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<Sub-project 1> Development of DNA markers associated with cooked rice taste and
breeding high—palatability lines
1. PCR marker-based evaluation of the eating quality of japonica rice
Evaluation of eating quality in early breeding generations of rice is critical to

developing varieties with better palatability. Here, we report DNA markers associated
with eating quality of temperate japonica rice and develop an evaluation method aided
by multiple regression analysis. A total of 30 markers comprising STSs, SNPs, and
SSRs were tested for their association with palatability using 22 temperate japonica
varieties with different palatability values. Eating quality-related traits of the 22
varieties were also measured. Of the 30 markers, 18 were found to be significantly
associated with palatability, and consequently, a model regression equation with an R
value of 0.99 was formulated to estimate the palatability by the marker data set.
Validation of the model equation using selected breeding lines indicated that the marker
set and the equation are highly applicable to evaluation of the palatability of cooked rice
in temperate japonica varieties.

2. Development of PCR marker-based evaluation of the eating quality in indica rice
: To develop the prediction method of cooked rice taste in indica rice, we adopted the
same procedure as in japonica rice using 24 indica rice varieties harvested in Indonesia.
For indica rice 32 DNA markers were tested. Using the same procedure including
genotyping with PCR markers and regression analysis, we made a multiple regression
equation suitable for the prediction of cooked rice taste in indica rice, which displayed a
significant determoinability, R*=0.997. The marker set and the equation are highly
applicable to evaluation of the palatability of cooked rice in indica varieties.

3. Comparison of grain quality traits between japonica rice cultivars from Korea and
Yunnan province of China

Improving eating quality is one of the most important objectives in japonica rice

breeding programs in Yunnan Province of China. Eating quality and its relevant traits of
nine Korean and 11 Yunnan rice cultivars were comparatively analyzed in this study.
The grain shape of most Yunnan japonica rice cultivars have a relatively slender shape

and are slightly larger than Korean rice cultivars. Palatability value of cooked rice of
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Yunnan rice cultivars was significantly lower, while the protein content of Yunnan rice
cultivars was significantly higher than that of Korean cultivars. Peak viscosity and
breakdown viscosity of the Yunnan rice cultivars were significantly lower, while setback
viscosity of the Yunnan rice cultivars was significantly higher than in Korean rice
cultivars. Palatability value of cooked rice was negatively correlated with protein content
and setback viscosity but positively correlated with peak viscosity, breakdown viscosity,
and cool paste viscosity. Through multiple linear regression analysis, an equation for
estimating palatability value (PV) of cooked rice based on quality traits was generated
as dependent only upon protein content (PC), PV=139.024-(10.865xPC) with an R2 value
of 0.822. The results suggest that reducing protein contents should be the major target
In improving eating quality of Yunnan japonica rice cultivars through integrated
approaches of both cultivar development and appropriate cultural practices. Genetic
similarities among cultivars based on DNA markers which had been identified as
associated with grain quality seemed not to be directly related to PV.
4. Single Nucleotide Polymorphisms and Haplotype Diversity in Rice Sucrose Synthase 3

: Rice sucrose synthase 3 (RSUSS3) is expressed predominantly in rice seed endosperm
and 1s thought to play an important role in starch filling during the milky stage of rice
seed ripening. Because the genetic diversity of this locus is not yet known, the full
sequence of RSUSS3 from 43 rice varieties was amplified to examine the distribution of
DNA polymorphisms. A total of 254 sequence variants, including SNPsand indels, were
successfully identified in the 7,733 bp sequence that comprises the promoter, exons and
introns, and 3’ downstream non-transcribed region (NTR). Eleven haplotypes were
distinguished among the 43 rice varieties based on nucleotide variation in the three
defined regions (5’NTR, transcript and 3’'NTR). The promoter region showed evidence
of a base change on a cis—element that might influence the functional role of the motif
in seed-specific expression. The genetic diversity of the RSUS3 gene sequences in the
rice germplasm used in this study appears to be the result of non-random processes.
Analysis of polymorphism sites indicated that at least eleven recombinations have
occurred, primarily in the transcribed region. This finding provides insight into the
development of a cladistic approach for establishingfuture genetic association studies of

the RSUSS3 locus.
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<Sub-project 2> Improvement of rice quality through regulation of the amount of

endosperm-specific proteins

1. Second topic of this project is aimed on isolation and production of high eating quality
mutant and transgenic rice by lowing amount of seed storage protein using molecular
biochemistry methods. It has been known that protein disulfide isomerase (PDI),
binding protein (BIP) and rice endosperm bZIP (REB) are involved in the regulation of
stability of seed storage proteins.

2. We first isolated knock-out rice mutants of genes encoding the proteins and produced
their-overexpressing rice plants, and examined their phenotypes to check the possibility
of application of the genes for the improvement of the traits such as color and size of
the seeds. Knock-out mutant of the PDIgene(OsPDIL1-14) showed lower tiller
number and smaller height than wild type. OsPDILI-14 mutant has less seed number
and its seed displayed chalky phenotype. Seed analysis unexpectedly showed that the
mutant contains higher amount of seed proteins than wild type, implying that
down-regulation of PDI expression may be able to induces accumulation of seed
proteins in seed crop plants. Knock-out rice mutants of the B/P and REB, and
their-overexpressing rice plants are now analyzing too. Secondly, we have also tried to
isolate new factors that controls expression and stability of rice seed proteins by
proteomic methods. Fifteen proteins specifically accumulated in high or low eating
quality rice have been identified. They are mainly involved in plant defense and
metabolism. It strongly suggests that they take part in control of eating quality
through regulation of the levels of seed storage metabolites. Interestingly, it also
showed that low eating quality rice contains higher amount of the defense-related
proteins, suggesting that high eating quality rice is much more sensitive to pathogen
than low eating quality rice. Among them, several proteins have been characterized.

3. Osprmc3 mutant has much higher tiller number than wildtype. Osprmc3 mutant seed
showed chalky phenotype and is lighter than wild type. Analyses of other mutant seeds
also showed similar phenotype to Osprmc3 mutant seed, indicating that most of the
proteins identified by proteomic method must be involved in rice seed development and
their amount may be tightly correlated to eating quality. Thirdly, we examined PDI,
BIP and REB amount in high and low eating quality rice seeds by immunoblotusing
anti-PDI, anti-BIP and anti-REB antibodies, respectively. Result showed that their
amount 1s not directly related to eating quality. These antibodies are applied to isolate
their-interacting candidates which participate in rice seed development and quality.

Now, we are testing seed and eating qualities of the identified mutants with
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biochemical method. Knock-out mutant and transgenic plants including the developed
technologies will bring out a high profit through patent. Besides, qualities-improved
transgenic farm crops by introduction of the identified useful genes will ensure a big

return to farmer and there by to nation.

<Collaborative-project 1> Development of high palatability lines through exploitation of

genes associated with starch metabolism and recombinant DNA technology

1. Difference at Molecular Aspects between japonica Rice Varieties with High and Low
Palatability

(1) To identify the difference between high- and low-quality rice varieties, (high):
Gopum, Ilpum, Samgwang, Koshihikari and (low): Palgong, Samnam, Singeumo,
Dobong, genomic PCR for major genes, Sbel, She3, Waxy in starch biosynthesis, was
carried. The results showed that no differences were detected in banding pattern
between high- and low-quality rice varieties.

(2) The bands from the genomic PCR were sequenced and then the alignment of the
sequences showed 12 SNPs in Sbelgene and one SNP in Waxy gene.

(3) When SNP and InDel were investigated in Sbel gene, the differences in 7~10, 12, 16
~17, 20, 22~24 positions were obviously detected between high- and low-quality rice
varieties. The differences implicated the correlation in quality between high— and
low—quality rice varieties.

(4) When the SNP and InDel in the genomic sequences of Sbel, She3, Waxy genes were
scrupulously investigated for eight varieties, the results showed that SNP and InDel
detected in Shbel sequences were same for high—quality varieties, but were differed
for low—quality varieties. The linkage "-AAAGGGTTG-" of SNP and InDel in Sbel
sequences for high—quality rice group were replaced partially to "TGGGAAAC-AT"
for low-quality rice group, implicating that there might be close correlation in
palatability quality between high- and low-quality varieties.

(5) The linkage "G-——-" in 2, 4, 6, and 9 positions of SNP and InDel in Sbe3 sequences
for high—quality varieties were replaced partially to "ATTT” for low—quality rice
group.

(6) The linkage "AGA” in 4, 5, and 7 positions of SNP in Waxy sequences for
high—quality varieties were replaced partially to "CGA” in Dobong and "AAG” in
Samnam for low-quality rice group. There were no detection of SNP and InDel for
Palgong and Singeumo.

(7) The semi—quantitative RT-PCR with immature seeds sampled every five days after
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flowering from flowering to 25 days was carried out to assess of RNA expression
profiles between high— and low-quality varieties. The results showed that the RNA
expression of Sbel, Sbe3, SSS1 and SSSZ2A revealed highest in 10~20 days in
high—quality varieties, showing higher than that of low—quality varieties.

(8) In GBSS1 gene, the RNA expression was highest in 10~20 days as middle and late
periods of grain filling. The high—quality varieties showed relatively low RNA
expression compare to the other genes, but Samnam as low—quality variety showed
the increment of RNA expression compare to the other varieties.

2. Development of High Quality Rice by Transformation of Starch Branching Enzyme
(OsShel)

(1) In order to express Sbel gene, 2,268 bp of Sbel ORF was inserted to create
recombinant gene p355:0sSbel. Through transforming the p35S:0sSbel into
Gopumbyeo seeds using Agrobacterium-mediated transformation, 1005 transgenic rice
lines were created.

(2) Once the Shel gene was introduced in rice, the RNA expression level in transgenic
rice lines was analyzed using semi-quantitative RT-PCR. The results showed that
transgenic rice lines with Sbel gene expressed more than that of wild type,
Gopumbyeo, showing some variation among transgenic lines.

(3) The amylose contents of the transformed rice lines with Sbel gene ranged from 12
to 29% showing large variations. Especially, it was discovered that transgenic rice
lines having 15 to 17 % of amylose content showed the largest number of plants, so
they would have the potential use for developing high quality rice varieties with
different level of amylose contents.

(4) The transgenic rice lines with 12%, 18% and 28% of amylose content in T2
generation, were selected to analyze enzyme activity in T3 generation. At 15 days

after flowering, the immature seeds of T2 transgenic plants were sampled to
compare the combined enzyme activities of Shel, Shbe3, Sbed4 between wild type
Gopumbyeo and transgenic rice lines. The result showed that the line 13017(12.57%
in T2) revealed 5.6 times higher and the line 13282 was 1.9 times higher in enzyme
activity than that of wild type Gopumbyeo. The lines 13218 (18.35%) and
13145(18.04%) showed similar activities compare to wild type Gopumbyeo. However,
the lines 11985-11 (28.48%) and 12101-8 (29.62%) were 0.52 and 0.32 times,
respectively, showing much lower than that of Gopumbyeo.

(5) When the polished rice was analyzed to find correlation between palatability and

other factors in the T2 generation of transformed rice with Sbel gene, compared
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with the wild type Gopumbyeo and the transgenic rice with Sbel gene had changes
physicochemical properties of rice grains. Though the Toyo Taste meter value of
Gopumbyeo showed the value of 70.4, the transformed rice ranged from 61.1 to 72.6.
A total of nine transgenic rice lines including six lines with higher Toyo meter
values than that of Gopumbyeo (70.4) and three lines with similar values compare to
Gopumbyeo were selected as elite lines.

(6) From the T2 generation, transgenic lines with low amylose content, favorable
phenotype and high yield were selected and their grains were scrupulously analyzed
in terms of amylose content, agronomic traits, yield, and palatability. The result
showed that they showed excellence in agronomic traits and revealed that they had
higher yield. The wild type Gopumbyeo produced 602.7 kg/10a, whereas the elite rice
lines produced 607.97719.0 kg/10a. When comparing the palatability with wild type
Gopumbyeo’s Toyo taste value of 704, the transformed rice showed the similar or
higher values ranging from 70.5 to 72.6, implicating the possibility of developing new
high quality rice varieties in the future.

3. Development of Transgenic Rice by Transformation of Genes Related to Starch
Biosynthesis

(1) The recombinant vectors with AGPL2, Sbel, and SUS1 which are related to starch
biosynthesis have been constructed for over—expression of genes in rice plants. The
AGPL2, Sbel, and SUSI1 genes were inserted into the pM]J-Glb with globulin
promoter to express the genes in rice endosperm and named them pMGR, pMGA,
and pMGS.

(2) The RNAi recombinant vectors with Waxy and SSS1 which are related to amylose
biosynthesis have been constructed for down-expression of genes in rice plants. The
Waxy and SSS1 genes were inserted into the pCAM-35S with 35S promoter and
named them pCAMW-Ri and pCAMS-RI.

(3) The recombinant genes of pCAMW-Ri, pMGR, and pMGR/pCAMW-Ri have been
transformed by Agrobacterium-mediated short-period transformation method using
rice seeds. The introduction of the target genes were identified by PCR amplification
of HPT and Bar genes as selection markers.

(4) The recombinant genes of pMGA, pMGS, and pCAMS-Ri have been transformed by
Agrobacterium-mediated short-period transformation method using rice seeds. The
transgenic rice plants are transplanted into pots and grow in greenhouse to harvest
T1 seeds. The introduction of the target genes are being identified by PCR

amplification of HPT and Bar genes as selection markers.
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<Collaborative-project 2> Properties of starch-lipid and lipid components in rice
endosperm affected on eating quality
The competitiveness of the rice is largely depended on the eating quality of rice, which is,
in turn, affected by diverse factors including rice cultivar type, place of origin, climatic
condition, cultivating and harvesting methods, and degree of dryness. In the present
study, by sampling rice cultivars with different eating quality, we analyzed the
relationship between physicochemical characteristics of the components in rice endosperm
and investigated the relationship between palatability and physicochemical properties.
Especially, we analyzed the correlation between starch lipid and lipid components in rice
endosperm and pasting properties. The results were as followed:
1. Physicochemical properties of two rice kernels with distinctive difference in eating
quality
- According to the results of physicochemical properties of rice kernels from two rice
cultivars, including Gopumbyeo and Palgongbyeo, There were significant differences in
the palatability value obtained using a Toyo taste meter and sensory evaluation of
cooking rice between two rice cultivars. Gopumbyeo showed higher than Palgonghbyeo in
starch lipid content, known to exist as inclusion complexes with amylose in starch
granules, and its unsaturated fatty acid contents. Plant sterols in two rice samples were
identified, Gopumbyeo of good eating quality had high contents of squlaene and
cycloartenol than those of Plagongbyeo. There were  differences in composition of
essential amino acids between two rice cultivars. The swelling power of rice starches of
two rice cultivars higher than those of flours. In Rapid Visco Analyzer examination,
pasting temperature of Gopumbyeo was lower than those of Plagonghyeo. As DSC
results, the gelatinization enthalpy of the endosperm peak was observed lower iIn
Gopumbyeo. X-ray diffraction patterns of starches separated from two rice cultivars,
traditional A type and there was no difference in crystalline of rice starch. Hydrolysis
rate of Palgongbyeo by glucoamylase showed higher than Gopumbyeo.
2. Pasting properties and lipid components in rice seven rice cultivars with different eating
quality
- Significant differences were observed in the palatability score obtained using a Toyo
taste meter, which measures palatability score based on the glossiness of rice cooked,
and Samgwangbyeo showed the highest score among the seven cultivars, followed by
Gopumbyeo > Chucheongbyeo > Illpumbyeo > Palgongbyeo > Samnambyeo >
Dobongbyeo. Rice cultivars with good eating quality had high linoleic and linolenic acid

composition in lipid content of starch-lipid, forming an inclusion complex with amylose.
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Although the seven rice cultivars had different level of amylose, no significant
differences were found. According to the RVA measurement of rice flours, the pasting
temperature was the lowest in /lpumbyeo, having medium eating quality among the
seven rice cultivars. whereas the highest in Dobongbyeo. According to the DSC
measurement of rice starches, the gelatinization enthalphy of the endothermic peak
showed energy content was the highest in Dobongbyeo. Each rice cultivar also had
different swelling power; in particular, Dobongbyeo with the lowest palatability value
showed the lowest swelling power at 65°C. The free fatty acid composition showed a
significant difference among the seven varieties, and all rice cultivars had high
composition in oleic and linoleic acid. Rice culivars having low palatability value showed
the higher in lipase and lipoxygenase activity contribute to the peroxidation of rice
lipids.. Rice -cultivars of good eating quality had high contents of squlaene and
cycloartenol, although the seven rice cultivars had different levels of campesteol,
stigmasterol and sitosterol, no significant differences were found.

3. Verification of properties of endosperm components in twelve rice cultivars with different
eating quality
- As result of determining palatability value (Toyo-value) for 12 rice cultivars having
different eating quality, varieties showed significant difference in order of Koshihikari >
Samgwangbyeo > Gopumbyeo > Chuchungbyeo > Hwaseongbyeo > Dongjinbyeo >
Ilpumbyeo > Hwacheongbyeo > Palgongbyeo > Samnambyeo > Singeumobyeo >
Dobongbyeo. As result of texture characteristics of cooked rice, Gopumbyeo and
Samgwangbyeo with high eating quality showed high in hardness and adhesiveness,
from which they were known to have textural characteristic with chewiness.
Palgongbyeo, Samnambyeo, Singeumobyeo, and Dobongbyeo with low palatability value
tended to show low of linoleic acid composition in fatty acids of non-starch lipid. Rice
cultivars with high and medium palatability value showed a higher Ilinoleic acid
composition in the starch-lipid complex. This result was expected that the correlation
between linoleic acid composition of starch lipid and eating quality. Rice cultivars with
high and medium palatability value had high squalene and cycloartenol content in plant
sterols. For the swelling power of starches at 95°C, Kosihikari with good eating quality
showed the highest value. According to the RVA and DSC measurement of rice flours
and starches, significant differences in the pasting properties was observed among 12
rice flours and starches that showed differences in the palatability scores. The pasting
temperature was the higher in Palgongbyeo, Samnambyeo, Singeumobyeo and

Dobongbyeo, having low eating quality among the 12 rice cultivars. Such temperature
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differences seemed to be related with the palatability score at a certain level. Rice
cultivars with good eating quality tended to show high protein content, and the contents
of Mg/K was the highest in Kosihikari, having good eating quality.
4. Changes of pasting properties and lipid components in rice endosperm during storage

- According to the change of seven rice cultivars during storage for 3 months, the
proportion of palmitic and oleic acid composition in free fatty acids composition tended
to increase, while linoleic acid tended to decrease. Palmitic acid composition of
starch-lipid tented to increase in all rice cultivars. Squalene, sitosterol and campesterol
that are plant sterols tended to increase in all rice cultivars during storage. In the RVA
measurement of rice flours, peak, through, final viscosity showed a significant increase
during storage. DSC results of rice starches showed a significant increase of
Samgwangbyeo in gelatinization enthalpy. We could also obtain the results that the

palatability value after storage tended to significantly decrease in all rice cultivars.

<Collaborative-project 3> Mapping and QTL identification for genetic dissection of
cooked rice taste

1. A framework linkage map with 188 marker loci was constructed covering 1,902cM of
twelve rice chromosomes, with an average distance of 10.1cM between adjacent two
markers using 190 RIL from Suwon365 x Chucheong (S/C). The polymorphism ratio
between the parents was averaged 29.2%. Out of 188 marker loci, 19 markers (10.1%)
showed skewed segregation to Suwon365 and 12 markers (6.0%) showed skewed
segregation to Chucheong.

2. In 190 S/C RIL population, significant correlations (p<0.05, p<0.01) were observed
among some traits. Most of the correlations among the traits related to grain quality
presented a similar pattern with previous studies. The glossiness of cooked rice (GCR)
and palatability correlated positively with alkali digestion value, amylose content, and
days to heading and negatively with protein content. The correlation coefficients
between glossiness and palatability of cooked rice was ranged from 0.49 to 0.51. Four
QTLs for alkali digestion value were detected on chromosome 6, 7, 8 and 11. The
gADV6 including waxy (WX) gene, and gADVS locus, explained 8.3-25.6% and
11.2-31.4%6 of the phenotypic variation, respectively. Five QTLs for amylose content,
were detected on chromosome 6, 7, 8 and 11 and a major QTL, gACS was detected
consistently for three years and explained 21.3-34.0% of the total phenotypic variation
by Chucheong allele. Four QTLs for protein content were detected on chromosome 1, 6,

7, and 8. The QTL, gPCI, was detected for four years and explained 9.0%-20.7% of the
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total phenotypic variation. Out of five QTLs for glossiness of cooked rice, two QTLs,
qGCR7 and qgGCHRS, were detected consistently for three years. qGCR7 and qGCRS
explained 8.8%-14.2% and 8.6%-26.1%6 of phenotypic variation, respectively. In BCsF» of
Suwon365+4/Chucheong, the allele effects of Chucheong at gqGCR7 and gGCRS were
estimated to be 2.35 and 2.25, respectively. Three BCsF3; lines, SCQ04, SCQO07, and
SCQ14, containing the Chucheong allele at three loci, qGCRS, qGCR7, and qGCRG6.1,
increased the glossiness of cooked rice than those of Suweon365.

3. In 182 I/'M RIL population, significant positive correlations (p<0.05, p<0.01) were
observed among GCR and GL, ST, HA and OE by the sensory test. These correlations
among the traits related to eating quality presented a similar pattern with previous
studies. The correlation coefficients between GCR and traits for sensory test was ranged
from 0.469 to 0.506 in 2008. Five QTLs for alkali digestion value were detected on
chromosome 1, 6, 10, and 12. The gADV6.1 in RMb587-RM3370, including waxy (WX)
gene, explained 32.1-40.6% of the total phenotypic variation by Ilpum allele. Four QTLs
for amylose content, were detected on chromosome 3, 6, 10, and 11 and a major QTL,
gAC3 and gAC6, were detected consistently for three years and explained 5.8-11.8% and
44.8-56.9%, respectively by Ilpum allele. Out of seven QTLs for glossiness of cooked
rice(GCR), three QTLs, gGCRS qGCR6.1 and qGCR6.2 were detected consistently for
three years and qGCR6.1 explained 18-28.3% of total phenotypic variation, respectively.
Three QTLs, qGCRI0O qGCRI1Z21 and qGCRI12.2 were from Moroberekan allele and
explained 5.4-9.8% of the phenotypic variation. Seventeen QTLs for four traits,
glossiness(GL), taste(TA), hardness(-IA) and overall evaluation(OE) by the sensory test
were detected in chromosomes 1, 3, 5, 6, and 10, and the QTLs in chromosomes 3, 5,
and 6 were from Ilpumbyeo allele and explained 10.9-15.7% for gE®3 on chr. 3,
7.3-9.0% for gE®5 on chr. 5, and 8.4-38.5% for gEQ6 on chr. 6, respectively.

4. In BCiF3 of Palgong*2/SR25577-F14,~17 having Chucheong allele at two QTL loci
qgGCR7 and gGCRS, most lines containing gGCR7 and gGCRS, increased the glossiness
of cooked rice than those of Palgong. Also, In BCiF3 of Palgong//Ilpum/Palgong, most
lines having gEQ®3 qgE®5, and gEQ6 improved to eating quality than those of Palgong.
The QTLs identified in this study will be helpful in marker—assisted breeding for
improving eating quality of japonica rice and the linkage map will be useful as a

japonica reference map.
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A7k o] A Fd BAS 93l backcross inbred line (BIL)o| tisll #5774

, 3,6, 7, 108 GAA oA 67] QILsES Fslatgom, 6 d44 o
QTLs7} 718 2 effectE 7IA+= Ao =2 JVewtoen, 4713 adE 159
2, 6, @ 7¥ &M QTLstE CSSLs& 1 &#}S &918190S (Takeuchi %,
)

B odo ot kI
e
ey
o g
N

~

O

)
o S
S

t}eFgt CSSLs(chromosome segment substitution lines)s 5743t 2]H]
FAA 2L S 533 92, Bao, Hu 52 DH(double haploid) 3
§A4, &3] AvBdA QTLsE Hasla Ut 7] A6 #HwE ATE X

S 2 o]Folx], H A. Vana- vichit & 2AP(2-acetyl-1-pyrolline)®] ¢} 7]
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Zo]  Auel FHEE FHo digk A4+ amylose content(Juliano, 1973),
gelatinization temperature(Little et al, 1958), gel consistency (Cagam- pang, 1973)
e ANFeE, HZde FAA AFE VINte R Hv] #de s W starch
branching enzyme, wx %%} ®¥o], soluble starch synthase Il FX 25 ¥3]1 )
A, QA dRtl M= A BAEE oY FFY FAAESS BYste] AFse
SAol lom, w3 & A FAASY] U] He FAA Ee A= st
At

S F= amylose®t amylopectin® = FAEo] U=H], amyloses T2 -14
linked glucose #A9} 249 -1,6 linked branches®] 71 AFANo = FHo 91,
amylopectine #-2 -1,4 linked glucose #%}¢} t] RIS -1,6 branches®Z T/ = o]

U=t (Banks and Muir, 1980), °ol& F TFY wAE°] A3 semi-crystalline
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starch granules #AJ3}al 7] lipid9} phosphate7} 2334l H=d o]5<] H
g zol we gdsy 1 weo FANE HSY F AT oUEsne
ADP-Glc  pyrophosphorylase = (AGPase), soluble starch  synthase (SS)

<

starch-branching enzyme (SBE), starch-debranching enzyme % granule-bound

starch synthase I (GBSSI) &9 FxZ&e] 93t FAH AT} (Smith et al,

1997). Starch branching enzyme (SBE)< -polyglucans®ll ©3A| -1,6 glucan branches

S = Y3 amylopectin®] wA|Fxd Fgste AR dHA Uk ESH SBEE

-1,6 glucan branches”} $1*3}+= amylopectin tandem-cluster 739 ZA ] T4

s sl Ae=Z d#HA Uk (Jenkins et al, 1993). o]t i FAd HH3s

j2o) AAd 2ol o8 jUEARe PEE WANIT FRE B

okAm Be e 4 9o

O @de] A dutzog gifo] WaFs Aurt AdHe AowE dHA vk
AAZEA] Gzl & A g Aol b W A FHAH L glutelin, globulin, prolamin
oA & Birt H A= glutelin® globilin @& 79 51-57 kDa®] precursor”}
A E™H WA N-terminal signal peptide’t & Uzt & 235 AAA 34-39 kDa
9] alpha subunit¥?} 21-22 kDa®] beta subunit®Z TH5o]2|1 disulfide bond7} ¥
AESF HF AHEo] THEoIA W prolamin -9+ N-terminal signal peptide”} é}i’%
Ut & yFol glycosyaltion®th. o] AZdmAde g 7z wW7pFe] ofs)A
uncontrolled premature degradation®ZHE HIH+=dH F8 wWIYUEL 5A
membrane-bounded storage organelld] TEI} HIAHE FEje] F A EYY
protein body (PB) E|Z Fatol] Ao EZHE EHsdt (Montz, 1998). =1
gy olelg e e 5 TR Ao FFa Aviete] RHEAE HE
g Bus o9 v EFe AR WSS dsiMe #o FAA A7 BFH ]
.

O o] Ao FirdF e & FFUL = A
F R 2 T2 AR Aol glval &9

e 12 &~
-

S

o

2

| 52kl AFolzh gl7] Wil Ao} &
A Aok &Y AAFL caryopsis coat,
aleurone layer ¥ embryoE X33l= bran w80l < 20%(AE TFD)old T
Ho om, o5 AAL 01~1m HE Z7]9 lipid body =+ spherosome®] ¥
TS caryopsis HAA7E == duldde 29%9 A Aol FFF
o] glom, o] ZAZ F 51 %= embryool FfHo] Utk aYEE THo) 9
A 17% HE7F endospermol] FHESHA H = olE AHERAE i v F
ol F2 B2t o], EHEE S7ME 5 A9 FFe Fadn. s
TAAF 2 FTEH ALFEFE, Ar|dHE 21~32 %] £XE, Wr] Y
5 1~095 %°] BEXE Holi glom, TU3 EZFE Az utaha
~4 %, WUl= 02~2 %9 BEE Hlth JHEE Av)eh AR 9 A4
< AES7] 9l A= bran 9 (non-starch lipid)¥} starchy endosperm
g (starch lipid)s &A1Y AEsIoF & Aot} thHE 2] starch lipid= A&
2} Z oldZ 9 ~9 helical structure®] FE3 B39 FEE wly@Ar EA)scH
d& A Aot o]2ldt amylose-lipid complext HiEd 21F9] 53t 547 43
ABAgdel o], otdE LA EA A& Zo] Byl olyEt amylose-lipid
complex?] T4 AZel A wt 3354 B Hr|(EA)°] "= A=
linoleic acid’} E&Ae] & F4 A& EA ARZ] HA o
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linoleic acid A34tell B4ZA<Q] TAZ microsomal -3 fatty acid desaturaseE =
& dat, AAR e &4 Ubil-P-int} F9 GmFAD3 cDNAE X F3t= zﬂz
3 DNAE d2A A% 3 A3} linoleic acid®] $Ha-S 108 &7} Al A Y= Bart 2
th olA ™ FAr e ddo] #™ol e FAAe] TS AFoEN T 33
ge} Amad ?"i‘?io]xﬂ-‘ﬂ Fu7t 7hsd Aoy o] EZFEH FAr ST 77
g TR AT F40] 7hsd Aot

O Amst " QTLY B A+ tiF& indica®t japonica®l ZFollA o] Fo] %
71wzl AxY7te] Am RS A FAATE W S dEelal, MASE
sste] An A 3§17 99 v = JREE o] A &

m&l

3. A7 2%t I - & ZleN LA
2= FAE dHFoZ dEIA AE 7HHLQ01 QA" 1 A
4l

O ArE A5 F e 4 =
dol wA Fatrh. B AFolA Rk Am Al A= AAHZRE AvE 7PE F e
A5 F Aol I o]&Ae] ZIEw. 1 A= SCI AE(]. Agric. Food Chemistry,
57(7): 27542762, 2009'd 4€)dl TxeAL, S3= AAsAT. olv] BE AFSdA 4
m7b -3 ATS F48H7] fste] o] BARAE FE&FToIH
O v #A QILS #2433, QTL-NILS %o Avlg HAg AL A= 7 A7
A HzolH, MAIFoRE dEA dF At ot o] EAFTORE ST AT

o T OAN
A 5% &-8do] 7iE
O Aujel A RS #EHS HES A< A9 gtk B dFZ2FoNA fojz A4
A Aujeke] #Ed dae & AHPE 3 AR 534 8% A5V 2 A9
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7L BEYAE
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sucrose synthase3

£39tH2E 17
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.
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22719 AEYUFFEET 24009 A7t FFo] AHEHAL

2
Adogrs wA7E /g 239 F9 39670 RILS AFESHATHE 1-1).

732+ haplotype

“
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1= [e)
R

AshM = 35789 Al EF2 874 ] oFA

£ 11 A6 gge] A8 B2
=5 oLF ¥ =5 oLZ ¥
Kopum ZAFEZ Y7} Ciliwung o1y 7}
Samgwang A EZ Y7} Cisokan 17}
llpum AZ Y7} Cibodas Sl=t
Chucheong 2+ Y7} Jatiluhur o1t 7}
Dongjin A EZ Y7} Kalimutu A=
Sinkemo AFEZ Y7} Cirata o1 7}
Hwaseong ZAFEZ Y7} Memberamo o1y 7}
Hwacheong AFE Y7} Ciherang ol 7t
Dobong ZFE Y 7} Sintanur SR=E
Samnam AEY 7} Cimelati SlR=E
Palkong AFEZ Y7} Maros o1 7}
Hitomebore ZAEZ Y7} Singkil o1 7}
Bekjinjul AFE Y7} Batanghari 1) 7}
Seonong4 AFEY T} Conde olt) 7t
Onnuri ZAFEZ Y7} Angke Q1) 7}
Manmi AFEZ Y7} Batang Gadis SIR=E4
Giho AFEZ Y7} Batang Piaman o1 7}
Geuman AEY 7} Cigeulis ol 7}
Nakdong AFEY 7} Fatmawati SR
Hexi41 ZFEZ Y7} Konawe o1y 7}
Samdeok ZFEZ Y7} Logawa Sl=E
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gk Awle] #AH" v Ao &7l HE(alkali digestion value, ADV), opdZ 3
(amylose content, AC, %), T A3} & (protein content, PC, %) & &9 o|s}stx EA7 it
o] z3lEl= #HAFGeo H7]X(glossiness of cooked rice, GCR)= Toyo mito-meter(=2:
MA-90A, 90B)E o] &-3to] RA31ch

7t e Es 25 14% KOH &<l &7 30T <QliHole o] 23417k FAth7t 2o
ARAAEE 1-75F22 Z2HsA. opdzZ xS Juliano (1971) ol wel Rapid Flow
AutoanalyzerE ©]-83}4] starch-iodine blue color®] Jdld FF=E SH3tY AAS AT &

W Ag L Micro-Kjeldahl 2.2 FOSS:2300 Kjeltec AnalyzerZ ©]&3le] =43}l 5953

o WulE AL F U
o olstel gt

o BARAR A
BAEA Age A Bokz H2s] FAHAL. O AFAA Bu

o] &4 viA: o5l s ZepolrE wbEo] -8 FFol el

eN
4 #Pstgt. @ BuE QIUIFAILFAAMNES WO QIL e FHAAA B
2 9 vjA A 23E QIL 2 ABREAANA HHAE QIL £& tAe QIL Yo o
S [e)

719 €< genomics DBE ©]&3td FHFHAASS 22 O, 714D 5729 exont-9fl

el 57 FFF 4714 <ES TA-cloning WHoz BEAF F AL A714E Foo sl
Zetolm & Alztete] JNEsdt. @ A&, @i d, AF 5S4 dAHE FER FHAAES F
A DBl o= e T 99 VAR G7IMES BT F 0¥FAES Hole 79
o  zZepolrjs  AFstY  FFES  AASIAH. AHET genomics DBE  FE

http:/ /www.gramene.org/, http://www.ncbi.nlm.nih.gov/, http://rep.dna.affrc.co.jp/ IRGSP
/download.html ojllom, xZgoly A Zto|=  http://frodo.wi.mitedu/primer3/ ¢}
http:/ /helix.wustl.edu/dcaps/dcaps.html S F=2 A&t

EE v7E PCR AR AFtsislon, 7|24 PCR Z2EZL tu3 2o PTC-200
Peltier Thermal Cycler (M] Research Inc.)& 7]E FAX 2 AME-3IA T MZ T amplicon?] ¥
2 718 20pl0]l=dl, A7]odl= 2 uLe] DNA(EXE 20 ng/uLl), 2 puLe] 10x buffer containing
25 mM Mg(Cl2, 1 uLe] 25 mM dNTPs, 1 unit9 Taq Polymerase (Intron Biotechnology,
Korea), 18]31 1 pLe] forward$} reverse primers (10 uM)7}F &5 o] ot G714 <E £A4&

213k PCR ¥H3- 1 unit®] ExTaq polymerase (TaKaRa)E A}-8-3}¢] reaction volumes 50 pL
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2 39t EE PCR 5% W32 35 cycles® 3t =0, 1 min at 95°C, 30 s at 55 °C, and 1
min at 72 °CE 7| Alo]ZZ 3} th Ohtsubo et al.(2002, 2007)¢] STS #}# FZd+= 95 °C
5 min, Th&°l 40 cycles of 96 °C for 1 min, 62 °C for 1 min, and 72 °C for 2 min.& A&
3t TE  Bao et al. (2006a, b)7} 7143t vlA= 5 min at 94 °C, 35 cycles of 45 s at 94 °C, 1
min at 55 °C, and 1 min at 72 °C, Z12]3l final extension of 7 min at 72 °C WHOo 2 3}
th. PCR amplicons- 3% agarose gelsell ©7]9& 3¢ & ethidium bromide®Z @At 2
stAY, SNPY A7IXE A Zol7b wi¢- mlAIg o= 8%< polyacrylamide gels®ll A]

A719 % ¥ ethidium bromide®Z GAI3F & ZA}SIA T
sucrose synthase 32+ haplotype #41& 913 A7IAME 4% PIz7HAZ 1kb B =
o o

S
o tAo =z zoly ASE A&ste PCRE F, TA cloning W

1
-1 =
A4 23dE BE wAnd 0 e 19 bmary “}7% Hew WHEsle O FES SHHETE
Fol BT o] W HAIFALAS A8t *X}u}ﬂ{ o weightings 23 Hlad 4 3l

A st EF ARANL £ wARES APstel A4S BAr] B 9@ F
27} cluster #241& NTSYSS] UPGMA H2o 2 359t

O AiEx: He dUAEZA Sy de £F0A @ 13] Aud & Aok & AT
A= A Zaed 3 A9 AMZXJ%N T AW ATA(IRRI, 2H 2A)E o] &
o d 2253 AujgozH SF A3

O RILs(AZSAAAE) §4: & AFdAe iy AP FEoA RILs7t o] &&H, o
m oy ZFe|A F5-F7 Althe] RILsE A4 2 A5 AFFHA A §4 Hfstal Jd e Al
o R stAX ARE-stATH
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2. 2%
7F. AEYFF A v B}
(1) AZU7} 2] A
7h 718 Rug wAe W@ @ AA

2 w3

LN T P I 4

XA N

OtsuboS(2002, 2003, 2007)°] 2m|e} B&ste] st vlA 20719} BaoS (2006)% Hes

(2006) ZengT(2007)¢] Hig HAE FA T FHAE
Kobayashi's(2007)°] 7H&s 4 &
A4 sttt 1 = Otsubos o] 7§ 3t
Bao% o] /&g A FolA+= SSlla

1-2).

3

¢

]

u
R

A

A o]

X 1-2. 7|1 HRaE npH

o] &5}
A vHA 1 F 377 vHAS Aulvk e 2290

A &gk wlA 1670

ol
=

3T

4
£
b
o,
ES
>,
oo
ol
3R
£
b

PCR marker primer sequence
marker type clud forward (5——-3") reverse (5'---3')
Ohtsubo et al. (2002;2003); Ohtsubo & Nakamura (2007)
A6 STS 7 (J&I) |[CCAGCTGTACGCCTGTACTAC CCAGCTGTACGTCTTCCCCAGC
A7 STS 1121((‘% TGCCTCGCACCAGAAATAG TGCCTCGCACCATGAG
B1 STS 11(J&I) |GTTTCGCTCCTACAGTAATTAAGGG |GTTTCGCTCCCATGCAATCT
B43 sts | 98 |GGCCGGCATGACTCAC ACTGGCOGGCATCAAGAC
F6 STS 4(J&I) |ACCACTCCATATATATCATCCAAAG |ACCACTCCATATCACCACAAGG
G4 STS 1(J&I) |[GAGACCGATATGCGATTC GTGGTGTTTAGATCCAGAGACTTA
G22 STS 9] g:{;(lzécTCAAATTTACAGTGCATTTT AGGGCCATGATACAAGACTCTGT
G28 STS 1(J&I) |GGCGGTCGTTCTGCGAT ,?géGAATCCCACAGTAAGTTTTTCT
J6 STS 11(]) |GTCGGAGTGGTCAGACCG GTCGGAGTGGATGGAGTAGC
M2CG STS 8(J&I) |ACAACGCCTCCGATGA ACAACGCCTCCGACAACAAGAT
M11 STS 6(J]) |GTCCACTGTGACCACAACAT GTCCACTGTGGGGATTGTTC
P5 STS 10()) |ACAACGGTCCGTCCTTGCTT ACAACGGTCCAACAGATACTTTTGA
S13 STS 1(J&I) |GTCGTTCCTGTGGTTAGGACAGGGT |GTCGTTCCTGCTGGTGTCTCAGAT
T16 STS 12(J&I) |GGTGAACGCTGTAGTTGGAATATA igTGAACGCTCAGATTTAAATATA
WK9 STS 9(J&I) |CCCGCAGTTAGATGCACCATT CCGCAGTTAGATCAAGTGGC
E30 STS 1(J&D) é‘?gCTGGTTGATGTATACAGATCTG ATCCCTCGATCCCTCTAGCATTAT
B7 STS 2(]) |CAGGTGTGGGTTACAAGGATGA CAGGTGGTTCACGGCCTTT
GA9A STS 1) ﬁézggAGACATGAAATTTATATGC ??&I}‘CCAGACATGTTGTCCTCAATTT
G81 STS 6(J&I) |TACCTGAACCAGCAAGCATGCGCG |TACCTGAACCAGTATAATCTTTG
P3 STS 56((‘% AACGGGCCAAAAACGGAGGT AACGGGCCAACGCAG
Bao et al. (2006a,2006b)
Wx (SNP) |dCAPS/ ACCI‘ 6 ‘CTTTGTCTATCTCAAGACAC TTTCCAGCCCAACACCTTAC
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SS1 (SSR) SSR 6 GATCCGTTTTTGCTGTGCCC CCTCCTCTCCGCCGATCCTG
SBE1(SSR) SSR 6 ATTTCTTTGGCCACAGGCGA CCCAGATTCGGAACAAGAAC
SBE1(STS) STS 6 GAGTTGAGTTGCGTCAGATC AATGAGGTTGCTTGCTGCTG
SBE3(SNP) |dCAPS/Spel 2 GTCTTGGACTCAGATGCTGGACTC |ATGTATAACTGGCAGTTCGAACGG
SSlla SNP 6 57:CTGGATCACTTCAAGCTGTACGA R1:GCCGGCCGTGCAGATCTTAAC
F22:CAAGGAGAGCTGGAGGGGGC R21:ACATGCCGCGCACCTGGAAA
He et al. (2006)
SS1(STS) STS 6 TCTAGATTGCTACACGTGAGAGG TCTCCACGATAACTTCCACC
SBE3(STS) STS 2 TCGGTCAATTCGGTTAGTCTCCTC |ACATCCTCTAGCATACTGGCGACTC
Ssslla STS 6 TCTAGATTGCTACACGTGAGAGG GGAGCCACCTGTAAAGCGTG
Isa STS 8 CCTGTCTTGCACGTGCGGTA GCACGGTTCTGATGTACGAGAG
Pul3 STS 4 GGGTTCGCTTTCACAACACAG GTCACGACATAAGAGAAGCTGC
Pul5 STS 4 AGTTCGCTAGTCATCTGCTCG CCACATGTCCTTGTCTCCACTT
Zeng et al. (2007)
P2 STS 10 |ATTAGCCGGTAAATGGATGAGTTC |AAGCAATACTAATCCCTCCAAACC
P3A STS 10  |AATCCAACGCATCAAGGCTGGC ACAATGCCAAACACCAGGAACTCG
P4 STS 10 |TGAGCTTTACCTCCCCTCCTAACC |TCCACCTTTCTCTCTCATCCCAC
P7 STS 10 |AGTTAAACAACCTCCCCACTGC GGGTAGGATAGGGGATAAGGAGC
Kobayashi et al. (2008)
KA43 SSR 2 ‘ CCTTTCTGAATGCGGAATTT ‘ GAAATGATGGCATGGGAGAT

(W) QTL B 47| FR{FHAAES o] &3 vpr] A 3 AA

@© 2w &4 w7 R

A3FE T HAANA TS QTLY FHZ AF3 QILEA FRZHE Gramene, TIGR, NCBI

59 DBE ol43le] vhA 9XE HASW FH FUASS WEHADE 19). TR FHA

=°l st} 578 ool FFol

i &l

d7IMEs 24,

71 Lol Aol7b e HE

(InDel & SNP)S o] &dte] Zglolm s A&ata vpAE 17/ ALeATH (F 14). )5S

ol-&3ste] w7t g3t FF 2279 ALATES HAsHAH

E 15 Avjs BAdte] Mud FHFAA T QILY 12HE AL v

source QTL location el candidate gene clone e
developed
OSR19-RMDB87 | 6 |granule-bound starch synthasel AP002542 |GBSS1
RM234-RM47 | 7 |sucrose synthase 3 AP004988 |S3cl, S3cll
Kwon et al. 1 |trehalose phosphatase AP004341 |TreB
(2007) RMB47-RM72 | 8 |UPP N -acelviglucosamine AP003875 | AcPh
pyrophosphorylase
RM20b-RM332 | 11 g]u'cosamme*ﬁuctose*6*phosphate AC138454 lapA
aminotransferase
Suh et al. .
(2004) OSR8-0OSR9 2 |aspartate aminotransterase AP003991 |AMs
Wada et al. RM2887 10| non—cyanogenic B-glucosidase AC074354 |CBG
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RM1246 12| Phosphoserine phosphatase AP003727 |PP2
(2007) RM1246 12|OsMAD20 MADS box family AL731752 IMAD
RM4853 3 |Homeobox domain containing protein AC119747 |HP
Genomics DB | [ADPglucose AP004317 |SH51
pyrophosphorylase/shrun-ken gene

E 14. QIL v FERAGHAAZREE A= /g 2v A48 »tA
marker marker h primer sequence
T
name type ¢ forward (5'---3') reverse (5'---3))
S3cl Indel 7 |CCACTCTCATGTCCTTGAAC GCCATGACATTTGGACAT
S3cll |dCAPS/Taql| 7 |TTCCATGATGTGCCACTCTC GGACAAATGTTTTCAGTGAATAAAT
TreB Indel 7 |CACTCCAGTTCCTGCTCAAA CACTCCAGTTCCTGCTCAAA
AMs SSR 2 |CTTCCAAGGACCCCATCCT CCCAACATCTCCGTCAGAAT
GPA SSR 11 |AATACGCGGCCTTCTCCTAT TTGATCCGAATGGGTCAAAT
GBSS1 SSR 6 |CAAATAGCCACCCACACCAC CTTGCAGATGTTCTTCCTGATG
AcPh |dCAPS/Msel| 8 |[AGTTGTGGTTTAAGCATAGG ATTGTCCTTTTCTTTAAAGTTTATTA
CBG SSR 10 |AGCTTCCCTAATGGCTTCGT ATTTGCCAACTTTTGGATGG
SH51 |dCAPS/Spel| 1 |ATTCTTGATGAAAATAATTAACTAG |GGTTAACCATCTTATAAAATTTGTC
MAD STS 12 [ITAACAACCACGGCCGAGAA GAGCGTTCTTTTCTTTCGGTA
HP STS 3 |TGGAGGAGATGTACGTCGAG GAAGTCGAGGTGGTCCATGA
PP2 CAPS/Msel | 12 [TTTGAATAGGTCCACTGCTT CCATGCATCTCATTAGTCAA
@. Dominant SNAP w}7 2] &1
VS §%F Al Y% AW Bok AYey EHoz we Pud Aug 4
F A7l £ AFA = dCAPSHEA S SNAP 7 #¢E& Z stdom A= 7as H1A
& utAE WAS] AZE SNAP vtAE AL & AATHE 1-5).

3 1-5. A%-E SNAP v}A
original SNAP PCR condition of SNAP
primer primer sequence primer
name
AcPh AcPh-T |[F.:CACACAATTGTCCTTTTCTTTAAAGTTTACTAA 940C Smin
R: TCAGGTATGCCTGCATATGTTTACTTT 28 cycles:
940C 30sec, 63 o C 1min
720C 10min
S3cll S3clI-T |F:CATCCAAATTCTGTTTATTTATTCAAAAATCATCCT |940C 5min,
R:AGTAAATGCACTCTTTATCCAGCTAACATCAGCA? |28 cycles:
940C 30sec, 640C 1min
720C 10min
PP2 PP2-A [F:AAGAACAAAGGAAGGTTGTGGCAAGAAATATTAA? |940C S5min
R:CAGCAACATGGCAGAGTGGAGAGTTAAAA? 28 cycles:
940C 30sec, 630C 1min
720C 10min
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(2) A7} gkt AEY7L 2270 F59 Av] 2 FHAEA HAY

A7 grFgk 227 FES Toyo AW|7IE o|&3te] &7IXAvANE SHsIAL, =3 &
Mg g ootdEx S, ofdEad 5A4S SAHsIRen FHAE 1Y s et A
A= 7]E Ba" A FARSE FE|T(GE 16, 1-7). 2v] 2 #A EHELS 9 5
S digte] AF71A &E 3 An 2 #d 54 HE} dXst= FFo|Ant
¥ 1-6. 2270 AEY7F FF Au|x 2 An #HE FA gt
Cultivar P ST M |AC (%) | PC (%) | PV* HPV® | BDV" | CPV' | SBV' | CTV*
Koshihikari 84 0.25 83.98 18.38 5.91 285.39 | 208.8 | 76.58 | 284.39 -1 75.59
Gopum 78 0.18 76.86 | 19.93 6.4 255.11 | 172.95 | 82.17 | 251.72 | -3.39 | 78.77
Samgwang 82.6 0.28 82.35 18.67 6.3 248.86 | 168.47 | 80.39 | 258.39 | 9.53 89.92
Ilpum 83.1 0.39 83.5 18.87 6.28 | 23592 | 182.97 | 52.95 | 252.86 | 16.94 | 69.89
Chucheong 75.4 0 76.86 | 19.44 6.31 | 223.83 | 146.08 | 77.75 | 236.67 | 12.83 | 90.59
Dongjin 78.4 -0.05 77.72 19.36 6.11 239.61 | 131.86 | 107.75 | 223.39 | -16.22 | 91.53
Sinkeumo 61 -0.4 60.82 | 16.62 7.32 | 231.61 | 157.69 | 73.92 | 256.61 25 98.92
Hwaseong 77.1 -0.2 77.72 18.73 6.19 | 245.78 | 141.31 | 104.47 | 238.72 | -7.05 97.41
Hwacheong 77.77 | -032 | 76.86 | 18.85 7 22228 | 15094 | 71.33 | 237.86 | 15.58 | 86.92
Dobong 49.83 -1.24 | 4999 | 15.11 7.89 | 29895 | 192.47 | 106.47 | 257.14 | -41.81 | 64.67
Samnam 65.03 -0.95 65.03 16.51 7.1 246 181.64 | 64.36 | 263.19 | 17.2 81.55
Palkong 68.6 -0.83 68.59 17.33 6.93 2752 | 181.08 | 94.11 | 276.47 1.28 95.39
Hitomebore 75.5 0.15 75.48 | 18.56 6.9 292.33 | 186.22 | 106.11 | 264.42 | -27.91 78.2
Baekjinjul 76.63 0.1 76.62 8.75 7.82 123128 | 110.11 | 121.17 | 151.72 | -79.56 | 41.61
Seonong4 79.03 0.12 78.56 9.51 6.6 188.28 | 65.2 | 123.08 | 93.53 | -94.75 | 28.33
Onnuri 77 -0.05 76.62 18.82 7.51 229.36 | 144.75 | 84.61 | 231.14 1.78 86.39
Manmi 76.6 -0.1 76.4 13.33 7.88 242 136.5 | 105.5 | 204.83 | -37.17 | 68.33
Giho 75.5 -0.4 75.94 | 18.64 6.81 | 234.28 | 144.53 | 89.75 | 237.25 | 2.97 92.72
Geuman 80 0.2 80.14 19.83 7.22 | 255.75 | 149.75 106 246.69 | -9.06 96.94
Nakdong 76.9 -0.25 76.94 | 19.83 6.7 228.55 | 13494 | 93.61 |226.83 | -1.72 | 91.89
Hexi41 63.77 -1.2 63.76 17.6 6.02 181.89 | 142.05 | 39.83 | 205.56 | 23.67 | 63.51
Samdeok 76.33 -0.54 | 76.94 | 18.56 7.01 | 239.83 | 139.53 | 100.3 | 218.17 | -21.67 | 78.64

*The value is presented as a Rapid Visco Unit (RVU).

