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Genetic Analysis on Floury Endosperm Characteristics of ‘Namil(SA)-flo1’,
a Japonica Rice Mutant Line

Young—-Jun Mo, Ji-Ung JeungT, Kyung-Ho Kang, Jeom-Sig Lee, and Bo—Kyeong Kim
Rice Research Division, NICS, RDA, Suwon 441-100, Korea

ABSTRACT Rice varieties with suitable flour-making
quality are required to promote rice processed-food industry
and boost rice consumption in Korea. ‘Namil (SA)-flol’ is
an advanced mutant line with floury endosperm which
shows good flour-making quality under dry-milling process.
Genetic analysis was carried out to localize the chromosomal
region responsible for the floury endosperm of ‘Namil (SA)-
flo1’. By using 94 F, progenies, which were derived from
‘Namil (SA)-flol” x ‘Milyang 23’, floury grains percentage
was investigated as phenotypic data, and genotyping was
conducted with 54 SSR markers. Association analysis
showed that the target genetic region for floury endosperm
is on middle-low region of chromosome 5. Through further
association analysis with increased number of SSR markers
on chromosome 5, we found that genotypic variation in
RM164 explains 79.7% of the variation in floury grains
percentage of F»3 seeds. The floury endosperm locus was
localized on 17.7-20.7 Mbp region of chromosome 5 and
will be further analyzed for fine mapping and gene
identification.
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Ao Qatet 2l 1Y ouAFFF oF 40%E A5}
= FAol Y FPEFY 70%] o= w7 T8 &
Soluh AAE] A3} tpefatE Qlsto] AnH|FFo] A
&Aoo 7F4skal Quk(Kim, 2011). =9l 1919 A7 &
Z2H|ZE2 1970 136.4 kgoll 4] 20124 69.8 kg2 7FA31)

ou, olof what ¥ AuiHA AA] 1975d 121.8%F haojA]
20129 84.69F haz §015<>1 LG R P A=
(KOSTAT, 2013). Al=ketE 2pofA] & AA7|6hS 4]
st7] flsiAl= & 7%%—*—1%*&% 23E T LujEKlo
AASHY ) AAF o] 7hgof o] &5 = H][E&-2 6%l &
wsto] 15%0l Dot Y23}t vwdt of mj$- v Ay
o]tKim, 2010; Shin, 2010). & 7}2Ar el EAstel 4
] RS QA 1y }EE qaxﬂﬂ = e @7%—?'—94 Al
z 9 7Hg7lEe] ¥
A7LE Azos A4 9
e FAo| rdsit &R S7kskE Aol EAIRQ
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+-2-5FcH(Shin, 2010; Lee
tﬂoﬂ A & TRSA A
o EAS A Vg
59| vtsiet xﬂ.tlz%ﬂo] Hoiuf o° o] Q-EITh
e goelelr] gt AlezA skstefEolut HV\W
A g ST i o7t SFo f-E5HA ZEEH
t}. Satoh & Omura(1981)+ ethyl methanesulfonate(EMS),
ethylene imine(EI), N-methyl-N-nitrosourea(MNU)E ¥ 3
A o] Aeiste] Hwaxy), FXHA(dull), £
(floury), FA(sugary) 5 TFokeh vl SQivlo] AFS 1
Ttk AL FEAEHo] ‘LEH 25 MNU
AE Bo1el Rt 47, ST A
Z ol g A ko] =2 <yolu|2F’, Atjujo
g & S-AJ3 (Hong et al., 2011; Hong et al., 2012a; Hong
et al., 2012b), =2 A YA S -85l ‘=
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AZuE WRY 109 EFL AUSIAtkKang ef al,
2008). E3F 2| Jeung et al.(2011b)& ‘HUH FA}of o}
A =31 E H(sodium azide(SA); NaN3)2 # 2]5}o] ‘Namil
(SA)yflol’o. &2 FP% EAAFTS S45H3tE Namil(SA)-
flol'& AAAE Al ABE Folu o] ojzfaty S47}
o 9H5ds A A7HE IR A717F L &4 A
o o ke ARFen Beap] A ALAE
2 B35 AoR ol dti(Jeung ef al., 2011b).

32 f(floury endosperm)t= s} fAlelA BT
EFET QS AU WA AEE wido] A% EAAS &
= o]

Eollolz, AAZA AMA 1, 3, 4, 5, 8¢ Fol4 £
Aehg S4S A GAAE] BT 9Tk fo-!

