DOI:10.11931/guihaia. gxzw201905040

B AMIEEFERN RN EREME AR LRI

WAL, FER, AR, BRRsE, s
QI RN AP TR R SR H B K E S =, Akl S5 E AR %R,
JUUEREE, BT 530004)

FE: N T RKFE A ) A FRALH], %0t 70 LR A Fialn 45 5k IR & it VA 7K A8 i Fh DC90T A A
M A 52 AR A 9311 kPRl SR X KRGS A AL B, K04 7 75— E (MDA) . 4
FIES T (0,) « RIVEMEREL R PUEEEE GEEYEA LT (SOD) & (POD)
W EACERE (CAT) FIPTIR I AR it S Al (APX) ) 54 AR bR AR ML, RSB R
BOLLEA TS SRR A RE J7. S5 R H: 0, PoAR R MDA 5 &R A VA R0 2 AT b
S I 305 P 3 BT R 8 0 v 32 v, AR I R AR 9311 [ MDA & 0 0, PE A R ) i T
DCI07, FEAGIRMHE f5 I DCOOT ) mI A MMl & B B T 9311, iR a2, DCI07
FPuEALEE (CAT. POD. SOD F APX %) yEEE T 9311, JLrf CAT. POD [ ¥4 Filic isf [a] 184
INEGE VESE 55, SOD AN APX [ ¥4 16 By E) 385 o 52 500 B 5 T A 3 o A BRAR AR I SR
J& R EE AT 53R R R EUEHE T — 0 U I SRR S5 KRS B A M DA OC . AR SR
B R BUE AV RISE 3, DCIOT FITR A BE /7 b 9311 5, 5K H WM 45 SRAR T -

KB JKFE, KIEMNE, AR

K5 Q949 SCHRFR IR A

Analysis of physiological and biochemical indexes of
response to low temperature stress in near isogenic lines of

wild rice

ZENG Zhichi, ZHANG Sichen, SHI Xiaocui, CHEN Baoshan, LI Wenlan"
(State Key Laboratory for Conservation and Utilization of Subtropical Agro-bioresources;

College of Life Science and Technology, Guangxi University, Nanning 530004)

ek B 2019-06-14

HEEWH: ExREMRBZES (31560247) [Supported by the National Natural Science Foundation of China
(31560247) 1.

EZERN: BRI (1995-), B, TLRFMA, BILEFFAe, 7 moekiy s 74%, (E-mail)
474172656(@qq.com.

“EEEE: 20, WL, BiR, oA A A 5 5 TAEY . (E-mail)

liwenlan@whu.edu.cn.



Abstract: In order to understand the physiological mechanism of cold tolerance in rice, the cold
stress treatment of rice seedlings was carried out in a cold-tolerant near-isogenic line DC907 and
its cold-tolerant receptor parent 9 311 under simulated low temperature environment at 8 °C for 1,
3 and 5 d. The changes of physiological and biochemical indexes such as malondialdehyde
(MDA), superoxide anion (O2’), soluble sugar and antioxidant enzymes (superoxide dismutase
(SOD), peroxidase (POD), catalase (CAT) and ascorbic acid peroxidase (APX)) during cold stress
were detected and analyzed. The cold tolerance of the two varieties was evaluated
comprehensively by membership function method. The results were as follows: The rate of Oz
production, MDA content and soluble sugar content increased with the increase of low
temperature stress time, and the contents of MDA and soluble sugar in the process of low
temperature stress were significantly different from those in the control group. The content of
MDA and O3 production rate of 9311 were higher than those of DC907 during low temperature
stress, and there were significant differences in MDA content between the two cultivars at the late
stage of low temperature stress. The soluble sugar content of DC907 was significantly higher than
that of 9311 at the late stage of low temperature stress. During low temperature stress, the
activities of antioxidant enzymes (CAT, POD, SOD and APX) of DC907 were higher than 9311,
and the activities of CAT and POD increased with the increase of cold stress time. SOD and APX
activities decreased first and then increased with the increase of cold stress time. The results of
physiological indexes showed that the cold tolerance of varieties was different. Among them,
soluble sugar content, SOD, POD, CAT and APX activities were positively correlated with plant
cold tolerance; and the accumulation of MDA and O was negatively correlated with plant cold
tolerance. The order of membership function values of these physiological indicators is consistent
with that of average membership function values, which indicates that these indicators are closely
related to cold tolerance of rice. According to the result of comprehensive evaluation of
membership function value, the cold resistance of DC907 is better than 9311, which is consistent
with the field observation results.
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Fig.1 0, production rate under different cold stress time
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Table 1 Significance of intraspecific differences in physiological indices of two rice

