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Abstract IdentiWcation of single nucleotide polymor-
phisms (SNPs) in a large number of genes will enable esti-
mation of the number of genes having diVerent alleles in a
population. In the present study, SNPs between 21 rice culti-
vars including 17 Japanese cultivars, one upland rice, and
three indica cultivars were analyzed by PCR–RF–SSCP.
PCR–RF–SSCP analysis was found to be a more eYcient
method for detecting SNPs than mismatch–cleavage analy-
sis, though both PCR–RF–SSCP and mismatch–cleavage are
useful for screening SNPs. The number of DNA fragments
showing polymorphism between Japanese cultivars was 134
in the 1,036 genes analyzed. In 137 genes, 638 DNA poly-
morphisms were identiWed. Out of 52 genes having polymor-
phisms in the exons, one had a frame-shift mutation, three
had polymorphism causing amino acid insertions or dele-
tions, and 16 genes had missense polymorphisms. The num-
ber of genes having frame-shift mutations and missense
polymorphisms between the 17 Japanese cultivars was esti-
mated to be 41 and 677 on average, respectively, and those
between japonica and indica to be 425 and 6,977, respec-
tively. Chromosomal regions of cultivars selected in rice
breeding processes were identiWed by SNP analysis of genes.

Introduction

The nucleotide sequence of the rice genome (Oryza sativa
L. ssp. japonica cv. ‘Nipponbare’) has been published by
the International Consortium on Rice Genome Sequencing
(International Rice Genome Sequencing Project 2005), and
the number of genes in rice has been estimated to be about
32,000 (The Rice Annotation Project 2007). However, few
genes have so far been found to be responsible for diVerent
phenotypes between rice cultivars, e.g., Xa21 (Song et al.
1995), Hd1 (Yano et al. 2000), Gn1 (Ashikari et al. 2005),
qSH1 (Konishi et al. 2006), and Sub1A (Xu et al. 2006),
some of which have been identiWed by quantitative trait loci
(QTL) analysis and a map-based cloning strategy.

Comparison between the nucleotide sequence of the
japonica rice genome (GoV et al. 2002; International Rice
Genome Sequencing Project 2005) and that of the indica
rice genome (Yu et al. 2002) has revealed a large number of
single nucleotide polymorphisms (SNPs) (Yu et al. 2002;
Feltus et al. 2004; Shen et al. 2004). SNPs between japonica
rice cultivars have been identiWed by nucleotide sequencing
of randomly selected intergenic regions (Nasu et al. 2002;
Monna et al. 2006). Detection of SNPs in a large number of
genes would enable estimation of the number of genes hav-
ing diVerent alleles in a population, and furthermore may
contribute to identiWcation of SNPs responsible for diVerent
phenotypes between cultivars. Detection of SNPs between
japonica rice cultivars is, however, costly and time consum-
ing because the frequency of SNPs is lower in gene regions
than in the intergenic regions (Han and Xue 2003).

PCR–RF–SSCP analysis, which is SSCP analysis of
DNA fragments digested by restriction enzyme, has high
ability to detect SNPs (Sato and Nishio 2002). Point muta-
tions in the wx gene of rice and SNPs in japonica rice culti-
vars have been detected eYciently by such analysis (Sato
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and Nishio 2003; Shirasawa et al. 2004). As a method for
detecting mutations in a mutagenized population, TILL-
ING, which is based on cleavage of mismatch sites in het-
eroduplex DNA by CEL I endonuclease derived from
celery (McCallum et al. 2000), is widely used for studies of
plant and animal genetics. This technique has been applied
to the screening of natural variations among ecotypes of
Arabidopsis thaliana (L.) Heynh. (Comai et al. 2004). Mis-
match–cleavage endonuclease derived from Brassica rapa
L. has also been used for selection of radiation-induced
mutations in rice (Sato et al. 2006).

In conventional rice breeding programs, two cultivars or
lines are crossed and elite lines are selected from their prog-
eny. Population size of the progeny is determined empiri-
cally. Information of the number of genes having diVerent
alleles between the two parental cultivars or lines will
enable estimation of optimum population sizes of the prog-
enies. However, such information is not available. In the
present study, we screened and identiWed SNPs of the genes
between rice cultivars, and estimated the number of the
genes having frame-shift or missense polymorphism
between the cultivars, which have been used in the conven-
tional rice breeding. For this estimation, eYciencies of
DNA polymorphism detection by PCR–RF–SSCP and mis-
match–cleavage analysis were investigated.