P, palatability value, ST, palatability score from sensory test; AC, amylose content; PC, protein
content; CPV, cold paste viscosity; BDV, breakdown viscosity; PV, peak viscosity; HPV, hot paste
viscosity; SBV, setback viscosity; CTV, consistency viscosity; M, palatability value estimated from
the equation based on marker data, RVU, Rapid Visco Unit.

ns, non significant at 5% level;, ** and *, significant at 1% and 5 % level, respectively.
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¥ 1-7. 22 Ax Y7L Avje} #d FAS7e] A

parameter AC P ST PC CPV BDV PV HPV SBV CTV

P 0.18ns

ST 0.06ns | 0.85%%*

PC -0.48* | -0.43* | -0.24ns

CPV 0.74** | -0.14ns |-0.12 ns| -0.17ns

BDV -0.46* | 0.12ns | 0.23 ns | 0.40ns | -0.44*

PV 0.22ns | -0.14ns | 0.02 ns | 0.18ns | 0.67** | 0.25ns

HPV 0.52* | -0.21ns |-0.14 ns| -0.11ns | 0.92** | -0.45% | 0.75%%*

SBV 0.79** | -0.07ns |-0.18 ns| -0.39ns | 0.74** | -0.83** | -0.0lns | 0.56**

CTV 0.82** | 0.02ns |-0.04 ns| -0.20ns | 0.75** | 0.25ns | 0.28ns | 0.43* | 0.75**

M 0.19ns | 1.00** | 0.85** | -0.43* | -0.14ns | O0.1lns | -0.14ns | -0.21ns | -0.06ns | 0.03ns

() 2278 AZxYI}F FFY A4 vA #2A A
(7H 2270 FFol Wig v E4
HAES o] 2w 7l theet 227 EFFE9 genomic DNAE 21719 7]& miA 9 A=
N 97)e] AR A AFAE binary formeZ YERRAT (£ 1-8, 1-9). & 3070 w}
7 ARAHE 7HAL FEFL FABAE clusteringstd (LH 1-1) Nu]g}% #do] glo] ©
o) =

A SFEARRS FAE & e AR AsdEu. wEA o] viA fAZEAAE vAE 449

3 1-8. 2270 AXYTF FFe 7] ExE v #d AR JAHI A9

Otsubo et al. (2002, 2003, 2007)
A6 A7 Bl B43 E30 F6 G4 G22 G28 J6 M2CG MI1l1 P5 S13 Ti6 WK9

No Cultivar

1 Koshihikari 0 1 0 1 0 0 0 1 1 1 0 1 1 0 0 0
2 Kopum 1 1 0 1 1 0 0 0 1 0 1 0 0 0 0 0
3 Samgwang 0 1 0 1 1 0 0 0 0 1 1 0 0 1 0 0
4 Tlpum 1 1 0 0 1 0 0 0 1 0 0 0 0 0 0 1
5 Chucheong 0 1 1 1 1 1 0 0 1 0 1 0 0 0 0 0
6 Dongjin 1 0 1 1 0 1 0 0 0 1 0 0 0 1 0 0
7 Sinkemo 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1
8 Hwaseong 1 0 1 1 0 1 0 0 0 1 0 0 0 0 0 0
9 Hwacheong 0 0 1 1 1 0 0 1 1 0 1 0 0 0 0 0
10 Dobong 1 0 1 1 0 0 0 0 1 0 1 0 0 0 0 0
11 Samnam 1 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0
12 Palkong 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0
13 Hitomebore 1 1 0 0 0 0 0 1 1 1 0 1 1 0 0 1
14 Bekjinjul 1 1 0 0 1 1 0 0 1 1 0 1 0 0 0 1
15 Seonong4 1 1 0 0 0 1 0 1 0 1 1 0 0 0 0 1
16 Onnuri 0 1 0 0 1 1 0 0 0 1 1 1 0 1 0 1
17 Manmi 1 1 0 1 1 0 0 1 0 0 0 1 0 0 0 0
18 Giho 1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0
19 Geman 1 1 1 1 1 0 0 0 1 0 0 1 0 0 0 0
20 Nakdong 1 1 1 1 0 0 0 0 0 1 0 0 0 1 0 0
21 Hexidl 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0
22 Samdeok 1 1 0 1 1 0 0 0 0 1 0 1 0 0 0 0
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No Cultivar

Bao et al.
(2006b)

Crop molecular breeding lab.

SSIla @
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g

[ AcPh
-397"

) SH-51"
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Samgwang
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11 Samnam

12 Palkong
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binary data of each primer
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Manmi 0 0 1 1 1 0 1 1 1 1
Giho 0 0 1 1 1 0 1 1 1 1
Geuman 0 0 1 1 1 0 1 1 1 1
Nakdong 1 0 1 1 1 1 1 1 1 1
Hexi4l 0 1 0 0 1 0 1 1 1 1
Samdeok 1 1 0 0 1 0 1 0 1 1

(a), TT:GGTTTC (0) and GC:GGGCTC (1) at nt 4329-4330 (exon); (b), insertion of CTTT (0) and
no insertion (1) at nt 79-82 of consensus region (intron); (c), point mutation from T (1) to G allele
(0) at nt 1454 of consensus region (intron); (d), no deletion (1) and deletion (CTC) (0) at nt
1255-1257 of consensus region (intron); (e), (CT)31 (1) and (CT)27 (0); (f), (CT)26 (0) and (CT)11
(1); (g), (CT)18 (1) and (CT)17 (0); (h), point mutation from T (1) to G allele (0) at nt 397 of
consensus region (intron); (i), point mutation from A (0) to T allele (1) at nt 51 (intron); (),
(CTT)19 (1) and (CTT)8 (0).

Koshihikari

Hitomebore

Samgwang

Nakdong

Gopum

| Chucheong

leacheong

Hexi41

Samdeok

[ Dongjin

Hwaseong

| Baekjinjul

Onnuri

Seonong4d

LI S S B BN R B B B S B B B B B B B B B S B Sy R B S B S R S S B S B S S S S B s B HE S S
0.60 0.64 0.67 0.71 0.75 0.78 0.82 0.36 0.89 0.93 0.97

23 1-1. 30709 upA R 2709 Auly} thekst AE YT EE L AA S NTSYSE 3 84

& A3



Aok Aurl 58 F5S K4
A F A Aol o ARE EROE

S v FRAFoR HAGI & FHAN g 7 AT wAFA
1-11). EQ 20X ¢} npAFAHX9e] A4S BHH r=0.845(1Y 2)
fFolatAl vetdth & 499 SAATE ntAARA o)
W 7)Mol MASZ vlAE &
LI e

EEERE L

il (Journal of Agricultural and Food

Chemistry. 57,2754-2762), 5315 <93I tH5 313 10-2009-0010299).

¥ 110, FAQE vhAL FAARE AFgstel AvEA tE HA4e 73 2
palatability by Toyo taste meter (P) palatability by sensory test (ST)

PCR primer parameter estimate t valug R? parameter estimate t value R
G4 —1697+£1.18 —14.z22™ 0.087 —1.20 £ 006 —-21.77 0212
M1 —1.84 £ 060 —3.25™ 0.096 —014£003 -5 0.010
E30 2655+ 0.83 3214z 0104 0.86 +0.04 10.62 0.059
M2CG —240+ 0.56 —433™ 0.060 —038+£003 —1521* 0.04
GPA —21.14+1.11 —18.42* 0129 —0.82 £005 —17.28* 0.021
Sl —16E2+ 082 —280" 0m7 —0.38+003 -4 0.005
P5 1901 £1.32 1444 0307 1.08 £0.04 2681 0.288
B1 642+ 077 830 0.047 0.4 +£0.08 1290 0.015
CBG 1345+1.11 12142+ 0.087 0.68 £0.07 10,27 = 0228
JB 387+ 074 521* 0.083
WEKS 262+ 059 442% 0.003
AT —1233+1.27 —g72* 0.031
AMs —B8T72+ 156 —558 0.021
GH 027 +£003 1041 0.021
Fé 032 +0.038 10,35~ 0.033
S5lla —0.27 +£0.03 —8.05* 0.001
G285 0.33+0.04 881 0.005
AcPh —0.48 £0.04 —11.44 0.080
intercept TEEE+ 2T 2820 —054+£01 —4.74 >
total 0.990 0.990
&g Y= T6.66 — 16.97G4) — 1.94(M11) + 26.55(E30) — 240|M2CG) — ¥=— 054 — 1.20(G4) — 014M11) + 0.86(E20) — 0.38(M2CG) —

2114(GPA) — 1.62(S3cl) + 19.01(P5) + 6.42(B1) + 13.45(CBG) + 0.82(GPA) — 0.38(53cl) + 1.09(P5) + 0.41(B1) + 0.68(CBG) +
3.87(J6) + 2.62(WKI) —12.33(AT) — B.T2(Ams) 0.27(G81) + 0.32(F8) — 0.27(5511a) + 0.33(G28) — 0.48(AcPh)
&+ and ¥, significant at 1% and 5% level, respectively.

_41_



F 111 32709 SAAEH 37he] hxEFSol e Ea4vx| e} vird o3

palatabiity
breeding linefvariaty Toyo taste meter [P) regression eq (M)
Suweons03 7240 7203
Suweon507 80.51 7834
Suweon508 T6.40 7694
Suweons09 T2 75.5b
Suweon510 7202 7h.55
Suw=on511 78.51 70.58
Suweonsi3 66.32 6B.60
Suweonsid BR.TE 73.78
Suweon51s B6.02 75.38
Suweon516 70.81 81.79
Suweons1s B4.80 67.358
Mampyeang® 7618 81.57
Iksandae BE.T1 9432
Iksandga 76.84 747
lksanddd 78.51 B4.80
lksandd3 TE.BD TAE1
Iksan4g4 73.82 73.07
lksandds To.02 80.92
lksandde T1.87 7532
Iksanday 7211 7461
Iksan502 7132 78.13
Iksan504 B5.58 £a.91
Keumo® 63.53 7208
Juan® S 73.07
Milyang211 70.90 75.83
Milyang?15 50.81 &0.10
Milyang218 T0.02 7315
Milyang219 7458 81.65
Milyang220 64.31 58.20
Milyang222 60.52 72.08
Milyang223 B2.80 68.34
Milyang224 61.00 £1.93
Milyang230 T8.80 79.18
Milyang231 86.41 69.31
Milyang232 B7.03 64.52
* Three check varieties.
100
*

y

]

Wi

3 =0

=

@

E

2

2 e

=

< 2

= R = 0.715

r =0.845
40
40 &0 20 100
Palatability (Toto taste meter)
™12, 327 §AAIES ELAW A} npAR HAGE AR ek A
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duc 53 AvE /M ASES b5 dge

SOUI[ JO "ON
& 2 3 3
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i

495 b2bH BhhH B8L B1b B4R E/E 70D 735 VBb V9L 52b &b 835

Palatability score by Toyo Medometer

a9 13, A/ A E 7 2% F9 355 RILAIE Y E2u (7)) H3

® 112 nAS AR AT 25 RiLs ABAA ARl $5ste] dud A

RIL A5 W& EAuA A v x| EQ v X
A3 7k /A F9-321 98.37 84.8
I A3 7] /e F9-58 96.42 83.5
A 7hE] /b F9-34 94.93 85.1
JA 8 7 /A F9-43 92.05 86.2
A3 7h2] /4 F9-346 92.05 83.6
A3 7] /A F9-167 92.05 82.9
LA 8] 74E] /A F9-335 924 85.8
LA 8] 7k /A F9-117 91.59 83.1
A8 7k /4 F9-18 90.93 81.8
A 8] 7 E] /b F9-118 89.65 83.1

1A 3] 71 2] 84 77.9
Sk 65 55.1

dFBet aAE| 7k ol EMSE A 23 M3 FAE £33l NIRS thg gt wHol
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ATES GFHAA 17370, A7 A 1437) Adetnt. 25S ES 2072 &7]4

| 1:1] ;‘q
Mutant lines(koshihikari) Toyo score Mutant lines(Ilpum) Toyo score

810055 30.1 710036 82.6
810057 71.3 710059 83
810142 70 710236 82.5
810172 82.5 710376 76.1
810176 83.3 710378 33.1
810265 72 710442 74
810267 81.1 710447 83.1
810280 71.5 710478 83.2
810341 70.2 710480 83.8
810445 67.2 710526 83.6
810451 66.9 710628 4.7
810456 69.6 710692 72.7
810482 70.2 710743 84.3
810596 81.2 710757 82.4
810619 66.3 710768 73.2
810770 71.2 710783 72.9
810836 81.9 710792 72.1
810857 66 710804 83.3
810920 84.7 710830 714
710949 32.8
Kohshihikari 83.9 710955 66.8
710958 82.7
710967 82.7
Ilpum 83.0

. QHsh WY Ae) Wk R A% EA AR

£ 114, 200 QU7 B0 Avl BEHYA, ofYEs, wud G 2L oy 54

, ST | AC | PC PV | HPV | BDV | CPV | SBV | CTV
variety (1~5) | %) %) | RVU) | RVU) | RVU) | (RVU) | (RVU) | (RVU)
Rojolele 41 | 2253 | 973 | 245 | 13953 | 10547 | 27108 | 2608 | I131.55
Ciliwung 39 | 1872 | 867 | 26541 | 15642 | 109 | 29603 | 30.61 | 139.61
Cisokan 345 | 2189 | 772 | 13878 | 91 | 4713 | 23518 | 96.53 | 144.18
Cibodas 36 | 2342 | 803 | 160.72 | 109.09 | 5164 | 25647 | 9575 | 147.39
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Jatiluhur 2.2 2421 5.53 225.5 150.86 74.64 323.31 97.8 172.45
Kalimutu 3.6 23.04 6.17 198.33 114.75 83.58 234.55 36.22 119.8
Cirata 3.4 20.41 9.25 233.89 114.64 116.06 221.31 -9.39 106.67
Memberamo 4.1 19 10.22 245.19 147.31 97.89 266 20.8 118.69
Ciherang 3.95 18.31 9.71 237.92 119.33 118.58 230.14 -7.78 110.8
Sintanur 3.1 16.63 6.43 204.78 111.03 93.75 162.08 -42.69 51.06
Cimelati 4.05 18.16 10.23 229 129.22 99.78 240.61 11.61 111.39
Maros 3.1 22.88 9.73 203.39 108.97 94.42 250.78 47.39 141.8
Singkil 2.95 21.25 9.93 244.75 165.69 79.06 310.55 65.81 144.86
Batanghari 3.8 21.35 8.43 295.03 151.44 143.58 279.61 -15.42 128.17
Conde 4 21.48 9.07 207.55 119.83 87.72 258.08 50.53 138.25
Angke 3.9 21.3 10.14 202.25 113.92 88.34 229.25 27 115.33
Batang Gadis 4 20.87 10.33 198.31 125.14 73.17 261.97 63.67 136.83
Batang Piaman 34 24.11 8.01 255.5 144.69 110.81 280.39 24.89 135.69
Cigeulis 3.35 19.1 9.19 252.36 126.14 126.22 246.47 -5.89 120.34
Fatmawati 3.8 20.97 9.75 241.97 136.19 105.78 266.08 24.11 129.89
Konawe 3.05 20.66 9.74 215.06 116.33 98.72 241.11 26.06 124.78
Logawa 3.25 24.59 6.93 124.16 91.25 3291 209.91 85.75 118.66
Pepe 4.25 21.76 9.78 202.72 131.41 71.31 258.03 55.31 126.62
Tukad Balian 4.15 26.51 9.57 224.03 132.47 91.56 296.11 72.08 163.64

P, palatability value; ST, palatability score from sensory test; AC, amylose content; PC, protein
content; CPV, cold paste viscosity; BDV, breakdown viscosity; PV, peak viscosity; HPV, hot paste
viscosity; SBV, setback viscosity; CTV, consistency viscosity, M, palatability value estimated from
the equation based on marker data, RVU, Rapid Visco Unit.

3 115 Avleh v FASIY] A
parameter ST AC PC PV HPV BDV CPV SBV
ST
AC -0.15ns
PC 0.58%* -0.26ns
PV 0.14ns -0.31ns 0.31ns
HPV 0.045%* -0.07ns 0.20ns 0.82%*
BDV 0.19ns -0.42%* 0.32ns 0.90** 0.49*
CpPV -0.04ns 0.42% 0.14ns 0.46* 0.77** 0.12ns
SBV -0.18ns 0.70** -0.19ns -0.60**  |-0.13ns -0.81%*  |0.43%*
CTV -0.09™ 0.69%** 0.04™ 0™ 0.314 -0.23"™ 0.84%* 0.76**
(2) 2478 Y7t FFo Av #4 viA HY 23
(b 2478 Y7 FFl W v 24
WA B ARe Bitel J1E] BEE A vhA 16 A ARG vhA 147

A Therge

e 2l

o e

Z 30719 ¥lAE o]

g3tol vz} B

FEEY genomic DNAE PCR3&}4] binary form2 2 e ATH3E1-16, 1-17).
[e)
X

ABAE

clustering gt

23 v g Hes
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3 1-16. 2470 Y7t FF S 7] 2xE v B4 A 18012 7283 2

variety A7*|E30°|F6*|G4*|G28°|S13*|T16* | WK9* | P3| Isa” | SS1°| Sbe3’| P3A° | P4 | P72 | Pul3"
Rojolele 1 1 1|1 1 1 1 0 1] 0| 1 1 1| o] 1 1
Ciliwung 0 0 1 0 1 0 0 0 0 1 1 1 1 0| 1 1
Cisokan 0] o 1|0 1 1 0 0 1|1 1 1 1 o1 1
Cibodas o] o | 1]0 1 1 0 0 1|1 1 1 1 o1 1
Jatiluhur 0o 0o | 1|0 1 0 0 0 0| 1 1 0 1|01 1
Kalimutu 1 1 1| 1 1 1 0 1o | 1 0 1o |1 1
Cirata 0] o 1|0 0 0 0 0 1|1 1 1 1o |1 1
Memberamo 0 1 0 1 1 1 0 1 1 1 1 0 1 0 1 1
Ciherang 0 0o | oo 1 0 0 0 0| 1 1 1 1|1 1
Sintanur 0 0o | oo 1 1 0 0 0| 1 1 1 1| o1 1
Cimelati 0 1 0| 1 1 1 0 1 1|1 1 0 1 o] o | 1
Maros 0 o | 1] 1 0 1 0 0 0| 1 1 1 1|11 0
Singkil 0] o 1|0 0 1 0 0 1|1 1 1 1|01 1
Batanghari 0 0 1 0 1 1 0 0 1 1 0 1 0 0] 1 0
Conde o o | 1|0 1 1 0 0 0| 1 1 1 1o 1 1
Angke o o | 1|0 1 1 0 1 0| 1 1 1 1o 1 1
Batang Gadis | 0 1 1 0 0 1 0 0 1 1 1 1 1 0| 1 1
Ef‘;;‘;% 0] o 1|1 1 1 0 0 1|1 1 1 1 (o] 1 0
Cigeulis 0o 0o | 1|0 1 0 0 0 1|1 1 1 0 | o1 1
Fatmawati 0o 0o | 1|1 1 0 0 0 1|1 1 1 1| o] 1 1
Konawe o o | 1|0 0 1 0 0 0| 1 1 1 1| o] 1 1
Logawa 0 1 1| o0 1 1 0 0 0| 1 1 1 1| o1 1
Pepe o] o | 1]0 1 1 0 0 0| 1 1 0 0 |01 1
Tukad Balian | 1 0o | 1|1 1 1 0 0 1| 1] 0 1 1| o] 1 1

“presence (1), absence (0); "fragment of 230bp(0), 220bp(1); “No insertion(1), insertion (0); ¢ allele of
C(1), allele of G(0); “fragment of 268bp(1), 278bp(0); 'fragment of 139bp(0),153bp(1); “fragment of
171bp(1), 195bp(0); "fragment of 297bp(1), 281bp(0).
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H 117 2470 Y7t 55 AE LS Av] 39 v AR A% A9

variety TreB* | AMs” | GPA® | AcPh’ | S3cI°|S3CII'| GBSS1¢ | PP2" | PFruc' | Aglv' | LDS* | BE3'| CBG™ | HP"
Rojolele 1 1 0 0 0 1 1 1 0 0 1 1 0 1
Ciliwung 1 1 1 1 0 1 0 1 0 0 1 1 0 1
Cisokan 1 1 1 0 0 1 0 1 1 0 1 1 0 1
Cibodas 1 1 1 0 0 1 0 1 1 0 1 1 0 1
Jatiluhur 1 0 0 0 0 1 1 1 1 1 1 0 0 1
Kalimutu 0 1 0 1 0 0 0 0 0 0 0 1 1 1
Cirata 1 0 1 0 0 1 0 1 1 0 1 1 0 1
Memberamo 1 0 1 0 0 1 0 1 0 0 1 1 0 1
Ciherang 1 1 1 0 0 1 0 1 0 0 1 1 0 1
Sintanur 1 0 1 0 0 1 0 1 1 0 1 1 0 1
Cimelati 1 0 1 0 0 1 0 1 0 0 1 0 0 1
Maros 1 0 1 0 0 1 0 1 1 0 1 1 0 1
Singkil 1 0 1 1 0 1 0 1 0 0 1 1 1 1
Batanghari 1 1 1 0 0 1 0 1 1 0 1 1 1 1
Conde 1 0 1 1 0 1 0 1 1 0 1 1 0 1
Angke 1 0 1 0 0 1 0 1 1 0 1 1 1 1
Batang Gadis 1 0 1 0 0 1 0 1 0 0 1 1 0 0
Batang

Piaman 1 0 1 1 0 1 1 1 1 0 1 1 0 0
Cigeulis 1 1 1 0 0 1 1 1 0 0 1 1 0 1
Fatmawati 1 0 1 0 0 1 1 1 1 0 1 1 0 1
Konawe 1 0 1 1 1 1 1 1 0 0 1 1 1 1
Logawa 1 0 1 1 0 1 1 1 0 0 1 1 1 1
Pepe 1 1 1 0 0 1 1 1 0 0 1 1 0 1
Tukad Balian 1 1 1 1 0 1 1 1 1 0 1 0 0 1

* Tnsertion of CTTT (1) and no insertion (0) at nt 79-82 of consensus region (intron);” (CT)31 and
other (CT) repeat (1) and (CT)27 (0) © (CT)26 (0) and (CT)11 (1) ¢ Point mutation from T (1) to G
allele (0) at nt 397 of consensus region (intron) ¢ No deletion (1) and deletion (CTC) (0) at nt
1255-1257 of consensus region (intron) ' Point mutation from T (1) to G allele (0) at nt 1454 of
consensus region (intron). ¥ (CT)18 (1) and (CT)17 (0) " Point mutation from G(1) to A(0); 'Point
mutation from A(0) to G(1); ' fragment of 231bp(0), 250bp(1);* fragment of 191bp(0),204(1); 'Point
mutation from C(0) to G(1); ™ (CTT)19 (1) and other (CTT) repeat (0) "“fragment of 296bp(1), other
size (0).
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Rojolele

Tukadbalian

— [ Clivung

Logawa

——— Angke
(irata

___: Singhal

—Y————————7—T———
0.50 N6z 0.73 085 na?
Coefficient

% 1-4. 3070 9] vFA Z 2470 2 ¥ 7} Sk Q1T 52 A A5t NTSYSE #4135 23

oy

__'i_
RATHEE 1-18). ©o] FAH Ao oJshd 18708 viAE
= Aoz Jehdth 189 w

118, fre A Qe v o) FRAAG S Aol AH Y tER AL 7 A3t

) Palatability by sensory test (ST)

PCR primer parameter estimated t-value R

A7 -3.05 —15.85%x 0.074
E30 -0.28 —6.78%: 0.045
F6 0.65 + 0.05 13.76%x 0.029
S13 0.13 + 0.04 3.20% 0.01
T16 6.11 + 0.25 2427+ 0.029
WK9 1.00 + 0.06 16.69x 0.048
P3 -0.2 —6.58: 0.01
GPA 2.36 + 0.11 22.23%: 0.32
AcPh 0.27 + 0.04 5.91 0.048

_48_




Pul3 1.62 + 0.08 18.92:%« 0.001

CBG -0.8 —18.27 0.06

S3cl -0.46 =7.45% 0.01

GBSS1 0.42 + 0.04 10.01 =3 0.00001

SS1 -3.05 —21.80% 0.167

She3 -0.47 —9.69% 0.012

P3A 0.45 + 0.07 6.4 0.008

P4 0.97 + 0.08 11.65%x 0.032

HP -0.75 —13.90% 0.094

Intercept 3.07 + 0.12 26.495%

Total 0.997
Y = 3.07 - 3.26(A7) - 0.33(E30) + 0.65(F6) + 0.13(S13) + 6.11(T16) + 1.00(WK9)

Equation -0.23(P3) + 236(GPA) + 027(AcPh) + 162(Puld) - 0.85(CBG) -0.53(S3cD) +
0.42(GBSS1) - 3.20(SS1) - 0.52(Sbe3) + 0.45(P3A) + 0.97(P4) -0.81(HP)

o o

O T3 2E H FFY @ 8 FF9 vdvin 2 A9EY

T e 8 2 = w F59 vEnin 2 A9 B4 gk diEAR] o F
I g W FEE AAMA WZSEE vustdth 7 AAEHA Aolvh wd FA
o grFeollen] Tk B¥E o2 aY A= Aol Ak B4 AT wh Ao
el A A zolF HuElE Fo Q9o® AFHAOY (%1-19, 1-20), #E AR A

Fo

¥ 1-19. S FE T 9 FF9 vEEA vl

Origin Palatability of Protein content ADV (177) Amylose content

cooked rice" (%) (%)
Korea 76.4 5.95 6.64 18.71
Mean
Yunnan 57.1 7.39 6.64 19.15
Korea 70.7780.8 5.1176.76 6.4776.77 16.69720.19
R e
ane Yunnan 5057664 6.75°8.26 5.97°6.87 16.97721.89
Korea 4.4 9.37 1.33 6.08
C.V. (%)
Yunnan 85 6.64 4.00 6.46
T-test Kk Hok ns ns

1) Ea4v]7]2 %7

rot

&k
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# 120, §=1 FEH T & FFY ofEEad 54 ¥

Origin PT__PAT PKV HPV BDV CPV SV SBV

Mean Korea 6.36 681 2349 1773 576 2534 760 185
Yunnan 6.45 681 201.8 1684 334 2416 732 398

Range Korea &.07- 68.0- 21006- 143.8- 445 232.2- 63.3- 9.3-
B.58  BB.2 2709 2261 Teh 2939 541 296

Yunnan &11- &8.0- 1556&- 1255 23.0- 194.3- 55.4- 295
700 BBe  25h3 2323 453 2%e0 BY3 480

CV. (%) Korea 2.36 0.1 9.1 13.1 209 7.9 128 400
Yunnan 4.67 0.2 136 176 223 108 128 121
T-test ns s b ns b s ns ke

PT: Peak time (min); PAT: Pasting initial temperature (*C); PKV: Peak viscosity; HPV: Hot
paste viscosity; BOV: Breakdown viscosity (= PKV — HPV); CPV: Cool paste viscosity,
SBV: Setback viscosity {= CPV — PEV); CSV: Consistency viscosity (= CPV — HPV).

**: Significant at o = 0.01 by t-test, ns: Not significant at & = 0.05 by t-test.

E 121 =Y T EETY AvAdd dist FFe A HIAREAY d H

2lu] F2 2]

Traits All traits Traits comelated with PV~ Significant frait
Estimate tvalue R* Estimate fvalue R®* Estimate fvalue R?

PC 7907 281" 0441 -7314 -375' 0501 -10885  -01** 0812

SBV  -169825 -DJ9 0058 -41959  -D90 (055

PV 182719 Dpd 00mee 41624 089 0,05

PEY -152.385 -054 0028 -41.592 -0.8% Q.05

BDV  -17.142 -007 0000 -0047  -Dd42 0013

AC 437 -084 0082

HFY -31362 -0 a0a

SV 20283 01 0001

ADV 008 -001 0000

Intercept 166623 202 120437 So4v 139024 171"

Totdl B 0,800 (.888 0822

*: Significance at P < 0.05. ** : Significance at P < (.01, Refer to Table 3 and Table 4
for abbreviations.

Z}. Sucrose synthase 3 - Z}¢] haplotype &4

QTL #4 A 2w|e} #AHo] = AL Z FAH Sucrose synthase 3 FHAHLE 1-5)
o] haplotypes 4] aoﬂlﬂr. 35712 AwEFEH O. rufipogons EZF3h= 871 ofAFo o3
haplotypes #43 23 Q92 # 1-220] Yely Aot ©o] B42HAE ol &8t FF3 oA
A3 A= a9 160 AT 48719 F5 B ATES 2708 & groupL® FEHU
H JAAFe=Z2= 11719 haplotype groupl2 T8 & dRoen, 153t st AHE
A AATH3EE 1-23). O. rufipogon> A7+ H AZ Y7L groupdl EF EA)35te of

rr

=

PN
T
o] &371 on O. rufipogonol M HH AIEEH A= HoFiL Ao

ol 4y
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Transcription IUTR

Promoter stayt
r : ‘? &TG Exon & intron TGwA wlr INTR

(M -— T B B R

11552 bp 5539 bp: exon 2815 bp, intron 2724 bp 542 bp

—-CATGCAT A--- (other varieties)
. 4
~--CATGCAAA---(Pat and Lemont)

19 1-5. sucrose synthase 3 fF72ke] Fx

3E 1-22. 437) FFol 3 Sucrose synthase 3 %12} haplotype &4 2#} QoF

Parameter Value Remarks

Promoter

Total length of amplicons (bp) 1652 1 per 20.1 bp

Number of all sequence variants

(SNPs and indels) 82
Frequency of all sequence variants 0.096

Transcript (including intron)
Total length of amplicons (bp) 5539 2815 bp exon, 2724 bp intron
Number of all sequence variants
(SNPs and indelsc)1 150 1 per 36.9 bp
Number of nucleotide substitutions 35
Frequency of polymorphic sites per bp 0.006 1 per 158.3 bp
Frequency of polymorphic sites per bp (coding) 0.005 1 per 2165 bp
Frequency of polymorphic per bp (non-coding) 0.008 1 per 123.8 bp
Number of indels 115
Overall indel frequency 0.021 1 per 48.2 bp
Frequency of indels per bp (coding) 0.005 1 per 201.1 bp
Frequency of indels per bp (non-coding) 0.037 1 per 27 bp

3 ~-downstream region
Total length of amplicons (bp) 542
Number of all sequence variants 99 1 per 246 bp

(SNPs and indels)

Frequency of all sequence variants 0.041

Total length

Number of all sequence variants

(SNPs and indels) 24 1 per 304 bp
Frequency of polymorphic sites per bp 0.007 1 per 135.7 bp
Overall indel frequency 0.025 1 per 39.2 bp
Overall transition/transversion ratio 2.59
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Koshihikari

Samnam
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Drongjin
—— Chucheang

O-rupeesgponn - 144
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L O-rulipogon-142
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IRZ21015

——
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— MNongan
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AI !Tﬂﬁiﬂﬂ
35

——— Han-gangchal
— IR72

——— Tadukan

—— Chinsurah-Boro-ll
p— ARC 10230

—— Milyang 23
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3 1-23. sucrose synthase 3 %12}9] haplotype group & 7+e] 21313 A

H1 H2 |  H3 | H4 | H5 | H6 | H7 | H8 | H9 | H10| H 11
H 1(20) | 0.099
H 2(1) | 0.227 -
H 3(1) | 0.158 | 0.136 -
H 4(1) | 0.153 | 0.202 | 0.095 -
H 5(2) | 0.189 | 0.228 | 0.138 | 0.094 | 0.036
H 6(2) | 0.340 | 0.387 | 0.358 | 0.303 | 0.395 | 0.018
H 7(1) | 0533 | 0.449 | 0.549 | 0.515 | 0.599 | 0.168 -
H 8(1) | 0.607 | 0.409 | 0.571 | 0.537 | 0.621 | 0.187 | 0.134 -
H 9(2) | 0.654 | 0.460 | 0.603 | 0.565 | 0.660 | 0.370 | 0.334 | 0.276 | 0.096
H 10(1) | 0.931 | 1.166 | 0.937 | 0.890 | 1.020 | 0.395 | 0.439 | 0.344 | 0.342 -
H 11(11) | 0.977 | 0.696 | 0.937 | 0.889 | 1.021 | 0.384 | 0.306 | 0.174 | 0.167 | 0.220 | 0.071

H:haplotype. Parenthesis indicates the number of varieties in each haplotype.
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A2d <AMFEHA> A @id =4 R FF -] T M

A¥] 23

Auje AR, @, g3tE 5 ode acldl oM A E= v Fe ARk
o® o ko] vt Aow HuHu wElM 2 A= AFTEUA Y dFS wFo
A1) (eating quality)7} =2 AFF HE ALretaiz stk 7S] dxd d7 23 st

s
AT Al albumin, globulin, glutelin 1231 prolamin®] ¢t /d¢] PDI (protein disulfide
isomerase), BIP (binding protein), REB (rice endosperm bZIP)dl| 9Jsjx] ZHE+= ASE H
EJH. kA ol @M AS IAYste FAAE WA st 27 Soldd TEA]Y
of gaglol Al HHEE= CaMV (Cauliflower Mosaic Virus) ZZEE{ e} U (wheat)ol| Al &
AERoem FAA WFHo] Fo]FHo =R H= Tapuro b Z2RHE AMEste AXH ¥WHE

T3}t (Figure 2-1).

CaMv BIP = NOS Ter | (RNAi and antisense)
CaMVv PDI — NOS Ter | (RNAI and antisense)
CamMv REB = NOS Ter | (RNAi and antisense)

TapurobPro — BIP — NOS Ter | (RNAiand antisense)
TapurobPro — PDI |— NOS Ter | (RNAiand antisense)
Tapurob Pro — REB = NOS Ter | (RNAiand antisense)

CaMV — PrMC3 — NOS Ter | (RNAiand antisense)
Tapuro b Pro = PrMC3 — NQOS Ter | (RNAi and antisense)

Figure 2-1. Construction of plant expression vector to down-regulate seed storage protein in rice.
CaMV, cauliflower mosaic virus; Tapuro b pro, Wheat Tapuro b promoter; BIP, binding protein; PDI,
protein disulfide isomerase; REB, rice endosperm bZIP; PrMC3, esterase/GA receptor.

ol 2utg g otE o]&3dte] ol AEHF FAAE AR AFH, FAHQ W 181
A 2uQl =HE W =<3} 2 RNAiZEHY antisense FE| =
LHAEA HH o]Eo] ¥ ¢ ¥A A ] F¢ PDI, BIP,
REB T} do] itz 7] wfjfto] Aol 271 uAgH o2 wrEo|AAY HHA
o] WolxA gl o] FreFo] 2 Zldedo. dA 39 A d o4
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Figure 2-2. Comparison of the 2-DE patterns of seed proteins extracted from Gopumbyeo and
Dobongbyeo at 15 and 50 DAF. Whole spikes were used to extract seed protein, and IEF were
carried out with IPG dry strip (pH 4-10 Non-linear, 24cm length). 10-16% gradient SDS-PAGE was
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used in the second dimension, and the separated gels were stained with silver nitrate. The
experiment was repeated twice independently. (A) Arrow heads indicate the 15 selected proteins,
whose intensity differed by more than five-fold between the two cultivars. (B) Fifty—three spots
whose intensity differed by more than five-folds between the two cultivars were chosen.

Table 2-1. List of primers used in this study

Accession No. Gene name Amplicon Sequences (5-3’)
size (bp)
P41095 60S acidic ribosomal protein PO [F] 5-tatgacagtgggtcagtcttcage-3’
207 [R] 5’-atgtgggtacgagtattcggtctc-3’
AP003525 Putative PrMC3 201 [F] 5-tcatccgegtctacgtgagecggec-3’
[R] 5’-cgccgecgtggaagtacacgagga-3’
AP004464 Putative glycyl-tRNA synthetase 225 [F] 5’-agaacatgttggaggttgactgcc-3’
[R] 5’-ccaggacagcaagaacatgcttca-3’
AY987391 Protein disulfide isomerase 201 [F] 5-aacgatgtgccaagcgagttcgat-3’
[R] 5'-ttagagctcatccttgagaggctc-3’
AB050724 Ascrobate peroxidase 216 [F] 5-ctggacgtccaaccctttgatctt-3’
[R] 5-tcctcagcaaatcccagttcagag-3’
AJ251899 S-adenosylmethionine decarboxylase 2 201 [F] 5’-ctcaggtatctctgacatcatcce-3
[R] 5’-accctcttgacaaggtcaccatag-3’
AP005002 S-adenosylmethionine:2-demethylmenaquinone 209 [F] §'-acgctgaaggtctacgaggacaat-3’
m ethyltransferase—like [R] 5’-atgtcgcagccattgatctcatce-3’
AP000391 Puative cytochrome P450 218 [F] 5’-gcaagaaccccatagtgcaggata-3’
[R] 5'-tggtagtacatcatcctcgtctge-3’
AF416604 OsPR10 217 [F] 5-acatgaaggagaggctggagtt-3’
[R] 5’-gactccttagecttggtgatct-3’
CAE05998 CAF1 family ribonucleases 214 [F] 5’-gtagatatcctgctgecgtgtatg-3’
[R] 5'-ctctctaaggtagccttcagatcc-3’
BAC99512 Putative Caffeic acid 3-O-methyltransferase 203 [F] 5’-cctcatgaaccaggacaaggtc-3’
[R] 5’-gtagaggtcgagcagcttcttggt-3’
AP003277 Putative Cysteine protease CP1 203 [F] 5’-aggagtcctacccgtacctgat-3’
[R] 5’-gaactggaagttcctgcctgag-3’
AP005761 Putative Glucosyltransferase-3 208 [F] 5’-cgttctgatcaacacgttcgac-3’
[R] 5’-gaaggcgacgtacaccactgac-3’
AY098743 Globulin-like protein 198 [F] 5-agtcgttcttcagcgcegtttag-3’
[R] 5-gcttgatttcccactcagaacc-3’
AP002863 Putative Isoflavone reductase 204 [F] 5-acgtacgtggtgtccaactacttc-3’

[R] 5’-ccgtatgttcaccgtcttgttc-3’
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A Gopum Gopum Dobong Dobong Gopum Gopum Dobong Dobong
DAF15 DAF50 DAF15 DAF50 DAF15 DAF50 DAF15 DAF50

q

Spot No.:
616

5209 |

5106 |

5111

1412 |

2218

4204

6002

6006

6515

Gopumbyeo Dobongbyeo
Il
s — DAF15
= DAFS50
5000 4000 3000 2000 1000 500 0 0 500 1000 2000 3000 4000 5000

Intensity

Figure 2-3. Quantitative comparison of the selected protein spots among those differentially
expressed in each sample. (A) Enlarged images of specifically up—- or down-regulated spots on four
2-DE gels. Arrowheads indicate chosen spots. (B) A comparison of relative intensities of the spots
between two cultivars at the same developmental stage. White bars; spot intensity at 15 DAF,
Black bars; spot intensity at 50 DAF.
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Table 2-2. List of the proteins showed difference of intensities more than five—folds
between Gopumbyeo and Dobongbyeo.

Note: MM, experimental molecular masses; plexperimental isoelectric points, coverage %, the
percentage of sequence coverage.

Intensity Matched
Spot . Protein peptide/  Cover-age
No. Homologous  protein type MM pl Gopum Gopum  Dobong  Dobong  Measured (%)
DAF15 DAF50  DAFI15 DAF50 peptide
The proteins specifically or highly accumulated in immature and mature Gopum-byeo or Dobong-byeo
616 Protein disulfide  isomerase Metabolism 33.50 4.8 394548  4138.44 692.79 192.9 11/15 38
620 Protein disulfide isomerase Metabolism 33.50 4.8 812.42 652.03 53.05 0 38
621 Protein disulfide  isomerase Metabolism 33.50 4.8 679.03 254.45 43.64 0 43
1616  Putative cytochrome P450 Secondary g4 34 72 632.85  681.85 0 0 9/12 11
metabolism
1617 Protein disulfide  isomerase Metabolism 33.50 4.8 483.75 770.98 27.16 0 48
612 Protein disulfide isomerase Metabolism 33.50 4.8 497 0 595.54 0 35
2218  Putative PrMC3 Secondary - 3 14 5.4 0 0 1404.06 747.19 10/11 31
metabolism
S . Secondary
4204  60S acidic ribosomal protein PO metabolism 34.47 5.4 104.18 100.97 786.72 752.4 4/4 17
Pathogen
6002  OsPRI10 resistance 17.27 5.8 0 0 463.81 175.15 38
S-adenosylmethionine:2-demethylmen Secondary
6006 aquinone  methyltransferase-like metabolism 18.05 6.1 0 0 332.24 360.67 40
6515 CAF1 family ribonuclease Metabolism 69.57 9.2 0 0 202.76 212.38 7/9 15
The proteins specifically or highly accumulated in immature Gopum-byeo or  Dobong-byeo
Putative caffeic  acid Secondary
3313 3-0-methyliransferase metabolism 40.07 5.4 1332.49 278.44 2063.7 278.42 39
4309 Putative cysteine  protease CP1 Metabolism 40.42 52 474.52 0 876.16 0 19
- . Secondary
5209  Putative isoflavone reductase metabolism 33.48 5.7 553.74 0 523.75 0 56
The proteins specifically or highly accumulated in mature Gopum-byeo or  Dobong-byeo
5106 Putative  glucosyltransferase-3 Metabolism 34.87 4.9 37.58 1131.93 232.57 1545.57 37
5111  Globulin-like  protein gtm‘ei“ 5239 6.8 0 19565 0 944 48 8/10 20
orage
Others
S-adenosylmethionine Secondary
1412 decarboxylase 2 metabolism 43.65 5.0 261.85 7.57 287 290.98 28
. Secondary
3106 Ascorbate peroxidase metabolism 27.21 5.2 80.51 314.14 908.51 74.38 30
7606  Putative glycyl-tRNA synthetase Metabolism 77.68 5.9 0 200.71 102.47 91.28 29
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Figure 2-4. Transcript profile of corresponding genes for the selected proteins. (A) Total RNA was
isolated from harvested seeds of two cultivars at indicated time points and then separated on
formaldehyde-agarose gel. (B) First-strand ¢cDNA was synthesized from equal quantities of total
RNA and then analyzed by quantitative real-time PCR. The amplified cDNA from the total RNA

sample extracted from Gopumbyeo at 5 DAF was used as a standard to compare relative quantities.
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Based on expression patterns, the genes were divided into five groups: (a) The genes with similar
patterns in both cultivars, (b) genes with higher expression in Dobongbyeo than in Gopumbyeo, (c)
genes with higher expression in Gopumbyeo than in Dobongbyeo, (d) genes that are expressed in a
stage-specific manner, and (e) genes with complicated expression. Short dash line; Gopumbyeo,

Solid line; Dobongbyeo.

Table 2-3. List of primers used in this study

. Ampli e
Accession No. Gene name sizn;p(tl);;m Sequences (5°-3)
S . [F] 5'-tatgacagtgggtcagtcttcage-3’
P41095 60S acidic ribosomal protein PO 207 [R] 5-atgtgggtacgagtattcagtetc-3
AP003525 Putative PrMC3 201 [F] 5'tcatcegegtetacgtgageggee-3
[R] 5’-cgccgecgtggaagtacacgagga-3
. [F] 5-agaacatgttggaggttgactgcc-3’
AP004464 Putative glycyl-tRNA synthetase 225 [R] 5-coaggacagcaagaacatgattca-3
AY987391 Protein disulfide isomerase 201 [F] 5-aacgatgtgceaagegagticgat-3
[R] 5'-ttagagctcatccttgagaggcetce-3
AB050724 Ascrobate peroxidase 216 [F] 5™ctggacgtecaaccetitgatctt-3'
[R] 5'-tcctcagcaaatcccagtticagag-3
AJ251899 S-adenosylmethionine decarboxylase 2 201 [F] 5’-ctcaggtatctctgacatcatccc-3 ,
[R] 5’-accctcttgacaaggtcaccatag-3
S-adenosylmethionine:2-demethylmenaquinone [F] §'-acgctgaaggtctacgaggacaat-3’
AP005002 - 209 , ,
methyltransferase-like [R] 5-atgtcgcagccattgatctcatce-3
AP000391 Puati toch P450 218 [F] 5’-gcaagaaccccatagtgcaggata-3’
uative cylochrome [R] 5'-tggtagtacatcatcctcgtctge-3’
AF416604 OsPR10 217 [F] 5-acatgaaggagaggetggagtt-3
[R] 5’-gactccttagecttggtgatct-3’
Lo [F] 5-gtagatatcctgctgecgtgtatg-3’
CAE05998 CAF1 family ribonucleases 214 [R] 5-ctctotaaggtagocttcagatec-3
BAC99512 Putative Caffeic acid 3-O-methyltransferase 203 [F] 5™ccteatgaaccaggacaaggte-3
[R] 5-gtagaggtcgagcagcttcttggt-3
AP003277 Putative Cysteine protease CP1 203 [F] 5™-aggagtcctaccegtacctgat-3
[R] 5’-gaactggaagttcctgecctgag-3
AP005761 Putative Glucosyltransferase-3 208 [F] 5‘-cgttctgatcaacacgttcgac-3 ,
[R] 5’-gaaggcgacgtacaccactgac-3
Lo . [F] 5-agtcgttcttcagcgegtttag-3’
AY098743 Globulin-like protein 198 [R] 5-gettgatttcocactcagaacc-3
AP002863 Putative Isoflavone reductase 204 [F] 5-acgtacgtggtgtecaactacttc-3

[R] 5-ccgtatgttcaccgtcttgttc-3’
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Figure 2-5. Identification of insertion of T-DNA in OsPDIL1-1 gene by PCR. Genomic DNA was
isolated from wild type and mutant lines and used for PCR.

eo® 34" dNAES AYste FHAE sAsta ols FAAYE #Ad AW F
A5 FHate] FdAMAE BHste AT7E S5k WA PDI 347 dAE =499
o] FAE g X3l homozygote AHAHS AASHATH (Figure 2-5).

Figure 2-6. The structure of the rice OsPDIL1-1 gene and indication of T-DNA insertion site.

(Al PFG_1B-16041.R
ATE T-DMA insertion

MAISFRWISL L .P;\.""ﬁ AFEGGEDAMAE AVLTLIADGE s0
DEAVAFHEEM Wi FRAJELSFHD PPIVLAFVDE LOO
MDEFMFPLAT EXYEIQGEPTL FIFRNQGFMNI QEYRGPREAE SIVEYLEEFDV 150
GPASKETFSP FIATHLIDDE FIYIVEIFSE L3STEYTHEL EVAEFIREDY 200
DEGHTLHANH LERGDAAVER PLVRLEFPED ELVVDSEDED VTALEFFIDAR 250
SSTPESNTED FWMEFDHHEYLL FETQSSAAFA MLFINFSTSE FESEESVIRG 200
ARFEFFIFEI FFLIGDIEAS QGAFQYEPGLE EDQUFLIILI] DGESFEELFR 250
HWEPDQIVEW LFEYFDGELS PEFFSEFLIFE VHDEEVEWNW .P.II}T'.‘]'IDE"'."EIC' 200
SEEHVIVEDY ARWCGHCFFL AFTIDEARATT LESIEDVVIA FMIATRHINE® 450
SEEIRRGYPT LYEVIPSGEM VEYESGRTAD EINDELFFME. ETAGQAFERR S00
ESAPAFEPLED EL 55T

(A) Schematic diagram of the OsPDIL1-1 (locus number Os11g09280). The OsPDIL1-1 gene is
consisted of ten coding regions (black box) divided by nine introns. T-DNA was inserted in the
tenth exon between +3187 and +3188bp downstream from ATG codon within OsPDIL1-1. The site is
indicated by an arrowhead. (B) Schematic diagram of the OsPDIL1-1 protein. (C) Deduced amino
acid sequences of OsPDIL1-1. Two thioredoxin catalytic domains are indicated as italics. Catalytic
residues and ER retention motif are indicated as asterisks and underline, respectively. T-DNA
insertion site is indicated by an arrowhead. TRX, thioredoxin.
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Homozygote & A3t T-DNAZF A4U4H HYE ZASE A3} translation termination H-

Y8

E3 717k 10 A exonol] T-DNA7Z} L%jgo] VASS RIstH e dwas A A3
L9 T

4509 A ot ihs FAHElE A= -DAN7} A= A+S 9L 5 AU (Figure

2-6).
A (B) PTG © PTG
(kDa) M 1 2 3 _ 3 5 5 | i G
140__ [ {kDa) . {kDa)
100 — &= B 100 - 100
0= 70= o8-
5 50— = — OsPDI 50— - - |
35—
1 35— 35—
= @ e —6xHisOsPDIC 23 : x5 TH
20— - —BxHis-0sPDI-C 20— ==
15= - i

Figure 2-7. Purification of OsPDI-C protein in E.coli and production of OsPDI antibody. (A) OsPDI
cDNA was cloned in E.coli expression vector pET28 and recombinant plasmid was introduced into
E.coli BL21 cell. After induction with IPTG, total protein extract was applied onto nickel affinity
column. Column washed with proper buffer and recombinant OsPDI protein was eluted with 250mM
imidazole. Lane 1, crude extract which was not treated with IPTG; lane 2, crude extract which was
treated with IPTG; lane 3, purified 6xHis-OsPDI-C. (B) OSPDI antibody was examined using total
E.coli proteins and rice seed proteins. Lane Total proteins extracted from E.coli and rice seed were
separated by 12% SDS-PAGE and then transferred onto PVDF membrane. The membrane was
treated with anti—-OsPDI antibodyl. After western blot, membrane was stained with Coommassie
brilliant blue (C).
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Figure 2-8. Identification of mutant lines by western blot. (A) Total proteins extracted from seeds
of the lines described in Figure 4 were separated by SDS-PAGE and examined by western blot

with anti-OsPDI antibody. (B) to confirm the mutant line, total seed proteins from WT and
OsPDILI-1 A (line # 2-1) were re-examined by western blot with anti-OsPDI antibody.

AkE FAE 0] 83l homozygote S ThA] FRISIATE ZHzte] EAMOIA Y F Aol A
WHS FE3 F immunoblotS AAISH A3 real time RT-PCR WS o]&a)A 43 A
s} T (Figure 2-8A). 71 FolA EARClA 2-1& ©]-83A ok
F3 Azt FAA T dilEdS BEste] oAl 2ARE A3 gAE A EdwolAl Yl = PDI
= & T AUJY (Figure 2-8B). WetA tgol FlEH= Ee A A

SdHolA 2l HE 2-1&5 AMEste $5 APS FHsIAT

|

.

rr

Table 2-4. Comparison of height and tiller number between wild type and OsPDIL1-1A mutant .

