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Abstracts Chalkiness of rice grain is an important quality

component of rice, as it has a profound influence on eating

and milling qualities. We has determined the inheritance of

percentage of grain with chalkiness (PGWC) using a set of

chromosome segment substitution lines, made from a cross

between cv. PA64s and cv. 9311. Two loci controlling

PGWC, designated as qPGWC-6 and qPGWC-7, were

located on, respectively, chromosomes 6 and 7. Compari-

sons were made between C-51 (a CSSL harbouring

qPGWC-7 and having a chalky endosperm) and the

recurrent parent 9311 (translucent endosperm) to charac-

terize the physical and chemical differences between

translucent and chalky endosperm. Unlike the translucent

endosperm, the chalky endosperm contains loosely packed

starch granules, and there were significant difference

between C-51 and 9311 for amylopectin structure and

degree of crystallinity, but not for either amylose content or

starch viscosity. Segregation analysis of the F2 population

from the cross between C-51 and 9311 showed PGWC is a

semi-dominant trait, controlled by single nuclear gene. A

large F2 population was constructed from the cross

C51 9 9311, and used for the fine mapping of qPGWC-7,

which was located to a 44-kb DNA fragment, containing

thirteen predicted genes. This result provides a springboard

for the map-based cloning of qPGWC-7 and allowed for

marker-assisted selection for endosperm texture.

Introduction

Grain chalkiness is an undesirable character, as it is asso-

ciated with high levels of damage to the kernel during

milling, and thus to a reduction in head rice recovery (Del

Rosario et al. 1968). Furthermore, when chalky grain is

steamed or boiled, cracks develop readily, reducing the

palatability of the cooked product (Nagato and Ebata 1959;

Cheng et al. 2005). Thus, the presence of more than 20%

chalky kernels is not generally acceptable in most world

markets. On the other hand, chalky grain is optimal for the

production of special products, notably Japanese sake.

Therefore, breeding for the appropriate endosperm type has

to be considered in the context of market requirements.

Scanning electron microscope (SEM) analysis has

shown chalky endosperms are filled with loosely packed,

round and large compound starch granules, while translu-

cent endosperms have tightly packed, polyhedral and small

single starch granules (Kang et al. 2005; Singh et al. 2006;

Fujita et al. 2007; Yamakawa et al. 2007). The presence of

large air spaces between starch granules (Singh et al. 2006)

result in significantly different physico-chemical, mor-

phological, thermal, cooking and textural properties

compared to those of translucent grains (Singh et al. 2003;

Cheng et al. 2005).

Chalkiness in rice, including white belly and white core

(Satoh and Omura 1981; Tan et al. 2000; Li et al. 2004), is

under genetic control, but its extent can be affected by the

weather conditions experienced during the grain filling

Communicated by M. Morgante.

L. Zhou � L. Chen � L. Jiang � W. Zhang � L. Liu � X. Liu �
Z. Zhao � S. Liu � L. Zhang � J. Wan (&)

State Key Laboratory of Crop Genetics and Germplasm

Enhancement, Jiangsu Provincial Center of Plant Gene

Engineering, Nanjing Agricultural University,

210095 Nanjing, China

e-mail: wanjm@njau.edu.cn

J. Wang � J. Wan

Institute of Crop Sciences, Chinese Academy of Agricultural

Sciences, 100081 Beijing, China

123

Theor Appl Genet (2009) 118:581–590

DOI 10.1007/s00122-008-0922-0



period (Yamakawa et al. 2007). Its inheritance has been

shown to be complex (Shi et al. 2002), and so if marker-

assisted selection (MAS) strategies are to be applied for (or

against) this trait, it is necessary to identify and mark the

major quantitative trait loci (QTL) involved in trait deter-

mination. Several QTL have been described as controlling

percentage of grains with chalkiness (PGWC), located on

chromosomes 1, 5–10 and 12 (Koh et al. 1999; He et al.

1999; Tan et al. 2000; Li et al. 2004, 2003; Huang 2006).

Of these, three (mapping to chromosomes 1, 8, 9) have

been shown to be stably expressed over eight environ-

ments, and have therefore provided a firm basis for a MAS

programme. Two genes, OsPPDKB and starch synthase

IIIa (SSIIIa), also have pleiotropic effects on white-core

endosperm in rice (Kang et al. 2005; Fujita et al. 2007).

The former encodes pyruvate orthophosphate dikinase

(PPDK),which contributes to the control of carbon flow

into starch and lipid biosynthesis during grain filling (Kang

et al. 2005); while the latter (SSIIIa) plays an important

role in the elongation of amylopectin chains (Fujita et al.

