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Induction and Its Molecular Mechanisms of Chilling Tolerances of Early Rice Seedlings with Inorganic Salts
and y—Polyglutamic Acid
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Abstract : Improving chilling tolerance of early rice is important for alleviation of chilling injury to early rice seedlings. Seeds of early rice
Hua'ai 21, a chilling—sensitive variety, were first subjected to treatments for 36 h with CaCl,, inorganic salt mixture, salicylic acid(SA ) and
jasmonic acid (JA) in combination with y—polyglutamic acid (PGA ), respectively. The seedlings of seven—day old were then grown under
chilling(6 °C) for 2 days followed by 25 °C for 3 days. Their growth and physiological characteristics were studied in hydroponic conditions.
Seed treatments with different chemical compounds improved seedling tolerance to chilling stress, and increased soluble sugar contents and
APX and SOD activities, but decreased MDA contents with the greatest effects observed in the treatment with inorganic salt mixture in com—
bination with y—=PGA. Under chilling stress, the transcription level of OsICEI gene did not change, whereas that of other 5 cold—responsive
marker genes was enhanced. Inorganic salt mixture in combination of y—PGA induced genes OsDREBIB and OsCDPK?7 expression, but, in—
hibited OsLIP19 gene expression. It is concluded that seed treatment with inorganic salt mixture combined with y—=PGA could enhance the
chilling tolerance of early rice seedlings.
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Table 1 Effect of different seed treatments on growth of rice seedlings under chilling stress
Ab ¥ 24 Shoot L/cm 2 Root L/em 2iif B Shoot FW/g AR Root FW/g
Treatments 0d R3d 0d R3d 0d R3 d 0d R3d

CaCl, 0.55 g- L 4.4+0.5b 4.4+0.4c¢ 14.8+1.2a 14.8+1.3b 0.45+0.1¢ 0.25+0.1b 0.63+0.2b 0.74+0.2b
CK-1 54+1.4a 54x1.2b 12.6£2.1b 12.6+1.6¢ 0.58+0.1a 0.21+0.1b 0.70£0.1a 0.70£0.1¢
CK-2 4.8+1.2b 10.9+1.2a 10.9+1.5¢ 17.2+2.3a 0.52+0.1b 0.95+0.2a 0.69+0.1a 0.79+0.1a
MR 6.51.1a 6.4+1.2b 12.7+1.6a 14.0+0.2ab 0.59+0.2a 0.58+0.2b 0.60+0.2a 0.84+0.2a
CK-1 6.0+0.2a 6.0+0.2b 12.0+0.2a 12.0+1.2b 0.56+0.1a 0.23+0.1¢ 0.63+0.1a 0.66+0.1b
CK-2 6.1+0.2a 11.1+0.2a 13.4+0.2a 16.0£0.2a 0.56+0.2a 1.00+0.2a 0.65+0.2a 0.85+0.2a
SA 0.069 g-L™ 3.9+0.7a 6.4+1.0b 11.3+1.2a 12.2+1.3b 0.42+0.1a 0.62+0.1b 0.52+0.1a 0.63+0.1b
CK-1 4.4+0.6a 4.4+0.7¢ 11.5+1.4a 11.5+1.2b 0.39+0.1a 0.16+0.1c 0.53+0.1a 0.49+0.1¢
CK-2 4.4+1.0a 9.2+l.1a 11.4+1.2a 16.3+1.5a 0.39+0.1a 0.82+0.2a 0.54£0.1a 0.78+0.1a
JA 2.1 mg-L™ 4.9+0.7a 7.2+1.0¢ 11.5+1.2be 12.1+2.2be 0.53+0.1a 0.65+0.1b 0.68+0.1a 0.76+0.1a
CK-1 4.7£0.2a 4.7+0.4b 13.3+1.8a 13.3+1.7b 0.51£0.1a 0.18+0.1¢ 0.68+0.1a 0.73+0.1a
CK-2 5.1+1.3a 9.2+1.6a 12.0+1.4b 16.84+2.2 a 0.51+0.1a 0.89+0.1a 0.66+0.1a 0.78+0.1a
PGA 0.1 g-L™ 6.9x1.1a 8.8x1.4b 14.6+2.3a 12.4+1.7b 0.50£0.1a 0.44+0.1b 0.69+0.1a 0.70+0.1b
CK-1 6.3+1.3a 7.7+1.4¢ 11.9+1.5¢ 11.1+1.0¢ 0.51£0.1a 0.42+0.1¢ 0.61£0.1a 0.60+0.1b
CK-2 6.8+0.8a 9.5+0.9a 13.5+1.3b 15.2+1.9a 0.50£0.1a 0.84+0.1a 0.70£0.1a 0.84+0.1a
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Table 2 Growth of rice seedling after seed treatment with inorganic salt mixture combined with y—PGA under chilling stress

it Zfif B Shoot FW/g ML F Root FW/g HEER
Treatments 0d R3 d 0d R3d Survival rate/%