Height (cm)  Tiller number

WT 51.2 143
OsPDIL1-1A 394 10.1
g, bW EAWCIA OsPDILI-IAE JtFste] 22 JElS A A3} opg ol vls)
A EARlA S 717F oF 10 em A& 22 AS AAT F AeH Bdr: ) A= A
< FAY 5 AU (Table 2-4).
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WT QsPDILT-14

QsPOILT-14

Figure 2-9. Phenotype of OsPDIL1-1A mutant. (A) Phenotypic analysis of the field-grown
OsPDIL1-1A mutants. (B) Short panicle phenotype of the OsPDIL1-1A mutant. (C) Grains of wild
type and OsPDIL1-1A mutant were collected and photographed. Palea and lemma of the grains of

wild type and OsPDIL1-1A mutant were opened and removed (D-F). The mutant showed chalky

and uneven phenotype (F).

A

R4

-
ofN

A e A A AR

ZAHo|A OsPDILI-149] A9 =7)17} ¢ FLe-S

(A) OsPDIAS)

Figure 2-10. Phenotype of transgenic rice transformed with OsPDI antisense construct. (A) Panicle

phenotype of the transgenic rice. (B) Grains of wild type and transgenic rice were collected and

photographed. (C) Palea and lemma of the grains of wild type and transgenic rice were opened.
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83 CaMV ZEEEE o] &34 PDI @ AY4ES ¢ A|Shi= antisense construct”} =Y
¥ FAAGA BE o] &ste] TAE S A A3 FHAHSAY A e TAE &
o HE= wfjoret wifrl wdslA] Xete FAHE AAbste s A 4 AT (Figure
2-10).

Table 2-5. Number and weight of OsPDIL1-1A mutant seed.

Seed number Average seed weight (mg)
Average/Total (Mature, %)  Average/Total (Mature, %)
WT OsPDILT-1A WT OsFPOIL1-14
131 /132 (99.2%) 67/86 (78%) 273 13.7

FAGT SAWC AN FAE A MmE An FA £A7L PP oF 65% FEol
gom opEe Ae UREe A AMHoR WYL Sy SdwclAe AgE o
78% AEwtol AN W ol HATH (Table 25). Telw @9 24 T TAE A
A3} oY Ag 27.3mg AeQld EdAwolH 9] A2 o 137mg =R F 50% AT &7

O

Table 2-6. Comparison of grain dry weight and total protein amount from wild type and OsPDIL1-1
A. Total protein concentration is measured by Kjeldahl Protein/Nitrogen Analyzer. A, dry weight per

100 grains; B, total protein amount per a grain;, C, total protein amount per grain weight.

Dry weight {g)/100 grains Protein (mg)/grain Protein {mg)/grain weight (g)
WT 2.34+012 1.66+0.06 70.09+2.55
OsPDILT-1A 1.24+0.07 1.13+£0.03 891.0+2.685

agar Zzke] FATE ehe @AY s AN A3 99 $A 9§ @uld e
EAWHOA OsPDILI-1491 4 ¥I& A4t (Table 2-6, Figure 2-11B) @9 FA & @z 3F
< EARClAZE F 138 BE =55 ¢ T AUJAH (Table 2-6, Figure 2-11C).
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Figure 2-11. Dry weight and total protein amount of OsPDIL1-1A seed. Protein amount of WT and
OsPDIL1-1A seed was measured by Kjeldahl Protein/Nitrogen Analyzer. (A), dry weight per 100
grains; (B), total protein amount per a grain; (C), total protein amount per grain weight.
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71E9] Ay ostd PDI w@ido] AFGEMAESO  disulfide bond (S-S bond)E

isomerization A|AX AFTENAEo) HPAHS =Hstal A= FFxH T8I JIds I
& Aos HuHdn mekM & ATelMe SALE GAEE PDI e EAbSe] PDI &
o] FApLG I A de] e FAAAE A=AE A LA AT S F F

2 g GAEE FTAE FHS T Z47he] FA A total proteing FE3 ¥ immunoblot

z:sl_
< At 2 23 PDI @ o] Jist & 5AARE B2 do] FHHEY FAV 44

W7HA B ¢fol FHHES FAE F A= ol PDI @] Fapddo]l € wj7hA
a3 &S FATS YTt (Figure 2-12).

kD2 5 40 20 30 40 50

25~

Figure 2-12. Examination of the level of OsPDI protein during seed development. (A) Total proteins
were extracted from Gopumbyeo at indicated time point. After 12% SDS-PAGE, proteins were
transferred onto nitrocellulose membrane and then treated with anti-OsPDI antibody. After blotting,

membrane was stained with Coomassie brilliant blue (B). DAF, Day After Flowering.

S TALE Aol A PDI Rt BE oy dde] HHE e S v 2As)
71 #1814 PDI -3 AF9] mRNA Z3HYE real time RT-PCR WHOZ }_A}‘é}‘}iﬂ-. o Ax}
PDI mRNA 7% 7R3} & <F 109 20 A
&0l A9 BAHE dAlAE AY Lol HA FE AT F AU (Flgure 2-13). ©]
A= g do] FHE e FdHe A g2 dhld (Figure 2-12, 2-13) ©]= PDI ©# 3
of MAL & w®o] RS FTaA HFHoE FAH AT A] FF 2l AAFS o
A g},

5 10 20 30 40 50 (DAF)

-". % W —OsPDI
= SR

Figure 2-13. Expression pattern of the OsPDI gene during seed development. Total RNA was
isolated from developing seeds at indicated time points and separated on formaldehyde-agarose gel.
After electrophoresis, total RNA was transferred onto nylon membrane. The membrane was

hybridized with 32P-labeled OsPDI, washed with proper solution and then exposed on X-ray film.
DAF, Day After Flowering.
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Figure 2-14. Comparison of seed proteins of WT and OsPDIL1-1A. Total seed proteins were
extracted from WT and OsPDIL1-1A using buffer containing 50mM Tris—Cl (pH7.5), 150mM NaCl,
1% Triton X-100, 2mM PMSF, and then separated by 10%-27% gradient SDS-PAGE.

(pl}4.0 4.9 5.6 72 8090100 (ph4n : ; 2 8.0 9.010.0

WT OsPDIL1-1A

Figure 2-15. Analysis of OsPDIL1-1A seed proteins. Total proteins were extracted from the mature
seeds of WT and OsPDIL1-1A mutant and then analyzed by two dimensional gel electrophoresis
(2-DE).

_67_



dl o] A¥E FFo] WalE GMASo] PDI WA A Pl 28d AF5Hel Ug
& 228 5 U
(A) Polished
e s (B) (C)

01 2 3 456 7 (% 01 2 3 4567 (%
(kDa) L (kDa) o )

I

1ULE )
‘}ﬂﬁ ZE;.. 1“1 FVE
3 @ﬁ ; 35— 5 o4 o B 5 :

20_|H-ﬂ---uﬂ

55— as
, mEEEEEERN

gqfa
Figure 2-16. Analysis of OsPDI protein level using differently polished seeds. Dried seeds were
polished at different extent and ground thoroughly, and then OsPDI level was examined by western
blot with anti—~OsPDI antibody.

S FAUOl A R PDI B A R P =AY A Hao] SR ofy

d SAS 74 GAEE =42 sto] PDI @i E o] A2 S ZARIAT WA 7R E7G
A =285 3% T A7 =4 dAERZ golde TAE EHEtY F dudS FE3
SDS-PAGE & 41413}l imunoblote F3|4 PDI @i Ae] &S ZASIYY. 1 A3} PDI
g do] FAU A Ao Td3A EEHAUSS AT § AU (Figure 2-16).
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Figure 2-17. Analysis of OsPDI protein level using differently polished seeds. Dried seeds were
polished at different extent, and the polished powder was used to examine OsPDI level by
western blot with anti-OsPDI antibody.

e

w3k ZtZte] GdAEE =4 & B Eo U FARYAS HolA FII WHoE PDI ¢
28 AT 1 23 9A] PDI gaFo] Ex1e] fiiRE REXN U3} S

& & AT (Figure 2-17).

i
(B) (C)

Figure 2-18. Phenotypes of mature seeds from WT and OsPDIL1-1A mutant. Seed morphology is

b
= — =
3 - e
e () b
Q Q. E
Ec"n L8] Q.
QO [7s]
0

observed by using illuminator. Mature seeds from the WT and OsPDIL1-1A mutant were harvested
and hand-sectioned with a razor blade. (A), whole seeds; (B), vertically sectioned seeds; (C),

transversely sectioned seeds.

OsPDIL1-1A =A™l A o] FAbe] 735 T3 Azo] opd Mopdel RAYS HAH w
A A W] FEE AT A oM E Y SANelAlY FAE 4 Be FEOE
HAosle] EYPES FBS5S A8t #Fegth. 1 23 OsPDILI-1A Ed¥o|HE 51

a4 943l BEHYSHA ofF& AMZAS Bt (Figure 2-18).
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OsPDILT-1A

Figure 2-19. Observation of WT and
OsPDIL1-1A mutant seeds. Mature
seeds from the WT and OsPDIL1-1
A mutant were harvested and
hand-sectioned with a razor blade.

A, traverse sections; B, vertical

sections. Bars = 1mm.

WT OsPDIL1-14

O

i g ]
g 2
o

= =
= =
w w
iy =
D o
c =
c £

e

Figure 2-20. Morphology of transversely sectioned endosperm surface of mature seeds from WT and

OsPDIL1-1A mutant. Mature seeds from the WT and OsPDIL1-1A mutant were harvested and
hand-sectioned with a razor blade and then analyzed by SEM.
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o] Ay OsPDIL1-1A EAWolx] 219 @53 %

2ol gel Wt AL
GAE7] MR EFAwolAY FA4E Fudtel AAUY L

olgstel T4 hRE AR

. 2 A% OsPDILI-IA EdvelA e FxE b el Fxo 3 vag s BrsE wg
= o g A7 o

of EftHAYS & F UAT (Figure 2-20). 1al @532 &7do] AAE HIwF
RHol 52 ®RUS 1 3lojx OsPDILI-IAZEAWHolA o] AL+ &35 "ol U3

Al packingo] HA ¥5& & 4 UAJTk (Figure 2-21, 2-22).

WT OsFDILT-1A

)

=

Figure 2-21. Morphology of transversely sectioned endosperm surface of mature seeds from
WT and OsPDIL1-1A mutant. Mature seeds from the WT and OsPDIL1-1A mutant were
harvested and hand-sectioned with a razor blade and then analyzed by SEM.
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Figure 2-22. Morphology of starch granules of mature seeds from WT and OsPDIL1-1A mutant.
Mature seeds from the WT and OsPDIL1-1A mutant were harvested and hand-sectioned with a
razor blade and then analyzed by SEM. Compound starch granules in the endosperm of OsPDILI1-1A
mutant are loosely packed as indicated by arrow.

w3 AWM A8 A9 dud g A wsbrh A7 W&l SR
) Atk 1 A oY A= protein body”t F3 g
2 EAske W] Ead®elAle]l 4% protein body7l BIE S FEHE W

al o Bk gHolH A FAME ¢ e FHE EATEES & ¢ JUAUG (Figure
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OsPDIL1-1A

Figure 2-23. Morphology of protein bodies of mature seeds from WT and OsPDIL1-1A mutant.
Mature seeds from the WT and OsPDIL1-1A mutant were harvested and hand-sectioned with a
razor blade and then analyzed by SEM. The protein bodies in the endosperm of OsPDIL1-1A mutant
are not tight circle shape and their color in the endosperm of OsPDIL1-1A mutant is slightly bright

compared to wild type.

Relative Intensity

Ll -] 13 Ll - 8 = a2 M an

Diffraction angle 26

Figure 2-24. X-ray diffraction pattern of  the starch granules purified from wild type and
OsPDIL1-1A mutant.
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st E o] HIAGAAQ R BEE gasE 74 ARod e WstEHASS
gttt webx op ¥ 3 OsPDILL-1A & 9]

T4 EE ARG 1 A7 v AEHA ok E I EAWolA 9] 3)- ol o
T 2 ol HolX & &t} (Figure 2-24).
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DAG20 DAG30 DAGED DAGSI0 DAF10 DAF25 DAF55
Figure 2-25. Expression profile of the OsPDI during development. Total RNA was isolated from

Relative expression level

developing rice organs at indicated time points and then used for analyzing of mRNA level by real
time RT-PCR. DAG, Day After Germination; DAF, Day After Flowering.

71E9] A Aite o9& PDI §3A = FAF Soldoz wddEHty Rurh FHUuY w
g B AFox PDI FAx BE S FAMS B 5]
PDI A= FAHETE oy} thefsl 7]HolA T3 =N

o] HS & & UMY (Figure 2-25).
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Figure 2-26. Examination of OsPDI protein level in developing rice organs. Total proteins were
isolated from developing rice leaf, stem and root at indicated time points and then used for analysis
of OsPDI protein level by western blot with OsPDI antibody. DAF, Day After Flowering.
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°]-&3t immunoblotS FaA AN A3 A 9, By,
[e)

b 4 AT} (Figure 2-26).

Figure 2-27. Proteomic analysis of protein disulphide isolemrase (PDI ) in rice seed. (A) Two
dimensional gel electrophoresis of immature rice seed at 15 DAF. Each protein spot was identified
by MALDI-TOF MS. (B) Boxed region in (A) was enlarged. All of the arrowheads indicate OsPDI
protein spot, suggesting that function and stability of OsPDI protein must be post-translationally
regulated. Identified spot numbers are also indicated on the gel.

a9a FPEE E g8 AMS 2D dV|dse §% dUAAS HHoew EA43 A
PDI @u¥ide] A% 5709 @uld spoto] HAE HA=dl o]= PDI @¥jdo] HAF § wo]
(post-translational modification)E &34 "] € Fo 7|53 HHgo] 2HHS AT

(Figure 2-27).

Figure 2-28. Isolation of OsPDI-interacting protein by immunoprecipitation. Total proteins were
extracted from whole panicle of Gopumbyeo at DAF15 and then incubated with OsPDI
antibody-coupled protein A sepharose for overnight at 4C. After washing, bead was mixed with
protein cooking buffer and boiled for 3 mins, and then analyzed by 8% SDS-PAGE. Protein bands
specifically detected by coimmunoprecipitation with anti-OsPDI antibody were isolated from gel, and
then analyzed by MALDI-TOF/MS. M, Size marker; Lane 1, Total protein extracted from whole

panicle; Lane 2, anti-serum coupled beads; Lane 3, Co—-immunoprecipitaed protein.
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PDI @¥id o] 7]22Ql 7|52 PDI @&y} J5zgst= @ d59 disulfide bondE
isomerization A|AA G5 A&t A EY LA VoS A= Aok v =7
o4 PDI ©uldo] WAL X|w WA Fafolx PDI el da s agstes didS A
7} (immunoprecipitation) WHOE FE|stazt stk A

o
-1
2-28)& A3 F peptide mapping WO 2 A3 @dlAS B FAHIAG

Band C

Details for rank 1 candidate in search A6930754-0E68-77TE31754
1. gi47848203/dbjBAD22157.1 putative glyceraldehyde-3-phosphate dehydrogenase (phosphorylating)

[Oryza sativa Japonica Group]
Sample ID : {Pass:0]

Hessured peptides : 16
Matched peptides =30

Min_ sequence eoverage: 33%

DOfesiduss M

Start To Cut Pepuide sequence
727.878 M 727.459 0.120 3526 331 0 VIDLIR
794.452 M 794.410 0.0B2 230 236 0 LIRAMR
833.528 M ©33.895 0.133 189 196 9 TVDGFRMK :
1132.557 M 1132.630 0.027 LE] 57 0 YDIVHGEWE 20 ‘
1433.683 M 1433.751 -0.068 203 217 0  ARSFNIIPSSTGAAK H
1497.796 M 1497.840 -0.044 237 250 0 VPIVDVSVVDLIVR = § b
1774.723 M 1774.734 -0.071 312  3is 0  LVSWYDNEWGYSIR = 1 ‘ | |
Z016.050 M Z016.070 -0.020 170 188 0  FGIVEGLMITVHAITATQK E |
2032.082 M Z2032.065 0.027 170 188 0  FGIVEGLMITVHAITATQK

A1 e = etk it et ot b S it Wi i

F198.16% M F193.037 0.137 274 233 0 GILGYVEEDLVSIDFRGDSR e T T Tt

Figure 2-29. Identification of OsPDI-interacting protein. Protein band C was identified to putative
glyceraldehyde 3-phosphate dehydrogenase by MALDI-TOF/MS.

O 2y R dEs 2EE g ouglen Azbe] @A E2 putative glyceraldehyde
3-phosphate dehydrogenase®} putative pyruvate orthophosphate dikinaset} (Figure 2-29,

230). @A) olF WAL mYshE FAAE Fste] FYFoIuk
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Band G

Details for rank | candidate in search AOS2EDCD-14A8-71A31114
1 gSOBT8307|sbiAATSS082 1 putative pyruvate orthophosphate dikinase [Oryza sativa Japonica

Sample ID : [Pasa:0]
Maasured pepcides s 18
Matched peptides s

Min. sequence eoverage: 11%

788.484 M 788.454 0.030 £69 €74 © LLP¥R

BE5.518 M 285,514 0.084 3Z 35 1 SVVAGRAR E

920.419% M 520.403 0.017 203 208 o FAYDSYR = |

969.451 M 969.455 0.036¢ €75 €92 0 SOFECIFR E

1261.6%9 M 1261 648 0.081 732 742 0. LSEVNPMLCER g !

1277.626 M 1277.643 -0.017 732 742 0 LSEVNDMIGFR ' f | A
12)+0m; 1

1277.626 M 1277.%46 -0.020 €52 E62 o RMIMASSLELR } '

1405.860 M 1405.840 0.020 156 168 0  IGDPARPLLLEVR % P | | |

1606.854 M 1606.802 0.083 746 755 0 ISISYPELTEIMGAR z - [

1633.558 M 1£33.845 0108 725 742 1  VEXLSEVNPMLEFTR = ‘ ‘ || 1|| ‘lllJ
15)+0mi; =

E z |
2048.934 M 2049.052 -0.058 342 360 LYGEFLVHARGZDVVAGIR & tL‘ hk “’Ml"" iy w{ AMHJ‘L A“‘,

Q
2177.147 0.039 341 360 1  KLYGEFLVNAQGEDUVAGIR

£

2177.186

Figure 2-30. Identification of OsPDI-interacting protein. Protein band Gwas identified to putative
pyruvate orthophosphate dikinase by MALDI-TOF/MS.

E3 2D A719FY wNAAGS T AT EUAFY St PMC3A o] w
58 e

AL lipase B4 T+ AWEY FEA2A 7|5S z2te @l dolth 2-D AV|9F A vA
& FAAM = A et Ao g2 Fo] FF HAN Aod FAIA= 23 AR
TEEAM T FHo] He dFS BIY (Figure 2-31). ©l= PrMC3 @ do] AnjE AA 3}
=t T83 A= FAES F AeS ovg

Immature Mature

Dobongbyo

Figure 2-31. Proteomic analysis of rice PrMC3 in rice seed. Total proteins were extracted from
Gopumbyeo and Dobongbyeo and separated by two dimensional gel electrophoresis. Protein spots
were identified by MALDI-TOF MS. Arrowhead indicate PrMC3 (esterase/GA receptor).

< real time RT-PCR W o2 FA}3H 73JJr thoksl oA A3 E
Al A ol %—C—)-U:] wslE B} Asd FTAAME Edo

= & F A 53]
Bol #& & F AT (Figure 2-32).
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Figure 2-32. Expression profile of a PrMC3 gene during development. Total RNA was isolated from
developing rice organs at indicated time points and then used for analyzing of mRNA level by real
time RT-PCR. DAG, Day After Germination; DAF, Day After Flowering.

PrMC3 @l d S 393ste A7 gdd FdMolA Osprme3E st 44 I <&
= A

y
}e 2 A

rok

J = Aol B ofAEel HIslA 717F oF ARt olal ELS (tiller)
3 B Bes & 4 JAAY (Figure 2-33).

Height (cm)  Tiller No.

WT 101.8 12.2
Prmc3 50.2 38.6

WT prmc3
Figure 2-33. Phenotype of Osprmc3 mutant. (A) Wild type and Osprmc3 mutant were grown in the
field and photographed (Left side). Height and tiller number of wild type and Osprmc3 were also

measured (right side).
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Dehydration

ﬂ
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Figure 2-34. Leaf phenotype of Osprmec3 mutant. (A) Leaves were taken from field-grown wild type
and Osprmc3 mutant, decolored and then phtographed.

(A) WT Osprmc3

WT Osprme3 Osprme3

Figure 2-35. Seed phenotype of Osprmc3 mutant. (A) Panicle phenotype of the Osprmc3 mutant. (B)
Grains of wild type and Osprmc3 mutant were collected and photographed. (C) Palea and lemma of
the grains of wild type and Osprmc3 mutant were opened and removed. The mutant showed small
chalky phenotype.

_79_



a9 FA A FFS 2AE Y Osprme3 EAMlA Y A9 A FEZE WA

D 2 7 oF 137) AEE ok HldiA 10% F=9)
= B3lon I FoME of 57% AErto] ZAZQ He FAES HAUA (Table 2-7). wdk
A FAe FAES =33 A op¥Fo] 271 mgddl Wl Osprme3 EAWHolA Y A$ oF

Table 2-7. Analysis of Osprmc3 mutant seed

Totalseed No. % of mature seed Dry weightper seed (mg)
WT 113.6 88.9 27
Osprmec3 13.6 57.4 154

A T8 Gl d Fo A AWUAE ascorbate peroxidase b (OsAPxb)Z A
H

£ @ dolth OsAPxb B9 3% W4% FANMNE

Immature Mature

- “ T
. - o

Figure 2-36. Proteomic analysis of ascorbate peroxidase b (OsAPxb) in immature and mature seeds.
Total proteins were extracted from Gopumbyeo and Dobongbyeo and separated by two dimensional
gel electrophoresis. Protein spots were identified by MALDI-TOF MS. Arrowhead indicate OsAPxb.

OsAPxb Tz o] ofn]
heme ZA3% motifES H {3}
AstA AFTE A 23 f7ZAYE Z3SE AETFY g {FAES

(Figure 2-37).
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(A)

MGSKSYPTVEDEY LAAVGKAFFFIRCLTAEFNCADIMIRLAWHSS 45
GTEOVESETGEPE CTMENP GEQ SHAANAGLD TAVELLOPTEDOLE a0
I LY ADFYOLACVVEVEVT GGPEVPFHPCGRODFPEPPFEGELPIA 135
TOGSDHLEVE SAOMG LSDFDIVALSCEETLGRCHRERSGFEGEW 1580
TSNP LIFONSYFTELVSGEFEGLLOLPSOFRA IMEATPAFREP LVERY 225
AAENAF FANYAEAHLELSELGFAEE 251

(B)
Saccharomiyd s Cerevisias . ___.--’.'l'll. ascified
TH T - o S [ ]

Casnorhabditis elegans— —irchaes

Hematods ,'?T y AR aiten g

Metazpa—p 11 A e ansbactena

Fruit Fty—4, | * )] | "$——Synechocystis PLC 6203

Arthropoda=—— 3 «'-._L b ¥ M— —Ciryza sativa (Riced

e ——Arabidopsis thalana

) Ir'l-lu:ulr: 1\:&':'1—';’ M—Creen Plants
VBRI Giher Bk aryores
Figure 2-37. Deduced amino acid sequences of OsAPxb (Accession number: AB050724) (A). Active
site (34th to 45th aa) and heme binding motif (157th to 166th aa) are underlined. Taxonomic lineage

of ascorbate peroxidases of various species (B).

Real Time RT-PCRE W& o] &3] W UPAS ZA}
=]

8 gk
HRAow Adsol S5E7] Ao &g Tl U= FANA

d FEe Do) A &
As & 7 AUJY (Figure 2-38).

Ralative expression lewel

Lk

DAG20 DaGSD DaGED DaGEs0 DAF1D DaF25 DAFSS
Figure 2-38. Expression profile of the OsAPxb during development. Total RNA was isolated from
developing rice organs at indicated time points and then used for real time RT-PCR. DAG, Day
After Germination, DAF, Day After Flowering.
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WT OsAPxb  WT OsAPxb WT OsAPxb WT OsAPxb WT OsAPxb  WT OsAPxb

WT OsAPxb OsAPxb

Figure 2-39. Phenotype of OsAPxb mutant. (A) Phenotypic anaylsis of these OsAPxb mutants. (B)
Short panicle phenotype of field-grown OsAPxb mutant. (C) Aborted seed phenotype of OsAPxb
mutant. (D) Half aborted seed phenotype of OsAPxb mutant

Gl A e TaA TS THE FolA UHA = glycyl tRNA synthetase (GlyRS)Z A
< 7leS zte 9otk GlyRs @ d o] A9 vAs FAd M= 2ol A
o HA FAN dsw FAAME nAuek AYno A B o] FHEHe FES HAd
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(Figure 2-
Dobong Gopum
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d

.b .. Shire

No.5106
Figure 40. Proteomic analysis of glycyl tRNA synthetase (GlyRS) in immature and mature seeds.

Total proteins were extracted from Gopumbyeo and Dobongbyeo and separated by two dimensional
gel electrophoresis. Protein spots were identified by MALDI-TOF MS. Arrowhead indicate glycyl
tRNA synthetase.

Osglyrs Ed®ole] & FFS 2AMG 23t ool vlsiA 7Hsh7t of 3594 = s
< ¢ F UAT (Figure 2-41A). webx 7]Eo 73t - #Astes Aoz 43

9 ¥ s ZAEA = AAR Osglyrs AR oloA 73S £738+= Hdl (Heading
Heading date 3a), OsMADS50, OsMADS51 ##AE52] 3o f& HoJds
< ¢ T UANUT} (Figure 2-41).
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Figure 2-41. Osglyrs mutant shows early flowering. (A) Phenotypic analysis of the field-grown
Osglyrs mutant. (B) Genes involved in early flowering were induced in Osglyrs mutant. OsGIL, a
rice GIGANTEA homolog : Hdl (Heading date 1), a rice ortholog of Arabidopsis CO gene; Hd3a
(Heading date 3a), a rice ortholog of the Arabidopsis FT gene; OsMADS50, a rice ortholog of
Arabidopsis SUPPRESOR OF OVEREXPRESSION OF CONSTANS 1 (SOC1); OsMADS51, a type I
MADS-box gene in the short-day (SD) promotion pathway in rice.

OsG/ OsMADS51
Hd1 \ / Ehd1
Hd3a
RFT1

!

Vegetative g

Figure 2-42. Schematic diagram about how gene expression system regulates the phase change of

vegetative growth to reproductive growth in rice.

Me F3 FFE A A7 71Eo] ¥ % Hdl (Heading date 1, a rice ortholog of
O gene)?} Hd3a (Heading date 3a, a rice ortholog of the Arabidopsis FT
Hostes AE2EE W2 AS & F AAY (Figure 2-42). T} EE A ol A
mRNA & FgE e} A4u|e] FAE o] &M AR A3 FFH oz A4 7
G AsE FACAAM B Fe mRNAZE 2dHES & F der g 2e dA s Bl

A v 523 S AT (Figure 2-43).
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Figure 2-43. Expression pattern of the 60SRP gene during seed development. Total RNA was
isolated from developing seeds at indicated time points and separated on formaldehyde-agarose gel.
After electrophoresis, total RNA was transferred onto nylon membrane. The membrane was
hybridized with 32P-labeled OsGlyRS, washed with proper solution and then exposed on X-ray film.
DAF, Day After Flowering.
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Figure 2-44. Expression profile of the 60SRP during development. Total RNA was isolated from
developing rice organs at indicated time points and then used for real time RT-PCR. DAG, Day
After Germination, DAF, Day After Flowering.
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Figure 2-45. Expression and purification of C-termini of OsPDI and OsBIP proteins. cDNA
fragments encoding of OsPDI and OsBIP C-termini were amplified by PCR, digested with proper
restriction enzymes, and then cloned into E.coli expression vector, pET28a. Recombinant plasmids
were Introduced into BL21 cells to over-express recombinant proteins. Transformed cells were
cultured at 280C until OD value at 260 nm is reached to 1.0 and then treated with 0.5M of IPTG
for 5 hours. Cells were harvested and disrupted by ultrasonic tip. OsPDI-C and OsBIP-C were
purified with nickel affinity column according to Manufacturer’'s instruction. To produce antibody,
the purified recombinant protein was injected subcutaneously into one rabbit. Incomplete adjuvant

was used in all subsequent injections..

2 AFE TR A HA ols diAS oA ARSI affinity column
S ol&3te] =5 ATt (Figure 2-45). 3t IHASS E7o F935td FAE A%

stof A7l ' G& 97kA 9] FF o FAbll A PDI @A BIP @A o] FFaky) 2m) et
FHBAAE ZARIAS ey ASdE 2] PDI @Ay BIP @A) gk An|ehe
LA BAES HolA U (Figure 2-46).
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Figure 2-46. Examination of OsPDI and OsBIP levels in the seeds of nine rice cultivars. Seeds of
nine rice cultivars which have different eating quality were raised in the field. Seeds were collected
30 and 60 days after flowering and then ground with sea sand in liquid nitrogen. Protein amount
was quantified by Bradford method. Equal amount of protein was loaded and separated by
10%PAGE containing SDS, and transferred onto PVDF membrane. Membranes were treated with
anti—-OsPDI or anti—-OsBIP antibody and subsequently with secondary antibody. OsPDI and OsBIP

protein bands were detected with ECL detection kit according to Manufacturer’s instruction. DAF,

das after flowering. Asterisks may indicate non-specific bands.

39 wrgal Ex} dbdo] 9loja] PDI, PrMC3, 60SARP @A E 9] 71%S e 7] 34

EARETY =< = =2
ol BWAES IFYste FAAY ZZEH| GUSY GFP F3AAE & cDNAZ} fusion®
Az FA4E A%ste] Mol EQRAT (Figure 247). B4 oI5 AZF FHATL =d8
34 ABAES AEstn LA Fo|
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0  Vector: pMDC162/pMDC107

PDI Promoter — GUS/GFP
PrMC3 Promoter — GUS/GFP
60sRp Promoter — GUS/GFP

O Vector : pMDC162/pMDC107

PDI Promoter — PDIcDNA — GUS/GFP
PrMC3 Promoter —PrMC3 cDNA— GUS/GFP
60sRp Promoter —60sRp cDNA— GUS/GFP

0 Vector: pCAMBIA1300

p35s — PDI — Tnos
p35s [ PrMmC3 — Tnos
p35s — 60sRp — Tnos

Figure 2-47. Construction of plant expression vector to examine functions, expression and
localization patterns of PDI, PrMC3 and 60SRP in rice.
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A3d <A1FFHA> AFUNAL FH FHA d=ZH Aol 93t
v Au|Z3 AS

1. 2F2 2 AFAV dEF 8 FF9 Ar=d #d88 2459 A3 &4
7h AR R

ZAAE 2 DNA F=

TAABERE AXYUT 5 T IdvFoz yFAWE 4y a7z, 1EY, 4%
H, 238 5 lek AFAHQ 3, AbdH, AFeH, =8H 5 ol&stdth °olF 1
AlsI7be] = 48 FFo1H UH A 77l 5 FFolth ol FE 44 AZXYT FF ARl
oA =2 Amet BFE AwE YE 7] wio] AFol| o] &3t (Lestari et al. 2009). 2=
FFL 20099 59 2 240 wEEAa 20099 6¥ 19 FHUSw Ay TG o)A
oh. @, B, AFA, Al 5 EE Al FEUEgw AF A AMgste 2
< o] &3ATE Auists HAHAA FL7] A= 4S5 DNA FFof| o] &tAct

39 THCho et al. 2009). ¥ 2 0.2gS 2 ml tubeo] B, WBALE o]&3t] FA vl
DNA % &9 (200 mM Tris-HCl pH 8.0, 500 mM NaCl, 25 mM EDTA, Sodium bisulfate
0.38g/100 ml) 900 ul & FH7lstd &2 2 &3 ¥, chloroform: isoamyl alcohol (24:1)
1 mlE FH7bste] 1083F E50] & T3 th= 3,500 rpm o2 10&3F 94EE At 4s
AE B & TY Y9 phenol: chloroform: isoamyl alcohol (25:24:1)& F7}ste] 103
T E50 ¥ %, 12000 rpmlE 5%3F 4R AT FEAES AEZE 1.5 ml tubedl] &
1 o5 2 w9 RNase(l0mg/l)E ¥iL 37TColA 301t ®HSA| ME]- 2/3~1 volume®]
isopropanol& H7}std DNAE SFA1Z1 O 12,000 rpme 2 107+ A4#83te] DNAE

o

AANZ F, 70% AL Z AH3kaL, 12,000 rpmeE 5837 A YARY . AEAS
Hg1l DNAS Z74X47] o8 50 9 TESl DNAZ F{ojix] PCR £ A&t %3

DNAE 10~5081 2 3|43 o5 AlE9 20 ngS F 3t PCR T4l ©]&3}% .

Primer design, PCR ¥ g7|NE &4

Sbel, Sbe3, waxy(GBSS1), SSS1, SSS2A(ALK), SSS3A, SSS4A, ISA1 Frxte] ZZH|Ql A
HA2E o] g3l BLASTP Z2 1S 53 DNA 71488 g20s A7} Gramened] 55H
Z}zke] A2 WIZE  LOC 0s06g51084,  LOC_0s02g32660,  LOC_Os06g04200,
LOC_0s06g06560, LOC_0s06g12450, LOC_0s08g09230, LOC_0s01g52250, LOC_0Os08g40930 ¥
< A (http://www.gramene.org). DNA AlH2S 92 F Primer3 online softwares
o] &3t Zlo)lHE IR L (http://biotools.umassmed.edu/bioapps/primer3_www.cgi), Oligo
6 softwareol| A HESAT. FEF3 DNAE 10~5081Z 31438t o3 A|E9 20 ng= 33+
PCR #4jo] o]&3dtt 2449 #FAAE 20 mM Mg2+7F E£3¥ 10xbuffer 5 ul, dNTP
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mixture (2.5mM each) 4 ul, Ex Taq polymerase (TaKaRa) 1.25 unit, 10 uM &%<%1 forward,
reverse Zz}olv] 747} 1 ul & o|&3le] FTE3HTE PCR WHEEL 94TolA 583 hot
step, 94 ColA] 30%7F denaturation, 60TColA 30%%t annealing, 727Col|A 30%7%l extension
BZE 25 cycle WESAIZI ¥, 72TCoA 5%t wEA|PF extension®] ZZ o= PTC-100
Thermal Cycler (MJ Research Inc.,, CA, USA)E Al&3t] S33lR 0™ 1% agarose gel el
A PCR 2Heg F9l 'S}Eit‘r. g9l" PCR AHES DNA purification kit (Expin PCR SV,
GeneAll)2 o] &3} AAIZ F COSMO Genetecholl Al AlA2~ BAS =334 8719 H
Z£9°] DNA A]# 2= DDBJ website?] CLUSTALWE ©]-£-3}¢] 153t}

S|
~

ME
Ol

Quantitative real-time RT-PCR £ 4]

H W) &FAZRE F RNAQ #+= RNeasy mini kit(Qiagen)e] FAlelA #A|Fst= 23

W s o st FdsA T 100 mge] A A% sAEES 1.5 ml FEO ¥il 600
ul RLC bufferE 7}std FA] vortex® Z3tA 410lF ths AA §lo] 13,000 rpmol A 2 &
T dAEYSAT A5 AS lilac spin columnlZ §Hfo] ZX] YEE AlE3F]
12,000 rpmol|A] 2% &< oA AR AT A EE Fdd columng T3t 3 F=
S AAS7] fske] 100% ol®E 280 ul & 7hstal 453 m¥lo=w TR o pink
RNeasy spin column®Z £7 10,000 rpmol A 1 & & YA EL AT BHA] pink RNeasy
spin column®ll 700 pl®] RW1 bufferE 7}stal 10,000 rpmollA 1 & &< A9 1
o2 RNAQ A#HS 93ke] 500 ule] RPE bufferE 7}t 10,000 rpmolA 1 £ &9 A&
23l 4AS 23] HHES D o9 RPE buffers €3] AA37] $13+e] 10,000 rpmel A 2
T B dAEFsEATE RNAS 345 93t 50 ul ¢ RNase-free waterg pink spin
column®l 7} ©& 10,000 rpmolA 1 & ¢ dAHEZSIATY. RNAY FX+= Nanodrop
ND-1000 spectrophotometer (NanoDrop Technologies, Inc. USA)E Al&3te] F&3 w5 &
A8t om, A 80T HA3SiTh

RT-PCRE 3 37] 913t cDNAS @A o3 #Zo] Fy3th. T RNAE DNase
1 kit (Cat. No: 18068-015, invitrogen)E AF-83td HAE 3} 1L, first-strand cDNAS] &
Oligo(dT)20  primer®} SuperScriptTM I  Reverse Transcriptase (Cat. No:18080-051,
Invitrogen) & AH8-3ld mRNAE cDNAZ A3+t

RT-PCRell A48 2ol & conserve region® 24 A|23t7] $18ted Sbel, Sbe3, GBSSI,
SSS1, SSS2A, SSS3A, SSS4A, ISAl1 enzyme FdAFe] IR ECl A|P2E NCBI/BLAST website©l
A blast £4& skl vFd FTo] LR AAAE 53 ¥ clustalw(DDBJ/CLUSTALW

5]
website) #41& Fdslo] FHAE9 conserved domaing S 4 Ul 1EKFE RT-PCRS 93

1%

ZglolME Primer3 online software(http://biotools.umassmed.edu/bioapps/primer3_www.cgi)S ©|
&3t tstRIL Oligo 6 softwareol| A HESIITE  Quantitative real-time RT-PCR-2
double-strand DNA9| A% 4= U+ SYBR Green, a fluorophore (F-410L, qPCR kit from
FINNZYMES, Finland)E ©]&-3}l>d DNA Engine Opticon 2(M] Research, Waltham, MA)S &
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3l AT AHEE cDNAS T s A=Zdr] AT WHF vARA Actinl FAA
(GenBank Accession No. AK071586.1)& AF83toith. PCR ¥hEx712 95Col| A 8i%t hot
step, 94 ColA] 33%7F denaturation, 55Co A 32%%} annealing, 727Co|A 2237} extension
BGE 39 cycle WESAIZI ¥, 72TCoA 57t wEA|PF extension®] ZZ o= PTC-100
Thermal Cycler (MJ Research Inc., CA, USA)E Al&3le] FH3tATh rhAIZHo = goiA <l
A2 438 FE+= internal Actinrl mRNAE ©]83] EF8¢ 2-ddCt method(Livak and
Schmittgen, 2001)E ©]-&3to 43T

SBE &4 &4 £4

H] F 2o A4 Sbel, Sbe3 ! Sbed FHEAESY EAEAY FAL ofg] Ridi ARg3SE W
‘?.j(Nakamura et al. 1989; Yamanouchi and Nakamura 1992; Li et al. 1997, Zhao et al. 2005;
Zhao et al. 2007)& F&ata WEF st FPsUTt 2 BHEHO AP W T2 1g5 FHIHA
Tyt e AASL TS EYste] v AHA F FEel Wil 4 mle Al FE
buffer (50mM HEPES-NaOH pH 7.4, 4mM MgCl2, 50mM 2-mercaptoethanol, 12.5%(v/v)
glycero) 2 715t} $E S A&t AL oA B ﬂ}&ﬂé} Ik whe 42 HE Q1
Sk 40 ml FEO ¥i 6 mle] FF bufferg AME3te] 23] FHE MAHSE] 40 ml FEO ¥
3 15000 rpm, 2CelA 20 & < dAEHSIAT A5 AES Whatman  filter(0.45um,

o
Whatman, LTD)E &3 S 1 gAe FAEAO =Ho| AFEIAT

5 oth l-uu:

Starch branching enzyme a4~

=)
£
4
N,
=

o 4

5 phosphorylased] €3} glucose-1-PE
a-glucan &S Fwiste WA F S F4 SH3A T (Hawker et al. 1974; Nakamura et al.
1989). <kellA  FRHIgH 400 plo] &4 FE4S 400 plo] A7k ®ES buffer (50 mM
HEPES-NaOH pH7.0, 50 mMglucose-1-P, 2.5 mM AMP, 4.8 units phosphorylase)ol] Hil &
FE T 30ToA 30 B WbeAATR &4 whee 50 ul IM HCI# 1 ml
dimethylsulfoxide, 1.5 ml fresh iodine-potassium iodide &% (2g KI+ 200 ml distilled water
+ 02g 12)& ¥ E3ste] 30TeM 60 & &< oF =AM wbeAA W& TAS AT

Sbe EAo AL EFFHF=A(HP 845x UV-visible system)e] 540 nmolA FZEE
ZAFete] £438A £400 AMER REEHLS v 2ol THISHAH. 400 plo] E4 F
HE& 50 ul IM HCIF 2 E9Hshal 400 ul®] 27k ®E-S- buffers 71t Egeton o&
HAL ko] Amet FdsA AHsial, FA2 &4 400 ple] 54 F= tialel 400 ul
o A7k W v HUlela vE JJr7H & Azt FAsHA A 2|5tk Sbel EAEA
A o3 2ol At Sbel EATA(%)=((NFE OD540— %+ OD540)/ %
OD540)x100= sl A4Fst =1, OD540° 1 FEE 1% T4
(Units/g/min)2] 1 unit®.2 F3}Ht. T3 EE A5 3HHE o2 3}
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GBSS1¢} soluble starch synthase &4 4]

Starch granule 2 Nakamura et al.(1998)% Umemoto and Terashima(2002) o4 A}-&-¥
S st Hyste St 54 REHO Jdd W FAF 05g & HAste T} u)
AAs L v st vlE] AEA & el ¥ 1 mlY 27k 5% buffer (100
mM Tris pH 7.2, 2 mM EDTA, 2mM DTT, and 10%(v/v) ethanediol)& 7}3te] 8-S A&
sto] A5 folA FA vis A vk wiwE vl AEA § 40 ml FEO ¥ 6 ml9
FZ bufferg AFE-3te] 23] S AAHSI 40 ml FH Y3 15000 rpm, 4TCAlA 20 +
5

o QAUELYSFAT. AEAL AAT F pellets FF bufferS ol&3te] 3 A F

Ll

£

% starch granuleS 1ml¥] FZF bufferE ©]-&-3}

v FALo A soluble starch synthase &484 #4122 Nakamura et al.(1989)°| A A&
WS WSt STt 54 BREHC W W FTA 1g & FHAst FH e wiE A AL
Nrbe Zelste] vl AgiA @ fdel ¥ 4 mle] AVRe FF buffer (100 mM

hus)
d

Tricind-NaOH pH 8.0, 8 mM MgCl2, 2 mM EDTA, 50 mM2-mercaptoethanol, 12.5%(v/v)

o

glycerol, and 5%(w/v) insoluble polyvinyl pyrrolidone 40) & 7}std 55 Ab&ste] &
HAlA FA mpfstAT mrA S wiFE vlE] A A g 40 ml FEO ¥i 6 mle] F
bufferg AF&3ste] 23] S AH3SIY 40 ml FEO| ¥il 15000 rpm, 4TClA] 20 &+ &

AAEGSAS. AT AAT F pellets FZ buffers ©]&3ste] 3 A 23 F starch

e

r2

granules 4ColA Hx3ATH X F starch granules 1mle % bufferg ©|-&3l =<
5 2§95 248 SAd ARSI

GBSS1# soluble starch synthase &4 &4 #2412 Nakamura et al.(1989)¢} Zhao et
aL(005)0] AHEE HH S WEshel ARG QoA FHIT 150 ylo] Ha FEAS FHE
Hk8 buffer (50 mM HEPES-NaOH pH74, 1.6 mM ADPglucose, 1 mg amylopectin, 15
mM DTT)dl Y3 &3 o3 GBSS1 £4S 3] 25TAA 20 & &< ¥-3-A17 3L, soluble
starch synthase &4 &4 £4& 93l 30To|A 20 & &t BHSAZAT B4 ¥ B &
o 30x% Fo ¥&ES FAAAGD HA WSS FAL T 01 mle &9 (50 mM
HEPES-NaOH pH 7.4, 5 mM PEP, 200 mM KCI, 10 mM MgCl2, and 1.5 units of pyruvate
kinase)S il E§3&to] 30TolA 30 & &< *2]3 F 15,000 rpm, 4TollA 5 & 5+ A4
w83t 300ul] 4S5 HES 300ul ¥ (50 mM HEPES-NaOH pH 7.4, 10 mM glucose,
20 mM MgCl2, 2mM NADP)¥} &3tsted 23T oA 5&%F 9H8-AlA Z+7; 2 ul hexokinase(2.8
units)®} G-6-P dehydrogenase (0.7 units)E 7t & 340nmell 4] GBSS1¥} soluble starch

synthase 84 A4S S4sATH
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Au= 3 #d 4 24}

H F4S 91% Wr2 =4S oo vz 3 #d JE #4] o]&3AT (Peng et
al. 2006; Lestari et al. 2009). 27|29 AL TOYO 2A"|A (Toyo taste meter, model
MA-90)E AF&-3to] A x=3)ALY] E24% R (Toyo Rice Polishing Machine Factory, Japan)oll w2}
B39tk @l d e micro-Kjeldahl ®H (Cunniff 1995)& AME-&¥ L SHE %S
A 5955 #stel @siaith. Wiwle) ofdzA P2 100-mesh AVHFE Z34E-e
starch-idodine M =9] BRFFE=E 43l F3IAUTH (Perez and Juliano, 1978). &Z&]
% (ADV):= Little et al. (1958)9] ¢Ze]led %= AFHH spreading scoreHoll whe} 3313
. RVA pasting properties<> Rapid Visco Analyzer(RVA)E AMg-3te] Az ALe] #4IHH
(NewPort Sci. Co., Australia)ol] @2} 23ttt WMo HAF paste profile> Tha3 22 77}
A Q4E5d gt ZAFSFA T, Peak viscosity (PV), hot paste viscosity (HPV), cool paste
viscosity (CPV), breakdown viscosity (BDV=PV-HPV), setback viscosity (SBV= CPV-PV),
consistency viscosity (CTV=CPV-HPV) (Bao and Xia, 1999; Shen et al.,, 2006) ¥ %3}%. &
£ viscosity parameterst= Rapid Visco Units(RVU)2.2 YEY AT

i
B>

1=
1o

olr
B

s
(1) A&d #d F3259 PCR ©H | w0
AEHAL Foll A amylose$t amylopectin @80l #HE F8 FAQl Sbel, Sbe3, Waxy
Z+€] genomic DNA sequence leveldl X FAw] @ AFAw ¥ FFS 119 Ao|HS
4317 Y3t olE &4 A ORFY variable region® ZFE Sbel®} Sbe3w= 7+7t 47)
F-Lol A, Waxys 27 FAZFE F 10 setd] primerE A5+
= Figure 1°] Yebdl nio} 2o

Sbel, Sbe3, Waxy -+ *}9] genomic sequence= Z}Z} Sbel (LOC_Os06g51084)2 8,440
bp, Sbe3 (LOC_0s02¢32660) 11,380 bp, Waxy (LOC_Os06g04200) 5,035 bp=A W% 27
w] &0l AA 2+ Sbel 670, Sbe3 57], Waxy 37§¢] PCR WI=Z FZs 9o opylgx A A
e EF 22 A7]e] MEES HoAX oA7]dXx= 24 107§ PCR Z#vH2 Figure 3-1
of AAstA

Genomic PCR &4 Sbel f+3A}= 525 bp, 852 bp, 1,059 bp, 1,799 bpe] MEE

Jo
rN

genomic PCRS 343+ 2

-

i)
Ir

Rov BE FE WA nFd g AFHE B FFE T AolE

ZAA}= 1,715 bp, 1,818 bp, 1,925 bp, 2,148 bpe] MES AAoY GA] BE FF WiTox 11
4 92 AFAE B FFTE L ZolE HolA FUTh Waxy FHAS] Hged= F JHe
primer setsZHF-E] 1,005 bpt 1,472 bpe] MEE Aoy BE FF WEoA 134 2 A

FA W FZE ol 2ols Bolx it
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10590bp

ER3
S25bp
ER4
1715bp 1925bp
Rh3 Rh2
2148bp 1818bp
Rh5 Rh4
C
La7=2be 1O0O0OSbh
RV Y L

Fig. 3-1. PCR amplification of Sbel, Sbe3, and Waxy genes (A, Sbel; B, Sbe3; C, Waxy) using
ten primer sets designed from variable regions of each gene in 4 high- and 4 low-quality rice
varieties. High: 1, Gopum 2, Ilpum 3, Samgwang 4, Koshihikari, Low: 5, Palgong 6, Samnam 7,
Singeumo 8, Dobong.

