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Grain properties of low amylose endosperm
induced by T-DNA insertion in Rice(Oryza sativa L.)

Se-ug Park - Hyun-Suk Lee - Jae-Keun Sohnsx

College of Agriculture and Life Sciences, Kyungpook National University, Daegu 702-701, Korea

Abstract

This study was conducted to determine the agronomic characteristics of low amylose lines which were derived
from induced mutants by T-DNA insertion. The agronomic and physicochemical properties of the low amylose
mutants were analyzed and compared with a donor cultivar ‘Dongjin’ and a low amylose cultivar ‘Baekjinju’.
The heading date of the low amylose mutants was similar to the donor cultivar ‘Dongjin’ and yield index of
the mutants was 78 ~92% compared with ‘Dongjin’. The amylose content of four mutants in brown rice was
ranged from 16.1 to 16.7%. Among low amylose mutants, ‘P50-4-4-5’ was lower 3.6%(13.3%) than those of
‘Dongjin’(16.9%) in amylose content of milled rice. The grain length of ‘P50-4-4-5° was similar to the donor
cultivar, however, thousand grain weight(18.9g) was lighter than those of ‘Dongjin’. The score of alkali digestion
in brown rice of ‘P50-4-4-5°(5.5) was lower than that of ‘Dongjin’(6.8) and similar to ‘Baekjinju’(5.8). The
gel consistency of ‘P50-4-4-5’(84mm) in milled rice exhibited that was longer than ‘Dongjin’(76mm) and
‘Baekjinju’(81mm). The result of eating quality showed that ‘P50-4-4-5°(78.8) was higher than those of
‘Dongjin'(60.3) and ‘Baekjinju’(67.2). Thus our data suggest that ‘P50-4-4-5> will facilitate the development of
a new cultivar with low amylose rice.
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TAES B A tig dejel wole) iy

A== v Zo] ZARIAH: 1.7%<] KOH &Y
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85% KOH 2g<= A#Fste] &3listith 27 85mm,
9] 15mm2] Petri-disholl Z+ Al 52 Wu)o} dr]S
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Table 1. Criteria for alkali digestion score of rice

Score Allali digestion Gelatinization
temperature
1 | Grain not affected
High
2 | Grain swollen 745 - 800C
3 | Grain swollen, collar incomplete or narrow
4 | Grain swollen, collar complete and wide Intermediate

5 Grain split or segmented, collar complete and 700 - 740C

wide

6 | Grain dispersed, merging with collar Low
550 - 69.5C

7 | Grain completely dispersed and disintegrated

U 2834

2R AxE HE AFVCEE7AIAAL
SYTH-88)& A &3}o] Cagampang et al.(1973)2] W4
of we} 3HE 02 ARSI Al 2 FEHEE 5
o] |v]E =4 7|(KETT, grain polisher pearlest)ol] 4]
40z7F Avtste] Wul2 ZAg $ ThA] W] 5g&
EA8 B 7)(IKA, All-basic)oll ¥o] #|E-3 o2
100-mesh A& F343F 7HFRE Ao ARRSFAT: 2¢
ATHEZ 100mge] 275 2 § A& 13mm, 4
o] 100mm<] Al ¥HPyrex no. 9820)l 0.025% thymol
blue (95% ethanol) 0.2ml-S ¥ o] Wu|7}25 2 A
2 02N KOH £9 2.0ml& H7Fst¥th Vortex
(SCIENTIFIC INDUSTRIES INC. G-560)%2 1124 &
35t 8%-7F #= -2 (DAIHAN SCIENTIFIC,
WB-22) £l YoliE U 3818 gelo] &7 Al
S AYo] AF2ol|A 583 Folke § 22T deE
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Table 2. Evaluation value of gel consistency in rice

Consistency Gel length (mm)
Soft 60 - 100
Medium 41 - 60
Hard 25 - 40
o} AlumAA
Au] AL ARAEE FYG7)1EYolA Toyo A
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Table 4. Chemical properties of low amylose mutants
derived from a rice cultivar ‘Dongjin’

1. XO|UEA HEo| =X EA Lines Amylose(%)  Protein(%) Lipid(%)
opd g A b—LEI:o] wo AR g Mutg 4 AR = P50-1-2-2 16.4620.39 6.67:0.07 2.350.03
P504-4-52 A 2|5} 37| E] 7L TEFO] EZ P50-2-5-1 16.67:0.29 6.18+0.12 2.34+0.06
BT} 2 Holgdth Aol z 2 EAMo] P50-4-4-5 P50-4-4-5 16.12:0.12 6.34+0.10 24140.05
9 1A% 57 X7 e Ao|da P50-5-5-2 16.61:047 6.25+0.03 2.4120.06
‘P50-1-2-2°¢] 1AEY &F7]= ‘SR 2 wE Dongjin 21.310.12 7.05£0.17 1.61£0.05
Aot Aotd 22 AlTY BE TS BE Backjinju 17.04:0.82 6.78£0.21 2.63£0.04
Table 3. Agronomic traits of low amylose mutants derived from a rice cultivar ‘Dongjin’
Lines Heading date Culm height Panicle length  No. of panicles Rough rice yield  Yield index
(day/month) (cm) (cm) (Kg/10a) (%)
P50-1-2-2 8/19 78.0 205 10.1 455 78
P50-2-5-1 8/19 79.2 204 11.9 528 91
P50-4-4-5 821 68.2 19.1 174 537 92
P50-5-5-2 821 80.1 205 12.0 539 92
Dongjin 821 76.2 19.5 192 583 100
Baekjinju 8/18 713 19.5 12.8 492 84




