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Effects of High Temperature on the Activity and Expression of
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Abstract. We determined the chlorophyll content, activity of superoxide dismutase (SOD) ,
catalase (CAT) and peroxidase (POD), as well as the gene expression of SOD, CAT and
POD in rice flag leaves during the flowering stage under high temperature stress. We used
real-time RT-PCR to disclose the mechanism of the physiological responses and adaptation of
‘I YOU 838’ to heat stress. Upon heat treatment, the decline in chlorophyll content and the
Chl a/Chl bratio in ‘I YOU 838’ was to a lesser degree than that of *Gang YOU 725’ | and
the activity of SOD and POD increased by a higher degree and the activity of CAT declined by
a lower degree during the flowering stage. The expressions of the three antioxidative enzyme
genes in ‘Il YOU 838’ were significantly higher than those in * Gang YOU 725’ . These results
implied that ‘II YOU 838’ may have higher tolerance to heat stress by maintaining higher
photosynthetic metabolism and improving protective antioxidant activity and expression.
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BB HA A T A6 A v YR R T S R () R T
FRs™ , DUE T R R A 50 5 B o B i o M ik
BTG KR ot o2 R v L 1 R 3 ) e 8K
wARe ) RIAE T4 838 JELIAEAS < 1 -32A 1547 M
BRACA < 4Rk 838° LB M58 KR, H
i PR H AL 046 < XL 725 76 N 1F 27K R
AR I 8387 KTk [ H 1 A WA IX A =
FOKF A, (R P 7R TR ] v I X ) R T AR A
I, T4 8387 T ey it 4 T A0 A 20 3 30 4 Ok
AR 7K R AP B g 0 BRAR AR B R, Xt
‘I 4:838” 1 i 4 AT 5% 3 45= B8 A HH [a) WL By Bt
b NULYING 28 8 0 v O L1 e N O 0 S W T 25 4
TN BT B GE

7 A R AR A A FH i bz e ek 3 1)
FERM, -5EA BRE YR M2% 2 & 50
AT B e 37 J 0 A 3 1) B AR AR L KA 2
P 30 B P YR GG 1 4 (reactive oxygen species,
ROS) /K2 K AT, ROS KiEF K XA Y
M. BRI, EARSEAEY RS mE, BA
YL (SOD) | it 4 Mk SUHE (CAT) st itk
Yl (POD) ZAH Y R W BR 1A ROS MY E Z i
AU, HIGMHACEPEE T Al BN I A Ak S vy i
JEO s AT N 4R SOD, CAT #l POD
FE PR A 5 SR KO B LR PR ) AR Ak sh 4, v LAHE—
T KRR IR S T RIS N AL, PR LT
ZAETT D ARBFFELL T AR 838 AR, R S
PHE e RT-PCR KA T A6 1 18 18 B30 J5 K A5
SNt E R SE R SOD, CAT F1 POD 3
IKIKAF, IF 2 B AN [R5 22 B 1] 9 B 38 < I 4
838" 5 Xt 725° JFAEHA &I ) SOD, CAT A
POD il PE I 2 28 & & 12, LU 43F-7K
SERTAE AR K EERSY AL 838 /K AE T AL &1
I AESRBE S5 F T A0 A PR s N, RE LB, R
MK AR S A A B A AR

1 #MRERE

1.1 kst

KA T4 838 (faTFk 11838 ) FIxt iR« XA
725” (faiFR < G725 ) Fp-F-H1 U )11 48 B ¥ REAFF 7% B 42
ft, Hodr, ‘I 838° 7E 1994 4F 4 [F /g 77 # X X,

RS 4 5 7 604.33 kg, FbXF IR E 3.76%,
1999 4F WK FE S E mflh, JF7E 2005 4FE 8% [FEI R
MV R E Ry A2 KR HRIR B R, B E Bk
KA R X 725 DA R
HA R A X R
1.2 SCIGAbIE

