOVD OVOIOVLVLLIODDLOLLYVID 966 C 65T
0S  SAS%1°0/DSS X1°0 0s 8¢ VOVOOIDLIDVOVIOVD VOVODIOIPOHVOVIOVD DVOVVOLVOVIOVVILOVOVOD VVIOLLOOVIDOIVIDOLLIOLD T'86 T t¥80IS
05 SAS%1'0/DSS XI°0 0S 8 LLIDLVOD3VLVVIDLD LLLOLVOOIWLVVODILO DLLVODVVIOLVVODILOVVID LOLLDIDDOVIIIDLVIOLLID 996 [4 9061
05 SAS%T10/DSS XI°0 0s 8¢S DOVVVLILISLIOODVLL JODVVVLLIMLLODOVLL LOOVVODVOOVLODLVODILD VIDOLOODLLODLVILODLL TS6 T 9TLEYD
0S  SAS%1°0/DSS X1°0 0s 8 LVVVLIODIIDOVIOIOL  LVVVIODLEDDOVIOLOL VVOLOOVOODILOLVOILIOOVL VVOLOVOVVODILIOVIOLOLID TS6 T 89L0TS
0 SAS%I1'0/0SS X1 g 8¢ LIDLLOLVEDLLVLVVV LIDLIDOLVEDLLYLVVY JOLLOLOLYDLVVOVOLODLOOD DOVIOOVIDLLLLYOOLVLIOOVD 9'LS [ P81
0S  SAS%1°0/2SS X1'0 0s 8¢ VDDOLIDVOIVVIDOOVD VOHOLODVORVVIDOOVD DVOVOHOVIOLVOVODDDLVVL LLIDLLLVOVIOLODDODOVID ¢€'LS T TTLEsD
0S  SAS%1'0/DSS XI°0 0S 8¢ DLOVOLLYSOOVOVOOV  DIDVOLLYEIOVOVOOV LVOLLODLVOVVOVOVIOOVLYD VIOVVIOVVOOVIIVOLVILLOV 08C 4 westd
05 SAS%1°0/DSS XI°0 0$ 8¢S DLVOVOLILDILOOILLY DLVIOVOLIIDLOODDLLY LLVOOVVOLLLYOVOODOIDV DVVODVIDVVVIOVOVVOOV 061 [ £€90S
0S  SAS%1°0/DSS XI°0 0$ 8 LLVOODDOOEDOVOLODD  LLVODODIIIDIVOLODD DOVOVILOLLODILOVLVOILLOV DODLVIOLIDIVOVOLVOLLDD 8181 1 [44te]
05 SAS%1°0/DSS XI°0 0§ 8¢S DOIDVOOVIOLOLIOVY  DOLOVOOVEDLDLLOVY VOVLOLODODLLOLYOILID VOOVVIOLVOLLLYODDVVOD 9651 I €0ced
0S  SAS%1'0/0SS X1 p0S 8¢ LVLVLIOD®WVOVOVOLV 1OLVLVIOD-VOVOVOLV ODLOLIODLLOLLIDIODVOLL VOLVIDOVVVODOVOLIDOVD 9¥SI1 L 9L8TID
0S  SAS%1°0/DSS XI'0 0$ q8¢ LODOIDVIOLVIDDLVOOLV LODOVOLVIODLVIOLV HVOLVOVVVOVODILODLOVOVOV DIDOIDLIDIDLLOVVVOVD TLyl L £€9679D
05 SAS%10/DSS XI°0 08 8¢S VIDOLLOIWLLYOLOOL VIOOLLOIPLLYOLOOL LVVODOOOVOLOLLODLYOVD VLDOLOLIOVVIOVIOVVVYID ¢'stl I VLTLD
0S  SAS%I1°0/DSS X1°0 0s 8 VIOVVIOLLEVOVIOVVY  VIDVVOLISVOVIOVVY LVODLLLYODVOODILOVIOD VVVOVOLLVOVOOIOOLIVL 61Tl 1 ST601S
05 SAS%1°0/DSS XI°0 0$ 8¢S VOODOVVIILVVOVOLY  VOOIDVVIELVVOVOLV DVIODVOVOHLVVILVVIVVODVVD LOLLLODLOLLYDOVOLLOV 66€1 I I8LEIS
05 SAS%10/DSS XI°0 0s 8¢ DOVODLIOFVOIOLVVD  DDOVODLIIEYVOLOLVVD DOLOODVVIOLLVLOLLODOLY LLDIDLVODLODILIODLVOV 63811 I SSIEIS
0S  SAS%I1'0/DSS X1 05/07 8¢S 10180LSRY VVOLOVY 1BBRIIBIVVVOLOVV DOVIODLLLOVOVOVVOODLD  DHVIOVOILIDVIOVIOVLLIDLID L'S6 I .9€18¢S
0S  SAS%1°0/DSS XI°0 0§ 8¢ D1ODDLODIVIIDODIDLD DLDDODLODIVIIODOLD DLIODLVLLOLIDOVIOVID  DHVOVOIILIOVIIVIOVLLIOLID L'S6 I BEIBES
0§ SAS%1°0/DSS X1°0 0s 8 VIOVVODISDLVOVOVD  VIDVVIOLEDLVOVOVD DILVDVVIOODVVVLVILIDD JOVOIOLLIOLIDOVIODOIDLVL 69¢ 1 SSIPS
05 SAS%1°0/DSS XI°0 0S 8¢S VVVIODOVIVVIOLVID  VVVIIDOVIVVIILVID OOLLOLIDIDLOLILIOIDLD DVOLVOVIOOVIIIDVVOIV ¥'$T L €100€D
05 SAS%T10/DSS XI°0 0s 8¢ VIOLVVODDVIOOOOL VIOLVVOODIOVIOODDOL VLVOODIOVOVVVOVIOODILOOD JLOLLOVVIOOVOOVOILLD 601 I 959090
0S  SAS%I1'0/DSS X1 0s 8 pRSEROESIBDV LVID OBOIEINLIDVILVID ODVVOLLVVOVODIDLVVDD DVVOLVOVOVLVOLLVDOLVDD 9°¢ I LALSTETS
05 SAS%1°0/DSS XI°0 0§ 9¢ LOILOLOVOIDLOLILYD LOLOLOVOIDLOLILYD LLVOOLLODLVYDOIOLODVY DVVDLVOVIOVLVOLLYDOLVOD 9°¢ I BLSIEIS
SDAND £F Y1 0 UOIDIYIIUIPL A0f PISN AN J N S-10]q-10q
0S  SAS%1°0/DSS XI°0 $9/0s ¢8S  DLIVILODVAIIODONDIDD  DLVILIDVIIOIODDODLID JLODODDVVOHLOIDIDOVIIDV DLOOVILLOVOOIDIVIOVOD 1-1ps
0S  SAS%1°0/DSS XI°0 0$ 8¢ DOLOVODILEIOVVOVID DHOILOVOOIIIOVVOVLID OLOLLODIOLYODOVVVOLD DOLLVOOILVOLVOLLOLLD bu-xpm
sout] Suipaa.aq ayy Jo Surddjouas 1of pasn siaywuw JNS-10]q-10q
(armyeradway