varieties under different cold stress time

I 5E TR R IR 1B 7] (d) KFGM M Rice variety
Indexes Low temperature stress time 9311 DC907

Oy A % 0 18.686 a 14.990 a
O» producing rate 1 19.987 a 22.321 a
(nmol‘min-'-g) 3 26.707 a 19.512 a
5 25.118 a 16.859 a

MDA & & 0 4.668 d 4.335 d
MDA content 1 5.355 o 5.213 c
(pg-gh) 3 8.613 b 6.668 b
5 9.548 a 7.355 a

IR ERy s 0 25242.197 b 3683.515 c
Soluble sugar content 1 41665.418 a 6196.324 b
(pg-gh) 3 50900.749 a  5468.12 b
5 46471.91 a 3527.162 a

SOD 0 23.600 b 31.814 b
SOD activity 1 13.880 c 23.536 d
(U-gh 3 11.818 d 29.014 c
5 33.658 a 47.897 a

CAT itk 0 125.0 d 155.0 d
CAT activity 1 185.0 c 195.0 c
(U-g'-min’") 3 225.1 b 2325 b
5 252.5 a 347.5 a

POD V& 0 5407.246 c  9301.126 d
POD activity 1 9454.434 b 12766.46 c
(U-g'*min) 3 17956.196 a  14871.794 b
5 18152.555 a 56865.144 a

APX WM 0 0.914 a 0.710 b
APX activity 1 0.412 bc 0.559 b
(mM-g!-min™) 3 0.600 bc 1.427 a

5 0.675 ac 1.501 a



5 0.675 ac 1.501 a

Ve A AN [ AE ERIN R] AN )N 5 - B RR R A 20 22 57t S 2 1 (P < 0.05).

Note: Significant difference was found in the expression of different lowercase letters in different treatment time

of the same variety (P < 0.05).
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Fig.3 Soluble sugar content under different cold stress time
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Fig.4 Changes of antioxidant enzyme activities under different cold stresses
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SOD & %8 H BHFEIE BR A, B R IR Ak P i — BEAE 0, 18 S50 H,0,, [FEIRFHE 0, 40N
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IR 38 J5 DCIOT I ¥4 At 1176 — & HIAH &1
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e ARIEME 3 dE 3 d; B.AMMNAS dIKE 3 d.
Note: A. Low temperature stress restored for 3 days; B. Cold stress restored for 3 days

after 5 days.
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Fig.5 Phenotypic charts of 9311 and DC907 after low temperature stress

2.5 FJEREE

BT MDA 5 O, Bi/MEARRAEE RV 2 FE 5, S A2 fEoe, FimR A
SR @ R BGHEAT . T4 5 MEFR (SOD. POD. CAT. APX FIRJVAMERE S &) ¥RAFA
Wbt fnne /1, SHEVMAERIEMIS, RARBREEAT . A AEH, B4R
Pt T RIEM Y P TE B RRYE (B IESE, 2005; 274, 2012; #AHLE, 2012),
K F SR @8 R U W TV EAE VP AR U Py T S vk (2R 54 20065 TR SCUESE, 2007)
D] SR P P 350 S T o U SR 5 B VAN KR S R R VA P 8 5 B o T DCOO0T [1)-F- 35 3K I o
HERR 9311 R, M S5 o BB 255 PR P PR FE (i ¥4 B 758 95 7 9 : DCI0T > 9311,
5RADWM I SEhRtE AT (Bl 5) o 0, F=ARTE %, MDA &, POD J& %, APX iGPEEEA B TR
s () 35 J R EUE HE P 5 T35 55 sk B HE Y — 8 U0 X Le 5 bR 5 /K R R i A % DDA 0%
(£2) .