(2) Genomic PCR @H 9] 7]Ad Wo]

Genomic PCR TFoA FF3rel| MEL o] HolA] e TFHE DNAS H7IA
Qo] o]z HAEs7] 9kl Sbel, Sbed
sequencing 3} clustalw ZZ 18- o]§3l] @7IAES vl XA
Sbel A= Figure 3-201 YERH wle} o] 127)¢] SNP7F = o] vHlwd B wWolrt &
AdE & F Aoy nFAv] F53 AFAr] FF Lol FBAAS HolA I Waxy
TR 91o1AM = Figure 3-3° WEbd upol o] fdx AA Aoz wjg o7} #of 1749
SNPito] A E oY 1Fdr] FF3 AFdvr] FF ol JuaddAe S0 HEZ Zad

Aoz A7H e,

ya
=
&
<
Jo
2
_>|~l_4
ES
>
ofN
e
i,
td
i
)
!
it
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Fig 3-2. SNP screening of Sbel gene betweem 4 high— and 4 low-quality rice
Nipponpare; (High) 1. Gopum; 2. Ilpum; 3. Samgwang; 4. Koshihikari; (Low) 5. Palgong; 6. Samnam;

AAAATTATGGATTTGAATACAATTGAATTCTATACATTAAAAATATTCGTATTTGAATTA
AAAATTATGGATTTGAATACAATTGAATTCTATACATTAAAAATATTCGTATTTGAATTA
AAAATTATGGATTTGAATACAATTGAATTCTATACATTAAAAATATTCGTATTTGAATTA
AAAATTATGGATTTGAATACAATTGAATTCTATACATTAAAAATATTCGTATTTGAATTA
AAAATTATGGATTTGAATACAATTGAATTCTATACATTAGAAATATTCGTATTTGAATTA
AAAATTATGGATTTGAATACAATTGAATTCTATACATTAAAAATATTCGTATTTGAATTA
AAAATTATGGATTTGAATACAATTGAATTCTATACATTAAAAATATTCGTATTTGAATTA
AAAATTATGGATTTGAATACAATTGAATTCTATACATTAAAAATATTCGTATTTGAATTA
AAAATTATGGATTTGAATACAATTGAATTCTATACATTAAAAATATTCGTATTTGAATTA

TTACTATGTTAAACTAGGTGTAAGCATAAAGTATAATCAAAAATACAAGAAAAAAAGAAA
TTACTATGTTAAACTAGGTGTAAGCATAAAGTATAATCAAAAATACAAGAGAAAAAGAAA
TTACTATGTTAAACTAGGTGTAAGCATAAAGTATAATCAGAAATACAAGAGAAAAAGAAA
TTACTATGTTAAACTAGGTGTAAGCATAAAGTATAATCAGAAATACAAGAGAAAAAGAAA
TTACTATGTTAAACTAGGTGTAAGCATAGAGTATAATCAGAAATACAAGAGAAAAAGAAA
TTACTATGTTAAACTAGGTGTAAGCATAGAGTATAATCAAAAATACAAAAGAAAAAGAAA
TTACTATGTTAAACTAGGTGTAAGCATAGAGTATAATCAAAAATACAAGAAAAAAAGAAA
TTACTATGTTAAACTAGGTGTAAGCATAGAGTATAATCAGAAATACAAAAGAAAAAGAAA
TTACTATGTTAAACTAGGTGTAAGCATAAAGTATAATCAGAAATACAAGAGAAAAAGAAA
*

TGGGGGCTAAAAAATAGGGTCTGCTGGTAAAGTTGGAGGTAATTTTTGAATTCTTAAAAA
TGGGGGCTAAAAAATAGGGTCTGCTGGTAAAGTTGGAGGTAATTTTTGAATTCTTAAAAA
TGGGGGCTAAAAAATAGGGTCTGCTGGTAAAGTTGGAGGTAATTTTTGAATTCTTAAAAA
TGGGGGCTAAGAAATAGGGTCTGCTGGTAAAGTTGGAGGTAATTTTTGAATTCTTAAAAA
TGGGGGCTAAGAAATAGGGTCTGCTGGTAGAGTTGGAGGTAATTTTTGAATTCTTAGAAA
TGGGGGCTAAAAAATAGGGTCTGCTGGTAAAGTTGGAGGTAATTTTTGAATTCTTAAAAA
TGGGGGCTAAAAAATAGGGTCTGCTGGTAAAGTTGGAGGTAATTTTTGAATTCTTAAAAA
TGGGGGCTAAAAAATAGGGTCTGCTGGTAAAGTTGGAGGTAATTTTTGAATTCTTAAAAA
TGGGGGCTAAAAAATAGGGTCTGCTGGTAAAGTTGGAGGTAATTTTTGAATTCTTAAAAA
swolok

ATAGGGACAGCCCTCATTCAACCTTTGAGGACTCTAAAATAGGGACTACTGCTGGAGATG
ATAGGGACAGCCCTCATTCAACCTTTGAGGACTCTAAAATAGGGACTACTGCTGGAAATG
ATAGGGACAGCCCTCATTCAACCTTTGAGGACTCTAAAATAGGGACTACTGCTGGAAATG
ATAGGGACAGCCCTCATTCAACCTTTGAGGACTCTAAAATAGGGACTACTGCTGGAAATG
ATAGGGACAGCCCTCATTCAACCTTTGAGGACTCTAAAATAGGGACTACTGCTGGAGATG
ATAGGGACAGCCCTCATTCAACCTTTGAGGACTCTAAAATAGGGACTACTGCTGGAGATG
ATAGGGACAGCCCTCATTCAACCTTTGAGGACTCTAAAATAGGGACTACTGCTGGAGATG
ATAGGGACAGCCCTCATTCAACCTTTGAGGACTCTAAAATAGGGACTACTGCTGGAGATG
ATAGGGACAGCCCTCATTCAACCTTTGAGGACTCTAAAATAGGGACTACTGCTGGAAATG
ook

CTCTAACACCCTGTTCCCCCTTGCTGCTGGGTGAAAACCCTTTCCAGTCTCCTGTTTATG
CTCTAACACCCTGTTCCCCCTTGCTGCTGGGTGAAAACCCTTTCCAGTCTCCTGTTTATG
CTCTAACACCCTGTTCCCCCTTGCTGCTGGGTGAAAACCCTTTCCAGTCTCCTGTTTATG
CTCTAACACCCTGTTCCCCCTTGCTGCTGGGTGAAAACCCTTTCCAGTCTCCTGTTTATG
CTCTAACACCCTGTTCCCCCTTGCTGCTGGGTGAAAACCCTTTCCAGTCTCCTGTTTATG
CTCTAACACCCTGTTCCCCCTTGCTGCTGGGTGAAAACCCTTTCCAGTCTCCTGTTTATG
CTCTAACACCCTGTTCCCCCTTGCTGCTGGGTGAAAACCCTTTCCAGTCTCCTGTTTATG
CTCTAACACCCTGTTCCCCCTTGCTGCTGGGTGAAAACCCTTTCCAGTCTCCTGTTTATG
CTCTAACACCCTGTTCCCCCTTGCTGCTGGGTGAAAACCCTTTCCAGTCTCCTGTTTATG

CGATGGTGGCGTCCTTTCCGACGTCGTCACCTTCTTCAAGGCATCGTTTTTGGAGAAACC
OGATGGTGGCGTCCTTTCCGACGTCGTCACCTTCTTCAAGGCATCGTTTTTGGAAAAACC
CGATGGTGGCGTCCTTTCCGACGTCGTCACCTTCTTCAAGGCATCGTTTTTGGAGAAACC
CGATGGTGGCGTCCTTTCCGACGTCGTCACCTTCTTCAAGGCATCGTTTTTGGAGAAACC
CGATGGTGGCGTCCTTTCCGACGTCGTCACCTTCTTCAAGGCATCGTTTTTGGAGAAACC
CGATGGTGGCGTCCTTTCCGACGTCGTCACCTTCTTCAAGGCATCGTTTTTGGAGAAACC
CGATGGTGGCGTCCTTTCCGACGTCGTCACCTTCTTCAAGGCATCGTTTTTGGAGAAACC
OGATGGTGGCGTCCTTTCCGACGTCGTCACCTTCTTCAAGGCATCGTTTTTGGAAAAACC
CAATGGTGGCGTCCTTTCCAACGTCGTCACCTTCTTCAAGGCATCGTTTTTGGAAAAACC
* okt

7. Singeumo; 8. Dobong. Marked parts are located in intron 5 of Sbel gene.
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Fig. 3-3. SNP screening of Waxy gene betweem 4 high- and 4 low-quality rice
Nipponpare; (High) 1. Gopum; 2. Ilpum; 3. Samgwang; 4. Koshihikari; (Low) 5. Palgong; 6. Samnam;

GCAATCGAGGCGAAGGCGCTGAACAAGGAGGCGTTGCAGGCGGAGGCGGGTCTTCCGGTC
GCAATCGAGGCGAAGGCGCTGAACAAGGAGGCGTTGCAGGCGGAGGCGGGTCTTCCGGTC
GCAATCGAGGCGAAGGCGCTGAACAAGGAGGCGTTGCAGGCGGAGGCGGGTCTTCCGGTC
GCAATCGAGGCGAAGGCGCTGAACAAGGAGGCGTTGCAGGCGGAGGCGGGTCTTCCGGTC
GCAATCGAGGCGAAGGCGCTGAACAAGGAGGCGTTGCAGGCGGAGGCGGGTCTTCCGGTC
GCAATCGAGGCGAAGGCGCTGAACAAGGAGGCGTTGCAGGCGGAGGCGGGTCTTCCGGTC
GCAATCGAGGCGAAGGCGCTGAACAAGGAGGCGTTGCAGGCGGAGGCGGGTCTTCCGGTC
GCAATCGAGGCGAAGGCGCTGAACAAGGAGGCGTTGCAGGCGGAGGCGGGTCTTCCGGTC
GCAATCGAGGCGAAGGCGCTGAACAAGGAGGCGTTGCAGGCGGAGGCGGGTCTTCCGGTC

GACAGGAAAATCCCACTGATCGCGTTCATCGGCAGGCTGGAGGAACAGAAGGGCCCTGAC
GACAGGAAAATCCCACTGATCGCGTTCATCGGCAGGCTGGAGGAACAGAAGGGCCCTGAC
GACAGGAAAATCCCACTGATCGCGTTCATCGGCAGGCTGGAGGAACAGAAGGGCCCTGAC
GACAGGAAAATCCCACTGATCGCGTTCATCGGCAGGCTGGAGGAACAGAAGGGCCCTGAC
GACAGGAAAATCCCACTGATCGCGTTCATCGGCAGGCTGGAGGAACAGAAGGGCCCTGAC
GACAGGAAAATCCCACTGATCGCGTTCATCGGCAGGCTGGAGGAACAGAAGGGCCCTGAC
GACAGGAAAATCCCACTGATCGCGTTCATCGGCAGGCTGGAGGAACAGAAGGGCCCTGAC
GACAGGAAAATCCCACTGATCGCGTTCATCGGCAGGCTGGAGGAACAGAAGGGCCCTGAC
GACAGGAAAATCCCACTGATCGCGTTCATCGGCAGGCTGGAGGAACAGAAGGGCCCTGAC

GTCATGGCCGCCGCCATCCCGGAGCTCATGCAGGAGGACGTCCAGATCGTTCTTCTGGTA
GTCATGGCCGCCGCCATCCCGGAGCTCATGCAGGAGGACGTCCAGATCGTTCTTCTGGTA
GTCATGGCCGCCGCCATCCCGGAGCTCATGCAGGAGGACGTCCAGATCGTTCTTTTGGTA
GTCATGGCCGCCGCCATCCCGGAGCTCATGCAGGAGGACGTCCAGATCGTTCTTCTGGTA
GTCATGGCCGCCGCCATCCCGGAGCTCATGCAGGAGGACGTCCAGATCGTTCTTTTGGTA
GTCATGGCCGCCGCCATCCCGGAGCTCATGCAGGAGGACGTCCAGATCGTTCTTCTGGTA
GTCATGGCCGCCGCCATCCCGGAGCTCATGCAGGAGGACGTCCAGATCGTTCTTCTGGTA
GTCATGGCCGCCGCCATCCCGGAGCTCATGCAGGAGGACGTCCAGATCGTTCTTCTGGTA
GTCATGGCCGCCGCCATCCCGGAGCTCATGCAGGAGGACGTCCAGATCGTTCTTTTGGTA
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TAATATAATACACTACAAGACACACTTGCACGATATGCCAAAAATTCAGAACAAATTCAG
TAATATAATACACTACAAGACACACTTGCACGATATGCCAAAAATTCAGAACAAATTCAG
TAATATAATACACTACAAGACACACTTGCACGATATGCCAAAAATTCAGAACAAATTCAG
TAATATAATACACTACAAGACACACTTGCACGATATGCCAAAAATTCAGAACAAATTCAG
TAATATAATACACTACAAGACACACTTGCACGATATGCCAAAAATTCAGAACAAATTCAG
TAATATAATACACTACAAGACACACTTGCACGATATGCCAAAAATTCAGAACAAATTCAG
TAATATAATACACTACAAGACACACTTGCACGATATGCCAAAAATTCAGAACAAATTCAG
TAATATAATACACTACAAGACACACTTGCACGATATGCCAAAAATTCAGAACAAATTCAG
TAATATAATACACTACAAGACACACTTGCACGATATGCCAAAAATTCAGAACAAATTCAG

TGGCAAAAAAAAAACTCGAATATTAGGGAAGGACCTAATAATATCAAATAATTAGAAGGG
TGGCAAAAAAAAAACTCGAATATTAGGGAAGGACCTAATAATATCAAATAATTAGAAGGG
TGGCAAAAAAAAAACTCGAATATTAGGGAAGGACCTAATAATATCAAATAATTAGAAGGG
TGGCAAAAAAAAAACTCGAATATTAGGGAAGGACCTAATAATATCAAATAATTAGAAGGG
TGGCAAAAAAAAAACTCGAATATTAGGGAAGGACCTAATAATATCAAATAATTAGAAGGG
TGGCAAAAAAAAAACTCGAATATTAGGGAAGGACCTAATAATATCAAATAATTAGAAGGG
TGGCAAAAAAAAAACTCGAATATTAGGGAAGGACCTAATAATATCAAATAATTAGAAGGG
TGGCAAAAAAAAAACTCGAATATTAGGGAAGGACCTAATAATATCAAATAATTAGAAGGG
TGGCAAAAAAAAAACTCGAATATTAGGGAAGGACCTAATAATATCAAATAATTAGAAGGG

GTGAGGCTTTGAACCCAGATCGTCTAGTCCACCACCTTGTGGAGTTAGCCGGAAGACCTC
GTGAGGCTTTGAACCCAGATCGTCTAGTCCACCACCTTGTGGAGTTAGCCGGAAGACCTC
GTGAGGCTTTGAACCCAGATCGTCTAGTCCACCACCTTGTGGAGTTAGCCGGAAGACCTC
GTGAGGCTTTGAACCCAGATCGTCTAGTCCACCACCTTGTGGAGTTAGCCGGAAGACCTC
GTGAGGCTTTGAACCCAGATCGTCTAGTCCACCACCTTGTGGAGTTAGCCGGAAGACCTC
GTGAGGCTTTGAACCCAGATCGTCTAGTCCACCACCTTGTGGAGTTAGCCGGAAGACCTC
GTGAGGCTTTGAACCCAGATCGTCTAGTCCACCACCTTGTGGAGTTAGCCGGAAGACCTC
GTGAGGCTTTGAACCCAGATCGTCTAGTCCACCACCTTGTGGAGTTAGCCGGAAGACCTC
GTGAGGCTTTGAACCCAGATCGTCTAGTCCACCACCTTGTGGAGTTAGCCGGAAGACCTC

7. Singeumo; 8. Dobong. Marked parts are located in intron 5 of Waxy gene.
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Fig. 3-4. Comparison of SNP (single nucleotide polymorphism) and InDel (Insertion-deletion length
polymorphism) sites of Sbel in 4 high- and 4 low-quality rice varieties. 1-25 means 25 SNP and
InDel sites; 0=A; 5=T; 10=C; 15=G; 20= -

(4) Sbel, Sbe3 2 Waxy A+ SNP2} InDel
Genomic PCROIA FFF DNAE @7IANES AAste nFA W AFA HolA
Sbel, Sbe3 % Waxy ALY A7IMEol EASH= SNPS InDel®] +XE& XA 23
Table 3-1, 3-2, 3-3¢] H.¢l u}¢} Zo] w9 Zrz g AFS A}
Sbel FdA= 1FZA HA= SNP9 InDele] #
SNP¢} InDelo] #E3to] 2to]S W ATE Sbel FAAFo| thale] £
1

©] 30,903,151 ~30,898,881 bp F-#lollA A7IXEY ®WolE &A% <1¢] SNP<t
InDel2> 12 W oAM= linkage - AAAGGGTTG- ¢ €S Holx ledH, ZFH=

WA d71e] A7 G=, AdH= 1, 3, 4, 5WA d717F -AAGOIA TGGAR, A5eH = 1, 2
4,5, 8, 10, 1195 9717} -AAGTG- 914 TGGACATZ, =5 H <= 6, 7, 9UA 47|17t GGTol
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- AAAGGGTTG- 7} A#Fd ¥ Ed M= TGGGAAAC-ATZ FEZFHoz niyo] uEZH He}
AEA FSE ol A7 F2 (palatability quality) zFo]<} w9 LA F>bo] Y& 3
= sk

Sbe3 F A= 1EA BEAME 2, 4, 6, 9HA 7|59 linkage G- HEHS BHoL}
AFE HEJd A= linkage G- 7} ATTTEZ F#Z o2 ul¥# Aok
Waxy 2= FEACR 474 AR 2 Ao w=2d 152 B EdAM= 4, 5
79 @714 linkage AGARAS Y, AFE W FolA =8HE AGA7F CGAER, 2dH=
AAGE v Qe ZEH et AF oo AE SNP9 InDelo] WA &ttt

~

Table 3-1. Discrimination of 4 high- and 4 low- quality rice varieties by SNP and InDel sites in
Shel LOC_0Os06g51084 (Reverse strand on chromosome 6).

30898880

Rice variety 30,903,151 30,903,128 30,903,103 30,902,896 30,902,876 30,902,68330,902,665 30,900,838 30900798 30893918 30898881

Gopum —%
Ilpum -
Samgwang -
Koshihikari -
Palgong -
Samnam T
Singeumo T
Dobong -
Exon 2
Intron 2 2

* AGTC : DNA base pairs, " - " : InDel.
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Table 3-2. Discrimination of 4 high- and 4 low- quality rice varieties by SNP and InDel sites in
She3 LOC_0s02g32660 (Reverse strand on chromosome 6).

Rif:e 19,352,539 19,352,646 19,353,183 19,353,571 19,354,868 19,355,306 19,356,138 19,356,275 19,356,281 19,357,899 19,357,949

variety
Gopum - G A - A - T T - G T
[Ipum G G A - G - T T - A T
Samgwang - G A - A - c _ -
Koshihikari G C - - A - T T - A A
Palgong G G A T A - T T - G T
Samnam G G A T A - T T T
Singeumo - G A - A T T T - A T
Dobong - A A - A - T T - A T
Exon 14
Intron 6 6 8 9 11 11 14 14 15 15
* AGTC : DNA base pairs, " - " : InDel.
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Table 3-3. Discrimination of 4 high- and 4 low- quality rice varieties by SNP and InDel sites in
Waxy LOC_0Os06g04200 (Forward strand on chromosome 6).

Rice variety 1,764,704 1,764,705 1,764,796 1,767,597 1,767,620 1,767,621 1,767,622 1,768,059

Gopum T C - A G G A T
[Ipum T C C A G A A C
Samgwang T C - A G G A G
Koshihikari - - - A G G A C
Palgong T C - A G G A C
Samnam T C - A A G G T
Singeumo T C - A G G A C
Dobong - - - C G G A T
Exon 1 1 9 9 9 9 10
Intron 1

* AGTC : DNA base pairs, " - " : InDel.

(5) Semi-quantitative RT-PCR®]] ¢]gF RNA L& E A

H ol S5l 2o R oA AR =53ty 54 2AHEY 2T 4TS
8}= Sbel, Sbe3, SSS1, GBSS1 B SSS2A 71452 RNA ¥#-3 semi-quantitative RT-PCR®]
ofste] HESL7] 98t NE7IRE 59 AR st £ 25U7HA] aFA W ok AFE WY
n%FAE A} F 3 semi-quantitative RT-PCREZ #43F A3} Figure 3-59] 2<1 npo}
ot

==

H FFE9 v|EHFANA semi-quantitative RT-PCRe] 2]dld E413F RNAS] #d2 73
3 10~20¥0 714 Be 2dS B, Sbel, Sbe3, SSS1 2 SSS2A Ak w73}
F 10~20¢¥0] nEH HEo] AEFR HE vlsty wEFo] =tk AFA HELS YAz
Hlw A 78 27191 5~159¢] Hdo] w31 1FHE HEL N8t § 10~20¥9 7P e &
HS Ho] RNA & ulZ oloja wrEoXe= HAhE9 #go] Ao FAT F5A]7]0
Azgozn nFAn 9 JAd agH0z A&se A= AT ofdZ 29 FA
TE 9L st= GBSS1I F ALY Agolle HEAA 77 vl A F3710 /st & 10~209
714 gL dds By 1FE BB OE FXAE gt wdFFe] duygoz A
stEllem HFA HQl sdHdA o2 FFE Bk RNA 2dF] S7HES 5 § ddx
GBSS1 7} wt&o] Sbel, Sbe3, SSS1 2 SSS2A FA#te] wd Ho 372 ¢ Wol
dAsle A4S YeERATE RNA @8 22494 semi-quantitative RT-PCRe] 2]3F #2]&

real-time PCR9l| B]S}o] AT T7} Holxlm 2 the o)A real-time PCRo| ¢]s}e] RNAL] 2

4 BAe AAS9L,
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Fig 3-5. Expression profiles of Sbel, She3, SSS1, GBSS1, and SSS2A during rice seed
development. Rice panicles were harvested at 0, 5, 10, 15, 20, and 25 days after flowering. 100 ng of

first strand cDNA was used as template.

M
1%

(6) Real-time RT-PCR®] ¢ SBE, GBSS1, SSS, ISA, PUL 77}¢] 1t

Semi-quantitative RT-PCRol|l €% RNA &3 4 A3}E & ¢ WL3] HESZ] A8
of 748719 H 5 tAC g ISt & 25U7MA AFEA Beh AFA B vsIAS A FH s
real-time PCRo| 2]dto] RNAS] & A4S AAsta oy dAA cDNA FHA7HA xI Y3t
Aejel A olx] B Axts Az E3du 2P A A2 B 13E Ohdan et al. (2005)<]
A= 53} Figure 3-63 o] ARt}
Ohdan et al. (2005) Semi-quantitative RT-PCRe] ¢]ste] B F4ojA] RNA T3 45 9
sted WE7IHE 1, 2, 3, 5, 7, 10, 15, 20 Lol W2 u|sEAE 2 #H3}e] real-time PCROl
3lel RNA9l @8 #48 2t 2 Ay SBE1, SBE3(BEIb), GBSS1, ISA1, PUL 59
FAAANA TE isoforms E T RNAS Wdo] ki dF {FHAES 557 Tol @<
peak®] WdES H I SBE3, GBSS1, SSS1, SSS2A(SSITA)e} 22 FHAELS F 719 peakE
BRI A& AT A A SBE1, GBSS1, SBE3, SSS2A, SSS1, SSS3A, ISA1, and PUL 59

s 1 wel e BAES Rz G¥g st Aoz AZHY
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Fig. 3-6. Expression profiles of the 3 gene classes coding for starch-metabolizing enzymes during
development of rice seeds. Rice spikelets were harvested at 1, 2, 3, 5, 7, 10, 15, and 20 d after
flowering. An aliquot of the first strand cDNA mixture corresponding to 5 ng of total RNA was
used as template for quantitative real-time RT-PCR. (Ohdan et al. 2005).

2. AR7MASES FHAH(OsSbel)d] F2AF TR o3 24w ¥ AF A
H

v F2Le] HEFAE A mhA R B REoA] HETFASLE A (starch synthase 1, Sbel)
Aol wHFS s ofdEHY AFAFS TUA7] Hste] 355 ZERE ] Sbel 3
s A28 Axd FAAE Figure3d o] ARSI AE FHA FHAI
sty A EA 9 AS 9319 hygromycin phosphotransferase (HPT
£ 7HA3 =d, O B2 A= 35S T2 EE AAE multiple cloning site(MCS)©ll Sbel
FRAAE APt AxF FHAAE AFSIAT. $4 Sbel (GenBank  Accession  No.
AK068920) x7te] ORFE €71 $lsted #dx Ho]Ad Zgto]w <l Sbel-Fw(Xbal)
5-TCTAGAATGGTGACTGTTGTGGAGGAG-3 9} Sbel-Rv(Xbal), 5-TCTAGATCATTTGCAG
TCTTCGTCAGA-3' & AZ}stA il o] & ©]&3t Nipponbare (Oryza sativa L. ssp. janopica)
#: ] cDNA9A RT-PCR SFo 2|3} Sbel %A ORFE & 533}t RT-PCRE 3%
Sbel ORF+= 355 Z2ZREE AZ%E multiple cloning siteMCS) Xbal siteol] 4+<3te
p355:0sSbel A= &-FAAE A2
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FEAE 2 AW 54

A2+ p35S:0sSbelE  MicroPulser electroporation system (Bio-Rad Laboratories,
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Hercules, CA)S AF&3}o]  Agrobacterium tumefaciens strain LBA4404¢] %=
Agrobacterium-mediated #AAE WHE o] &st] tFFH o] FHAAE FHEHE sATh
H A5 o]&3ted AEZF-FHA p35S:0sSbel S & A SHet= WS Melgar et al. (2009)°
71& 850l Toki et al. (2006)9] WS FAs e A A2 AL AL
&3t wjx]e] 242 Table 34%} 2t

4 p35S:0sSbelE  7FXl  Agrobacterium tumefaciens strain LBA44045 50 mg/L
kanamycin sulfate?} 100 mg/L streptomycinZ} 2% 531 1.5% agarg &3 AB LA H) Z] ol A
3d &< 30T o =70l vttt B TxkY vk 2 nFAHA nFH S A
gk FARES Adste] FHE A AT o 70% A eSS =2 28 et HEd F SHTE 13 A
HatAt. I Y 5% sodium hypochlorite &<l A 15 & &<t 23] &A%% & SHTE 103
old AHAT &5g FA= 1A1ZE Bt FadElolA i3] A= F 25 mg/L 24-D$}
04% gelrite7} 238 N6D v Aol X]¢3te] 32T A 5Y &<t vl &3kt A AB uj Aol uj
%3t p35S:0sSbelE A LBA4404E 30 mg/L acetosyringone© ml AAM 4 A ujj =]
| AEste] OD650 #tel 0.27F =S s=& A A F ozte] A 2rt #7149 4
S LBA4404 @Y 30 mlel Wil 27°CellA 302 S 7HEA AFE EE5°] & F LBA404 &
Hg AASE DiE EFHOIH(FA 9em) HlA AR dgH S AAFAY dS HEST
Z2A5S 04% gelriteS 43 12N6-AS A=A 9o PF® JE o]
AAM-AS FA A Z A o3 1 9o A 285TolA 1Y, 23.5TCAA 459 &< &F =79
A FE et 3% wlgd & FAE 500 mg/L carbenicilline] E£3H SHFolA 108,
2% plant preservative mixture(PPM, Plant Cell Technology, USA)7} Z3H S/HGZ 535 Al
#slo] ko] Agrobacteriums A A AT Al F o] 2 FAE A149] =
2 E7]1E 7PHA AASHAL 50 mg/L hygromycinZ} 400 mg/L carbenicillin®] 3Z%¥ N6D
Hj zJol] x]7dsted 32T A 25 &<F AH 29 #7719k FAol hygromycinol] ©|§ J&AHg A
2o AR FISAT. T F #7118 BHEE 2ALHA SAZFEH £88] 200 mg/L
carbenicillin®] £33 SF MiAZ2 &7 A=A AEstE FE3AL BH2ZEHE £3l5o] 4
43 AEAZ 50 mg/L hygromycin®] £33 RF s x|ol] &7 BIZ F=3tdch AL3 wj A
oANM 7]t Bert BAHe R 33 fATe Adste, 25 Tt vk =3 AIX - A
AMRE FEO o2t AFH/HAZE 2HNA Al H TAE FEATh

Sbel B ¥ A5 A= ¥ FEE 44 S48kl 2008'd, 20093 64 1] 4

s B Aexg Ao ojdste] Auistar = #dejet vRY AlE R H, T WA
H
H

N

2
]
u
rit
S

()
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Table 3-4. All the culture media used in this experiment.

Composition N6D(mg/l) 2N6-AS(mg/l) AAM(mg/l) SF(mg/1) RF(mg/l)  AB(mg/l)

Macronutrient components

KNO; 2.809 2.803 1.900 1.900
NH4C1 1.000
NH4NO3 1.650 1.650
(NH4)2SO4 463 463
MgSO47H,0 185 185 250 370 370 296
CaCl,2H,0 166 166 150 440 440 10
NaH,PO42H,0 150 1,300
K>HPO,4 3,000
KH,PO4 400 400 170 170
KCl 3,000 150
Micronutrient components
Na;EDTA 373 37.3 373 373
FeSO47H,O 27.8 27.8 27.8 27.8 25
Fe-EDTA 40
MnSO44H,0 44 4.4 10" 22.3 223
ZnSO47H,0 1.5 1.5 2.0 8.6 8.6
CuSO45H,0 0.025 0.025 0.025
CoCl,'6H,0 0.025 0.025 0.025
KI 0.8 0.8 0.75 0.83 0.83
H3;BOs 1.6 1.6 3.0 6.2 6.2
Na,MoO42H,0 0.25 0.25 0.25
Organic components
Casamino acid 300 300 500 2,000
Glycine 2.0 2.0 7.5 2.0 2.0
L-Arginine 176.7
L-Proline 2,878
L-Glutamine 900
L-Aspartic acid 300
myo-Inositol 100 100 100 100 100
Nicotinic acid 0.5 0.5 0.1 0.5 0.5
Pyridoxine HCI 0.5 0.5 0.1 0.5 0.5
Thiamine HCl 0.1 0.1 10 0.1 0.1
Phytohormones
2,4-D° 2.5 2.5
NAA® 1.0
Kinetin’ 5.0
Acetosyringone® 10~20 10~20
Carbon source
Sucrose 30,000 30,000 68,500 30,000 30,000
Sorbitol 30,000
Glucose 10,000 36,000 5,000
pH 5.8 52 5.2 5.8 5.8 7.2

aMnSO4-4-6H20
b2.4-Dicholrophenoxyacetic acid
cl-Naphthylacetic acid
d6-Furfurylaminopurine

e3’ 5’ -Dimethoxy—-4'-hydroxyacetophenone
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DNA #& 3 =9 #34 &

WA 24 Al SR W AEAZRTE EL7] 2% 45 AFHsI] DNAS F=
39 tHCho et al. 2009). ¥ < 1g2 14 ml tubeoﬂ Uy A3 ALE o83ty FA ulye &
DNA % &9 (200 mM Tris-HCl pH 8.0, 500 mM NaCl, 25 mM EDTA, Sodium bisulfate
0.38g/100 ml) 1 mlE H7lst F&o= & g %, chloroform: isoamyl alcohol (24:1) 1
mlE H7Fste] 1083F £50] & TS s 3,500 rpm o= 10%3F A4 EE] 3HATh 459
S 2 & Y 4 phenol: chloroform: isoamyl alcohol (25:24:1) F7}ste] 103 J%=
TE° & %, 12,000 rpmo 2 537 AAEY SHAT AeAE AIZE 1.5 ml tubed] &3
o5 2 w9 RNase(l0mg/1)E % 37ColA 30%3r ®REFAIATE 2/3~1 volumed]
isopropanol< #7}ste] DNAE §FA171 ths 12,000 rpm = 104&7F A4l 25t DNAES

i

HAAZD F, 70% A= AlF3sta, 12,000 rpm 2 5837F ThA] GAEE 9t 45 a9
HE 1 DNAS Z747] & 70 w9 TEY] DNAE 3ol PCR E4o) Al&3stgch &3

DNAE 10~508] 2 3]A3g o3 A|8% 20 ngS F3te] PCR 410 o] &3

PCRol| A}&-3} primere Sbel ol 9|3} 358 T2 T E o Eo]2<l DNA FZ%S 9
3ol forward  primer  (5-TTCAACAAAGGGTAATATCCGG-3)9}  reverse  primer
(5-CGAAGGATAGTGGGATTGTGC-3)E  #Adste  AMg3tdt.  HPT % AH(GenBank
Accession No. V01499.1)= HPT forward (5-GGATTTCGGCTCCAACAATGTCCTGA -3')<}
HPT reverse (5-CTTCTACACAGCCATCGGTCCAGA-3) Zgto|HE AMEste A9 =9

B BAIAL Sbel  fFHAAE 35S ZEREHFE Sbel FHA  FHE
355-Fw:CGCACAATCCCACTATCCTTS} Glb-Rv.Sbel:GAAATTGGTCTTGACCTTTC CA 27§ ¢]
primers AME-3le] FE3TE PCR WHeZ71& 94TColA 5#3F hot step, 94TollA 13#3F
denaturation, 60CollA 4037} annealing, 72Co|A 1&%} extension #}A S 35 cycle ¥H-&A1%1
%, 72ColA 5%%F wpA 2} extension®] X Z 13 S 2 PTC-100 Thermal Cycler (MJ Research
Inc., CA, USA)E AM&3te] S o™ 1% agarose gel oA A E=UARE &R13
At

o|N

ofdZ X FF ZAL

Hulo| A oldZ A Fake] BAL Juliano (1971)2] WS oFzF WA WS AL&-3)o]
ZAFeFAT 10 mge] wAlSHA EHF #R7HFE 20 ml FEO| ¥al 100 ul 2] 100% &
S FH7bstar F EF3 o 900 ple) IN NaOHE #H7bstar & &3t dwrtsrt & £of
Av 4olA AT I thEoll 100T 9] x4 308 T 7HeS st AdEe] 48] w3}
HEE 393 FHE 23]al vortex mixerZ2 E§3te] 10 mlﬁ}/‘q SHITE AR 500 uld
samples H3td 5 mlY FHFTE B2 AMEZF 20 ml FE Y31 100 ul¥ 1IN acetic acid=
ZF3st ot o 7]e] 200 pl®] MFA Y= iodine-potassium iodide solution (2g KI+100 ml
distilled water + 0.2g 12)%} 42 ml®] T/FFE F7F8kaL vortex mixer2 Z &¢ato] 30T
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A 30 E%F & 2AANA WS A & F3FBF=A(HP 845x UV-visible system)®] 620

Uz 2x e FFEH4L A FHY 1 mg/ml EFE ofEE2A §(Cat. No:
A0512-5G, Sigma-Aldrich)# 1 mg/ml (5% oY =2ZH & & (Cat.No: 10118, Sigma-Aldrich)<
AbEste] AAFIATE ol A FHEF A ZE (0%) 18 ml = ofd=ZHE &4 + 2 ml 0.09

mol/L NaOH, (5%) Iml %% ofdEZ2~ &4 + 17 ml EF olZEZHE &9 + 2 ml 0.09

i
o

)

N

mol/L NaOH, (10%) 2ml %F o}~ &9 + 16 ml EF oFE=ZHE &4 + 2 ml 0.09
mol/L NaOH, (15%) 3ml ¥%F o}dZx &9 + 15 ml ¥F ofgdZHe & + 2 ml 0.09
mol/L NaOH, (20%) 4ml 3% ofgE2 &9 + 14 ml XF ofE=Z9" &9 + 2 ml 0.09
mol/L NaOH, (25%) 5ml %% o}Z&x 89 + 13 ml ¥F ofREHE &4 + 2 ml 0.09

o
Ao 500 plo TtdE HEAIFE thile] 500 ul 0.09

HE &
2 A% g3 o) ojuzs FF Mgz AREELYL
=

mol/L NaOH = A|Z33}t}. F
mol/L NaOHv¥Io. 2 wHE¢lar o]
O 24 i AR TdstAl 2A4F8E sttt ofd R e dx FEoEANE
obdE A FaF 18% Y LEFH(FEAY REF)E AHESIAL 4 Alge 3WHE S FHdted 4

2 SRS

Semi-quantitative RT-PCR ¥ quantitative real-time RT-PCR &4
AHsE] W 2 Al FA T2 FEAS WY T57]0] RT-PCR 4S5 93 H vl
AL A RE ¥l st FHEAS W A FoAAM AFIAT U T1 TA9] ol =
2 ggoll mEl A old2 A% AlF(10-14%), T oFLEATEH AT (18-19%), 1 otUE A%
F AT(>25%C 2 v xFo| 5% ATE FTolA sampling & A AlFS AAsEL T2
FEAY W SF7]d 4 AT 5Le Aot SFLERE 44 1023 15¢ 8 o4t
0

AHste] S AArz FEste] 80T AHE A7HA] Edsiain

W v&EA2RE F RNAY #2]& RNeasy mini kit(Qiagen)2] 3JALolA AlFstes A
WS oFt 5t 38T 90 mgd FA M FEEEES 15 ml FHO ¥ 600
ul RLC buffergE 7}8te] FA] vortexZ Z3tA 410l o AA §lo] 13,000 rpmol A 2 &

L dAEYSAT. A5 AS lilac spin columnlZ §Ho] X UEE AEH3] &I
12,000 rpmoll A 23 &<t oA A E ATk A4 E o columns st #Eg =
S AAE7 A8t 100% ol€rg 280 ul & 7Feta 453 Foz T3 ThE pink
RNeasy spin column®= &7 10,000 rpmolA] 1 & &<t d4FEstA ot BHA] pink RNeasy
spin column®] 700 pl®] RW1 bufferE 7}skal 10,000 rpmol A 1 & F<F AL sATH 1
2 RNAY A& 943te] 500 ple] RPE bufferS 7133 10,000 rpmollA 1 & F¢F A&
g3t AL 23] wE3ta ofF o] RPE buffers 33 AA37] 18+ 10,000 rpmoil A 2
T e dAEHYsA T RNAY 345 #15t 50 ul ¢ RNase-free waterS pink spin
column®] 7}gt o5 10,000 rpmoA 1 & &< AAEZsIA T RNAS F=+ Nanodrop
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-‘3‘;‘

i

ND-1000 spectrophotometer (NanoDrop Technologies, Inc. USA)E AF&3te] H&3st v=
Zstlon, 54 80T EastAt

RT-PCR= F35t7] #18te] cDNAS] @4dL th= #Zo] 5353tk T RNA= DNase 1
kit (Cat. No: 18068-015, invitrogen)E AF&3te] HAE St aL, first-strand cDNAY FAd-2
Oligo(dT)20  primer®} SuperScriptTM I  Reverse Transcriptase (Cat. No:18080-051,
Invitrogen)E AH8-3ld mRNAE cDNAZ A3+t

RT-PCROl AF8-8F primerE conserve regionSZFE A Zsl7] 95t Sbel FHAH<]
protein sequence% NCBI/BIAST website?ll 4] blast #4-& F3J35ld 14 species®] protein
sequences I53tHAI ©]5S 7FAAL clustalw(DDBJ/CLUSTALW website) &4 33}
Sbel A conserved domaing 25 4 U3 TZEHEH RT-PCRS #3 primers<=
!
of a1ekstlar Oligo 6 softwareol X HAESIAH. A|ZgE RT-PCR primer= W3 20|
Sbel-Fw (5-CTACCATCAACCGTGGCATT-3")9} Sbel-Rv(5'-GTCGACAAGGCTCCACTGAC-3)
o] AFE3 DNAY ¥ dFS A=sr] A3 WE vAEAM Actin-l 2 A (GenBank
Accession No. AK071586.1) AHg-3EA =, a primers-2 ACT1-Fw
(5-ATCCTTGTATGCTAGCGGTCGA-3)2} ACT1-Rv (5-ATCCAACCGGAGGATAGCA TG-3')
At

Semi-quantitative RT-PCR first-strand ¢cDNA 50ng, 5 pmol Sbel-Fw/Rv primers®} 0.5
unit Takara Ex-Taq(Takara Bio Inc.)& 20 pl PCR ¥F-&-Ho] 313} 94ColA] 4 & F<t Wt
& ol 94TolA 30 &, 55ClA 30 %, 72CAlA] 30 29 HA-& 283 HbE3stal wpx|= 7
2Tl A 5% F<t PCRE AT $FH PCR A& 1.5% o222 A &este] &4
A

Ol-

Primer3 online software(http:/ /biotools.umassmed.edu/bioapps/primer3_www.cgi)E ©]-&

Sbel &4 4 £4

vl Fx}ol A Sbel, Sbe3 ¥ Sbed FHEATS TA4EA A2 oy Hioi A& #
%(Nakamura et al. 1989; Yamanouchi and Nakamura 1992; Li et al. 1997, Zhao et al. 2005;
Zhao et al. 2007)2 F&3tal WP st F3hskAt.

4 HEH A" W FA 1ge Fste Ty wWiE AAsa wifts 2kl v
AGA g e Wi 4 mle] AU FF buffer (50mM HEPES-NaOH pH 7.4, 4mM
MgCl2, 50mM 2-mercaptoethanol, 12.5%(v/v) glycerol)& 7}3te] 8= AF&sted €& el
A A ek vHAR M E vlE] AEA ?F 40 ml FHEO| ¥Wil 6 mle] FE buffers
AREsEe] 23] F-S AlFSEe] 40 ml FHol ¥ 15000 rpm, 2TolA 20 £ FoF AR
st 4SS Whatman filter(0.45um, Whatman, LTD)E &3l 33 o5 1 &94&
Fae) 246 ALt

l
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Sbe &40 A& E7] <5 phosphorylasedl &3t glucose-1-PE a-glucan §/dS =i
sl WS B4 54389 Y (Hawker et al. 1974; Nakamura et al. 1989). oAl FH]| gk

400 plo &4 FE9ES 400 ple 27k WHE buffer (50 mM HEPES-NaOH  pH7.0, 50
mMglucose-1-P, 2.5 mM AMP, 4.8 units phosphorylase)oll 23 &3t th5 30TolA 30 &
e REEAIFH Y. &4 ¥hE2 50 pl 1M HCI# 1 ml dimethylsulfoxide, 1.5 ml fresh
iodine-potassium iodide &% (2g KI+ 200 ml distilled water + 0.2g 12)& ¥ i1 &33te] 30T
oM 60 & &t & A WEAIA REES FASATE Sbe A4 B EXFHEEA
(HP 845x UV-visible system)<] 540 nm] % EABIAT A AREE &
&N TFF o] FHSTE 400 pld -5 50 ul IM HCI# 2 &9skal 400
ule}l 27k W3 buffers 71stel EFsIRom g2 FAHL 4o A5 T A
aL, FAE 892 400 plo] B FE thAlel 400 ple] Arbe v whe HUbeklar o
= o8] A b3 2ol st Sbel
H2BA(%)=(N B OD540— E = OD540)/E%——‘.‘ OD540)x1002 3te] 7 2batdet], OD540
NA FFE 1% FToAAe F7FE Sbel AT (Units/g/min)e] 1 uniteZ FoJ3tth =
TE 3R o= sto B4 3T

THEAY ¥ R FEFTELE

X OI
Eloll
ol
ki
i
BN
_,>;
ol
&

Sbel FZAMZ W 513 7] T2 AES &4 A %E%M 20090 6Y 1¥9] A¥FF W ¥
Fol olgste] AuistA & At vz A& 2 W, 5 WA= HEFAHA F3}
o F3ATh
3

Z3tn A3 193 7| AE] sty =47,
TS 8YRE 10¥€9 AA ARSI Z2APY

H TS 91% v =485 st Aux 2 #d FJF] 40 o] 83 ATH (Peng et al.
2006; Lestari et al. 2009). 27| X9 742 TOYO 2W|A (Toyo taste meter, model MA-90)&
ARgste] A3 EA4 W (Toyo Rice Polishing Machine Factory, Japan)oll el #2131

S} micro-Kjeldahl ®H(AOAC 1995)& AH&3tlal S4E S HAA S 595
S Fote] et wime] ofd=E A ek 100-mesh 27FF $31-8-W 9] starch-idodine

5 =43t F5ATt (Perez and Juliano, 1978). &Z-E]5-3 % (ADV)=
Little et al. (1958)¢] ¢Z 5= HHAHI spreading score™Heol| wet F33tHTh RVA
pasting properties< Rapid Visco Analyzer(RVA)E A}&3to] AxFAFe] FA41%H ( NewPort
Sci. Co., Australia)oll we} #4133 th B9 A& paste profile> T3 22 6712 8450
tiste] ARSI Peak viscosity (PV), hot paste viscosity (HPV), cool paste viscosity
(CPV), breakdown viscosity (BDV=PV-HPV), setback viscosity (SBV= CPV-PV), consistency
viscosity (CTV=CPV-HPV) (Bao and Xia, 1999; Shen et al., 2006) ¥ F3}2>%. EE viscosity
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parameters™ Rapid Visco Units(RVU)2.2 YERJ AT}

AH Y

AA Ao A2 ELS Microsoft Excel 20073 Statistix software version 8.05 €83}
o 243t F2 FHIASH Av=E 2 4v] #d 8450 W HE 2ExEo LS
Microsoft Excel 2007-& AF&3te] 83191, Av] #H QAE FAAA 42 Statistix
software version 8.0=2 A}-8-3le] =35}

A A 3473%01]/\1 Figure 3-7° UERd nvFe} Zo] amylose®} amylopectin /g0l ##

g 421 Sbel, SSS, GBSS, SUS, AGPase 5 FHAE F2Y3lo o5 F3HAE

A 2 RNAiI WS o] &3t FHxe dds ZAFOEN Thfgt ofd 229 ofd =AY

FFol BHHE W AlSS S5 o5 FoA WY EAS UYehle 1EFE0 AsS
s

3l sl Ao Aoz AL Za)stgo)

GyeeWird| . B

Fig. 3-7. Schematic process of starch metabolism that shows the active functional location of

enzymes in relation to the synthesis of amylose and amylopectin.

2

H 2] A& AR mpR e FBRol A HE7HA|St 8 4 (starch synthase 1, Sbel)
Azre] FEPs =2 ot 2Ad AJAFS SUATI7] S8k 355 ZE2EE O Sbel 3
AHE A2 Az FHAAE AAsA. A= FHA REAIQD pCAMBIAT300> # 27X gd
2EA 9] A& 93] hygromycin phosphotransferase (HPT)E 7FAal Ql+=d, 1 F9
A= 355 Z2HEHo| AZE multiple cloning siteMCS)oll Sbel XS AMYdstd A2F
HAAE A ZetATE 94 Sbel (GenBank Accession No. AK068920) f7#+e] ORFE 47| 9
3l FAA Eo]Fe Zlo]w <l Sbel-Fw (Xbal) 5-TCTAGAATGGTGACTGTTGTGGAGG
AG-3'¢} Sbel-Rv (Xbal), 5-TCTAGATCATTTGCAGTCTTCGTCAGA-3' & A& 35t al ol & o]
£-3}o] Nipponbare(Oryza sativa L. ssp. janopica) 212l ¢cDNAd|A] RT-PCR FFol| <f3s}<]
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Sbel fr#A ORFE g53t¥ <], ORF 971X E-2 2,268 bpol il ofv|=it A E-L 755 719
otr|:=qto g FA o] ISl th(Figure 3-8). RT-PCRE ZZ3H Sbel ORF&= 355 ZEZEE ]
Z ¥ multiple cloning site(MCS) Xbal ol 4F913le] p35S:0sSbel A Z&F A Al &3l th
(Figure 3-9).

< Sbel ORF sequence : 2,268 bp >

A

[k

atggtgactgttgtggaggaggtcgaccaccttcctatatatgatctggaccctaagttg
gaggaattcaaggatcacttcaactataggataaaaagatacctcgaccagaaatgcctg
attgaaaaacatgaggggggccttgaagaattttctaaaggctatttgaagtttgggatt
aatacagttgatggtgccacaatatatcgtgaatgggcgcctgctgcacaagaagcacag
ctcattggtgagttcaataactggaatggtgcaaaacacaagatggagaaggataaattt
ggcatttggtcaatcaagatttcacatgtcaatgggaagcctgccatccctcacaattcece
aaggttaaatttcgctttaggcatgggggtggagcatgggttgatcgtattccecgecatgg
attcgttatgcaacttttgatgcctctaaatttggagctccatatgatggtgtacactgg
gatcctccagcctgtgaaaggtacgtgtttaagcatcctcgacctccaaaacctgatget
ccacgcatctatgaggctcatgtggggatgagtggtgaagagccagaagtaagcacatac
agagaatttgcagacaatgtgttaccacgcatacgggcaaataactacaacacagttcag
ttaatggcaatcatggaacattcctactatgcttcttttgggtatcacgtgacaaatttt
ttcgcagtcagcagcagatcaggaacaccagaggatctgaaatatcttgttgacaaggca
catagtttaggattacgagttctgatggatgttgtccatagccatgcgagtaataatgtyg
accgatggtctaaatggctatgacgttggacaaaacactcatgagtcttattttcataca
ggagataggggctaccataaactctgggatagtcgtctgttcaactatgccaattgggag
gtcttaagatttcttctttctaatttgagatattggatggacgaattcatgtttgatggce
ttccgatttgatggggttacatcaatgctataccatcaccatggtatcaataagggattt
actggaaactacaaggagtatttcagtttggataccgatgtggatgcaattgtttacatg
atgctcgcaaaccatttaatgcataaactcttgccggaagcaactattgttgctgaagat
gtttcgggcatgccagtgctttgtcggccagttgatgaaggtggagtagggtttgactte
cgcctggcaatggccattcecctgatagatggattgactacctgaagaacaaagaggaccgce
aaatggtcaatgagtgaaatagtgcaaactttgactaacaggagatatacagaaaaatgc
attgcctatgccgagagccatggtcagtccattgttggtgacaagactatagcatttctce
ttgatggacaaggaaatgtacactggcatgtcagacttgcagcctgcttcacctaccatce
aaccgtggcattgcactccaaaagatgattcacttcattacgatggcccttggaggtgat
ggctacttaaattttatgggcaatgagtttggccatccagaatggattgactttccaaga
gaaggcaacaactggagctatgataaatgcagacgtcagtggagccttgtcgacactgat
caccttcgatacaagtatatgaatgcatttgatcaagcaatgaatgcactcgaggaggaa
ttttccttecctgtcatcatcaaagcagattgttagcgacatgaacgagaaagataaggtt
attgtctttgaacgtggagatttggtttttgttttcaattttcatcccaacaaaacttac
aagggttacaaagtcggatgtgacttgcccgggaagtacagagtagectctggactctgat
gctttggtctttggtggccatggaagagttggccatgatgtggatcacttcacgtctccece
gagggaatgccaggagtaccagaaacaaatttcaacaaccgccctaactcattcaaagtce
ctttccccecgcecceccecgtacctgtgtggcecttactatcgecgttgatgaagatcgtgaagagcete
aggaggggtggagcagttgcttctggaaagattgttacagagtatatcgatgttgaagceca
acaagtggggagactatctctggtggctggaagggctccgagaaggacgattgtggcaag
aaagggatgaagtttgtgtttcggtcttctgacgaagactgcaaatga

< Deduced amino acid sequence : 755 aa >

MVTVVEEVDHLPIYDLDPKLEEFKDHENYRIKRYLDOQKCLIEKHEGGLEEFSKGYLKFGI
NTVDGATIYREWAPAAQEAQLIGEFNNWNGAKHKMEKDKEFGIWSIKISHVNGKPAIPHNS
KVKFRFRHGGGAWVDRIPAWIRYATFDASKFGAPYDGVHWDPPACERYVFKHPRPPKPDA
PRIYEAHVGMSGEEPEVSTYREFADNVLPRIRANNYNTVQLMAIMEHSYYASEFGYHVTNE
FAVSSRSGTPEDLKYLVDKAHSLGLRVLMDVVHSHASNNVTDGLNGYDVGONTHESYFHT
GDRGYHKLWDSRLENYANWEVLREFLLSNLRYWMDEFMFDGFREDGVTSMLYHHHGINKGE
TGNYKEYFSLDTDVDAIVYMMLANHLMHKLLPEATIVAEDVSGMPVLCRPVDEGGVGEDF
RLAMATIPDRWIDYLKNKEDRKWSMSEIVQTLTNRRYTEKCIAYAESHGQSIVGDKTIAFL
LMDKEMYTGMSDLOPASPTINRGIALOQKMIHFITMALGGDGYLNEFMGNEFGHPEWIDEPR
EGNNWSYDKCRROWSLVDTDHLRYKYMNAFDQAMNALEEEFSFLSSSKQIVSDMNEKDKV
IVFERGDLVEVENFHPNKTYKGYKVGCDLPGKYRVALDSDALVEFGGHGRVGHDVDHETSP
EGMPGVPETNEFNNRPNSFKVLSPPRTCVAYYRVDEDREELRRGGAVASGKIVTEYIDVEA
TSGETISGGWKGSEKDDCGKKGMKEFVFRSSDEDCK™*

Fig. 3-8. Nucleotide sequences of rice starch branching enzymel gene obtained by RT-PCR and

their deduced amino acid sequence.
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358::Sbhe I vector

ori
RB LB

Fig. 3-9. Vector construction of p35S:0sSbel that would expect to increase the expression of starch
branching enzyme in starch metabolism of rice.

