100101

54 0 1 3 8 24 48h
(Pn) (G (T 8h 48h
b a/b PSII SOD CAT APX GR
48 h 8 h LHCII 48 h
3h 8h VDE ZEP

48 h

Variation in Photosynthetic Traits and Antioxidant Enzyme Activities of Wheat
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Abstract: When plants absorb excessive light energy, a large number of reactive oxygen species is generally produced resulting in
the degradation of DNA, proteins, and pigments in plants. For wheat (Triticum aestivum L.) grown in North China, the
photooxidation induced by high light (HL) during grain-filling period usually causes great losses in grain yield. It is important to
understand the mechanism of wheat plant in response to HL for HL-tolerant breeding in wheat. Xiaoyan 54, a wheat cultivar with
high resistance to HL, is an ideal material to disclose photosynthesis characteristics of wheat when exposed to HL. In this study, the
third-leaf seedlings of Xiaoyan 54 were grown under the condition low light to HL in a growth chamber. The seedlings were sampled
at 0, 1, 3, 8, 24, and 48 h of HL treatment. Simultaneously, the net photosynthetic rate (P,), chlorophyll content (Chl), and
fluorescence parameters were measured with the second leaf. The activities of antioxidant enzymes, such as superoxide dismutase
(SOD), catalase (CAT), ascorbate peroxidase (APX), and glutathione reductase (GR), were also determined. In addition, expression
pattern of the pigment binding protein related genes were evaluated. The results showed that P, increased in the photosynthetic
induction stage that was from 0 h to 8 h of HL treatment, but decreased continuously during the photoinhibition stage that was from 8
h to 48 h of HL treatment. The maximum P, value of 18 pmol CO, m?s"! was observed at the 8 h timepoint of HL treatment. The
parameters G, C;, and T, changed similarly to P, and reached the peaks at the 8 h timepoint of treatment. The contents of total
chlorophyll and chlorophyll a only changed slightly during the 48 h of HL treatment. In contrast, chlorophyll b reduced significantly
from 24 h to 48 h of treatment, and the ratio of chlorophyll a/b increased from 8 h to 48 h of HL treatment. At one hour of HL
treatment, the maximum quantum efficiency of PSII (F,/F,,), the maximum fluorescence (F,,), and variable fluorescence (F,) were
down-regulated significantly, when the heat dissipation was enhanced. The activities of SOD, CAT, APX, and GR were induced to
higher levels with the highest value at 24 h timepoint of HL treatment. From 8 h to 48 h of HL treatment, the Talhcb genes, encoding
LHCII subunits, were down-regulated at the RNA levels. At the early stage of HL treatment (0-3 h), TaELIP1 and TaELIP3 were
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induced, but repressed from 8 h to 48 h. As key enzymes in xanthophyll cycle, the transcripts of TaVDE and TaZEP responded

differently to HL treatment. The expression of TaVDE decreased remarkably at 8 h of HL treatment and maintained a rather low level

till 48 h. However, the expression of TaZEP showed an increase trend from 3 h to 24 h, and decreased at 48 h. In conclusion, when

wheat seedlings exposed to continuous HL for 48 h, photooxidative stress occurred resulting in reductions of P,, F./F, Chl b, and

the expressions of pigment binding protein genes, but activation of the antioxidant enzymes.
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Table 1 Primers of selected genes used for expression analysis
Gene Forward primer (5'-3") Reverse primer (5'-3")
Talhcbl GGAGAACACACAATACACC CCCATTATGTGTGCAGTTC
TalLhcb4 AAAGGCCGAGGAGGACAA CCACCGACCACTTAAGAGG
TalLhch5 CCCTTCTCCCTCAACTTTG TGTGCACGTACGGCACAT
TaLhch6 TCAGCGACCTCACCGTCA CCCCAAAGAAGTCACGGACA
TaELIP1 GCCTGTTGCAGCATCTG GTTTTACACGTTGATGAAGGG
TaELIP3 CCAAGTGTCATCACCATC CGTGGCTACAACAGTTAGTAC
TaZEP ATCCAGATCCAGAGCAACGCGCT AAGAGATCACCTTCAAATTTCCGGC
TaTublin ACCGCCAGCTCTTCCACCCT TCACTGGGGCATAGGAGGAA
1.5
SPSS 11.5 for Windows
2
2.1
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Fig. 1 Changes of photosynthetic rate related parameters in second-leaf of wheat seedlings when transferred from low to high light condition
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Measurements marked with the same letter are not significantly different at 0.05 probability level.
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Fig. 2 Changes of chlorophyll content in second-leaf of wheat seedlings when transferred from low to high light growth condition
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Measurements marked with the same letter are not significantly different at 0.05 probability level.
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Table 2 Changes of chlorophyll fluorescence parameters in second-leaf of wheat seedlings transferred from low to high light growth condition

Treatment with high light

Parameter 0h 1h 3h 8h 24h 48 h
Fin 2916+63.4 2469.5+281.1" 2470.0+86.0" 2289.8+183.9" 2086.3+317.6" 2330.7+84.2"
Fy 2461.8+58.7 2003.3+243.4™ 1996.5+102.2" 1814.3+171.7" 1629.3+278.5" 1884.7+66.1"
Fo/Fm 0.844+0.004 0.8110.009" 0.808+0.014" 0.792+0.012" 0.780+0.016" 0.809+0.006"
P.I. 1.89+0.11 1.52+0.50 1.65+0.26 1.64+0.78 1.09+0.10 1.81£0.38
DI,/CS 70.842.5 88.2+7.2™ 91.1£10.1™ 99.0+4.8" 100.5+4.17" 85.4+6.9™
RC/CS,, 1367.4+68.2 1103.9+194.2° 1148.1+65.4" 1041.5+209.5™ 935.2+154.3" 1156.1+76.0
Fo: s Fy s Fo/F: ;P ; DI,/CS: ; RC/CS,:
T 0.05 0.01

Fmn: maximum fluorescence; F,: variable fluorescence; F,/F,: maximum quantum efficiency of photosystem II; P.l.: performance index; DI,/CS:

dissipated excitation energy at time zero per cross-section; RC/CS,,;: active reaction centers at maximum fluorescence per cross-section; and denote the

significance at 0.05 and 0.01 probability levels, respectively.
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Fig. 3 Changes of the activities of antioxidant enzymes in second-leaf of wheat seedlings transferred from low to high light growth condition
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A: superoxide dismutase (SOD); B: catalase (CAT); C: ascorbate peroxidase (APX); D: glutathione reductase (GR). Measurements marked with the same letter
are not significantly different at 0.05 probability level.
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Fig. 4 Expression patterns of pigment binding protein related genes in second-leaf of wheat seedlings transferred from low to high light growth
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Talhch PSII TaELIP TavVDE TaZEP

Talhch: encoding the light-harvesting chlorophyll a/b proteins of photosystem II; TRELIP: encoding the early light induced protein; TaVDE: encoding the

violaxanthin de-epoxidase; TaZEP: encoding the zeaxanthin epoxidase.
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