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Variation of Grain Quality and Grain Filling
Rapidity Milyang 23 / Gihobyeo Recombinant Inbred Lines

Tae-Soon Kwak'™ and Jun-Hwan Yeo
Life Science and Natural Resources College, Sangji University, Wonju 220-702, Korea

ABSTRACT: This study was carried out to get the basic
informations regarding the varietal variations for the
physicochemical properties such as protein content, amy-
lose content, fatty acid content, grain quality values and
color properties such as lightness value, chroma and hue
for the 164 recombinant inbred lines(RILs) of Milyang 23
and Gihobyeo(M/G) at the experimental farm in the
Sangji University. The principal component analysis and
heritability stady were conducted for this experiments.
The rapidity of grain filling(RGF) for the 164 M/G RILs
could be classified into four groups such as slow maturing
group less than 41%, mid-slow maturing group 41~60%,
fast maturing group 61~80% and very fast maturing
group more than 81% based on the rapidity of grain fill-
ing rate. The slow maturing group of RGF showed a little
bit higher protein content 9.1%, compared to the other
RGF groups. However, the amylose content of all the RGF
groups revealed the same content by the groups. The very
fast maturing group of RGF showed longer grain length in
brown rice compared to other RGF varietal groups, in
case of grain width in brown rice showed shorter than any
other groups. The alkali digestive value which was so
much related to gelatinization temperature showed 3.40
degree at fast maturing group of RGF in M/G RILs. How-
ever, the very fast maturing group of RGF revealed 4.31
degree of alkali digestive value. The principal component
analysis was performed by the chemical and color proper-
ties such as quality value, protein content, amylose con-
tent, alkali digestive value, fatty acid content, lightness
value, chroma and hue for M/G RILs. The first principal
component was able to explained upto 36% to total infor-
mations. It was corresponded to quality value, protein
content, amylose content, fatty acid content, lightness
value and a-value(green — red). The characters regarding
grain quality showed high heritable properties more than
75% of heritability, but celor characters appeared rela-
tively lower heritability compared to grain quality.

Corresponding author: (Phone) +82-33-730-0512 (E-mail) tskwak
(@mail.sangji.ac.kr <Received February 17, 2004>

160

Keywords: rice, protein, amylose, fatty acid, grain quality
value, color properties, principal component analysis, herita-
bility, rapidity of grain filling(RGF), M/G RIL

MO R njgolgt we] Yako 2RE] 2uThi|7ka) 4%
of A#F T AFoEN gElel & o 7] A =
, Ak, rlEeRs 2 e
fojolt} ujglr Ao FHol &
ojel] #4e T Yol
ulEba 2 go] gekd 4 glont 7|RA o 7= HU o
g}l BAol 9siA wlFo] AR HT. w|Ze] B &
ke AL S7iEe oM gEXRE 49 JYrie BE &
e gslEe] g B v He] M7 JPE
ol Fgslol Ytk drle) BrslEATe T 22 FoA
B2 Holxgh gl ys) Auke HA FrEe] Jx 2
ELE SR HeltkEggum, 1979; Juliano, 1985).
o] ol Z o = o] 715 A3 28-S s "ok
HujoMs E5ol Wl 13%oMFE 33%71A] opdz o ~%)
o) =g o)) ulg} o) % B B )2
yePdtiJuliano, 1979). 22 €13 2 &j] HHss 4
N 98, A8 Ax J4 ¥ Egr FojthE
1986). Y4B Ade] Bofy) A2 FAE Y F2 £
o] Ao ofsiA A En, Bde] Bk A/AE v
24 8]8o] 30014 AY, 2.1~3.0& Y, 1.1-200F ©
g I3 L1ojsleld dd el s, felvet 42 2 &
F ARER| o)A Folgth(H §, 1988). L7kl
7t FErE FILEE BolRE Aog 4EA gon,
3 v Mo E8lE EAe] shiaEM e 3t
Aol A wgo o] FrE] ARHAEe] ARAS H4A
Bl FEORA FHe % @Eled], Yutdow 33en
7} E2A(EEY ST e A2

2Ry e Ao wlskel w3
= B8 oo 83 AZHE 278k 2 Juliano ef al., 1969)

Ao

=

al =
= S,

.

