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Abstract

Super-giant-embryo mutant lines(Hwachung-ge®) with high nutritional quality were developed from Hwachungbyeo.
Embryo dry weight of the mutant lines were 3.22 times heavier than that of Hwachungbyeo at a single grain base.
Mutant lines showed higher protein(8.99%) than Hwachungbyeo(7.39%), without changes in storage protein. Espe-

cially lysine content was greatly increased in the mutants. Lipid content of the mutants were 1.5 times higher com-

pared with that of Hwachungbyeo. Vitamin Bl1, B2, and E(atocopherol) were also greatly increased in the mutants.
The mutant lines of M4 generation were homogeneous for growth characters, and some of them seemed to be read-

ily applicable for farmer’s field.
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Fig.1. Appearence of Hwachung-ge*(B) grain com-
pared with original cultivar Hwachungbyeo
grain(A)
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Table 1. Grain dimension of brown rice

L/w

Length  Width Thickness

(mm)
Hwachungbyeo  5.02 2.92 2.10 1.72
Hwachung-ge*  5.07 2.88 1.90 1.76

Difference ns ns % ns
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Table 2. Embryo and endosperm weight of brown rice

Dry wt. per 1000-grain Dry wt. of em-

1000-grain®
) Endosperm Embryo Total bryo / 100g
weight )
brown rice
(g)

Hwachungbyeo(A) 20.4 17.3 0.59 17.9 3.30
Hwachung-ge*(B) 15.2 114 1.90 13.3 14.29
B/A(%) 74.5 65.9 322 74.3 433

a) 14% moisture content
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Table 3. Growth characters and grain yield of super giant-embryo lines

Britry No, Padigres Heading Culm leng. Pani.Leng. Panicle No. Grain yield
date cm CV.? cm C.V. No C.V. (kg/10a)
Original variety
%
01051 Hwachungbyeo 8.19 85.4 2.0 174 5.8 174 107 556(100)
Hwachung-ge* lines(M4)
%
01060 Hwa-M16-9- 6—1 8.20 94.3 3.2 18.1 2.1 184 8.4 404(72.6)
01062 -3 8.24 95.9 1.3 18.3 3.7 176 117 425(76.4)
01065 =3 8.24 92.2 2.0 17.6 6.8 18.2 2.2 405(72.8)
01067 =2 8.20 89.4 2.1 174 5.6 16.8 12.7 407(73.2)
01072 = 8.21 84.9 1.8 18.2 4.5 17.4 12.3 414(74.5)
01073 -8 8.21 92.6 2.7 18.7 3.2 132 146 387(69.6)
01077 —-12 8.20 84.5 2.4 19.2 5.4 14.4 9.2 411(73.9)
01079 -11-1 8.21 86.2 2.3 184 3.6 15.2 14.0 401(72.1)
01080 =2 8.20 90.5 1.9 18.3 3.3 1483 108 386(69.4)
01081 -12-1 8.21 89.5 1.4 17.9 3.7 178  10.8 438(78.8)
01082 -2 8.21 91.0 1.6 17.9 3.3 14.8 7.9 400(71.9)
01084 —-14-1 8.20 86.4 1.2 18.4 32 15.6 10.4 385(69.2)

a) C.V.: Coefficient of variation
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Table 4. Amino acid composition and protein content of Hwachungbyeo and Hwachung-ge* line

Endosperm? Embryo Brown rice Content(mg)/
Amino acid 100g brown rice
Hwa"  Hge* Hwa  H-ge* Hwa(A) Hge(B) B/A) Hwa(A) Hge: B/A
(%) - (mg) -
Alanine 6.68 6.50 7.77 8.04 6.72 6.72 1.00 492 598 1.22
Arginine 6.60 6.44 6.57 9.76 6.60 6.91 1.05 483 615 1.27
Aspartic 10.25 1059 1094 11.31  10.27  10.69 1.04 751 952 1.27
Glutamic 20.83  21.07 1837 1754  20.75  20.57 0.99 1518 1830 1.21
Glycine 4.32 4.21 6.07 5.58 4.38 4.41 1.01 320 393 1.23
Histidine 1.79 1.84 1.67 1.51 1.79 1.79 1.00 131 159 1.21
Isoleucine 312 3.33 2.92 2.82 3.11 3.26 1.05 228 290 1.27
Leucine 8.47 8.44 7.49 7.05 8.44 8.24 0.98 617 734 1.19
Lysine 2.96 3.40 5.90 5.70 3.06 3.73 1.22 224 332 1.48
Methionine 1.99 1.79 1.81 1.55 1.98 1.76 0.89 145 157 1.08
Phenylalanine 5.07 5.31 4.41 4.15 5.05 5.14 1.02 369 458 1.20
Proline 3.01 2.99 3.04 2.86 3.01 2.97 0.99 220 264 1.24
Serine 4.27 3.81 3.91 3.86 4.26 3.82 0.90 312 340 1.09
Threonine 2.67 2.54 3.38 3.40 2.69 2.66 0.99 197 237 1.20
Tyrosine 4.17 3.70 3.21 2.69 4.14 3.56 0.86 303 317 1.05
Valine 6.14 6.42 6.10 5.78 6.14 6.33 1.03 449 563 1.25
Ammonia 7.66 7.63 6.44 6.40 7.62 7.45 0.98 557 663 1.19
Total 7.32 8.90 1.22
Protein content
(%) 6.99 7.37 1024  18.73 7.39 8.99 1.22
a) Brown rice without embryo
b) Hwa : Hwachungbyeo, H-ge* : Hwachung-ge*
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Mol. wt,
{x103)}

