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Background: There are recognition receptors on the surface of plant cells that stimulate
immune responses. The conserved components of pathogenic microorganisms that can be
recognized by such receptors are called pathology-related molecular patterns, e.g. ûagellin
22 (FLG22) and chitohexose. This immune triggering pattern is relatively conservative and
is the result of long-term plant evolution. Leaf disease is a common disease of peanut in
late growth period. It has been widely accepted that Ca2+ signal transduction pathway
involved into almost all plant physiological processes. Meanwhile, the regulation of
photosynthesis by immune pathways of triggered by PAMPs in peanuts remains unclear.
Methods: In the present study, we try to assess the role of PAMPs in peanut
photosynthesis, especially, the interaction between PAMPs and Ca2+ signal transduction
pathway. Results:Both FLG22 and chitohexose signiûcantly promoted the expression of
PR-4 and PR-10 genes, and Ca2+ enhanced the expression of these two genes. Ca2+ is
involved in the downregulation of the PSa reaction center activity induced by FLG22
immune response, but the role of chitohexose is not obvious. Additionally, Ca2+

signiûcantly reduced non-photochemical energy dissipation in FLG22 and chitohexose -
induced immune response. Conclusion: These results indicated that both FLG22 and
chitohexose can trigger peanut immune pathways through Ca2+ signal transduction, but
their regulation of PSa reaction center activity is diûerent.
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29 Abstract 

30 Background: There are recognition receptors on the surface of plant cells that stimulate immune 

31 responses. The conserved components of pathogenic microorganisms that can be recognized by 

32 such receptors are called pathology-related molecular patterns, e.g. flagellin 22 (FLG22) and 

33 chitohexose. This immune triggering pattern is relatively conservative and is the result of long-

34 term plant evolution. Leaf disease is a common disease of peanut in late growth period. It has 

35 been widely accepted that Ca2+ signal transduction pathway involved into almost all plant 

36 physiological processes. Meanwhile, the regulation of photosynthesis by immune pathways of 

37 triggered by PAMPs in peanuts remains unclear.

38 Methods: In the present study, we try to assess the role of PAMPs in peanut photosynthesis, 

39 especially, the interaction between PAMPs and Ca2+ signal transduction pathway.

40 Results: Both FLG22 and chitohexose significantly promoted the expression of PR-4 and PR-10 

41 genes, and Ca2+ enhanced the expression of these two genes. Ca2+ is involved in the 

42 downregulation of the PSa reaction center activity induced by FLG22 immune response, but the 

43 role of chitohexose is not obvious. Additionally, Ca2+ significantly reduced non-photochemical 

44 energy dissipation in FLG22 and chitohexose -induced immune response. 

45 Conclusion: These results indicated that both FLG22 and chitohexose can trigger peanut 

46 immune pathways through Ca2+ signal transduction, but their regulation of PSa reaction center 

47 activity is different.

48 Keywords: Peanut, PAMP, Photosynthesis, ROS, Ca2+ signal transduction pathway
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56 Introduction

57 Peanut (Arachis Hypogaea) is an important oil crop in China, even in the world. Besides being 

58 used for oil and food, peanut can be used as raw materials for poultry and aquatic feed 

59 processing since the by-products of peanut processing are rich in protein. 

60 In natural environments, plants inevitably expose to all kinds of microorganisms, especially 

61 disease-causing microbes, which will infect plants to achieve their own growth and reproduction. 

62 When plants are infected, the aging and shedding of leaves will be accelerated. In order to 

63 prevent the further spread of pathogenic microorganisms, the plants themselves will cause the 

64 rapid programmed death of cells around the infection site. This phenomenon is called 

65 hypersensitivity, which is a common mechanism of plant immune response. Plants recognize the 

66 essential components of microbial conservation through pattern recognition receptors (PRR) to 

67 quickly start the immune pathway (Lu et al., 2010). The pathogenic microbial conservation 

68 components that can be recognized by this receptor are called pathogen-associated molecular 

69 patterns (PAMP), and then release a variety of signaling molecules, such as calcium ions (Ca2+), 

70 reactive oxygen species (ROS) and various plant hormones. This mechanism evolved from the 

71 long-term confrontation between pathogenic microorganisms and plants, so the immunity 

72 triggered by pathogen-related molecular patterns is the key to our study of plant immunity (Jie et 

73 al., 2007).

74 Plants use light energy to synthesize CO2 and H2O into organic matter in chloroplasts and 

75 release oxygen, which is known as photosynthesis. Photosynthesis is divided into light reaction 

76 and dark reaction. The light reaction is mainly involved in Photosystem a (PSa) and 

77 Photosystem I (PSI) proteins to convert light energy into chemical energy, while the dark 

78 reaction uses the energy and substances generated by the light reaction to convert CO2 into 

79 organic substances, which is the Calvin cycle. Plant photosynthesis is responsible for most of the 

80 production of oxygen and the fixation of biomass on Earth (Hankamer et al., 1997). Therefore, 

81 when plants are stressed, their cells will devote a lot of energy to resist stress. In this case, the 

82 physiological and biochemical indexes of plants will inevitably decrease, including those of 

83 photosynthesis.