= K3
COLER=E

[e)
=



B L 235 x7[SHe| Mgt AAABINM T IESSsTt 0IE S 161

AB|AEC] 79ehs B39 22 FFH3 JthJennings
et al., 1979). A3 2(1992)y= ALl dAeHAEE F4l0
Z 33len W FESFEY FE HClE KM o F
F9| I7e] Fro st AL BNk selex 3 4
-FFE7] BAE AES vt Qo GRS 24
T F 5577 F9] 7182 FE Aol ded =
o BIwr} Aon THIEATE S Ert A0, B 5
19] 7]120] & o ¥t Aol FoRRltkal st
L 1995). B3 2 AS 7RI e, BE, AR, A4
oz dn). olgg MR zolof sl Ho) E
AQshe 3 71K 81e2 HeE F A Holg 4
ATt Yok 2339} 718 F§e] RILsol g 2o =
o] ®iEe] glem, QIL ¥4°] FE °JFi itk
(Kang, 1999a; Kang, 1999b; Pi, 2001).

B =7e Uy 2359 7138 e] 164 RILso) st o]s)s)

WM ex 1o T AN
N g O
B

i

Ao oA
mo i mlo

.

2 EXs) du)e] Anaz) BAS mielksle], 98] ST A4
o A¥El okzln sige] J|2AEE I3 Ukl Ads
$F ZEL Ausle] RFEEN WE Ale w7F A1, A
34 717 2 gAREY 29 9Jo] BLH HE Y+
g FoE A7 E AIEE AAE v 2 T A9E
e Q71e B stas st
M= % ah

E A ARty NS SEEAOA] 2002~

200330l Ax 58 =HATk

SAME W X2HE

FENNETA AT ATAo g e B e U 2359}
7o) ZAIES] 164 RILsS ARESH 2002 49 239
AU A EFSE vd Al Tho] ExlEE
A R)sle] vEsllon, 308 BE SEXA AARE
20emx 20 cmO 2 o) Attt AARFE 17 (BoZ
a-g0m AR ES N-P,0s-K,08 12-9-11kg/10a8] SF3=ol| A
= 50%2 7IH)E AHIEIEE, YA 50%s 25%8 23]
Lpo] 2H|2 ARSI oM, P05, K0S A 7H| 2 ALe
33T

orEE JEfErE W oolstety sS4

25718 fid 24 100E 71EeEst 50% o &5t
$& HE E97I2 39 2ARINSH, 27HEESEEAN
2o ATTERE E5 159 o]AFANNM &5 358 o

N

8 gl 1008 Folo] 2/1FEEEES T 2
o geja BAom Hvlgel, Wrlyol, ArlEA 2 @njz
olngiol S Mol N A o]§al ZAlsEom, 3
ot B0 obIZ O T, BNAYF R TS

Ketrl AlF2] AN-7008 o]-&sled B4}, 3k ¢lels
Ax+= KOH 1.4%0A 2447 1A & THAR o] B
AR AAEHATh

go|o] MRMT SH

Aol MM wE FFe] WIE AFEI] 5t
Minolta #|F-2] CR-10& ©]g3ld WE, A%, 44, agt &
bake AN, BEe Algdae] o] 245 3
A AR o7 e, aghd mAoA] w2 pghe
@A FEtMoz e AT o] EE MAPEIL =
oldithe g ol 83t