3} flo-2+= ‘Kinmaze’ #&0 =85 MNU 2|5 Faf
Jejgion] 22k szt 4 QaA] Aol SIAGHe Ao W
11%¢lth(Satoh & Omura, 1981; Kaushik & Khush, 1991).
She ef al(2010)2 flo-29] H|FeH= A7} T 7he]
A} & 2-8(protein-protein interaction)& wj7ist= FLOURY
ENDOSPERM2(FLO2)J-& 9+3th flo-3+= 16-kDa polypeptide
PS WUl RS S0l 39 A Aol 914
FcH(Nishio & lida, 1993). flo49} flos= ZH7F 5H A1)
o] OsPPDKB9} 8 A AA] OsSSIIadl T-DNAZ} 4+¢]
H oA = Al AEY G F27F =agh Bl
EAL BYtHKang et al. 2005, Ryoo et al. 2007). flo(a)
‘SHE MNU A25 &3 719 E4uf o]
2 49 QA o] OSTPR S04 54 59IrHQiao ef
al. 2010). flo6+= ‘Nipponbare’ FX} EMS A Z|2 {7|= %
om 1 SAA A9l OsAGPL2-3 S Ao G—A SNP7}
$rE) 2 Selviol Qo] vl HrhZhang ef al. 2012),
2 AollA= o ESYER AP f7IRF EEuS &
o] A5l ‘Namil(SA)-flol” 9] A WFof ofgt F74
A8 Sastol Rl Bl SR QA A 97
b 5 adel gue 94 24
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Namil(SA)-flol & AHEU7HA 24 thidd E59 g
u'e] Eato] QlAbelghgolel] 8|43t oh EshtE S-S
Hejste] shugh A SAvo] FrjAFoln Axl
‘Namil(SA)2652-RGA-1-1-1-1"0|| j3tcK(Jeung ef al., 2011b;
Shin et al. 2009). ‘Namil(SA)-flo1’2] E2uj9 Ba &

A-2loll tgt AR e §15ke] “Namil(SA)-flol” x e
B RRE G F 424 94 RS 45K s 4
EA¢} B BEogHE CTAB W (Murray & Thompson,
1980)% F2t WFstol DNAS #&st9ict 37 DNAL:
0.8% agarose gelo]| 217|953} 221515 2 NanoDrop spec-
trophotometer(Thermo Fisher Scientific, USA)E ©]|-8&5}o]
4ok % 5 nglul2 3|AJalo] PCRO| o aloleh. B v
o GARAS g RAPoRE By ABARRE S8

Fas 349) 29Y v &2 Astol Ao Bslsih

ot

=22|S=HECS 0|88 RUXIXE 2

7)&0] Ha1% SSR A AHof 97 5Fe{(McCouch et al.
2002) 127§ ¥ GAA] Aol w55 $1XI8HHA] “Namil(SA)-
flol’2} ‘2335’ Thof| thg/d& Kol SSR mhAES A
Astech. ol $iste] 2 SSR npAel ofa) EAHL ¥ 5
AA AR A9 584 9125 e-Landing(Jeung et al. 2007)
Jwlon shelslolth ShelE Zeld iAo tfgebs
BAC/PAC SE5°] et AR} FHAAAE 49 9A=
2 Rice Genome Annotation Project(http:/rice.plantbiology.
msu.edu/)o]| A A|-&38}l= Rice Pseudomolecule Information
& Hxshith = 5471 SSR whA S| tisto] Fr A&
FAAE S A AR = 2ok Atk A}
ZF WA Y] AR 2AY Ble(EER) 1He] A
4] (association analysis)o] 9|3l &1E 5 FAA| A+
53 ARl HAAZRAQIAY] WEE =o|7] 15t
o] 77] SSR ulAES Z7}l2 B A5 ti(Table 1, Fig. 3). 2+
SSR wpAEo] thsto] Fo AlEAEZHE A FAAE
o |7t 7|t Ao Fgst=A B71st7] f1ste] 7olA|
BAR tesye A 3%

PCR-& 10 ng2] DNAS} 5 pmol®] forward X reverse
g2}o]H, 0.2 mM dNTP mix, 1X PCR buffer[50 mM KCl,
10 mM Tris-HCl(pH 9.0), 0.1% Triton X-100, 1.5 mM MgCl,]
9 1 unit®] Taq polymerase(Nurotics, Korea)& ©]-8-s}0] &
Hu| 20 ul2 AR5} PTC-100% thermocycler(Waltham,
USA)E AHE3to], 95C oAl 387 27] A 3 95C o) A]
20%, 55Co)A 30%, 72TCoA 6022 & 353] WE35}1,
72 C ol A 587 B339tk PCR AHE-2 Sequencing gel[5%
polyacrylamide(19:1, acrylamide:bis-acrylamide), 6 M Urea,
1X TBE, 80W]& o]-&3}o] A7|%9%F 3t & Silver SequenceTM
(Promega, USA)2 QAIgt & {AAS S w4 sHITh
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Table 1. List of SSR markers used, their e-Landing mediated physical positions on Rice Pseudomolecule 7, corresponding
BAC/PAC clones with their determined ¢cM positions, and the segregation test (i) results on the F, progenies derived
from ‘Namil(SA)-flol’ x ‘Milyang 23’. (Continued)

