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Effects of Melatonin on Tomato Polyamine Metabolism and Cold Tolerance Gene
Expression under Low Temperature Stress
LI Xian, YANG Lian, WU Fengzhi
(College of Horticulture and Landscape, Northeast Agricultural University, Harbin, Heilongjiang 150030, China)
Abstract: [ Objective] Polyamine metabolism and expression of cold tolerance genes associated with the mechanism of
melatonin in alleviating low temperature stress in tomato were investigated. [ Method] Solutions of melatonin in the
concentrations of 50, 100, 200, and 300 umol~L71 were sprayed on the leaves of Dongnong 708 tomato plants (Solanum
lycopersicum). Under low temperature, optimal concentration of melatonin for the stress alleviation was determined according
to the malondialdehyde content and electrolyte leakage rate in the leaves. Effects of the treatment on the growth, polyamine
metabolism, and cold tolerance gene expression, as well as those of putrescine (Put) synthesis inhibitor and melatonin
pretreatment on polyamine content and antioxidant characteristics, of the plants were determined. [Result] Pretreating the
tomato plans with melatonin prior to low temperature exposure lessened the seedling growth retardation induced by the stress.
The plant height and fresh/dry weights as well as the Put in leaf at all stages of the stress imposition were significantly
increased. The contents of spermidine (Spd) and spermine (Spm) rose significantly on the b day after low temperature
treatment before tapering off. The arginine (Arg) content, arginine decarboxylase (ADC) activity, and ADC synthesis-related
gene expressions became significantly higher with the melatonin pretreatment, while the Put catabolic enzyme diamine oxidase
(DAO) activity and gene expression significantly declined. A challenge test confirmed that, under low temperature stress, the

Put synthesis inhibitor in the arginine pathway significantly reduced the melatonin-induced enhancements on Put accumulation
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and antioxidant enzyme activity, which would otherwise provide a protective effect on the cell membrane. Additionally, the

expression of cold tolerance genes related to Put in tomato leaves was upregulated with the presence of melatonin.

[ Conclusion] Melatonin positively regulated the accumulation, but inhibited the degradation, of Put mediated by arginine.

The arginine mediated Put synthesis pathway played an important role in the antioxidant defense of the tomato plants improved

by melatonin. In addition, melatonin might also increase the expression of cold tolerance genes by way of promoting the Put

synthesis to further boost the cold tolerance of tomato seedlings.
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Fig. 1 Effects of melatonin on MDA content and electrolyte leakage in tomato leaves under low temperature stress
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Table 3 Effects of melatonin spray on growth of tomato seedlings under low temperature stress
AbFR B bR 5 b FRT B E HONEREE R MR R R SRREE T R SRR B
Treatment Plant height/cm Shoot fresh matter/g Shoot dry matter/g Root fresh matter/g Root dry matter/g Whole plant fresh matter/g Whole plant dry matter/g

CK 16491032 a 7.15+0.15a 0.91£0.03a 2.50+0.16 a 0.45+0.02a 9.651£0.30a 1.36£0.05a
MT 16.54+0.45a 741+£035a 0.90+£0.03 a 243+024a 0.47£0.02 a 9.84+0.53 a 1.38+0.01a

C 13.89+0.36 ¢ 4.731+0.16 ¢ 0.68+0.06 ¢ 1.344+0.18 ¢ 0.33+0.01¢ 6.07£0.19¢ 1.01+0.06 ¢
C+MT  15.124+0.28b 5.82+£0.38b 0.80£0.03b 1.89+£0.10 b 0.39£0.01b 7.71£0.48 b 1.19£0.04 b

CK: W#RALHE, MT: %5 K100 pmol L 4R Z4bIE, C: {RIRALHE; C+MT: 100 pmol-L AR 2T 5 HEATARIRALIE . R P ARF/NS FRER AL

A 2 7 8% (P<0.05). N,

CK: Control under normal temperature; MT: 100 pmol-LiI melatonin treatment at normal temperature; C: Cold treatment; C+MT: 100 pmol-Li1 melatonin

pretreatment prior to low temperature exposure. Data with different lowercase letters on top of column indicate significant difference at P<<0.05. Same for below.
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Fig. 2 Effects of exogenous melatonin on polyamine and polyamine synthesis precursors in tomato leaves under low

temperature stress
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Fig.3 Effect of melatonin on polyamine synthase activity in tomato leaves under low temperature stress
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Fig. 4 Effect of melatonin on polyamine synthase gene expression in tomato leaves under low temperature stress
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Fig. 5 Effects of melatonin on activity and gene expression of polyaminase in tomato leaves under low temperature stress
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Fig. 8 Effect of melatonin on low temperature response gene expression of tomato leaves under low temperature stress
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