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Protein Response of Rice Leaves to High Temperature Stress and Its Difference
of Genotypes at Different Growth Stage
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Abstract: High temperature has become a major disastrous factor affecting rice productivity, and the temperature stress becomes
more severe due to the global warming effect. The present study was carried out to identify the rice genotypes with high heat tole-
rance and understand the tolerant mechanisms of both physiology and proteomics. The results showed that seed setting rate, SPAD
value, plant height, root length and biomass were dramatically reduced under high temperature, while contents of malondialde-
hyde, hydrogen peroxide and superoxide anions, and activity of superoxide dismutase were greatly increased, irrespectively of
growth stage. Moreover, Minghui 63 (a heat-sensitive genotype) was much more affected by heat stress than Milyang 46 (a
heat-tolerant genotype). Proteomic analysis showed that high temperature resulted in down-regulation of the proteins related to
photosynthesis, energy and metabolism, while resistance-related proteins were up-regulated. The results also confirmed the heat
tolerance of Milyang 46 and the heat sensitivity of the rice plants at heading stage. The up-regulation of anti-stress protein, 2-cys
peroxiredoxin BAS1, under heat stress was first reported in this study.
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Table 1 Effect of high temperature stress on SPAD value and growth traits of two-week old rice seedlings
SPAD
Variety Treat. SPAD value PH (cm) RL (cm) SFW (g) RFW (g) SDW (g) RDW (g)
63 NT 33.1+0.06 a 30.3+0.36a 6.4+0.06b 0.516+0.047a 0.223+0.020a 0.101+0.011 a 0.024+0.003 a
Minghui 63 HT = 292+0.15b 21.7+0.56c¢ 52+021c  0215£0.026c 0.079£0.009 ¢  0.047£0.005 ¢  0.009+0.001 c
46 NT 30.5£1.22b  25.3+0.49b  7.0+0.15a 0.375£0.012b 0.162+0.013 b 0.072+0.003 b  0.015+0.002 b
Milyang 46 HT 30.4£0.56 b 20.0+0.75d 6.9+0.10a  0.258+0.020 ¢  0.109+0.022 ¢  0.059+0.005c¢ 0.011+0.003 ¢
3 4 (P<0.05)

Data were means of three independent replications. Values within a column followed by different letters are significant by different
(P<0.05) among the four blocks. NT: normal temperature; HT: high temperature; PH: plant height; RL: root length; SFW: shoot fresh weight;
RFW: root fresh weight; SDW: shoot dry weight; REW: root dry weight.

SPAD 63 2.2 MDA H,0, O,
: 46 ( 2) 2, MDA
, 63 : 63 ,
86.4% 5.9%, 46 79.4% 48.7%  20.8%;
19.2%, 1 , 46 32%  11.3%

46 H,0,
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Table 2  Effect of high temperature on SPAD value, seed setting rate, and heat-tolerant coefficient

SPAD
Variety Treatment SPAD value Seed setting rate (%) Heat-tolerant coefficient (%)
63 Minghui 63 Normal temperature 47.8+0.42 b 86.4+0.70 a 68b
High temperature 45.3+0.82 ¢ 5.9+1.01d
46 Milyang 46 Normal temperature 49.9+0.10 a 79.4+£1.20 b
High temperature 50.1+0.17 a 19.2+3.89 ¢ 24.1a
3 4 (P<0.05)

Data were means of three independent replications. Different letters indicate significant differences (P<0.05) among the 4 blocks and
refer to each subset of data.

Bl FEIREALIET Ak 63 F1%PH 46 AL KIE R
Fig. 1 Floret fertility and fulfillment of Minghui 63 and Milyang 46 under different temperature treatments
The left panicle was under high temperature treatment, and the right panicle under normal condition. The red circle demonstrates nor-
mally-developed florets.
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Fig. 2 Effect of high temperature at seedling stage or heading stage on MDA content (A), activities of SOD (B), H,O, content (C), O,
"~ content (D), and activities of POD (E) of different heat-tolerant rice genotypes
MH63: 63; MY46: 46; NT: s HT:

MH63: Minghui 63; MY46: Milyang 46; NT: normal temperature; HT: high temperature. Base marked by different letters are significantly
different at P<0.05.
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Fig. 3 2-DE gels of proteins extracted from the leaves of rice seedlings of MINGHUI 63 which grew under normal temperature

24 11
Twenty-four differentially accumulated protein spots that were identified by MS and 11 unidentified protein spots are numbered and indicated
by arrows.
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Table 3 Leaf proteins responsive to high-temperature stress identified by MALDI-TOF-MS