2007). No gene associated with the white-belly endosperm

trait has been yet identified.

The rice super-hybrid PA64s/9311 has occupied a

greater area in China than any other single variety over the

past 5 years. In this study, a set of chromosome segment

substitution lines (CSSL) created using 9311 as the recur-

rent and PA64s as the donor, was used to investigate the

genetic basis of chalkiness. The objectives of this study

were: (1) to detect major QTL affecting chalkiness in this

population, (2) to analyze the physical and chemical

characterization of a CSSL with major QTL for chalkiness,

and (3) to fine map a stable QTL and identify tightly linked

microsatellite (SSR) markers by using secondary F2 pop-

ulations derived from a cross between the target CSSL and

the recurrent parent.

Materials and methods

Plant materials and fine mapping population

The recurrent parent 9311 is the indica rice which was used

for genome sequencing (Yu et al. 2002), and the donor

PA64s is a thermo-sensitive genic male sterile line with a

broad spectrum of wild compatibility. The lines differ

significantly with respect to PGWC. The original PA64s/

9311 CSSL population consisted of 75 lines (Xiao et al.

2005), of which a few retaining some heterozygosity have

since been subjected to further selection to produce a fixed

population of 118 CSSL (Fig. 1). The selection was based

on allele calling at 202 SSR loci distributed evenly across

all 12 rice chromosomes. Two QTL were detected in the

PA64s/9311 CSSL population. One was qPGWC-7, present

in three CSSL (C-51, 52, 62). To fine map this QTL, C-51

was used to build a secondary F2 population by back-

crossing to 9311 and self-pollinating, and 400 extreme

phenotype individuals were selected from a sample of

2,108 plants. To these were added a further 2,821 (selected

from 5,965). Thus the size of the fine mapping population

was 3,221.

Field experiment design and conduction

The two parents and their 118 CSSL were grown in the

experimental field of the Jiangsu Academy of Agricultural

Sciences, Nanjing, China in 2006. Each plot consisted of

four rows of ten plants each, arranged in a randomized

block design with two replicates. The 2108 F2 plants and

9311 and three target CSSL(C-51, 52, and 62) were planted

in Hainan, China in the winter of 2006, and a further 5,965

plants, along with 9311 and three target CSSL, was grown

at Nanjing Agricultural University, Nanjing, China in the

2007 rice-growing season. At maturity, each CSSL was

harvested as a bulk, while each F2 plant was harvested

separately. After drying, grains were stored at room tem-

perature for 3 months, and then dehulled and scored for

PGWC.

Fig. 1 The strategy for developing the chromosome segment substi-

tution lines (CSSL) population with the genetic background of Indica
variety 9311. , 9 denote, respectively, self-fertilization and

backcrossing
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Trait measurement

PGWC were evaluated according to He et al. (1999) and

NSPRC (1999). To separate chalky from vitreous grains,

three replicates of 100 grains per entry were assessed on a

chalkiness visualizer constructed at the China National

Rice Research Institute (NSPRC 1999). The mean per-

centage of chalky grains represented the PGWC score for

that line.

For observation of endosperm cross-section, rice seeds

were dried completely under low pressure and cut across

the short axis with razor blade. The surface was sputter-

coated with gold and observed by SEM (SEM, Hitachi S-

3000N).

X-ray diffraction patterns of starch granules were

obtained on a Shimadzu X-ray powder diffractometer

(D/max-B, Rigaku, Japan). The diffracted intensity

(in counts) was measured as a function of 2h. The starch,

saturated with water, was layered on a sample holder and

scanned from 3� to 40�. The X-ray generator ran at 35 kV

and 20 mA. The other operation conditions were as fol-

lows: step interval 0.02, scan rate 2�/min, sollet and

divergence slit 1�, receiving slit 1�, and scattering slit

0.15�. The degree of crystallization of starch was estimated

by Ic/(Ia ? Ic) 9 100 (Fujita et al. 1998; Cheetham and

Tao 1998), and calculated by XRD pattern processing

software Jade5.0 (Materials data, Inc.). (Ia is the amor-

phous area, and Ic the crystallized area on the X-ray

diffractogram).

Extraction of starch from rice mature endosperm for

amylopectin chain-length distribution was performed

according to Yao et al. (2005). The chain-length distribu-

tions of a-polyglucans from endosperm were analyzed

using the capillary electrophoresis methods of O’Shea and

Morell (1996).

