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Photooxidation Characteristics of the Yellow-green Leaf Mutant in Rice

XIAO Huihai, HAO Xiaohuas YANG Youwei, CHEN Chunxia

(Department of Life Science, Hunan University of Arts and Science,Changde, Hu’nan 415000, China)

Abstract; ‘Biao 810S’ is a yellow-green mutant of the thermosensitive genic male sterile (TGMS) rice
‘810S’. To elucidate the mechanism of photoprotection in ‘Biao 810S’, we compared the photooxidation
characteristics in leaves between ‘Biao 810S” and ‘810S’ under natural light conditions with treatment of 5
mmol/L methyl viologen(MV). The results showed that the decreasing amounts of the net photosynthetic
rate(P,) smaximal photochemical efficiency of PS]] in the dark(F,/F,) ,actual photochemical efficiency of
PSIl in the light(@psy ), photochemical quenching(q, ) in leaves of ‘Biao 8108’ were significantly lower
than those of ‘8108, but the increasing amount of non-photochemical quenching (g ), activities of PS T
and PS] in leaves of ‘Biao 810S” were significantly higher than those of ‘810S’. The contents of ascorbate
(AsA) and glutathione (GSH) , the activities of superoxide dismutase (SOD), catalase (CAT), peroxidase
(POD) ,ascorbate peroxidase(APX) and glutathione reductase(GR) in leaves of ‘Biao 810S’ were signifi-
cantly higher than those of ‘810S’,which led to a less endogenous superoxide anion generation rate(QO; )
and malondialdehyde (MDA) accumulation in leaves of ‘Biao 810S” relative to810S’. Under the photo-ox-
idation treatment, ‘Biao 810S’ can maintain higher light system activity and photosynthetic capacity by in-
creasing thermal dissipation,antioxidant content,protect enzyme activities and decreasing accumulations of
0O; and MDA, which showed a stronger tolerance to photoinhibition (photooxidation).

Key words: rice; yellow-green leaf color mutant; photooxidation; antioxidants; antioxidant enzymes; photo-
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b B E Ot A A ) H R R ORE (MVD) By ik B B30l 5
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mL £ 5L 150 mmol/L NaH, PO, W (pH 7. 7)
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W(pH 7.0 EAZE 10 mL 1SR . ] T8 A
L (SOD) |1 4 Ak Ul (CAT) Fl i A AL Wy i (POD)
T A . SOD & 4 I 42 FH 40 DU 48 (NBT) 377,
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kano F B . B 0.5 g 5P ik G A
TR B B BY » 76 10 mL #2050 mmol/L Na, HPO, -
NaH,PO, Zw## (pH 7. 0),1 mmol/L EDTA,1
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20 min, FPIERERE 3 mL, WL BN O, P24
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DCMU., W& PSII i P4 9 B b 14 22 4y : 27 pg/ml
Chl.0. 5 mmol/L J###.5 mmol/L MgCl,.5 mmol/
L NaCl, 50 mmol/L Tricine-NaOH (pH 7. 6).5
mmol/L K;Fe(CN) 6,2 mmol/L %% — % (p-Phe-
nylenediamine) , PST iy i& it G J1 1 PS 11 1Y ik %A
TGS AL pmol « mg !« b ORFEIR,
1.4 BiESWEEE

DL E A T A B AR A4 A 0 D s KB 3 I A
F Excel BXF BT 5E /Y 4 0046 bR 1Y 808 2117 48 1
I3 M AR A S 2R 3 B £ SD ORERIR
2 giR 550
2.1 MV & IE3F 4R 810S° 70 °810S” &I 4 3¢ & i
ES-opAl

2ok MV Ab B PR il A 301 61 i 0l 4
R CE 1. 5 AR LA, © 81087 Byt &
BRI FH T RET 25.07% (P<C0.05), “fr 810871y
FOGE RN T T 22, 65% , {H A ik F) i 2 K F

(P>0.05), H ‘45 810S” Ayt & 1 R R [ i i A%
F 81087 Jy A, #E X A MV b B4, HR
810S” ¥t G il R M I 4 w8 TAH N A © 81087, Ui W]
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Fig. 1 The net photosynthetic rate of flag leaves
of two materials after treatment with MV
810S. Wild type;Biao810S. Yellow-green mutant; * indicates
significant difference between treatment and control

(t-test) at 0. 05 level; The same as below



11 34

F R I o 45 KRR R B 0 A AR B O SR A R P B 5

2247

1 q BIHAER CK AR FT B0 g bt B
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N CK A Rl F2 BN B R B B2 4 3l Oy 23. 18 %0 I
31.78% . H 810S” A8 3k F| g & /K - (P<C0. 05),
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MDA & £

FE A I [R] A ARG AR 25 T 0 PS T3 Ji o
FERMB TS50 A R EEMM 4 OF L
HEAGFYEH O 51 EM. K2 Bx. 48 MV
AL AL S, AR AR 81087 A1 81087 & it v
O; =AM MDA & g0 8 FFt, A 6 2
JEH) Oy F1 MDA FRUERE ., ‘4R 8108 &Iy O; =4
AR MDA BB 5t & T B 4 5k 27, 93040
27.42% . SHINL K CK 22 5 ¥R B 2 © 81087 g nf