H ol X T-DNAZ} AFdd Aot 22 vijf-2] vH54

AoldZ 2~ AlE Fo|A ‘P50-4-4-59 S57]+ 8
92198 BEFR TR 23 1HFe] ‘R
8cm & FOTHA] = 1
g}, o} 2=~ 3o 16.1% =2 TR H
OfA AopdE XA AlFoZ FHA H

ARrE ‘P50-4-4-52} <F 2, iR o] Hujo} uy
ujo] opdZ A~ Tl W XH-S FAS K3 5),
‘P50-4-4-5> ¥lm| Q] opd 2 A =20 H|3 3.6%
SOkl ceizIS 9} H]S=EkATE P50-4-4-5"2] dr]g]
A SR 6.3% 2 ‘TR oY ‘MR HU= of
Sto ) winjo = EEFR Rl 13| oF

e APk

3T

AL PR

Table 5. Amylose content and protein in brown and
milled rice of a mutant ‘P50-4-4-5°

Brown rice(%)

Milled rice(%)

Lines
Amylose Protein Amylose Protein
P50-4-4-5  16.120.12  6.3410.10  1327+005  7.60+0.00
Dongjin 2131+0.12  7.05£0.17  16.87:0.12  7.37£0.05
Backjinju ~ 17.04£0.82 6781021  1437+005  7.97:0.05
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Fig. 1 .Grain appearance of brown rice of a low amylose
line ‘P50-4-4-5°(A) and two rice cultivars, ‘Dongjin’(B) &
‘Baekjinju’(C).

Ak Aold 22 A% P50-44-5, “FX F
A0 3 =S FARRE v1Y 1), PS044S5
o] E=rt 71 oAF) TR FHET) 7
U Vet & HES F7 ol gd ey} opdg
29 F /1A FRE AAGAE o]Fa ok A
2L 5 oPdEHE o] 1ETR Z44 ojd=
227} AAAE el 9] AR o5 ofd &= 2~9] o]
A ofdZ 2~ EAFE A)g] olof & ol 84
E4o] a Aoyt Al =W 132 mARE T
o] A We] dukrtel] wpel BFEE3A Kol
w0} F&olu} AMopd g Aol Byl ho Ao
2 4HA UATHChoi. 1997).

Table 6. Grain weight and appearance of brown rice in a m‘utant ‘P50-4-4-5’

Brown rice(mm)

. . Length
Lines Thousand weight(g) Length Widh Thickess /Wi(%th
P50-4-4-5 20.27+0.52 4.88+1.45 2.70+1.18 2.07+0.15 1.81£1.41
Dongjin 22521047 4.8610.08 2.8710.10 2.25+0.14 1.70+0.09
Baekjinju 19.60+0.21 4.710.13 2.98+0.16 1.99+0.07 1.58+1.45
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‘P50-4-4-5" Wiw]e] HHPFL 189z F ‘F
Z1°(19.7g)°l ¥18l 7P Yo} W (17.6g) B U=
AT P50-4-4-5° Wn| o] ZyZu|E= 1824 %
7)ol W (1.6)0l Ml F Heldrk Koh
et al.(1997)L 3134 ol A G-ef3h Aopnz
o] Al%g FolA EFEo Hlal TAHA
Algol we} tha Zpolzt AN, FHFTE BT 7ha
ATl sk o] £ AgrellA e P50-4-4-5° 9]
AYTE BEZL Hlsl] 7psioh =g o] A

E Zo du4 §AAZ 71 ATS ALT R

AEEL v|Pe] do], & 9 FA7F ZESQ s Fig. 2. Grain appearance of milled rice of a low amylose

R} AolAria sk v o] Auw B Aol 24}

- ‘Baekjinju’(C).
F P50-4-4-5'9] A3} FARE gl ATk

Table 7. Grain weight and appearance of milled rice in a mutant ‘P50-4-4-5°

line ‘P504-4-5 and two rice cultivars, ‘Dongjin’(B) &

Brown rice (mm)

Lines Thousand weight(g) Length/Width
Length Width Thickness
P50-4-4-5 18.86 + 043 4.74+0.17 2.6540.13 1.9240.18 1.790.12
Dongjin 19.66 * 0.06 4.86%0.16 2.760.15 2.070.11 1.70+0.10
Backjinju 17.64 £ 0.19 4.5610.11 2.84+0.13 1.99+0.07 1.61+0.07

Table 8. Scores of alkali digestion evaluated from brown and milled rice of a low amylose line ‘P50-4-4-5°

P50-4-4-5 Dongjin Baekjinju
Score Gelatinization temperature
Brown rice Milled rice Brown rice Milled rice Brown rice Milled rice
|
High
2 74.5-80.0°C
3
4 Intermediate
70.0-74.0C
5
55
6
Low 6.0 61 5.8
55.5-69.5C 68 ) 6.3
7 .