CaCl+P 0.21+0.07a 0.18+0.05ab 0.22+0.06a 0.22+0.05a 70.6+8.45h
MR+P 0.22+0.05a 0.21+0.06h 0.23+0.06b 0.21+0.06a 90.4+9.43¢
SA +P 0.22+0.06a 0.18+0.05ab 0.22+0.08a 0.22+0.06a 65.8+7.08h
JA +P 0.20+0.04a 0.17+0.06a 0.21+0.06a 0.18+0.07a 47.2+8.19a
CK-1 0.19+0.05a 0.16+0.05a 0.20+0.06a 0.19+0.06a 41.8+6.65a
CK-2 0.20+0.06a 0.29+0.08¢ 0.21£0.07a 0.23+0.06b 100.0+2.08d
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Table 3 Soluble sugar and MDA contents of rice seedlings after seed treatment with inorganic salt mixture combined

with y=PGA under chilling stress

s AR S Soluble sugar contents/mg - g™ A [#555 MDA contents/nmol - g™
Treatments 0d 1d 2d 0d 1d 2d R3 d
CaCl+P 14.2+2.8bc 16.7+5.3ab 17.5+5.6ab 20.1+6.8ab 5.7+1.2a 13.6+5.6¢ 10.8+3.1¢ 27.4+7.6bc
MR+P 15.7+3.4¢ 25.2+6.5¢ 19.6+4.1bc 22.5+6.0¢c 5.9+1.2a 9.2+2.1a 6.4+1.5a 14.9+4.3a
SA+P 14.2+2.9bc 22.9+5.3be 19.5+4.5be 22.4+4.7c 5.9+1.4a 9.7+2.1a 13.6+2.3cd 18.6+3.8a
JA+P 11.9+2.5ab 21.8+5.6bc 23.40+5.2¢ 20.1+4.8b 4.2+1.0a 12.5+2.2b 18.6+3.3e 46.8+6.5d
CK-1 10.9+£2.7a 22.0+2.3be 20.72+2.5be 18.5+£2.9ab 7.6+1.4b 10.6+2.0a 13.6+2.8cd 32.1+7.1¢
CK-2 12.4+2.2ab 13.2+2.6a 13.0+2.3a 16.8+3.5a 7.7+2.1b 9.2+2.4a 8.7+2.4ab 19.8+3.3a
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Figure 1 Activity of APX and SOD enzymes of rice seedlings after seed treatment with inorganic salt mixture combined

with y=PGA under chilling stress



2328

YR S it Y o 3255 12 1

P 48 h s Ak Rt S TR AT R, U5
RALFRAEIR S OsDREBIB H: IR AEMRIE F %5 5,
TS R KRR B TP, EREAR RS, ToALER IR
HiR A y-PCGA B &5 KA v-PCGA H—5| KAt
PRI IR AT BE R 7K RS ST Os CDPK 7 J [R5 57K - Fifi
IR A B[] f B, 3R B B ST RG i, JCHLER TR
AR y-PGA Z 551 & Fl yv-PGA H.—5| k35
FARIEST B . ZERAL R, JOHLERR AR y-PGA
AT RAEE y-PGA H— 5| & A FLFNG I X e i
IKFELE Os FA E2 FEPREE SRz, d B
BT T OsFAE2 SRR3R W REAE UE NG DR i A= 40
B, T2 A A B 5 AEARIR A T, JCALER TR
AR y-PGA 551 % y-PGA F—5| K FIA 5]

AL FEXT BB K RE SN B OsMY BS3 5 [R5 53 /K -
ARG U3 S ) S G 77 S8 TR o, 3 A b 3 ] e kA =
ZRAR, RUZEFFRREIAZITF5 KA
M, EAGIRALBE T, JEHLERIR A0 F1 y-PGA E A5
K y-PGA Hi—5| KRG | KA BT BE (R 7K R 407
OsLIP19 J R e 57K Y- BEAR I 38 B[] SE 4 17 38 1
R FEART | AL RELh T ekt i T3 | AL FRA
B, UCHMRIEEE A S T 3 OsLIPI9 JEH Kk,
(A5 K ALFRXT OsLIPI9 % 3t KA — 2 (AN I/ H

3 e

SRS QN VRE =X 7/ NG o (S U ] o S 42 5
7 b A S RIS B TERY. H AT 4

1—12 YA 55l s TR AR5 v-PGA E A Ab (k& :1.2.3.4) 0.1 g- L' y-PGA H.—4h PR (JkiE :5.6.7 .8)F1
ARGURALPRCUKGE : 9,10 11, 12) F KRS (RO AL PE 0,12 .24 h il 48 h J5 9.5 RNA
1—12 lanes denote inorganic salt mixture plus 0.1 g+ L. y=PGA(lanes: 1, 2, 3,4),0.1 gL' y=PGA alone(lanes:5, 6,7, 8) or
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Figure 2 Electrophoretic detection of total RNA extracted from rice seedlings after seed treatment
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v-PGA, 5, 6,7 and 8 lanes for y-PGA alone and 9, 10, 11 and 12 lanes for non—priming control, respectively
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Figure 3 Changes in the transcript levels of 6 cold-responsive genes in rice seedlings under chilling stress
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