2013 4F 4 H 10 HRHH #7517 /K A4k
B, YHAREZREWY (7 A 15 H) B, BREK
Py 11838° Fl G725 4 12 #k, H - HIRA
IR, RRER 3 bR, AL S AL 3 2 RN X R
4, W28, MESEFREIENH, bR
A HN-HS R K 37°C(8:00 - 19:00, 42°C;
19:00 — %1 [ 8:00, 32°C) HGIREE FE48 h HEF TR
AbER, TR B ORE X B2 i HOOF AR 26°C
(8:00 — 19:00, 32°C; 19:00 — % H 8:00,
22C) ML F 4, LR FRM SR
PGX-300B, A1 320 L, ZH0RE M. St
600 pmol - m™-s™", JEJEIIN 11 h BIE/13 h
M, WRBE 80%., WA 13k 52 00 4k 15 45 1 J R B 2%
H—, FEMAEHEE 0, 1, 3, 5, 7 d ) 19:00
Iy RAE 11838 il < G725 $ikb BH 40 Fi it IR 26 44
RSN, AR A DT R S LR
AEPRI T O PR 5 . [F]0B), K5 10838° Fi < G725°
{18 FE TR AR FH A6 FH A S P10 1 m? 194 155 ) T = 3
77 d R A2, IR IR = N H F 30
36°C( I KM i IR 42 + 2°C) , = NAIME
JEYAE 70% A2 475 T i X R4 (<11 838 Fi
‘G725 Y HALH EIFE R ) H VIR 29°C, 1
PULFRAGEE 7 o SR4E 11838 1 G725° M [a] 44 K}
AT AERR G R U VR AR A T SE B 5l i ot
RT-PCR kil 525, DIRRIRGER I 3 A8t 1E K 3
AMEYFEESE, LR E 3R ARESR .,
1.3 MEAEBEEFENHERESENE

SOD, CAT #1 POD i 4y 5 H I B e 5t g
BCAE ) TR 53 0 1 AR Ak b A Bl 3 5 ( H %
5. A00T-1) . SR AL & (H RS,
A007 ) Fiad A AL Py i il 1 & ( B %% . A084-3) it
TR, 2R 2 A B 2 2 A d ST B s T
ik R,
1.4 EEEHREE RT-PCR &

FEIOUK FE & 5 RNA ( TIANGEN RNAsimple
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&CRNA SRBOR M &, H k5. DP419), Jfi%
Ao/ Ao LLIEAT T 1.8 ~ 2.0 Z[v] HL BRI B SR
VKJE 28S I 188 47 Y /=1 B i RNA 75 4k
SN, B2 1 ug B RNA, 28 DNase [ 4bBHJ5E
5 1l cDNA(TIANGEN 9 Quant cDNA 25 —#E &
ROAH &, HaES . KP103-04), Sk 5% 5 A &
A 30 ul, f3E 3 ul 10 x RT mix, 3 uL dNTP IR &
W (2.5 mmol/L each), 3 uL Oligo-dT,,, 1.5 pL
Quant Reverse Transcriptase. 1 ug M RNA AR Al
18.5 L RNase-free ddH, O, #kT-2& % Fr 76 iR A 4H
MR 838" BN A 4k 1519 SOD, CAT Fi
POD 5 %511 | % primer premier 5.0 %k {4
Bitx 3 A AL L K Y oRT-PCR #7451 4,
JEH Invitrogen A FE & B, LAIKAERY rBNA 18S 1k
HNSER R BOE I 2 &= 538 SOD, CAT #l POD
FEHAMFRIBAKF, 4 HEHB gRT-PCR ¥ #4514
J¥ 51l 4. rRNA18S-F . 5'-CGTCCCTGCCCTTTGTA-
CAC-3', rRNA 185-R; 5'-CGAACACTTCACCGGAT-
CATT-3';SOD-F.5'-CCCTTTCCACTCGCTCCG-3',
SOD-R: 5'-GGTGACGACTCCCTCAACCTG-3'; CAT-F:
5'-CATCCAGACCATCGACCCC-3',CAT-R: 5'-TGAG
CACCATCCTCCCCAC-3'; POD-F . 5'-GTGCTGCT
CAGCTCCACCG-3',POD-R; 5'-CAGCTTCGCCT-
TCACCC-3', gRT-PCR WK% A 20 L, fl#
1 ul cDNA #hit, b TF#F51 %4 0.5 ub, 9ul
2. 5 x RealMasterMix/20 x SYBR solution ( H
5. FP202-01) R TAEM . PCR ¥ 3 S 45 R 5
FiQ° 2.1 Standard Edition Optical System Soft-
ware V2.1.94.0617 FForHr s, AxE 5L R Rk
AR Plaffl o7k