84 Flagella is the motor organ of bacteria, which enables bacteria to respond to stimuli (Hajam et 

85 al., 2017). Flagellin is derived from the conserved N-terminal or C-terminal of the flagella of 
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86 various bacteria. Animal and plant cells are able to recognize flagellin and respond to bacterial 

87 infections in advance. In 1999, Felix et al., purified flagellin from Pseudomonas syringae and 

88 synthesized a highly conserved amino acid residue sequence at the N-terminal as a stimulus to 

89 treat plant cells (Felix et al., 1999). They found that plant cells could rapidly produce reactive 

90 oxygen species and other substances, and identified FLG22 as a key stimulus factor for some 

91 plants to recognize bacteria and produce immune substances (Felix et al., 1999). Gómez-Gómez 

92 et al., further identified the receptor FLS2 with a transmembrane domain involved in the 

93 recognition of FLG22 by screening Arabidopsis mutants (Gómez and Boller 2000), while FLG22 

94 recognizes its extracellular domain (Dunning et al., 2007). Besides FLG22, chitosan has been 

95 widely used in agriculture to increase the ability of plants to resist stress. Although some studies 

96 have found that chitosan can induce plant cells to produce a defense response, and even cause 

97 programmed cell death, more studies believe that chitosan can stimulate a series of defense 

98 responses and enhance plant resistance to stress (Katiyar et al., 2015; Jia et al., 2019; Khan et al., 

99 2003). 

100 Environmental signals trigger rapid and transient increases in cytosolic Ca2+. The alteration in 

101 the level of Ca2+ triggers a full range of signal transduction pathways involved in many 

102 physiological and biochemical processes in response to abiotic and biotic stresses in plants 

103 (Bowler and Fluhr, 2000; Schreiber et al., 1994). Our previous studies have shown that Ca2+ 

104 signaling pathway plays a regulatory role in photosynthesis, regulating the turnover of PSa 

105 reactive center protein components and non-photochemical quenching of chlorophyll 

106 fluorescence (NPQ) (Brunner, 2002). It is well known that there are many common signaling 

107 molecules in the immune and photosynthetic pathways of plants, such as Ca2+ and ROS. In this 

108 study, FLG22 and chitohexose, were used to study the induction of immune response in peanut 

109 leaves as well as photosynthesis. The results showed that both FLG22 and chitohexose could 

110 improve the immune function of peanut by inhibiting the photo-cooperation of peanut leaves to 

111 improve the disease resistance of peanut plants. In short time, Ca2+ synergies FLG22 and 

112 chitohexose to promote the inhibition of photosynthesis and enhance FLG22 and chitohexose as 

113 enhancers of plant immune response.

114
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115 Materials and Methods

116 Plant Materials, Growth Conditions and Treatments

117 Huayu 25, a peanut (Arachis Hypogaea) cultivar variety, was used as material in this study, 

118 which was cultured in small plastic pots containing quartz sand. The upper diameter of the pot is 

119 9 cm, the lower diameter is 6.5 cm and the height is 8 cm. The seedlings incubated without Ca2+ 

120 were marked as NC, and those incubated with Hoagland nutrient solution were marked as CA. 

121 The plants were grown at 25/20°C (day/night) under a 14 h photoperiod [300  m-2 s-1 photon 

122 flux density (PFD)] for 20 d in a greenhouse. Calcium nitrate tetrahydrate was completely 

123 removed from Hoagland nutrient solution and balanced nitrogen with ammonium bicarbonate in 

124 NC. After about 20 days of cultivation, peanut functional leaves were taken and placed in a petri 

125 dish with deionized water for dark adaptation 4 h. The initial data of CA and NC groups were 

126 measured, and then incubated with 1  FLG22 and 200 g ml-1 chitohexose for 1 h, 2 h and 4 h, 

127 respectively.

128

129 Chloroplast fluorescence measurement

130 Determination of Chlorophyll fluorescence with a portable fluorometer (FMS2, Hansatech, UK) 

131 according to the protocol described (Zargar et al., 2015). A Handy PEA was used to measure 

132 photosynthetic parameters after dark adaptation. Photosynthetic parameters were calculated with 

133 reference to Strasser (Zargar et al., 2015). After fully dark adaptation of isolated leaves in each 

134 group, PI(abs), a performance index based on absorbed light energy, was measured in the whole 

135 process by a continuous excitation fluorescence analyzer (Handy PEA), which was attached to 

136 the leaf clip on the probe. NPQ was estimated as NPQ = Fm/Fm�-1 according to (Yang et al., 

137 2015b), where Fm was measured after dark adaptation for more than 2 h at room temperature 

138 prior to stress,  is the maximum intensity of fluorescence in light-acclimated leaves.

139

140 Determination of ROS

141 Hydrogen peroxide (H2O2) concentration was measured according to the method of (Yang et al., 

142 2015a) with modifications. The leaf samples (0.5 g) were homogenized with 3 ml phosphate 

143 buffer (50 mM, pH 6.8). The homogenate was centrifuged at 6 000 × g for 25 min. Extracted 

144 solution (3 ml) was mixed with 1 ml of 0.1% titanium sulfate in 20% (v/v) H2SO4 and the 

145 mixture was then centrifuged at 6 000 × g for 15 min. The intensity of the yellow supernatant 
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146 was measured at 410 nm. H2O2 level was calculated using an extinction coefficient of 0.28 

147
 cm  according to the standard curve plotted with known H2O2 concentration.

148 The assay for superoxide anion (O2
��) was performed as described by (Yang et al., 2015a). 

149 Fresh leaves without midrib were thoroughly ground in an ice bath in a grinding medium 

150 containing 0.05 M phosphate buffer (pH 7.8). The homogenate was centrifuged at 5 000 × g for 

151 10 min at 4°C. The supernatant with phosphate buffer (pH 7.8) and 10 mM hydroxylammonium 

152 chloride was incubated at 25°C for 20 min, then 17 mM p-aminobenzene sulfonic acid and 7 mM 

153  were added, and the mixture was incubated at 25°C for 20 min. Finally, ethyl 

154 ether was added into the mixture that was centrifuged at 1 500 × g for 5 min. The water phase 

155 was used to determine the absorbance at 530 nm. The O2
�� generation was calculated per g fresh 

156 mass of leaves.