Suyeauur) (£=8) a1e (£=5) aR1e
arnjeradw) ppgnq  ameraduwo) SuonIpuod JUBLIBA JO arequoddiN jo (,£-,5) ouanbas (,£-,5) douanbas Queu
Surysepmy Sulysem puodag uonezIpuqAHq AOd douanbas aqoig douanbas aqoig Jowd as10A0y Jownd premioq WO 1yD  IoyIRN

Suiysem pue uonezipuqAy YDJ JO suonipuod ay} pue siyIew JNS Jo saqoid apnosponuosijo pue sired rowd jo saouanbag | dqe],



0S  SAS%I1°0/0SS X1 0s 8 DLODOLVOSLLLYVOVL OLIODOLVOILLLVVOVL VLVOVIOODLLVOVVOIDLLD DOVIDLOLODVIODOVLLOLOL T66 1T §96C1D
0S  SAS%1°0/DSS X1°0 0s 8¢ 1DDDVVIOVEDOVOIODL LOIDVVOVIOOVOLIDL DDILVIVVOILIOODILOVVOV LVVODVLODLIDDOLLLYOOV V16 I 9L8¢d
0S  SAS%I1°0/DSS X1'0 0s 85 DDOVIVVISVVILLVVD DDOVIVVIRVVILLVVD  VIODDVOLVIDLVLVIOOVILOD LVODVVOVIOVOLOOVODLIOL V16 1T 68STID
0S  SAS%1°0/DSS X1'0 0§ 8¢ DVVDIOVOLRVLIVIOLVL DVVODOVILSVLVIOLVL DLOLODOIDIOVVVOVVOVLD OVOLLVODOILOLODVVOOVD LS8 I CLIID
0S  SAS%I1°0/DSS X1°0 0s 8¢ VOOVVOVVEOODLIOLO VODVVOVVEDDILLIOLD DOLVVOOODLOLVILDIOODODV OVVOVOOVOOVLLLYVODDLO LS8 I €TLS
0S  SAS%!1°0/DSS X1'0 0$ 8¢ IOLLVVODIVOOVIVOV  LOLLVVIODIWVODIVIVOV LOVVOVIOLVOLOVVOVOOLOD LVVVOODIILODODLOVLIVVIL €LS 1T qec10€d
0S  SAS%I1°0/DSS X1'0 08 8¢S DLLOLLLIWVVYDLVODD  OLLOLLLIVVOLVODD VIOODOILOVOLVVVVILOVOVO LVODIOLODIOODLLVIIOV €'LS 1T ®eec10ed
0S  SAS%I°0/DSS X1'0 0s 8S  DDHOVDHOOVEIIDIDLVD DOOVOHOIVILIDIOLYD LLVOLLODVOOVOVVOLODD DLIOVOVOLOODIOLLODOVD 0T 1T 919018
0r  SAS%I1°0/DSS X1 0¢ 8¢ LVVVLLVIEVLIOOVVVL LVVVLLVIAPVIOOVVVL VOVIODVIOLVVVVLVODIOV LOVOVVDILVLIOODDLODDLD 8TL 01 Se80d
0S  SAS%1°0/2SS X1°0 08 8¢ LVVIIOVVSVOOLVIOL IVVLILIOVVEVOOLVIOL LOLVVOODDLIDOLLOLDIDVD DOVOHODLLYVOOVOLLOLVOV VIL 01 91D
0S  SAS%I1°0/DSS X1'0 0s 8¢ VIVVLVVLIOVLVVOOD VIVVLVVIPDVLVVIOOD LOLIOVVOOOLVOVODVVVOVO IOOVIVVODIOLVVVIDLLODL 6'¢S 0T ST60Ts
0S  SAS%I1'0/0SS X1 0§ 8¢ DVOVVOHVOLILIOVODV IVOVVOVOHIILIDVIOV DDLOIDODIOVVOODLLLOLLD VODVOLOOVOVVOILVOOVD €1 01 [
0§ SAS%I1°0/DSS X1°0 0s 8¢ DLVVOVOOIDLVLVOVV DLVVOVOIIDLVLVOVVY VOLOLLOVVODVOIOVOIVVO VVOVVOVVODIOVVVODIDD 6'L1 o1 81D