1.5 HEHH

K% SPSS Statistics 17. 0 F1 Excel 2007
HATEAR S HT N2 B, SR BRI 28 5 25 70 i e/
25227k (LSD ) % 52 55 R 48 i 47 b 25 22 1tk 43 A
(P<0.05, P<0.01),

2 FEREHH

2.1 SiEmMEXkELMHMEESENZIE

MR VR R RSB RCR I B
Fro M1 AL, Fge 7 d E R sa s« G725’
838 & it nf- 4 2 & S FEAL, H ‘11838° k&
MR/NTG7257 5 AL 7 o, PHAFhEI
Map R SRR, G725 f1<11838° /3% F
1 42.2%M115.4%; M55 3 d IFih, 118387 #4
REH M2 2 i e T G725” (P < 0.05),
M A RS R S 8N TEREER, It
A, 11 838 it % 1 d BHALEE 5 St 2 K
AN R M R 2 IS X R (A A
PR, HEMX AT REE ‘1T 838° H < G725 HidE i
PP E R Z —

ERENE TR, KRGS TSR a 755 B
Mtk R b Fa MRk e, ISR 4% a
M4 E b A A (Chl a /Chl b) &K,
A1 RO, Bl R 8 R EW 3 m, Chl a/
Chl b HAH 2 FFE T FE#a S Pk Rl R 28 a0 (XF
R4 By &It Chl a/Chl b KT B FH 2R, H
MR MRE AL BEEE 3 d FF4f 11838 Fil € G725 #i
REBRLH G Chl a/Chl b HuAE ) 5 3% T Hox i
M, PHAALTE 5 d, ‘11838 Chl a/Chl b I
(IR 5.2 /N T G725 (P < 0.05) ,

x1 ABEXKELUMMHERSENZIN

Table 1 Effect of high temperature on chlorophyll content of rice flag leaves
A b P 4 & Chlorophyll content (mg - g~'FW)
Cultivars Treatment 0od 1d 3d 5d 7d
‘838’ X E CK 449 +0.25 a 440 £+0.35 a 455 +0.20 a 450 +0.21 a 436 +0.17 a
i High temperature 414 £ 040 a 514 £0.01 b 411 +£0.16 b 3.77 £0.23 b 3.69 £ 0.06 b
G725’ X E CK 510+024b 492+020bc 481 +023a 452 +0.31 a 472 +0.29 a
=i High temperature 511 +£0.16b 473+035ac 339zx027c 3.13+£007¢c 273 +£033¢c

e RPEAELCEBIE £ ARERERR ;0 =3; FFIARFR/NEGFRFRRTE0.05 K FE FRHBEXER,
Notes: Each value is the mean =+ standard deviation, n = 3. Different normal letters in the same column indicate significant difference

at the P < 0.05 level.
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o

MEER AL Days of treatment (d)
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Different normal letters indicate significant difference at the 0.05 level among treatments.

Same below.

B 1 HENEXKEGMHERE a fitEE b SELENZIT
Fig. 1 Effect of high temperature on Chl a/Chl b of rice flag leaves

2.2 SiEbrEXkiEal i S B E R R

SOD M4 1A N8 R TP S Pl 3 i) S il
HIE PR 5 55 5 Y PUE AL RE 1 B I OE, M A
2. AR, EEMa R <1838 il G725 &It
SOD {i TR, W E s AP REZH 1Y SOD 76 4 6 ik
F2S, FEIEMIOATENE 7 d, PSR BUL BE 2
St SOD 1% M 34 iR 5 &, H. <11 838 (1% 14 i Lt
‘G725’ WE W 45%(P <0.05),