Materials and methods

Plant materials and DNA isolation

Twenty-one cultivars of rice were used as plant materials.
Among them, 17 were japonica cultivars, i.e., ‘Akihikari’,
‘Hatsuboshi’, ‘Hatsunishiki’, ‘Hinohikari’, ‘Hitomebore’,
‘Itadaki’, ‘Koganebare’, ‘Koshihikari’, ‘Kihou’, ‘Kirara
397’, ‘Nipponbare’, ‘Nourin 1’, ‘Nourin 6’, ‘Nourin 8’,
‘Nourin 22’, ‘Rikuu 132’, and ‘Sasanishiki’, which are
leading Japanese cultivars or their parental cultivars, one
was the upland variety ‘Senshou’, and three were indica
cultivars, i.e., ‘Basmati 370’, ‘IR36’, and ‘Kasalath’. Geno-
mic DNA was isolated from a leaf by the CTAB method
(Murray and Thompson 1980).

PCR–RF–SSCP analysis

To amplify 2-kb genomic DNA fragments of genes, primer
pairs were designed from the genomic DNA sequence with
the EST sequences published in a database (Wu et al. 2002;
http://rgp.dna.aVrc.go.jp/publicdata/estmap2001/index.html)
using Primer3 software (Rozen and Skaletsky 2000). Ana-
lyzed genes were arbitrarily selected so as to obtain an even
distribution of the genes on the rice chromosomes. Half the
volume of the PCR mixture was treated with AfaI, and the

other half was treated with AluI. The digested PCR prod-
ucts were mixed with four volumes of denaturing solution
before electrophoresis. Electrophoresis and detection of
DNA fragments were performed as described previously
(Shirasawa et al. 2004).

Mismatch–cleavage analysis

A 1:1 mixture of genomic DNA of ‘Nipponbare’ and that of
‘Koshihikari’, a leading cultivar in Japan, or ‘Kasalath’,
was used for DNA ampliWcation by PCR. The ampliWed
DNAs were reannealed to form a heteroduplex and digested
by Brassica petiole extract (BPE) prepared from petioles of
Brassica rapa L. var. laciniifolia according to Sato et al.
(2006). The digested sample was subjected to electrophore-
sis on 2% agarose gel in TAE buVer. The resulting DNA
bands were stained with ethidium bromide.

DNA sequence analysis

The DNA fragments showing polymorphisms were
sequenced by direct sequencing with a CEQ2000 sequencer
(Beckman Coulter, CA, USA), an ABI PRISM 310 genetic
analyzer (Applied Biosystems, CA, USA), or a MegeBACE
1000 DNA Sequencing System (Amersham Biosciences,
NJ, USA). Prediction of exons and introns, membrane-
spanning domain, cellular localization, and motifs was car-
ried out using Spidey (Wheelan et al. 2001: http://www.
ncbi.nlm.nih.gov/spidey/), SOSUI (Hirokawa et al. 1998:
http://bp.nuap.nagoya-u.ac.jp/sosui/), PSORT (Nakai and
Horton 1999: http://psort.ims.u-tokyo.ac.jp/), and InterPro
(Zdobnov and Apweiler 2001: http://www.ebi.ac.uk/inter-
pro/index.html), respectively.

Results

Comparison of SNP detection ability between PCR–RF–
SSCP and mismatch–cleavage analysis

EYciencies of SNP detection were compared between
PCR–RF–SSCP and mismatch–cleavage analysis. Of 120
randomly selected genes, 87 genes showed polymorphism
between ‘Nipponbare’ and ‘Kasalath’ by PCR–RF–SSCP.
Mismatch–cleavage analysis using agarose gel electropho-
resis detected DNA polymorphisms of 64 genes, including
the 50 genes whose DNA polymorphisms were also
detected by PCR–RF–SSCP (Table 1). Between ‘Nippon-
bare’ and ‘Koshihikari’, Wve of the 120 genes showed poly-
morphism by PCR–RF–SSCP, while only three genes,
whose polymorphisms were also detected by PCR–RF–
SSCP, showed polymorphism by mismatch–cleavage anal-
ysis. In total, DNA polymorphisms of 106 of the 240
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combinations of genes and cultivars were detected by
PCR–RF–SSCP and/or mismatch–cleavage analysis. PCR–
RF–SSCP analysis was found to be a more eYcient method
for detecting SNPs than mismatch–cleavage analysis.
Therefore, PCR–RF–SSCP was used for the screening of
SNPs between rice cultivars.