0S  SAS%1°0/DSS X1'0 0$ 8¢S 1VODOVOLL#Es188 LVOOVOLLMS108e DVVOVILIDVVIDIVIOVVOV DVOOVOHOVOLLYODVLIDOLLDD 601 0l ,VEI6D
0S  SAS%I1°0/DSS X1'0 0§ a8 DLLODDIDEIDLOOIDD DHILLIINDDDIDOLODIID VOOLLVVOVVOILLVODLOD DLODVOLOLVVVOIOLIOLO 601 01 YHdSO
0S  SAS%!I1°0/DSS X1'0 0s 8S  VDDODDIDOIVOOVILVD VOHIDDIDOIVOIVILYD LOVOLLOLLLLLDOIODDOL LIDOLLOLODOIODIVIOVOVLD §°¢ 0T 9¢80sH
0r  SAS%I1°0/DSS X1 20%/08 8¢ LLVOVIDIEPLVLVLIVLY  LLVOVIDISLVLIVLVLV LOVOVVOLLLODLODLYDOD DLLVVVLIODDLVODLVIOVLLO §'€6 6 80L0S
0S  SAS%I1°0/DSS X1°0 0s 8 LODVVOOLEDLLVOLLL  LODOVVIOIPOLLVOLLL OLLVVOIIDDLLOVOOVVVYV DLLDLIDODDIIDODLIOLL 68§ 6 SYL61S
0r  SAS%I1°0/DSS X1 505/09 8¢ LDIDODLOTLOODIVIOV IDLIDDOLOSLODOVIOV JLLDODODIODIOVIOVVIV VIDIOVOLOVILOVVVIOVIDLD 65 6 S1911S
0 SAS%1'0/0SS X1 0s 8¢ JVILVIOVIDODOVOVOLL OVILVIOVEDOVOVOLL  OOHVOVVOIILOODLIDDVLLVIOV DLVOHILOOVVIOVVOVVIODLID €5 6 S150€D
0S  SAS%1°0/2SS X1°0 0s 8¢ VOLVOOLDFOVIODODD  VOLVIILOPIVODIODOD DLVVOOVOVOODVLVILDIOID IDLVIVLIOVODDDD1DDODD 0°¢t 6 08S1S
0S  SAS%1°0/DSS X1'0 0§ 8¢ 1OOLVIOLSOVIOLLYY — LODLVIOLEIVIOLLVY DVVVVODIOVOLOLYVOIVVOD LODIOVOODLVIOLLYVVOLOD 9°0¢ 6 £1€0S
0S  SAS%1'0/0SS X1 0s 8¢ IODOVOVOIDLLVIVVL  1DDOVIVOIDLLVIVVL DVVVIOIOIIIDVVHVIOOV 1ODLOLLYVIOLIDVOLVID 89 6 TL8IS
0r  SAS%I1°0/DSS X1 U4 8 LODLVOLLELLVVVVLL  LOJDLVOLIPLLVVVVLL VVLOLLOLVOOILVOLIDDD VOLOLVVVVVIOVILOOOVD L'S01 8 17908
0S  SAS%I1°0/DSS X1'0 0§ 95 DDOHVIDDOHEIIDOVYOV DIDVIIDDILIDOVVOY DVVOOOOOLOLLLOLOLLOV LODDDIDLLODVOIODILLOVOD TEL 8 08d
0S  SAS%I°0/DSS X1°0 0s 8¢ VOLVOODLVSVLVVOVVV VOLVIDLVIVLVVOVVY OVVOIOLVLLODLLOLLODOOVY ODLLVODDVIOLVLVOLVIODD V'8 8 SEETSO
0r  SAS%I1°0/DSS X1 or 8¢ VVODVOODILELYVOVVVVL VVOOVODISLYOVVVVL OVOOLLOLODDLVOLLVOILVLIO ODLDLIDLVIDOLODDIDLLLVL 18§ 8 SY00TS
0S  SAS%1°0/DSS X1°0 0s 8¢ VLVVVLOOEOVIDOOLL VIVVVIOODIOVIDOOLL DVOIOVLLVVVOVIDODOVVILOLD LOLOODIOLOLLYVOVOOVY 9t 8 986194
0S  SAS%I°0/DSS X1°0 0s 8S  LDDODVVIDDOVLIOVV LIDDOVVIIIDIOVLILOVY DOOHVILVOODHOVIOVOVVOILO VOLVOOOVLLIOVIDVOOLY T'ST 8 990059
0S  SAS%I1°0/DSS X1'0 0§ 8¢ LLLLVOLOSVODOLLLY LLLLVOLO®VOIDOLLLY VOVOOIVLVODVVVVVIDLD VLVVOVLOVODLVOOVVVOD L'16 L LY8D