5)

1) 4)

2) 3) 5) 6)
DY Protein name Hopl? HMw? Score ¥ (‘(’:A)) MO Accession No. Species
20 kD .
1 . 5.97 25.5 88 23 9 NP 001063270 Oryza sativa
0s09g0438700 (20 kD chaperonin)
2 ATP ¢ . 5.95 55.1 70 20 17 AAM12499 Oryza sativa
ATPase alpha subunit
3 0s04g0490800 (Haloacid dehalogenase-like 675 395 219 34 17 NP001053167 Oryzasativa
hydrolase domain containing protein)
4 T BASL 5.67 28.1 305 49 16  NP001047050 Oryza sativa
0s02g0537700 (2-cys peroxiredoxin BAS1)
5 0s01g0501800 . . 610 348 266 31 15 NP001043134 Oryzasativa
(Photosystem II oxygen-evolving complex protein 1)
6 . 8.66 26.9 190 46 16 NP 001058863 Oryza sativa
0s07g0141400 (23 kD polypeptide of photosystem II)
7 . 'NAI,)P(H)' . 7.98 40.6 136 28 17  BAD07827  Oryzasativa
Putative ferredoxin-NADP(H) oxidoreductase
8 ) -NADP(H)- _ 7.98 40.6 227 48 25 BAD07827  Oryzasativa
Putative ferredoxin-NADP(H) oxidoreductase
9 1o / 6.32 495 254 25 15 AAC35114  Neomoorea
Rubisco irrorata
10 ATP CHla . 5.95 55.6 472 53 33 NP 039380 Oryza sativa
ATP synthase CF1 alpha subunit
11 Fd- . . 6.42 174.6 93 14 39 BAD30339 Oryza sativa
Putative ferredoxin-dependent glutamate synthase
12 ATP CFla . 6.66 58.9 165 26 20 AAS46052 Oryza sativa
ATP synthase CF1 alpha chain
13 ATP CFla . 5.95 55.6 88 20 15 NP 039380 Oryza sativa
ATP synthase CF1 alpha subunit
4 o 6.13 505 179 32 19 AAB37133  Canopteris
Rubisco large subunit bicolor
15 o 6.45 46.2 75 25 15 BADeo9s3  Harperocal-
Rubisco large subunit lis flava
16 1,’5_ . . 9.40 19.6 160 48 11 AAB70543 Oryza sativa
ribulose 1,5-bisphosphate carboxylase small subunit
17 1’5', . / 6.33 53.7 240 26 17 YP 654221 Oryza sativa
Rubisco large subunit
18 / 6.32 495 383 26 19 AAC3s5114  Neomoorea
Rubisco irrorata
FAD-
19 0s01g0328700 (FAD-dependent pyridine nucleotide- ~ 7.21 52.6 295 41 27 NP 001042918 Oryza sativa
disulphide oxidoreductase domain containing protein)
20 0s08g0502700 (pyridoxal phosphate-dependent trans- ~ 8.19 44.2 120 28 18 NP001062170 Oryza sativa
ferase)
2 L _ 633 5L 197 29 19 BAAO4l94  Disporum
Ribulose-1,5-bisphosphate carboxylase, large subunit sessile
22 1’,5_ . 6.32 49.6 193 28 19 AAK72540 WOIff'a.
Ribulose-1,5-biphosphate carboxylase australiana
23 6.93 56.8 395 38 26 BAA34205 Oryza sativa
Catalase
24 7.36 56.1 162 32 27 BAA34714 Oryza sativa
Catalase
1) ID ( 3 ); 2) )] .4 .5 . 6)

Y spot ID (corresponding to Fig. 3); ¥ hypothetical isoelectrical point; * hypothetical molecular weight; ¥ protein score; > sequence
coverage; ® the number of peptides matched.
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Fig. 4 Close-up views of the differentially expressed proteins identified by MALDI-TOF-MS analysis
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3

A: Minghui 63, normal temperature, at seedlings stage; B: Minghui 63, high temperature, at seedlings stage; C: Minghui 63, normal tem-
perature, at heading stage; D: Minghui 63, high temperature, at heading stage; E: Milyang 46, normal temperature, at seedlings stage; F:
Milyang 46, high temperature, at seedlings stage; G: Milyang 46, normal temperature, at heading stage; H: Milyang 46, high temperature, at
heading stage. Arrows indicate the protein spots which were consistent with these in Fig. 3.
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