157

158 The total RNA extraction and Real Time PCR

159 Total RNA was extracted from the peanut leaves with the RNA simple kits (TIANGEN 

160 BIOTECH, China) according to the manufacture�s protocol. cDNAs were reverse transcribed 

161 using the PrimeScript� first-strand cDNA synthesis kit (K1622 Thermo scientific). The PCR 

162 was amplified following the instruction of SYBR Premix Ex TaqTM (TaKaRa, Inc., Dalian, China) 

163 with the qRT-PCR amplification instrument (ABI 7500, USA). The TUA5 gene was used as 

164 control to calculate the relative expression level.

165 The sequences of PR-4, PR-10, PsbO and PsbP genes were obtained from NCBI, and the 

166 accession numbers were XM_025747762.2ÿEU661964.1ÿXM_025833053ÿXM_025809804, 

167 respectively. Primer sequences were as follows: TUA5-F (5'-3'): 

168 CTGATGTCGCTGTGCTCTTGG; TUA5 �R (5'-3'): CTGTTGAGGTTGGTGTAGGTAGG; 

169 PR-4 F (5'-3'): ACTGCTTTCTGTGGGCCTGTTG; PR-4 R (5'-3'): 

170 GCCCTCCATTGCTGCACTGATC; PR-10 F (5'-3'): TTGAGGGAAACGGTGGTCCT; PR-10 

171 R (5'-3'): GAGCCACTCCTCCAACAACG.

172

173 Statistical Analysis

174 Statistical significance between groups was evaluated with one-way analysis of variance 

175 (ANOVA) followed by Duncan�s multiple range test in SPSS Statistics 20.0 (SPSS Inc., Chicago, 

176 IL, USA). The mean ± standard error was calculated from three biological replicates per 
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177 treatment group for each assay. Differences were considered statistically significantly at p < 0.05.

178

179 Results

180 FLG22 and chitohexose induced PR gene expression

181 PAMPs or pathogenic microorganisms can trigger immune response in plants. Not only ROS-

182 mediated signaling but also mitogen-activated protein kinase (MAPK) is activated upon FLG22 

183 to regulate the change in the expression of pathogenic related gene (PR) (Tornero et al., 1997). 

184 In the present study, PR-4 and PR-10 were selected to assess the effects of FLG22 and 

185 chitohexose. PR-4 is associated with chitinase and has antifungal activity, PR-10 gene family 

186 encodes small proteins with cytoplasmic localization, which play roles in RNA enzymes and 

187 post-translational modifications and respond to both non-biological and biological factors (Kaku 

188 et al., 2006). Chitohexose belongs to chitohexose fragments, and chitohexose oligosaccharide is 

189 a highly effective plant defense stimulator. Both FLG22 and chitohexose significantly promoted 

190 the expression of PR-4 (Fig. 1a, 1c) and PR-10 genes (Fig. 1b, 1c), and the increase in their 

191 expression level was more evident at the presence of Ca2+ (Fig. 1) suggesting that peanut can 

192 respond to plant immune regulation positively, and Ca2+ signal transduction pathway is involved 

193 into the immune response caused by FLG22 and chitohexose.

194

195 Effects of FLG22 and chitohexose on the activity of photosystem reaction center

196 PI(abs) was an important parameter which could comprehensively reflect the density, absorption 

197 and electron transfer of PSa optical reaction center. When treated with FLG22, PI(abs) of CA 

198 group decreased and then remained unchanged, while that of NC group increased slightly and 

199 then kept unchanged, compared with that of untreated samples, the PI(abs) of CA group was lower 

200 while that of NC group was higher (Table 1). PI(abs) of NC group did not change when treated 

201 with chitohexose, and PI(abs) of CA group decreased at first and almost returned to the initial 

202 level after 4 hours of treatment (Table 1). It seems that the immune response triggered by FLG22 

203 and chitohexose can reduce the number of reaction centers and the performance index of leaf 

204 light absorption. And the decrease of the number of reaction centers would cause the decrease of 

205 the maximum light conversion efficiency and photosynthetic performance index, and then reduce 
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206 the photosynthesis of plants, while the effects of chitohexose were not obvious. Since Ca2+ has a 

207 positive response to FLG22 but chitohexose triggered immune response and can mobilize 

208 resources for the immune pathway more quickly, the density of response centers with Ca2+ 

209 involvement is significantly lower than that without Ca2+, and the Ca2+ signal transduction 

210 pathway reduces the reducing power of PSa reaction centers, thus improving the protective role 

211 of plants.

212

213 FLG22 and chitohexose induced CP12 and PsbS gene expression

214 PsbS encodes one of PSa protein component which is related to NPQ. Under FLG22 treatment, 

215 the expression of PsbS gene showed an up-regulated trend in NC group, however, it showed a 

216 down-regulated trend in CA group, even it had a short increase at first 1h treatment, and the 

217 expression level of CA group was significantly lower than that in NC group (Fig. 2a). When 

218 treated with chitohexose, the expression trend of PsbS showed down-regulated trends in both CA 

219 group and NC group with no obvious difference between CA group and NC group (Fig. 2c).

220 CP12 participated in Calvin cycle which was localized in chloroplastid. The expressions of 

221 CP12 were detected when treated with FLG22 and chitohexose, respectively. The expression of 

222 CP12 showed a down-regulated trend in CA group, even it slowly up-regulated at the end of the 

223 treatment which was not reach the initial level. The expression showed an up-regulated trend in 

224 NC group, and its expression level is obviously higher than that in CA group (Fig. 2b). When 

225 treated with chitohexose, the expression of CP12 showed a down-regulated trend in both NC 

226 group and CA group, even it had a short up-regulation in first 2 h in CA group. During the whole 

227 treatment, its expression level showed higher in CA group than that in NC group (Fig. 2d). These 

228 results suggested that FLG22 induced the expression of CP12, while Ca2+ prevented this 

229 progress and become less effective. After treated with chitohexose, the expression of CP12 was 

230 restrained, although Ca2+ can only slow this process.