Marker Ch Physical information® Mirror mapb Segregation test’
Start Stop e-PCR ¢%  BAC/PAC cM cM% A H B M Ve
RM3252 1 302,879 303,050 172 0.7 AP002818.2 0.3 0.2 22 47 25 0 0.9
RM600 1 9,464,568 9,464,788 221 219 AP001081.1 49.6 27.3 29 38 27 0 298
RM449 1 15,124,290 15,124,405 116 350 AP006530.3 73.1 40.2 27 43 24 0 0.64
RMI349 1 25,071,234 25,071,452 219 579 AP002744.2 103.1 56.7 27 47 20 0 0.77
RM1003 1 33,476,952 33,477,079 128 77.4 AP003345.3 136.6 75.1 27 43 24 0 0.64
RM6321 1 42,924,171 42,924338 168 992  AP003277.2 181.8  100.0 19 51 24 0 094
RM154 2 1,083,895 1,084,077 183 3.0 AP005851.2 5.8 3.7 31 48 15 0 4.8l
RM5699 2 8,981,411 8981577 167 25.0 AP005803.3 42.1 26.7 33 39 22 0 4.69
RMI211 2 18,456,296 18,456,457 162 51.4 AP005299.3 60.9 38.5 28 48 18 0 175
RM3220 2 28,463,977 28,464,117 141 792 AP004118.4 118.1 74.8 22 47 25 0 0.9
RM3850 2 35,431,667 35,431,776 110 98.6 AP003989.4 1579 100.0 17 46 30 1 3.10
RM6301 3 2,652,360 2,652,502 143 7.3  AC090485.3 13.3 8.0 18 52 24 0 149
RM7 3 9,829,489 9,829,659 171 27.0 AC134232.2 44.4 26.7 8 47 39 0 19.15
RM6266 3 23,823,769 23,823,928 160 654 AC091246.8 94.9 57.0 17 45 32 0 430
RMI350 3 28,683,340 28,683,508 169  78.8 AC087181.9 126.8 76.2 24 45 25 0 0.9
RM3585 3 36,141,626 36,141,794 169 993 ACI128647.8 163.1 98.0 22 50 22 0 022
RMS551 4 178,080 178271 192 0.5 AL606442.3 3.1 23 22 52 20 0 0.86
RM5633 4 13,084,092 13,084,302 211 369 AL731595.1 20.4 15.4 21 52 21 0 0.77
RM3839 4 24,089,850 24,090,067 218 67.9 AL606614.3 72.8 54.9 24 45 25 0 0.9
RM559 4 35,336,720 35,336,879 160  99.5 AL606637.3 129.6 97.7 23 47 24 0 0.01
RM5693 5 463,830 464,029 200 1.5 ACI29716.3 4.6 3.8 21 51 22 0 047
RM3322 5 4262754  4262,874 121 142 AC087553.3 32.0 26.2 24 35 34 1 712
RM5140 5 13,541,687 13,541,870 184 452 AC093953.2 54.6 44.6 25 31 38 0 1349
RM3838 5 16,553,562 16,553,759 198 553 AC136221.2 60.7 49.6 24 38 32 0 426
RM6024 5 17,812,759 17,812,936 178 59.5 AC104707.2 67.5 55.2 21 44 28 1 0.99
RM164 5 19,258,988 19,259,252 265 643 AC132483.2 74.5 60.9 26 46 22 0 022
RM3351 5 20,759,270 20,759,403 134  69.3 AC109595.2 80.7 66.0 30 41 22 1 224
RM5558 5 21,251,913 21,252,085 173 709 AC105769.2 86.0 70.3 24 49 21 0 022
RM5642 5 22,246,931 22,247,059 129 743 AC093919.2 92.0 75.2 25 47 22 0 0.9
RM3870 5 22,962,885 22,963,077 193 76,6 AC108503.4 95.3 77.9 26 47 21 0 035
RM1054 5 29,227,307 29,227,456 150 97.6 AC098598.2 122.0 99.8 22 50 22 0 022
RM3353 6 436,581 436,696 116 1.4 AP001129.1 1.4 1.1 12 48 33 1 867
RM3370 6 6,435,835 6,436,011 177 20.6 AP005545.3 343 27.6 539 50 0 4375
RM3628 6 23,738,029 23,738,154 126 76.0 AP003612.2 85.4 68.6 17 42 35 0 711
RM5753 6 30,967,848 30,968,048 201  99.1  AP004685.3 1244 100.0 22 47 24 1 0.03
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Table 1. List of SSR markers used, their e-Landing mediated physical positions on Rice Pseudomolecule 7, corresponding
BAC/PAC clones with their determined ¢M positions, and the segregation test (i) results on the F, progenies derived
from ‘Namil(SA)-flol” x ‘Milyang 23°. (Continued)