(2) Sbel =3 FAAe] FAAS v 24 B FhEA

H AE7IA 8L E A (Sbel)E 35S ZEZEE | Sbel FZAE AZsta AdvlAZ HPT
= °o]&3 ¥ FA
AW HS AHE-3te] Figure 3-109F #o] A sty A &A E3pufAA =)
ofd ¥e AW ILAN 2F F¢Y A S A vs 249 EE o] st
st FAE gt W AEAd #AA =YoF HIP #3A¢k 355 promoter
3-end} Sbel A+ 5-endoA] AZE primerE ©]&3td PCRE #4138 A3} Figure
3-119F 2o 1,06571 W A2t WA FelA 1,00570 7RA A Sbel 3] =Yool A=A
o} EE3H p355:0sSbel A=A o3 B FAAS AQEsHA Y] st HAE Adete] Sy
FAS st 835 FAE Figure 3-123% #©] hygromycin 50 mg/L7} FH7Fe v Ao A &

FAH L ol Wobd FAF LAUNN FE3te] T olYstel FUE FAHSHALL
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Callus induction in 2,4- Transgenic callus screening after Formation of green callus
D N6D medium Agrobacterium inoculation in SF medium

P
. ~ 2
: B
¥ -
Shoot regeneration from Root regeneration in RF Regenerated rice plantlet
green callus medium

Transplanted rice and their
growth in greenhouse

Fig. 3-10. Callus induction and regeneration of rice embryogenic calli after transformation of Sbel
gene.
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(A) HPT

380bp

M v w1 2 3 4 5 6 7 8 9 10 11 12 13 14

380bp

v w 15 16 17 18 19 20 21 22 23 24 25 26 27 28 M

(B) Sbel

377bp

M 1 2 3 45 67 8N 9 10 1112 13 14 1516 N 17 18 19 20 21 22 23 24 M

25 M 26 27 28 20 3031 32 N 33 34 353637 3830 40N 41 42 43 44 45 46 4748 M

Fig. 3-11. Analysis of hygromycin phosphotransferase(HPT) gene and starch branching enzyme

1(Sbel) gene in transgenic rice plants introduced with 35S::Sbel recombinant vector by

Agrobacterium-mediated method. 1,065 transgenic rice plants in T1 generation were analyzed
using HPT-Fw/HPT-Rv(A) and 35S-F1/Sbel-Rv1(B) primer pairs. 1,005 transgenic rice plants
from line 11903 to 12012 were shown (A) the introgression of HPT gene except two plants, 19
and 21, and (B) the introgression of Sbel ORF except two plants, 5 and 13.

M: 100 bp ladder DNA, V: positive control vector, W: wild type, N: negative control.
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358::She | WEITIHAN 4, FTHT ME N FHYE AL

Wild type seeds Transgenic seeds

xxl_*"

Hygromycin 50ppm BH XI 0l A
T1 EEEEAH O

e o <
TETH L sAEE TA

Fig. 3-12. Breeding of transgenic rice plants in greenhouse and screen of T1 seeds in the medium

with 50 ppm hygromycin to select homo plants among the transgenic rice plants transformed with

35S::Shel vector construct.

)\

Hm

(3) RT-PCRo]l 2]3+ Sbel #d#te] @&

AZF Sbel frAzte] FEAAES Tl Holl =UTE Sbel FAAS] THS RNA WA
dPFTANA HESH] 98l semi-quantitative RT-PCRE 413t A3} Figure 3-13°]

WA onkel o] wild typed]l ALFH = ofF gk THS HIH BIStY] Sbel FHAVF =H

EF 3EH Ho =& RNAS 2dS Bed Asdl e Zde] & 2ol v
. o]l W FAPS AFTS T oldst] AuisiAe W WelATES

igure 3-14°] UERd ulel o] A oA thggt Holo] wAYo R I ol

=8

=
=
A

)

=

o
E}
AE
Eh)
el
e}

;94 i _ﬂ, rlO

Sbel

M w1 2 3 4 5 6 7 8 9 10 11

Fig. 3-13. The semi—quantitative RT-PCR of Sbel gene for wild type and transgenic rice plants. 80
ng of synthesized cDNA and actin gene as the control were used for semi—quantitative RT-PCR.
W, wild type; 1-5, transgenic plants with favorable phenotypes, 6-11, transgenic plants with
abnormal phenotypes.
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Figure 3-14. The mutants of transgenic rice harboring Sbel ORF. 1, purple stem mutation; 2, long
awn spikelets; 3, erect panicle mutation; 4, dwarf and only few tillers mutation compare to wild
type Gopumbeyo.

(4) Sbel 32 = T2 At FAAEA ] amylose & &4

H 9] starch branching enzyme 1 &4 % A}E 355 promoters ©]-&3te] HAHAA §4
g H FdAAEA 90378 T2 AElAM S ofeEA FFHAACQS XA 2= Figure
3-159] yERd ulel 2Tk Sbel FAAVF EHE FAMAE W FA ofdE A FEFe ATt
Wols HAed 12~29% Mo thdet wolE vtk 53], 1] W SA4d6 AF
stelEl dAdsts 15~17% el 7 2o s Yelfo] o4ddld e oldz 2 e
HolA 8] §40] 7t & RAor AAEHAY. v, 22~25% MY m2otd R FgFE U
Bl AT SN = gene silencingo] dojd A= ofd2 A FEfo] o
Aoz BZhe Aot
Sbel F327F =49 90370 T2 FAAE v AT ofd=Ex Fhapd
3-5°] YEFH uie} o] 17~17.5% WHeloll 71 B2 907l A&l &3t
ol =z ghaF WLIQl 155~19.0% WHelol &3l AlFEo] 513 AlFo] = Sbel FHAe] =
Aol 9ste] MEVIA S Fae HHFo AR Fo ofdRro o] Faw oz A7
gk,

—.~
o)
o
N
ofr
oX
o
32
o
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Wild type

Gopumbeyo
100 4

No. of lines

[sn]

Apparent amylose content (%)

Fig. 3-15. Distribution of apparent amylose content (AAC) in brown rice for 903 T2 transgenic

lines.

Table 3-5. Apparent amylose content (AAC) variation in brown rice starch from 903 T2 transgenic

rice lines.
Amylose Typical line No. of lines Amylose Typical line No. of lines
content(%) content(%)
10.5-11 12006-15 1 18-18.5 11919-13 69
11.5-12 11962-13 1 18.5-19 11918-9 63
12-12.5 11954-8 2 19-19.5 11921-13 66
12.5-13 11905-12 3 19.5-20 11925-18 42
13-13.5 11916-14 6 20-20.5 11911-18 43
13.5-14 11916-1 9 20.5-21 11917-8 39
14-14.5 11915-17 17 21-21.5 11912-14 22
14.5-15 11905-3 33 21.5-22 11920-3 30
15-15.5 11905-15 35 22-22.5 11916-10 14
15.5-16 11917-2 55 22.5-23 11909-11 11
16-16.5 11925-13 60 23-23.5 11917-4 13
16.5-17 11919-12 74 23.5-24 11917-14 6
17-17.5 11921-4 90 24-24.5 11917-17 10
17.5-18 11912-12 67 24.5-25 11985-7 9
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(5) Sbel T2 FAHEA ] amylose o] AlthH o)

FEAAS WY T2 Aol A ol 22 s #43813S Wl Figure 3-15 3 Table 3-50 1}
Bl upel o] W FA o) obdE XA e FuEh WHolE Ko 12~25% o] thgd ol
S Ueididl=t, 1 AlSE FolA T2 AltidlA ofd= 2 ko] low(12%), medium (18%),
high(28%)& R AW ATES A3t T3 AtiolA RT-PCRel| <935t RNA &S 23
A3} Figure 3-167 o] wild type FH | HI3I] 67 AlFolA RNA o] =4 Ed
A 32 & F UM o5 ATl st T ofB2xA FFS E43 A Table
3-6° LtERH Hie} QO] 129 A= YA ATSS 15% =2 =obRla 28% A== =3
A ATSS 17% AEE Polx oy 18% AERY ATES A9 HI=g 5 FAstod 3
AR H o ﬂtﬂﬂ AAEHAA Holl =AH Sbel FAAY AZW HAste} HEo] AEL7H=
40 WEo] MAF & Al A £Ho] Hof ofd R ko] £H-o] o]Folxl Aoew A

rr

Sbel, 182bp

Actin, 118 bp

Fig. 3-16. The semi—quantitative RT-PCR analysis with immature seeds as sampled at 15 days
after flowering in T3 generation that showed different apparent amylose contents in T2 generation.
50 ng of the first strand cDNA was used as template, and the Sbel primers were designed from
the conserved domains of Sbel, and 28 cycles were adopted for Sbel and Actin. Code W, and 1-6

represent the lines in Table 4.

Table 3-6. Several T3 lines developed from different apparent amylose content T2 generation.

Lines Gopum 13017 13282 13218 13145 11985-11 12010-8

T3 18% 14.96% 15.76% 17.75% 16.16% 16.92% no data
T2 18% 12.57%  12.32% 18.35%  18.04% 28.48% 29.62%
Code” W 1 2 3 4 5 6

* Code in RT-PCR

(6) ¥ Al HWEVIAS 84 A

Holl A HE7EA8E G4 Sbeld Sbe3d] A4S AFAWET AFAH SN TALS
RNA FFol A 7H8t7]1 58 54 tACw st & 25U7A] mlFAE AFst E43
Figure 3-17°] A& ute} o] AE7EAISE T cal
ds Bed, 1FAMER AFAHE o THAZIE Aol o g uEETh Sbelt
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Sbe3 EFollA mEAWS nEH} YdEHE A3 T 10~20¥0] 7HF = 2SS BHPot
AFAeQ FFHdAe LFAH S Hste] HE7FASE Ghe] wo] AR wghal WEA
7% F717HA olojAe FFE BRI AEH oA BEFE 1FHEH Bl oy Hd
Al717F 59 A= wE N3t & 5~15% Atolo] @ IAS UEhdTh ol d4e L EH
9 ASole wifroll MEe] FHo] g AT M3t T 10~20¢ 7 =L dde] HF:
Hoam Hieo 7hAglol| Sbeld}t Sbed AAEC] B&EFH O R o]fH o] ofdEAY TS
S7MA171a ot 229 e ASAYE FHHE AEo] HHE uo EAS FHAA A

EE I7HA7IE AR FAHE
uebs, @R Wl Sbeldt Sbed WHo] 7HF E2 A7 M F 159 ml&5FA}
£ AFst] AE7HAS 5l A4S SASAT. FAAS WO T2 AlvjolA otz
S T4 EES W ofdE 2 o] low(12%), medium (18%), high(28%)E E AW AlTE
24z 2A1 84 et T3 AdiolA &4 §F 1596 vSETAE A3 38k wild type?]

W ol d ME7IA S gae 84S #4438 ZA= Figure 3-18 2 Table 3-70 el B}

>
il

al

4
A&7 A8t 549 &4 Ao Sbel, Sbe3 ! Sbed 3F ] HE7IA|St] FHAEH F49
SR =d, T2 Aol HEFeFo] Ee 1257% 99
< HE7HAE 40 BAHOE wild type =H Bt
56H19] o &4 AL BHYT I ThEoE 1232% AW 13282 AlEA Eol uEHW Hu)
1919 £=2 &4 A4S UediAa, nEHet fARS ofdEa RS

(18.35%) 3} 13145(18.04%)°I A= wild type$l EH S} FAE &4 T4
Adiell A ol @2 ghaFo] =kw 11985-11 (28.48%)3 12101-8 (29.62%
FEH BT 54 ZAo] 27 052819 03281 E F A S Skt Sbel

FoA o9} o] AE/IA S Gae] FAdo] AT FUAT AL =YH Sbel FHAS] LA

Z

oA RNA 7Hgdoll J3te] gene silencing®] dojd ASZHE 7]RIgh Aoz AZHE QT

o]

K
i

LI

N
A

o,

=
39
o

+

I\HJ

Gopum
Ilpum
Palgong
Samnam

Actin

5 10 185 20 25
She3

Fig. 3-17. Expression profiles of Sbel and Sbe3 during rice seed development. Rice panicles were
harvested at 0, 5, 10, 15, 20, and 25 days after flowering. 100 ng of first strand cDNA was used as

template.
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Fig. 3-18. Enzyme activities of rice starch branching enzymes including Sbhel, Sbe3, and She4 in
rice immature seeds from wild type Gopum and T3 lines with low, medium, and high apparent
amylose content in T2 lines as sampled at 15 days after flowering. Code W, and 1-6 represent the

lines in Table 6. The low She enzyme activity leads to high amylose content.

Table 3-7. Apparent amylose content, enzyme activities, and eating quality in six T3 transgenic

lines developed from T2 lines with low, medium and high amylose contents.

Lines Gopum 13017 13282 13218 13145 11985-11 12010-8
T3 apparent _
amylose. content 18% 14.96%  15.76% 17.75% 16.16%  16.92%
T2 apparent 18% 12.57% 12.32%  18.35% 18.04% 28.48% 29.62%

amylose content
Sbe enzyme

activity 12165 68453 23037 10591  135.76 6351 38.82
(Units g 'min™")
Toyo taste 70.4 65.9 71.2 65.3 69.5 - -

meter value

FAAG v T2 Aol opdRs FFs BAFYS W opdRa FaFol low(12%),
medium (18%), high(28%)E AW ABSS 242 2454 Auste] T
Qo) W&HEAE A wild typedl TEH 9} 3 ARNAD Fa
g A4S A oldE22 FEH Toyo APIAE 48] wug 4
J wje} 2.

T2 Algjell A o 22 3aFo] low(12%)9F medium (18%)°] AW Al FEoA = T3 Aol A
© T2 Auish AR olhE2 FFe) AL UrEM% 2101} high(28%)o1 ¥ AFESNME 2
3le A ATh ole 22 o] Low(12%)0l0WE AFEA oF 25% FE9] ofdg s g
o] Z7FHe H A3 medium (18%)°] A H ]%%01] M Wz AY e AAas Biled, d
AHo 2 AR7FASE 549 43 vluste] HES) B JE7IRA S a4 &4 =2 A

- 1156 -



TEOA oldEA Tl AstHe A¥S HA=H, T2 AltholA of2 22 FhaFo] o] w
o} RNA ZHgel 98k post-transcriptional gene silencing®] dol%S AR oA}FH=
11985-11(28.48%) 3 12101-8(29.62%) AT H&7HA8t &4 &Ao] AstHA=T = T3 Al
oAlA o Z A ko] 16.96% 9] W2 ¢S UEhlol F 1§ AAT HAEVF Bad Aew A7
HAth 3, 67 FEHS B AT A =S HESY] Aste] Toyo Taste Meters ©]-&
sto] SAZ AvAE vlus) BH JEZFAS 84 S0l LFEHW B 1987F w4l olE R

[>
s

FeFo] wre 13282 AES Au|X)7}F 71284 wild type LEHW ] 704 Bt} £ S Y
WRlom, medium?! 13145 AlEo] 69.524 mEH 9} FAMEF kS H o 130173 130218
< 247t 6513 65302 A FH Ho A Yk 53], AEVIAS a4 g4 7P =
A 13017 AlFo] A A7t e AT Hof AT HEV Hash Aoz Az

i

2]
A 19378 AlFol Wste] 2%, 18, 4, 57 5=

112.2 cmell Hlgte] 2 2 &5 Bk e FEAS 8 AlFE5L 565~813 cm®] £ X E
HYed nFEHe g7 22 71 cm & TAHOE AFEEE o|FUY. 3= A3
ATEL 18.6~266 cm® ¥XE HIcH 1FHY F4H} TE 2 cm & FAHOE ZFE
EE o|FAY F4E F2HS B ASEL 8~16 MY BEES HYEd uEH F5a
211 NE TACE AFEEE oFAh 52709 T3 AESWS AEsle] £33 Toyo Taste

Table 3-8. Agronomic traits and Toyo taste meter value of wild type and 193 T2 lines (Toyo taste
test is done for 52 T3 lines).

T2 lines
Traits Wild type
Mean  SD Range of  y()  Max/Min

variation
Plant height(cm) 112.2 100.1 4.15 83.7-113.5 4.15 1.36
Culm length(cm) 71.4 71.0 4.70 56.5-81.3 6.62 1.44
Panicle length(cm) 22.7 22.0 1.26 18.6-26.6 5.73 1.43
Panicles per plant 11 11 1.47 8-16 13.29 8
Toyo taste meter ;g 67.6 2.93 61.1-72.6 4.33 1.19

value
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Fig. 3-19. Distribution of plant height, culm length, panicle length, and panicles per plant in 193 T2

lines derived from Gopum transformed by Sbhel.

No. of lines

&1 Bz 55 &1 E5 58 57 B B 70 71 7z 73
Toyo taste meter value

Fig. 3-20. Distribution of Toyo taste meter value in rice grains of 52 T3 lines derived from Gopum

transformed by Sbel
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3 d
H ol Sbel FAAE =Ug FEAxE wo] T2 MhellA palatability?} #HE o2 7}
] A3} Table 3-97} Figure 3-21°14 ®Ql nje} o] Ao &

3 P Ao 2 Yetdt. 53] 3344 (peaking viscosity), | ¥k
A % (setback), 733 & (breakdown)¥ -2 3154 (pasting property)®] W3l7} Zlom, ofd
2 g @ gl E 2 aelE YEhRY Wuks Hrtske Vo2 ®el 1y
+ AP X (palatability)®] 73-?401],‘::_ B2 Wolg E+=d Toyo Taste meter 2P| X|= 13FH

7b 7049 & detider FEAEHANE 61.1~7269] @S B Hido] 676024 1

FH 2o Sgkoy 7049 51%319] Au A Hop w2 AlFol 87, Hlszg AlEe] 57 Al
AT

T

_4

ol
o

Table 3-9. Palatability quality parameters in polished rice of wild type and 52 T3 lines.

p ; Wild ¢ T3 lines
arameters ne type Mean SD Range CV(%) Skew  Kurtosis

Px 70.4 67.6 2.93 61.1-72.6 4.33 -0.17 -0.58
AAC(%) 18.00 18.21 0.69 16.87-19.81 3.77 0.09 -0.74
PC(%) 6.13 6.47 0.33 5.91-7.80 5.12 1.17 3.43
ADV 6.3 6.5 0.09 6.3-6.6 1.42 0.17 -0.81
PV(RVU) 276.07 251.66 42.90 142.01-325.37 17.05 -0.88 -0.17
HPV(RVU) 163.45 125.83 36.87 29.85-163.74 29.30 -1.26 -0.02
CPV(RVU) 269.90 234.90 40.28 124.43-281.80 17.15 -1.23 0.11
BDV(RVU) 112.62 125.84 15.64 94.24-170.35 12.43 0.34 0.02
SBV(RVU) -6.17 -16.76 15.12 -59.96- 22.46 90.21 -0.30 0.44
CTV(RVU) 106.44 109.08 8.36 94.58-127.09 7.67 0.53 -0.65
PT(C) 68.08 68.11 0.04 68.05-68.2 0.05 0.36 -0.57

* P(Toyo meter value), AAC(apparent amylose content), PC(protein content), ADV(alkali digestion
value), PV(peaking value), HPV(hot paste viscosity), CPV(cool paste viscosity), BDV (breakdown
value), SBV (setback viscosity), CTV (consistency viscosity), PT(pasting temperatue).

Auzel Bl e 84S JABAE A EY Table 3-107 Figure 3-21¢] e
upep o] Aete] ol g x ke Ao Hojsts Be 2453 AUAAES B &
HHAE(CTV, consistency viscosity), FHEHE(CPV, cool paste viscosity), HPV(hot paste
viscosity), SBV(setback viscosity) T+ F2 A9 4#E Ul ADV(alkali digestion
value), PV(peaking value)¢tx= Aol d#S Boy il dy= B A& Yehlido. 19
u, wiwoA 57 oo opd g a JheFolu Wi ghekd} A m| & (palatability) 7t g9

)\
.
Acz GEGA ofdzs gl wuld dure Ahs 2AL s A
H

=

gre] gl =4
Bolsts ofg b4 4B HHE 2T Feod @4 Bo AuEst S48 nFEe
ME ANE F Je Ao AT
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Table 3-10. Correlation coefficients among the palatability quality parameters in polished rice of 52
T3 lines.

Parameter AAC ADV BDV CPV CTV HPV P PC PT PV

ADV 0.29%

BDV -0.19 -0.15

CPV 0.49++  0.09 0.26

CTV 0.42#% 0.39%% 0.33% 0.49%x

HPV 044+« 0.01 0.21 0.98#%« 0.31%

p -0.10 0.13 -0.15 -0.25 0.19 -0.32+

PC -0.28« 0.07 -0.16 -0.18 0.05 -0.21 -0.19

PT 0.06 -0.02 0.12 0.17 -0.10 0.21 -0.13 -0.26

PV 0.31* -0.05 0.54#x 0.94#x 0.39** 0.93#*+ -0.33* -0.24 0.22

SBV 0.43#x 0.37++ -0.85%*+* 0.01 0.21 -0.04 0.26 0.20 -0.18 -0.34*

0
2050 Nild type 18% a0 Wild type 70.4
o 20,00 720
-.\CI‘ i)
e, 1830 = 70
o =
2800 = BBO
E  imsp =
o 2 es0
o 1800 5
= £ 840
= o1vsn I
2 wee 2 I
= 16.50 _E 0.0 "
B
L] 16.00 5 380 "
< 1550 -] "
e L LITLILARARIARLAAILEILIRIRRIRRERIRLARAR TAARLILIAS s AL AL LU QAT LR AL E L LR L,
1 4 7 101316 19 22 25 25 31 34 37 40 43 46 4952 1 4 7 1013 151522 25 28 31 34 37 40 43 4649 52
Line number Line number
s o0 Wild type 6.13% o7 Wild type 6.3
i &5
& T
55
= s
=
D 500 6.4
=
s 400 = &3
uEJ' 00 Q 52
-.51 .00
51
A Lo
oo ALELEMELMENALLE L LLEE LA LEELLEALELLLEALELY e
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Line number Line number
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Fig. 3-21. Distribution of AAC(apparent amylose content), P(Toyo meter value), protein content,
ADV (alkali digestion value), PV(peaking value), HPV (hot paste viscosity), CPV(cool paste viscosity),
BDV (breakdown value), SBV (setback viscosity), CTV (consistency viscosity), PT(pasting temperatue)
in polished rice of 52 T3 lines.

- 120 -



j&

9 ¢+ A ¥ AT AT B F8 54

d H
T2 Althe] FAAE BjE o] AuistAdS wol 2FH FFde] 73 $HF
o

4 EA4E
Ut = A%S Figure 3227 o] st a5 disted ZE FAS 2AG ZAds
Table 3-113} 2t}
Figure 3-220114 & & 315%o] Sbel #3d7te] M W AT TolX ZFEFA LFH}
wate] =¥, WEsld o 1WA, o2 54 T st A ASE Fo 4R
gt ¥4 A A%E HW Table 3-11¢] YERA uie} o] 24, M4, &4, +F, 55E,
AYS oA EFEZ WHolF Yo £ Az AESE 545 Yeylon, 53] 3
R F9E

Fig. 3-22. Selection of transgenic lines with favorable phenotype in T2 generation.

a: 13347 line; b: 13341-13352 lines, c¢: panicle comparison, the first three panicles are from

Gopum, and the other three panicles are from 13347 line.

Table 3-11. The yield components of wild type, Gopumbyeo and eight T2 lines with favorable

phenotype selected as elite lines.

Gopum  101.6 70.2 22.8 22684 11 119 91.8 22.11 602.7
13341 109.1 76.6 23.6 22684 12 128 92.8 22.35 722.7
13343 103.0 72.8 22.1 22684 12 127 94.5 21.80 712.2
13344 104.3 75.1 22.2 22684 12 136 88.6 21.45 703.6
13345 107.4 76.1 22.3 22684 12 121 93.1 22.69 695.8
13347 105.8 77.5 21.5 22684 11 124 91.3 21.52 607.9
13348 106.0 75.7 22.4 22684 11 141 87.6 22.92 706.4
13349 104.4 71.8 21.7 22684 11 146 92.2 20.85 700.3
13352 102.5 81.3 21.4 22684 12 134 92.9 21.09 714.7
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Table 3-12. Selection of nine elite transgenic lines developed with high palatability quality and
good phenotype.

- . Plant Culm Panicle - . Toyo taste
2009 AAC in T2 Phenotype Flowering . Panicles Yield/10a
T2 lines seed (%) evaluation date height  length  length /plant (Kg) of T3

(cm) (cm) (cm) seeds
Gopum 18% good 8.16. 112.2 71.4 22.7 11 602.7 70.4
13144 16.78 A 8.16. 100.4 68.4 19.3 12 719.0 72.5
13182 14.93 E 8.15. 102.4 72.1 22.9 11 678.6 71.9
13211 17.45 A 8.16. 98.9 66.8 21.1 11 689.5 72.6
13234 16.45 A 8.16. 103.1 71.2 23.7 10 697.9 70.7
13255 17.02 E 8.16. 100.1 70.0 23.1 10 654.1 70.5
13262 16.66 A 8.17. 98.9 66.5 22.6 10 701.1 71.5
13282 12.32 A 8.14. 97.6 69.5 21.6 13 735.9 71.2
13297 15.30 E 8.15. 103.4 75.8 21.2 12 716.4 71.7
13347 16.49 E 8.14. 105.3 77.5 21.5 12 607.9 70.5

Note: E, excellent; A, grade A.

3. AEH/A BE FAAS FAAE ¥ AT
7L AE 2
Zerd @ RNA inference <44 A2
342 BEHAE 93] cauliflower mosaic virus(CaMV) 35S promotero] <J3l Z& 3l bar
(bialaphos resistance) A7} EZ3HE Sbel, AGPL2, SUS1 F+3AE AYste A& 34

rltl

2
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£ WMEE 15394 Globulin promoter= pMGR, pMGA, pMGS WA Z3Z 5o|&
kel Eds 98 AF8EATE Globulin promoters  FF3sh7] {3 A 5olF
Glb-Fw(Clal) 5-TATTATATCGATGGCGCCTGGAGGGAGGAG-3" ¢} Glb-Rv(BamH]1)
5-GCGAGGAGGATCCGATGATGATCAATCAGAC-3 & A&3tglaL o] & o] &3te] AxY7}
H  #F3F<2 Nipponbare DNA 2] globulin promoterE ¥53IATE SZE  globulin
promoter ©H-E pMJ21¢] Clal, BamHI siteol] 433t

OsSbel (GenBank Accession No. EF122470) 3 #}2] ORFE 47| $15te] f2AA Eo]#<l
azgto] |l  SOsSbel-Fw(Xbal) 5-GCTCTAGAATGCTGTGTCTCACCTCC-3'9}  OsSbel-Rv
(Xbal)  5-GCTCTAGAGCTCATTTGCAGTCTTCGTC-3'E  AFsIa  o]E o] &3}
KCS318A05(GenBank Accession No. EF122470) frefe] <DNAo|A RT-PCR 3o <3t
OsSbel %2 ORFE 534tk SZH OsSbel ORF= pMG plasmid (pMG2lplus
globulin promoter)®] Xbal site®] 4Y3stFL pMGR plasmidE F53tA T} pBluescript 11
SK-plasmid (GenBank Accession No. AK071497)Wjol JA=AGPL2 ORF + %% intermediate
plasmid pCR2.1-TOPO®] BamHI, Xhol site®] subcloning 3} pMG<9] BamHI, Xbal sitecll
AdE At pBluescript I SK- plasmid (GenBankAccession No. EF122480)ujell 1= SUS1
ORF+= %4 intermediate plasmid pCR2.1-TOPO$| BamHI, Xhol sitedll subcloning 3}%1iL
pMG®] BamHI, Xbal site] 4= o] pMGSE &3t Th

RNA inference HFAQl pCAMW-Ri®} pCAMS-Ri2> FAHEE 2 EA 9 AdsS 913t

o

o
o

cauliflower ~ mosaic  virus(CaMV) 355  promoterol] 93] XAH+  hygromycin
phosphotransferase (HPT)E 7}FA|32l 197 355 promotere= pCAMW-Ri®} pCAMS-RiH ol
AA FES FE3th Gus (GenBank Accession No. AJ298139) XA S35 98 /%t
£0]& 2l Gus-Fw(Clal) 5-CCATCGATGTGTACGTATCACC-3" ¢} Gus-Rv, 5-GAACGGTTTG
TGGTTAATCAGG-3 2Zgto|HE ©]§3lH 3L linker(intron)Z24 AMEHAT. FHE THS
pCR2.1-TOPO TA cloing plasmid(Invitrogen)dll F2493l] pCGE =3t A ).

Waxy (GenBank Accession No. AK070431) F3#te] F3FE& f3] A SolA<d
SWaxy-Fw(Kpnl) 5-GGGGTACCTCATGGTGATCTCTCCTC-3'¢} Waxy-Rv (Clal) 5-CCAT
CGATGGCCTTCATCCAGTTGATC-3 % Waxy-Fw  (Xbal) 5-GCTCTAGAGCTCATGG
TGATCTCTCCTC-3" ¢} Waxy-Rv (EcoR1) 5-GGAATTCCGGCCTTCATCCAGTTGATC-3" =z}
oJME AZEAI o5 pCG plasmidel 242} 4HI5tel pCGW S pCGW-Ri 8IS 753
At CaMV 35S promoter ¢} the nopaline synthase(NOS) terminatorE 7}3l pCAMBIA1300
plasmid®] Xbal, Kpnl site®] waxy plus gus linker plus waxy inverse repeat fragmentE A4}
Yot pCAMW-RIE T8tk SSS1 F34 FEFS 98 84 Fo]#<Ql  SSS1-Fw
(Kpnl) 5-GGGGTACCTTGGAAGATTGGACTATC-3 ¢} SSS1-Rv(Clal) 5-CCATCGATTTC
GAAGATCTGTTCATACTG-3 2L SSS1-Fw(Xbal) 5-GCTCTAGAGCTTGGAAGATTGG
ACTATC-3" 9} SSS1-Rv (EcoR1) 5-GGAATTCCTTCGAAGATCTGTTCATACTG-3 o] &
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ol

A&t AEYU7F FEA IdFH ] cDNAA F%3t pCG plasmidell ZH2; 4 st
o pCGSE T53t¥th. 1 % SSS1 plus gus linker plus SSS1 inverse repeat fragmentS
CaMV 35S promoter and the nopaline synthase(NOS) terminatorE 3*3%3t pCAMBIA1300
plasmid®] Xbal, Kpnl siteol] 4¢3t pCAMS-Ri §HE F53Fth

) F24 FeAL 42T 84 A4
Al

(7}) Glb:Sbel2] A EF A AL A2 FAA A%

AFL WAL Sl A amylopectin §/do] #HE F8 F A< Sbel, AGPL2, SUS2 5 F%A+9]
LHE FAY wiFol APAHQ] FAS FEst7] st vl 5ol @A globuhn A
22} promoter(Glb)E fA4+¢] promoter F9]o F-23to] F2po] wjfol 2z} Fxate] 3
1=

H S Fdt7] 95t FrHE R AZRTRAAE AT Aye o2 2ok

Sbel f+AA= Glb ZEZEE] Sbel FHAE AZT A2 FHAAE AZsg. A&
FAA SRAEZAN Bar FHAZ AWulAE 7HA 2 E pMJ21(Jang et. al. 2003)S 7]E 1] €
2 3t A% pMJ-Glb (Cho et. al. 2009) %49 multiple cloning site (MCS)ell Sbel -
A7 ORFE Atdste] A3 Fd4E Figure 3-237 o] A &8t pMGRE Wttt

Glb::Sbel over-expression vector construction

H3 Sh_ Xh Glb (sh) -Fw s SCH RIRV D K Sc ScIl ScRI
‘ o C I— Pin Il Bar NOS-T P
. — I o
sz Rv Rv Ne¢ E K
H3 Pv Pv  H3
MAR MAR

4 kb —p
3 kb =—>

3 kb —p <4=m 3,663 bp

1 kb —»

M1 23 4 56 7 8 91011 1213 14 15 16

Fig. 3-23. Recombinant vector construction of Glb::Sbel (pMGR) and colony PCR to confirm the
recombinant plasmids, Glb promoter plus Shel (PMGR) using T7-Fw/PinII-Rv primer pairs (3,663
bp).
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(th) Glb:AGPL29] A& AH88 A=F A A%

AGPL2 #7A= Glb ZERE | AGPL2 F3AE 243 AxF FHAAE AZstA )

AE AR EREAIZA Bar FHAHE AdeAR 7HA

rir

2 I JE pMJ21(Jang et. al. 2003)S 7
EHEEZ st Zd3 pMJ-Glb (Cho et. al. 2009) <4t

AGPL2 {372} ORFE A48t Az #AAE Figure 3-249F 2o] A&ste] pMGARE %W

A ¢] multiple cloning site (MCS)ell

Glb::AGPL2 over-expression vector construction

H3 Sh  Xh GIb (sh)-Fw S Sell RIRV DK Sc Scll ScRI
— 170

V)« T e B e

| |
% o Pin-Rv | R N E K -
H3 Pv Pv  H3
MAR MAR
w= PR EE P
3 b—- 0 L 1 P L L 1 1Y 3,131 bp
2 kb —> . :
1 kb —p -

12 3 M 45 6 7 8 91011 1213 14 15 16

Fig. 3-24. Recombinant vector construction of Glb::AGPL2 (pMGA) and colony PCR to confirm the
recombinant plasmids, pMGA using T7-Fw/PinIl -Rv primer pairs (3,131 bp).

(Th GIb:SUS19] A EF A8 A a4 A%

SUS1 %A= Glb ZEXHo| SUS1 FHAE A43% AxY FAAE Azstdnh A&
S A2 LA 24 Bar FAAE MuulAZ SR Y pMJ21(Jang et. al. 2003)% 7] Eu g
2 3t 24438 pMJ-Glb (Cho et. al. 2009) <-¥FA]©] multiple cloning site (MCS)oll SUS1 -+

A2 ORFE Atlste] Ax3 #dA4E Figure 3-253 o] Al Zate] pMGSZ W3ttt
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Glb::SUS1 over-expression vector construction

GIb (sh)-Fw
—

' ‘% ~ OUS ._Plnll —|—=

P1112 Rv Ry Ne

H3 Pv
MAR

4 kb
3kb —

2 kb =——p

1kb —»

§ Ser RIRV D K Sc Scll

[
E K

1 M 2 3 4 5 6 7 8 9 1011 1213 14 15 16

MOSE < 4—pmos

BL

MAR

4= 3,906 bp

Fig. 3-25. Recombinant vector construction of Glb::SUS1 (pMGS) and colony PCR to confirm the
recombinant plasmids, pMGS using T7-Fw/PinIl -Rv primer pairs (3,906 bp).

Q) AR FHAAE AT A AF
3]

Ib:Waxy-Ri®] 4=d2deE A=zt K44 A1z

e Fvlste B4 Waxyel SSS1 +37ke] RdAlE #=
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* I |—'
Gle-1-F — ADPGle —= Amylopectin Amylose
Agpl2, SSI, SSII1-2, GBSSII
AgpSlb, AgpS2  SSIII-1, SSIVA1/-2
BEl, BEIla Leaves
R Endosperms
Early
[Agpiz]agpsib, agps2
= SSIII-1
% BElla
£ | Mid B e
Ej AppLl, AgpSla
SSS 1 ) [SSI[ESi) ssim-2
i BEIIh
&
Late -
GBSS 1 - GBSS1]SSIV-1
=
=
2
=
=
[
e =
5
oo

Endosperm development

Fig. 3-26. Differential expression of the genes involved in starch biosynthesis in leaves and
endosperms of cereals. (A) The expressed genes involved in starch biosynthesis in leaves. (B)
Accumulation of starch in cereal seeds and expression patterns of genes that are involved in starch
synthesis (Dian et al. 2005).

Waxy fr3dzte]l RdAAE 93 RNAI 294 9] Az A2 A R =4 HPT
AAE AdelAZ 7FR3L &= pCAMBIA1300 (http://www.cambia.org/) W0l ¥H& o] A
£ 93] Table 3-13¢] A|AIS ul} o] Waxy 7 AHAK070431)] conserved region© Z 5
Bl 575 bpel 971 LS FE3}e] Gus linker DNASY <, Holl A% gwragkoz AZA3 F
multiple cloning site (MCS)oll 4t 3te] Figure 3-27¢} 2o] A|&3ste] pCAMW-RIZ 3%

.
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Table 3-13. The target fragment sequence (575 bp) of Waxy gene for 35S::Waxy RNAi vector
construction. Waxy gene of which expression product is GBSSI.

TCATGGTGATCTCTCCTCGGTACGACCAGTACAAGGACGCTTGGGATACCAGCGTTGTGGCT
GAGATCAAGGTTGCAGACAGGTACGAGAGGGTGAGGTTTTTCCATTGCTACAAGCGTGGAGT
CGACCGTGTGTTCATCGACCATCCGTCATTCCTGGAGAAGGTTTGGGGAAAGACCGGTGAGA
AGATCTACGGACCTGACACTGGAGTTGATTACAAAGACAACCAGATGCGTTTCAGCCTTCTT
TGCCAGGCAGCACTCGAGGCTCCTAGGATCCTAAACCTCAACAACAACCCATACTTCAAAGG
AACTTATGGTGAGGATGTTGTGTTCGTCTGCAACGACTGGCACACTGGCCCACTGGCGAGCT
ACCTGAAGAACAACTACCAGCCCAATGGCATCTACAGGAATGCAAAGGTTGCTTTCTGCATC
CACAACATCTCCTACCAGGGCCGTTTCGCTTTCGAGGATTACCCTGAGCTGAACCTCTCCGA
GAGGTTCAGGTCATCCTTCGATTTCATCGACGGGTATGACACGCCGGTGGAGGGCAGGAAGA
TCAACTGGATGAAGGCC

358::Waxy RNALI vector construction

358 2N Waxy+ linker + Waxy IR RIS

RB pBR233 ori LB
kb= = 333 bp
500 bp =—>

17 M 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Fig. 3-27. Recombinant vector construction of 35S :Waxy-Ri (pCAMW-Ri) and colony PCR to
confirm the recombinant plasmids, pPCAMW-Ri using PIY primer pair (883 bp).

(W} 355:SSS1-Ri o] A= AASE A2 Fd4 A=
SSS1 A Ate] WA AA S 93 RNAiI 2=wkA o] A2

=

A= FAA EHAEA4 HPT #4
A AdebAR A3 e pCAMBIA1300 -REA|] dH A E 935te] Table 3-140] A|A]
sk wke} Zo] SSS1 fAAFS] conserved region® ZHE AFHZHE DNAE A3+
RT-PCRol 9J3}ed 533 bpe] 971X LS SH3 Gus linker DNAS] ¢F, FHoll 45 Iwgo

2 A43 & MCSel 493t Figure 3-287 o] #1235l pCAMS-RiZ W3t th
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Table 3-14. The target fragment sequence (533 bp) of SSS1 gene for 35S::SSS1 RNAi vector

construction.

TTGGAAGATTGGACTATCAAAAAGGCATTGATCTAATTAAACTTGCCATTCCAGATCTCATG
CGGGACAATATTCAATTCGTCATGCTTGGATCTGGTGACCCAGGTTTTGAAGGATGGATGAG
ATCCACAGAATCAGGGTACAGGGATAAATTTCGTGGATGGGTTGGATTTAGTGTTCCAGTTT
CCCACCGAATAACTGCAGGTTGCGATATATTGTTGATGCCATCCAGATTCGAACCTTGTGGC
CTCAATCAGCTATATGCTATGCAATATGGTACAGTGCCTGTTGTTCATGGAACTGGAGGCCT
CAGAGATACAGTGGAGAATTTTAACCCGTTTGCTGAGAAAGGAGAGCAGGGTACAGGGTGGG
CATTCTCGCCACTAACCATTGAAAAAATGCTGTGGGCATTGCGGATGGCAATTTCGACATAC
AGGGAACACAAGTCCTCTTGGGAGGGTCTAATGAAGCGAGGCATGTCAAGCGACTTTACATG
GGACCATGCCGCCTCACAGTATGAACAGATCTTCGAA

35S5::8851 RNAI vector construction

] P .
35 S-P TNOS -85S-P HPT 35S polyA pCAMS.Ri
—

RB pBR233 ori LB

17 M 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Fig. 3-28. Recombinant vector construction of 35S:SSS1-Ri (pCAMS-Ri) and colony PCR to
confirm the recombinant plasmids, pPCAMS-Ri using NOS-Rv/PIX-Rv primer pair (810 bp).

3) A= A FAAS ¥ B4 9 FU5A
(7hH pCAMW-Ri7} =€ F2dg v #4
Waxy f34te] 2d s A &4 HPT F34E AdutAZ 7t

A3 = pCAMBIA1300 2HHAel Waxy F%2+2] conserved region 575 bpE GUS linker®]

o, Holl dZA3ta 358 TERE g0 e MCSel 2] A &3 pCAMW-Ri A2

He ol &g ¥ T 7] FFHAIYYS AHE-3Ste] Figure 3-10%

Zol FAAG k. A EA BEshAAA AEstE old He A FEAA 25 T

A S AR ta 249 XE o]Asto] FA £33 st Au] o Ao B A EA

N FARY == HIP 322l HPT-Fw/Rv primerE ©|§3}o] PCRZ #2413 A3}

Figure 3-297 o] 380 bpo] W=7l F$F 5 o] pCAMW-RI AZ23 fHAe] =¢e] F1H

ot

0_12
é

AA= Agrobacterium Y
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HPT 380bp

Mviwl 12 3 5 78 9 11 12 13 14 15 16 17

B C D E

HPT 380bp

M viwl 38M viw21l 3 M v2w21 M v2 wl110 11

Fig. 3-29. PCR analysis of transgenic rice plants using HPT-Fw/Rv primer pair. A and B are
Waxy RNAi vector(pCAMW-Ri) transformed Palgong plants; C are pCAMW-Ri transformed
Gopum plants; D is the Souble starch synthasel RNAi vector(pCAMW-Ri) transformed Gopum
plants, E are the pCAMS-Ri transformed Palgong plants. vl, pCAMW-Ri vector; v2, pCAMS-RI

vector; wl, Palgong w2, Gopum.

() pMGR % pCAMW-RiZ} =9 H F2A3 vo 4 2 Fu§4
Sbel Ao HEAF Waxy A2 FAAAE A &
o] S YA Sbel FAAS 43 pMG
At pCAMW-RI Ax% FHAE  SAlel  Agrobacterium  celloll )|
Agrobacterium cell& HF3ste] B T2 &7 FAAYHS AHEsto] FAAG sbof g
o A TR HES APolA v 2R
o] DNAE FZE3F9 pMGRAl A+ Bar 322} pCAMW-Riol )+ HPT %A} primerE
Ab&3le] genomic DNAE PCRE F3%3F A3 Figure 3-307 Zo] A3 E At FAHS
A% sgl# sg2ell Al HPT f+H2HA1)9F Bar f3AH(A2)E =5 EFste FEAE w7t &
A" AL Fastgoer, AdHME 283 snlolA = HPT F32KB1)2} Bar F+AABYE =
T EFste EAE W AT 40 FAHNY. wEkA, o] AlTES dew I FEA
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M vl w3 1 2 v3 w3 1 2 M vl w4 1 vy w4 1

Fig. 3-30. PCR analysis of Sbel over-expression/Waxy RNAi (pMGR/pCAMW-Ri) co-transgenic
rice plants using HPT-Fw/Rv and Bar-Fw/Rv primer pair, respectively. Al, transformed
Samgwang rice plants (sgl and sg2) were detected by HPT primer; A2, sgl and sg2 were detected
by Bar primer; Bl; transformed Samnam rice plants(snl) was detected by HPT primer; B2, snl
plant was detected by Bar primer. vl, pPCAMW-Ri vector; v3, pMGR vector; w3, Samgwang w4,

Samnam.