‘P50-4-4-5>2] Win] EH T = Fulox] o] «ulxz]
ok vl Fde BAAT(E 2).

AdbEl ‘P5044-5 Ar|e] & B e ZES
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¢l <FxXe BlE 1.3 AE S WX HTE 03
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UTHE 8, 19 3).

Aol el BHEe A T3EAS U=
=93} U]7<1 Exogz EQ&_J_Q]——— o _g] Alae
Uehlie e 35Tt WS 55 At st
738kS- H.0]31(Choi 2001) o}?—_.J 22 &gfo] Yrolx|m
e THETE HolAlE 3
(Juliano 1985). whe}A] ‘P50—4—4-5’% <23} w2
Zo) vlE) ol E A o] vy 4] EyEn
stobx] A7} w8 G ElE:

v 2834

33HA AF A dujo M= ‘P50-4-4-52] gel
Z0]7} 69mm=E “F R’ (58mm), ‘¥ X (67mm)R.ch
Zjom, wno A% ‘P50-4-4-52] gel Z°]7} 84mm
2 “FZ(76mm), ‘WA (81mm) R} Z2A e
tHE 9, 19 4, 5).

SRR

Ao T&AL w3l A7) M-S Ve
€ Aotk Aol &5 FUbste] ¥e AOoW, &
Wl A BskEl AR Ak A A
doll wpe}t 538} o] ot gele] 4o)7} 61~
100mm¢$] 2L “soft’, 41 ~60mmE ‘medium’, 26~
40mm+= ‘hard’ 2 3EAJSEe] e} 2A7HS ?%%}U%
opd @2, Tl A Agbge] M E JFS v
Aoz 4 UkJuliano, 2003). ©] 7)&ol =™
#r) o] 7§ ‘P504-4-59} ‘W= soft’oll EgHE]

doy ‘FZL ‘medium’ &2 2*37_, Hi ] =

Ue FFE % 441:]7} %‘——8— FTEL 284 ¥
FZ0) vt AHo g 3] A & A
gkl (Kim & Kim. 1987), o]= 5-3-FAlo] AX A
Wrel BAert vl FEge Ais 7HAA He

A4 QTtHPerez & Juliano, 1979). & 0|
A kg ‘P50-4-4-5°2] W= of W R fheko] vt

? « N
i?—if-.)Dongun' \

e 7
_;;.yﬁ 7 %

§196 N ; ;
Dongjin Baekjinju
%6 )

1 g

Fig. 3. Score of alkali digestion in brown(A) and milled rice(B) of a low amylose line ‘P50-4-4-5’ and two cultivars,

‘Dongjin’ & ‘Baekjinju’.

Table 9. Comparison of gel consistency in a low amylose
rice ‘P50-4-4-5°

Gel consistency(mm)

Lines
Brown rice Milled rice
P50-4-4-5 69.0+14.8 84.0£10.1
Dongjin 58.0t 8.6 76.0£12.3
Baekjinju 67.0£12.1 81.0£10.5

% ‘Dongjin”: donor cultivar of ‘P504-4-5°, ‘Baekjinju’: check cultivar

-

A0 ‘soft’ = THE-F] o] ®re] A7to] 243}
FAu AToZ FAEATH
o Ava7
ZHHE P50-4-4-5°2) AW X Toyo2 W] 2A} A}
B 788%H 02 E 2o Hl3) 18.5%, ‘WAF KT}
1053 =4 YelRThGE 10).
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Fig. 4. Gel consistency measured in brown rice of a low amylose line ‘P50-4-4-5’.

Dongjin

Baekjinju

Table 10. Palatability score based on Toyo value of a low
amylose line ‘P50-4-4-5°

Palatability
Lines
Rep. | Rep. I Rep. Il Mean
P50-4-4-5 79.2 787 78.6 78.8+0.32
Dongjin 59.4 61.1 60.3 60.310.85
Baekjinju 68.0 69.7 67.2 68.3+1.28

B Arellr Aotz Ao g AddE P504-4-5

o} &~ 61—31:0] ko u:m R =
i«l ;ﬁ"}“éi/\
AolA F

9 A7} = e 3 zy}gm. 25
vlel the Bk B olseE B4 43t

3 520 Wed APAAE 22 T 2
FAm EFEow 529 ogot

Ab A}
Boere 5E0EY AAY Hho] 1214y
(A H 50 PJ008091022011) 2] A 1o 2] &f o] F
o}l Al

=
eIE=

rgk
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