F 2 JKFE T P EFR bR SRR R B b

Table 2 Subordinate function analysis of seven physiological indicators in rice

VDA & WIMERE TR
st i SOD v&ME  CATi&TE  POD V&M  APX V&M . e 0, A . /22
" o A
Average
Soluble 0,
SOD CAT POD APX MDA membership
Varieties sugar production Rank
activity activity activity activity content function
contents rate
value
9311 0. 247 0.323 0. 143 0. 480 0. 462 0. 348 0.219 0.317 2
DC907 0.589 0. 483 0. 351 0.701 0. 482 0. 707 0.585 0. 557 1

3. ZigHihe

THYAE BT AE Ay A A a] BETHI I SR AR A3, Bl WRIE . 2his. TR MEL RS
TWriE (Yang & Guo, 2018) . X LLEA Wi il & S EUSE M E TG, IS mEY) Ik
WAEKKE I HFRHE (Liuet al., 2018) . {RIEMHNAREIE KGR THE R, HEK
Az, By LR B BOW HE AR, e — BRI AL, R HH LA KB R
BHHRe IR S, W ARARIR R LT (MK 2 S EUE R R A0 T AT RS 2 — P E )2
FETPI, FAE KRG AR 2R B8 22 AR IR A 0 R Ao R 453477 . AN SR, EARIE A
Ja KRG Fr ol i R S B n, I HOR IR IR IE 5 d J5, DCI0T Hff & & B3 M T 9311,
W B EGIR P 38 T 7K Rl 38 T v VR S Bk RSB IR AT . AR IR Wi i AR 1 MDA
A0, AR, e FEE AR AE 8 i R R R RE S . AR, 9311 1R BRI
BT E G, 30, P AR R B E T DCI0T, 15 BRI B X 9311 i R 453473 B+ DC90T.



IR e 3 35 MDA &5 & S 25 G, 852 30040 o e rh ARG IR B ik A2 v /KRS 9311 H ) MDA
TEEEE ST DC0T, IXtHEE— LR R DCOOT MM ¥4 1 B T 9311,

TERE AR N -5 B AR DG 1 2R G0I8 A0 T AN [FRAL, B AT 3L [RIE R VS B AR 4 o v
AN SOD — M FURIEME R, e RE B8 40 Ha P I8 4505 1 B el 2R i oA AL A R
SR CAT (W Zh 7 P A 15 FL il v& 7w, HORHE TS Bl &0 S EE A (Noc tor, et al.
2014) . POD 1E M40 i Bl M B w,  Aefiifb 1,0, Sy I B, B Bt Ak
YIIE R, DAFRAEIA S5 4l (052455 A il FE b POD S PELR 2840 T BT %A, A F T3k
PRI . DCIOT Hr APX TUIFEARGHR Wy 38 (1 BE AN W TR ORI v 1, R T B 1.0, I AE
DAY BB o S i A%, AT k2l MDA ()& & o AR NS 5 A IEE T 1 n] i PERE, W]
RETEYEFE 8 (AR e TS B S BAE R, HEM7E VA o 18 0 R b ] ¥ 1 0 & & BT 5 DC90T
(I A PEA IR R OCE . A, B E(RIR P E i (B 380, 0, /= Al R 5 HE Ll R g
PGS, LA B JIIRET, 0, 7= ARl B2 BN, T 4 b A0 g 3R Vs VR R I
THBREDRN 0, M 0, P2 A R PR, X B ST Ae & PE LB & R 1K SOD 78 R FEAE
F . BRA SOD & 7 481 i 4 B &5 1 B Bl 25 0 20 i 45 35 i P a A B, 0B b 1) 3040 S oy
20, +2H'—H,0,+0,, FHYIFIH SOD LLIERRZ 4% 0, o 1M H,0, WG HEHE, wIHE— 4 CAT. POD.
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