Amylose content was determined with the simplified

method developed by Juliano (1971). Standard samples

with different amylose levels, provided by China National

Rice Research Institute (CNRRI), were used to construct a

standard curve.

The paste viscosity of ground milled rice flour was

measured using a Micro Visco-Amylo- Graph (Brabender

OHG, DUISBURG, Germany). The analysis was based on

the American Association of Cereal Chemists (2000)

standard method AACC 61-01 and 61-02.

QTL mapping method

The likelihood ratio test based on stepwise regression

(RSTEP-LRT), as used by (Wang et al. 2006), was applied

to the CSSL population. RSTEP-LRT can be used for QTL

mapping in a population consisting of non-idealized CSSLs

in which each line harbored one or several segments from

the donor parent. Stepwise regression was used to select the

most important segments for the trait of interest, and the

likelihood ratio test was used to calculate the LOD score of

each chromosome segment. This method was statistically

equivalent to the standard t-test with idealized CSSL lines.

A threshold LOD score of 4.06 was determined from 1,000

permutation tests at the level of significance (0.05) and

applied to declare a QTL as significant. To improve

mapping power, multicollinearity among markers or

chromosome segments was reduced, following the sug-

gestion of Wang et al. (2006).

Molecular marker screening and gene annotation

DNA was extracted from fresh leaves of each plant fol-

lowing Dellapporta et al. (1983). PCR protocol was as

described by Chen et al. (1997), with minor modifications.

PCR products were separated on an 8% non-denaturing

polyacrylamide gel and detected using the silver staining.

InDel markers in specific genomic regions were developed

from a BLASTN alignment between the genome sequences

of japonica cv. Nipponbare and indica cv. 9311. PCR

primers were designed with software Primer Premier 5.0 to

generate 100-300 bp amplicons at *20 kb intervals across

these regions, and tested with template of 9311 and C-51.

Genomic sequence was obtained from the International

Rice Genome Sequencing Project (IRGSP) (http://www.

rgp.dna.affrc.go.jp/IRGSP/index.html). Gene annotation

within specific genomic regions was carried out using

RiceGAAS (http://www.ricegaas.rgp.dna.affrc.go.jp).

Results

PGWC QTL mapping in the 118 CSSL population

The two parents differ markedly for PGWC (Fig. 2), with

PA64s showing consistently higher value than 9311 in two

environments. In the CSSL population, PGWC ranged

from 5 to 99.5%, with a discontinuity at 60% (Fig. 3). All

but five CSSL (C-51, -52, -62, -23, -92) had a low PGWC,

similar to that of 9311. The genetic, environmental and

genotype 9 environment interaction effects on PGWC

were all significant across the three environments

(P \ 0.001), but the genetic effect was far much greater

than either of the other two (Table 1). Two QTL were

identified––qPGWC-6 on chromosomes 6 and qPGWC-7

on chromosome 7 (Table 2). qPGWC-6 is associated with a

LOD score of 21.99 and PVE (%, phenotypic variance

explained) of 19.18%, Its map position places it close to

RM190, which is known to be closely linked to Wx

(Temnykh et al. 2000; McCouch et al. 2002). qPGWC-7

has a LOD score of 27.75 and a PVE of 28.18%, and is
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linked to RM234. The positive alleles at both loci were

inherited from PA64s, increasing PGWC by 26.19 and

22.63%, respectively (Table 2). In lines C-23 and C-92, the

PA64s chromosomal segment harboring qPGWC-6

replaced the homologous segment of 9311. Similarly, the

PA64s segment harboring qPGWC-7 (defined by RM234)

was present in lines C-51, C-52 and C-62 (Fig. 2), which

are all associated with a significantly (P \ 0.001) higher

PGWC than 9311 in at least two of the three environments.

As the genetic background of C-51 was the closest to that

of 9311, it was selected for comparisons of physical and

chemical attributes, and as the parent of a population for

fine mapping of qPGWC-7.

