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Ethylene Improves Low Temperature Tolerance of Early Rice Seedlings by Regulating

REDOX Level and Cold Tolerance Gene Expression
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Abstract: Ethylene is involved in regulating plant response to multiple stress. However, the physiological and molecular
mechanisms by which ethylene regulates the response of early rice seedlings to low temperature stress remain unclear. In this
study, three substrates including soilless substrate, fermentation substrate and nutritional soil were selected for raising early rice
Zhongzao39 to the two-leaf stage. After being sprayed ethephon, rice seedlings were treated with low temperature for 3 days, and
then the physiochemical properties and the expression of cold resistance genes were determined. Equal amount of water was
sprayed as control. The results show that ethephon treatment significantly increases the growth of rice seedlings at low
temperature, increases the contents of nutrients and osmotic regulation substances proline and soluble sugar, and enhances the
antioxidant system enzyme activities and REDOX status (AsA/DHA ratio) of rice seedlings. The expression of cold tolerance
genes such as OsCOIN, TERF?2, OsLti6a and OsCDPK?7 in seedlings are improved. These results suggest that ethylene spraying
can enhance the resistance of rice seedlings to low temperature stress by regulating the content of osmotic substances, REDOX
level and expression of cold tolerance genes in rice.
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Table 1 Physiochemical properties of seedling substrates

R pH S %R (mS/cm) 2T (g/em’) FH 5 22 4 1 (cmol/kg) LR (g/kg)
Jo 4 H T 6.70 £ 0.04 b 2.71+£91.92b 0.18+0.01 ¢ 11.19+ 031 b 438+0.41b
oA 2 950 7.09 +0.05 a 3.12+251.59a 0.60+0.01 b 20.31+2.01a 8.99+0.83a
= 92 +0.23 al 12+4.59¢ 90+0.01 a 7.73+£0.73 ¢ 97+0.09c¢
Rt 6.92+0.23 ab 0.12 + 4.59 0.90 + 0.01 3+0.73 0.97 + 0.09
Fe A AW (g/kg) £ (g/kg) B S (mg/kg) A W (mg/kg) R (mg/kg)
Tt H 3.09+0.11b 541+0.02¢ 835.53+7.95a 350.15 +20.67 a 1490.30+9.72 b
oA 2 950 7.66+0.24a 9.45+0.07a 640.03 = 10.11 b 285.16£3.23 b 2639.64+14.73 a
HEL 1.59+0.07 ¢ 7.79+047b 154.44+1.81 ¢ 70.89 +3.18 ¢ 97.29 +0.08 ¢

T R FESIAR /NG 5132 7R %5 5 ) 22 52 .35 (P<0.05).
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T 2021 4F 4 H 7 HAEF, BAHCE TR ZE T IE
HHREW 0, RERE W 100 mL 1.5 g/L
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Table 2 Scheme of experimental design

AbE e A it i i 2%

Al To e 100 mL ¥k

A2 Tt 4 B 100 mL 1.5 g/ ZJ&H)
Bl R IEEL 100 mL 57K

B2 RIEEL 100 mL 1.5 g/ ZJ&H]
C1 EIL 100 mL 57K

C2 HRL 100 mL 1.5 g/ Z 4 F)
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Table 3 The sequence of primers in rice

N Em5IY(5-3") R 5149(5"-3")

COLDI CAGGATATCAAAAGCTTGGATG GCAGCTATCTTTGCTTGACG

OsICEI ATGAGAATCTTCGGCAAGGA CGTGGAACACCCTGGAGAT

OsCOIN ATGAGCTCTCTATGCCCCTTTGCCA CTTGTCATCCAATTGTTTTTGTAGA
OsCDPK7 GAGGAAATCGCTGGGTTGA TTCTCATTGTTCTTCGTCCGA

TERF2 TTGTCATCCACCGACCTATG TCACCATCTCCTCTCCTCC

OsLti6a GCTGTCTGGGTCATCACCAAG ACAGGGACGAGAAGGTGCAG
OsHistone GGTCAACTTGTTGATTCCCCTCT AACCGCAAAATCCAAAGAACG

2 HEREHSW

2.1 KEBEEK

IR AL B | Wit £ 0 1) fef O + L 0T 7 OB 1Y)
BRI AR B AR 6 FR (A DI AN T 11.24% .
11.51% F1 13.89%, A& BE5E T A RO I bk = AR £k
BEHAHR G FBBDIGIN T 12.44% F131.84%, &3+
BRI R = L I AR B AR B X B (C 1) 43531

HEHNT 9.74% ., 25.44% Fl23.26% (3% 4). SXFIEAH
o, B SR i 0 R A R ) 25 L T A R n
17.18%. SR, 453 v 204 1) A BRH) i 25 AR T K
MR RKE (£ 4).