EAx2|
$E0FH) 57 Program o183kl TR, f:02
B4, ZRNR, 4090 R B398 A4S ANa0
Zo ¥ o

x7|25850 e AsSE &F

Z7)|FE5agolg 24 15U &4 35¢9] gk 7l
HE2A, 254 1542 1ge] 8E2] F3o] o|Fox]= A|
71elH, & 3592 nge] U&Ee] FFo| e AR
A7 o) 271 FEE5ES ZABHA =3tk Table 12 M/G
RIL 164 AEES 2718945558 Wt 40% ©lst AL,
41~60%2] AEZ, 61~80% Al 2 81% ©1’39 AT
2 F 4ASTE ERT Bl U9 2355 2+
£5580] 91.6%= v WE FEo|AeH, FEQ 715
E 654%2 YEPon, M/G RIL 1644158 Ao, M/
G RIL 164 AlE<] HA 27|9456558S 525%2 VYelse
o, Z7)|FEEE80] 41% ol =¥ ASZAE 16441
Z 14AI50] BXFA Qo] B AlEo] 2I/HEE45E80] =
g Rog Jepdon, 41~-60% ASZole 3241%5°] AN
o} W3, 2738500 ME AlE2d] £5= 61-80% Al
olofl 24A150] AUAeH, XI|FESSE0| vig- wE AlF
O R BFHE 81% ol AL 3241%0] e Aoz
ajekE| Tk,

OlSfBHS 4 U MXMT SNHO|

o] Yot Wlske B DA, dudes o
F Hlel 1ol H BAL BuAYY, oPAZe s 7
Agugees deid glrh eadg] Fom Yoty
M kA Aele ol she RACE g,

obd g @ ghgo] vtom wio] AV|E wo, ALE Hole A

it TeEimE, BuEgge] woRA Hplt Wl 2



162 #8{FS5(KOREAN J. CROP SCL), 49(3), 2004

Table 1. Rapid grain filling of 164 RILs between Milyang 23 and Gihobyeo.

Materials Rapid grain filling(%) No. of Lines Duration from seeding to heading Remarks
Milyang 23 91.6 10 plants 117 Female(Indica)
Gihobyeo 65.4 10 plants 114 Male(Japonica)
M/G RILs 41< 74 104.9 Slow maturing
41~60 32 110.8 Mid-slow maturing
61~80 24 113.8 Fast maturing
81> 32 113.7 Very fast maturing
Mean of RILs 52.5 164 109.3

* . More than 91.6% lines : 3, 22, 38, 42, 49, 50, 56, 71, 82, 83, 107, 141, 150
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Table 2. Comparison of the protein, amylose and fatty acid by the varietal groups based on the rapid grain filling for the 164 RILs between

Milyang 23/Gihobyeo.

Varietal group Protein cont.(%) Amylose cont.(%) Fatty acid cont. (KOHmg/100g)
Milyang 23 7.0£0.2 20.1+0.1 26.9+0.3
Gihobyeo 6.1+0.3 20.2+0.1 27.2+0.4
Slow maturing 9.1x1.5 20.1+0.2 25.8+1.6
Mid-slow maturing 8.9+1.5 20.1+0.2 25.9+1.5
Fast maturing 8.6+1.3 20.1+0.2 26.4+1.3
Very fast maturing 8.5+1.2 20.1+0.2 26.2+1.4
Mean fo RILs 8.8x1.5 20.1£0.2 26.0+1.5
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Table 3. Comparison of the length in hulled rice, width in hulled rice, thickness in hulled rice and L/w in hulled rice by the varietal groups
based on the rapid grain filling for the 164 RILs between Milyang 23/Gihobyeo.

Vari Length in hulled rice Width in hulled rice Thickness in hulled rice L/Win
arietal group .
(mm) (mm) (mm) hulled rice
Milyang 23 5.80+0.05 2.33x0.03 1.73+0.03 2.49+0.04
Gihobyeo 5.05+0.05 2.67+0.08 1.98+0.03 1.89+0.05
Sloww maturing 5.46+0.34 2.51+0.22 1.79+0.11 2.19+0.26
M:d-slow maturing 5.40+0.44 2.51+0.23 1.79+0.11 2.18+0.38
Fast maturing 5.45+0.38 2.44+0.17 1.73+£0.08 2.24+0.22
Very fast maturing 5.49+0.34 2.47+0.20 1.80+0.10 2.26+0.32
Mean fo RILs 5.45+0.37 2.49+0.22 1.78+0.11 2.21+0.30

Table 4. Comparison of the lightness value, chroma, hue and alkali digestion value by the varietal groups based on the rapid grain filling

for the 164 RILs between Milyang 23/Gihobyeo.