Physical and chemical characterization

of the C-51 kernels

C-51 had a white-belly endosperm, markedly different

from that of 9311, though both had similar grain size

(Fig. 4a). SEM analysis showed the C-51 starch granules

were typical of the chalky endosperm type, being round

and loosely packed, and very different from densely

packed, polyhedral starch granules of 9311 (Fig. 4b). No

significant differences were observed the amylose contents

of C-51 and 9311 grain (Table 3). The starch granules of

C-51 and 9311 showed a typical A-type X-ray diffraction

pattern (Fig. 4c), but the degree of crystallinity of C-51

was significantly (P \ 0.05) lower than that of 9311, and

all four main peaks at 2h were shifted slightly (Table 3;

Fig. 4c). The amylopectin chain-length distribution pat-

terns [degree of polymerization (DP) 8–30] were similar

between C-51 and 9311 (Fig. 5a), but there were signifi-

cantly more chains with DP 7(P \ 0.05), 31, 51 and

52(P \ 0.01), and markedly fewer chains with DP 33, 34,

38, and 45–47 (P \ 0.05). The difference between chains

increased with increasing DP (Fig. 5b). The paste viscosity

of endosperm starch of C-51 and 9311 showed no signifi-

cant difference (data not shown).

Genetic analysis and primary mapping of qPGWC-7

An F2 population of 2,108 plants derived from C-51/9311

was continuously distributed (values ranging from 5 to

99%, data not shown), rather than producing the expected

segregation. As this was thought likely to have resulted

from experimental errors at planting, the experiment was

repeated with 5,965 F2 plants from the same cross, pro-

duced from ten F1 plants. Four hundred and three progeny

randomly selected from a single F1 plant were used for

segregation analysis. The PGWC distribution of the

resulting F2 plants was continuous, but with two discon-

tinuity at around 30 and 70%, respectively (Fig. 6; Wang

and Gai 2001). These 403 plants could be classified as

three components (5–30, 31–70, 71–100%), fitting the

expected 1:2:1 segregation for a semi-dominant trait

(vc
2 = 2.97 \ v0.05,2

2 = 5.59). The PA64s segment on the

long arm of chromosome 7 was delimited to a *18.3 cM

interval between RM455 and RM118 (Fig. 7a). Of 40 SSR

markers located in this genome region (Temnykh et al.

2000; McCouch et al. 2002; http://www.gramene.org/), ten

were informative between 9311 and C-51 (Fig. 7b). From

the 2,108 F2 population, the 400 individuals with a PGWC

below 20% were mapped with these SSR, resulting in the

Fig. 2 Graphical genotype and PGWC of parents and selected CSSLs

in three environments (mean ± SD, n = 3). Black (PA64s) and white
(9311) bars denote the parental origin of chromosome segments. a
PA64 s is a thermo-sensitive genic male sterile line, becoming fertile

when exposed to\23.5�C during pollen development. The endosperm

phenotype of PA64s was obtained from plants grown under low

temperature. b Genetic distance between adjacent markers (cM).

* Significant difference at P \ 0.001, based on t-test. n.d Not

determined

Fig. 3 Frequency distribution of PGWC in the CSSL population and

its parents, PA64s and 9311. Plants grown in Nanjing in 2006
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narrowing of the genetic interval containing qPGWC-7

to *1.2 cM, delimited by RM21930 and RM21945

(Fig. 7b).

We also performed analysis based on the data from these

403 individuals of the F2 population to detect QTL using

Windows QTL cartographer 2.0 (Wang et al. 2003). The

analysis detected a QTL in the interval between RM21930

and RM21945 with a LOD score 48.8 and explaining

60.6% of phenotypic variation in this population, further

confirming the location of the qPGWC-7 locus.

High-resolution mapping of qPGWC-7

Based on a comparison of the genomic sequence of cv.

Nipponbare and cv. 9311, the separation between RM21930

and RM21945 is *368 kb, including the four overlapping

BAC/PAC clones OSJNBb0018H10, OSJNBb0039M16,

OSJNBb0040H10 and P0493C06 (Fig. 8). A combination

of SSRIT (http://www.gramene.org/microsat/) searching

and genome sequence alignment focused on this region

generated a further five SSR and 18 InDel markers, of which

one SSR and seven InDel markers were informative

between 9311 and C-51 (Table 4). Thus, together with the

markers RM21930 and RM21945, ten markers were avail-

able for fine mapping in the extreme phenotype subset of

400 of the 2,108 F2 grown in Hainan in 2006, and 2,821 of

the 5,965 grown in Nanjing in 2007. RM21938 and InDels 1

and 15 co-segregated with qPGWC-7, with five recombi-

nant events between InDel 14 and qPGWC-7, and two

between InDel 3 and qPGWC-7. Lines N1 to N11, which

harbour the 9311 allele at RM21938 and InDels 1 and 15,

had a low PGWC, and N12 to N19, which carry PA64s

alleles at these loci, had a high PGWC (Fig. 9). Thus

qPGWC-7 lies within a 44 kb region of BAC clone

OSJNBb0040H10, bordered by InDels 14 and 3 (Fig. 8).