Marker Ch Physical information® Mirror mapb Segregation test’
Start Stop e-PCR ¢%  BAC/PAC cM cM% A H B M 7
RM1093 7 669,862 670,011 150 23  AP003746.2 2.5 2.1 28 46 20 0 1.07
RMI377 7 12,784,523 12,784,703 181  43.0 AP004305.3 49.7 419 19 45 30 0 226
RM3743 7 19,344,028 19,344,207 180  65.1 AP003815.2 67.0 56.5 19 48 27 0 1.07
RMI172 7 29,562,285 29,562,443 159  99.5 AP005199.3 1186 1000 22 43 29 0 137
RM408 8 126,282 126,410 129 0.4  AP005406.3 0.0 00 23 47 24 0 001
RM547 8 5,592,402 5,592,635 234 197 AP004746.3 416 343 18 44 32 0 392
RM3262 8  22381,176 22381342 167 78.7 AP005483.3 86.7 715 25 45 24 0 0.9
RM5545 8 28,274,770 28274926 157 99.4 AP004623.3 1212 1000 24 46 24 0 0.0l
RM316 9 1,075,933 1,076,126 194 4.7  AP005860.2 0.8 09 25 45 23 1 0.9
RM219 9 7,888,585 NA 343 AP005912.3 20.7 221 22 45 26 1 026
RM566 9 14,705,799 14,706,037 239  63.9 AP005397.2 50.7 542 22 46 17 9 088
RM205 9 22,721,127 22,721,282 156 98.7 AP005546.3 935  100.0 25 47 22 0 0.09
RM7492 10 54,866 55010 145 02 AC108883.1 0.0 00 17 47 30 0 3.07
RM311 10 9,818,621 9,818,917 297 423 AC090482.3 17.2 20.5 19 51 24 0 094
RMI375 10 16,716,154 16,716,333 180 72.0 AC025905.3 427 510 24 49 21 0 022
RM590 10 23,114,684 23,114,821 138  99.6 AC018727.10 83.8 1000 21 55 18 0 243
RM286 11 384,837 384,958 122 1.3 BX000497.1 1.4 12 17 48 29 0 260
RM536 11 8,990,534 8,990,776 243 31.0 ACI38197.3 49.1 416 21 39 34 0 562
RM3428 11 13945470 13,945,626 157 48.1 AC128642.3 56.2 477 21 40 33 0 452
RM5349 11 19,650,313 19,650,435 123  67.7 AC134925.4 79.1 67.1 18 45 31 0 320
RM5961 11 19,926,656 19,926,784 129  68.7 AC108223.5 79.9 67.8 17 45 32 0 430
RM 144 11 28,804,933 28,805,157 225 993 ACI134045.2 116.2 986 17 49 28 0 226
RMS8215 12 1,586,781 1,587,001 221 5.8 BX000498.1 10.8 99 23 42 28 1 112
RMI337 12 11,935,984 11,936,165 182 43.4 BX000556.3 51.5 472 14 51 29 0 477
RM277 12 18,319,022 NA 665 AL831799.3 63.3 58.0 12 40 42 0 19.84"
RM17 12 26,988,269 26,988,436 168 98.0 AC027133.3 107.4 98.4 7 54 33 0 15247

*The primer sequences were used as queries to localize on the Rice Pseudomolecules Release 7. When both primer sequences
were successfully recognized for their physical locations to be annealed, the expected PCR product size (e-PCR: ‘Stop’-‘Start’+1bp,
NA=not available) was used to judge PCR products. If any primer failed for e-Landing, the other primer’s location was used
to estimate the corresponding point. The determined physical regions followed by e-Landing were used to match corresponding
BAC/PAC clones according to the ‘Rice Pseudomolecule Information and Gene Search’ (http://rice.plantbiology.msu.edu/).
°The determined ¢cM positions for each BAC/PAC clones was directly adopted from the ‘Rice Pseudomolcule Information and
Gene Search’, which were estimated using the marker sequences obtained from the Cornell Rice Genes Database and the
Japanese Rice Genome Program. To compare the ¢cM positions from various mapping populations with different total lengths,
the percentage relative genetic positions, ‘cM%’, was also calculated.

‘A and B are homozygous for ‘Namil(SA)-flo’1 and ‘Milyang 23’ allele types, respectively, H is for heterozygous progenies
at the tested locus, and M indicates the number of plants with missing allele. Segregation distorted loci are indicated with
asterisk; ~ P<0.0001, ~P<0.01, and "P<0.05.
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Table 2. Summary of association analysis between the SSR marker genotypes of F, progenies and floury grains percentage (FGP)

of F»3 seeds derived from ‘Namil(SA)-flol’ x ‘Milyang 23°.

Locus” Mirror-map” Mean FGP (%)° Single-locus ANOVA Genetic effect’
Marker Ap Ch cM cM(%) A H B SSM SSE F R’ Add DeD
RM5693 1 5 46 38 416 423 272 3758.1  134369.6 13 0.027 720 -1
RM3322 2 5 320 262 603 37.0 260 16788.8  119832.2 63" 0.123 -172 04
RM5140 1 5 546 446 666 383 204 32067.4 1060603  13.8™ 0.232 -23.1 0.2
RM3838 2 5 607 496 817 364 89 73007.8 651199  51.0° 0.529 364 0.2
RM6024 2 5 675 552 8.1 358 88 72538.1 640829 509 0.531 386 0.3
RM164 2 5 745 609 917 262 19 110066.0  28061.7 1785 0.797 449 05
RM3351 2 5 807 660 642 289 222 294892 108572.0 122" 0.214 210 0.7
RM5558 1 5 8.0 703 783 302 129 55226.7  82901.0  30.3" 0.400 327 05
RM5642 2 5 920 752 713 303 193 382293 998984 1747 0277 260 0.6
RM3870 2 5 953 779 708 345 8.1 47209.1  90918.6  23.6 0342 313 02
RM1054 1 5 1220 998 440 393 317 1705.1  136422.5 0.6 0.012 6.1 02
RM7492 1 10 00 00 317 381 434 1491.0  136636.7 0.5  0.011 58 0.1
RM311 1 10 172 205 322 429 347 2081.7  136046.0 0.7  0.015 12 76
RMI375 1 10 427 510 376 476 189 12109.5  126018.1 44" 0.088 93 2.1
RM590 1 10 838 100.0 495 343 39.1 35283 134599.3 12 0.026 5.2 1.9

