Inter-varieties variation of sugar metabolism that inhibit photosynthesis: hexokinase-dependent stomatal and non-stomatal behaviors
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Table 1 Chlorophylls a and b content, a+b content and a/b for two grape genotypes during development (mean ± SEM, N = 3). RI represents Riesling and PM is Petit Manseng. Value represents mean ± SD, at 30, 70, 90 and 110 DAA. Different letter (a and b) show significantly different at P < 0.05 leve1.

	Chlorophylls
	Year
	Day after anthesis / varieties

	
	
	30
	70
	90
	110

	
	
	RI
	PM
	RI
	PM
	RI
	PM
	RI
	PM

	a (g m−2)
	2018
	2.07+0.050a
	2.52+0.054b
	2.01+0.112b
	2.56+0.032a
	1.77+0.060b
	2.07+0.061a
	1.73+0.093a
	1.61+0.053a

	
	2019
	1.97+0.026a
	2.08+0.201a
	2.15+0.098b
	2.46+0.017a
	1.95+0.157b
	2.28+0.096a
	2.03+0.083a
	1.80+0.012b

	b (g m−2)
	2018
	0.66+0.013a
	0.68+0.016a
	0.52+0.019b
	0.76+0.014a
	0.46+0.018b
	0.80+0.014a
	0.66+0.017a
	0.54+0.096b

	
	2019
	0.63+0.016a
	0.64+0.012a
	0.62+0.005b
	0.76+0.010a
	0.62+0.017b
	0.75+0.017a
	0.64+0.009a
	0.60+0.018a

	a+b (g m−2)
	2018
	2.73+0.007b 
	3.20+0.024a 
	2.53+0.004b  
	3.32+0.038a 
	2.23+0.720b 
	2.87+0.040a 
	2.39+0.010a  
	2.15+0.065b  

	
	2019
	2.60+0.033a
	2.72+0.116a
	2.77+0.008b
	3.22+0.049a
	2.57+0.068b
	3.03+0.082a
	2.67+0.060a
	2.40+0.028b

	a  :  b
	2018
	3.13+0.006b
	3.71+0.043a
	3.86+0.011a
	3.37+0.020b
	3.84+0.023a
	2.59+0.031b
	2.62+0.013b
	2.98+0.005a

	
	2019
	3.12+0.015a
	3.25+0.024a
	3.46+0.035a
	3.24+0.013b
	3.15+0.032a
	3.04+0.009a
	3.17+0.018a
	3.00+0.023a


Figure Captions

Fig. 1 Climate conditions of the vineyard in‘Yaojing’ winery located in Xiangfen County, Shanxi Province, China. The average daily temperature and rainfall in 2018 are shown in (a), and 2019 in (b). The gray line represents temperature, and black line is rainfall.

Fig. 2 Profiles of hexose, glucose and frutcose contents of leaves for two grapes genotypes during development. Hexose content of leaf at 30, 70, 90, 110 day after anthesis (DAA) are shwon in (a), and glucose in (b) and frutcose in (c), with three biological replicates. Black columns represent Riesling (RI) and gray columns are Petit Manseng (PM). Column value represents mean ± SD. Error bars represent the SD of the means. ** show significantly different at P < 0.01, and * at P < 0.05.

Fig. 3 Gene transcription level and activity of sucrose metabolism enzyme in leaves of two grapes genotypes during development. Transcription levels of cell wall invertase (CWINV) genes are shown in 2018 (a) and 2019 (b) and enzyme activity of acid invertase (AI) shown in 2018 (c) and 2019 (d), with three biological replicates. Black columns and dots represent Riesling (RI) and gray columns and dots are Petit Manseng (PM). Column/dot value represents mean ± SD. Error bars represent the SD of the means. ** show significantly different at P < 0.01, and * at P < 0.05.

Fig. 4 Gene transcription level of hexose metabolism enzyme in leaves of two grapes genotypes during development. Transcription levels of hexokinase genes are shown in (a.VvHXK1) and (b.VvHXK2) and fructose kinase in (c.VvFK1) and (d.VvFK2), with three biological replicates. Black columns represent Riesling (RI) and gray columns are Petit Manseng (PM). Column value represents mean ± SD. Error bars represent the SD of the means. ** show significantly different at P < 0.01, and * at P < 0.05.

Fig. 5 Gene transcription level of hexose transporters in leaves of two grapes genotypes during development. Transcription levels of VvHT4 are shown in 2018 (a) and 2019 (b) and VvTMT1 in 2018 (c) and 2019 (d), with three biological replicates. Black columns represent Riesling (RI) and gray columns are Petit Manseng (PM). Column value represents mean ± SD. Error bars represent the SD of the means. Error bars represent the SD of the means. ** show significantly different at P < 0.01, and * at P < 0.05.

Fig. 6 Leaves Photosynthetic capacity of two grape genotypes during development. Net photosynthetic rate is shown in 2018 (a) and 2019 (b) with three biological replicates, and leaf images of Riesling (RI) and Petit Manseng (PM) are displayed in (c). Black circles represent Riesling (RI) and gray circles are Petit Manseng (PM). Circles value represents mean ± SD. Error bars represent the SD of the means. ** show significantly different at P < 0.01, and * at P < 0.05.

Fig. 7 Photosynthetic indexs of leaves for two grape genotypes during development. Stomatal conductance (gs) is shown in (a), transpiration rate (Tr) in (b), and intercellular carbon dioxide concentration (Ci) in (c), with three biological replicates. Black circles represent Riesling (RI) and gray circles are Petit Manseng (PM), with solid line (2018) or dotted line (2019). Circles value represents mean ± SD. Error bars represent the SD of the means. ** show significantly different at P < 0.01, and * at P < 0.05.

Fig. 8 Relationship between sugars contents, sugar metabolism and photosynthesis indexs of leaves for two grape genotypes during development. The correlation coefficients were expressed by colored segments at the corresponding locations.

Fig. 9 Linear regression equation between glucose-VvHXK2 and photosynthesis indexs of leaves for two grape genotypes during development. Relationship of glucose content with net photosynthetic rate is in (a), with stomatal conductance in (b), with transpiration rate in (c), and with chlorophylls content in (d). Similarly VvHXK2 with that in (e), (f), (g), (h) respectively. Solid-black circles represent Riesling (RI) and solid-gray circles are Petit Manseng (PM), and accordingly for linear regression line.
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