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Abstract 31 

This work investigated the seasonal variations in biosynthetic path selectivity of nine individual 32 

flavonoids, and content and antioxidant activity of three major metabolites in Tetrastigma 33 

hemsleyanum. The results revealed that under conditions of precipitation (2.0~6.6 mm), temperature 34 

(17.5~24.1°C), humidity (67.3~80.2%) and sunshine duration (3.4~5.8 h) in April and May, the 35 

total content of flavonoids reached higher levels between 282 and 394.5 μg/g; in the second half of 36 

April with the highest accumulation of flavonoids, the production selectivity (PS) of isoorientin, 37 

orientin, rutin, isoquercitin, kaempferol-3-0-rutinoside, astragalin, quercetin, apigenin and 38 

kaempferol were 0.30, 0.06, 0.07, 0.07, 0.00, 0.04, 0.38, 0.05 and 0.03, respectively; also according 39 

to the reaction network consisting of three main pathways for flavonoids syntheses in T. 40 

hemsleyanum, the selectivity of reaction Path II to synthesize quercetin, isoquercitin and rutin in 41 

April, May and June fluctuated between 0.52 and 0.66, much higher than that of reaction Path I or 42 

Path III.  43 

Keywords: Tetrastigma hemsleyanum Diels et Gilg, metabolites; flavonoids; biosynthetic path 44 

selectivity; antioxidant activity; climatic factors 45 

1 Introduction 46 

As a perennial and edible plant of the family Vitaceae, Tetrastigma hemsleyanum Diels et Gilg is 47 

native to China with a popular name “Sanyeqing” (Dai et al., 2009; Chen et al., 2018; Lin et al., 48 

2018). Its tuber as a traditional Chinese herbal medicine has been used to eliminate inflammatory and 49 

reduce fever, relieve pain and dispel phlegm, improve liver function and blood circulation, and even 50 

resist viruses and tumors (Xu et al., 2008; Sun et al., 2013; Chen et al., 2018; Ru et al., 2019a). In 51 

vivo pathological test of tumor-bearing mice has confirmed that the flavonoids from secondary 52 

metabolism of T. hemsleyanum can significantly reduce the serum levels of cyclooxygenase 2, 53 

prostaglandin E2 and transforming growth factor β, which may be responsible for the inhibition of 54 

Tregs (Feng et al., 2014). Recently, Li et al (2020) quantified the main four flavonoids including 55 

rutin, quercetin-3-O- glucoside (Isoquercetin), kaempferol-3-O-rutinoside and kaempferol-3-O-56 

glucoside (Astragalin) in the tuber of T. hemsleyanum, and then conducted both in vitro and in vivo 57 

tests to demonstrate that these flavonoids could be a potential resource to fight against non-small cell 58 

lung cancer by suppressing the proliferation and promoting the apoptosis of A549 cells.  In terms of 59 

geography and climate, T. hemsleyanum usually grows in the mountainous forests, on the shade of 60 

cliffs at 700 m above sea level and at a favorable temperature about 18 ℃ (Dai et al., 2009; Wang et 61 



   

al., 2015), and the formation of its tubers takes 3 to 5 years in the natural environment. In China, T. 62 

hemsleyanum is becoming an endangered species due to severe growth environment and excessive 63 

artificial excavation, and its propagation, therefore, has to rely on artificial cultivation in greenhouse 64 

with optimum manipulation of various environmental factors such as temperature, soil moisture and 65 

illumination intensity. 66 

It has been reported that the major bioactive constituents in the tuber of T. hemsleyanum include 67 

various flavonoids, polysaccharides and terpenes (Feng et al., 2014; Sun et al., 2015; 2017; Ru et al., 68 

2019a; 2019b). As well known, environmental conditions will significantly affect biosynthesis of 69 

various metabolites in plant (Metlen et al., 2009; Rowan et al., 2009; Penuelas and Staudt, 2010; 70 

Zoratti et al., 2014). For most plants in growth process, environmental factors such as sunlight, 71 

temperature, humidity, precipitation, soil fertility and salinity can synergistically alter their ability to 72 

synthesize metabolites, eventually changing phytochemical profiles and the production of bioactive 73 

substances in turn (Yang et al., 2018). For example, light irradiation of 16 h on the leaves of Ipomoea 74 

batatas dramatically increased the contents of various flavonoids (anthocyanins, catechins and 75 

flavonols) and phenolic acids (hydroxycinnamic and hydroxybenzoic acids) (Carvalho et al., 2010). 76 

Also, the contents of various polysaccharides, flavones (ginkgetin, amentoflavone, quercetin) and 77 

taxoids (paclitaxel, 10-deacetylbaccatin III, baccatin III, cephalomannine, 10-deacetyltaxol) in 78 

