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ABSTRACT To develop rice (Oryza sativa L.) cultivars to be planted on salt-affected sites, cell lines with
enhanced proline content and resistance to growth inhibition by Azetidine-2-carboxylic acid (AZCA), a proline
analogue, were screened out among calli irradiated with gamma ray of 50, 70, 90, and 120 Gy. The calli had
been derived from embryo culture of the cultivar Donganbyeo. Selected AZCA resistant lines that had high
proline accumulation were used as sources for selection of NaCl resistant lines. To determine an optimum
concentration for selection of NaCl resistant lines, Donganbyeo seeds were initially cultured on the media
containing various NaCl concentrations (0 to 2.5%) for 40 days, and 1.5% NaCl concentration was determined
as the optimum concentration. One hundred sixteen salt-tolerant (ST) lines were selected from bulked 20,000
seeds of the AZCA resistant M3 seeds in the medium containing 1.5% NaCl. The putative 33 lines (M4 generation)
considered with salt-tolerance were further analyzed for salt tolerance, amino acid and ion contents, and
expression patterns of the salt tolerance-related genes. Out of the 33 lines, 7 lines were confirmed to have
superior salt tolerance. Based on growth comparison of the entries, the selected mutant lines exhibited greater
shoot length with average 1.5 times, root length with 1.3 times, root numbers with 1.1 times, and fresh weight
with 1.5 times than control. Proline contents were increased maximum 20%, 100% and 20% in the leaf, seed
and callus, respectively, of the selected lines. Compared to control, amino acid contents of the mutants were
24 to 29%, 49 to 143%, 32 to 60% higher in the leaf, seed and callus, respectively. The ratio of Na"/K" for
most of the ST-lines were lower than that of control, ranging from 1.0 to 3.8 for the leaf and 11.5 to 28.5 for
the root, while the control had 3.5 and 32.9 in the leaf and root, respectively. The transcription patterns for the
P5CS and /YHXI genes observed by RT-PCR analysis indicated that these genes were actively expressed under
salt stress. The selected mutants will be useful for the development of rice cultivar resistant to salt stress.
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Figure 1. Effect of various NaCl concentrationson shoot length (A), root length (B), root number (C), and fresh weight (D) of

seedlings (n=10) for 40 days after NaCl treatment.
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Figure 2. Growth of Donganbyeo in 40 days on the media
containing various NaCl concentrations. The numbers in the
figure indicate NaCl concentration (%).
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Figure 3. Growth comparison of control (Donganbyeo) and

AZCA resistant M3 plants cultured on 1/2 MS medium con-
taining 1.5% NaCl for 40 days.

Control Semmw

Table 1. Growth comparison of Donganbyeo (control) and salt
tolerant M, rice seedlings'.

Plants Shoot Root Root .F resh
length (mm) length (mm) number (ea) weight (mg)
Control  60.9£2.6°  21.61.6 8.5£04 89722
ST-09 93.6+6.3 25.042.2 92404 1359472
ST-10  100.9+7.3 25.342.5 10.3+0.3 138.245.1
ST-13 71.844.3 34.9+2.7 10.3+0.3 146.5+8.4
ST-16 83.5+7.8 30.444.7 8.240.5 118.1+8.0
ST-29  100.5£5.6 26.7£2.1 10.0+0.3 161.6+4.1
ST-31 94.143.1 21.2+1.9 11.8+0.3 140.542.9
ST-88  103.5+6.3 33.2+4.2 7.4+0.4 121.545.8
'Values=Means+SE
n=3

Figure 4. Growth comparison of control and the selected
mutants (M4 generation) after 40 days of culture on the
medium containing 1.2 % NaCl. Plants that germinated on the
NaCl-free medium were transferred to the medium with NaCl
after 10 days of culture.
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Table 2. Survival rate and fresh weight of calli grown in the
medium containing 1.2% NaCl for 30 days.

Callus no. Callus no. Survival Fresh
inoculated  survived rate of  weight of
(ea) (ea) callus (%) 5 calli (mg)
Control
18 9 442458
(Donganbyeo) 200
ST-13 200 32 16 71.2+4.0
ST-16 200 34 20 89.8+6.4

Control

Figure 5. Callus growth of control, ST-13, and ST-16 trans-
ferred onto the medium with 1.2% NaCL

£ Aol 2004 sl
A9 2 BSIHE eyt
tﬁj% 1 (Zhang et al. 1995),

A2 159 2bsteln e
(Table 1, Fig. 4). o]¢} Zo] x&d3Y
Wlszalol YelAls Aehs
1 (Sadat Noori and McNeilly 2000) 5 o8] A-Eo)|A] o]-&5]
ek o5 B3 2 Aol ’ﬂ% % 33t My At Aol o
@ APHS wolRe Aoz Felzor