POD Al ik H,O, 7tk A s P4k H,O, M
AT AR A G 32 3k SR A A 3, 00T 4 M A 5 1 1Y)
HACTE S LA B, MR 2. BATlL, #4
Jilsta i< 11 838° H1 G725° Ay &1 POD & 7+,
TP S AR BB ZH B @1 F POD 1G M RARRE ; r i
THACFRES 3 d, LR AL BEZE A S POD I 1
g ok, H 11 838° By IR L < G725 W&
42% (P < 0.05); Mk ria a2 3 d JF iR
‘1838 #hab B By &I rf POD W& M B & & T
‘G725’ (P < 0.05),

CAT Xf H,O, AR L T, Al bRk
PR H TG IR W R S fb i B b ™= A2 1 H,0,, i
CAT TE4ERF H,O, i sh VA b HA EZAEH,
K2, Crrhl, #hinfii<1838° fil« G725 @infrh

CAT EPEXBEAL, (HAAM 0 T 11838 ) CAT i
P T G725 5 EiRbasbEEss 5 d, ‘11838 F
‘G725’ Nt CAT I M B % (A8 LX) e < 11 8387
M1 G725° 1y CAT W&l FEE T 27. 7% F
55.3%), HPifMHAATE R %25 (P < 0.05);
A AL B EE 7 d BF, ‘11838 Rl G725 Gl
H CAT 3G PEARXT 2R 5 d A7 /N |1 T, HL 75 5 )
ZSiRFHRAK(P <0.05),
2.3 BiEkMEX SOD, CAT#1 POD ERERIEH
=21

W23 K rRNA18S & SOD, CAT. POD 3l
Y 38 3% 43 5l 88.8% ., 92.0% ., 86.5% .
86.8%, VbR 4k 2t AR B 1Y AP (B 3 K 15
£ 0.980, 4+ %A 0.999, 1.0, 0.994, 0.999,
TR 4 A FEF PR EM L TER . LK
WK rRNA 18S fE A NS5, IF¥G < G725 By Xt
MARBERAS I, P xs 11838 A
‘G725’ Gt SOD, CAT #l POD 3 H % ik /K F-
ISR (B 3) o IR e Tk Jiih 3 4k 34l < 11 838 &1
SOD, CATHI POD #:H iy Rk W E T8 (P <
0.05), ifli < G725’ &t SOD, CAT 1 POD
B R Fe ik R A iR 5 11838 &1t H SOD
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Fig. 3 Gene expression of SOD, CAT and POD in rice flag leaves under heat treatment

CAT il POD BEH R R KK FERE ST < G725°
(P <0.05),

3 g

A R FRARGE B IA R 2 G A 1 FE X e T
36 7 P E SR I, AR SR Chl a/Chl b
LU (B #R SR S AR ) 5 5 808 e AR ) 2 AR B A
AW IR A B E] (7 d), ‘11838 Aynt4k
&M Chl a/Chl b HAE I T B BE ¥ /8 T

‘G725, HAHFI AT 11838 (4 &
FHe M Chl a/Chl b lLfE KT G725, %k
‘11838 s & G52 B vy ik ok 38 A 52 e 45/, Lk
‘G725’ WREIE N R, SREESESET R BLK
FE G -4 2 &1 f1 Chl a/Chl b H Y6 5 1R
BUEi (511 S O & B O B W 2 0T L N e
BN, X v TR N

SOD, POD #il CAT A% bk /K REAE A% P PR 4
J a5 77 A 1 i B ROS, R4 B4 #y i K A
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Xof S e A — R B A IE N AR T AR e
T <1838 &7 SOD, POD Al CAT Fiff i P g %
KFG725°, F£W 11838 Wyt AALE R R 5
e G725° HoRIE IR, R LA A R 60 B B 3
A ROS, /b B i S A, SRS I RE M 5
., KAESN TR i 5w S L R R E A
Ky, XGRS g 45 R (11838 i il
T P38 S5 B 25 SRR P i 2 e T G725 ) M ],
] s 7E A B A A K SF FAIEB T <11 838 114 it #4
P, BEE PP AR A ZER , SOD A1 POD i P
(AR S S i ARIE S JEA — 2, E KRS §
FpAEAL B 5 AR TR, BF o4 SR A7 e — s 2%
5. i <838 A1 G725° &b CAT i
PEREAR, ULEHZKAESIM P H,O,FF A58 4l CAT
R, HAEBRYLE T BERE R, SR
41201301 Noctor Z:12" Al CAT N2, FEYy -4
b H, O, 08 T P38 1R i 48 AL W i ( APX)
BN BB I R -4 Ik H KA 35 R 4t ( AsA-GSH)
HIHBR