DNA polymorphisms in genes between 21 rice cultivars

Single DNA fragments were ampliWed from genomic DNA
of ‘Nipponbare’ by 1,039 primer pairs (58.5%) in 1,777
pairs tested. In all 17 Japanese cultivars, 1,036 primer pairs
ampliWed single DNA fragments, but E3928, E1141, and
C10295 did not amplify single fragments in one, seven, and
nine cultivars, respectively (Supplementary Table 1). In
‘Basmati 370’, ‘IR36’, ‘Kasalath’, and ‘Senshou’, 33, 41,
41, and 17 of the 1,039 primer pairs, respectively, did not
amplify single fragments.

PCR–RF–SSCP analysis using the 1,039 primer pairs
detected DNA polymorphism of 789 (75.9%) DNA frag-
ments between ‘Nipponbare’ and ‘Kasalath’, but detected
DNA polymorphism of only 51 (4.9%) DNA fragments
between ‘Nipponbare’ and ‘Koshihikari’ (Table 2). In pair-
wise comparisons between the Japanese cultivars, the num-

ber of DNA fragments showing polymorphism was 46.5
(4.5%) on average, ranging from 7 (0.7%) between ‘Hat-
suboshi’ and ‘Hitomebore’ to 79 (7.6%) between ‘Kirara
397’ and ‘Nourin 22’. The number of DNA fragments hav-
ing polymorphism between the three indica cultivars was
619.7 (59.6%) on average, ranging from 587 (56.5%)
between ‘IR36’ and ‘Kasalath’ to 647 (62.3%) between
‘Basmati 370’ and ‘Kasalath’. The average number of DNA
fragments showing polymorphism between the japonica
cultivars and the indica cultivars was 710.1 (68.3%).

Two agronomically important genes, i.e., Hd1 for head-
ing date (Yano et al. 2000) and Sd1 for culm length (Sasaki
et al. 2002), of the 21 cultivars, were also analyzed by
PCR–RF–SSCP. Two DNA fragments ampliWed by PCR
covered the entire gene regions in the case of both Hd1 and
Sd1. ‘Nipponbare’-type leaky, ‘HS66’-type null, and ‘Gin-
bouzu’-type functional alleles of Hd1 were found in seven,
eight, and two Japanese cultivars, respectively (Supplemen-
tary Table 1). Regarding the Sd1 gene, only ‘Akihikari’ was
revealed to have sd1-r (‘Reimei’-type allele) and ‘Itadaki’
as well as ‘IR36’ and ‘Basmati 370’ had sd1-d (‘Dee Geo
Woo Gen’-type allele) (Supplementary Table 1). The other
15 Japanese cultivars had the wild-type allele of Sd1.

Table 1 Comparison of SNP detection ability between PCR–RF–SSCP and mismatch–cleavage analysis

No. of genes having polymorphisms detected by

Cultivars No. of 
tested 
genes

Both PCR–RF–SSCP 
and mismatch–cleavage 
analysis

Only PCR–RF–SSCP 
analysis

Only mismatch–cleavage 
analysis

Total no. of 
polymorphic 
genes

Nipponbare vs. Kasalath 120 50 37 14 101

Nipponbare vs. Koshihikari 120 3 2 0 5

Total 240 53 39 14 106
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Akihikari 63                    
Hatsuboshi 52 39                   
Hatsunishiki 56 45 40                  
Hinohikari 40 45 25 46                 
Hitomebore 49 36 7 35 22                
Itadaki 56 43 29 37 38 28               
Kihou 52 54 36 66 35 43 52              
Kirara 397 74 73 61 69 64 56 54 75             
Koganebare 21 53 45 61 27 44 51 34 70            
Koshihikari 51 41 17 29 26 10 28 51 54 52           
Nourin 1 65 44 35 27 44 28 36 61 56 66 22          
Nourin 6 47 68 54 53 47 49 61 47 77 52 49 61         
Nourin 8 28 52 48 44 40 41 51 55 74 40 41 55 53        
Nourin 22 35 52 43 35 37 38 54 53 79 42 38 58 38 21       
Rikuu 132 62 45 42 45 51 35 44 69 49 64 39 33 65 51 58      
Sasanishiki 49 39 37 31 40 32 43 63 73 54 35 41 57 41 36 44     
Senshou 306 317 312 316 311 310 309 315 308 309 309 308 309 310 311 305 315    
Basmati 370 595 595 595 600 595 596 595 596 596 594 599 596 593 600 598 594 595 592   
IR36 748 746 744 744 745 744 743 747 746 749 744 746 741 747 743 745 747 706 625
Kasalath 789 791 789 792 787 789 788 790 787 789 788 788 788 791 790 789 791 747 647 587

Number shows the genes with detected polymorphisms among 1,039 tested genes. 