*DNA markers were tested on 94 F, progenies of ‘Namil(SA)-flo1> x ‘Milyang 23°. After the first round of association analyses
with well defined 54 anchor markers (application: Ap=1), additional 7 markers were applied to narrow down the putative location
of floury endosperm gene on chromosome 5 (Ap=2). Markers with significant F' value were found only on chromosomes 5 and 10.
*Both ¢cM positions and percentage-expressed (cM%) are indicated (see Table 2).

‘Mean floury grains percentage (FGP) for each genotype categories revealed by SSR markers. A and B are homozygous for
Namil(SA)-flol and Milyang 23 allele types, respectively, and H indicates heterozygous progenies at the tested locus.
IAdditive effect (Add), and degree of dominance (DeD) were then estimated at the declared loci: Add=(Bmean-Amean)/2 and
DeD=Do/Add, where A and B are homozygous F, individuals for ‘Namil(SA)-flol’ and ‘Milyang 23°, H is heterozygous
individuals at the tested locus, and Do(dominant effect) = Hmean-(Bmean+Amean)/2.

"'P<0.0001, "P<0.01, and "P<0.05.

ol 4 EH5}7] $lako] Namil(SA)-flol x W23 59| Fy Zot 9 mE
ARE2RE S SSR kA fAYT Fas E4 2

H H& Alo]9] A dE4](association analysis)S =33} F WSS 0|28t KT}

fol

‘Namil(SA)—flo1" < "H223

At SAS 2 IF(SAS Institute, 2000)2] PROC MEANS
£ o835t Ve AE= AFESEelal, PROC GLM= ©]
§3lo] 2} SSR upASo] o3 EAHE fAAE} LAY
Hl&of #ofdt= A gd WA 2F Az gt F
w4 A3t P ko] 0.05K T 2o f{oshrhal wAs)aL,
Fy Eejyietol ] T2 Fos $AF 249 Hl&2) FAte] ot
e AARe] 71 m(RY), A 2-g7Hadditive effect),
712F%F AN (degree of dominance) 5= FA3}%tHJeung et
al., 2011a).

X|= =y

‘Namil(SA)-flol” x ‘2335 9] wHjg o2 St
Fi AEAE A7 AA B A5 SRSl 94719 Fs
AEAE AN o] 2R E 3 Fas T4 4 Y
Hl&(Fig. 1)¥} E3E(Fig. 2)5 AT 94709 Fo 714
T A EEE BlEo] 10% olakel AA7E 24702 XA 9
25.5%, TAF &4 E HE 90% oAl AWA7E HA] 2470 =
AA9] 25.5%E AAISFATE. YA oF 49%°] ad = Fa
WAl FAF £ HlES R 15~35%HS & 5 9l
o, o]& &3] ‘Namil(SA)-flol” #&Hfr= 2749
@ fARel oa At AE FET 4 U
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‘ Wild type & Parental Lines of F, Progenies ‘

Namil(SA)-flol

Namil Milyang 23

Homogeneous
for wild type

Homogeneous
for mutant type

Heterogeneous

F.; Seeds harvested from each F, plant ‘

Fig. 1. Grains of Namil, Namil(SA)-flol, Milyang 23, and F»;
seeds derived from ‘Namil(SA)-flol” x ‘Milyang 23°.

FRAAR = Aoz A5 A JAA o 1dz9] 3
AR RIALE w25k tiAl, ZF G A w2 A%k T4
& o]Fo]%] SSR ttAE 55 A5t fAAAE 2
¢k(linkage map skeleton)& 23tk GMAE vl uf
Z|of| &= Jeung et al.(2007)¢] A| A3t e-Landing 7|HHS &
gto] 7k SSR uhA o] th-g-dt= W F-AA ARE wpefsia
‘mirror map’& THYCZH F7HAQ FHASAEA A
A5 AEsilty. oF 25001 7Je) SSR whAES| thsto]
‘Namil(SA)-flol’ 37} “Wef23%° 7] A4S AES &
2t QA 5 9110 AL el uAE 4-67)
A v x]sto] & 547§9] SSR mpAR o] FojX FHAA =
WhE ARG Table 1), FAE FHA4FE Bl
A5t Ax} v AR o] Be(segregation distortion)= 3t &
A, 5 GAA S, 6 FAA A, 128 GAA

