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Lipid Contents Characteristics of Gene Accumulate in Rice
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Dirision of Applied Plant Sciences, Division of Biotechnology?,
College of Agriculture and Life Sciences, Kangwon National University, Chunchon, 200-701, Korea

ABSTRACT

In our experiment, selected mutants were used which showed not only the phenotype of a
specific unpolished rice but also phenotypes of EM 40, LO 1050, and TAL 214. Reciprocal
crosses between the mutants were conducted to select strains which would have more
quantity of lipids than before. The constitution of fatty acid was also tested to figure out
nutritional aspects of the mutants. In the crossing between EM 40 mutants and mutants (LO
1050) having a thick aleurone layer, the expression of EM 40 mutants has no relation with
the thickness of the aleurone layer. And the lipid content of new F: strains through the
crossing is 4.15 %. The lipid content is larger than those of the parents including Kinmaze
and in other crossings of this experiment. This is attributed to the fact that the new F:
strains are the products of the crossing between genes responsible for the size of buds, where
lipid is accumulated, and genes accountable for the thickness of the aleurone layer. In the
crossing between EM 40 mutants and TAL 214 mutants, lipid content of the new F: strains is
3.80 %, higher than 2.92 % of TAL 214 mutants. But the degree of lipid increase is smaller
than in two other crossings. This is probably because genes expressing the phenotypes of
TAL 214 affect the size of EM 40, which gets smaller. The aleurone layer of the new F:
strains is 12 ym thicker than the layer of TAL 214 mutants, but 6 m thinner than that of
parents (LO 1050) having a thick aleurone layer. This seems to be affected by the size of a
microscope. The phenotype of the new F: strains appears to be similar to that of TAL 214.
The lipid content of the new F: strains is 3.85 %, larger than 2.92 % of TAL 214 and 3.01 %
of LO 1050. The increase may be due to the aleurone layer of LO 1050. And the size of the
bud of the unpolished rice, though it is not big enough like that of LO 1050, seems to be
affected by the accumulation of genes in the thick aleurone layer. The accumulation may
contribute to the increase in the content of lipid. When it comes to the constitution of fatty
acid, there is little difference between parents like Kinmaze and the new F: strains. But oleic
acid increases while linoleic acid decreases. And the decrease in the linolenic acid seems to
contribute to the increase in lipid content. This fact also raises the possibility that genes
accountable for specific phenotypes could change the quality of rice if the genes are
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accumulated. Now, experiments on strains which have large lipid content in EM 40 type
1(ge-1, 3.68 %), EM type 2(ge-2, 2.91 %), thick aleurone layer(4.63 %), and starch layer(3.44
%) are under way to figure out the effects of gene accumulation. These experiments are
likely to present the ways for increasing the lipid content.

Key words : Oryza sativa L., Grain, Giant embryo, Aleuron layer, Reciprocal cross
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Table 1. Lipid contents and grain characteristics of giant embryo and thick aleuron layer types in F: seeds.

Phenotypes of parent Lipid 1,000 grain Grain  Grain Grain Embryo Embryo Embryo Aleuron layer
and F: content  weight length  width thickness length width thickness thickness
(%) (g) (mm) (mm) (mm) (mm) (mm) (mm) (um)
Parents
Giant embryo 3.56 18.19 5.57 3.06 2.08 2.53 1.43 1.35 34.5
(EM 40)
Thick aleuron layer 3.01 23.37 5.84 3.08 2.19 1.93 1.25 0.50 44.5
(LO 1050)
F:
Giant embryo and
thick aleuron layer 4.15 19.58 5.67 297 1.93 247 1.44 1.31 42.5
(EM 40 x LO 1050)
o] &3t AMAlFZH d] &) =3P o, X HHALZ Hol EM 409] 2.53 mm, 1.43 mm, 1.35 mmo] 12, LO 1050
A] & Gas chromatograhyol] ¢} & &) 7 &t} o] 1.93 mm, 1.25 mm, 0.50 mY .2 F /A <] wie] &
H= EM 40 =, Adiuie] 283 & w23 AT
3 o nE SEZ EAE 425 mZ 2¥] 2 E EM 40 34.5 um,
1050 445 ym<t vl w sl 4L T B=9 wul
L AN - FAL ZEZ NAE)L] SHE4 REA 2HYE L Hole ZAE YA 1,000
B AQIME SHF RHFE S Hole ATES HFY A5 1958 g0 2 WHIHE EM 400] 18.19
ol &ste FAAe HA AHRE 47| Aste §F 2 g 2 1.39 go] FAsI oM, LO 1050 2337 g0 &
7 7184 i wulE AAl sk mu o 3.79 go] 7he o}
AHEE FRA F(EM 40, LO 1050)7 o] £2] FQl A Table 1o G etd 27 E T3] B, A
il - FAE SEZ /RA S Av] Fel= Figure 1 - TS SRS F ALY ey 54wl g
o et A e} Figure 10 A 9} z2o] A hul] - 57 ol gELd ez FeH oz vl A7dlE 2
£ ERFSUBRIER AR Al gelE m R wj PR3 2 Folrt ok, el 271 EM409)
29l EM 407} o] FejA oz sl el el AuhEle EAFAQ w5 =77 Zo) S, v
ojA H et Hth B A & FAH o2 Ao Ey wjgte] A 7)7} Frbsted W AAAY] Z717F AA &
Table 1914 UERA vhel o] B 7jdle] A@g2e Al ERY S Uehle Aoz wol A7}
) 232 EM 400] 3.56 %, LO 1050°] 3.01 %% ol A o® Hdstn US4 F UJTh TES
Bl atod 4.15 %= Z+2} thsted 0.59 %, 1.14 %7} £ o] g d) ol LO 10509 FAL 82
Uehch @nlel Aol @ulel Z 2 dvje) FAE o PN sEEe| TS} SobeE BEEL
22} 5.67 mm, 2.97 nm X 1.93 mmE wul} =2 EM 40 UeEPA T o] AL FA L I ZFo] $47 oz
(5.57 mm, 3.06 mm, 2.08 mm)Z} LO 1050 (5.84 mm, 3.08 Hal3 QA& AA et 20 dE & ¢+ Yt =
mm, 2.19 mm)ol] %&-3t= F£AE HAT 22, H & 2 ARAA 7P a3 80 A AT 3L
o FuE AHEAEAAY 5l 2], 09 olHE D FAEOE e $X 415 %F et
Z g o] FA 7} 2.47 mm, 1.44 mm, 1.31 nmZ W] & o g ¢to 2 oA o] &7IR| & AJALSFH o1, o]
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Fig. 1. Phenotype of parents and F: seed in brown rice.
Pi: EM 40, P=: LO 1050, Fx: Giant embryo and thick aleuron layer.