Table 2 Number of genes with 
detected polymorphisms 
between rice cultivars
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IdentiWcation of SNPs in genes

There were 134 genes showing DNA polymorphism, dis-
tributed evenly on the 12 chromosomes, between the Japa-
nese cultivars (Fig. 1). Among the Japanese cultivars, two
and three alleles were observed in 124 and 9 genes, respec-
tively (Supplementary Table 1). Of the 134 genes shown to
have DNA polymorphism by PCR–RF–SSCP analysis, the
nucleotide sequences of 106 genes were determined and
compared with those of ‘Nipponbare’, which were also
determined in this study. Moreover, we determined the
nucleotide sequences of the 31 genes, the DNA polymor-
phism of which had been detected in our previous study
(Shirasawa et al. 2004). In 137 genes, 638 DNA polymor-
phisms were identiWed (Supplementary Table 2). The posi-
tions of the SNPs and indels in genes were assumed by
using the published data of full-length cDNA sequences
(The Rice Full-Length cDNA Consortium 2003: http://
cdna01.dna.aVrc.go.jp/cDNA/). There were 164 and 358
SNPs in exons and introns, respectively. Other regions
including putative promoter, 5� UTR, and downstream
regions of genes had 35 DNA polymorphisms. The other 81
polymorphisms were not assigned because of the lack of
published full-length cDNA sequences.

Out of 52 alleles of the genes having polymorphisms in
the exons, one allele had a 1-bp deletion in the exon caus-
ing frame-shift mutation, three had a mutation causing
amino acid insertions or deletions (indels), and 16 had mis-
sense polymorphisms. Thirty-two alleles had synonymous
polymorphisms and/or polymorphisms in 3� UTR, and 49

showed polymorphisms in introns, suggesting that they are
probably silent polymorphisms. Proteins (The Rice Full-
Length cDNA Consortium 2003) encoded by the cDNA
sequences homologous to the 20 genes having missense
polymorphisms are listed in Table 3. Fourteen genes
showed homology to the reported genes.

A frame-shift mutation was found in R2194, which cor-
responds to a full-length cDNA clone J013110M15, encod-
ing a putative integral membrane protein DUF6 having nine
transmembrane helices (Table 3). The truncated protein
encoded by the B allele having a frame-shift mutation had
only three transmembrane helices. Polymorphisms of three,
one, and Wve amino acid deletions were detected in B alle-
les of C0668, E10780, and C0556, respectively. C0556
encodes putative ribosomal protein L19. Missense poly-
morphisms were detected in 16 genes, in which the number
of substituted amino acids ranged from 1 to 11.

Discussion

Comparison of SNP detection ability between PCR–RF–
SSCP and mismatch–cleavage analysis

SNP detection ability of mismatch–cleavage analysis was
lower than that of PCR–RF–SSCP. Mismatch–cleavage
analysis using CEL I endonuclease has been found to detect
polymorphisms in 17 of 23 ESTs of tomato (Yang et al.
2004). Although a modiWed EcoTILLING, in which DNA
fragments were detected on agarose gel, has been reported

Fig. 1 Map positions of genes 
having polymorphisms between 
the 17 Japanese cultivars on the 
12 chromosomes
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to be useful for screening of SNPs in two genes (Raghavan
et al. 2007), the eYciency of the SNP detections has not
been shown. Results of the present study enable estimation
of the eYciency of SNP detection by mismatch–cleavage
analysis. In 92 SNPs (53 + 39) detected by PCR–RF–SSCP,
53 SNPs were detected by mismatch–cleavage analysis,
indicating that the SNP-detection eYciency of mismatch–
cleavage analysis was 57.6%. This low eYciency may be
due to the presence of repetitive sequences or multiple
SNPs in a single DNA fragment, which may be cleaved
into DNA fragments being too short to be detected on an
agarose gel.