Taxuswallichiana var.mairei varied with seasonal change. In detail, the content of polysaccharides 79 

reached the highest level of 28.52± 0.57 mg/g in September which was 3 times higher than the lowest 80 

content of 9.39± 0.17 mg/g in January, that of flavonoids was the highest in August, and that of 81 

taxoids gave the highest value of 1.77± 0.38 mg/g in January and the lowest value of 0.61± 0.08 82 

mg/g in September, respectively (Yang et al., 2016). Moreover, Helmig et al (2007) found that the 83 

emission of β-caryophyllene, α-bergamotene, α-farnesene and β-farnesene from seven pine species 84 

displayed an exponential increase with temperature. 85 

Plants have evolved diverse strategies such as the production of metabolites to protect against 86 

various environmental stresses (Yang et al., 2018; Ashraf et al., 2018). In the whole course of plant 87 

life, metabolites play a variety of vital roles in acting as the defender against predators and pathogens 88 

(Asplund et al., 2018), as the protector against ultraviolet radiation  (Solhaug and Gauslaa, 2012), as 89 

the deterrenter to inhibit foraging, ovipositing, growing and propagating of insects (Wink, 2018), as 90 

allelopathic agents to attract pollinators and resist the invasion of weeds and viruses (Li et al., 2014), 91 

as antioxidant agents and even as signal molecules of nodulation in legume-Rhizobium symbiosis 92 

(Stambulska and Bayliak, 2019). It has been identified that secondary metabolites were mainly 93 

produced by the shikimic, malonic, mevalonic and MEP pathways (Prinsloo and Nogemane, 2018). 94 



   

There have been a lot of studies for the influence of seasonal changes on the production of 95 

metabolites in plants, particularly for variations of specific compounds produced during different 96 

seasons as well as further effects on biological activity of plants (Yang et al., 2016; Peters et al., 97 

2018; Zidorn, 2018; Gomes et al., 2019).  98 

The seasonal variations of plant chemical composition and bioactivity are closely related to the 99 

changes of climatic conditions such as temperature, soil humidity and rainfall as well as to different 100 

stages of plant metabolism (Prinsloo and Nogemane, 2018; Santos et al., 2019). So far a variety of 101 

important secondary metabolites in plants have been already discovered, including more than 9000 102 

flavonoid compounds formed by various modification reactions in biosynthesis (Hernandez et al., 103 

2009). Dryness, heat, and light were well-known to influence the contents of flavonoids and 104 

phenolics in plants (Carvalho et al., 2010; Liu et al., 2011; Zheng et al., 2012). High temperature of 105 

30 to 40℃ could inhibit the biosynthesis of flavonoids by suppressing gene expression and enzyme 106 

activity (Dela et al., 2003), whereas low temperatures usually induce the biosynthesis, and in the 107 

absence of light, however, low-temperature environments might also inhibit the synthesis of 108 

flavonoids (Bilger et al., 2007). In general, different climatic environments in different locations and 109 

even in the same location have caused the differences in the contents of active ingredients in 110 

medicinal plants (Liu et al., 2015). For example, the accumulation of tanshinones in plants strongly 111 

depended on meteorological factors such as average relative humidity and annual average 112 

temperature (Zhang et al., 2015). Overall, the correlation between metabolites and environmental 113 

factors often display diverse, pluralistic and dynamic characteristics. 114 

Up to now, various biotic and abiotic stresses have been investigated as a means of manipulating 115 

the metabolite profile of plants (Metlen et al., 2009; Rowan et al., 2009; Peñuelas and Staudt, 2010; 116 

Zoratti et al., 2014; Yang et al., 2018). However, most of investigations have been confined to the 117 

apparent and phenomenological level with the purpose to enhance the useful or beneficial compounds 118 

of the plants, due to the lack of understanding and research methods of metabolic mechanism and 119 

micro pathways that were influenced by various factors and activities (Gianoulis et al., 2009; Yang et 120 

al., 2012). In some plants, compounds with adverse effects may be produced so that the management 121 

of these compounds in medicinal and food plants is attracting more and more attentions (Thaler, 122 

1999). 123 

In the study on T. hemsleyanum, Dai et al (2009) optimized the light intensity to its growth by 124 

quantifying the effects of different shade treatments on chlorophyll content, chlorophyll fluorescence, 125 

and photosynthetic capacity, and Song et al (2017) demonstrated that endophytic fungi from its 126 

calabash-shaped root could regulate the growth process, expression of expansion gene and content of 127 



   

flavonoids. Up to now, however, the knowledge about accumulation of various metabolites in T. 128 

hemsleyanum tubers with seasonal variation is very limited. In this work, we collected the tubers of 129 