Fojol A T ZthTable 1; Segregation test).

o ooy P

U

ZtMB M(association analysis)2 0|28t 2XHE &
Xt ®EX|

AR T %Qt0] 547 SSR wlAE thA o &2 7t upbA 9
Ao e FAFY(EEEH v sty FAEAS
AASIL F 33t 3 R (BT BAto] @] st
of A E]= v|&)S AASFIcHTable 2). 72 upA7E 74
Stk FAARS] HE AR A FAFCE Fo3t F
e 7 A9 SRS By BT xdY wolo

40

> 2 o [l 18
oft 2

Milyang 23
Namil(SA)-flol v
v 24

22

Number of F, plants

0000000070
=

0 10 20 30 40 50 60 70 80 90 100

Floury grains percentage (%)

Fig. 2. Histograms of floury grains percentage in F»3 seeds
derived from the 94 F, progenies lines of ‘Namil(SA)-
flol” x ‘Milyang 23°.

QL AL §AA} BRI Ao Bk
Z 54719 SSR vHAE F FAMCE FY3 F 4t 7HA
L ubrls 37, SH A FEe] RMSI40(F=13.8), 54
AR SHe] RMS5558(F=30.0), 108 G484 SFete] RMI1375
(F=4.4)0]%]ti(Table 2). RM51401} RM55589] 79 ‘Namil
(SA)-flo1” 9] F-HA & homo= H-{3 Fy 7HAIE2 15
o] hetero T1Eo|} ‘W23’ 5 9] S HAE S homo= H-G
g Lgol Hlstel W BAY Hgo] 2u) o4 E3ton)
T oA fFAAE S Fr WA=2] 48 HE HolE 7+
Z¥ 23.2%, 40.0% A"l v RM13759] 79 hetero
FAAE S EAgt F AEY 250] 7MY =2 £4
H&2 Helon, RMI13759 GAAg o o5t F, 7iAl&
o] 49 vl WHolZl AiEs AEs 88%=E Ay e

u}2} ‘Namil(SA)-flol’ 2] 287 54
$&= RMI1640f 3 9o EA5t= Aoz =8 4
AATE RMI1640] tiste] ‘Namil(SA)-flo1’9] F-AAS &
homo= 33 F, 7§41 5(n=26)2] B+ 249 HlE&S 91.7%,
‘L2359 FAAYE S homoE HA3H Fy 7HAS(n=22)
o] Hit BAY H[EL 1.9%E YEgon, &= f4AE S
hetero2 HE3F F, 7fAEn=46)2 HH+ XY H|&L
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A B Marker P(oa;gn Clone Name Accession (EES)
RM6024 177 0OJ1118_F06 AC104707 1361
178  OSINBaD025P09  AC119289  167.3
Chs 180 ©J1005_E12 AC108874 1213
181 OS/NBa0007A06  AC120987  148.0
- 182 OS/NBa0039A21  AC136218 1391
46 RM5693 183  0QJ1126_811 AC105767 1036
183 OSINBa0083MO5 AC136222 1534
184 OSINBa0025D17  AC165371 162.9
185  0J1286_E05 AC104710  106.2
320 RM3322 186 OSINBaO073E0S  AC136219 1780
188  0J1562_H01 AC105773 884
189  0J1057_G07 AC105258 711
546 RM5140 189  0J1764 D01 AC107085  164.7
507 RM3838 RM164 191 OSINBa0014C03 AC132483 1437
675 RM6024 / 19.2 OS/NBbOD92G21  AC134932  151.3
P 193  P0605GO1 AC132492 1463
Zg_‘; %1 194 OSINBa0035J16  AC135418  170.2
86.0 BM5558 195 OSINBbO006J12  AC120991  157.1
920 RM5642 196  0J1174 H11 AC104708 1026
853 RM3870 197 0J1657_H11l AC105319 931
19.8  PO040B10 AC137928 1508
199 OSINBb0014K18  AC137620 1235
200 PO668FO2 AC130729 1781
1220 RM1054 201 PO017D10 AC130607 1499
cM 202 0J1123.C08 AC108875 1320
203 OSJNBa0084P24  AC137617 1488
204  PO579A05 AC134933 1074
205  P0426G01 AC137623 173.1
206 OSJNBbOO92E21  AC124836 1326
RM3351 207 QJ1212_B02 AC109595 1257

Fig. 3. High density linkage map for the target region on rice chromosome 5, the nest of the floury endosperm gene originated
from Namil(SA)-flol. A. Linkage map skeleton of chromosome 5 with 11 SSR markers used to narrow down the putative
location. Markers were applied based on F-statistics from single-locus ANOVA results (see Table 2). B. High resolution
map for the target region surrounded by SSR markers was determined through e-Landings. Based on the primer sequence
information of SSR markers, the corresponding 3.0 Mbp virtual contig composed of BAC/PAC clones was determined.