EYciency of SNP detection by PCR–RF–SSCP in the
present study, in which DNA ampliWed by PCR was
digested separately by AfaI and AluI and mixed before elec-
trophoresis, can be estimated to be 79.1% (= 53/(53 + 14)).
Since the SNP detection ability of PCR–RF–SSCP of DNA
fragments digested by a single restriction enzyme has been
estimated to be about 70% (Sato and Nishio 2003), the
eYciency of SNP detection by PCR–RF–SSCP using two
diVerent restriction enzymes is expected to be about 90%.
Since the lengths of DNA fragments analyzed in the present
study, ca. 4 kb in total, was more than twice that in the pre-
vious study by Sato and Nishio (2003), 1.4 kb on average,
there is higher possibility of an overlap of bands, which
makes it diYcult to identify diVerent bands, in the present

study than in the previous one. The diVerence of eYciency
of about 10% between the present study and the previous
study may be attributable to the overlap of bands.

Estimation of SNP frequency in gene regions

We have previously detected polymorphisms of 671 genes
by PCR–RF–SSCP using the same 21 rice cultivars as those
used in the present study (Shirasawa et al. 2004). By com-
bining the data of the previous and present studies, the
average numbers of DNA fragments having polymorphism
between the 17 Japanese cultivars, between the three indica
cultivars, and between the japonica and indica cultivars
were calculated to be 83.4 (4.9%), 1,022.4 (59.8%), and
1,164.0 (68.1%) in 1,710 genes, respectively. Since the
eYciency of the detection of SNP by PCR–RF–SSCP was
79.1%, the polymorphism frequency in DNA fragments
was estimated to be 6.2, 75.6, and 86.1% on average
between the 17 Japanese cultivars, between the three indica
cultivars, and between the japonica and indica cultivars,
respectively. The average length of the transcribed region
of rice genes has been estimated to be about 3 kb (Han and
Xue 2003). In the present study, DNA fragments of ca. 2 kb
in the downstream regions, including 3�-untranslated
regions of the genes, were analyzed. Assuming that the fre-
quency of the sequence variations in the latter half of the

Table 3 DiVerences of deduced amino-acid sequences between alleles

Maker name Chr. cM Genes Polymorphism

C0668 1 25.4 Hypothetical protein P0710E05.10 SSS363deletion

C30021 1 150.7 Hypothetical protein P0408G07.11 S455G, H481N

C62963 1 147.2–147.5 Membrane protein CH1-like S127G, R515S

R3203 1 159.6 Putative EXO70-G1 protein K349E

E10780 2 57.3–57.6 Hypothetical protein P0677G01.24 256Adeletion

E4169 2 99.6–101.2 Glycolipid transfer protein-like A47S

C0566 3 55.8–56.3 Putative ribosomal protein L19 189AAPAAdeletion

E61946 4 5.4–6.5 Hypothetical protein OSJNBb0050O03.15 D475N, V563I

E1294 4 24.1–23.8 Facilitate chromatin transcription 
complex subunit SPT16

T656A

C0226 6 13.5 RRM-containing RNA-binding protein-like D308E, M342T, Q412P, T451P, A464G, A466S, 
T467M, L468Q, H469Q, V473A, P476Q

C30223 6 67.4–67.7 Loricrin-like protein C299F, T398I, A411T

R1744 7 0.8 Putative peroxidase 1 T227S, V358M

R565 7 24.2 Hypothetical protein OJ1714_H10.110 W73R, S89N

E51255 7 49.7 Granule binding starch synthase II L523S

R3089 7 61.9 Nucleoside diphosphate kinase I Y31F

C60779 7 89.8–91.7 Hypothetical protein OSJNBb34A20.6 A162S

E0349 9 60.8–62.4 Plastid (p)ppGpp synthase L145F

R2194 10 15.7 Putative integral membrane protein DUF6 frame-shift

E2439 10 30.2 Putative calmodulin-binding family protein R611P

S21168 12 108.2–109.2 Putative amine oxidase V159I, L289F
123
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transcribed region is not diVerent from that in the former
half, average frequencies of about 3-kb genes having poly-
morphisms between the 17 Japanese cultivars, between the
three indica cultivars, and between the japonica and indica
cultivars can be calculated to be 9.2, 87.9, and 94.8%,
respectively. Because the number of rice genes has been
inferred to be about 32,000 (The Rice Annotation Project
2007), sequence variations would be found in 2,944,
28,128, and 30,336 genes between the 17 Japanese culti-
vars, between the three indica cultivars, and between the
japonica and indica cultivars, respectively (Table 4).