0S  SAS%I1°0/DSS X1°0 0s 8¢ VOLVOOLIWLIOOLLY  VOLVDOLIOSLLIOOLLY DOHOVOHVODODLLOVIDOVVVIOD VLIOVVOOOVOLVLLOLOOOLVOV I8 L 195
0S  SAS%I1°0/DSS X1 0S 8¢S DLOLOLODENNE D1LOLOLDDwITeese DLLOLODOIOILIOVLOLLD VVOOVOLVVIOIILLOOVOD 08 L 012N
0S  SAS%I1°0/DSS X1'0 0§ 8¢ LVVLLOLIDOVOOLLL  LVVLLOLIPOOVOOLLL DLLODLOOLOLVVVVOLLOD OOVLLOVLVOIOVVVVOLLVIOVID §08 L Y6eTd
0S  SAS%]1°0/DSS X1'0 0S 8¢ LLOVOVVVSDLVOLLVV LLOVOVVVEDLVILLVV DOVOVVOHVVODILVVVOOVV DLVIDIOODVOVODILOLODLVVD TEL L L9Y1D
0S  SAS%1°0/DSS X1'0 0$ 8¢ VOLLLVLIIDOODLOOL  VOLLLVLIPOOODDLODL DVVOLODLVOIVOVVOVIOL VOLVIOVIIOLLOOVVIVLD L'SE L $90090
0S  SAS%1°0/2SS X1°0 08 8¢ LVVOVVODIDLVOLYVD LVVOVVOOERDLYOLVVD LOOVOLOLLOOIVLVOLOVOVO DOVIOVIOLLODVIOVOHOVVY 81T L stored
0r  SAS%I1°0/DSS X1 0s 8¢S VOLVOLOLDLLOLOVD  VOLVOLOIPOLLOLOVO DVLVOVIDLVVVOIODDLVV DLLOLVVVODLVOOVIDLOL TC L Sosd
0 SAS%1'0/0SS X1 g 8¢ OOLVVOLIPLVVLLOLY ODLVVOLLWLVVLIOLV LOVVVVODLIDLVVLLODODD LODLOOVOIVVVVIDIVLLL 80 L 0050S
0S  SAS%I1°0/DSS X1°0 0s 8S  LVVVOVOVIDLVOLOLD LVVVOVOVIOLVOLOLO LLVOODLOVOOILVOLVIOD OVOLLOOLOODOHOLLOLYOVY 0000 9 L6Y0S
0S  SAS%1°0/DSS X1'0 0s 8¢ DDOVIOVISVOVIOODID DHOOVIOVIEVOVIIODD OVILOLOVVVIDOVVIODDILOL VIOLVIOOOOLOVVOLLLDD 06L 9 L9S0S
0 SAS%1'0/0SS X1 208/07 8¢ VVOOVOVISLLVVIOLY VVOOVOVIILLLVVIOLY DOVVVODILILVVIOVODLVOL DVOHOVVILOVOOVOOOV ['H§ 9 SETO
0r  SAS%I1°0/DSS X1 or 8 LOVIOLVISVVOVLLLD  LOVIDLVLIVVOVLLLD DOVOLOLLIDLODLODOVOVIOLY DVIOVVOVOVLLVODDLLYOVOD 0'I§ 9 IL1Td
0S  SAS%I°0/DSS X1'0 0$ a8 DODDOILOLIDOVIVOOD DIDDILOLEIDVOVOOD OVOLLOLOLODLYIOVODIDD LVOVVOLOODIDLLOODODLO 8'LE 9 BIISS
0S SAS%1°0/2SS X1°0 0s 8¢ VVDVIIOVIOVOVIOVD VVOVOIDIVEOVOVOOVD DILVOVVOVODOVOVLYVOVOLVD DIODVIODVVIDOLOVOVOD §'¢tl 9 9C00
0S SAS%!1°0/DSS X1'0 0$ 8 DLVVOVVIELLVVVIOL DLVVOVVISLLVVVIOL LOLLVOVIOVIOIDDODVODOD DLLLOODOLIOVVIOLOLYOLOOLD §'tl 9 998790
0S  SAS%I1°0/DSS X1'0 0s 8¢ DDOLVIVOSLOOVVIOD DIDLV.LVOILIOVV.LOOD DOLOLVIOLLIODLVOODLLOL DVOLIOVVVODLLVVOLODDL §'¢l 9 TLTID
(ormyerodue)
Buyreauue) (g8) mR1e (g8 amwre