26.2%%ith. ©]2 E3}to] ‘Namil(SA)-flol’ ] Hj§ BAE
< Auiete fAAR = o2 Agshe ©d {4

S
=

% oX

A7

71&o] W Rl EEuR T SRS S S AMA A

o A= flo-131} flo47} H 11%|QItiKang ef al. 2005; Kaushik
& Khush, 1991). flo-19] 733 AFFAAEA(trisomic analysis)
£ &oto] S FAAe] A5k Aol BreFlon Hue
A AR 0] FAE o] FolA R gt rtH(Kaushik &
Khush, 1991). flo4+= 5" FAA| 9] 19.7 Mbp Hof| $1%]
3t OsPPDKB G AFo]] T-DNA T Tosl7°0] A= =9
Hololti(Kang et al. 2005).

e-LandingE S8t SERFTXIY S H RXX| B

7} SSR utA o] tjalo] e-Landing e E3to] 243t &g
912 & 2+%3 ZA1KTable 1; Physical information), S¥ ¢

A1A| 2] RM6024-RM164-RM3351¢] 8ligate= H-9)+= 17.7~

20.7 Mbp AFo]€] ©F 3 Mbp =7]o]w] 307§2] BAC/PAC
SEER o]Rolzl HS & 4 9YickFig 3). AT
9= 19.7 Mbp F-19] 7|&0]| i1 flo45 E7F5H= H9
Z(Kang et al. 2005), ‘Namil(SA)-flol’9] EZ2ulj-5 X}
AT} flodsh FUT SR HPAeA Wl §
AAAAE 23 AFE Ssjo] waAA 2 Aol A
S loll thato] hetero -84 & A8l Sl Fa 7H
AEE AR AA B8 2910 AzTo] dofut Fs A
5o FrhpelUToR gusl 4ol A Fo otk
o] Ea}o] Namil(SA)-flol*9] A& v} $74719)2
Hr} ZAdslA gMsta i eE x3st= BAC/PAC
229 A9 (open reading frame; ORF) A E & &85}
F7h A7 Ao RN LA B BH A%
#o) o|oi 7] B Aolth. w3t of Aol A W A
B8 B AT A 2R B4E w2

e
25

[e)

= &L
O
=]



290 OHEIX|(KOREAN J. CROP SCI.), 58(3), 2013

A= s 2 9l Aoz st Eceung ef al. 2007).

H Q9

W FBAAS BRI S ZAste] T A A
7Nk GRS SBAE AE AR A AR 7HE
B EE ol AlFStch EATH 34 et lef 4
L OMESIERS S0 R BEste] AARE
APAS Bae EAS EAWo] FHAE Namil(SA)-
flol"E SAISE v} Qlk. B AT A8 AlellA] Namil(SA)-
flol’9) 2AuG B4 Aust fA491S S5
Sastech. 74 Au otefe gt

25 G F, 94 )
AzRE £4 B4 v&L 74513 5470 SSR o
710] SRS As10] A EA (association analysis)

ST AT BE A9 sH A Feit

4 o
fu
o2
)
52
T

o dilﬂ ug o .tl:hl L o

_I:\:‘>.,
S T2
Qo ez oL
to 10 %2
oz I
o 2
of o\ W
2 o o
letozi
r)dHE
Nx
;@ﬂ
FEF—E

o

2

1o

21_

X3

So

el o L
o
o
o
ol

. -
2
Ja
5|
Jo
)
>
il
f
o
ol
o,

T oy o g

ZFEA S ALAL (FFAH S PI009
ol ZAr=Z Y},

e}
[N
e}
o
=)

=

1o

B

e
o
fu

_1>. o

ot

(i,

i)

g

o

0

Hong, H. C., H. P. Moon, H. C. Choi, H. G. Hwang, Y. G.
Kim, H. Y. Kim, J. D. Yea, Y. S. Shin, K. H. Kang, Y.
H. Choi, Y. C. Cho, M. K. Baek, C. I. Yang, I. S. Choi,
S. N. Ahn, and S. J. Yang. 2011. New cultivar developed
: A lodging tolerant, opaque rice cultivar “Seolgaeng”.
Kor. J. Breed. Sci. 43(6) : 532-537.

Hong, H. C., Y. H. Choi, H. G. Hwang, Y. G. Kim, H. P.
Mun, H. Y. Kim, J. D. Yea, Y. S. Shin, Y. H. Choi, Y.
C. Cho, M. K. Baek, J. H. Lee, C. I. Yang, K. H. Jeong,

S. N. Ahn, and S. J. Yang. 2012a. New cultivar developed
: A lodging-tolerance and dull rice cultivar “Baegjinju”.
Kor. J. Breed. Sci. 44(1) : 51-56.

Hong, H. C., Y. G. Kim, Y. H. Choi, S. J. Yang, K. S. Lee,
J. H. Lee, O. Y. Jung, C. I. Yang, Y. C. Cho, I. S. Choi,
M. K. Baek, M. K. Kim, J. D. Yea, H. G. Hwang, J. H.
Roh, S. R. Kim, H. C. Choi, Y. T. Lee, and S. H. Lee.
2012b. A medium-maturing, giant-embryo, and germination
brown rice cultivar “Keunnun”. Kor. J. Breed. Sci. 44(2) :
160-164.