The frequencies of DNA fragments having frame-shift
mutations and missense polymorphisms were 1.4 and
23.0%, respectively (Supplementary Table 2). The numbers
of genes having frame-shift mutations and missense poly-
morphisms between the 17 Japanese cultivars were esti-
mated to be 41 (0.1%) and 677 (2.1%) on average,
respectively (Table 4). In the closest combination, ‘Hat-
suboshi’ and ‘Hitomebore’, and the farthest combination,
‘Kirara 397’ and ‘Nourin 6’, 93 (0.3%) and 1,210 (3.8%)
genes, respectively, are considered to have frame-shift
mutations or missense polymorphisms. On the other hand,
the numbers of genes having frame-shift mutations or mis-
sense polymorphisms between the three indica cultivars
and between the japonica and indica cultivars were esti-
mated to be 6,863 (21.4%) and 7,402 (23.1%), respectively.

IdentiWcation of chromosomal regions selected in rice 
breeding

‘Hitomebore’, the second most popular cultivar in Japan,
has been developed from a cross between ‘Koshihikari’ and
‘Hatsuboshi’ (Fig. 2a, Sasaki et al. 1993). ‘Hatsuboshi’,
which has a short culm and early heading traits, has been
developed from a cross between ‘Koshihikari’ and ‘Kihou’
(Fig. 2a, Koumura et al. 1977). The excellent eating quality
and cool-temperature tolerance at the booting stage of
‘Hitomebore’ are considered to be derived from ‘Koshihik-
ari’. On the other hand, due to ‘Hatsuboshi’ alleles, culm
length has been shortened to prevent lodging, and earlier
heading has been achieved as an adaptation to the climate
of the Tohoku region (northeastern part) of Japan.

Genotypes of ‘Koshihikari’, ‘Hatsuboshi’, and
‘Hitomebore’ of 88 genes having polymorphisms between
‘Koshihikari’ and ‘Kihou’ are shown as graphical geno-
types in Fig. 2b. Two, two, four, and six QTLs for cool-
temperature tolerance at the booting stage, culm length,
days-to-heading, and eating quality of ‘Koshihikari’,
respectively, have been reported (Takeuchi et al. 2001;
Wada et al. 2006). Cool-temperature tolerance at the boot-
ing stage of ‘Hitomebore’ and ‘Hatsuboshi’ may be due to
two QTLs of ‘Koshihikari’ (qCT-7 and qCT-11), both of
which enhance cool-temperature tolerance at the booting T
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stage. ‘Hitomebore’ and ‘Hatsuboshi’ have two QTLs for
culm length of ‘Koshihikari’ (qCL-1 and qCL-7), both of
which elongate the culm. qCL-1 is considered to be sd1,
because it has been detected by using DHLs derived from a
cross between ‘Koshihikari’ having the wild-type allele of
Sd1 and ‘Akihikari’ having ‘Reimei’-type sd1-r (Supple-
mentary Table 1). Since both ‘Hitomebore’ and ‘Hatsubo-
shi’ also have Sd1, the short culm length of these cultivars
is considered to be controlled by ‘Kihou’ alleles in the other
chromosomal regions. ‘Hitomebore’ has two QTLs for
days-to-heading of ‘Koshihikari’ (qHD-3-1 and qHD6*;
asterisk was tentatively used to distinguish it from qHD-6.),
and ‘Hatsuboshi’ has one (qHD-3-1). However, both qHD-
3-1 and qHD6* of ‘Koshihikari’ alleles have eVects of late
heading. qHD-6 is considered to be Hd1, because it has
been detected by using DHLs derived from a cross between
‘Koshihikari’ having a leaky allele of Hd1 for late heading
and ‘Akihikari’ having a null allele of Hd1 for early head-
ing (Yano et al. 2000, Supplementary Table 1). This null
allele of Hd1 derived from ‘Kihou’ is considered to contrib-
ute to early heading of ‘Hatsuboshi’ and ‘Hitomebore’.
Regarding the six QTLs for eating quality, both ‘Hitome-
bore’ and ‘Hatsuboshi’ are suggested to have the same
combination of QTLs. Among the QTLs for eating quality,
qH3, which has been reported to be closely related to the
eating quality score of cooked rice, has been transferred to
‘Hatsuboshi’ and ‘Hitomebore’.

As performed in the present study, chromosomal regions
and genes selected in rice breeding processes can be identi-
Wed by SNP analysis. Accumulation of information on
SNPs in agronomically important genes will enable the pre-
diction of the traits of individuals, lines, and cultivars with-
out cultivation in the Weld.
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