(th pMCR AZ# #2247 =98 &4
H Z2+ o] Glb Z2XE| Sbel FHAE A4% Az FH4 pMGR AxH F4

gk Agrobacterium cellS HE3t B T2 @7 &
AATHES AHEste] A8 o] nEH el d3H T HES AP olA o 4
A% HE S48 ol A B oA DNAE F=3t9 pMGRY U= Bar F3
2} primerg AF&-3}e] genomic DNAE PCRE %3+ 23} Figure 3-319F Zo| 1FHE A
25t FAAg AF gp9, gplo, gpll, gpl2olA Bar FAXHA)7F =EHE FAAS w7t §4
H AE Flstden, 23HE A pgl, pg2dl A= Bar 1B EUE FHAS H

>

M v w2 9 10 11 12 M v3 wl 1 2

Fig. 3-31. PCR analysis of Sbel overexpression (pMGR) transgenic rice plants using  Bar-Fw/Rv
primer pair. A, transformed Gopum rice plants (gp9, gpl0O, gpll and gpl2) were detected by Bar
primer; B, transformed Palgong rice plants(pgl and pg2) were detected by bar primer. v3, pMGR

vector; wl, Palgong w2, Gopum.
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() pMGA, pMGS, pCAMS-Ri AZ% FAA7F =49 248 WY 54

H Z2 fd9 Glb ZERE AGPL2, SUS1 FHAS
pMGS Az fHAkek 355 SSS1 frdxte] LAAAE 9k RNAI RHA|= A=
pCAMS-RiE Agrobacterium cello] =3t 5213 Agrobacterium cellS HEst] ¥ FA
@7 FEAER S AREste] FAAS st wEH, g, ZaH, AdE FAel HE:S
AgolA v AP HE SASAH. ol FEHE WY X DNAE F=351
pMGAS} pMGSoll &= Bar 3% primerE AH&-3tal pCAMS-Ri A 2§ -ﬂ- A= HPT
Azre] = 55 Aol E2J3 genomic DNAE PCRE FFato] & AR} =fol
S FEAS ¥ AFAA &2 Foll Utk

A7

olo [Ulﬂ i

t:kl
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A7 & AESHA SA-3AT wEe] 377 F1kola EoFo] A% AL Ao E F4AA
A test table 9o Eo|7} H3Po] HEEZE Fo}

]

EE 542 203 ol SAs B3ttt 4 A8 E T 2o R FHuE
sk Antol HAx EAS XARSH] $18+e] Texture Analyzer (Model TA-XT2, Stable Micro
System, Haslemere, UK)E A}&3}S] two-bite compression testE AHAISI3 3L, two-bite
compression testg  AAISt  HoJX  texturogram O ZHE X (hardness), F2A

(adhesiveness), ¥4 (springiness), -3 d (cohesiveness), 773 (gumminess)< ZH7; 53}t

Operation condition of Texture Analyzer for texture profile analysis of cooked rice

Type Two bite compression test
Pre test speed 3.0 mn/s

Test speed 1.0 mn/s

Post test speed 1.0 mn/s

Trigger force 5¢g

Distance format 80% strain

9 uw g ardael 39 B3
=3 FAF A W] 7 (Scanning  electron microscope, Hitachi S-4200, Japan)<
ojgste] #FsIAY. FoE =FAA AEAS 2 F 15 kVellA] 30u) 3 10008 <] H
&2, 283 & ulf FE YAE 5000, 10000 W& 2 Y1) FEE 7tz BFe g

g
o)
aQ
=
o
@
NP
filo
AN
ol
=
olN
= il
RN
—_
S
3
i
L
ol
&
ol
Jﬂ
>
~

71 AR 4L 105Cel A & 01 g w7HA
AZANA L2 FAE Aol Fad& SAsAH
el _ g FA x 100%
%) 0.1
BEE AAE 7 > 100
(g/g)

Alzel A x (100% - &3l =)

@ AEHE=AN AT BT BoEA

- 134 -



7bgol ot ArtFe] sHE 542 Rapid Visco Analyzer(RVA-4, Newport Scientific,
Australia)E ©]83l] SA3IATE RVA Y88 7](sample canister)ol] 2715 3 ¢ F/HF 25
E ¥ o 1027F 960 rpm & I HA|A BIFF A S wEI B4 48 A7HA] F
AEEE 160 rpmeS FA3QAT 7825 50CHA 183 FAF o2 95CT7HA 189 1
2C= 7hdstal 95Col A 2583 FAAZ T 50C7HA] @221 7150 283 4391t RVA
viscogram ©. = §-E iﬁﬂﬁ Al %E(initial pasting temperature), 3115 % (peak viscosity), #HAH

% (trough viscosity), % (final viscosity), 735 % (breakdown, HIHE-HAHE) & X
HH4 I (setback, JZEE—HJ—@+)%94 RVA 545 AT

i=]
B4

A

(2 2 Wi A= A

(1) F A4 (non-starch lipid) F= 2 +4 AW2F =24 4

H| & 2] & (non-starch total lipids, NSTL) 92 &7}F A|E°] CHCI3 : MeOH (2:1, viv)
< &M E st FE3em FALAS Nike et al. (2004)9] WHES dF FHsS o
Zo] methyl esters} AlZ T} Methanolic potassium hydroxide €943 1.2 N HCI-MeOH &<
o7 747} 70~75CAA 3 ¥ n-hexanes A2 2 W7+ methyl esters}d AW4F EFE
of Yil vortex3t & AAEZ] AT FF 2 n-hexane S& 3|35 AL fatty acid methyl
ester (FAME)E /3% S 100 ©9 n-hexanes 7}t FAMEE =o|il AWAF GC #4
AEE ARSI AR
Packard Co, Palo Alto, CA, Mass: JMS700, JEOL, Tokyo, Japan)Z ©]-&3}s] B3t} 4
z702 73S DB225 (30 m x 025 mm x 025 m), o154 71AE HeS AHEatdw
Injector temperaturex= 250C, Column temperature= 140 ColA 2&7F FAg & 5C/min<]
2T 2 200CHA & T 100/ ming] £E2 20CHA & A7 o= &
ratex= 1ml/min, injection ¥ 1 W= st EAstH o™ 7 &5 A o
TEE T4 Z]““‘LO/] RS FASHAT

(2) =4 ZHER (phytosterols) 23 FF 34

/\]Eil'?—ﬂ FZ3F FA] 29 ethanolS 7}slar 80T &
KOH && 1 ml 7}ate] 80CoA 10€3F Hsks A8 T
ethyl etherE 713+ & & Egtste] BEQofFo] Hdow F23 45 HS Na2SO4x 254
1 & Es st 5 1dxdE =42 1 ml chloroform© 2 833t 02 um syringe
filter2 A3t B4 A7A YsEA YT WFE EF 522 5a-cholestane, standard &
A<l squalene, sitosterol, stigmasterol, campesterol> SigmaAlZF-EH FU3AIL 2+ 1000
ppm FEZ AX F GCE FA43}d retention timeS TFIATE GC-MSHP 6890,
Hewlett-Packard Co., Japan)E ©]-§3F 4 272 g3 2t Column HP-5(30 mx0.25mm
x0.25/m), injector temperaturex 250C oAl 1&%F FAgF & 2C/mind £EZ 300C7HA <

2A1A 587 A Carrier gast Hes AHE3FA3L Flow ratee 1 ml/min, injection

+ gas chromatography-mass spectrometer(GC: 6890 plus, Hewlett

A
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volume2 1 w=Z 3t EAIAT +48 A9 TFFS YHEIETEZ(5acholestane)d] WA
I BAgEA] WAR o5 Z s YERAT

("h AAH s #E g8 74

(1) Lipase 4% 54

A& n-hexanes 7}3te] EXA2]g & 50 mM potassium phosphate buffer (pH 7.0)Z
A3 2@ A4 #8@TC, 10,000xg, 30i)3td L2 FTHES lipase B SHE& x84 7
g o=z AE3IAT Crude lipase &8 10 mLe| 7.5% gum acacia 2 mL, tributyrin 1 mL&
7Fe fFEklE 30TolN BAHOE WeAZ § A5 AE F8te] methanol 7}sto] wHE& A
A|A1713L diethyl ether : ethanol (21, viv) &% % ©]FIl phenolphthaleing A|A|2fO. 2 &
o] ethanolic 0.1 N potassium hydroxide §Ho =2 AHAsHtt. vH-gHF RESF o vH-gH 1
mL el sigle AIAEE SAHTOZHN lipase B4 ZAFSFA TH(Prabhu et al., 1999; Kim,
2004). Lipase A=+ @9 AT AGAHS FEste S 1 unit2 st

oy o

-

(2) Lipoxygenase 4% =%

Lipoxygenase 84 S4<S 9% 28492 A8 1 gol 50 mM phosphate buffer(pH 7.0)
10 mE F7heted 30w3t &3 & HA4E2(10,000xg, 4T, 30&)etd L& FTAS £HAL
Aoz ALESIHY. B4 4L 7IAEZE 10 mM linoleic acid®]l 0.2 M phosphate

buffer(pH 7.0)2 343k &HS, = linoleic acidE 70 mg AT F 7ol 5] Tween 20
7bste] #3238t Al7]WA 02 M phosphate buffer(pH 7.0)2 71327} A71A FEE 718t
Zol 25 mL7} HE & &3} Lipoxygenase &4 5742 3ol 10 mM linoleic acidE 50
v A3k &4 29 met 2EARS 108 AT 4 01 ms ¥ REAA A FAHE=E

UV /Visible spectrophotometer(DU 800 series, Beckman Coulter Inc., Fullerton, CA)E ©]-&3}
o] 234 nmolAY 3% WHIE ZA3lPgoen oy =4 v 25 CTE Ak 9 0.001
o] FF= FU7FE 1 unitE SFATHKIm & Rhee, 1997). 712 &ZF A (pH 9.0)2 Hildebrand et
al. (1991)¢] WHo 2 TEANS ™ Tween 20 0.65 ml, 0.02% citric acid 1 m{, linoleic acid 250
mgS Fo] 743 ??} % o]e] 0.2 M borate buffer(pH 9.0)0€ 3 °] linoleic acid %7} 2.57

o
=

A AR AR 12 mgS ¢ZE 33 A7l F acetic acidZ F3HA17]aL 1% 12-10% KI &S
H7Vste A& AlAY. A9 /7FAA E33A(DU 800 series, Beckman Coulter Inc.,
Fullerton, CA)°ll 93 500 nm o4 700 nm 7}*] &Z =S =AY} ofdEz o~ ke g
g T o}%li tm(Sigma, St Louis, US. A)Z ©]-&3}o] 680 nmol 2 FHFE=S ulgoz
< ¥ (Fig. 4-1) AXtstAT.
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Fig. 4-1. Standard curve of amylose contents.

e & HAEo| 75% n-propanole SwlE o] 100°C ol A
Fol % A=A th& CHCB : MeOH (211, v/v) &
2 A7 oy dEEE Aol Ao AxsiAtt. =3
i A FES Nike et al. (2004)9] ¥Ho] w2} methanolic potassium hydroxide &4 o2 73}

ol

A

st AWAES E88kal methylationS A A Gas chromatography-Mass spectrometer(GC:
6890 plus, Hewlett Packard Co, Palo Alto, CA, Mass: J]MS700, JEOL, Tokyo, Japan)E ©|-&3}
of Aupat 248 EA3IAT B4 2Ho® 292 DB-225 (30 m x 0.25 mm x 0.25 ym), ©]

&% 71AI= Hes AH&-31%1aL, Injector temperaturex= 2507C, Column temperaturex= 140 COl
A 287 A8 T 5C/ming 52 2000744 2 F 10C/ming £E2 20C7HA +&
AA 255 FA3tAT Flow rate 1ml/min, injection %2 1 w2 3t EAstHom 7}
B5-21e WA ek AiAQ] WEEE FA AR 2AAHIE FAISHAT

(3) DSC (Differential scanning calorimetry)el &3t H& &3} 54

HAEe 493t 542 AAFATE H71(TA 4000, TA Instruments, New Castle, DE)E ©]
83t AlE9} 89 vlEgo] 1:27F HA aluminium panol] B3 YE3F TS AJ2oA FE
Hejo] =3l WX & ALESATE SHLEE 3BB5CERE 95T7HA] 10C/minZ 52
A 71X FEFAE NS referencew sample pan¥t FY3 pans =R T AME3IY
o o] W ¥z wiHZe dA 7FAE AFSSEA T DSC thermogram S ZHE SSfA| %

(onset temperature, To), E3HH S (peak temperature, Tp), = 3}FF-2>%(conclusion
temperature, Tc)E T3t SEI 2] WHOZRE G3 e (enthalpy, AH)E T3} th

@ AP XA HAE =4

X-ray diffration pattern A Ao 2 AAFx Alo]o] AL v JEFS W=t} 3

& 2
W T3 Alole] M7 205 =24t & AR A AAANY AAAEE XA 4
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7](Philips, X' pert PW3710, Netherland)E ©]|-&3} Target: Cu-ka, scanning speed; 0.04° 26
/s, voltage; 30kV, current; 20mA®] X102 JHEZAL(20)E 5°FFH 40°71A 3)HAA Ve
= =2 A9 wolEN AFAY 24 A= vlusiin. d=4d9 St (peak)e]
A= AW 1HA s, wolv 249 4715 YEhdith

5) ¥+ A& H S Glucoamylaseo| g 73l Hl L
A& 100 mgel 0.4% acetic acid buffer(pH 4.8) 9 mL®9 1% & A 9 (amyloglucosidase,
Fluka, Buchs, Switzerland) 60 unitE % 7}ste] 37T ol A

Aatdeh whgl 100 s AAFA 19 mL FHFE HA7I8EL 100CAA 1027 F8AA
7heie] whge] AX 9 HEo AES iﬁr/\]ﬂﬁ}. Total sugar &&-2 phenol-sulfuric acid
H(Dubois et al., 1956) 0.2 7}E315 ] FEl5 = glucose &3F2 glucose-oxidase peroxidase
H(Loyd and Whelan, 1969)°.2 33} 7[R =8 A3

—~

LS AT EA BA A SRS

J]}Jv

*h & =24 &4

2 v frol] FrElol ' HIMEA T2 Englyst et al(1992)9] Wgol we} Zbrh A s
o} Z7}FZ 5 dimethylsulfoxide(DMSO)S 7}3}3l termamyl 5 (pH 5.2)9] &4 2]ol] 23
B AEA ggRE 223 F g9giRE 3oz JeEE A7l ¥ gas chromatographyoll <]
af ™Y dF R AR £ A
Palo Alto, CA, Mass: JMS700, JEOL, Tokyo, ]apan)A A4 2Ho=2 2492 DB-225 (30 m x
0.25 mm x 0.25 um), carrier gas; He, injector temperature; 250C, column temperature; 150
CTollA 2 min, 4C/min®] =2 230C7HA] & & 1087 255 FX3A . Flow rate=
1 ml/min, injection ¥ 1 W= st EAsF o™ i+ T2 internal standard?] allose®] &

= 7IE2 2 8o peake] WHS ARteta Aoz MEEE YERAAT

(oh) @ d g
Zodd gFe AOAC ol 93l Kjeldalol 98] Z33tdth A8 05 g& 3 ¥

K2504¢} H2504 #H7tste] &3] AXoA 3] Eaf|A1Z1 F Kjeldahl nitrogen/ protein
analyzer(Kjeltec 2400 auto analyzer, Foss Tecator, Sweden)E ©]&3le] HAZFHS T3 £

Ao 5955 F3 ko= Yehf Aok

() Frelobel st A

A7FE AIREE 1000 w SFT =0 F 50 wE EFst] E4300. AlE A474s A
3] 7xA]7]3L PITC(phenylisothiocyanate)2 -F=A38 A1zl ¥ 14 mM NaHAc, 0.1% TEA,
6% CH3CN, pH 612 %<9 % A594S HPLC(SMART/HPLC 1100, Amersham Pharmacia
Biotech Inc., USA)E ©|&3t #A3tAth. HPLC chromatogram®] peak areag standardell
71E8te] =Sttt
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<HPLC conditions for amino acid analysis of rice>

Column Waters Symmetry C18 (4.6 x 250mm, 5 gm)

Column oven temp. 46 Celsius

HPLC pump HP 1100 Series, Binary Pump

HPLC injector HP 1100 Series, Autosampler

E:tréi]t”éi Wavelength HP 1100 Series, 254 nm

Solvent A) 1.4 mM NaHAc, 0.1% TEA, 6% CHsCN, pH
6.1, B) 60% CHsCN

Elution Linear gradient of solvent B ( 0~100%)

Flow rate 1.0 m¢/min

Run time 50 min

Equil. time 10 min

Injection vol. standard 4 uf, samples 100 wl

(Zh & Wi A &4
A 7HF AEE HEZE &7 ¥ & =
21 & JAHE BT FHY FFete s AT SHTE FU7ESE ICP-OES(ICAP
6000 series, Thermo Co.)Z 43T}

shel =33kt

-

7hH A EA

A3 Z3= SPSS 15.0 Packages ©]-&3to] Hod REAXNE ot 24 FE5o] FAHY
Aol= p<0.05 frolgEolA  EAHEA S
(Ducan’s multiple range test)& &3t ztolE FAstATh EgH 2
B BA = Pearson®] FHAFE YEPNAAL Ao ©E 7 AR A A %

7)
I B LlStudent’s t-test= Z+7+o] oA ZolE AZE3H T

2 4+ % 2%
A Aol F2eR Ao} e 28 4 Y olshehy 54
1) & =39 9i7 AE2AAY SEM #&
FAFA A W) 7 (scanning  electron microscope, SEM)S AF&-3te] Hul @ Au|E A 3=
2 Jare] Fx, A& B uAE 7 AREY 9 5 vAlTEE
25 dAdst] @S 3OHH 10008 2 st #23+ A3(Fig. 4-2
AY oo A&, @i 5 oY wFAES] AU 3 |

=i o HA
T AAJTh AEH EAlddle F2 dld JAZ QYA dRoen FF HAEHo] nFR

Ol
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Jor HEH FHe FHML e Gduide o] ¢ Be5S & F
A

S A wlFAEZE amyloplastE &A1

(Kim et al., 1996). ILHl-&(x10000)] FAFA A& W] 7

e 5% AEYAY gyz 24e g4y JeHE Yo 1A
° o

o
O

ol
H
N
SR/
i
o
1o
ra
ML o
o
X
il
N
N
N
Y
)
O ox

Fig. 4-2. Scanning electron micrographs of cross—sectioning rice grain.
(%30, x1000). A: Gopumbyeo, B: Palgongbyeo

(x1000 )

Fig. 4-3. Scanning electron micrographs of rice starches (x10000).
A: Gopumbyeo, B: Palgongbyeo
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Table 4-1. Palatability and sensory evaluation scores of cooked rice varieties

Sensory evaluation scores
Toyo-taste

Variety Roasted Cohesive Overall
value Color Glossiness

nutty taste ness preference

Gopumbyeo  75.50+0.20""  6.25+0.46"" 6.13£0.64""  6.00£0.53™" 5.88+0.35"" 5.88%0.64""

Palgongbyeo 66.03+0.50 4.25+1.03 3.50%+0.53 3.88+0.64 3.50%+0.53 3.38+0.51

Mean value = SD.
%% | significant at p<0.001 by the t-test.

(G) & 5 A8 AR ol

(7h dvle} Wwele] 2 A (non-starch lipid) & 2 A|HAF 24 vl

2 3 ¥ - A A (non-starch lipid, & A &) bl 0}(embryo), % 5 (aleurone layer)ol]
2 Fo] #XHo vt EAE @& AL A zolE dotR A T EFF dAv|) win| 9
AA At 2 A 248 8w s th(Table 4-2). AWEEe dAvjo 3¢ 2.76~2.80%,
e 0.87~089%] FEES Hom F FF I Aole A astth AT A4S W

i

B, dv)e AHAE F FF E5F oleic acid ZAH|(42.62~43.78%)7F 7+ =kow
linoleic(35.18 ~36.89%), palmitic acid(15.50~16.22%) T2 Z o]l& FAdo] WFES AA|staL
A AT} Palmitic acid®] 749 1F @v|(16.22%)7F ZF(1550%) Rt FYHo 2 =2 ZAHE
UERH AL ™ myristic, palmitoleic acid®] A-+v ZFo] FYHo=Z =4 F
A FYAQ ZolE HQl palmitic acide] 735 Ww| Y Ao 2w7} $-43

o =4 el oy o8l Aele FAEA ¢hgith Kim et al. (1996) 2w]7
9] palmitic acid¥e] Aw7} ¥ AR 1.1~28% =A YElHT . Histe] 2w
I 2w ote] FaAA Y THsEE AAEAH

L
| .

N
O
~

339.:

o

- 141 -



Table 4-2. Comparison fatty acid composition of total lipid in brown and milled rice

Fatty acid composition (.}opumbyef) - P"algongbye.o -
brown rice milled rice brown rice milled rice

Lipid content (%) 2.76+0.30 0.89+0.01 2.80+0.14 0.87+0.06
Myristic acid, Ciso 0.25+0.04" 0.38+0.15 0.36+0.01 0.33+0.09
Palmitic acid, Cigo 16.22+0.23" 18.50+1.38 15.50+0.05 16.71+0.49
Palmitoleic acid, Cis1 0.11+0.01° 0.12+0.09 0.15+0.01 0.07+0.06
Stearic acid, Cigo 1.89+0.31 2.1920.72 1.67+0.11 1.95+0.22
Oleic acid, Cig1 43.78+0.55 36.45+2.04 42.62+0.58 40.13+1.83
Linoleic acid, Cigz2 35.18+1.18 40.55+2.12 36.89+0.66 38.91£1.15
Linolenic acid, Cig3 1.72+0.31 1.15£0.13 1.78+0.29 1.16£0.05
Arachidic acid, Cono 0.44£0.13 0.40+0.09 0.47£0.10 0.41+0.08
Gadoleic acid, Cao1 0.41+0.03 0.26+0.06 0.56£0.13 0.33+0.07
Total saturated fatty acid 18.80 21.47 18.00 19.40
Total unsaturated fatty acid 81.20 78.53 82.00 80.60

Mean value = SD

* 1 Significant at p<0.05 between gopumandpalgong by the t-test.
(W) & 8] 8- & (non-starch lipid) ¥ A&X] A (starch lipid) & =4 vl

IFEHL FF T FTY AEA HAR T A5 FE T %719} TE A el 79
ARl Zpol7t 5ol AAHM, ol &7 * 73 |
|4 AESY Al 719
A& (non-starch lipid, F+2| A &) & L
A= AEAA(starch lipid, 2FA2)e] &5 2 =4S 72 4 vlust A oi(Table 4-3).
ZRY 47 wfd FFEe] e AWASZ A myristic acid, palmitic  acid,
palmitoleic acid, stearic acid, oleic acid, linoleic acid, linolenic acid, arachidic acid, gadoleic
acidE £ F AUtk F2lAZ(non-starch lipid)> =47} 71 2 A wile] 1%
ZF2 oleic acidR o™ XA (starch lipid) ZAY B F EX BT
(e}

U F ARaEe] T

|
Lo
o

< linoleic acid,

palmitic acidgtt. 1811

liPid)-‘ﬂ s E‘rﬁ:ﬁ‘—(ClSV} %%5} A HpALo
o

7w A
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Table 4-3. Comparison fatty acid composition of non-starch and starch lipid in milled rice varieties

Gopumbyeo Palgongbyeo

Fatty acid composition Non-starch Starch Non-starch Starch

lipid lipid lipid lipid
Lipid content (%) 0.89+0.01 0.98+0.01" 0.87+0.06 0.89+0.09
Myristic acid, Ciao 0.38+0.15 1.66+0.47 0.33+0.09 1.98+0.43
Palmitic acid, Cieo 18.50+1.38 38.25+0.55 16.71+0.49 39.75+0.86
Palmitoleic acid, Cis1 0.12+0.09 0.04+0.00 0.07+0.06 0.03+£0.02
Stearic acid, Cisgo 2.19+0.72 4.48+0.47 1.95+0.22 4.29+0.69
Oleic acid, Cig 36.45+2.04 20.08+0.12 40.13+1.83 20.50+1.03
Linoleic acid, Cig2 40.55%2.12 33.13+0.40" 3891+1.15 31.93+0.41
Linolenic acid, Cigs 1.15%0.13 2.02+0.01" 1.16%0.05 1.18+0.35
Arachidic acid, Capo 0.40+0.09 0.15+0.03 0.41+0.08 0.16+0.03
Gadoleic acid, Cop1 0.26+0.06 0.19+0.04 0.33+0.07 0.18+0.06
Total saturated fatty acid 21.47 4454 19.40 46.18
Total unsaturated fatty acid 78.53 55.46 80.60 53.82

Mean value = SD
* . Significant at p<0.05 between gopumandpalgong by the t-test.

(th) Phytosterol(#} &4 ZHEF) =4 Hlu
A e g7l 4P WA AANE SuIAEe FFe T EF ol Folzh

e A Ao sdete A8 SHEC=EREY FF 242 A EeoM 4
7 Aolg G ATHFig 44). ole@ N84 sHz=REe FH Arisie] A
Aol el = A3 dgdnt IR, Aveh w2 ANAEY Exdteet dudel e
bede A, ols A=A SHERES &% =AW 3 4rjeke] didol e AL
2 o4 F AT Aert e 25 4y, I FF 240 =2 A8 dEeEe &
FLER A Ale]FRobH Eolal, W H5el dEo] = AR =4 2HEF] A
2EH|E, 2EIOv2EHE, AJE2H E(Leach et al, 1959)2] &L ZF 3y H|23 FFS HY
o

&0

H Gopum
0 b O Palgong
40 |
an’
;j 30 o

20 -

N f

o | E———— . . . .

Bqualene Octacosanol Carrpesterol Stigmasterol Stosteral Crycloartenol 24-Mdettryl-
cycloartanal

Fig. 4-4. Squalene and phytosterols composition in rice bran lipids.

Results are means of triplicate determinations. **: p<0.01; ***: p<0.001
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Ao Yoy} 4570 H]3| lysine, tryptophan, valine, arginine &< o}v]x=2F o] ¢
sith, 5 o &FE 74 ofv| =4 24 B(mol%)= aspartic acid, glutamic acid & ©]
A Jebgtom 31FS Asp (1892 %) > Glu (1859 %) > Lys (9.99 %) > Phe (8.92 %) <=
=%a ZFE Glu (16.71 %) > Asp (1272 %) > Asn (11.15 %) > Lys(10.26 %) =4tk &
3] aspartic acid2 i%°] ZFET 6.20%, glutamic acidv= 1.88% =A YEIW T F ofw| =4t
of et Fgolm it HI &S B3 (2842%)°] ILF(2655%)HTE 1.87% H2 HIES HAS

dobrit F &9 A 849 lysine®] ZARI= AY BT HES YEUAY

(Table 4-4).

—_
2
o

Table 4-4. Amino acid composition in milled rice varieties
(Unit: MOL %)

Amino acid Gopumbyeo  Palgongbyeo Amino acid Gopumbyeo Palgongbyeo
Aspartic acid 18.92 12.72 Proline 2.61 2.90
Glutamic acid 18.59 16.71 Tyrosine 0.87 0.87
Asparagine 8.79 11.15 Valine 1.42 1.46
Serine 4.39 6.22 Methionine 0.69 0.85
Glutamine 551 2.69 Cystine 0.78 0.00
Glycine 4.21 5.77 Isoleucine 0.97 0.73
Histidine 1.39 1.73 Leucine 1.32 1.15
Arginine 2.02 3.36 Phenylalanine 8.92 9.69
Threonine 1.01 1.47 Tryptophan 0.84 1.08
Alanine 6.74 9.19 Lysine 9.99 10.26

o
=

A
A

A i T B R B s o o 2%t A3}= Table 4-59] YER ATt B A
3= rhamnose, fucose, ribose, arabinose, xylose, allose o2 = or, T8
T2 glucoseZA HAY &F N%E FASL JJTE HFEES A= glucose?} galactose
£ A93tal internal standard?l alloseg 7]+ o2 & wf 58T < arabinose?} xylosew il
H7b Z47E 11.46%9F 1.79% % om FFu= 7hzh 416%, 1.63% Atk 1§ viAR OggR
rhamnose”} 1LFH, ZTFH Z}2} 4.68%, 2.63%, fucosew= Z+Z} 9.07%, 3.31% RS- ribosex

7} 1.94%, 0.24% S 2FA 3} AU}

ML
oX
v}
ro o

3
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4.68
9.07
1.94
11.46
1.79
71.07
2.63
3.31
0.24
4.16
1.63
88.03

Area (%)

Allose (Internal standard)

Rhamnose

Fucose
Allose (Internal standard)

Rhamnose
Fucose
Ribose
Arabinose
Xylose
Ribose
Arabinose
Xylose

Table 4-5. Sugar content of non-starch polysaccharide in varieties
Sugar

Gopumbyeo
Palgongbyeo

Variety
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Table 4-5. Temperature effects on swelling powers of rice varieties

Swelling power (g/g)

Temperature

Gopumbyeo

Palgongbyeo

(C)
Rice flours

Rice starches

Rice flours

Rice starches

55 3.58+0.25

65 6.50£0.32%

75 8.15+0.48
85 10.09+0.42

95 15.31£0.04

3.67%£0.21 (0.091)

8.28+0.11 (1.781)

9.65+0.31%(1.501)

13.46+0.42 (3.371)

17.89£0.74%(2.581)

3.44£0.32

5.65+0.33

8.51+0.43

9.76+0.43

15.01+0.54

3.61+£0.39 (0.171)

8.39+0.14 (2.741)
10.59£0.07

(2.081)
14.70£0.88

(4.941)
19.99£0.90

(4.987)

Mean

value £ SD.

* . Significant at p<0.05 between gopubyeo and palgongbyeo.

25

g powieriarg)
o =

Swellin
o

—0— Gopumbyeo
--8--Palgonghyeo

- 5]
o

(=]

Swelling pover(glg)

Fig.

55 65 75
Temperature(C)

85 95
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4-5. Temperature effects on swelling powers of rice varieties.
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Al(Rapid Visco Analyzer)$} DSC (Differential Scanning Calorimeter)< ©]-83}¢]

j
w2l ARe) shdo] e mHEHS 7H7 w wekgTh

Table 4-6. Pasting properties of rice flours and starches

Gopumbyeo Palgongbyeo
Pasting Temp.( C) 69.83%xx 72.77
Peak 2708.67*x 2622.67
Trough 1762.00%x 1638.67
Rice flours Viscosity
Final 2822.33%x 2723.00
(CP)
Breakdown 946.67 984.00
Setback 113.67 100.33
To 61.34+0.28= 63.11+1.11
Rice Tp 69.87+1.07% 70.87+0.50
DSC
endosperm haracteristics
starches ¢ Tc 73.90%0.82+ 75.01+0.98
AH (cal/g) 0.55£0.29+* 0.89+0.22

Results are means of triplicate determinations

x wk ke D ogignificant at p<0.05, 0.01, 0.001 by the t-test, respectively

2E F FF el Aol7t AA,

el
woral, Ax 9] break down
=t

AW 7F L& 1F(69.83C)0] BF(7277C)EY S %7 =27}
go, gutAow Auld waAd RS JEIL dos AL 4 & doh 1EL /Y
s3tHo] BaE Fode AA7E BAHA FA o= A= JAe] FHE AL F ASFS
2% % ok 18T AR BHEYS PESE £0Q DSC B4 oJshd, AR T
o] Aooy B2 uEo] BIRT ens By sFADE A eyl 1Ty 2
¥ FOEFT DO Bole 354 WHolrt tHANAM AVFR Ao 1T FoH
1% = 01% FFoA o7t de Zolddel HIsiA M 7HF Afoe 5% FFolA
gul7t A= Aolds FAGMEHE, &A Edo] And FEFS PA= TIEAFNE #HAS}
o 9es % 5 A

(AH) Amylose #7(Chain length) B]xl
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M aES 2y 5 EF AEEA T olEERs
2



Ea

fu
to

et

F 47 16.53%, 16.82% %4 & ztol= glod R-AE H3HAY H Fabd
Hoh =39t =, ofdE2eAE 748 Sle =9 Aled Zole due
CAAR BFo] BFHRYG ofFE A FEF A= FATE starch-lipide] $HES =3kt

Amete AgeaE @ 5 AA

oA
5‘9, <l
o iﬂ gﬁ

i)

of
off

Table 4-7. Amylose contents and wavelength in Amax of iodine absorption of rice starches

Amylose content Wavelength of maximum absorbance
Variety
(%) Wavelength (nm) Optical Density
Gopumbyeo 16.53%£0.50 576.0£1.0% 0.32%0.00
Palgongbyeo 16.82+0.00 573.3£0.5 0.31%+0.00

Mean value + SD.
* 1 significant at p<0.05 by the t-test.
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Table 4-9. Palatability and sensory evaluation scores of cooked rice cultivars

Toyo—taste Sensory evaluation scores

value Glossiness Roasted Cohesiveness Overall
nutty taste preference

Variety

Samgwangbyeo  77.20£1.50°  5.88+0.64" 5.50+0.53¢ 5.384+0.51¢ 5.3840.51¢

Gopumbyeo 75.50+0.20"  6.13+0.64°  6.00£0.53°  5.88+0.35° 5.88+0.64¢
Chuchungbyeo  73.60£0.50°  5.00+0.53°  4.50+0.75°  4.38+0.74° 4.63£0.51°
Ilpumbyeo 71.90+1.10°  4.88+0.64° 4.63%0.74° 4.75+0.71° 4.63+0.52°
Palgongbyeo 66.03+0.50°  3.50+0.53" 3.8840.64° 3.50%0.53" 3.38+0.51°
Samnambyeo  63.70+0.60°  3.25+0.70"  3.13+0.64"  3.00£0.53" 3.13£0.35"

Dobongbyeo 54.20+0.00" 1.88+0.64° 1.88+0.64° 2.25£0.70° 2.00£0.53"

Values are means * standard deviations.

Different letters within the same columns indicate significantly different at p<0.05.
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Table 4-10. Fatty acid compositions of starch lipid in milled rice cultivars

(Unit: %)

Samgwangbyeo  Gopumbyeo Chuchungbyeo Ilpumbyeo Palgongbyeo Samnambyeo Dobongbyeo

Lipid content (%) 1.13£0.04b 0.98+0.01a 0.84+0.0ba 0.924+0.09a 0.89+0.09a 0.88x0.10a 0.84+0.0ba
Myristic acid, C14:0 1.66+0.01a 1.66%£0.47a 1.57£0.09a 2.46£0.02b 1.98+0.43a 1.64£0.08a 1.80£0.10a
Palmitic acid, C16:0 42.06£0.08cd 38.25+0.55a 44.32+1.20e 38.29+1.40a 39.75+0.86ab  40.55%£2.33bc  43.97%0.25de
Palmitoleic acid, C16:1 0.04%0.00ab 0.04£0.00ab 0.05%+0.01bc 0.07£0.01c 0.03+0.01a 0.07+0.01c 0.07£0.00c¢
Stearic acid, C18:0 3.35x0.12ab 4.48+0.47c¢ 3.85x0.16bc 4.20£0.90bc 4.29£0.69bc 2.94+0.03a 6.64+0.04d
Oleic acid, C18:1 16.05%£0.15a 20.08+0.12cd 16.08£0.62a 18.96£0.07bc  20.50£1.03de 18.77£1.34b  21.56£0.15e
Linoleic acid, C18:2 34.77£1.07e 33.13£0.40c¢ 31.66+0.89b 33.41+£0.11cd 31.93£0.41b  34.524+0.73de 23.90%0.30a
Linolenic acid, C18:3 1.83%0.71ab 2.02+0.01b 2.25x0.25b 2.34x0.49b 1.18%0.35a 1.23+0.33a 1.67%£0.17ab
Arachidic acid, C20:0 0.13£0.00a 0.15%£0.03a 0.13+0.00a 0.13%£0.03a 0.16+0.03a 0.13+0.01a 0.26+0.01b
Gadoleic acid, C20:1 0.11£0.00ab 0.19£0.04ab 0.09+0.01a 0.14£0.02ab 0.18x0.06ab 0.15+0.02ab ~ 0.13£0.00ab

Data were presented as means standard deviation.

Different letters within the same columns indicate significantly different at p<0.05.

- 152 -



Table 4-11. Amylose contents and wavelength in Amax of iodine absorption of rice starches

Wavelength of maximum absorbance

Variety Amylose contents (%) B B
Wavelength (nm) Optical density
Samgwangbyeo 17.40+0.50c 576.0£1.7c 0.33+0.01c
Gopumbyeo 16.53+0.50bc 576.0£1.0c 0.32+0.00bc
Chuchungbyeo 18.85+0.50d 578.0+1.0d 0.34+0.00c
Ipumbyeo 16.24+0.50b 576.3£0.5cd 0.30£0.01a
Palgongbyeo 16.82+0.00bc 573.3+0.5b 0.31+0.00ab
Samnambyeo 16.53%1.00bc 572.6+1.1b 0.30+£0.01a
Dobongbyeo 11.03+£0.50a 555.6+0.5a 0.30£0.00a

Values are means + standard deviations.
Different letters within the same columns indicate significantly different at p<0.05.
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Table 4-12. Pasting properties of seven rice flours by rapid visco—analyzer

Variety Pasting Temp.(TC) Viscosity
Peak Trough Final Breakdown = Setback
Samgwangbyeo 70.23b 2386.33b  1582.33b  2639.00cd 804.00bc 252.67d
Gopumbyeo 69.83b 270867c  1762.00cd  2822.33e 946.67e 113.67b
Chuchungbyeo 69.75b 2003.67a  1265.33a 2201.00b '138.33b 197.33c
Ilpumbyeo 68.93a 2632.00c  2131.00e 3178.00f 501.00a 546.00e
Palgongbyeo 72.77c 2622.67c  1638.67bc  2723.00de 984.00e 100.33b
Samnambyeo 72.30c 1993.00a 1164.67a 2056.67a 828.33d 63.67b
Dobongbyeo 82.52d 3146.00d  1833.00d 2540.00c 1313.00f -606.00a

Values are means * standard deviations.

Different letters within the same columns indicate significantly different at p<0.05.
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Table 4-13. Gelatinization and endotherm characteristics of rice starch granules

Variety To(TC) Tp(C) TC) AH(]/g)

Samgwangbyeo 58.86+0.10" 64.92+0.15° 74.76+0.06" 2.63+0.18
Gopumbyeo 58.40+0.33" 65.19£0.10° 76.200.73" 3.19+0.10
Chuchungbyeo 57.95+0.19° 64.31+0.12° 75.22+0.08" 2.82+0.24°
Ilpumbyeo 58.15+0.21° 64.65+0.09" 76.66+0.57° 3.23+0.07"
Palgongbyeo 59.92+0.08° 67.07+0.12° 78.67+0.66° 3.35+0.25"
Samnambyeo 60.04=0.38° 67.150.06° 78.32£0.99° 3.50+0.21"
Dobongbyeo 75.25+0.26° 79.16+0.16' 90.06+0.24° 4.29+0.14°

Values are means * standard deviations.

Different letters within the same columns indicate significantly different at p<0.05.
To,onset of gelatinization

Tp, peak temperature

Tc, conclusion temperature

AH, enthalpy of gelatinization.

(»}) WE Y AR

=
WoSol AVERe AEHS gAY WiE ) 3eE HRIH(Roach & Hoseney, 1995;
Wang & Seib, 1996). &% b #Fol7F U=l Au|EA0A 71 32 s Bl =59 &
7hEek AR AR

ol Wt =
Ho] WEol el FFE Fo 2B A ARLFE BEgo] ymo= Ai(Leach
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Table 4-14.. Temperature effects on swelling powers of rice cultivars

Temperature(C)

55 65 75 35 9%
Flours Samgwangbyeo 3.39° 6.537 756 9.76% 15.26™
Gopumbyeo 3.58° 6.50" 8.15™ 10.09™ 15.31%
Chuchungbyeo 3.41° 6.28% 7.30° 9.78" 15.24™

Ilpumbyeo 350¢ 6.68 7.52% 9.67° 15.41°
Palgongbyeo 3.44° 5.65 851° 9.76 15.01*°
Samnambyeo 3.00° 5.90 8.08%° 10.02 14.95™

Dobongbyeo 2.60° 2917 7.32° 10.52° 14.65°

Mean 3.27 5.78 7.78 9.94 15.12
Samgwangbyeo 413 9.46% 10.65° 16.33° 20.01™

Starches Gopumbyeo 3.67™ 8.28" 9.65 13.46* 17.89°
Chuchungbyeo 372 9.90° 11.03° 16.00° 18.84™

I[lpumbyeo 4.16% 9.96° 10.86° 14.62° 20.74°
Palgongbyeo 361" 839" 10.59° 14.70° 19.99"
Samnambyeo 4.36° 8.89" 10.99° 15.25" 19.15%
Dobongbyeo 277" 2.96° 8.86" 17.98¢ 19.71*

Mean 3.77 8.25 10.38 15.48 19.48

Values are the means of three replications.
Different letters within same columns mean significantly different at p<0.05.
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Fig. 4-7. X-Ray diffractograms of starches from rice cultivars.
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WAoo ®  REEIL lipoxygenaseo] oJdf H2 & WAl flo] HTk(Webb, 1985).
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B Ao|ttHildebrand & Kito, 1984). o|uf A H #HbstE2 BT stgE=A FalEo] 4
Aol BHs 7HAlE stgES AAddth 3 lipoxygenases AF T o HEEY 4
sl = #oste] AEA 2F9 7HE AZA] FHo 93-S vzt gt Table 199 YER
=
S

£ oupe} o] Aule] WE e BAL FEI KA AolE myow el srra

rok

829 lipase ¥ AH4F 4Fs) gk ®AQ lipoxygenase EF 2 P|X|7} @EE FFAFE 1
Aol & AS & T USThH(Fig. 4-8, Fig. 4-9). 2= o]5 849 A& A AAAH< A4t
ol APEES ArA FA ¥ FFS FL eS¢ F AUk

- 158 -



Table 4-15. Fatty acid composition of non-starch lipid in milled rice varieties

(Unit: %)
Samgwangbyeo Gopumbyeo Chuchungbyeo Ilpumbyeo Palgongbyeo Samnambyeo Dobongbyeo
Total lipid content 1.11+0.02" 0.89+0.01° 1.060.05" 1.25+0.04° 0.87+0.06 1.40+0.09¢ 1.24+0.08°
Myristic acid, Cio 0.28+0.03 0.38+0.15™ 0.27+0.00° 0.25+0.01° 0.33+0.09 0.30+0.03™ 0.41+0.01°
Palmitic acid, Cigo 18.78+0.40° 18.50+1.38° 18.21+0.68 16.02+0.48" 16.70+0.49° 17.04+0.57% 18.47+0.02°
Palmitoleic acid, Cig1 0.05+0.04 0.12+0.09" 0.02+0.00° 0.02+0.00 0.07+0.06™ 0.02+0.00 0.10+0.03™
Stearic acid, Ciso 1.56+0.02° 2.19+0.72° 1.62+0.01° 1.47+0.00° 1.95+0.22% 1.43+0.05° 2.73+0.04°
Oleic acid, Cig1 38.83+0.20" 36.45+2.04" 38.73+0.33" 43.42+1.29° 40.13+1.83" 40.67+0.11° 39.12+0.12"
Linoleic acid, Cig2 38.58+0.50"° 40.55+2.12¢ 39.43+0.38% 36.77+0.79° 38.91+1.15™ 38.53+0.49" 37.44+0.16™
Linolenic acid, Cigs 1.18+0.02¢ 1.15+0.13¢ 0.96+0.02 1.03+0.01™ 1.16+0.05¢ 1.11+0.00¢ 0.90+0.02°
Arachidic acid, Cago 0.48+0.06™° 0.40+0.09° 0.46+0.00 0.57+0.00* 0.41+0.08" 0.46+0.03" 0.58+0.00°
Gadoleic acid, Cap1 0.26+0.11% 0.26+0.06 0.30+0.01% 0.45+0.01° 0.34+0.07* 0.44+0.00° 0.25+0.02
Total saturated fatty acid 21.10+0.36% 21.47+2.16° 20.56+0.69"¢ 18.31+0.47* 19.39+0.73™° 19.23+0.61™ 22.19+0.07¢
Total unsaturated fatty acid — 78.90+0.36™ 7853+2.15 79.44+0.69" 81.69+0.47¢ 80.61+0.73"¢ 80.77+0.60° 77.81+0.07°

Data were presented as means standard deviation.

Different letters within the same columns indicate significantly different at p<0.05.
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Table 4-16. Lipase and lipoxygenase activity of rice varieties.

Lipase activity

Lipoxygenase activity

Variety (unit/min) (uint/mg)
Samgwangbyeo 0.63+0.08" 37.30+0.80™"
Gopumbyeo 0.79+0.05" 36.41+0.87°
Chuchungbyeo 0.71+0.03" 39.35+1.38"
Ilpumbyeo 1.25+0.10° 45.46+1.96"
Palgongbyeo 0.99+0.11° 37.67+1.01°
Samnambyeo 1.12+0.02% 41.08+2.01°
Dobongbyeo 0.92+0.06™ 52.47+2.04°

Results are means of triplicate determinations

Mean separation within columns by Duncan’s multiple range test at 5% level.

14 e
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< & N L & o°
cj& it L

Fig. 4-9 . Hydrolytic activity of rice bran lipase.
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Fig. 4-11. GC-Mass detection of squalene and phytosterols of brown rice oil.

Table 4-17. Phytosterols and squalene composition in rice varieties

(ug/g rice)
Squalene Phytosterol

vanety Campesterol Stigmasterol  Sitosterol Cycloartenol 33;11?)/[ ;fgllo_l
Samgwangbyeo 6820507 1897+060"  15.14:056"  58.19+151" 2148037  13.38+0.37"
Gopumbyeo  15.28+1.11° 1815+1.29" 15564060 50.36+1.75° 27.82+055°  11.80+0.66°
Chuchungbyeo 11.12+0.19% 28.09+0.93°  1863+093°  76.19+1.93%  2862+1.02°  15.77+0.59"
Ilpumbyeo 15.88+0.32°  26.07+0.66"  22.40+0.13°  6545+0.83°  36.99+0.37"  16.35+0.34°
Palgongbyeo  650£0.29” 20.07£0.47°  1664+1.03"  52.00£1.00" 1577+0.34"  14.31£0.28°
Samnambyeo 898048 21.79+0.25°  16.00£0.46™  49.37+121°  2359+1.36°  12.73+051"
Dobongbyeo  4.99+0.07" 23.04+0.18°  1887+0.29° 51.63t1.33"  14.47+048"  19.32+0.12°

Results are means of triplicate determinations

Mean separation within columns by Duncan’s multiple range test at 5% level.
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Table 4-18. Amino acid composition of milled rice varieties
(ng/mg)
. . Samgwang Gopum Chuchung Ilpum Palgong Samnam Dobong
Amino acid
byeo byeo byeo byeo byeo byeo byeo

Aspartic acid

Glutamic acid

Arginine

64.56 (14.84%)"
77.19 (17.74%)

20.69 (4.75%)

79.82 (15.31")

18.83 (3.61%)

18395 (22.76%) 144.31 (23.33%

29.53 (3.65%)

12553 (24.07°) 183.95 (22.76%) 144.31 (23.33%)

29.91 (4.83%)

69.29 (13.36%
99.50 (19.18%)

22.23 (4.29")

103.22 (18.28°)

103.22 (18.28™)

30.38 (5.38%)

71.44 (13.24%)

82.77 (15.34")

27.13 (5.03%)

Asparagine

Serine

Glutamine

Glycine

Histidine

Alanine

Tyrosine

Valine

Methionine

Cystine

Isoleucine

Leucine

Phenylalanine

Tryptophan

Lysine

62.14 (14.28")
1312 (3.01"
3.11 (0.71%)
11.88 (2.73°%)
6.50 (1.49%
24.19 (556"
819 (1.88°)
516 (1.19")
1.97 (0.45™)
0.35 (0.08)
3.16 (0.73)
3.36 (0.77")
653 (1.50)
9.35 (2.15™)

80.95 (18.60%)

70.04 (13.43")

16.70 (3.20%
17.44 (3.34%
978 (1.88")
548 (1.05")
1933 (3.71™)
495 (0.95%
453 (0.87%
2.12 (0.41™)
0.44 (0.08)
2.90 (0.56™)
3.20 (0.61%)
558 (1.07%)

12.32 (2.36™)

82.11 (15.75")

144.32 (17.86%) 84.83 (13.71")

2569 (3.18°)
19.38 (2.40°)
12.21 (151
7.32 (091%)
33.28 (4.12")
878 (1.09")
7.33 (0.91%)
2.97 (0.37™)
043 (0.05)
3.89 (0.48")
432 (0539
6.84 (0.85Y
10.26 (1.27%

81.43 (10.08")

12,60 (2.04%)
5.63 (0.91%)
961 (1.55Y
7.76 (1.25™)
24.07 (3.89™)
6.68 (1.08")
5.96 (0.96")
174 (0.28)
0.23 (0.04%
2.79 (0.45%
3.24 (052%
550 (0.89%)
9.45 (153Y

83.04 (13.42")

8150 (15.71°)
1862 (359%
2850 (5.49°)
10.63 (2.05"
585 (1.13")
16.04 (3.09%
586 (1.13™)
587 (1.13")
2.20 (0.42™)
055 (0.11%)
2.60 (0.50™)
3.39 (0659
580 (1.129)
14.00 (2.70")

89.07 (17.17%)

92.03 (16.30°)
18.62 (3.309
4.46 (0.79%)
13.29 (2.35%)
8.03 (1.42°)
3142 (556"
882 (1.56™)
658 (1.17)
2.75 (0.49")
0.23 (0.04%)
3.66 (0.65™)
3.73 (0.66%)
6.11 (1.08")
10.83 (1.92")

78.12 (13.83")

67.99 (12.60%)
22.11 (4.10°
8.95 (166"
16.82 (3.129
1117 (2.07%)
51.66 (9.57°)
1093 (2.039
9.56 (1.77%)
279 (052"
0.47 (0.09%)
495 (0.92%
5.25 (097"
779 (1.44%
20.70 (3.84%)

7693 (14.26")

Threonine

Proline

20.92 (4.81%)

11.85 (2.72°%)

25.34 (4.86"

15.03 (2.837)

24.53 (3.04"

17.76 (2.20™)

24.06 (3.89%)

12.95 (2.09"

23.68 (456"

1360 (2.627)

25.81 (457"

13.36 (2.37")

25.06 (4.64%)

15.09 (2.80°%)

Total

435.17 (100)

521.47 (100)

808.17 (100)

618.67 (100)

518.78 (100)

564.67 (100)

539.56 (100)

"MOL %

The different letters within same columns mean significantly different at
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0.98™
097"
097"
-0.78"
-0.79"
-0.81"
-0.83"
-0.76"
-0.89"
0.81"
0.85°
-0.76"
-0.76"
-0.80"
0.88™
0.87"
0.82°
0.83"

Correlation coefficient

24-Methylcycloartenol

Roasted nutty taste
Alanine

Glossiness
Roasted nutty taste
Overall preference
Glycine

Histidine

Valine
Tryptophan
Lipoxygenase
Palmitic acid
Oleic acid
Gadoleic acid
Linoleic acid
Linolenic acid
Arachidic acid
Valine

. Significant at 5% and 1% level, respectively.

Table 4-19. Correlation coefficients and relevant characters of rice varieties
Relevant characters
Lipoxygenase activity

Palatability score
Lipase activity
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A EA71E o]l&3dte] SHsIR e 1 Ad= Table 4-21¢] Ye itk 7§E(hardnes) A
A (chewiness)2 24 44 AHYS dovl=d o 9 =7]E vehly HAES 19
3= &3 (cohesiveness)? W] el FA F, BY A=E A= €4 (springiness)<
s Fdske A 2715 el Ay f¥o] HESF9d detEs IS 55

o
B
>
ol
b9t/
o

ste=d 2adh do o FA H A (adhesiveness)

Table 4-20. Palatability and sensory evaluation scores of cooked rice cultivars

Sensory evaluation scores

. Toyo—-taste
Variety

1 . Roasted . Overall
value Glossiness nutty taste Cohesiveness preference

Koshihikari 78.13+0.68" 7.00+0.00% 6.75+0.46" 6.50+0.53! 7.00+0.00"
Samgwangbyeo 77.20+1.50¢ 5.88+0.64" 5.50+0.53"% 5.38+0.51™ 5.38+0.51"
Gopumbyeo 75.50+0.20" 6.13+0.64" 6.00+0.53% 5.88+0.35' 5.88+0.64%
Chuchungbyeo 73.60+0.50° 5.00+0.53° 4.50+0.75°% 4.38+0.74" 4.63+0.51°
Hwaseongbyeo 73.50+0.50" 5.00+0.76° 5.13+0.64' 5.13+0.64%" 5.13+0.35'
Dongjinbyeo 72.60+0.70f 6.00+0.76" 4.50+0.53°% 4.63+0.74™ 4.50+0.53%
Ilpumbyeo 71.90+1.10¢ 4.88+0.64% 4.63+0.74% 475+0.71" 4.63+0.52°
Hwacheongbyeo 71.13+0.86° 4.25+(.88" 4.25+0.46" 4.00+0.00% 4.13+0.35"
Palgongbyeo 66.03+0.50° 3.50+0.53° 3.88+0.64° 3.50+0.53 3.38+0.51¢
Samnambyeo 63.70+0.60" 3.25+0.70" 3.13+0.64" 3.00+0.53" 3.13+0.35™
Singeumobyeo 62.43+1.19" 2.63+0.92" 3.00+0.00 2.88+0.35" 2.88+0.35"
Dobongbyeo 54.20+0.00° 1.88+0.64° 1.88+0.64° 2.25+0.70° 2.00+0.53"

Data were presented as means standard deviation.
Different letters within the same columns indicate significantly different at p<0.05.

F FEY BF X (hardness) F F2J (adhesiveness)
= AFol, FAAE ge] & @& yEdo AnA
Res & F AU AP (gumminess) T I
(chewiness)> 1L#©] Z}7Z} 831, 483= A4 =& s YEHUAH FHEEY AH|xE HErd
4, 34, 53, 4F, 34 FF9 X (hardness)= 1627~19762] WA= Aol 714 =4
YER 13 F-24 (adhesiveness)2 573 F%°], &3/ (cohesiveness), 7/J(gumminess), %3]
’d(chewiness)2 3}/ o] 7}7} 047, 899, 5532 A1 7HE =2 s B Ath

27 e F, A, A5, B8 F32 X (hardness), %3 (chewiness)©] i12]¥]
Ay F7F AW AE YEpd FFEC Bl 27 1321~1615, 286~389 WA E e A H
ATt

A7k 5% 1A, 43, 1
Z+Z} 1507 ~1901, -149~-118%2 A%
31

= zoy wwg 2ARL AAT

flo
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Table 4-21. Texture properties of cooked rice by using Texture Analyzer

Variety Har(dness Adhesive Springi Cohesive Gummi Chewi
g) ness ness ness ness ness
Koshihikari 1507.74° ~147.92" 0.68' 0.45% 666.42° 436.57°
Samgwangbyeo 1802.79° -118.75" 0.49" 0.41%° 739.15° 355.53"
Gopumbyeo 1901.39° -149.27™ 0.58° 0.43" 831.70° 483.22"
Chuchungbyeo 1776.93° -130.59 0.56% 0.44"¢ 781.42" 432.68°
Hwaseongbyeo 1976.80" -165.88" 0.62° 0.47° 899.92" 553.04"
Dongjinbyeo 1627.73° ~145.84" 0.60% 0.44"4 685.76% 411.23%
Ilpumbyeo 1649.16° ~140.56°* 0.53" 0.43™ 703.69° 378.05™
Hwacheongbyeo 1828.41¢ -156.86" 0.54™ 0.40° 748.94° 390.85°
Palgongbyeo 1594.52° -132.78% 0.58° 0.42" 679.15% 389.831
Samnambyeo 1589.90° -97.96° 0.46° 0.40° 633.71° 286.19
Singeumobyeo 1615.56° -156.84°" 0.55% 0.40° 638.32" 337.96"
Dobongbyeo 1321.34° ~147.13"4 0.61° 0.43" 568.05" 341.27°

Data were presented as means standard deviation.
Different letters within the same columns indicate significantly different at p<0.05.

2o A g Hou 2o Oli‘rfﬂ’—ﬂ 540 dFe mAER AUt i 12F%FF 2
9 HAE FARE TFF L AR} 2AES EAEA An|ete BEAdS AWEdt 7‘]‘%L
TFS 480~14.03 mgo 2 FFIF KA Ao] FHFS HUOU Aulo] wE A
of AHAAFL T F Atk BIAE AA FF 78 AP RN T B HES
2} A3} A+ oleic, linoleic acidE Blwa] X, oleic acid®] A Av|7} £X & IF, 4
g, AFQ, B8 FFo] 3912~41.93%F 17t 531 AH36.45~40.16%)Y T AE] 2
X5 UEPH F5(34.26~43.42%)°l Hla| £ HlE&S K<l ¥, linoleic acid® 7-¢ 37.2
0~3891%% w2 & HlE&s Yl =3 AuArt @2 350 4u7t 58 55
£l Hl3l palmitic acide -2 F&H[(16.70~18.47%)E YEFH AL stearic acid /A=

2 I HE(143~273%)= UYEE Aotk Myristic acide 025~041% 2 FF7HY
o7k Ao 1 9 wmE At AaE 2O =Z palmitoleic, linolenic, arachidic,
gadoleic acid&= 0.02~0.12%, 0.90~1.18%, 0.20~0.59%, 0.08~0.44%2] &= vl &S el Aot
(Table 4-22).