SOD, POD #il CAT #B& MU A ()i S, H A%
SRR — B R e WA R 2 i FR T LA
B it $AHE O S 48 B 22, SR 9% % a8 | RT-PCR
) B AR REMER A S D b, B RS
(14 T ARE AL T (0 Bh AW R 1) A S 6 o R 3
<1838 &t SOD. POD F1 CAT i% 3 R
TR ET R, LW 1838 M Z Il 5 it
PP ) B 8 X 2e BT AR AR 3P i mRNA #% 5K F,
I ISR ) R SRk R 2 iR ROS i, TE4r
FIKF I iR SOD, POD F CAT B[R =ik &K
i SOD, POD #iI CAT [igi&i, A& 0 &
ROS FRER, ZE4p A 47 1) 4N A B A e 14 S AR ) 1 A=
PRACIF 2 A R BB 3 45 1R, 11838 1Y)
SOD. POD F1 CAT K By A xf & ik & ¥ F
‘G725’ , FRIP 11838’ & G725 Hfigidi by # e
J&77, RIMHBFLFIZ M, BEARAMA 1R oK
4R e T 11838 @it CAT FeH Ay F ik, (HH
Ak CAT MG AT A F A, RPIK
FEGIt i CAT BgE I A2 BT CAT LY
Tk, BT 2SR B S s . 3
] e 45 15 Ak A i T BB B0 CAT r= Ak i

JEEE BN, (RS B R AR D
4 iR

AT T AR B A KO- 38T T 2
A B 5K it b7 T AL 08 g R P 3 S LB
TENPE RN, UERH T KA SRR LA 838 i Hvi:
T K 7257, B R KRS = IR ML S AL T 31
WAKkEE; # SOD., CAT 1 POD & R i i i
Febr, It SA P B RT-PCR 7 84041 SOD .,
CAT Fil POD 3 [H] (1) 3% 35 1275 A6 R R A% I+ 7K A
ZANE W0 TR

S0k

[ 1] ‘R, U4, skER, MIEE, BREE. 23K
AT ARG R AR Z 5[ J]. B ER R,
2010, 43(3) ; 474-479.

[ 2] BtYE, B E . SiRxd KRS A5 e A ML A B 5% iF
Je[J]. " EKFERY:, 2012, 26(4) . 393-400.

[3] #Z%, gii:, U. A Kapila Siri Udawela, ZH#, A
YESE. KR R IR A S A LI 5 T R IR s 1 BR A
FE[J]. MPBAE TR, 2013, 14(1): 97-103.

[ 4] JR3cH, Mk, ZI7T X, B, XIHE®, BRIE,
WRERAE. 2% 32 K R 1 52 A Ik 838 I ik & 5 i
[J]. G S F o 5 4 5 T2 % 4, 2005, 23(2) .
125.

[ 5] BREM, MR, Zse, XIG, Jisral, e,
TR, T AL 838 1 A Ak s it 45 55 38 5 1 s Y Pk
RIJ]. BIdEA 4, 1998(1) : 21-23.

[6] &R, Bz, FRE, 25, WHE F3KHE
TR A6 9 v 1R X 4 52 A T A OC Ak TR 14 1 5 T
[J]. 24387k A, 2006, 21(3): 68-71.

[ 7] B, s, Flse. 2438 1L 838 it
BT[], Je58KFE, 1998, 13(4) . 34-35.