Putative genes in the 44-kb DNA fragment

Gene prediction analysis of the 44-kb DNA sequence

containing qPGWC-7 identified thirteen putative open

reading frames (ORF). Of these, three (ORF 1, ORF 10,

ORF12) are of unknown function, the remaining ones

consist of a putative COBRA-like one protein precursor

(BRITTLE CULM1-like six protein), a putative COBRA-

like six protein precursor (BRITTLE CULM1-like seven

protein), a putative Mitochondrial import inner membrane

translocase subunit tim22, two putative B12D proteins, a

hypothetical protein similar to outer membrane protein

involved in nutrient binding, a putative Alpha-1,4-glucan-

protein synthase 1 (UDP-glucose:protein transglucosylase

1, UPTG 1), a putative zinc finger protein, a putative

proline-rich protein MP5, and a hypothetical protein sim-

ilar to blight resistance protein RGA3.

Discussion

Whole genome CSSL or near isogenic line populations have

been successfully constructed for rice (Yano and Sasaki

1997; Kubo et al.1999; Xiao et al. 2005; Ebitani et al. 2005),

and have been an effective tool for QTL mapping and

positional cloning (Yano et al. 2000; Takahashi et al. 2001;

Kojima et al. 2002; Doi et al. 2004; Wan et al. 2006). Whole

genome CSSL populations are advantageous in this context,

because the confounding effects of variation in the genetic

background are removed as a factor, since all the lines share

the same background. This allows the critical chromo-

some(s) segment to be readily identified. Once this has been

achieved, it becomes a straightforward task to generate an

appropriate fine-mapping population, by crossing the criti-

cal CSSL once more with the recurrent parent. Finally,

Table 1 An analysis of

variance to determine the

contribution to PGWC of

environment, genotype and their

interaction

a Including Nanjing in 2006,

Hainan in 2006 and Nanjing in

2007

Source of variation Degree of freedom Mean square F-value Probability

Genotype 3 10,734.6 3,056.0 \0.0001

Environmenta 2 102.2 29.1 \0.0001

Replication 2 5.4 1.5 0.24

Genotype 9 environment 6 127.2 36.2 \0.0001

Error 22 3.5

Table 2 Putative QTL for PGWC identified by the RSTEP-LRT method in the CSSL population derived from PA64s and 9311

QTL Chromosome Donor segment LOD score A PVE (%) CSSL with the identified QTL

qPGWC-6 6 RM190 21.99 26.19 19.18 C-23,92

qPGWC-7 7 RM234 27.75 22.63 28.18 C-51,52,62

A and PVE denotes additive effect and percentage of phenotypic variation explained of each QTL, respectively
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Fig. 4 Starch granule

morphology and structure of

9311 and C-51. a Grain

morphology. b SEM images of

starch granules in the mature

endosperm. a and c 9311, b and

d C-51. Bar represents 2 lm in

a and b, 10 lm in c and d. c X-

ray diffraction pattern of starch

granules
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since all the individuals of this secondary mapping popu-

lation are genetically even more homogeneous than was the

CSSL population, most of the confounding non-genetic

effects can be avoided.

In the PA64s/9311 CSSL population, two strong PGWC

QTL were identified. One (qPGWC-6) is linked to the waxy

gene Wx, which has been reported previously using other

populations (Tan et al. 2000; Li et al. 2003). Relevant QTL

on chromosome 7 have been identified by Tan et al. (2000),

who mapped a locus for white belly between R1245 and

R1789, and by Huang (2006), who mapped a PGWC QTL

to the interval R1245-R1789. These two intervals both

include RM234 (Causse et al. 1994; McCouch et al. 2002),

which we identified as being linked to qPGWC-7. In addi-

tion, PGWC of three lines harboring the QTL were

significantly higher than that of 9311 in the three or two

environments (Fig. 2, P \ 0.001), indicating qPGWC-7

could stably express in different environments. Using the

same strategy, Wan et al. (2005, 2006) assessed the stability

of individual QTL using the CSSL harboring the target QTL

grown in different environments. Thus, even though

Yamakawa et al. (2007) have proposed that chalkiness

character is labile with respect to the environment (espe-

cially temperature regime during the grain filling stage), it is

clear that there is a substantial effect of genotype as well.