231

232 Influence of immune response triggered by FLG22 and chitohexose on energy dissipation

233 During the process of plant immunity, the immune response was more efficient when the plants 
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234 activated the inhibited photosynthesis through MAPK cascade signal. The captured light energy 

235 was mainly consumed through three pathways including photochemical electron transfer, 

236 chlorophyll fluorescence emission and heat dissipation during photosynthesis. Among them, 

237 photochemical electron transport was related to the synthesis of photosynthate, and chlorophyll 

238 fluorescence emission was only a small part of light energy consumption, and the excess energy 

239 would cause damage to PSa through the photooxidation induced by the accumulation of ROS. 

240 Therefore, heat dissipation was an important way to consume excess light energy and prevent 

241 photodamage. To excess excitation energy as heat dissipation in a harmless way was called NPQ. 

242 Violaxanthin de-epoxidase (VDE) encodes Violaxanthin de-epoxidase, which interacted with 

243 PsbS to participate the composition of NPQ. The expression of VDE was continued down-

244 regulated till 2 h after treated with FLG22, and slightly up-regulated at 4 h in both NC and CA 

245 groups, and the expression of VDE showed similar in CA group and NC group, while at 4 h, the 

246 VDE expression was significantly lower in CA group comparing to NC group (Fig. 3a). 

247 Meanwhile, the VDE expressed up-regulated at 1 h and 2 h but down-regulated at 4 h after 

248 treaded with chitohexose in CA group while only up-regulated at 1 h and down-regulated at both 

249 2 h and 4 h in NC group (Fig. 3c). These results suggested that chitohexose could induced up-

250 regulation of VDE comparing with FLG22, and Ca2+ promoted the regulation of the expression 

251 of VDE. 

252 NPQ can reflect excess energy dissipation in plants and is related to PsbS protein and the 

253 xanthophyll cycle. As shown in Fig. 3, when treated with FLG22, the NPQ of both CA group 

254 and NC group significantly decreased, while the NPQ of NC group was higher than that in CA 

255 group. And, when treated with chitohexose, NPQ of both CA and NC groups showed a 

256 downward trend, and NPQ in CA group was significantly lower than that in NC group (Fig. 3b, 

257 3d). These results suggested that both FLG22 and chitohexose induced immune responses can 

258 reduce energy dissipation in peanut leaves, and Ca2+ is involved in reducing non-photochemical 

259 energy dissipation in the immune response process stimulated by both of them.

260

261 Changes in the content of ROS induced by FLG22 and chitohexose

262 ROS plays an important role in various physiological processes such as immune response, 
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263 development, cell elongation and hormone signaling in plants (Wan et al., 2008). When exposure 

264 to Ca2+, plant immune regulation is often accompanied by the rise of ROS, which act as signal 

265 molecules in the immune pathway and enhance the ability of cells to resist pathogenic 

266 microorganisms (Bautista-Baños and Hernández-López, 2004). The rise of H2O2 and O2.- is one 

267 of the characteristics of early defense response after PAMPs recognition by plants (Li et al., 

268 2016). There was no obvious difference of the H2O2 content between the NC group and the CA 

269 group under both FLG22 and chitohexose treatment (Fig. 4a, 4c) with the increase of the early 

270 stage of treatment. The contents of O2
.- in the cytoplasm of peanut leaves began to increase 

271 during the first 1 h under both FLG22 and chitohexose treatment, while the NC group was 

272 slightly higher than the CA group within following 3 h (Fig. 4b, 4d), which may be related to the 

273 Ca2+ signaling pathway improving the ROS scavenging capacity of plants (Katiyar et al., 2015). 

274 These results indicated that the rise of ROS in peanut leaves is an important process of plant 

275 immune regulation. The rise of ROS in peanut leaves is an important process of plant immune 

276 regulation, but the role of Ca2+ regulation only has slight effects on the accumulation of O2.� (Fig. 

277 4b, 4d).

278

279 Discussion

280 Peanut (Arachis Hypogaea) is an important oil crop in China, and its yield and quality are of 

281 great significance to ensure the safety of grain and oil in China. In the late growth period, peanut 

282 leaves often suffer from disease infection, which seriously affects the yield and quality of peanut. 

283 When leaves are threatened by disease, the plant will devote a lot of energy to resist the disease 

284 threat. In this process, photosynthesis and other physiological and biochemical indicators will 

285 inevitably be reduced. The main purpose of this study was to study the effects of FLG22 and 

286 chitohexose on the immune response process and the regulation of photosynthesis in peanut. 

287 Since Ca2+ is an essential element in plant growth and plays a regulatory role in plant 

288 photosynthesis (Yang et al., 2015b; Yang et al., 2013), this study further analyzed the synergistic 

289 effect of Ca2+ with plant immune modulator FLG22 and chitohexose in photosynthesis regulation.

290 Being the motor organ that enables bacteria to respond to stimuli (Hajam et al., 2017), 

291 flagellin is derived from the conserved N-terminal or C-terminal of the flagella of various 
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292 bacteria and belongs to the protein PAMPs. Because of these characteristics, animal and plant 

293 cells can recognize flagellin. Additionally, chitohexose is a natural, biodegradable polymer 

294 material, which is widely used in beauty, food, biology, medicine, agriculture and other fields 

295 (Bautista-Baños and Hernández-López, 2004). Chitohexose, a fragment of chitosan belonging to 

296 sugar PAMPs, has the same biological effects, although it is a high polymer (Li et al., 2016). 