4= GRIsH AF oz E taAldiE

= A= A=AE Gl s doll 7P A%
5Ol ST-133} ST-16 A52o] FAZEE A& EA3lo]
AsS 2R oL a2,

e Z¥7E 9%, 16%, 20% 5 UERTE A
o} vl e u, ST-132 1.6H), ST-16-2 2}
e 4 QIGIthTable 2, Fig. 5). & A3ofA]
© AL fRoA g A

= ol tiAl = thzek ST AlF2
el AEgo]l g4 Lakx]u} ST-13 I} ST-16 o] AT A
A AlsS2RE A
5ol WEdE frAlst

H=Eo glogk - 9l

2 Tea

=
s
L.
=
n2
ox
Am
o
o
o

;z
.—@

LY AS off|eat ek 24

Proline @S W94 Aol tlzret 9, F4 9 A
2ol A 2T 20%, 100%, 20% 5 2713191, BLohu] Ak
TP 20| HIE) ZH2F 24~29%, 49~143%, 32~60% 2 Z7}
H AE AT S St Table 3). o} 22 5EH AL
ST-132} ST-16 Y A4 AE-2> HA AL ofvlicil gHFol =



66 - Journal of Plant Biotechnology

Table 3. Comparison of the amino acid contents in the leaf, seed and callus of the salt-tolerant ST-13 and ST-16 mutants grown
in the 1.2% NaCl with non-salt treated Donganbyeol’z.

Amino Leaf Seed Callus
acid Control ST-1 3 ST-16 Control ST-13 ST-16 Control ST-13 ST-16
(Donganbyeo)  (Ratio ) (Ratio) (Donganbyeo)  (Ratio*) (Ratio) (Donganbyeo)  (Ratio*) (Ratio)
His 1327 17.2(1.3)  15.5(1.2) 4.1 6.2(1.5) 9.92.4) 24.5 29.3(1.2) 35.8(1.5)
Thr 30.8 40.3(1.3)  409(1.3) 6.8 10.6(1.6) 16.5(2.4) 53.1 62.6(1.2) 76.3(1.4)
Lys 9.9 12.8(1.3)  16.3(1.6) 2.2 3.4(1.6) 5.8(2.7) 8.5 21.9(2.6) 27.9(3.3)
Tyr 2.1 315 472.2) 03 0414y 0727 117 140(12)  153(1.3)
Val 42,0 51.2(1.2)  53.3(1.3) 11.1 16.6(1.5)  28.2(2.5) 59.7 83.1(1.4)  101.5(1.7)
Met 4.0 5.9(1.5) 6.0(1.5) 1.0 1.5(1.6) 2.52.7) 10.1 14.7(1.5) 18.0(1.8)
Tle 26.3 31.5(1.2)  34.5(1.3) 5.9 9.1(1L.5) 16.1(2.7) 332 52.8(1.6) 64.6(1.9)
Leu 494 59.7(12)  62.1(1.3) 124 18.0(1.5)  32.7(2.6) 53.1 90.3(1.7)  110.02.1)
Phe 19.9 24.8(1.2) 27.3(1.4) 5.0 7.7(1.6) 13.2Q2.7) 35.9 42.9(1.2) 52.4(1.5)
Trp 0.6 0.8(1.3) 0.7(1.2) 0.1 0.2(1.1) 0.2(1.4) 0.8 1.1(1.4) 1.5(1.9)
Pro 44.9 54.1(1.2)  52.2(1.2) 16.5 23.5(1.4)  33.12.0) 99.3 103.4(1.0) 121.3(1.2)
Total 243.1 301.4(1.2)  314(1.3) 65.3 97.0(1.5)  159.0(2.4) 390.0 516.2(1.3)  624.4(1.6)
'Values in the parenthesis indicate the ratio of the mean value of ST-13 and ST-16 to the Donganbyeo.
*Numbers given are umole/mg dry weight.
Table 4. Comparison of the ion contents in the leaves and roots of the control and ST My lines.
Leaves Roots
Plants + + [P . + + + ot .
K (%) Na (%) Na'/K' ratio K’ (%) Na (%) Na' /K’ ratio
Control 3.58 124 3.46 0.26 8.57 32.9
ST-9 3.03 6.96 2.29 0.24 6.77 28.2
ST-10 2.84 49 1.72 0.62 7.14 11.5
ST-13 3.04 3.11 1.02 0.22 6.28 28.5
ST-16 2.57 3.27 1.27 0.26 4.83 18.5
ST-29 1.45 5.44 375 0.37 747 20.1
ST-31 3.25 4.87 1.49 0.40 7.84 19.6
ST-88 3.58 4.84 1.35 0.28 5.7 20.3
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Figure 6. RT-PCR analysis of Donganbyeo, control and ST
lines with nhxl, pScs and actin. Lane C; Donganbyeo, Lane
C1-C3; control treated with 1.5% NaCl for 12, 24, and 48 h,
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ST-29, M6; ST-31 and M7; ST-88).
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