Table 3 X-ray powder diffraction analysis and the determination of amylose content of C-51 and 9311

Parent and CSSL Diffraction peaks at 2h (�) Degree of crystallinity (%) Amylose content (%)

9311 15.06 17.28 18.4 23.06 37.71 ± 2.12* 16.10 ± 0.457

C-51 15.04 16.94 17.98 22.76 20.05 ± 1.70 17.07 ± 0.312

* Significant difference at 5% based on t-test
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Fig. 5 Distribution of chain length of a-polysaccharides in C-51 and

9311 endosperm, as determined by capillary electrophoresis. a The

distribution of a-1,4-glucan chains in amylopectin, b the difference in

amylopectin chain lengths between C-51 and 9311

Fig. 6 Frequency distribution of the secondary F2 population from

the cross C-51/9311. 403 plants were randomly selected from the one

F1 plants growing in Nanjing in 2007

Fig. 7 Genetic location of qPGWC-7. a Genotype of C-51(chromo-

somal segments derived from PA64 s in black). b qPGWC-7 maps to

a 1.2 cM interval on chromosome 7
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The distribution of PGWC in the CSSL population

showed an obvious bias (Fig. 3). There were more indi-

viduals with low PGWC. This transgressive segregation of

PGWC was also observed in the Asominori/IR24 CSSL

population (Wan et al. 2005), and so did other chalkiness

characteristics, i.e., area of chalkiness endosperm and

degree of chalkiness endosperm (Wan et al. 2005). Other

mapping populations, including F2:3, RIL and DH popu-

lations, also segregated transgressively for PGWC (Tan

et al. 2000; He et al. 1998). This phenomenon appears in

different populations, resulting possibly from effects of

genetic recombination or epistasis or minor-effect genes.

Fujita et al. (2007) described a starch synthase III

(SSIIIa) mutant with white-core endosperm, in which the

structure and components of the endosperm starch were

profoundly altered. Although the difference in degree of

crystallinity between C-51 and 9311 minors the difference

between this mutant and its wild type, the difference

between the viscosity profiles and amylopectin structure of

the starch in C-51 and 9311 was, in contrast, relatively

minor. 9311 and C-51 do not appear to differ allelically at

the SSIIIa locus (data not shown). Thus the pattern of

accumulation of the starch granules, the low degree of

crystallinity and the altered amylopectin make-up of C-51

starch must flow from the action of a different gene, pre-

sumably in the qPGWC-7 region, which contains no known

rice starch synthases. Taken together, qPGWC-7 is the first

fine-mapped gene for white-belly endosperm in rice.

We are seeking to identify the gene responsible for

chalkiness, using a transgenic complementation approach,

in order to gain an understanding of the mechanisms

underlying the formation and regulation of endosperm

texture. The fine mapping approach has suggested 13

possible candidate genes, although some of these can

probably be eliminated on the basis of their putative

function. Meanwhile, the close linkage established between

Fig. 8 High-resolution genetic

and physical maps of qPGWC-7
and gene prediction in the

critical region of chromosome

7. The figure denoted the

number of the recombinant

individuals corresponding to

marker. ORF1 through13 denote

open reading frames predicated

by the RiceGAAS in the critical

44-kb DNA fragment

Table 4 Primer sequences and the BAC/PAC location of markers location used for the fine mapping of qPGWC-7

Marker name BAC/PAC location Forward primer(50-30) Reversed primer(50-30)

InDel 5 OSJNBb0018H10 CAGCTATGTGTAGCTTCG GTGCTCATTGGGCGGTTT

InDel 7 OSJNBb0018H10 OSJNBb0039M16 AGAATTCAGATTCGTTGT GTGTGTTTTCCTGTGCCG

InDel 14 OSJNBb0040H10 TCATGATCAATGCACAA AAGACTCCAAGACAACT

InDel 1 OSJNBb0040H10 TTGATTTCCCTGCTATAATACATGT GGATCATCTGTCGTACCGTTCAAGCG

RM21938 OSJNBb0040H10 CCAAATTGCTTCCTCGGATATAGG CGGATTTAGGGAGTTCGTGTTCG

InDel 15 OSJNBb0040H10 AACCCATAAGAAGAGGAT AATGAGGAAGGAAGCAAT

InDel 3 OSJNBb0040H10 CGTGTTCGTTCGTGCGATTGCTGCT GATGAGTCCCCAAGAACAAAACTGAGC

InDel 17 OSJNBb0040H10 CGATTGTTATTTGGTATA TATTGGTTGTAGGACTGT
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qPGWC-7 and a number of simple molecular markers can

be exploited for quality breeding in rice.
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