297 As a marker gene that responds to immune-related plant hormones such as salicylic acid, 

298 jasmonic acid and ethylene, and also an important component of plant defense system, PR-4 and 

299 PR-10, which belong to PR gene family, can be induced by biological or abiotic stress (Liu et al., 

300 2014; Du et al., 2017), both of their expression increased when treated with FLG22 and 

301 Chitohexose (Fig. 1), and the high expression level of PR-4 and PR-10 companied by the high 

302 content of ROS in peanut leaves (Fig. 4) suggested that FLG22 and Chitohexose could trigger an 

303 immune response to improve the plant's ability to environmental stress. ROS play an important 

304 role in promoting tissue repair and resistance to pathogenic microorganisms in plants (Asada, 

305 2006). Plants often respond to stress by forming ROS (Vera-Jimenez and Nielsen, 2013) to 

306 improve the resistance. As a second messenger, Ca2+ participates in the regulation of most cell 

307 physiological metabolism. A large number of experimental studies have shown that Ca2+ signal is 

308 also involved in the signal transduction process of plant-pathogen interaction (Ma et al., 2009). 

309 The existence of Ca2+ inhibits the accumulation of O2
.- in plant immune processes during 

310 response to FLG22 and chitohexose (Fig. 4b, 4d). In addition, it seems that Ca2+ signal 

311 transduction pathway can not only stabilize the immune response, but also improve the disease 

312 resistance of plants since Ca2+ synergistically inducing the expression of PR-4 and PR-10 genes 

313 in peanut leaves, and promoting the regulation of FLG22 and chitohexose on the expression of 

314 pathogen-related genes in peanut leaves (Fig. 1). 

315 When the plant defense signal reaches the cytoplasm, it is further transmitted to each organelle. 

316 There are calcium-related channels in the chloroplast membrane that transmit signals to 

317 chloroplast bodies. The performance index PI(abs) based on the absorption of light energy showed 

318 that Ca2+ was involved in the activity of PSa reaction center in the process of down-regulating 

319 the immune response induced by FLG22, while NC group relatively moderated the effect of 

320 immune regulation on PSa activity (Table 1). Gao et al., treated tobacco leaves infected with 

321 pathogenic microorganisms with Ca2+ channel inhibitor LaCl3 and obtained similar results (Gao 

322 et al., 2012). In FLG22-induced immune pathway, Ca2+ can actively respond to the immune 
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323 pathway with causing lower PI(abs). It seems that Ca2+ and chitohexose has different role on 

324 PSareaction center activity since chitohexose has not significant effects on PI(abs) (Table 1). 

325 CP12 is a chloroplast and photosynthesis-related protein that participates in the Calvin cycle 

326 of photosynthesis by interacting with glyceraldehyde 3-phosphate dehydrogenase (GAPDH) and 

327 Phosphoribulokinase (PRK) (Rocha and Vothknecht, 2013). Although the different responses of 

328 CP12 after treated with FLG22 and chitohexose, chitohexose inhibited the expression of CP12 

329 gene compared with FLG22, and then inhibited the Calvin cycle in plants, thus reducing plant 

330 photosynthesis. At the same time, Ca2+ participation can still inhibit CP12 gene expression, 

331 although it slows down the effects (Fig. 2). 

332 The expression level of PsbS and VDE were identified in this study which participate in the 

333 stabilization of PSa. When treated with FLG22 and chitohexose, the relative expression of PsbS 

334 and VDE suggested that compared with FLG22, the immune pathway induced by chitohexose 

335 induced PsbS gene down-regulation and VDE gene up-regulation, while in the case of 

336 chitohexose treatment, Ca2+ plays a more significant role in regulating the expression of VDE 

337 gene. Since PsbS gene expression can improve photosynthetic capacity, and VDE gene 

338 expression can protect photosynthetic organs from damage excess light energy, then explain, 

339 chitohexose can reduce the photosynthesis of plants, but it can make the photosynthetic organs 

340 from the destruction of excess light energy, improve the plant of photosynthetic organ protection 

341 (Sylak-Glassman et al., 2014). 

342 Heat dissipation is an important pathway to protect plant photosynthetic reaction centers. NPQ 

343 can be used to reflect the ability of plants to dissipate excess light energy. The larger NPQ is 

344 under strong light, the stronger the plant's photoprotection ability is. It has been clear that NPQ is 

345 closely related to calcium ions (Yang et al., 2013). FLG22 and chitohexose could reduce the heat 

346 dissipation, while Ca2+ further inhibited the heat dissipation treated with FLG22 and chitohexose 

347 (Fig. 3b, 3d). Besides NPQ, the reaction center inactivation also helps plant to dissipate excess 

348 energy when treated with Ca2+, because of the decreased expression of CP12 (Fig. 2b, 2d). The 

349 Ca2+- free treatment may dissipate heat mainly by inactivation of the reaction center. The 

350 decrease of heat dissipation may be attributed to the fact that plants can increase the energy 

351 utilization rate of plants by reducing energy dissipation, which is used to rapidly cause the 

352 eruption of reactive oxygen species (Fig. 4), thereby accelerating the triggering of immune 

353 regulation (Göhre et al., 2012).
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354 FLG22 and chitohexose can enhance the immune response of plants by reducing 

355 photosynthesis, thus improving the disease resistance of plants. inhibited photosynthesis by 

356 inducing down-regulation of PsbS and CP12 genes (Fig. 2), promoting up-regulation of VDE 

357 genes, and decreasing heat dissipation and non-photochemical energy dissipation of peanut 

358 leaves (Fig. 3). Therefore, it seems that FLG22 and chitohexose can enhance the immune 

359 response with different pathway to increase the resistance of peanuts, and FLG22 is focused on 

360 downregulating activation of photosynthetic reaction centers, while chitohexose mainly 

361 regulating the accumulation of ROS, especially O2
.-.