SHH, vldE A A e gl 7o) Ak 2 AR FRBAIE vl 2 A3, Myristic
acidv= palmitoleic, stearic acid®} Fo] FABJAE R AT Palmitic acide= linoleic acid¢h+=
Ao d#S, oleic, arachidic, gadoleic acid¢t= F9] FAAAE UeE At Oleic acid &4
H| = palmitic acid, linoleic acid®} Z}z; Fo] A& AA 7 &S & 4 A TH(Table 4-23).
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Table 4-22. Fatty acid composition of non-starch lipid in milled rice varieties

Fatty acid composition (%)

Total
Variety (rlrllzl/dg | M%§z§tlc Paéézglc Palrél(%glelc S teaéilzzoaci d Oleiccl 8:21@ d Linolg llgz acid Llr%zén1c Ar:%%l%dlc Gaéi(i%elc
Koshihikari 733" 0.27° 19.10° 0.07" 1.38% 40.16™ 37.64" 1.00™ 0.26° 0.14%
Samgwangbyeo  11.10° 0.28" 18.78%' 0.05" 156" 38.83" 38,58 1.18 0.48" 0.25%
Gopumbyeo 8.85° 0.38" 18,50 0.12° 2.19% 36.45" 4055 1.15° 0.40 0.25%
Chuchungbyeo 1060 0.27° 18.21"¢ 0.02° 162" 38.73 39.44° 0.96" 0.46° 0.30°
Hwaseongbyeo 13.67¢ 0.29" 20.94" 0.05" 1.38% 34.26" 41.81' 0.98" 0.21° 0.08"
Dongjinbyeo 983 033" 20.125" 0.04* 147" 36.23" 40.39% 1.06™% 0.24° 0.12"
Ilpumbyeo 12.50" 0.25" 16.02° 0.02* 147 43.42¢ 36.77° 1.03>¢ 0.57¢ 0.46°
Hwacheongbyeo — 1040%  0.31* 20.00"" 0.04* 1.14% 35.59" 4153 1.02>¢ 0.24° 0.12"
Palgongbyeo 8.70°¢ 0.33 16.70° 0.07* 1.95" 40.13"™ 38.91"% 1.16' 0.41° 0.33¢
Samnambyeo 14.03¢ 0.30° 17.04% 0.02° 1.43% 40.67™ 3853 1.11% 0.46" 0.44°
Singeumobyeo 4.80° 0.31* 17.19%4 0.07" 1.85™ 41.93% 37.20° 1.09°% 0.20° 0.18™
Dobongbyeo 12.36' 0.41°¢ 18.47°%! 0.10" 2.73¢ 39.12" 37.44" 0.90° 0.59° 0.25%

Mean separation within columns by Duncan’s multiple range test at 5% level.
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Table 4-23. Correlation coefficients among fatty acid composition of non-starch lipid in milled rice

Total Myristic ~ Palmitic ~ Palmitoleic Linoleic Linolenic Arachidic Gadoleic

Stearic acid, Oleic acid,

Total lipid 1.00 -0.08 0.12 -0.42 -0.12 -0.20 0.21 -0.28 0.48 0.34
Myristic acid, Cio 1.00 0.12 077" 0.81" -0.30 0.13 -0.43 0.13 -0.15
Palmitic acid, Cieo 1.00 0.10 -0.27 -0.90" 0.74™ -0.31 -0.58" -0.86"
Palmitoleic acid, Cig: 1.00 0.75" -0.18 -0.02 0.10 -0.03 -0.29
Stearic acid, Cigo 1.00 0.14 -0.33 -0.10 0.47 0.16
Oleic acid, Cig1 1.00 -0.93" 0.13 0.47 0.70°
Linoleic acid, Cig2 1.00 0.22 -0.50 -0.54
Linolenic acid, Cigs 1.00 -0.04 0.24
Arachidic acid, Cano 1.00 0.80"
Gadoleic acid, Cop 1.00

% % Significant at 5% and 1% level, respectively
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(W) HEA A (Starch lipid) &5 2 A =4
Amylose-lipid complex o] 7}1d % F3lA oz~ &&5& WIT 4 Jorn=
(Choi, 2002) FH¥+ % o] Aujo] FFs = 7FeAel dEHEE Hrx7t bdE 1R2FFY

starch lipid % 9 24uE sl Auele] BEAS FolrgTh ARAD Fue Ay

i

A7F 73 A7, AE, 1F FE0] 098~115% % FUAE AvAE UEd 3, 3
8, X, 4F, 34 (092~1.09%) A7t G By, 4, AFLe, B8 FFE(0.84~1.16%)
of Bl wL FFE Hole AIo|Hh obL2 e AFsa v AEAAY At 24
M= BIHAE A Ak A8 9L @] palmitic acide] ZAHIZE AA] A AE 2480l A
71 =8 3 &S YERNAAWH3E8.25~46.08%) 20| Zpolo] wE FFE 7ho] AW 2
ol= §lA T} Linolenic acid®] 7% 21v]7} $43FAU(30.32~34.77%) ST v A&
Bl FEE(30.59~35.03%)¢] 27} Y FFS5(23.90~34.52%)°l HlE| AR F2 T H]

&2 Ho| AE AZ 4 linoleic acid £4B7F Aujo] s & A= A & & T

—~
—
[
[oN
—_
(@]
S
N
N

N

g, AEAE T g Az Ak 24¥EY FaaAE Hlus] 2 Z3H(Table 4-25),
oleic acid= myristic acid¢} H & AFAA/AE E AW linoleic acidv palmitic, stearic acid 2}
= 5o AAAAES JellRdt}l. Stearic acid £AHIE linoleic acid9t= ¥9 AAB/AE,
arachidic acido= g9 JAAAS UeEh AT
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Table 4-24. Fatty acid composition of starch lipid in milled rice cultivars

Total Fatty acid composition (%)
Variety (rlrllzl/dg | Mzziiztic Pa;gil(ijtic Palglg;pgleic Stea éll (;:Oa cid Ol Eé (1::1 cid Lig((:)ilgic Lir;(():li%nic Ar?\((::}ilcildic Ga;}:(i)(ljeic
Cia0 Cis0 Cis1 Cigz Cigs Ca00 Coo1
Koshihikari 11.50¢ 1.92° 40.60 0.05" 3.28% 22.86% 30.32" 0.76™ 0.12" 0.08"
Samgwangbyeo  11.33° 1.66™ 42.06™ 0.04* 3.35% 16.05° 34.77% 1.83% 0.13° 0.11°
Gopumbyeo 9.76™  1.66™ 38.25" 0.04* 4.48° 20.08° 33.13% 2.02% 0.15° 0.19°
Chuchungbyeo 8.40" 157 44.32° 0.05™ 3.85™ 16.08" 31.66™ 2.25° 0.13° 0.09"
Hwaseongbyeo 956" 154" 41.34 0.03" 2.89° 18.25° 35.03° 0.72% 0.11" 0.08"
Dongjinbyeo 9.80 142 46.08° 0.04* 3.05° 17.89° 30.59" 0.79" 0.08" 0.06
Ilpumbyeo 9.20"  2.46° 38.29° 0.07° 4.20¢ 18.96> 33.41°% 2.34° 0.13° 0.14°
Hwacheongbyeo — 10.86 191" 44 58 0.02° 277 18.20 31.64" 0.76"™ 0.05" 0.08"°
Palgongbyeo 896" 198 39.75" 0.03" 4.29° 20.50% 31.93" 1.18™ 0.16° 0.18°
Samnambyeo 880 164" 40.55™ 0.07° 2.94° 18.77" 34.52% 1.23" 0.13° 0.15°
Singeumobyeo 11.63° 2.53° 40.13" 0.04* 2,93 23.57¢ 30.08" 0.50° 0.12" 0.10°
Dobongbyeo 8.43° 1.80" 4397 0.07° 6.64° 21.56 23.90° 167 0.26° 0.13°

Mean separation within columns by Duncan’s multiple range test at 5% level.



Table 4-25 Correlation coefficients among fatty acid composition of starch lipid in milled rice

Total Myristic ~ Palmitic ~ Palmitoleic ~ Stearic Oleic Linoleic  Linolenic ~ Arachidic ~ Gadoleic
Total lipid 1.00 0.30 -0.21 -0.46 -0.55 0.28 0.14 -0.55 -0.50 -0.40
Myristic acid, Ciao 1.00 -0.44 0.15 0.05 0.58" -0.15 -0.15 0.05 0.18
Palmitic acid, Cieo 1.00 0.02 0.28 -0.23 -0.63" -0.71 0.16 -0.53
Palmitoleic acid, Cis1 1.00 0.48 0.13 -0.27 0.47 0.57 0.26
Stearic acid, Ciso 1.00 0.24 -0.66" 0.53 0917 0.49
Oleic acid, Cig1 1.00 -0.53 -0.48 0.34 0.18
Linoleic acid, Cig2 1.00 0.11 -0.57 0.11
Linolenic acid, Cig3 1.00 0.40 0.46
Arachidic acid, Copo 1.00 0.52
Gadoleic acid, Cop:1 1.00

* w0 Significant at 5% and 1% level, respectively
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(th) 21=7d 2H & F(Phytosterol) 3 Hlu

2o FirEo] e AEAR ZERONEFEY FFH Arote] AR daide A AFEn glenE B AYPdAe ol 24 FF
of Huk Av] Z2 f7|¢ke] ABA A= TheAS LotRV] Hel AvrE v 12T 4= SHEE=Re FEe Wl iti(Table
4-26). 12%F % 29 F8 2EA ZHERFQ sitosterol> 49.37~76.19 pgl 2 71 2 TS H Y2 campesterol, stigmasterol 7}7]
5~34.39 ug, 1514~2240 pgo 2 FFZHe] Zole Aoy FHEEL ArAE U FF55°] =2 8= e S l‘i"q v =) 2}
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Table 26. Phytosterols and squalene composition in rice variety
(ug/g rice)

. Phytosterol
Variety Squalene - -
Campesterol Stigmasterol Sitosterol Cycloartenol 24-Methyl-cycloartanol

Koshihikari 20.73+0.18" 34.39+1.65" 21.36+1.97¢ 70.62+1.36% 29.38+1.70° 17.56+1.73
Samgwangbyeo 6.82+0.50" 18.97+0.60°" 15.14+0.56 58.19+1.51" 21.48+0.37™ 13.38+0.37"
Gopumbyeo 15.28+1.11° 18.15+1.29° 15.56+0.60° 50.36+1.75" 27.82+0.55° 11.80+0.66°

Chuchungbyeo 11.12+0.19¢ 28.090.93' 18.63+0.93" 76.19+1.93" 28.62+1.02° 15.77+0.59°%
Hwaseongbyeo 1857+0.58% 27.63+0.32' 21.14+0.09° 71.27+0.19% 23.97+1.00" 17.59+0.81°
Dongjinbyeo 15.030.98' 23.43+1.17 19.78+1.14™ 71.15+2.58% 17.58+1.50 14.60+1.18™
Ilpumbyeo 15.88+0.32 26.07+0.66° 22.40+0.13¢ 65.45+0.83° 36.99+0.37" 16.35+0.34%
Hwacheongbyeo 13.72+0.34° 30.83+0.42° 18.68+0.29" 72.80+1.17¢ 21.60+0.32" 15.47+0.47°
Palgongbyeo 6.50+0.29" 20.07+0.47" 16.64+1.03" 52.00+1.00 15.77+0.34% 14.31+0.28™
Samnambyeo 8.98+0.48° 21.79+0.25° 16.00+0.46° 49.37+1.21° 23.59+1.36% 12.73+0.51™
Singeumobyeo 9.49+1.24° 28.82+1.12' 22.30+0.00" 68.22+2.03" 16.05+1.03" 19.98+0.77¢

Dobonghbyeo 4.99+0.07 23.04+0.18% 18.87+0.29" 51.63+1.33° 14.47+0.48° 19.32+0.12'

Data were presented as means standard deviation.
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FARRAET Z S o] &3t & HifF A < #FES A= Fig 4119 2o JEH
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Ilpumbyeo Hwacheongbyeo

Singeumobyeo Dobongbyeo

Fig. 4-12. Scanning electron micrographs of rice starches (x5000).
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Table 4-27. Temperature effects on swelling powers of 12 rice cultivars

Temperature (C)

Variety

55 65 75 85 95
Koshihikari 2.60° 5.84" 8.32" 9.92% 16.30¢
Samgwangbyeo 3.39" 6.53% 7.56™ 9.76% 15.26°
Gopumbyeo 3.58¢ 6.50% 8.15™¢ 10.09% 15.31°
Chuchungbyeo 3.41¢ 6.28% 7.30° 9.78% 15.24°
Hwaseongbyeo 3.25™ 5.52" 7.93%¢ 9.69% 13.82°
- Dongjinbyeo 2.96 6.75° 853° 10.79¢ 14.56™¢

ours
Ilpumbyeo 3.50¢ 6.68% 7.52% 9.67° 15.41¢
Hwacheonghyeo 3.01° 6.42% 8.20% 10.00™* 14.30™
Palgongbyeo 3.44% 5.65" 851° 9.76% 15.01"
Samnambyeo 3.00° 5.90™ 8.08%¢ 10.02:¢ 14.95™
Singeumobyeo 2.97° 5.48" 8.00™ 10.26"4 14.92>
Dobongbyeo 2.60° 2.91° 7.32° 10.524 14.65™¢
Mean 3.14 5.87 7.9 10.02 14.98
Koshihikari 3.24 8.08° 10.48" 15.71P 23.38¢
Samgwangbyeo 413 9.46% 10.65™ 16.33¢ 20.01"
Gopumbyeo 3.67°% 8.28% 9.65™ 13.46° 17.89°
Chuchungbyeo 3.72bcde 9.90° 11.03° 16.00% 18.84
Hwaseonghyeo 3.87°%f 9.09° 10.90° 15.70" 1857
Starch Dongjinbyeo 4,09 9,120 11.07° 15.68>4 20.00™

arcnes
Ilpumbyeo 4.16% 9.96° 10.86° 14.62% 20.74°
Hwacheongbyeo 3,887t 9,10 10.66" 14.97™ 19.22%
Palgongbyeo 3.617 8.39° 10.59™ 14.70° 19.99
Samnambyeo 436 8.89°de 10.99¢ 15.25P¢d 19.15®
Singeumobyeo 3.46™ 6.65" 10.73 14.49% 19.13"
Dobonghyeo 277 2.96° 8.86° 17.98° 19.71%
Mean 3.75 8.32" 1054 15417 19.72"

Results are means of triplicate determinations
Mean separation within columns by Duncan’s multiple range test at 5% level.
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Table 4-28. Pasting properties of twelve rice flours by rapid visco—analyzer

Pasting Viscosity(cP)
Variety Temp.
( C) Peak Trough Final Breakdown Setback
Koshihikari 71.48° 3084.00" 2119.00" 3076.00" 965.00° -8.00°
Samgwangbyeo 70.23 2386.33" 1582.33% 2639.00™ 804.00° 252.67°
Gopumbyeo 69.83" 2708.67° 1762.00% 2822.33" 946.67° 113.67
Chuchungbyeo 69.75" 2003.67° 1265.33" 2201.00 738.33™¢ 197.33°
Hwaseongbyeo 70.20 2145.00° 1435.33¢ 2462.67° 709.67™ 317.37"
Dongjinbyeo 69.75" 2062.33" 1076.33° 1889.00° 986.00° -173.33"
Tlpumbyeo 68.93" 2632.00° 2131.00" 3178.00° 501.00° 546.00"
Hwacheongbyeo 70.52 214267 1477.33% 2511.67° 665.33" 369.00
Palgongbyeo 72.77 2622.67° 1638.67 2723.00° 984.00° 100.33¢
Samnambyeo 72.30% 1993.00° 1164.67°" 2056.67" 828.33¢ 63.67°
Singeumobyeo 73.92° 2407.67° 1721.00% 2793.67¢" 686.67" 386.00%
Dobongbyeo 82,52 3146.00° 1833.00¢ 2540.00° 1313.00" -606.00°

Results are means of triplicate determinations
Mean separation within columns by Duncan’s multiple range test at 5% level.

(th AlRFFAS ZF71(DSC)oll &k 2 A& 53t 54
AE dAl FES &85 7heta 7hdstd 24o] &afiEo] FAHE HHE Wekes dxel
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t :
E 12FF el 741 AolE v AT 7t
o Hla) 3N, 539, $FFTE %7t 22z 7525, 79.16C, 90.06CTE F=
A JeERR AT AEYAS] 3N L5 EE(75.25T)S ALshH 57.95C oA AHE 62.04T
AZEN olE HYon F3uT9 LEE E5(79.16C)S Aed hAZ 64.31T ~69.6
7C &xjola, 33F8 2% 94| 7476TC ~83.0C X zFo]lE YERRUL =& AuAE H
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TH(Table 4-29). 3+H, 2] amylose-lipid complex®] melting endotherm- =
Helol A YEh=tl(Daryl, 1983) @A -] 45 ARG s3t2 57 goxlon 53}
gyr ve A3F%S Heltu O}Oﬂr/} o] starch lipid &5 3 Aol 33 S
= Au R A e S8, da, FELE 2
3L FEY 7% Table 278 HEA A9 linoleic acid

=
oA Hlzgk & vHE&S YERA=, ol HAEAZY linoleic acid7} Aw9] 315

Table 4-29. Gelatinization and endotherm characteristics of rice starch granules

Variety T, (T) T, (T) T. (C) AH (J/g)
Koshihikari 61.33+0.11¢ 67.84+0.28¢ 79.14+0.50% 3.69+0.19
Samgwanghyeo 58.86+0.10° 64.92+0.15™ 74.76+0.06° 2.63+0.18"
Gopumbyeo 58.40+0.33" 65.19+0.10° 76.20+0.73"¢ 3.19+0.10™
Chuchungbyeo 57.95+0.19° 64.31+0.12° 75.22+0.08 2.82+0.24%
Hwaseongbyeo 59.71+0.15° 66.40+0.05° 78.17+0.05% 3.07+0.15>
Dongjinbyeo 59.91+0.13¢ 66.34+0.18° 79.44+1.37* 3.85+0.21"
[lpumbyeo 58.15+0.21%" 64.65+0.09™" 76.66+0.57" 3.23+0.07°
Hwacheongbyeo 59.08+0.20° 65.40+0.08¢ 76.84+0.25°% 3.40+0.14°%
Palgongbyeo 59.92+0.08¢ 67.07+0.12' 78.67+0.66° 3.35+0.25
Samnambyeo 60.04+0.38° 67.15+0.06' 78.32+0.99% 3.50+0.21%
Singeumobyeo 62.04+0.12" 69.67+0.62" 83.00+2.18" 3.91+0.20"
Dobongbyeo 75.25+0.26° 79.16+0.16' 90.06+0.24! 4.29+0.14*

Data were presented as means standard deviation.
Different letters within the same columns indicate significantly different at p<0.05.
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Table 4-30. Amylose contents and wavelength in Amax of iodine absorption of rice starches

Variety Amylose  contents Wavelength of maximum absorbance
(%) Wavelength (nm) Optical density

Koshihikari 16.24+0.32" 567.3+1.5" 0.31+0.01*"
Samgwangbyeo 17.40£0.50"% 576.0£1.7% 0.33+0.01"
Gopumbyeo 16.53+0.50™ 576.0£1.0% 0.32+0.00™
Chuchungbyeo 18.85+0.50° 578.0+1.0° 0.34+0.00°
Hwaseongbyeo 17.98+0.80°% 573.3+1.5% 0.33+0.02"
Dongjinbyeo 18.27+0.60% 576.6%1.0° 0.33+0.01"
Ilpumbyeo 16.24+0.50" 576.3+0.5° 0.30+0.01°

Hwacheongbyeo 17.40£0.50™% 571.3+1.0° 0.32+0.02"
Palgongbyeo 16.82+0.00" 573.3+0.5% 0.31+0.00*"
Samnambyeo 16.53+1.00™ 572.6+1.1° 0.30+0.01°

Singeumobyeo 17.11£0.50™¢ 570.6+1.1° 0.32+0.00"
Dobongbyeo 11.03+0.50° 555.6+0.5 0.30+0.00°

Data were presented as means standard deviation.
Different letters within the same columns indicate significantly different at p<0.05.

h h=
2 e kAl o] F4 % AR #AS Asistal el Axte v & %S
pAH B Aol Aawnge] AW, ARG, ARA 7] mE $F WHolrl & Holnh
Sl A o] o EFES e Z7|7 "ol ¢ A dth(Ishima & Mijoshibal, 1974:

Yanse et al, 1984: Shibuya, 1990). 2177} & 12FF 2] wwld 3= HolE HluwsE 2
1

3}, An7t 48 1A37tE, g, BF EFS 571~631% I BEE HPow 1Azt
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10

Fig. 4-13. Protein content of twelve rice cultivars.

Different letters within the same columns indicate significantly different at p<0.05.

7148t A Foly win ] npgFe Fo] EXH
S 2ol 7 gel BXEdal 3RS IR 4

K Z#&H7F =2 Aol o]l o &7|17F 3l Ad&elgkal K ii(Choi, 2002)3Fof 2e] 2
#AAZE AAEEGATE olol] Am X Zpol7t e 127F 9 A nFAHRE] FFS v
&} % TH(Table 4-31).

A AuAE Yl A8 7k, A, 1E FE5S K Mgl o] Zhzb 2139~2178 ug,
704~1132.33 pgol &% X EZ Horm Mg/K Ble 1A3]7H8](0.53)7F ©hE EF S0 Hls)
7P =S HES BT SRS ARAE 7 FF, 8, T3, 4F, 3 F52
K 3 Mg 3ol 4zt 1737~2283ug, 676~950 pgol & EXE Uello] ol IF =
(Mg/K)= 0.34~0449] Hl&S Ho FF3e] Zolg Hdn I A Au|AE 71 &%, 4

o, AlFe, B8 F5S Mg/K HE0] 038~047S Ho EFHY ol B, Avje #
HdE Mg/K &3 vl AA 12 FF 7dolle 2olE Hion
27 Mg =S HES Bl olE vwEHdA AN A #AdAo] S Ao AAZ

H

oft

o

£3), 47k S48 1497
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Table 4-31. Mineral content of rice varieties

(ug/g)

Variety Ca K Mg Mg/K
Koshihikari 148.20™ 2139.00¢ 1132.33¢ 0.53
Samgwangbyeo 145.83" 2140.00¢ 704.43° 0.33"
Gopumbyeo 148.63° 2178.00¢ 875.70° 0.40°
Chuchungbyeo 134.77° 1737.67° 595.93" 0.34°
Hwaseongbyeo 134.93" 1964.67™ 867.43° 0.44"
Dongjinbyeo 119.63" 1964.00™ 676.60° 0.34°
lpumbyeo 141.17 2283.67° 950.97" 0.42"
Hwacheongbyeo 138.50" 2208.00¢ 798.33¢ 0.36°
Palgongbyeo 146.07" 1991.33¢ 873.10° 0.44"
Samnambyeo 171.50° 1674.33° 784.50° 0.47
Singeumobyeo 121.40% 1686.33" 634.43" 0.38¢
Dobonghyeo 217.10 1901.67 811.17¢ 0.43¢

Results are means of triplicate determinations
Mean separation within columns by Duncan’s multiple range test at 5% level.

ARBHAY Fo TH AL EAL F9o

rr
1>
=)
2
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AW 9L F Aoz Azwn,

-1 [¢]
" arachidic acid®l= F9 A#AAZS JeERAT 2EA 2HEQ squalene, cycloartenol 7}
T Ao ABBAES el ol A FEF EI BEFE Hre T2 AoE 3T F
Aok mgk Avx)et g e 9 v Fdh Caste F9Y AAEAES HEY o olE AEE
FEH oz e Arldle FA ¥ FFS A AoE AAEY. 5354 A
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Table 4-32. Correlation coefficients and relevant characters of among properties of rice

endosperm components

Relevant characters Correlation coefficient

Sensory Glossiness 0.95"
Palatability evaluation Nutty roasted taste 0.95*
value Cohesiveness 0.94™
Overall preference 0.94™

Non-starch lipid Stearic acid, Ciso -0.61"
Starch lipid Linoleic acid, Cig» 0.63"
Arachidic acid, Cano -0.61"

Squalene 0.66"

Phytosterols Cycloartenol 0.60"
Protein content -0.94™

Ca -0.62"

RVA measurement Pasting temp. (C) -0.85"
DSC characteristics To(C) -0.76™
T,(TC) -0.81™"

T(TC) -0.83™

AH(J/g) -0.68"

Flours Swelling power at 65T 0.79"
Starches Swelling power at 65T 077"
Texture properties Gumminess 0.68"
Chewiness 0.58"

“ ™ . Significant at 5% and 1% level, respectively.

o

=
7](55C 65C) 2A71F WHEH FEAZEY linoleic acid9t F9] FH#HAAE e
TollAel &= - linoleic acid®t= F9 F#AAE, palmitic acideb= 9
E Yet AT A7FF 95T ABaEgolAe v Ad At 24 oleic acid9t 8 9]
£, linoleic acid¢t= -9 Z@AAAE YA A& FEH = 55T ~75T7t
A AEAA A 24 linoleic acid$b= A9 A#/BAE, stearic, arachidic acideb= F-
FHBAE Eﬁ’igt':] ol A AA AWF 2AEC]l 53 7] BEgd TASA A
d g AT HE9 85T HEF YA A= palmitic acide} Fo] FHTAAE YERd o] 2A7F H
Ao Aagode HdE ALY AE8AZ At 2AE0] &S WA 539, linoleic
T80 FAste Fo AWML S & F
A7HFe] RVA 531543 A48 AR Y AadAdMe ssPixeEs JEAE 2
2F 24 F linoleic, stearic acid®} cycloartenolZt= -9 ¥ #A &, arachidic acidot= 9

AAAAE JEF AT 3 linoleic acidE= breakdown¥ = 9] AAAAE, setbackH= A

Lo

Q
2.
(oW
rlo
o g
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JEAAA T3, 2T =, 33EF, 539 EF A linoleic acidt+= H
o] AL Yelo] AEXZEY F2 FA A HHEO Zlinoleic acid Hl&°] BS4E 539
3

FES AL Yee ANEE Anem B 5 QA T AN F AELol

2]
7} 71 3} A Q] stearic, arachidic acid9}+= DSC 28543 Ao A#AAAE Yo
o] H

o) ABERE AR FH Ade w= FHe o gx]au:,_ ARAA 74 AR 240 g
E
b

Aol Ttz A st YSS AAEE Adaa & 4 UM

Table 4-33. Correlation coefficients between lipid components of rice endosperm and

pasting properties

Relevant characters cherfrglc?gr?tn
Flours SP at 55T Starch lipid Linoleic acid, Cisa2 0.67"
SP at 65T Phytosterol 24-Methyl-cycloartanol -0.59"
Starch lipid Stearic acid, Cigo -0.69"
Linoleic acid, Ciss 0.75"
Arachidic acid, Capo -0.79"
SP at 75C Starch lipid Linolenic acid, Cigs -0.61"
SP at 87T Phytosterol 24-Methyl-cycloartanol -0.59"
Starch lipid Palmitic acid, Cigo 0.59°
Linoleic acid, Cigs -0.64"
SP at 95T Non-starch lipid Oleic acid, Cig1 0.60"
Linoleic acid, Cigo -0.61"
Starches SP at 55T Phytosterol 24-Methyl-cycloartanol -0.63%*
Starch lipid Stearic acid, Cigo -0.64"
Oleic acid, Cig1 -0.67"
Linoleic acid, Cigo 0.83"
Arachidic acid, Cano -0.63"
SP at 65T Starch lipid Stearic acid, Cisgo -0.69"
Oleic acid, Cig1 -0.64"
Linoleic acid, Cig» 0.86™
Arachidic acid, Cono -0.75"
SP at 75C Starch lipid Stearic acid, Cigo -0.84"
Linoleic acid, Cig2 067"
Arachidic acid, Cono -0.78™
SP at 85T Starch lipid Palmitic acid, Cigo 0.78™

SP : swelling power

“* ¢ Significant at 5% and 1% level, respectively.
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Relevant characters

Correlation

coefficient
Pasting Starch lipid Linoleic acid, Cigz -0.83"
meagﬁmem temp.(C) Arachidic acid, Cano 0.79"
Stearic acid, Cigo -0.61"
Phytosterol Cycloartenol -0.60%*
Peak Starch lipid Stearic acid, Cigo 0.68"
Oleic acid, Cig 0.67"
Arachidic acid, Cao 0.66°
Trough Starch lipid Myristic acid, Ciso 0.66"
Oleic acid, Cig:1 0.59"
Final Starch lipid Myristic acid, Ciao 071"
Palmitic acid, Ciso -0.59"
Breakdown Starch lipid Stearic acid, Cisgo 0.64"
Linoleic acid, Cig -0.68"
Arachidic acid, Cao 0.67"
Setback Starch lipid Palmitic acid, Cigo -0.64"
Stearic acid, Cigo -0.62"
Linoleic acid, Ciss 0.73"
Arachidic acid, Copo -0.63"
To(TC) Stearic acid, Cigo 0.73"
char;ztsefistics Linoleic acid, Cig -0.86™
Arachidic acid, Cano 077"
T,(C) Phytosterol 24-Methyl-cycloartanol 0.59
Starch lipid Stearic acid, Cisgo 0.69"
Linoleic acid, Cig2 -0.86™
Arachidic acid, Cao 0.76"
TC) Phytosterol Cycloartenol -0.59%*
24-Methyl-cycloartanol 0.665
Starch lipid Stearic acid, Cigo 0.59™
Oleic acid, Cis: 0.64"
Linoleic acid, Ciss -0.86™
Arachidic acid, Cao 0.65°
AH(J/g) Starch lipid Oleic acid, Cig1 0.73"
Linoleic acid, Cig» -0.79™
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(7h Aol @& AwnA ws}

Aul A FEHZ ZGolE UEtNE 1EFY ¥ T FF AS HuUHE 3
43 AF F BE_ARAR HuAE Az SATFoEN, A e ArR e Wz}
H 13 A TH(Fig. 4-14). 2ol 5ol A= @ulid, ofd=w

of geFo] A3 A 2Am Wk HEE Fibete] AwW|A]
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Fig. 4-14. Palatability score of cooked rice by the Toyo taste meter during storage.
G: Gopumbyeo, P: Palgongbyeo, The number are storage months,
#x k1 ogignificant at 196 and 0.1% level by T-test value.

S Ao AAAdol e &7 2 T HAY A =224S A HEolBE, FF
Ao WE A ek HolS ZtZR A et rh(Table 4-34). F ¥Xo] REZHE 2z}

of FfEo] Ae AL Z A myristic acid, palmitic acid, palmitoleic acid, stearic
acid, oleic acid, linoleic acid, linolenic acid, arachidic acid, gadoleic acidE #3818 F UAAS
o, ol& Ao g 2ARIVE 7PE 2 X]”J"JS T FF BT linoleic acidl o™, o]o]A
oleic acid, palmitic acid®] To|ATh 283 o] F AWAES XAvie F FF 1 42
ztol7b Ao, daF7E T AW ABfolM aFo] TIEHY EXIFAAE
linoleic acid®] F&RI7} Fgkow wifol] e Je EXst ALY TS A

A 3

Aol A&& odE  AAT. ol FE ALY AFGAE) wE =4 W

=l
o
;

- 188 -



palmitic acid(Cieo), linoleic acid(Cisp)v= Z+43Fal oleic acid(Ciga), arachidic acid(Cao)s 1 <)
AR 2AEE S7HSHE A%e Ueidth 240 Gl ke FAe REHAYY
linoleic acid$} oleic acid®] Z/dHloA Z}o]7} Lo, oleic acide IL3#(36.45%)% &3 (40.13%
o] Z}Zy 41.75%, 4221%= S7FeF S ™ linoleic acide 313 (40.55%), Z3(38.91%)°] 2+7}
35.92%, 35.80% % o]l s HITh

[JO

~—

Table 4-34. Changes of fatty acid composition of total lipid in milled rice during storage

Gopumbyeo Palgongbyeo

Fatty acid composition

0 3" 0 3
Lipid content (%) 0.89+0.01” 0.53+0.03™ 0.87+0.06 0.43+0.02"
Myristic acid, Ciao 0.38+0.15 0.40+0.26 0.33+0.09 0.57+0.03"
Palmitic acid, Cigo 18.50+1.38 16.19+0.32 16.70+0.49 16.10+0.30
Palmitoleic acid, Cig 0.12+0.09 0.16+0.00 0.08+0.06 0.15+0.02
Stearic acid, Cigo 2.19+0.72 2.76+0.34 1.95+0.22 2.46+0.32
Oleic acid, Cig1 36.45+2.04 41.75£0.76" 40.13£1.83 42.21+0.35
Linoleic acid, Cisz 40.55+2.12 35.92+0.52" 38.91+1.15 35.80+0.36"
Linolenic acid, Cigs 1.15+0.13 1.49+1.117 1.16+0.05 1.66+0.06™
Arachidic acid, Cano 0.40+0.09 0.74+0.26 0.41+0.08 0.49+0.06
Gadoleic acid, Cao1 0.26£0.06 0.60+0.02™ 0.33+0.07 0.56+0.01""
Total saturated (SFA) 21.47 20.08 19.39 19.62
Total unsaturated (USFA) 78.53 79.92 80.61 80.38

1) Storage time(months).
2) Values are means * standard deviations.
3) *, x* *x* significant at 5%, 1%, 0.1% level by T-test value.

4] G
Aol Aol FHrEol A= A" FFS Wol I AF An7l AstH= F o]EnRF v Et
AP At Zo| FFHe] Y AFL lipaseo] Js|A] Aatoz Fasar, olg T FEldH
o] Ex3 A4k 53] linoleic acid 52 lipoxygenased 28-S wWro} #AbslES st
HFAHOoZE H22 dAY Qo] He 3T sd==E wsdtk(Piggott e al, 1991,

Pomeranz Y 1992). £ =FollA A& mE Au| X A3l FE7} AFL 82, TFL -6.22ZH
Hhgto] 2 & Au|X] #3te] Fo] 3|3 AA UEFETH(Fig. 4-15).
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Fig. 4-15. Changes of lipase activity in rice bran during storage.
S-0: not stored, S-3: stored for 3 months.
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Fig.16. Changes of Type 1(pH 9.0) and Type 2(pH 7.0) lipoxygenase activity of rice bran
during storage.

G: Gopumbyeo, P: Palgongbyeo, The number are storage months.
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Bl Bxsl AWAke] #Aks) dbgo] #3t= lipoxygenase®] /d-2(Fig. 4-16) Type I 3
Typell R5 1F3 &3 F ARAM #Fov3 XpolE YER A Ften, Ao ue &4

]
o] W= Folue ZpolE YERRA itk

Hulo] W & wf AE 54 B4 F 335 2o AuEAS & wyste
AFoltt. & 3T A ujfo FAHEQ AR Eo] HriEol o] stsjHoeEN YEUE
AR AuEe Aol H¥E E40 7PF & dFS vA= HEAQ B0tk o]
2lmlof] zteol7h Qe Ao AFd wE T35 WHIE Blusdtt 1F R FF 747 AVt
FE A& HEA(Rapid Visco Analyzer)E ©|-&3te] 3354S #2413 A7 (Table 4-35), &
SPIAREE I1E(69.8TC)0] FF(72.7C)Et wton, 1FS AAo mE 53 HA2E9
Hsh7E Qe HisiA ZEe 53 AR FUHE BAou foF ¥st= gllth =g
HIAEES F FFT 27 AFo et o2 Frtetded, dvlet Wuje A4 wet

P HuHTE Z718tYtheE B 1(Cho & Kim, 1990)¢t Qx| 4ith

S
% (breakdown, Hi-HAHE)S] FHe BEH AEIAY =4S vEie HAeEA,
breakdown #o] &5 AEZUA7E 23tso] HH A FoxE dA}

= A2 P

Table 4-35. Changes of pasting properties of rice flours by rapid visco—analyzer during

storage
Storage Pasting Viscosity
Variety time Temp.
(months) (C). Peak Trough Final Breakdown  Setback
Gopumbyeo 0 69.83" 2708.67 1762.00 2822.33 946.67 113.67
3 69.67 351867 1991337 320167 «1527.337 99700
Palgongbyeo 0 72.77 2622.67 1638.67 2723.00 984.00 100.33
3 73.68 33000077 1830.00™° 323367 -1479.000 7533

Y Results are means of triplicate determinations.

2) ®  kk Kk

., significant at 5%, 1%, 0.1% level by T-test value.
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Fig. 4-17. Changes of X-ray diffractograms of rice starches during storage.

G: Gopumbyeo, P: Palgongbyeo, The number are storage months.

e "oy &40l B3| lysine, tryptophan, valine, arginine 5% o}v|=4l /o] -4

3l glutamic acid, aspartic acid, arginine®] 3&e] B35 Wuto] F11, threonine, proline

o] WSS yuto] vtk AyATEC] Utk nE| FHEo] UE ofulwite] F

o
o
v 0&'-{'

i
oH

g 242 Glu(125.53 ng/mg) > Asp(79.82 ng/mg) > Asn(70.04 ng/mg)e] TolAL,
Glu(99.50 ng/mg) > Asn(81.50 ng/mg) > Asp(69.29 ng/mg) ol 53] ¥zl £ o
&S WA= aspartic acid®] @2 i1Fo] FF HET} 1053 ng/mg Bkt HAE, MY T
A gl whet aFoll I A= otvle Lu g 242 Glu(114.77 ng/mg) > Asp(57.55
ng/mg) > Asn(48.84 ng/mg) oI, FFL Glu(79.35 ng/mg) > Asn(55.17 ng/mg)
Asp(42.21 ng/mg) =ol At lysined] ¥ AL uFFH BF FFT BT A gt dAT

\Y

O]'xi‘jr aga aFe] FrEo de obv=4t F glutamine A 371Y Fol| FUHES
Su F FF BEFAA A wet lysined] i 242 AAF] Yol 1 €] aspartic

acid, glutamic acid, asparagine, serine 59 X4 3#-2 743 TH(Table 4-36).
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Table 4-36. Changes of amino acid composition in milled rice varieties during storage

(unit: ng/mg)
Gopumbyeo Palgongbyeo

Amino acid

0 3” 0 3
Aspartic acid 79.821) 57.55 69.29 42.21
Glutamic acid 125.53 114.77 99.50 79.35
Arginine 18.83 7.97 22.23 9.31
Asparagine 70.04 48.84 81.50 55.17
Serine 16.70 10.41 18.62 14.67
Glutamine 17.44 19.29 28.50 871
Glycine 9.78 8.42 10.63 11.43
Histidine 5.48 1.64 5.85 1.68
Alanine 19.33 14.03 16.04 20.36
Tyrosine 4.95 2.83 5.86 391
Valine 4.53 3.50 5.87 4.64
Methionine 212 1.35 2.20 1.99
Cystine 0.44 - 0.55 -
Isoleucine 2.90 2.65 2.60 2.56
Leucine 3.20 3.10 3.39 3.21
Phenylalanine 5.58 2.67 5.80 2.98
Tryptophan 12.32 575 14.00 5.26
Lysine 40.73 2.1 46.88 3.49
Threonine 25.34 6.07 23.68 4.77
Proline 15.03 7.83 13.60 10.42
Total 480.09 321.38 476.59 286.12

Y Results are means of triplicate determinations.
2) .
Storage time(months).

() Aol wE 755 & v AL A8 % 53
(7hH Al wE 2] W3}
22 A T =Py WMEtE =317F AZELL ofo whEh FHRitnje] Fo] AshEal

J|m

3 s}

7FeAd 8 Am Fo] ZasiAl Ark(Kim & Ahn, 1997). AwlelA ztol& Uehl= 75F 2
o A A Au RN FFE T H9FHQ xolS BYTh I 30TAA HLE A F AF

of W& Av|A W3}
WoByo] A 6603914 598002 p<0.001 FFoNA FoHoz g & 7
]_

m{m

K (Fig. 4-18) & FFoNA AuA= HZasilen 53] vzt vy
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Fig. 4-18. Changes in palatability score of cooked rice by the Toyo taste
w wk ok significant at 5%6,196,0.1% level by T-test value
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T ES A EZ(Shin et al, 1985) 277} AstEth

YAA ] Ao e WSS BlustH(Table 4-37). Awloll Zpol7k A= 7 FF &

A FFE 087~140%< HERAN O™ BE FFolM Aol wt 043~1.05%=2

25 BT & A7AA oa #itstEThr Skskal v e F4ER] =

gol % 2 2¥7 opdz o) A
= AEAA o] ZUelde Hauokes IASHATHKato et al., 1983). &oll d#H

e Ade] Ao wE AW 24 WA= Myristic(C14:0), palmitoleic(C16;1), oleic

= AEFS BA A linoleic acid(C18:2)= #HAaste AETS YeER AT
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Table 4-37. Changes in fatty acid composition of total lipids in milled rice varieties during storage

Lipid Fatty acid composition (%)
Variety Storage content  Myristic Palmitic Palmitoleic Stearic Oleic Linoleic Linolenic Arachidic Gadoleic
months (%) acid, acid, acid, acid, acid, acid, acid, acid, acid,
Ciao Cieo Cig Ciso Cisn Cisz Ciss Caoo Cao1
Samgwangbyeo 0 1.11° 0.28"° 1878 0.05% 1.56° 38.83° 3858  1.18° 0.48% 0.25°
3 0.88 0.32 19.05 0.11 1.55 39.30° 37.93 1.08" 0.42 0.27
Gopumbyeo 0 0.89° 0.38%° 18.50° 0.12° 2.19° 36.45° 40.55° 1.15¢ 0.40° 0.26°
3 053" 040 16.19 0.16 276 4175 35.92° 149 0.74 0.60"
Chuchungbyeo 0 1.06° 0.27° 18.21% 0.02° 1.62° 38.73° 39.44% 0.96™ 0.46° 0.30°
3 071" 0317 19.94" 011" 1.50" 39.01 37.69" 0.92" 0.37 016~
Ilpumbyeo 0 1.25° 0.25° 16.02° 0.02° 1.47° 43.42° 36.77° 1.03"¢ 0.57° 0.46°
3 0.85" 0.34™ 18.55" 011" 1717 41.65 35.93 1.00 0.51 0.23"
Palgongbyeo 0 0.87° 0.33% 16.70° 0.08%° 1.95% 40.13° 38.91°¢  1.16° 0.41° 0.33°
3 0437 057 16.10 0.15 2.46 4221 35.80° 1.66~ 0.49 056"
Samnambyeo 0 1.40° 0.30% 17.04%° 0.02° 143° 40.67° 3853 111 0.46° 0.44°
3 0807 038 18.08" 011" 0.87" 41.28" 37.38" 1.11 0.48 0.32"
Dobongbyeo 0 1.24° 0.41° 1847 0.10% 2.73¢ 39.12° 37.44% 0.90° 0.59° 0.25°
3 1.05° 0.52" 18.38" 0.13 155" 40.07° 37.63 0.86 0.59 0.29"

Y Results are means of triplicate determinations

? Mean separation within columns by Duncan’s multiple range test at 5% level.

., significant at 5%6,1%,0.1% level by T-test value



Table 4-38. Changes in fatty acid composition of starch lipids in milled rice varieties during storage

Lipid Fatty acid composition (%)
Variety Storage Content Myristic Palmitic Palmitoleic Stearic Oleic Linoleic Linolenic  Arachidic = Gadoleic
months (%) acid acid acid acid acid acid acid acid acid
° Cia0 Ciso Cisi1 Cigo Cig1 Ciga Cigs Ca0:0 Cao1
Samgwangbyeo 0 1.137? 1.66 42,06 0.04* 3.35%" 16.05" 34.77° 1.83% 0.13" 0.11*"
3 1.09 1.68 4673 0.04 2.86° 15.95 31.78+* 0.80 0.07" 0.09*
Gopumbyeo 0 0.98" 1.66° 3825 ° 0.04™ 4.48° 20.08™ 33.13° 2,02 0.15" 0.19%
3 1.19™Y 1.62 207" 0.04 3.74 19.81 31.76 0.76 0.12 0.08
Chuchungbyeo 0 0.84° 157 44.32° 0.05™ 3.85" 16.08" 31.66° 2.25" 0.13" 0.09"
3 1.14™ 1.33° 45.03 0.02° 244" 17.20 33.17 0.66"" 0.08" 0.06
Ilpumbyeo 0 0.92° 2.46" 38.29 0.07° 4.20" 18.96™ 33.41% 2.34 0.13" 0.14%
3 1.01 171" 40.68" 0.03" 2.33° 22.03" 32.39 0.65" 0.10 0.09°
Palgongbyeo 0 0.89° 1.98° 39.75 0.03" 4.30 20.50% 3193 " 1.18° 0.16" 0.18%
3 1.02 1.72 41.19" 0.03 3.77 20.01 32.29 0.77° 0.12 0.07
Samnambyeo 0 0.88" 1.64 40.55™ 0.07° 2.94 18.77° 34.52% 1.23° 0.13" 0.15"
3 1.07" 1.82° 4652" 0.05 2.31% 1858 30.08%x 0.48° 0.11" 0.05"
Dobongbyeo 0 0.84° 1.80° 43.97° 0.07° 6.64° 21.56° 23.90° 1.67%° 0.26" 0.13*"
3 0.86 2.23" 4787 0.03° 4.64 22.82 21.87#x 0.32°* 0.15" 0.06"*

Results are means of triplicate determinations
Mean separation within columns by Duncan’s multiple range test at 5% level.

3) sk kok skekk

., significantat526,1%,0.1%levelbyT-testvalue
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Table 4-39. Phytosterols and squalene composition in rice varieties during storage

(ng/g rice)

. Storage Phytosterol
Variety months Squalene Campesterol Stigmasterol Sitosterol Cycloartenol 24-Methyl-
cycloartanol
Samgwangbyeo 0 6.82+0.50"" 18.97+0.60™" 15.14+0.56 58.19+1.51" 21.48+0.37¢ 13.38+0.37"
3 8.71+0.81°% 28.72+0.99" 15.83+0.96 68.01+1.65™ 23.17+1.06 14.03+0.43
Gopumbyeo 0 15.28+1.11° 18.15+1.29° 15.56+0.60°" 50.36+1.75" 27.82+0.55° 11.80+0.66°
3 15.41+0.46 33.84+1.00" 18.40+0.43" 78.96+1.74" 22.21+0.75" 11.300.86
Chuchungbyeo 0 11.12+0.19¢ 28.09+0.93° 18.63+0.93° 76.19+1.93¢ 28.62+1.02° 15.77+0.59°
3 10.160.73 30.88+1.19" 13.60£0.52" 67.70+1.59" 24.61+1.07" 13.79+0.96°
Ilpumbyeo 0 15.88+0.32° 26.07+0.66" 22.40+0.13¢ 65.45+0.83° 36.99+0.37" 16.35+0.34¢
3 15.90+0.91 34.24+1.54" 20.95+0.95 67.39+1.85 34.44+0.88 21.16+0.85°
Palgongbyeo 0 6.50+0.29" 20.07+0.47° 16.64+1.03" 52.00+1.00° 15.77+0.34° 14.31+0.28°
3 12.44+0.95™ 22.14+1.04" 21.14+0.78" 76.37+1.43" 15.41+1.42 16.78+0.94
Samnambyeo 0 8.98+0.48° 21.79+0.25° 16.00£0.46" 49.37+1.21° 23.59+1.36° 12.73+0.51°
3 11.36£0.55™ 34.28+1.68™ 18.70+0.95" 58.27+1.12" 26.76+1.68 17.34+1.10™
Dobongbyeo 0 4.99+0.07° 23.04+0.18° 18.87+0.29° 51.63+1.33" 14.47+0.48" 19.32+0.12°
3 7.18+0.30" 32.87+1.21" 19.73+1.55 55.46+1.91 12.48+1.03° 1891+1.21

Mean separation within columns by Duncan’s multiple range test at 5% level.

% kK

;. significantat 5%, 1%, 0.1% level by T-test value
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Table 4-40. Changes in pasting properties of seven rice varieties by rapid visco—analyzer during storage

Pasting Temp.

Viscosity (CP)

Variety (C) Peak Trough Final Breakdown Setback

0 3V 0 3 0 3 0 3 0 3 0 3
Samgwangbyeo  70.23°  70.47" 2386.3° 356137 1582.3°  2098.6" 2639.0¢ 37086 804.0° 14626" 25264  147.3™
Gopumbyeo 69.83° 69.67™ 2708.6° 35186 1762.04 19913 2822.3° 32916 946.6° 1527.3" 113.6° -227.0"

" 1987.0" ”

Chuchungbyeo  69.75° 69.13™ 2003.6° 3283.0 126537 . 2201.0° 35146 7383°  1296.0 197.3°  231.6™
Ilpumbyeo 68.93% 69.18™ 2632.0° 33853 2131.0° 24400 3178.0° 39450 501.0° 945 3" 546.0°  559.6™
C ns c *x bc 18300“ de ol e i b ns

Palgongbyeo 7277° 73.68 26226 3309.0 1638.6™ | 2723.0% 32336 984.0° 1479.0 100.3 -75.3
C ns a ol a 18945“ a il d * b ns

Samnambyeo 72.30° 73.25 1993.0° 3118.5 1164.6° . 2056.6° 34320 8283% 12240 63.6 3135
Dobonghyeo 82.52¢ 82.18™ 3146.0° 3945.0" 1833.0¢ 2103.0° 2540.0° 3120.0° 1313.0° 1842.0" -606.0° -825.0"

D Storage months.

Mean separation within columns by Duncan’s multiple range test at 5% level.