AN TR 3t 22 (8] ) 7K R B v 7R AR T 2 A4 R TR
FEAFTE ST . Bt QA , Jo 0 E Bt i it
WA HE TR LR R 12.95%, LRI E S
MR KEE R LT RO & 25.60% (37 4).
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Table 4 Growth parameters of rice seedlings under different treatments at low temperatures

QbR M R At AL ES 50 R ESTE H EETE
(cm) (cm) (d) (cm/10 ¥f) (g/100 k) (g/100 k)
Al 11.89+0.11 ¢ 8.41 £ 0.48 be 2.16+0.16 b 7.20+0.21b 1.68+0.10b  0.61+0.01a 143+£020a
A2 13.22+0.39b 450+1.30d 241+0.07a 820+035a 1.75£0.08b  0.29+0.02¢ 1.43+0.08a
Bl 11.56 £ 0.96 ¢ 11.10£0.46 a 1.97+0.01 ¢ 6.38+0.38 ¢ 1.68+£0.02b  0.54+0.04ab  1.12£0.09b
B2 12.99 £0.27 b 9.26+0.36 b 2.07 £ 0.02 be 841+0.75a 1.75£0.05b  0.48+0.03b 1.14£0.08 b
Cl 13.45+0.18b 9.64+0.28 b 1.71+£0.05d 6.98+0.12bc  1.63+0.07b  0.50+0.00b 1.40+0.08a
C2 1476 +0.26 a 737+039¢ 2.15+0.08 b 8.60+0.11a 191+£0.07a  0.48+0.07b 1.40+0.10 a

TE: ABPE AL B, C /MpIFoRJC LS AREEERT ., B,

[A]¥{EAE P<0.05 /KFEZREE; TR,

L 2 3R TE KA EL . CAMRIAE TR R AR i R 4 B
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Table 5 Nutrient contents of rice seedlings under different
treatments at low temperatures

W SEERE (gke) EHEE (g/kg)

SR (g/kg)

Al 14.40 £0.63 b 3.68+0.27b 7.87+0.09 b
A2 1440+0.29b 456 +0.46a 7.78 £0.05 b
B1 15.00 £ 0.66 b 2.71+£0.28 ¢ 7.34+0.16 cd
B2 18.90 £ 0.46 a 4.47+043 a 10.5+0.34 a
Cl 11.20+0.60 ¢ 2.64+£0.26c¢ 7.11£0.07 cd
Cc2 1450+ 0.51b 3.28 £0.54 be 6.86 +0.04 d
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Fig. 1 Contents of proline (A) and soluble sugar (B) in rice shoots under different treatments
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Wi POD., APX Fl GPX it 7%+ & ik Ak
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Fig.2 Contents of H,O,, AsA and DHA and AsA/DHA in rice seedlings treated with Etheaura at low temperature
F6 MEXFETARLEBEKERENELIEEME
Table 6 Activities of antioxidant enzymes in rice seedlings under different treatments at low temperature
Qb3 POD (U/g) SOD (U/g) CAT (nmol/(min-g)) GST (nmol/(min-g)) GPX (nmol/(min-g)) APX (nmol/(min-g))
Al 971.92 £34.62d 1397.46 £ 6.38 ¢ 62.74 £4.34 b 142.60 £9.85 c¢d 879.11 £47.58 cd 10.38 £ 0.59 cd
A2 147536 £20.64 b 1413.18 +£35.43 be 62.10+3.85b 169.75+2.46 b 894.25 £37.99 be 12.56 + 0.94 abc
B1 1003.14 +91.65d 1423.85+56.41 be 61.63 +1.85b 172.82+7.13 b 993.50 +£43.35b 10.81 £ 0.54 bed
B2 1238.97 +33.43 ¢ 1556.32+20.61 a 53.43+643¢ 225.88+21.15a 1232.02+98.72 a 13.06 £ 091 a
C1 836.38 +38.24 ¢ 1362.67 £ 68.27 ¢ 70.17+193 a 130.81£3.25d 706.38 £ 15.96 ¢ 8.79+1.30d
C2 1608.55 +22.52a 1505.79 + 77.55 ab 58.96 + 4.24 be 156.45 £2.52 be 782.87 £ 46.28 de 12.74 + 2.30 ab
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Fig. 3 Relative expression levels of cold tolerance genes in rice seedlings treated with Ethephon at low temperature
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