362

363 Conclusions

364 Hypersensitivity reaction is a common mechanism of plant immune response. On the surface of 

365 plant cells, there are recognition receptors that stimulate the immune response. The conserved 

366 components of pathogens that can be recognized by receptors, such as flagellin flg22 and 

367 chitosan. At present, there are many studies on the regulation of photosynthesis under adverse 

368 stress, but there are relatively few studies on the regulation of photosynthesis by immune 

369 regulation, while that regulation of peanut photosynthesis by immune pathway triggered by 

370 PAMPs has not been reported. In this study, "Huayu 25" peanut seedlings were used as 

371 experimental materials, and peanut leaves were treated with flg22 and Chitohexaose respectively. 

372 Since calcium is the initial signal of immune regulation, peanut seedlings were watered with 

373 common nutrient solution (with calcium: CA) and non-calcium nutrient solution (without 

374 calcium: NC). Finally, the photosynthesis and other parameters of the treated leaves were 

375 measured. The results indicated that flg22 and chitosaccharides triggered peanut immune 

376 pathways through Ca2+ signaling. flg22 triggered the immune pathway mediated by Ca2+ can 

377 decrease the activity of photosynthetic reaction center. However, the lack of Ca2+ can alleviate 

378 the damage caused by the immune pathway to PSa, but the activity of PSa will be affected. 

379 Compared with flg22, the immune pathway triggered by chitosaccharides has less influence on 

380 photosynthetic electron transport, and both flg22 and chitosaccharides cause reduced energy 
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381 dissipation, while the down-regulation of NPQ requires Ca2+ participation.

382 Funding 

383 This study is supported by the Natural Science Foundation of China (32272020), Natural Science 

384 Foundation of Shandong Province (ZR2023MC109), Shandong Key R&D Program (Major 

385 Scientific and Technological Innovation Project) (ZFJH202310), Shandong Academy of 

386 Agricultural Sciences innovation project (CXGC2023F13), Huangshan science and technology 

387 plan project (2022KN-02).

388 List of abbreviations

389 FLG22, flagellin 22; H2O2, Hydrogen peroxide; GAPDH, glyceraldehyde 3-phosphate 

390 dehydrogenase; MAPK, Mitogen-activated protein kinase; NPQ, Non-photochemical quenching; 

391 PAMP, Athogen-associated molecular patterns; PFD, Photon flux density; PR, pathogenic 

392 related gene; PRK, Phosphoribulokinase; PRR, Pattern recognition receptors; PSI, Photosystem I; 

393 PSII, Photosystem II; ROS, Reactive oxygen species; VDE, Violaxanthin de-epoxidase.

394 Competing Interests

395 The authors declare that they have no competing interests.

396 Authors' Contributions

397 SW and XL designed the study, QW and YZ carried out most of the experiments and data 

398 analysis and wrote part of the manuscript. SY wrote part of the manuscript and finalized the 

399 figures and tables. LC and JM performed part of the experiments. All authors have read and 

400 approved the manuscript.

401 References

402 Asada K. 2006. Production and scavenging of reactive oxygen species in chloroplasts and their 

403 functions. Plant Physiology 141(2): 391-396.

404 Bautista-Baños S, Hernández-López M. 2004. Growth Inhibition of Selected Fungi by Chitosan 

405 and Plant Extracts. Revista Mexicana De Fitopatología 22: 178-186.

406 Bowler C, Fluhr R. 2000. The role of calcium and activated oxygens as signals for controlling 

407 cross-tolerance. Trends in Plant Science 5: 241-246.

408 Brunner F. 2002. Pep-13, a plant defense-inducing pathogen-associated pattern from 

PeerJ reviewing PDF | (2023:09:90414:0:1:NEW 13 Sep 2023)

Manuscript to be reviewed



409 Phytophthora transglutaminases. EMBO Journal 21(24): 6681-6688.

410 Du X, Wang S, Gao F, Zhang L, Zhao JH, Guo HS, Hua C. 2017. Expression of pathogenesis-

411 related genes in cotton roots in response to Verticillium dahliae PAMP molecules. Science 

412 China-life Sciences 60(8): 852-860.

413 Dunning FM, Sun W, Jansen KL, Helft L, Bent AF. 2007. Identification and mutational analysis 

414 of Arabidopsis FLS2 leucine-rich repeat domain residues that contribute to flagellin 

415 perception. The Plant Cell 19(10): 3297-3313.

416 Gao Y, Huang W, Zhu L, Chen J. 2012. Effects of LaCl3 on the growth and photosynthetic 

417 characteristics of Fny-infected tobacco seedlings. Journal of Rare Earths 30(7): 725-730.

418 Göhre V, Jones AM,  J, Robatzek S, Weber AP. 2012. Molecular Crosstalk Between 

419 PAMP-Triggered Immunity and Photosynthesis. Molecular Plant-Microbe Interactions 

420 25(8): 1083-1092.

421 Gómez L, Boller T. 2000. FLS2: an LRR receptor-like kinase involved in the perception of the 

422 bacterial elicitor flagellin in Arabidopsis. Molecular cell 5(6): 1003-1011.

423 Felix G, Duran JD, Volko S, Boller T. 1999. Plants have a sensitive perception system for the 

424 most conserved domain of bacterial flagellin. Plant Journal 18(3): 265-76. 

425 Hajam IA, Dar PA, Shahnawaz I, Jaume JC, Lee JH. 2017. Bacterial flagellin�a potent 

426 immunomodulatory agent. Experimental And Molecular Medicine 49(9): e373.

427 Hankamer B, Barber J, Boekema EJ. 1997. Structure and membrane organization of 

428 photosystemain Green Plants. Annu Rev Plant Physiology Plant Molecular Biology 48(1): 

429 641-671.