amjeroduwe) pgng  ammjeraduwe) SuonIpuod JUBLIBA JO arequoddiN jo (,€-,5) douanbos (,£—,5) @ouanbas Qwreu
Surysemy Surysem puodds uonezipuqiy ADd 9ouanbas aqoid douanbas aqoid JowiLid 3s19AY sownd premiog N9 1Y) IR

150

('pruoD) 1 3lqe],



Table 1 (Contd.)

Washing

Second washing

buffer

Hybridization
temperature

PCR

Probe sequence

of variant

Probe sequence
of Nipponbare
allele (5-3")

Reverse primer

Forward primer
sequence (5-3")

Chr. cM

Marker
name

temperature

conditions

sequence (5-3")

(annealing

allele (5°-3')

temperature)

40

1x SSC/0.1%SDS

40

58

ACAAGAATaAGAATGAT ACAAGAATtAGAATGAT

1129 TGAGGATTCTATCACTGAAATCC GAAAGACCAAAGTCCGCAAC
117.3 GGGTCAACCAGATCTTACGGTAG GGATTGTGAAATGCCTGACC

.1%SDS 50

0
0
0
0
0.
0
0
0

50
50
50
50
50
50

0
50
50
50
50
50
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CGTTACATGGCTACAAGGTCA
ACATGCATTGTCCCAATGTG
CGATGGCCAGGTATCTACTCTC
GTCAACAAACAAGAGGGGATGT
CTTATCATTCAGGTGAACTCC
CAAATCGTTTCCACACCTACAAG
CAGGATGCTTAAGTGAACAACG
TGGCGTACCAGATTTTGATG

27.6 CGAGCAATTTGCCTCATTTC
29.2 TCGTGCTATTTTCTCGCTGT
29.2 TTCGTCTCGATGTCGATCTG
49.3 GCATCCTATATCCGGGTTTT
61.6 CGTATATCCTGCTCGGGTTC
91.4 ATGTGCGTGCTTTGTTTG