Table 2. Lipid contents and grain characteristics of giant embryo and small grain types in F2 seeds.
“Phenotypes of parent  Lipid 1,000 grain Grain ~ Grain Grain Embryo Embryo Embryo Aleuron Jayer
and F: content  weight length  width thickness length width  thickness thickness
(%) (8) (mm) (mm) (mm) (mm) (mm) (mm) (pm)

Parents
Giant embryo 3.56 18.19 557 3.06 2.08 2.53 1.4 1.35 34.5
(EM 40)

Small grain 292 1033 438 208 159 1.63 1.13 0.38 26.8
(TAL 214)
F

Giant embryo and
small grain 3.80 11.69 4.95 2.43 1.62 2.03 1.14 1.15 29.5

(EM 40 x TAL 214)

s} 22 Ae olE AT FAA HAY 27 HAE B A 5 AHY FF FHE 9
7b e o A3 A -7l dedste Aew # o] 53¢ BRI 2 Hole AFY A JA
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Fig. 2. Phenotype of parents and F; brown rice set on F: plant.
Pi: EM 40, P»: TAL 214, Fs: Giant embryo and small grain.

Table 3. Lipid contents and grain characteristics of thick aleuron layer and small grain types in F: seeds.

Phenotypes of parent Lipid 1,000 grain Grain Grain Grain Aleuron layer
and F> content weight length width thickness thickness
(%) (€:3) (mm) (mm) (mm) (um)
Parents
Thick aleuron layer 3.01 23.37 5.84 3.08 2.19 44.5
(LO 1050)
Small grain 292 10.33 4.38 2.08 1.59 26.8
(TAL 214)
F»
Thick aleuron layer
and small grain 3.85 11.19 452 2.37 1.75 385
(LO 1050 x TAL 214)
FE Bole R AAY @nlo el asj 2 EM 7} 4.38 mm, 2.08 mm, 1.59 mE 2o 2 dAnlo] P
403} TAL 2148 3715 Fej& Bolm ek o] £ olE wEEe] 204 AYE Yz Y
Adiul - 22 F /A& A4 8] A5 B Table 2 th 53], wj o] FeE vlwste] Hojx wEjRE
ol A Vel vle} 2ol Hwle] o], dn|e] 2 EM 400°] 2.53 mm, 1.43 mm, 1.35 mm©] 22 TAL 214%
oo FA7F 242 4.95 mm, 2.43 mm, 1.62 mmE W H R 1.63 mm, 1.13 mm, 0.38 mmE H. <] o] &l F. 7] A 9}
E.9] EM 40°] 5.57 mm, 3.06 mm, 2.08 mmo] 22, TAL 214 739+ 2.03 mm, 1.41 mm, 1.15 mm= G A wHl) 2E 9
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Fig. 3. Phenotype of parents and F; brown rice set on F: plant.
Pi: LO 1050, P2; TAL 214, Fs: Small grain and thick aleuron layer.

Table 4. Effect of combinations of giant embryo, thick aleuron layer or small grain on fatty acid composition.

Fatty acid composition (%)

Phe“"type’; ;f Myristic _ Palmitic Palmitoleic Stearic  Oleic  Linoleic Linolenic Arachidi  Others
parentand ¥z acid acid acid acid acid acid acid acid
Kinmaze 0.6 191 0.3 24 37.6 377 2.2 0.5 0.1
Parents
Giant embryo 03 18.5 0.3 2.7 41.2 347 1.5 0.6 0.3
(EM 40)
Thick aleuron layer 0.6 17.7 0.2 24 40.5 36.3 1.8 0.5 0.2
(LO 1050)
Small grain 03 21.0 0.3 1.5 41.9 327 1.2 0.6 0.5
(TAL 214)
F
Giant embryo and 0.2 16.9 0.2 3.0 41.6 352 1.7 0.7 0.5
thick aleuron layer
Giant embryo and 0.6 17.3 0.3 1.9 41.7 35.7 1.8 0.6 -
small grain
Thick aleuron layer 0.2 18.7 0.2 1.7 442 32.8 1.6 04 0.3

and small grain
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4.52 mm, 2.37 mm, 1.75 mm2 8] & LO 10500] 5.84
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