A'B CDE F

A B C D E F Fig.3. Esterase zymograms by IEF in pH 3~10
(A~F : same with Fig.2.)
Fig.2. SDS-PAGE of the storage protein

A : milled rice of Hwachungbyeo
B : milled rice of Hwachung-ges
C:brown rice without embryo of Hwac hungbyeo
D : brown rice without embryo of Hwachung ge*
E : embryo of Hwachungbyeo
F : embryo of Hwachung-ge®
Table 5. Lipid content and fatty acid composition of Hwachungbyeo and Hwachung-ge* line
Endosperm? Embryo Brown rice Content(mg)/
Amino acid 100g brown rice
Hwa® Hget Hwa  Hge® Hwa(A) Hge'(B) B/A) Hwa(A) Hge B/A
. (%) I (mg)
Lipid content 2.9 3.1 28.8 21.2 3.8 5.7 1.50 3.80 5.70 1.50
Fatty acid compos
Oleic acid 40.0 43.5 37.3 37.0 39.9 42.6 1.07 1.52 243 1.60

Lineleic acid 39.9 33.5 37.9 35.7 39.7 33.8 0.85 1.51 1.93 1.28
Palmitic acid ~ 13.7 16.7 19.7 20.8 13.9 17.3 1.24 0.53 0.98 1.85
Linolenicacid 3.8 39 2.8 3.4 3.8 3.8 1.00 0.14 0.22 1.57
Stearic acid 2.6 2.4 2.3 3.0 2.6 2.5 0.96 0.10 0.14 1.40

a) Brown rice without embryo



359t BRI (& 1) vl slRe] 49
SFAETE i "olHA Z83FY HlEo] AuAe
2 2ob7) gEo g Haldh fRo|l A UFFo] BE AR
KEch A4 Eoked BB %Y A9z 7o) fRe] B
Kbz Qe fifrhe] iRl FAEE7F KT die
2 Az} a2y iRe RS 3 k) AAREE
& BEARIRRH(5.7%) 0] ¥EF(3.8%) B}t 1.5}
Z7HE e, Wl €55 AR} wols} 2.3
~3.9% 9 7AVE 7ketd BEAMKE EIREAE o

7

olf o

EEE K BEKXIRK R Bl 107

77 £ e Az} AuabRA Blgd] 9o
A iRe] A+ mRblels Aol7t sidledl, KE Al
ofgt frFlell e BEAICK7E 9FF w8 linoleic
acide oha 7437 palmitic acid:= 2718t} 243} A
02 TRAME vl AFE 7HA%. 2eg BEX
fike A AgeFe] 53] 7] Aol Lk 100gE 2zt
ikl g 9FFl vl ¥4 =)

(£ 6)& vjelaighels £48 Asjolc}. sAu9| IR
E AAR Tk} BkE vlwsd $A4 vjelnl 2%

Table 6. Vitamin content of Hwachungbyeo and Hwachung-ge® line

Endosperm of

Vitamin content(mg)®

Vitamin Hwachungbyeo Embryo /100g brown rice

Brwon Milled Hwa H-ge® Hwa(A) H-ge* B/A
~(mg/100g)

Vitamin B, 0.265 0.229 109.22 113.08 3.861 16.386 4.45

(Thiamine)

Vitamin B, 0.041 0.107 0.421 0.474 0.654 0.103 1.91

(Riboflabin)

Niacin 5.734 2.012 7.556 7460 5.794 5.891 1.03

Vitamin E =) — 2.195 0.952 0.072 0.136 1.89

(@ Tocopherol)

a) Vitamin content of Hwachung-ge* endosperm was regarded identical with Hwachungbyeo endosperm.

b) not detectable
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Table 7. Anther culture of Hwachung-ge* lines

Line No. Anthers Callusing Calli Regenerated plants
plated anthers(% ) plated Green Albino Total(%)

01060 277 33 25 3 1 4
01065 833 135 112 9 6 15
01066 494 72 60 3 4 12
01067 520 112 94 6 10 16
01068 272 36 25 1 2 3
01069 679 124 108 12 9 21
01071 456 93 71 3 10
01072 723 128 121 10 17
01073 814 150 132 10 9 19
01074 171 23 22 2

01076 350 58 50 3 8
01077 712 121 98 5 14
01078 330 34 25 2 4
Total 6,631 1,119(16.9) 943 82 66 148(15.7)
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