Jeung, J. U., B. R. Kim, Y. C. Cho, S. S. Han, H. P. Moon,
Y. T. Lee, and K. K. Jena. 2007. A novel gene, Pi40(1),
linked to the DNA markers derived from NBS-LRR motifs
confers broad spectrum of blast resistance in rice. Theor.
Appl. Genet. 115(8) : 1163-1177.

Jeung, J. U. and Y. S. Shin. 2011a. Genetic analysis on the
bacterial blight resistance gene from a wild relative, Oryza
minuta. Korean J. Crop Sci. 56(1) : 57-63.

Jeung, J. U, T. H. Roh, K. H. Kang, Y. S. Shin, and Y. G.
Kim. 2011b. Genetic analysis on the bacterial blight resistance
gene from a wild relative, Oryza minuta. Korean J. Crop
Sci. 56(2) : 124-133.

Jun, H. I, E. J. Yang, Y. S. Kim, and G. S. Song. 2008.
Effect of dry and wet millings on physicochemical properties
of black rice flours. J Korean Soc Food Sci Nutr. 37(7) :
900-907.

Kang, H. G., S. Park, M. Matsuoka, and G. An. 2005. Whitecore
endosperm floury endosperm-4 in rice is generated by
knockout mutations in the C4-type pyruvate orthophosphate
dikinase gene (OsPPDKB). Plant J. 42(6) : 901-911.

Kang, S. Y., I. C. Shin, D. S. Kim, G. J. Lee, J. B. Kim, D.
Y. Lee, S. Y. Lee, and D. J. Lee. 2008. A New Green-Kerneled
glutinous rice mutant variety, “Nogwonchalbyeo” developed
by gamma ray irradiation. Korean J. Breed. Sci. 40(3) :
303-307.

Kaushik, R. P. and G. S. Khush. 1991. Genetic analysis of
endosperm mutants in rice Oryza sativa L. Theor. Appl. Genet.
83(2) : 146-152.

Kim, M. R. 2011. The status of Korean rice industry and the
rice processing industry. Food Industry and Nutrition. 16(1)
1 22-26.

Kim, T. H. 2010. Status of rice processing industry and rice
processing products. Food Preservation and Processing
Industry. 9(2) : 86-96.

KOSTAT. 2013. Survey results on the grain consumption of
Korea in 2012. Statistics Korea.

Lee, M. H. and Y. T. Lee. 2006. Bread-making properties of
rice flours produced by dry, wet and semi-wet milling. J
Korean Soc Food Sci Nutr. 35(7) : 886-890.

McCouch, S. R., L. Teytelman, Y. Xu, L. B. Lobos, K. Clare,
and M. Walton et al. 2002. Development and mapping of
2240 new SSR markers for rice (Oryza sativa L.). DNA



Bt SHH0| O AT ‘Namil(SA)-flo1'2] EEHS S800 TSt X2 291

res. 9(6) : 199-207.

Murray, M. G. and W. F. Thompson. 1980. Rapid isolation of
high molecular weight plant DNA. Nucleic Acids Res.
8(19) : 4321-4326.

Nishio, T. and S. lida. 1993. Mutants having a low content of
16-kDa allergenic protein in rice (Oryza sativa L.). Theor.
Appl. Genet. 86(2-3) : 317-321.

Qiao, Y., S. I. Lee, R. Piao, W. Jiang, T. H. Ham, and J. H.
Chin et al. 2010. Fine mapping and candidate gene
analysis of the floury endosperm gene, FLO (a), in rice.
Mol. Cells. 29(2) : 167-174.

Ryoo, N., C. Yu, C. S. Park, M. Y. Baik, I. M. Park, and M.
H. Cho et al. 2007. Knockout of a starch synthase gene
OsSSIlla/Flo5 causes white-core floury endosperm in rice
(Oryza sativa L.). Plant Cell Rep. 26(7) : 1083-1095.

Satoh, H. and T. Omura. 1981. New endosperm mutations
induced by chemical mutagens in rice, Oryza sativa L. Jpn.

J. Breeding. 31(3) : 316-326.

She, K. C., H. Kusano, K. Koizumi, H. Yamakawa, M. Hakata,
and T. Imamura et al. 2010. A novel factor FLOURY
ENDOSPERM?2 is involved in regulation of rice grain size
and starch quality. Plant Cell. 22(10) : 3280-3294.

Shin, M. S. 2010. The activation of the rice processing industry
for initiating green food industry in the future. Food
Preservation and Processing Industry. 9(1) : 16-37.

Shin, Y. S., C. S. Park, Y. W. and Seo, J. U. Jeung. 2009.
Characteristics of endosperm starch of the rice mutant lines
induced by sodium azide. Korean J. Breed. Sci. 41(2) :
84-91.

Zhang, D., J. Wu, Y. Zhang, and C. Shi. 2012. Phenotypic
and candidate gene analysis of a new floury endosperm
mutant (osagpl2-3) in rice. Plant Mol. Biol. Rep. 30(6) :
1303-1312.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