00.9 ACAAAACCACCAAAGGATGG

50

SSC/0.1%SDS
0.1x SSC/0.1%SDS 50

0.1x SSC/0.1%SDS 50
0.1x SSC/0.1%SDS 50

1x

58
58

ATATTAATcGCACCcGC

ATATTAATtGCACCtGC

009 GATGCATATTCAAACGTCCAGA
07.4 GAAAGAGGCCTAAAAGGCAGA
08.2 GCATCATCATCATCCACTCTGT

TTGATCTAaTATCAGTG

CCCAGATGATAGACTGATGAGTTG TTGATCTACTATCAGTG

CTATAATTGTGCCCTACAGTTCA

08.2 CTAGTTGTGGAGGCCACTGTAAA CCTTTCCCTCCGATAGGTTC

GTGCAGCCaTGAAAGCA GTGCAGCCgTGAAAGCA 58

ACAACCCAgGAATCAAG ACAACCCAaGAATCAAG

58

#<100 bp indel (Shirasawa et al. 2005)

*DMSO was added to the PCR reaction mixture (5% DMSO)

“The left of the slash is the hybridization temperture of Nipponbare-allele probe, and the right is that of variant-allele probe

9The ratio of the competitive probe to the dig-labeled probe is 10:1
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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

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 Sd/, an oligonucleotide
probe for sdi-r detected no signal, while a probe for the
wild-type allele of SdI detected allele-specific signals.
Since the probe for sdi-r contained a palindromic
sequence, this probe was considered to create a self-
annealed form. Raising the hybridization temperature to

A_A B

C913A A probe
(atgetgtc TTCACCAT)

C913A B probe
(gcatgataTTCACCAT)

AT

B  Sdi sdi-r

robe
* e 00 {CCTEGGCCQACCTCATG)

| Sd1

‘ |wt
sd1-r probe
(CCTIGGGCCcACCTCATG)
Tegecten

palindromic sequence

65°C

Faik X7

Fig. 2 Dot-blot-SNP analyses of C913 having indel (a) and Sd! (b).
Both alleles of the gene having indel were detected in an allele-
specific manner. Signals of the sdI-r allele were detected by raising
the hybridization temperature to 65°C
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65°C enabled specific detection of the sdil-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., 1X
SSC/0.1% SDS, enabled the detection of allele-specific
signals by 19 probes, and lowering the washing tem-
perature to 40°C with 1x 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
1x 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 pM. 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 Pbhl and Stvb-i. Ehdl is a gene for

Table 2 The eight selected SNP markers for distinguishing the 43 rice cultivars
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heading date, and the loss-of-function of Ehdl 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 sdI-d, all of which are located on the long arm of
chr. 1. These five cultivars are progenies of ‘IR8” having
the sdi-d allele (Sasaki et al. 2002). The chromosomal
region containing C727A, C62963, C11876 and sdI-d is
considered to be transmitted from ‘IRS8’ 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 F, plants
of bulk-population derived from the cross between an F;
plant of ‘Iwanan 25°/‘Etsunan 190’ having sdl-r and
Wx-mg 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

153

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

Sdl alleles of the F4 plants were analyzed. About half
of the plants, 159, showed wild-type (Sd!) signals of the
densities comparable to the combined signals of Sd/ and
sdl-r, and about the other half of the plants, 218,
showed mutant (sdl-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 Sdl/
sdl-r. In 44 plants, an insufficient amount of DNA was
amplified. Genotypes of Wx and SdI of the F,4 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 x 12 cm? mem-
brane. The most costly process in dot-blot-SNP analysis
is PCR. However, less than 1 pl of the reaction mixture
was sufficient for dot-blotting. Multiplex PCR using
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Fig. 3 Dot-blot-SNP analysis of the Wx alleles in F,4 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) having Wx and ‘Milky Queen’ (M) having Wx-mgq were blotted
as positive and negative controls at the upper right corner of each

Wx-mgq probe

Wx probe +Wx-mq probe

membrane. The pictures show hybridization with the labeled Wx
probe and the unlabeled Wx-mgq 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-mgq 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 Fy to F g 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 SdI, 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

Jjaponica 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.

Acknowledgments This work was supported in part by a grant-in-
aid (14206001) from the Ministry of Education, Science, Sports and
Culture, Japan and Green-Techno project of the Ministry of
Agriculture, Forestry, and Fisheries, Japan. K. Shirasawa is a re-
cipient of the Research Fellowships of the Japan Society for the
Promotion of Science for Young Scientists.