Alkali Digestion

Varietal group L-value Chroma Hue Value
Milyang 23 62.7+4.2 23.1+1.7 75.9+0.5 2.33+0.58
Gihobyeo 62.0+0.9 25.0x1.5 74.7+0.8 2.67+0.58
Skw maturin 62.2+2.7 23.7+x1.0 74.6x1.5 3.82+145
Mid-slow maturing 61.8+2.5 24.1+1.5 74.8+1.8 3.55+1.40
Fast maturing 61.7%1.6 24.1+0.9 74.7£2.3 3.40+1.54
Very fast maturing 62.2+1.9 23.9+1.0 74.9+1.2 4.31x1.23
Mean fo RILs 62.1+2.4 23.9+1.1 74.7+1.6 3.78+1.43
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Table 5. Principal component analysis performed on the chemical and color properties for 164 M/G RIL materials.
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Fig. 1. Scatter diagram of scores in each line of the first two
principal components deduced from a principal component
analysis of chemical and color properties with 164 M/G

z1

RIL materials by the rapid grain filling.

[ : <46% RGF group <> : 41~60 % RGF group

A : 61~80 % RGF group O : >81 % RGF group
X : Parents

Factor leading
Properties Principal component
1 2 3 4
Quality value 0.434%* -0.032 -0.320%* -0.106
Protein cont. -0.433%* 0.022 0.321%* 0.157*
Amylose cont. 0.478** -0.079 -0.010 0.154*
Fatty acid cont. 0.485%* -0.063 -0.108 0.103
L-value(white—black) -0.214** -0.092 - 0.306** - 0.540%*
a(green—red) 0.217** 0.410** 0.451%* -0.134
b(yellow—blue) -0.063 0.607** - 0.308** 0.038
Chroma -0.024 0.647** -0.217%* 0.011
Hue -0.241 -0.157 -0.577** 0.141*
ADV -0.076 0.012 -0.105 0.774%*
Eigen value 3.601 2.145 1.885 1.004
Contribution 36.013 21452 18.851 10.042
Cumulative contribution 36.013 57.465 76.316 86.358
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Table 6. Heritability, genetic variance and environmental variance T, A 2 AR 7 vl felAde v
of the chemical, color and alkali digestion value characters Qe AW X9 th sk glolME zht 3%
in M/G RIL materials. R
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Heritability 0 @ e AT 54 T avalues B AFe A9 o Fo4
Quality-value 87.89  43.741 6.029 & HeEpislen, ZH: =5 bualie 3 FRIDE ASR 37_}
Protein content (%) 87.83 1.983 0.275 J‘E’] ?”] w*q_ﬁ L}Emmq' “Oﬂgq A2z }149] &4
Amylose content (%) 7580  0.040 0.013 = W7Rke SNAYE, ol 9 B AT 52
Fatty acid cont. (mg/100g) 7898  2.052 0.546 FAFE, R B B3 gl MR GFE FIA
L-value (white—black) 42.81 3.901 5212 A% & F ddoy, Mane BHEE JASER M2
a-value (green—red) 38.16 0.329 0.533 FEE e AL & T AJS
b-value (yellow—blue) 32.62 0.703 1.451
Chroma 30.62 0.703 1.593 eS| o
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Takle 7. Phenotypic(rPh), genotypic(rG) and environmental correlation(rE) coefficients in the population of M/G RIL materials.

Characters Proteincent. Amylose cent. Fatty acid cent. L-value a-value b-value  Chroma Hue
Quality-value 1Ph -k e wE ns ns ns ns ns
G Kk Kk H ns ns ns ns ns

rE ¥k ek *k ns ns ns ns ns

Protein rPh Sk SR ns ns ns ns ns
cont. G K Sk ns -¥ ns ns ns
rE Sk Bl ns ns ns ns ns

Amylose rPh *ok kX * ns ns -k
cont. G k¥ _ksk sk % ns ks
1E Hk ns ns ns ns ns

Farty acid rPh ZkE ns ns ns Sk
cont. G _kk *k ns ns ok
rE ns ns ns ns ns

L-value rPh ok ns ns *ok
rG ok ns ns *ok

1E SHk ns ns *ok

a-value rPh *ok *ok ok
G ns ok -k

rE Hk % sk

b-value rPh *k ns
G sk *%

rE Hok ns

Chroma rPh ns

rG *

rE ns
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