J7 significantat 5%, 1%, 0.1% level by T-test value.
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(b DSC Aol ot AEAAe] 5354 w3}

7 % A WFERE 29U A8
4-4191 JeERRATE. 33 wolM HAE(To) e AR wa} 57.95C ~75.25T ol A 58.2
2C~7528C2, 339 (Tp) 25E 64.31T ~79.16TCllA 65.05~79.81CE & W3S Ho|Z|
Ftou 3FHALE(To)= AP7 738 4H3(7476C)3 113F(76.20C) 2] 7% A&l whet
7} 79.92C, 7921CTE F93< S7Hs Uetliieh sshdes] HA] A4l wet S7tst=
g olAe=d 53], AU/t =2 g A9 263 J/gollA 4.09 J/gZ p<0.001 FFolA
oz FrhstAth A Ao wif HExAS AR F
Al ARe] Hgo]l AAHI je] g2 2
o F HRIth F3 A &) Ax¥e stdd o5 gA v
o] 2B F 3o BaF YAVt & AoE AHET

ol o N g

Table 4-41. Changes in DSC thermal properties of rice starch during storage

Temperature (C)

Variety Storage AH (Jg-)
months T, T, T.
Samgwangbyeo 0 58.86+0.10°  64.92+0.15°  74.76+0.06° 2.63+0.18°
3 59.06+0.18  65.49+0.15 79.92+0.09" 4.09+0.15"
Gopumbyeo 0 58.40+0.33°  65.19+0.10°  76.20+0.73" 3.19+0.10°
3 58.65+0.19  6577+0.15  79.21+0.66 3.67+0.16°
Chuchungbyeo 0 57.95+0.19°  64.31+0.12°  75.22+0.08 2.82+0.24°
3 5846+0.36  65.05+0.11°  75.39+0.17 3.19+0.08
llpumbyeo 0 5815+0.21°  64.65+0.09°  76.66+0.57° 3.23+0.07°
3 58224023  6515+0.18  76.67+0.45 3.48+0.06°
Palgongbyeo 0 59.92+0.08° 67.07+0.12°  78.67+0.66" 3.35+0.25°
3 60.20£0.12  67.70+0.07°  80.96+1.41 3.95+0.29
Samnambyeo 0 60.04+0.38°  67.15+0.06°  78.32+0.99° 3.50+0.21°
3 60.06+0.05  67.57+0.16  79.70+1.12 3.55+0.30
Dobongbyeo 0 75.25+0.26°  79.16+0.16"  90.06+0.24° 4.29+0.14°
3 7528+0.32  79.81+0.14  90.08+0.36 485+0.13"

Mean separation within columns by Duncan’s multiple range test at 5% level.

sk ok

;- Usignificantat 5%, 1%, 0.196 level by T-test value.
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iFe] 2wl #HFE v Ao &7tE]l 5 IE (Alkali digestion value, ADV), o}bd=Z~3&F
(amylose content, AC, %), @ A3} & (protein content, PC, %) & &< o]gdd 5
Hho] &3tE = Aol H7]A (Glossiness of cooked rice, GCR)= Toyo mito-meter (Ed:
MA-90A, 90B)= O]ﬁ’é}al 438

Gt A= S 14% KOH &9 o] 30T QIH 1E1°ﬂ 28X 2 FAT7E &
HAAEE 1-7922 AAAT o2 232 Juliano (1971) i ol w2} Rapid Flow
Autoanalyzerg ©]-8-3}% starch-iodine blue color®] 44 FJ=E %;ﬁ st A3t @
W A3EFS Micro-Kjeldahl B 2.2 FOSS:2300 Kjeltec AnalyzerE ©]-§3te] 543}l 5953k
wote] AAagFEsS A8

Toyo mito-meter7]Z ©]-&3 3] &7] (GCR) 4L & &3n| 33gS HHsle] 7)2E o

3
Y 1087 e 2o 232713 38 A2 43 & MA-9OBoIA &7]XE =H3A
o, AlgL 2= st

el o5 wnt Hrie IYPAFEHRstd S84 % FINEATFEAAN Aol FHE AT
A 5oF FAst Aol s Hy Al=Foz 7 FF EE AFT WE Ao A
23 H=3 25 A3 Fo APttt sid Hrlke W B 2 &7

glossiness), ¥ Al
(scent), Ul(taste), Z7|(stickiness), %% (overall evaluation) ol thal A3}
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}1.

Zk. DNA +% 3 SSR vhA £4

DNA &2 3 L= A59 50-607] A5 3538t 3578 ¢ s AFst o
25 o8&t FA vk thsolX Causse et al. (1994)°] AAIG WS tha WP A
genomic DNAE FE3I3t. FAAAE 2H4d-2 SSR (simple sequence repeat) P}FHE ©]-&-3}
Ko, ol vAY JHo PCR SF I 53 DNAY gel 719F2 Temnykh et al. (2000)
9} McCouch et al. (2002)-/] WS Wit DNA $3%2 1) 5ng/ul +3 DNAE 8ul, 10 x
Buffer 2ul, 200uM dNTP 1.6ul, 4pMol forward % reverse primer Z}Z} 0.4ul, 5U/ul Taq
polymerase 0.1ulE %¥i BAFZ HF FI 20ul2 st PCREAT. PCR cycle 1) %7]
DNA W72 95T 5+, 2) DNA &4 cycle2 DNA W4 94C 14, primer annealing 55T 1
i, DNA 53 72T 2+, 35 cycless 33t 3) HE DNA @A 72TC10%7F 3Pttt
<3 % DNA+ 3 x formamide dyeE 10ul H7FiL 95CoA 58 WAAAIZIIL vIEZ FFoll A
WA A A719F o] &3ttt

r:l
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771952 4% acrylamide ¥4 geldl PCR 5% DNA 4ulE loadingdte] S3%%F DNAS]
band 271‘3 Hetsted 40-80%t runningdtATE 7

(1996) el wpeh astd.

&
o
o g

silver staining-> Panaud et al.

oL FAAAE 34 2 QIL 4

FAAA == Mapmaker/exp ver3.0 programe ©]-&3t A#TS AAH3IATE (Lander et
al., 1987). AP vFAEZ LOD # 3.0. o] 33 3% 2 AA3Homn,
AL A= Kosambi cMO. 2 3£ 7|31 th(Kosambi 1944). vFAEZF 718 HEH = Temnykh
et al. (2000)¢} Gramene Annotated Nipponbare Sequence map (2006, web siete:
http:/ /www.gramene.org)= ©]-&3t3a, vlAEC] RIL FTolA 1 : 1 +8H AL x2 A
AHE ol &8kt

ﬂJlﬂ

W SAAAE 24 9 QUL A

Zt Ao gt QTL 42 QTL Cartographer 2.0 (Basten et al. 1997) ZZ 135 ©]§-3}
o] simple interval mapping®. 2 33}H 3, B H candidate QTLY] HIAAH S =ol7] H3)
o] composite interval mapping (CIM)% FyPstAon, CMol dE F9 e 74 FHEAT

1,000 2| g&S o]&sted AAstATt 7 FAo WA EHAYPES AWSt= phenotypic variance
explained (PVE) 4t RSqo.E 3t7] 6‘} o}

51 AREEE AD Ay 2 AEeE
iyl = o] ok A 7. P Al H] ¥
Jgjo(jl ljojl A2 A 2 ZHyZ = (N=P2O-~K,0. op
(#.9) (#.9) (cm) (/) kg/10a)
4. 25 5. 28 30 x 15 3 9-4.5-5.7 I 2

2. 2% 3 uF
7b AEYTE FAAAE A

(1) AEY7}F FE7F SSR vhA Y thE A

AZU7L W FRAAAE F49S 98l 1,095 SSR mlA ) dis) FHA3655 9k FH Mzt o
4 AE A A3, 3207) SSR P SOl BhEA(29.2%)S EAUT(E 5-2). FRAAARE A4
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S Y8 £93655 x FHW =T F12 At Az Fdol ois] 1887 SSR vHF L
genotyping = 1 1€ 717 &2 BREY 72 iz 22871 12 ZA3F< 2495
3R, 3170 "FA(165%)= 54 X9 allele typeo] B2 HoH ETHIE HA{T AgH &
YHIE HQl 3UN viAE F, 197] v ((101%)= FHU3655 H o=, 127] vtH(64%)= FHH
Fog e FYE skt (& 53). #AfH YE sd vpA RS 1, 3,4, 8 H oW
DA GNA 37 o)F ME QIS AR, I & ANAZY mAES AR FHel A
Akl AR o] Zo] EAmAEE #eHl Hele oY AFAEd 98] E i Aar(Causse
et al. 1994, Xu et al. 1997, Matsushita et al. 2000), fF+Hd A2 FAQ! japonica B E3F w3
oA B Fen A= AY7tet AZ U7 Aol A TR EEHT ek

3 52 AEY7IH F93655 9 F=HMZE SSR viA 9 &

A A A 1 2 3 4 5 6 7 8 9 10 11 12 A

A4 wA 169 137 114 101 92 97 84 82 46 43 65 65 1,095
g@dA mAs 36 40 23 36 18 26 38 2 16 20 23 19 320
OEE (%) 21.3 29.2 20.2 35.6 19.6 26.8 45.2 30.5 34.8 46.5 35.4 29.2  29.2
3E 53, A FJdlA 8 Hl SSR vlA 2 allele type
Chr. Marker X* Type P-value Chr. Marker X Type  P-value

1 RMO0580 7.85%x s”  0.01~0.005 6  RMO00190  6.22x ¢ 0.025~0.01

1 RMO05914 6.97x ¢ 0.025~0.01 6  RMO00587  6.57x ¢ 0.025~0.01

1 RMO00486 29.76#xx ¢  <0.005 8 RMO07285  3.94% ¢ 0.05~0.025

1 RMO05448 4551 ¢  <0.005 8  RMO00342B 8.05%x ¢  0.01~0.005

1 RMO1361 29.13%xx ¢  <0.005 8  RMOO0342A 6.08x ¢ 0.025~0.01

3 RMO03513 3.86% s 0.05~0.025 8 RMO0515  5.76% c 0.025~0.01

3 RM02334 8.13#x s 0.01~0.005 9 RMO0160  6.49% s 0.025~0.01

3 RMO02614 6.08x s 0.025~0.01 9  OSR29 4.89% s 0.05~0.025

4 RMO3471 4.45% ¢ 0.025~0.01 9  OSR28 5.95% s 0.05~0.025

4 RMO03217 17.19#x% s  <0.005 10  RMO00216  4.22x ¢ 0.05~0.025

4 RMO00255 18.23#xx s  <0.005 11 RMO0020B 4.07x s 0.05~0.025

4 RMO5709 17.75%#% s  <0.005 11 RMO5857  5.89% s 0.025~0.01

4 RMO00349 22.35%#x s  <0.005 11 RMO03428  6.89% s 0.025~0.01

4 OSR15 18.36%x+ s <0.005 11 RMO00144  9.50% s  0.01~0.005

4 RMO0567 6.02x s 0.05~0.025 12 RMO00491  9.50%x s  0.01~0.005

4 RMO8276 4.26% s 0.05~0.025

a

*
7

k% kk% .

5%,

s : 93653 allele type. 2 |, ¢ : F
1% and 0.1%°A <4
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2) ABAE FA

—~

FH3655/F 4w 239 F12 AxF Foel tisl 1887) SSR vlAE #48t FHAF A
TE AgstAT ZE vAY A= 7] Ba® FH(Temnykh et al. 2000, McCouch et al.
2002, and Gramene Annotated Nipponbare Sequence map 2006)¢} YA|3tH o™, FHx} A
To HA A7+ 1,9022 Mo, vPAETE B A= 101 M o JATH(LH 5-2, 3 54).

FAA el 43toll A F gapol TAERLH, 5 4

o 8H A Ae] RM5159F RM5717 u}#] Alo], 9w

A Fe]l  RM24889F RM249 w7 A}
y A A o] RM2199F RM460 mF# A}
o, 12¥1 HMAFe] RM2972¢F RM270 w7 ApelolA  EAEGATE ©]E5&  Gramene
Annotated Nipponbare Sequence mapolA =84 ZL7|= 2t7} 85, 7.6, 6.1 % 54 MbpR L,
A SR A"ls 72 327, 230, 436, B 245 kbpATh ©1E gap®] THE &S A7 3.8%, 0.0%,

0.0%, 2 45% QLY 5-3).

1 2 3 4 5 6
0 —F—RM499 — s e 0.0 0.0 RM1985
0.0 0.0 RM2770 0.0 RMEGD o0 RM33E e :E:grjv}ggéa 62 A EM31E2
10.5 ~I}-RME40
6.4 ~J[J-RMEED
007 - L-pmossg 20.6 ——— RMEG 54 19.3 ——t+ RME4E0
25.8 = T~RMOO1 3 25.6 —|{-RM3716 24.6 [T RM2488  26.9 ~| |- RM100 C
55— pMzoos 31.0 - RM342C  30.3 —{—RM3471C 28.2 - 0SR19
37.3 —H—RM3873 13 RMEET
46.8 1 RM2462 45.5 —1—PRME54
56.0 —H—RME575
58,0 ~Ll-Rmz53
£3.7 T RM580 5 | 60.5 —[—RM7113 288 ~FleRM2128
£6.5 — RM2702 ge
AL 63.1 <] > rRmazvo
72.8 RM 140 69.0 ]
80,8 —4— 76.4 —1—RMES54 ml ; RMEQ
85.3 RS04 79.2 ——RM3643
AT 3 4+ 83.8 11
91.0 ——RM5638 mEs 86.3 RM2565  gg o 11-RM249 A2
282 RM449% 966 —{-RM3513 5
3 97,0 ——RMS5850
108.1 —4-RM2334 S iog.6 4] |,RmM430  102.8 7~RMI1GE3
1152 = pMzs24 1121 —TT-RM2614 5 113.7 —{Rm37as 110.9 5= RMIG3
122, 4 1 OSRZ6 119.8—1= RM1303 120.9 —{-RM252 111.2 RM 164
125.4 —H—RM226 1224 —RM4447
I — Fhaz2®  ize.6 [T RM3351 o [) B
190.3 142.0 RMET 59 1344 T Rvsa4z 1907 ks
140, 3~ BM1920 1458 JH/RM1230
L45.5— 1~ RM1385  jepn.p ~3f-RM143 L = RMe AL
15119 - RM422 151.0 ——RM480  151,2 —1-RM3567
162, 9 ——RM47 3a 152.6 RM1373  161.7 ~|J-RM3217 =
: 175,57 | [/ RMS316 165.8 -H-RmM255 5 161.8 =o—RMO31  j45 g 141 pMSs0D
1843\ [y RM213 172.4 ~4-PME709 5 '
}gg.g\ élRMél-EIQRMED? 178.8 ~ L-RM340 5
W) rM2EE 180.3 =T [~OSR1E S
187, 7 [ RME914 C ja1 6Nk RMO48
183 1 == pM1am 191,32 —HRMS567 S 187.7 —0—RM3509
199, 2 =5~ RM 5807 198.8 ———RME276 5
201.17 RMGE 43
214.9—RMags ¢ 2014 RM2265
221.2 —RME448 C
232, 7 H—RM1361 C
253.5 —o—RM3049
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7 8 2 i0 i1 i2

0.0 4 RM3831 0.0 —} RMAOOS 0.0} RM285 0.0 [ RM474 0.0 ~—RM208 S 0.0} RM1880
5.6 1 RrRMaz2 3.2 - T~0OSRO1 5.6 RMO415
g0 41l mmzio |
15.0.)| -RMz16 ¢ 10-0-T7=RMI17EL
18.7 ~] | -RM481 16.2 ~T™RM311
lo.c fpmsri1 318 RMES5E s |l iy
ea.8 1| rRmazez 329 § FrL11L 30,14 RM491 5
23,2 ¥ RM3aT4
35.1 <HNRM310 3.0 L RM4a0 37.6 - RM4ET 3 s 38.6.] | -RM345E
40.7 -RM1BD T2 TN a3.8 11 pmses 2 - 47.0,| | osR20
amz /] Nrmaist 4g.2 3 osRaz
. RM T2 53, 7———RM1337
s6.0-Jl-RM214  se0 RIM 04 4 7.5 56,3 —H—RM1375 1
] S BM25T 57. 7T I~RMz2107
59.1 -H~RMS00  57.2 RIM453
79.5 RM3ZO  57.5 RM 404 68.01 L -RMI160 S 664 ——RM1108
24.8 RM3420 69.6 < INRM7285 C 70-3/_\%%%%3 2 TR RMEI T
26.1 /osnzz 72.6 /NpMzaze ¢ 76T T g0l s 83.3. ]| ~RM333 RM3428 S
91.3 RMSED  77.5 f RM3428 C 88.5- ]| -RM496 858 Ll lpmsgsy 5
100.7 RM 346 78.0 RMELE C A
1907 R0 o0.1 RMED 1
. /IOSRD4
103.9 RM336 106.4+) | -RM220
107 5. L rMO7O 108, 6—1—RMOZ21
111.8 - REME0S 1iz.0-] [~EMZ206
116. 6~ RM234 121, 6 RM2Z70
118.6 RIM47 127,74 | RME717 128, RMZ101
122.6 RME261 130,7 [ -RM281
124.2 EMSEES 1319 /INRM264 i a1pas 192 ]| RM1300
1388 Ridgaas ' 142 o ~RM 1999
136.9 RMET20
138.8 RM 1362 154, 5——RM144 5 164,44} RM17

O 52, $U93655/F AW 2T Fp, AZRF ool o83 FAA A=
'S : 9365% allele type 2 Hol; C: A8 allele typeo 2 WO

E 54, fA4 AR 44T vhA £ R =27 (M)

T

e A

1 2 3 4 5 7 8 9 10 11 12

wlA 17 21 14 17 11 20 25 18 9 10 13 13 188

A71(cM) 253.5 201.4 152.6 198.8 161.8 187.7 138.8 131.9 76.7 90.1 154.5 154.4 1,902.2
nlA 7 B

149 9.6 109 11.7 147 94 56 7.3 85 9.0 119 11.9 10.1
72 (cM)
)
Chr. 5 Chr. 8 Chr. 9 Chr. 12
SII5 1
RMB5593 RME00S Ezzf; RMass0
RM2488 RME5556
ni % s <
RM310 RM460 RM3455
OSR20
? Rste !
EMaas RM257 RM28107
N e Ruasgs w2072
RM7285 C
RM342B C
Emgg RM342A C BMZLS
RM3351 RM515 C
RM5642 d)
RM480 b)
RMO31 AM270
RM5717
RM281
RM264 RM1300
RM1999
RM17
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B)

4
M

Zt A9l gap

a) b) ) d)
AAA HE 5 8 9 12
A =2k 212 (Mbp) 2.1-10.7 20.1-27.3 7.8-13.9 19.1-24.9
AAE vpA] 26 33 14 22
& (%) 3.8 0.0 0.0 4.5
Gap 4 °](Mbp) 8.50 7.6 6.1 5.4
nkAZE A2l (kbp) 327 230 436 245

a9 53, F38A AEY] monomorphic F91(A)%}F ol& A9 &84 AE(B)

2 AFoA A" AxY7F FA1A A=s Z717F 1,9022cMO.2 ¥ genome Ao w}
Ago] % BRI Aoz Az, 1 5% ATU WS g J9e o)Lkl 24
H 5 382 Axe =Z7] 1,0600cM(Wada et al. 2006) ¥ 891.1cM(Tabata et al. 2007)¢]
Hjoll 23t o] FHAAEE AXYIH F4 - §F ATE AT reference mapo® &
&3 o Holth
U 593655/ 0 2T o188 AvH Fe) i QIL B4

(1) Amlea g49 BE 2 3

qulel BAE o) B, WAelBAE, opdeaY, wuAgE, &K, ¥ 2
gl AT AZFE AT P AL E 54 2 19 549 20 A7) BHwe
& 402 A2 bidominal £XFL BT, 1 ¢ FAEL FANL FTHoR A%

8 9L, P9 we g BE ¥ g 2Use Peshe ol
3 54 YR AxFATEY 2EEY wutdd 32
. Parents
Traits Years
Suweon365 Chucheong Mean Range

2005 6.0 6.4 6.310.13 5.7-6.6

ADV 2006 6.1 6.7 6.5+0.19 4.1~6.9
2007 5.6 6.8 6.70.64 5.9~6.9
2005 16.2 18.8 18.54+0.82 16.1~20.5

AC 2006 172 19.7 19.1+1.0 16.2~21.7
2007 15.7 19.2 18.9+0.9 16.4~20.9
2005 6.50 5.80 6.1+046 5.3~7.5

PC 2006 6.50 5.90 6.2+0.5 4.8~7.5
2007 8.74 6.96 7.4+0.6 5.9-93
2005 583 60.8 61.0+4.97 49.1~76.4

GCR 2006 63.2 68.9 6741390 57.2~78.8
2007 60.3 66.6 64.0+3.7 55.6~-74.4

ST 2007 0:25 1.06 3.98+0.62 -0.67~2.67

OE 2007 0.00 1.09 1.02=x0.71 -1.00~2.67
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2007

2006

2005

] Protein content

6.06.57.07.58.08.59.0

5.0 5.5 6.0 6.5 7.0 7.5

5.5 6.0 6.5 7.0 7.5

2007

[ Glossiness of cooked rice(6CR) by Toyo-taste meter

60
50
40
30
20
10

2006

2005

P

60 65 70 75 80

55

2007

2006

[ Sensory test by panelists

Overall evaluation (OE)

Stickness (ST)

-20 -1.5-1.0-05 0 05 1.0 15

-I5 -1.0 -0.5 0 05 1.0 15
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¥ 5-5. 93655 2 FHH e AZFAFTELY vl #d FEAEZ FAAA

Traits® Sl =] ADV AC PC GCR TA
Bl bR 1999  -0.05
(ADV) 2000 0.50%
2006 0.80%+
oPd R ok 1999  -0.14 0.12
(A0 2000  0.36%  0.28
2006 0.43% 0.56
el g 1999  -0.31#  -0.06 ~0.16%+
e 2006  -0.18%  -0.23% 0,43
713 1999 0.32¢«  -0.10 0.07 ~0.41 %+
(GCR) 2000 0.06 0.05 0.08
2006 0.57+ 0.56 0.52#%  -0.40%x
HEHTA) 2006 0.38%+ 0.38%+ 0.353%  —-0.30%  0.5L#x
F%(PAL) 2006 0.40%x 0.40%x 0.35%%  -0.26%%  0.49%x 0.90%x

*, ** indicate significance at 0.05, 0.01 levels, respectively.
* DTH: days to heading, ADV: Alkali digestion value, AC: amylose content,

PC: protein content, GCR: glossiness of cooked rice.

2) Au]#A FFo] gk QTL &4

AEAY 9oty #AE 67kA FZol| tig 207 QTLeo] B AT (3 5-6, 18 55). &
7Hle A=t ddste] 47) QTLs7 AMAl 6, 7, 8 3 11¥olX ®HAHN o™, gADV6est
qADV8:= 20001 3 2006'd A& EA0lA BT, gADV7$E qADVI1 2006 3 2007
9 AEOA FHAEAY. gADVes # FHA(wx) FHSol ek, 20060 HFHE ol
188% 5 293st3al, qADV8S 2006'd EAF wWol 308%F AWttt ©]E QTLs qADV7,
qADV8 % qADV1lE FHH alleleo] £8F S F7HA1713L, qADVe= 3655 allele©]
Z28¥ @S F7MA171= QILel A+

g gy #A-EE 4] QTLS dAAl 1, 6, 7 B 84 FAEHIITH 1H AN
RM486-RM8049 9JollA] X3t qPCle E@E w®lo| 9.0~207%E AW3H, qPC79

g w®o] 7785% ¥ 153-160%E 2W3Ao™, o5 QILse FU3655

2)
alleleo] @ d &5 F7HA7I= ALZ YEIHH.
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b

5-6. Y3665 /F AW ANZFATAA G

= 4

T

raE gASd dig QTLs

Flanked Composite
. anke Interval Positive
Trait QTLs Year Chr. marker Mapping Threshold parenta)
LOD RSq Add.
aADV6 5000 6 RM589-RM253 sl 880 019 28 S
Alkali i ) ) '
digostible GADVZ 2006 7 RM3555-RM1362  3.22 80 007- 3.0 C
value 2000 3.77 112 022 28
(ADV)  ¢ADVE 5506 8 RMO5556-RM54T 1426 314 011 3.0 C
gADVII 2000 11 RM5857-RM229 3.62 104 007 28 C
GAC6.1 %88? 6 RM589-RM253 %% %gg 8-2615 %-g S
GAC6.2 2006 6 RMB50-RM539 3.35 6.3  0.19 2.9 C
Amylose 2006 B 207 33 0.8 2.9
Amylose gac7 5005 7 RM3555-RM1362 t - - 28 C
(AC) 2005 804 213 035 2.9
gAC8 2006 8 RM5556-RM547 10.61 275 051 2.9 C
2007 1456 340 0.74 98
gACII 2007 11 RM1761-RM552 3.87 84 037 28 C
1999 473 89 022 28
qPCI1 3882 1 RM486-RM8049 g-gg }9% 8-% %? S
, 2007 616 160 0.95 29
Protein
contort  qPC6 1999 6 RM587-RM253 347 87  0.19 2.8 C
(PC)
qPC7 %88? 7 RMB8263-RM500 %-83 g-}L 8-3 %-8 S
1999 B 464 142 0.24 2.8
arts  onpp & RMOSS6-RMb54T7 490 138 018 31 S
* Significance at 0.05 level. ¥ S : Suwon365, C : Chucheong
¥ 5-6. A%
Composite
Interval ..
. Flanked : Interval Positiv
Trait QTLs Year Chr. marker Mapping Mapping "Threshold parents
LOD RSq Add. LOD RSq Add.
RM2441-
gGCR 2007 4 [VEd0ST 1.83 5.8 0.89 513 106 1.22 3.0 S
RM589-
gGCR6.1 2006 6 Moo 379 9.8 125 7.9 17.6 1.68 3.1 S
Glossiness RM3370-
o gGCR6.2 1999 6 Mioal’T 314 88 152 401 95 165 2.8 C
cooked
- 2001 368 89 152 265 54 1.18 2.8
rice gGCR7 2006 7 EM%%?% 606 142 150 - - - 31 C
2007 409 96 115 - - - 3.0
2001 RMS556- 31 8.6 146 6.08 13.2 246 2.8
gGCRS 2006 8 V22207 1145 26.1 2:02 14.46 3219 228 3.1 C
2007 9.85 22.4 1.74 1090 19.4 1.68 3.1
RM5556-
Taste gTAS 2006 8 pM29o0 898 26.1 0.32 852 163 0.26 2.9 C
Palatability gPALS 2006 8 EM?E?“ 8.39 18.4 0.31 8.13 15.8 0.29 3.0 C

* Significance at 0.05 level. Vg Suwon365, C : Chucheong
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W)
qGCR4, qGCR6.1 2 qGCR6.2%E w4 171 de| A &A1 9131, qGCR7 2 qGCR8E 3710

SEEER-RE

o

71X 9} A9 570 QTLs7F GAA 4, 6, 7 2 8ol FAEI, o]E 5 37} QTLs

Job. 79 dAA RMS261-RM35559  $1X]8tE qGCR7+= HAF ol

2 9

8.8-142% 5 273l 881 AMA RMB5556-RM5479] $2]8t= QTL qGCR82 % &HE w®io|

8.6-261% 5 A™3t o, FH alleleo] We] F71XF =olv AoE YENH
5% o] sldEo] wuks 3riste] ul(taste) 2 ¥ (palatability)oll g QTLsE +4

8 AMA| RM5556-RM54700] 9] x| ol A qTA8%} qPAL8e] &A=l o] QTLs 2472 % &

@ ®Wol 163% B 158%5 ARt o] HAdAM= L7t AE, ofBEAFH, @

F, wel &7 #" QTLss= &7 #A8iH.

AA 6, 7 D 8HOA BAE QTL HYE o8 7IA ZE9 QTLE9| clusterdH RS

M, qGCR6.12 &F7] qDTH6, 718153 %= gADV6 % ©d g gAC6 15 2L 93

7

g IE

Ao, qGCR7E £47] qDTH7, 4718)2 9% qADV7, olu 2288 qAC7S 7 clusters
t}. qGCR8 #9]= qDTHS, qADVS, qACS, qPC8, qTA8 2 qPAL8 QTLEH &7 x5t gle
™, o]& Wada et al. (2004)°] ©oJg+ ot =23+, &7, 7], A7 2 Woty #Ed QTLH

A 9170l

1 4 6 7 8
. ~ RM1985
o T frevess A pM33E ¢4DV6 |y /Eﬂ?ﬁz . - RM3831 RMS005S
7 N RMS4
gAC6.1 N A Amsig BMes1 gADVE
pr SMG84 gPC6 | RI190 RMS711 gACS RMS556
H RM3471 . ; :
il o gqGCRG6 | AT prizar RMB263 gPC8 m;;-,lrl
PC7 #
o b q - RM180 gGCRE A ru3io
i M RME47
it H RM7113 K Emggga —— qﬁ;&:ﬂ E}Mﬂglﬂl
0 gACE.2| 4] rm3370 i q Y} AVioda
D IRES [ | N
Ry T :ﬂg:f’g —H— RMS30 AM3420 RM404
RMEE28 > 05R22 15 Bvace
—H— RM5a5D RME60 RM3428
100 = -1 RM3183 RM346 f RM3424
RM182 RMS1S
H- RM3785
B el Al RM336
= OSR26 T R'M226 RM 4447 RMO70
RM241 —H— RM7434 PMEOE
gADV? AM234
qGCR4| 1+ am2a41 gAC? RM47
150 - RM3567 RM3261 RMETiT
L RM3217 qGCR7 RIM5426 1 rmzs1
H-RM473a 1 RM255 =1 FRM550%9 RM3555 AMZE4
4+ RMS700 RM572 “
H Ri3s BM1362
RMS9 14 | Rt —— RM3509
200 L - RMB276
L RM426
B HRME448
q H-RM1361
250 - U pvsnas

¥ 55 #3655 /F4Y AZPJAFolA BAE AvjHd FAE sk QTLs 24

[-'J
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(3) QTL-NILS o] &3] GCR ## QTL &3 &4

GCRel W3 QTLHYE Hfste AMZFAZ sl 936555 33 ouwgste] SA3
AE) We QTL E7E 7YstThE 5-6). BC3F2 Fwho] A MASE qGCR7 2 qGCRS # 9]
AA3std FHH alleled] W3] homozygous, heterozygous % non allele 7JA & A3}
o] &71XE A AF, 3 homozygous allele> qGCR7# qGCR8I|Al 7+7t 235 ¥
25°] GCR #= 7 AH

o

N

¥ 5-6. BC3F1 % BC3F2 oA GCR QTLS a3} FA

Chr . BCsF;1 (2004) BCsF, (2005)
QTLs Flanking marker :

no. C/S S/S Cc/C C/S S/S  Allelic effect
qGCR-7 7 RM47-RM473a 69.9 66.3 70.8 68.5 66.1 2.35
gGCR-8 8 RM72-RMb547 69.6 66.8 69.7 68.1 65.2 2.25
Suwon365 (Recurrent) 66.2 65.5
Chucheong (Donor) 72.8 73.1

$4% BC3F3 3741% SCQ04, SCQO7, SCQI4ES QTL qGCR6.19] RMS589-RM587 %+,
qGCR7¢] RMS8261-RM3555 9] % qGCR8S RM5556-RM547 #9S 7tz B{3le ASER
o]Ed] th3l GCR H7} A= % 57 ¥ 29 563 o} QTL qGCR8S HfFfdte 252
AT SCQO4E 20053 20061 217t GCR 77 2 8008 FAHH O o F£F9 W f7|x=
7FHem, qGCR7S HA3HE SCQO7 AS%® %‘—fﬁtﬂ@r H=g %9 GCR #S 7Hath
SCQ14E 370 QTL FHYlA EF GCR S 2FE Z9 alleled BAE AZFo=Z 24d =

T GCR kol F936559} HI3AY e Hk 7bR Tk o] AE qGCR6.1GA F3H
allele®] GCR #<S Y51, qGCR7Y qGCR8IA FHH allelec] GCR < F7HA 7= 2=
E A4St Ah 6 AMA RM589-RM587 A2 QTL qGCR6.12> & F2 ¥ A B2
QTLEo] At Aoz HuHAY (Li et al. 2003, Takeuchi et al. 2007).
3 5-7. QIL-NIL AlF=9 & &714
. Genotype on QTLs Mean value of GCR
Line No.
qGCR6-1 qGCR7 qGCRS 2005 2006
SCQO4 CC SS CC 77 80
SCQO7 SS CC SS 73 82
CQl4 cC SS SS 66 64
Suwon365 67 73
Chucheong 80 78

* CC @ Chucheong homozygous;, SS : Suweon365 homozygous
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Chr. 6 Chr. 7 Chr. 8

4GCR6.1 9GCR7 qGCRY
Q8] RONTIR | R SN NIRNN NN TR0 NN AT i
157 100 DN ) 0N N 1NN, DA NN 000 O O 00 N O N RN )

i
1ITHI

L { [I5150 5) RN N € O (NN 0 (OO0 IV OO OO0 SNOBCN NN BRONINN ||
g — N BT
T e T T

1>

o
e
e
i
1
N
N
L)
ol
o
il
_|O_‘
i)
il
[>
e
ol
s
Lo
4o
N

I(Toyo ®IE})St sid Am|g7te] o
573 2. @7t S A=}t PR AT FL

1=
+ 7d%o]l3l, Toyo-taste meterE ©]

2006 ~20083 A0 2 binomial F¥XE 3
&3 o] &7 #4 AFde FrEEE Sk dd AvErE 2o &7, 5, A3
9 25 4FE THOZE binomial ¥E 9 FFS HAY A FU3655 /F M

¥ 5-8. YEH /Moroberekan AZFHTE AESES] wut #d FAET FATA

TE  07ADV  08ADV  06AC  07AC  06GCR 07GCR 08GCR GL ST HA
08ADV  0.752"

06AC -0.023™ 0.094"™

07AC  -0.010™ 0.172° 0.836"

06GCR  0.454™ 0.357™ -0.194" -0.157"

07GCR  0.536™ 0.626™ -0.128™ 0.009™ 0.608"

08GCR  0.314™ 0.308™ -0.315" -0.202" 0.495™ 0.554™

GL - 0.438" -0.273" -0.129™ 0.266" 0.330" 0.469"

ST - 0.501" -0.666" -0.543™ 0.262" 0.285" 0.497" 0.752"

HA - 0.663" -0.662" -0.534™ 0.287" 0.289" 0.494™ 0.746" 0.967"

OE - 0.538" -0.637" -0.501" 0.277" 0.303" 0.506" 0.786" 0.978" 0.972"
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(1 Alkali digestive value (ADV)

P1 70

P 5 - P
2 | W p2 g |
£ PIL S | = LG
i 20 l E 30 ot l
> 2 O i =80
z 1o Z i G 10

1 ES 3 4 o L] ¥ 1 2 3 4 5 ] T 2 3 4 L]
2006 2007 2008
[ Amylose content (AC)
P2 P2
60 B0
® Pll P2 " o1 | o P1 |
40 l 0 l W l
30 o0 30
20 i 20
10 o 10
[} o
12 1% 2 ie: o 22 = * - A ’ 2 14 18 18 20 22 o =} -] a0 5 1 L H a s % 2 = 5o
2006 2007 2008

[] Glossiness of cooked rice (GCR)

® @ 5 P2
) 4 ') l
s P2 P2 H
£ Pt ® ge
. | | . | Pll e -
Z 0 10 4 0 '
' 5 45 475 25 55 825 675 725 775 @25 # FE 425 5 25 EFH 6E 675 725 75 825 b &5 425 475 5 b5 825 &5 5 W5 25
2006 2007 2008
[] Glossiness (GL), stickness (ST), hardness (HA), and overall evaluation (OE) of sensory test
g]- @ P2 ;IA P2 ‘;E P2
Lo Pt o Pl af | </ |
_ézzo P2 l 2 l E“O P1 4 P1
Zw l ¥ g J & |
: o S o
2?2 10 210 10
" o 0 0
5 2 4 0o w4 = = 2 2 49 0 W o2 s o2 T OScot ;‘ o L ;] core L
I~ = Z. = = 3L = Ay A
a9 57 7Y3655 B FAHY AxdATES] AEH wurdd P F 2
Pl : €34, P2 : Moroberekan
Chr. o6 Chr. 6
e R340 —— RM340
¢ | Rwmas9 | T RM389
[ - RN5ET
|~ rm3370 M~
ST-he, STyc, STis . HA-he, HA-yc, HA-is i
i o “{RIM.‘? ———Rnz17
( RM253 L ™R53
RA1161 RM1161
RNM3498 /RM3498
RM162 s
RM412 / RA412
.OSR21 N
RM345 s
RM2305 RM3508
RM3430 ;
12.29 3.0 0.0 T > 0o RS
Interval analysis for traits LoD : LoD

Interval analysis for traits

19 5-8. 4EH /Moroberekan RIL oA wruty} A7bo] o gk QTLs.
3 o] sidol o HriE el gk QTL 4
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2) AP #AF A E] g QIL £4

U EFH /Moroberekan A 23 F el tigk QTL ¥4 23, &71eleH=(ADV)ol tis] g
A 19, 69, 101 2 1204 57§ QTLs7F B8 A1, ol 223HAC) td QTLS 3, 6,
10, 2 119H GAA A A 4717F FAEJAI(FE 59), W] &71A(GCR)A tHet QTL-S FAA 3,
6, 9, 109, 1284 770 AR eH (F 5-10), |2 2u|H 7 o] &3k H7)(GL), =%(ST),
AZHHA) 2 FH(OE)Ed th3t QTLS dAA 13, 31, 53, 6 2L 10MlA 177] QTLs7}H
A ATHEE 5-11). 53] Av #H A F st Az dis) 399 sjdo] Prigk gkl o
g QTLe 19 587 Zo] 2 oA &
E X FoA gaE QTLY dAA4 99X 1

d7te e A E(ADV)dl gk qADVe12 XEPY wWHo] 321~406%5 AW3e QILE
RM587-RM3370 #9= wx F3A7F 9x]8tal RM3370 F-Zol= alk F3A7F A8t 1L,
gADV6.2 F9j= alk 3% 9x9} 4 long arm Zo ¢ ]6‘}133], 1438 WHolE 11.7~18%
& AWsgon, o5& dFH alleleo] ADV #S Fole o= Uowt. qADV1OZH
qADV11S Z+7 £dE w®Wo] 88~10.6%% 61~64%% *éﬂéfs}%{l, Moroberekan allele®]
ADV #& S7HAIF T
obd 2 AHACQ) W qAC3H qACeS LFH allelec] AC & EFE QTLsE Azt
| glo] & 2 Aol FAa=ET, 2tz xdE ol 58~11.8% % 47.3~56.9%=2 A
ted 53] wx 9 qAC6> major QTLS ZHo=Z YElgth qACI03% qACI1S
Moroberekan allele®] AC S S5t 2oz Z83tE QTLsE ¥3F wHolZ 4zt 87~

99% % 82%E AwW3tATt

il

o &
ol o

¥ 5-9. 93#49 /Moroberekan RIL F oA &7tg] 5=} opd 2 ~%aF #H QTLs

Trait QTL Year Chr. Linked markers LOD R2(%) Allele effect
ADVT 2006, RMB3602-RM529 2.89 83 1.35
92007 TM3602-RM529 ~3.69 9.9 1.38
2006 RM587 -RM3370 1515 106 585
GADVE.1 2007 6 RM3370-RM217 12.37 36.6 2.67
ADV 2008 RM587-RM3370 10.77 3971 943
(Alkali 2006 RM1161-RM3498 755 18.0 205
digestive  gADV6.2 2007 6 RMI1161-RM3498 515 13.6 1.80
valuo) 2008 RM1161-RM3498 112 11.7 1,59
2007 RM467-RM1375 “594 38 1730
gADVIO 550 10 phiag7-RM1375 408 -10.6 155
2006 RM1300 538 6.1 105
gADVIZ 5007 120 pvii300 933 6.4 110
5006 RMB349-RM523 “5'98 “5'g S
GAC3 2007 3 RM6349-RM523 3123 85 21
2008 RM6349-RM523 502 -118 o8
AC 5006 RM589-RM3370 S314G7IER G 57
Amylose | GACE 2007 6 RM589-RM3370 19.95 448 49
o ) 2008 RM589-RM3370 2947 -47.3 51
content, ACIO 2006 |, RM333 3.00 87 91
q 2008 RM-484-RM333 376 9.9 26
GACII 2006 11 RMI1761 2.85 8.2 2.2
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Chr. 11 Chr. 10

Chr.5 _ 6
Chr.1 Chr.3 ~ I———R?\-msx O pnpar4
B B - RM5693 ¢ACI | —Rsso1 H—RM216
- RJQH"S gAC2 £ pME0 1 — RM311
“H=RMMOB  GcRr3 an6as ) ~H—RM332 .
R AL gy ADVL0 | T RM-
U iamirgatis |=RMed U — Chr.§ RMI67
gST3 1 Soane e qGCRI0
——RMI201 ¢H43 JT_RMI3L ki @dDVE.1 ||| RM540 ~H—RM552
aGLL1 | papss qOE3 T gacs K@% ; X -H—RM1375
M gGCRG.1 | T RM587 ~ T RMI0 M ppss
1 pss H—RM175 gGLE
RM35 TS TIRMISS  gps  [TTRMIITO —H—RM362s
—H—RMsS0 _ HA6
—T—RM249 @ -
— TR gOE6  |T—RM217 T RM336
T RM>/Z £11 15 - c
f NE s U avies  ak—Z[[ 0 TR
~—RM3412 T-RM30 TRMsss7 @ACI0 UL oy
4OE10 7
- RMI3TS gGL5 |H—RM3558 —H—RM209 “H—RMA7T1
RM5092 e IS —RM3522 —RM225 U
A1 papsi3@STS THAB3TS o T RM21
7 OS5R24 ———Rl\,ﬂ3344H43- qADII 6.2 L masiis1 Chr.12
—+—RM3 qOES gGCRG6.2 [ TT—RM3498 - )
—T—RM306 4 aniazs —H—RM480 RS
B —— 5 1 |H—RMs215
H—rp37 RS ——RM1054 T RMLs2 HeCkiz] |—‘-—"-RMI 302
A = SH—RM1233
RM3336 A i H—msa A o
H—m33 ~H—RMid4 RM3433
—H—RMI216 s RM412 U
- ¥
[ RM302 TR0 LR —H—OSsR20
T RM265 4 PBM148 “SRMES09 —+—OSR32
54: S RM3430 —“H—RM511
—H—RMs448 e nrisns U e
¢ADVI |—=—RM3602 - TT~Rni463
gGL1.2
s —H—RM270
RM529 ZADVI2
—— 2
[]—RMs321 gGCRIZ2A L »ai300

19 59. YZH /Moroberekan RIL H oA 2Almad Ao s &5 QTLs ¢

3£ 5-10. € &4 /Moroberekan RIL &l Al whe] §7]%(GCR) ¥ QTLs

Trait QTL Year Chr. Linked markers LOD R2(%) Allele effect
2006 RM60-RM523 3.81 9.6 55
qGCR3 2007 RM60-RM523 2.04 5.5 47
2008 RM60-RM523 077 7.5 3.9
2006 RM589-RM217 6.81 20.9 8.8
gGCR6.1 2007 6 RM589-RM217 9.11 28.3 10.3
2008 RM589-RM217 7.55 18.0 5.9
. 2006 RM1161-RM3098 3,98 9.9 6.5
GCR qGCR6.2 2007 6 RM1161-RM3098 6.24 16.2 9.3
((f}lossmess 2008 RM1161-RM3098 2.27 5.9 3.4
o , 2006 RM1553 2.30 5.8 4.4
cooked rice) gGCRY 2007 2 RMI1553 2.95 7.9 5.6
5006 RMA67 Z513 S5 S5
qGCRIO 2007 10 RM1375 953 6.9 5.3
2006 RM8215-RM1302 2991 “7'8 “5.1
aGCRIZI 5507 12 pyi1302 ~2.02 5.9 4.7
2006 RM270 2936 “6.1 “16
aGCRIZZ 5507, 12 pyvio7o 358 9.8 6.4

HHe] &71X(GCR) & QTLs 5 qGCR3, qGCR6.1, qGCR6.2 H qGCRI= YFH allele©]
GCRE F7MA71H, 242 &8 Wol2 55~9.6%, 18~28.3%, 5.9~16.2%, 58~7.9% A3}
, 370 QTLs qGCR3, qGCR6.1 2 qGCR6.2E= 370 &5, qGCRI+= 2006133} 20073l &4
At (3 5-10). qGCR10, gGCR12.1 ¥ gGCR12.2E =5 2006133} 200730 A5, &
& Wol 54~69%, 59~78% % 61~98%= AH3HI, o] Moroberekan allele©] 3% &
B #E ST AeE etk o] 4o AielA qGCR6.1S 3/ EF 22 29

Il
5]
Eil

X
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EAY WolE 18.0~283%E AWl major QTLE &A= Ut} Toyo-taste meter= 43
o] 71X (GCR)= dde] 2w A9} Aol 0.81~089% ¢ T HI3tFOo™ (Lee et

9~15.7%% Aw3sga, 51 A4l QTLS 7.3~9. %4 rAYS ’S‘%‘ff}oi‘jr. 6 @A A
4el QTL & qGL6= %3 F wo] 84%E AHst3al, qST6, qHA6 2 qOE6= 47 Y
Ho] 385%, 374% 2 343%E A= ma]o QTL?] 9 t}. Moroberekan alleleo] 2]3F 10
A 42l QTL qST10, qHA10 B qOE10S 22 &8 d wWol 94%, 69% % 7.9%2 Aws}

ATt

¥ 5-11. ¥¥4 /Moroberekan RIL F o]l tis] side] 2v]ad 2 Hrlo] th3F QTLs

Trait QTL Chr. Linked markers LOD R2(%) Allele effect
qGL1.1 1 RM259 -2.59 -7.2 -0.71
GL qGL1.2 1 RM529 -2.17 -6.1 -0.66
(Glossiness) qGL3 3 RM60-RM523 5.58 15.7 1.06
qGLS 5 RM5693 2.99 9.0 0.78
qGL6 6 RM587 3.08 8.4 0.76
qgSTS3 3 RM60-RM523 4.21 12.1 1.04
ST qST5 5 RM5642 2.59 7.6 0.82
(Stickness) qgST6 6 RM540-RM3370 15.94 38.5 1.84
qSTI10 10 RM333 -2.89 -9.4 -0.92
qHAS 3 RM60-RM523 3.64 10.9 0.92
HA qgHAS 5 RM5558-RM5642 2.87 8.2 0.80
(Hardness) qHA6 6 RM540-RM217 14.64 37.4 1.74
qHA10 10 RM333 -2.10 -6.9 -0.73
qOE3 3 RM60-RM523 4.19 12.7 0.97
?OEiierall qOE5 5 RM5558-RM5642 2.50 7.3 0.73
evaluation) qOE6 6 RM540-RM217 12.96 34.3 1.64
qOE10 10 RM333 -2.38 -7.9 -0.77

A

Y FH] /Moroberekan RIL F©toll A &g Avj@d QTLE F 3W, 58 2 60 GAA A
o] QTLs7} AZUY7} Awle] & FFS vA = major QTLsE JQU:L °] & qEQ3, qEQ5
2 qEQ6.1E ¥ 7)3taAt 3tk 3 GAA RM60~RM523 9]¢ qEQ3S  AC, GCR, GL, ST,
HA % OE #d QTLs A #xgtdon, F3gue Auad QILe BAEA &9k,
Koshihikari®] 2Jv]## QTL7} ©A®E H$lolth (Takeuchi et al. 2007). 5% GA1A|72
RM5558 ~RM5642 919 qEQ5+= wid el 2w 7o <8 GL, ST, HA % OE ## QTLs7}
g lon, o] #9= FAH, KoshihikariolX<= SAH A G2 dFH I alleled] &3

-lN' ol
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Aoz AZtEC 6 JGAAZe RM540~RM253 QTL #4919 qEQ6.1e ADV, AC, GCR,
GL, ST, HA 3 OE #¥ QTLs &7 AAstoH, o] 9= Z}E‘Jﬂ-‘ﬂ gFotel] - S a3t
YEFE PIA= Waxy F-A9}F alk F3A7F f1A]8h= XolH, 3655 /54 W RIL J <
Ao A qEQ6.1 FH= 3653 allele] GCRES F7HA17]131, Koshihikari allele® ©] }¢]dl
A Arxe #AHEE QTLS Efsle A2 YEST (Lanceras et al. 2000, Li et al. 2003,
Aluko et al. 2004, Takeuchi et al. 2007). I %] QTLsE-2 Moroberekan alleleE©°] 2w ##
QTLsell dFst= A= Uehy, 5% o5 QIL #HHE =AUS QTL-NIL AlFS 543t
allele effects #4J3le] a3 QTL% ZAZY7F AW NdE 9% A2 allele2 &85+
ol Basteh,

=

3) Am#d QIL &3 &4

TYh3655 /FH L AFH /Moroberekan A 23 FJ oA F3W =L AF

g 2w 4 QTLSE AU 7 ke dEee =9t 1 aHE #43% 2FH= & 512 2
[e)
X

137 2ok F3He] GCR #¥ QTLs qGCR7 2 qGCR8S X

3 5-12. 3 alleleo] &gt 2v|dd QTL 99 &3 &4

No. of GCR
line Mean Range

Palgong*2/SR25577-F4-17 qGCR6.1, qGCR7, gGCRS B F, 4 72.6 67.6-74.8

Cross combination QTLs Gen.

Palgong*2/SR25577-F4-100  gGCR6.1, gGCR7, gGCRS i 12 71.8 63.7-76.5
Palgong*2/SR25577-F4,-108 qGCR6.1, qGCR7 " 10 73.9 65-78.2
Palgong*2/SR25577-F4-118 qGCR7, gGCRS " 17 709 64.1-754
Palgong*2/SR25577-F4-147 gGCR6.1, gGCR7, gGCRS " 8 68.4 62.9-72.6
Palgong*2/SR25577-F4-154  qGCR6.1, gGCR7, gGCRS " 5 73.2 68.2-76.8
Palgong*2/SR25577-F14-196  ¢GCR7, gGCRS i 18 72.7 65.8-81.2
Hopveong*EfSRESS??-FHl" ........ q GCRéngCRTQGCRS" ............... . s

Chucheong - 72.4

Palgong* - 64.5

Hopyeong - 73.6
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¥ 5-13. FHH alleled] 23+ 2]m

23 QIL #9)e) & ¥4

QTLs from Ilpum

Cross combination Chr3 ChrS Chr 6 Gen GCR OE
Palgong//Tlpum/Palgong-4 H H I BC;F; 722 +1
Palgong//Tlpum/Palgong-25 I 11 I " 73.9 +1
Palgong//Tlpum/Palgong-30 H 11 I i 68.1 0
Palgong//Tlpum/Palgong-46 H 1 H b 79.6 0
Palgong//Tlpum/Palgong-79 I I 11 " 80.2 +2
Palgong/ﬂlpumfPalgong 142 II I H " 74.7 0

B = oo Shoununununonn - e e
Tlpum*2/Palgong-17 I PP PP i 78.9 +1
Ilpum*2/Palgong-24 H H I o 76.4 1l
Ilpum*2/Palgong-26 H II I i 774 0
""I.ii).i:l.ﬁl. ................ nan "t nan rsamssmnsnanan """.)j;g:a .....:5 ......
Palgong 66.9 -1
*11 : Ilpum homo; : Palgong homo; H : Hetero}’ﬁous
Chr.3 Chr. 5 W Chr.6 _
T e e e e O O —{
E‘r. aFAm AT FU5368 FA4
A3655 /W X RIL ATE o HdFAH AvA o] ¢53 AlF SR23577
F14-31-1-BE A'Zste] ‘5363’2 WHAH. ‘FUB863 = 57171 848194 THHAF
oW, tAL 86emz FHAWETE Sem A1, FHH RoE ti Fo F5FE 157409, F
Y= 142 E}i 2o Holx, AnAHYPFTS 224g2 THFo|T AEo] glo] BYL
w9 ZjRE Holt}h ‘5365 s EEH Y SR HAREHd e Ao, FdrntEHde
o] A o)L tﬂﬂﬂ%LTroﬂ i = AgdAgo] glom, B4 584kg/10aZ 349W thH] 98.5%
ot} ‘5365 = 2010 F-B A FHFA A FAIE o o)

100

98
593 584
(kg/10a) (kg/10a)
stAb 25362 steb  +U536%
138 5-10. ‘Y5363 9] A, Aoy W ¥A 2 F
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¥ 5-14. ‘U5365°9 FAFA 9 FHA

= PN o~ = = © o o~
= =7 7 R A B R - o ek
e @A) w0 b AR VT caw B9 EFI (100
59 vEH
TU536% 8.19 86 15 104 224 g 0/0 R S R 584
g 8.14 81 15 90 232¢g 1/1 S M R 593
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