430 Li P, Linhardt RJ, Cao Z. 2016. Structural characterization of oligochitosan elicitor from 

431 Fusarium sambucinum and its elicitation of defensive responses in Zanthoxylum 

432 bungeanum. International Journal of Molecular Sciences 17(12): 2076.

433 Lu D, Wu S, Gao X, Zhang Y, Shan L, He P. 2010. A receptor-like cytoplasmic kinase, BIK1, 

434 associates with a flagellin receptor complex to initiate plant innate immunity. Proceedings 

435 of the National Academy of Sciences of the United States of America 107(1): 496-501.

PeerJ reviewing PDF | (2023:09:90414:0:1:NEW 13 Sep 2023)

Manuscript to be reviewed



436 Jia Y, Ma Y, Zou P, Cheng G, Zhou J, Cai S. 2019. Effects of different oligochitosans on 

437 isoflavone metabolites, antioxidant activity and isoflavone biosynthetic genes in soybean 

438 (Glycine max) seeds during germination. Journal of Agricultural and Food Chemistry 

439 67(16): 4652-4661.

440 Jie Z, Shao F, Yan L, Cui H, Chen L, Li H, Yan Z, Long C, Lan L, Chai J. 2007. A pseudomonas 

441 syringae effector inactivates MAPKs to suppress PAMP-induced immunity in plants. Cell 

442 Host Microbe 1(3): 175-185.

443 Kaku H, Nishizawa Y, Ishii-Minami N, Akimoto-Tomiyama C, Dohmae N, Takio K, Minami E, 

444 Shibuya N. 2006. Plant cells recognize chitin fragments for defense signaling through a 

445 plasma membrane receptor. Proceedings of the National Academy of Sciences of the United 

446 States of America 103(29): 11086-11091.

447 Katiyar D, Hemantaranjan A, Singh B. 2015. Chitosan as a promising natural compound to 

448 enhance potential physiological responses in plant: a review. Indian Journal of Plant 

449 Physiology 20(1): 1-9.

450 Khan W, Prithiviraj B, Smith DL. 2003. Chitosan and chitin oligomers increase phenylalanine 

451 ammonia-lyase and tyrosine ammonia-lyase activities in soybean leaves. Journal of Plant 

452 Physiology 160(8): 859-863.

453 Liu JZ, Braun E, Qiu WL, Shi YF, Marcelino-Guimarães FC, Navarre D, Hill JH, Whitham SA. 

454 2014. Positive and Negative Roles for Soybean MPK6 in Regulating Defense Responses. 

455 Molecular plant�microbe interactions 27(8): 824-834.

456 Ma W, Qi Z, Smigel A, Walker RK, Verma R, Berkowitz GA. 2009. Ca2+, cAMP, and 

457 transduction of non-self perception during plant immune responses. Proceedings of the 

458 National Academy of Sciences of the United States of America 106(49): 995-1000.

459 Ottow EA, Brinker M, Teichmann T, Fritz E, Kaiser W, Brosché M, Kangasjärvi J, Jiang X, 

460 Polle A. 2005. Populus euphratica displays apoplastic sodium accumulation, osmotic 

461 adjustment by decreases in calcium and soluble carbohydrates, and develops leaf succulence 

462 under salt stress. Plant Physiology 139: 1762-1772.

PeerJ reviewing PDF | (2023:09:90414:0:1:NEW 13 Sep 2023)

Manuscript to be reviewed



463 Rocha AG, Vothknecht UC. 2013. Identification of CP12 as a Novel Calcium-Binding Protein, 

464 in Chloroplasts. Plants (Basel) 2(3): 530-540.

465 Schreiber U, Bilger W, Neubauer C. 1994. Chlorophyll fluorescence as a nonintrusive indicator 

466 for rapid assessment of in vivo photosynthesis. In: Ecophysiology of Photosynthesis. Edited 

467 by Schulze ED, Caldwell MM, Springer-Verlag Berlin 49-70.

468 Sylak-Glassman EJ, Malnoë A, De Re E, Brooks MD, Fischer AL, Niyogi KK, Fleming GR. 

469 2014. Distinct roles of the photosystemaprotein PsbS and zeaxanthin in the regulation of 

470 light harvesting in plants revealed by fluorescence lifetime snapshots. Proceedings of the 

471 National Academy of Sciences of the United States of America 111(49): 17498-17503.

472 Tornero P, Gadea J, Conejero V, Vera P. 1997. Two PR-1 genes from tomato are differentially 

473 regulated and reveal a novel mode of expression for a pathogenesis-related gene during the 

474 hypersensitive response and development. Molecular Plant-Microbe Interactions 10(5): 

475 624-34.

476 Vera-Jimenez NI, Nielsen ME. 2013. Carp head kidney leukocytes display different patterns of 

477 oxygen radical production after stimulation with PAMPs and DAMPs. Molecular 

478 Immunology 55(3): 231-236.

479 Wan J, Zhang XC, Stacey G. 2008. Chitin signaling and plant disease resistance. Plant Signaling 

480 & Behavior 3(10): 831-833.

481 Yang S, Meng DY, Hou LL, Li Y, Guo F, Meng JJ, Wan SB, Li XG. 2015a. Peanut violaxanthin 

482 de-epoxidase alleviates the sensitivity of PSa photoinhibition to heat and high irradiance 

483 stress in transgenic tobacco. Plant Cell Reports 34: 1417-1428. 

484 Yang S, Wang F, Guo F, Meng JJ, Li XG, Dong ST, Wan SB. 2013. Exogenous calcium 

485 alleviates photoinhibition of PSaby improving the xanthophyll cycle in peanut (Arachis 

486 hypogaea) leaves during heat stress under high irradiance. PLoS One 8: e71214.