[8] E&ER, @Ml B R, M0, WARYE, BRI,
TR, KBS R S AR A e A Rk
LI 3EN R e R PUR A (Y I (72
2012, 38(5) ;. 871-879.

[9] &, HiFER. KFEAMH KT SEAYEERA Os-
GPX3 Hl OsGPX4 B3 THHIENITE [ J]. YR
#, 2013, 31(1); 64-72.

[10] Mittal D, Madhyastha DA, Grover A. Gene ex-
pression analysis in response to low and high tem-
perature and oxidative stresses in rice; Combina-
tion of stresses evokes different transcriptional



55 3 )

T HSE R KRR IT AE S T AU T A1 B B PR R R ) 361

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

changes as against stresses applied individually
[J]. Plant Sci, 2012, 197, 102-113.

Shah K, Nahakpam S. Heat exposure alters the
expression of SOD, POD, APX and CAT isozymes
and mitigates low cadmium toxicity in seedlings of
sensitive and tolerant rice cultivars[ J]. Plant Phy-
siol Bioch, 2012, 57, 106-113.

ARIE M, WRl:, ABSCHL, S, B, Bddk, X
%@u&ﬁﬁﬁ%%%&%&ﬁmé%%ﬁaﬁm
FLJ]. Bides:4t, 2009, 23(2) . 175-179.
. PRI 2 A ) R R B IR R
[J]. JEiEsenha, 2002, 19(4) ; 478-481.

WL, B, MR, R, INEE, S, (L%, Ak
WER, 7 DR, 2238 7K A Hp i AV DA ) i e AR [ J ]
PERE A 24, 2009, 22(5) : 1199-1208.

Pfaffl MW. A new mathematical model for relative
quantification in real-time RT-PCR [ J]. Nucleic
Acids Res, 2001, 29(9) . 2002-2007.
TRHEEE, BRor oz, sRiE, XIE4e, F S0,
W@ﬂﬂ%%ﬂ%%%ﬁﬁmﬁwwﬁ%%ﬁ%w
[ J]. ERE:, 2007, 40(7) . 1345-1352.
SRR, bR, AR, WA, BAOE. SR a Xt
KRGS E R R VORI [ J]. A5
Zkik, 2012, 31(10) ; 2541-2548.

Ueda Y, Uehara N, Sasaki H, Kobayashi K, Ya-

makawa T. Impacts of acute ozone stress on su-

Bk

peroxide dismutase (SOD) expression and reac-
tive oxygen species (ROS) formation in rice lea-

[19]

[20]

[21]

[22]

[23]

[24]

[25]

ves[ J]. Plant Physiol Bioch, 2013, 70 396-402.
SRS, TR, BRi, R, RED, BR. 425K
FEAE 8K i 38 R BT PEBFSR [ ] PURI Al 2
#z, 2013, 26(4) . 1387-1391.

EERA, BEE, TRA. REINE T G HEXT R
Ji SOD Fil CAT B:[H 3k 5GP R sEma [ J]. Jif
HAERZMR, 2009, 20(1) . 213-217.

Noctor G, Foyer CH. Ascorbate and glutathione:
Keeping active oxygen under control[ J]. Ann Rev
Plant Physiol Mol Biol, 1998, 49. 249-279.
Morita S, Nakatani S, Koshiba T, Masumura T,
Ogihara Y, Tanaka K. Differential expression of
two cytosolic ascorbate peroxidases and two su-
peroxide dismutase genes in response to abiotic

stress in rice[ J]. Rice Sci, 2011, 18(3) . 157 -
166.
ZEpg, WRERER, EME, A MABTEYOLEE

PCRIKZ ML [J].
(13): 106-113.
%Eﬁ,%%ﬁ JAL, B xR R
e AR | ot ST SRR T P B 3 TR 3R 3 1 52
[J]. Y E S SR, 2011, 17(2): 438~
444,

B, IV, AR, T, REE, R M
PO S R = W aw I =R a7/ g AL PR
AREE MILFE RN R AW [ J]. P ELOL R,
2008, 41(10): 3025-3032.

Wb E R F B R, 2013, 29

(SRS XIHERE)