) O, 7= R A MDA L2 & FJHiE 4 5 2
57.95% 1 60. 44 % . 5 A /Y CK A kb, HAE b 1y
REN B F K (P<<0.05), Aok, “hr 81087y O;
AR A MDA B R s 4] B AL T 81087, W]
W EGEA SR AT T L bR 81087 (K Y AR 7 3 48 1 Bk
JEEAL =W B RE 1 W 5 T 81087, R o6 R Ak R
YRR B b HEHOOE S AL 38 1 BE ) R .
2.4 MV IR 810S’ #1 °810S’ it £ AsA o
GSH & 2T

AsAGSH AN 2 Fp 8 25 0 15 P %008 B
7. H i AsA FI GSH 4181 AsA-GSH 1l 35 J& A
YWNEBRCEA YN EERERZ —. 72 MV 4
FRAT, $h I FR 81087 &t AsA FI GSH & 7 #5
AL T 810S7, 43 Bl & ¢810S” 1y 36. 28% AN
62.88% 4 MV kb B J5, ‘bR 810S” G HF ) AsA.
GSH & & 4 % tb CK # & 3% L F+ 172, 25% Al
145.92% (P<C0. 01), “810S” &Il - | 43 5| 1t CK &
% ET158.26 %A1 75. 65 % (P<C0. 05) . {H “ 45 8108’
SNt AsA GSH & 5K F 810S” (& 3,A.B),
AL, fER AR AT, AR 810S7 it /i rf ASAL
GSH & # 1 b Fh i B2 43 K T 81087 iy, Xt 4
A i R B2 K T ©810S 7, 3 B B 5 1Y it 't 4 1k
EER
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Table 1 The chlorophyll fluorescence kinetic parameters of flag leaves after treatment with MV
W E 810S Biao 810S
Fluorescence %I MV 4b 5 pogisd MV 4k 3
parameter CK Treatment with MV CK Treatment with MV
F./Fun 0.84740.070 0.60840.060* * 0.83540.070 0.71840.080
qp 0.68040.010 0.51740.010* * 0.74340.010 0.645+0.010
N 0.712 £0.007 0.75240.007 0.462=40.010 0.556+0.010" *
Drs i 0.34340. 007 0.23440.004* 0.466=+0.006 0.358=+0.006

TE % Al xox J3 5] 3R Ak B X BB 7E 0. 05 F0 0. 01 ARFAATE R k22 5 T Il .

Note: * and * * represent significant difference at 0. 05 and 0. 01 levels between treatment and control by ¢ test,respectively; The same as

below.
O CK
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=7 25t
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{ﬁ;g 20
;ém 1.5}
;BT 10}
S0
0.0 L
8108 Biao 810S

¥} ¥l Materials
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1

810S Biao 810S
¥4 ¥l Materials
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=
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K2 MVAHTRAR S O AR MDA & & &4k

Fig. 2 The production rate of Oy and MDA content in flag leaves of two materials after treatment with MV
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Fig. 3 The contents of AsA and GSH in flag leaves

of two materials after treatment with MV
2.5 MV R 4R 810S’F1 8108’ it K i & 1k B
i R #

TESRBE i 38 Can St S ) &4 . MW B
SOD.POD.,CAT #l APX 5t S Ak il 24 41 1 i 1 4
EEF RGBT BR O, « -OH. H,0,.'0, S5 iF 4.
R AT B0 o3k 3% P X T 45 4 S i 2 A I e O T
CONAZ R 36 3 JRIIS Jo0) 4 B 3R 08 1 ik % AR A0 %
P KT 40 5 Y. 7E Ok R AL AL B AT, AR
8108’ &Il H1 ) SOD,POD,CAT,APX 4 4 Fi fiff %
PEEBAL T < 81087, 3F L CAT.APX % 8 0] &g ;{1
£ MV SEE AL & B S . 4R 810S” By SOD, POD,
CAT 1 APX & ¥ e CK 43 9 B 3 8tk B & F J)
61.32%.49. 67%.93. 33% Ml 255. 17% , ‘8108 1y
SOD,POD, CAT F1 APX 3% ¥ It CK 43 % | J+
34.33%.7.94%.50. 94 % F1 30. 22% ,fHAL CAT i
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Fig. 4 The activities of antioxidant enzymes in flag
leaves of two materials after treatment with MV
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Table 2 The electron transport activities of PST and PS]] in flag leaves of two materials after treatment with MV

=R Mhr A 3T
II\\/[/I\\// %:%EJE PST reducing powlzf Lgvjﬁyﬁf( pmol « mg~! « h™1) PSII oxygen cvolutlifn]{l)cdtziﬁt(}%/lglmol emg ' eh 1)
time/d Biao 8108 810S Biao 8108 8108
0(CK) 96.48+8.2 (100%) 73.32+8.7 (100%) 89.59+8.1 (100%) 78.13+8.9 (100%)
1 109.02410.4 (113%) 68.92+6.8 (94%) 76.15+9.8 (85%) 55.47+8.4 (71%)
2 90.69+5.4 (94 %) 52.06+6.5 (71%) 66.30+5.6 (74%) 46.10+5.4 (59%)
3 82.97+4.7 (86%) 46.9245.0 (64%) 49.27+4.8 (55%) 35.94+4.7 (46%)
4 72.36+4.3 (75%) 35.9343.1 (49%) 37.6342.5 (42%) 24.2243.4 (31%)
5 58.85+5.2 (61%) 22.7343.4 (31%) 29.56+4.1 (33%) 13.284+2.3 (17%)

TE A5 5 N H BB RN AR X T .

Note: The values in parentheses indicated the relative percentages.
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