487 Yang S, Wang F, Guo F, Meng JJ, Li XG, Wan SB. 2015b. Exogenous calcium contributes to 

488 photoprotection and repair of photosystem II in peanut (Arachis hypogaea L.) leaves during 

PeerJ reviewing PDF | (2023:09:90414:0:1:NEW 13 Sep 2023)

Manuscript to be reviewed



489 heat stress under high irradiance. Journal of Integrative Plant Biology 57(5): 486-495.

490 Zargar V, Asghari M, Dashti A. 2015. A Review on chitin and chitosan polymers: structure, 

491 chemistry, solubility, derivatives, and applications. ChemBioEng Reviews 2(3): 204-226.

492

493 Figure legends

494 Fig. 1 Effects of FLG22 and chitohexose treatments on expression level of pathogen related 

495 genes in peanut leaves. (a) Expression of PR-4 gene in peanut leaves treated with  FLG22; 

496 (b) Expression of PR-10 gene in peanut leaves treated with  FLG22; (c) Expression of PR-4 

497 gene in peanut leaves treated with  chitohexose; (d) Expression of PR-10 gene in 

498 peanut leaves treated with  chitohexose. Means ± SD.

499

500 Fig. 2 Effects of FLG22 and chitohexose treatments on expression level of photosynthesis-

501 related genes CP12 and PsbS in peanut leaves. (a) Expression of PsbS gene in peanut leaves 

502 treated with  FLG22; (b) Expression of CP12 gene in peanut leaves treated with  

503 FLG22; (c) Expression of PsbS gene in peanut leaves treated with  chitohexose; (d) 

504 Expression of CP12 gene in peanut leaves treated with  chitohexose. Means ± SD. 

505

506 Fig. 3 Effects of FLG22 and chitohexose treatments on expression level VDE gene and NPQ in 

507 peanut leaves. (a) Expression of VDE gene in peanut leaves treated with  FLG22; (b) NPQ 

508 in peanut leaves treated with  FLG22; (c) Expression of VDE gene in peanut leaves treated 

509 with  chitohexose; (d) NPQ in peanut leaves treated with  chitohexose. Means 

510 ± SD.

511

512 Fig. 4 Effects of FLG22 and chitohexose treatments on content of H2O2 and O2
.- in peanut leaves. 

513 (a) Changes of content of H2O2 in peanut leaves treated with  FLG22; (b) Changes of 

514 content of O2
.- in peanut leaves treated with  FLG22; (c) Changes of content of H2O2 in 

515 peanut leaves treated with  chitohexose; (d) Changes of content of O2
.- in peanut leaves 

516 treated with  chitohexose. Means ± SD.

517 Table. 1 Effects of FLG22 and chitohexose treatments on the activity of photosystem reaction 

518 center indicated by PI(abs).

519
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Table 1(on next page)

Eûects of FLG22 and chitohexose treatments on the activity of photosystem reaction
center indicated by PI(abs).
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1 Table 1. Effects of FLG22 and chitohexose treatments on the activity of photosystem reaction center indicated by PI(abs)

FLG 22 (1¿M) Chitohexose (200¿g/ml)

Time (h) NC

(Means ± SD)

CA

(Means ± SD)

NC

(Means ± SD)

CA

(Means ± SD)

1 8.7832 ± 0.2625 9.1767 ± 0.372 9.5630 ± 1.02834 10.0273 ± 1.0144

2 9.2564 ± 0.02548 7.8374 ± 0.3453 9.6554 ± 1.16634 9.6740 ± 1.53454

3 9.0753 ± 0.3731 7.9554 ± 0.3327 9.8453 ± 0.82384 9.0673 ± 0.74309

4 8.8453 ± 0.5834 7.9443 ± 0.1899 9.8026 ± 0.5864 9.8632 ± 1.18847

2
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Figure 1
Eûects of FLG22 and chitohexose treatments on expression level of pathogen related
genes in peanut leaves.

(a) Expression of PR-4 gene in peanut leaves treated with 1¿M FLG22; (b) Expression of
PR-10 gene in peanut leaves treated with 1¿M FLG22; (c) Expression of PR-4 gene in peanut
leaves treated with 200¿g/ml chitohexose; (d) Expression of PR-10 gene in peanut leaves
treated with 200¿g/ml chitohexose. Means ± SD.
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Figure 2
Eûects of FLG22 and chitohexose treatments on expression level of photosynthesis-
related genes CP12 and PsbS in peanut leaves.

(a) Expression of PR-4 gene in peanut leaves treated with 1¿M FLG22; (b) Expression of
PR-10 gene in peanut leaves treated with 1¿M FLG22; (c) Expression of PR-4 gene in peanut
leaves treated with 200¿g/ml chitohexose; (d) Expression of PR-10 gene in peanut leaves
treated with 200¿g/ml chitohexose. Means ± SD.
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Figure 3
Eûects of FLG22 and chitohexose treatments on expression level VDE gene and NPQ in
peanut leaves.

(a) Expression of VDE gene in peanut leaves treated with 1¿M FLG22; (b) NPQ in peanut
leaves treated with 1¿M FLG22; (c) Expression of VDE gene in peanut leaves treated with
200¿g/ml chitohexose; (d) NPQ in peanut leaves treated with 200¿g/ml chitohexose. Means
± SD.
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Figure 4

Eûects of FLG22 and chitohexose treatments on content of H2O2 and O2
.- in peanut

leaves.

(a) Changes of content of H2O2 in peanut leaves treated with 1¿M FLG22; (b) Changes of

content of O2
.- in peanut leaves treated with 1¿M FLG22; (c) Changes of content of H2O2 in

peanut leaves treated with 200¿g/ml chitohexose; (d) Changes of content of O2
.- in peanut

leaves treated with 200¿g/ml chitohexose. Means ± SD.
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