References

Asamizu E, Nakamura Y, Sato S, Tabata S (2000) A large scale
analysis of cDNA in Arabidopsis thaliana: generation of 12,028
non-redundant expressed sequence tags from normalized and
size-selected cDNA libraries. DNA Res 7:175-180

Ashikari M, Sakakibara H, Lin S, Yamamoto T, Takashi T, Ni-
shimura A, Angeles ER, Qian Q, Kitano H, Matsuoka M
(2005) Cytokinin oxidase regulates rice grain production. Sci-
ence 309:741-745

Doi K, Izawa T, Fuse T, Yamanouchi U, Kubo T, Shimatani Z,
Yano M, Yoshimura A (2004) Ehdl, a B-type response regu-
lator in rice, confers short-day promotion of flowering and
controls FT-like gene expression independently of Hdl. Genes
Dev 18:926-936

Edwards K, Johnstone C, Thompson C (1991) A simple and rapid
method for the preparation of plant genomic DNA for PCR
analysis. Nucleic Acids Res 19:1349

Fischer SG, Lerman LS (1983) DNA fragments differing by single
base-pair substitutions are separated in denaturing gradient
gels: correspondence with melting theory. Proc Natl Acad Sci U
S A 80:1579-1583

Fujii K, Hayano-Saito Y, Saito K, Sugiura N, Hayashi N, Tsuji T,
Izawa T, Iwasaki M (2000) Identification of a RFLP marker
tightly linked to the panicle blast resistance gene, Pbl, in rice.
Breed Sci 50:183-188

Hayano-Saito Y, Tsuji T, Fujii K, Saito K, Iwasaki M, Saito A
(1998) Localization of the rice stripe disease resistance gene,
Stv—b', by graphical genotyping and linkage analyses with
molecular markers. Theor Appl Genet 96:1044-1049

Internationl Rice Genome Sequencing Project (2005) The map-
based sequence of the rice genome. Nature 436:793-800

Jain M, Thorstenson YR, Faulkner DM, Pourmand N, Jones T,
Au M, Oefner PJ, White KP, Davis RW (2003) Genotyping



African haplotypes in ATM using a co-spotted single-base
extension assay. Hum Mutat 22:214-221

Latorra D, Campbell K, Wolter A, Hurley JM (2003) Enhanced
allele-specific PCR discrimination in SNP genotyping using 3’
locked nucleic acid (LNA) primers. Hum Mutat 22:79-85

Matsubara Y, Kure S (2003) Detection of single nucleotide sub-
stitution by competitive allele-specific short oligonucleotide
hybridization (CASSOH) with immunochromatographic strip.
Hum Mutat 22:166-172

Michaels SD, Amasino RM (1998) A robust method for detecting
single-nucleotide changes as polymorphic markers by PCR.
Plant J 14:381-385

Nasu S, Suzuki J, Ohta R, Hasegawa K, Yui R, Kitazawa N, Monna
L, Minobe Y (2002) Search for and analysis of single nucleotide
polymorphisms (SNPs) in rice (Oryza sativa, Oryza rufipogon)
and establishment of SNP markers. DNA Res 9:163-171

Orita M, Iwahana H, Kanazawa H, Hayashi K, Sekiya T (1989)
Detection of polymorphisms of human DNA by gel electro-
phoresis as single-strand conformation polymorphisms. Proc
Natl Acad Sci USA 86:2766-2770

Ross PL, Lee K, Belgrader P (1997) Discrimination of single-
nucleotide polymorphisms in human DNA using peptide nu-
cleic acid probes detected by MALDI-TOF mass spectrometry.
Anal Chem 69:4197-4202

Saghai Maroof MA, Biyashev RM, Yang GP, Zhang Q, Allard
RW (1994) Extraordinarily polymorphic microsatellite DNA in
barley: species diversity, chromosomal locations, and popula-
tion dynamics. Proc Natl Acad Sci USA 91:5466-5470

Saiki RK, Bugawan TL, Horn GT, Mullis KB, Erlich HA (1986)
Analysis of enzymatically amplified beta-globin and HLA-DQ
alpha DNA with allele-specific oligonucleotide probes. Nature
324:163-166

Sasaki A, Ashikari M, Ueguchi-Tanaka M, Itoh H, Nishimura A,
Swapan D, Ishiyama K, Saito T, Kobayashi M, Khush GS,
Kitano H, Matsuoka M (2002) Green revolution: a mutant
gibberellin-synthesis gene in rice. Nature 416:701-702

Sato H, Suzuki Y, Sakai M, Imbe T (2002) Molecular character-
ization of Wx-mgq, a novel mutant gene for low-amylose content
in endosperm of rice (Oryza sativa L.). Breed Sci 52:2131-2135

Shirasawa K, Monna L, Kishitani S, Nishio T (2004) Single
nucleotide polymorphisms in randomly selected genes among
Jjaponica rice (Oryza sativa L.) varieties identified by PCR-RF-
SSCP. DNA Res 11:275-283

Shirasawa K, Kishitani S, Nishio T (2005) Dot-blot analysis for
identification of japonica rice cultivars and genotyping of re-
combinant inbred lines. Breed Sci 55:187-192

155

Song WY, Wang GL, Chen LL, Kim HS, Pi LY, Holsten T,
Gardner J, Wang B, Zhai WX, Zhu LH, Fauquet C, Ronald P
(1995) A receptor kinase-like protein encoded by the rice dis-
ease resistance gene, Xa2l. Science 270:1804-1806

Stoerker J, Mayo JD, Tetzlaff CN, Sarracino DA, Schwope I,
Richert C (2000) Rapid genotyping by MALDI-monitored
nuclease selection from probe libraries. Nat Biotechnol
18:1213-1216

Teranishi M, Iwamatsu Y, Hidema J, Kumagai T (2004) Ultravi-
olet-B sensitivities in Japanese lowland rice cultivars: cyclobu-
tane pyrimidine dimer photolyase activity and gene mutation.
Plant Cell Physiol 45:1848-1856

The Arabidopsis Genome Initiative (2000) Analysis of the genome
sequence of the flowering plant Arabidopsis thaliana. Nature
408:796-815

Till BJ, Burtner C, Comai L, Henikoff S (2004) Mismatch cleavage
by single-strand specific nucleases. Nucleic Acids Res 32:2632—
2641

Umemoto T, Aoki N, Lin H, Nakamura Y, Inouchi N, Sato Y,
Yano M, Hirabayashi H, Maruyama S (2004) Natural variation
in rice starch synthase Ila affects enzyme and starch properties.
Funct Plant Biol 31:671-684

Wang H, Qi M, Cutler AJ (1993) A simple method of preparing
plant samples for PCR. Nucleic Acids Res 21:4153-4154

Wang HY, Luo M, Tereshchenko IV, Frikker DM, Cui X, Li JY,
Hu G, Chu Y, Azaro MA, Lin Y, Shen L, Yang Q, Kambouris
ME, Gao R, Shih W, Li H (2005) A genotyping system capable
of simultaneously analyzing >1000 single nucleotide poly-
morphisms in a haploid genome. Genome Res 15:276-283

Wu J, Maehara T, Shimokawa T, Yamamoto S, Harada C,
Takazaki Y, Ono N, Mukai Y, Koike K, Yazaki J, Fujii F,
Shomura A, Ando T, Kono I, Waki K, Yamamoto K, Yano M,
Matsumoto T, Sasaki T (2002) A comprehensive rice transcript
map containing 6591 expressed sequence tag sites. Plant Cell
14:525-535

Yano M, Katayose Y, Ashikari M, Yamanouchi U, Monna L,
Fuse T, Baba T, Yamamoto K, Umehara Y, Nagamura Y,
Sasaki T (2000) HdI, a major photoperiod sensitivity quanti-
tative trait locus in rice, is closely related to the Arabidopsis
flowering time gene CONSTANS. Plant Cell 12:2473-2484

Zhou GH, Shirakura H, Kamahori M, Okano K, Nagai K,
Kambara H (2004) A gel-free SNP genotyping method: biolu-
minometric assay coupled with modified primer extension
reactions (BAMPER) directly from double-stranded PCR
products. Hum Mutat 24:155-163



	Dot-blot-SNP analysis for practical plant breeding�and cultivar identification in rice
	Abstract
	Introduction
	Materials and methods
	Plant materials
	Preparation of probes
	Dot-blot-SNP analysis
	Results
	Improvement of dot-blot-SNP analysis
	Tab1
	Tab1
	Tab1
	Fig1
	Fig2
	Genotyping of rice cultivars using the dot-blot-SNP analysis
	Tab2
	DNA-based selection of rice breeding lines using�dot-blot-SNP analysis
	Discussion
	Fig3
	Acknowledgments
	References
	CR1
	CR2
	CR3
	CR4
	CR5
	CR6
	CR7
	CR8
	CR9
	CR10
	CR11
	CR12
	CR13
	CR14
	CR15
	CR16
	CR17
	CR18
	CR19
	CR20
	CR21
	CR22
	CR23
	CR24
	CR25
	CR26
	CR27
	CR28
	CR29
	CR30
	CR31
	CR32