T. hemsleyanum and the data of key meteorological parameters twice a month within a year, analyzed 130 

the contents of various individual flavonoids and interpret their biosynthetic pathways, determined 131 

the contents of three major metabolites and their antioxidant capacities, and verified the correlations 132 

among meteorological parameters, the contents of metabolites and their antioxidant capacities with 133 

seasonal variation. The prospective results will not only provided an insight into the biosynthetic 134 

mechanism of flavonoids, but also lead to a better understanding of qualitative and quantitative 135 

variations of various constituents with environmental factors, as well give the guidance to optimize 136 

the parameters for ensuring high yields of the desired metabolites and to determine geographical and 137 

climatic zones suitable to large scale cultivation of T. hemsleyanum. 138 

2 Materials and Methods 139 

2.1 Sampling of plant materials and acquisition of meteorological data 140 

The tubers of T. hemsleyanum in the second growth year were collected every half month from 1 141 

September 2017 to 31 August 2018, and provided by Sheng-wang Biotechnology Co., Ltd. Ningbo, 142 

China. After dried in an electro thermostatic blast oven (Fuma Test Equipment Co., Ltd, China) at 143 

60°C, the tuberous materials were ground into fine powder, and then stored in a sealed brown 144 

container at 4°C for use or analysis. 145 

PhyTalk system (PhyTech Ltd., Israel) was used to automatically collect the meteorological 146 

parameters during sampling (Yang et al., 2016). This system consisted of environmental sensors and 147 

modules of data collection and processing, and the signals were recorded every 20 s and stored in 148 

average every 30 min with an automatic data logger. Semi-monthly average data of meteorological 149 

factors including average precipitation (X1), mean temperature (X2), average maximum temperature 150 

(X3), minimum temperature (X4), average relative humidity (X5), average minimum humidity (X6) 151 

and average sunshine duration (X7) were measured and stored simultaneously. 152 

2.2 Chemical reagents and solution 153 

Isoorientin (purity ≥ 94%), orientin (purity of 98%), rutin (purity of 95%), isoquercitrin (purity 154 

≥ 98%), kaempferol-3-0-rutinoside (purity ≥ 97%), quercetin (purity of 99%) and apigenin (purity of 155 

99%) were purchased from the National Institute for the Control of Pharmaceutical and Biological 156 

Products in Beijing, China, and astragalin (purity ≥ 98%) and kaempferol (purity ≥98%) were 157 

obtained from Yuanye Biological Technology Co., Ltd Shanghai, China. Anhydrous diethyl ether, 158 



   

ethyl acetate, petroleum ether, methanol, ethanol, aluminum nitrate, sodium hydroxide, sodium nitrite 159 

formic acid, concentrated sulfuric acid, iron (III) chloride hexahydrate, glucose and β-sitosterolall in 160 

analytical grade were purchased from Sinopharm Chemical Reagent Co., Ltd. Shanghai, China. 161 

Acetonitrile and methanol in HPLC grade were purchased from Tedia Company Inc. USA. 162 

Standard stock solutions of nine individual flavonoids including isoorientin, orientin, rutin, 163 

isoquercitrin, kaempferol-3-0-rutinoside, quercetin, apigenin, astragalin and kaempferol were 164 

prepared by dissolving a certain amount of these pure compounds into acetone (HPLC grade) to give 165 

the solutions at 2.0, 0.8, 3.0, 2.8, 3.1, 3.5, 0.8, 1.3 and 1.8 mg/mL, respectively. Then, the test 166 

solutions were derived by progressively diluting each stock solution into eight different concentration 167 

gradients. All the solutions were stored at 4°C before UPLC analysis.  168 

2.3  UPLC analysis of individual flavonoids 169 

Dry powder of T. hemsleyanum tuber (5 g) was extracted by reflux with 80% methanol of 75 mL 170 

at 85°C for 120 min. The supernatants from two repeated extractions were blended and evaporated in 171 

a rotary evaporator at 65°C. Then, the as-obtained extract was dissolved in binary solvent of 172 

water/methanol at 10: 1 (mL/mL) to give a 55 mL solution, which was again mixed with triple 173 

volumes (165 mL) of anhydrous diethyl ether and ethyl acetate, respectively. After extraction 174 

repeated twice, the supernatant of anhydrous diethyl ether extraction and that of ethyl acetate 175 

extraction were blended, and then the solvents in the blended solution were removed by rotary 176 

evaporation to give the product of flavonoids. Finally, the product was dissolved in 10 mL methanol 177 

and then filtered through a 0.22 m nylon filter for UPLC analysis.  178 

The quantitative analysis of T. hemsleyanum tuber extract was performed on an ultra high 179 

performance liquid chromatography system (UPLC) (Agilent 1290, Santa Clara, CA, USA). 180 

Chromatographic conditions included injection volume of 10 µL, flow rate at 1 mL/min, column 181 

temperature in 32°C, detection wavelength at 280 nm and a column of 1.8m, 4.6 mm ×100 mm, i.d. 182 

(Agilent Technologies, Beijing, China), The gradient elution adopted 0.1% formic acid (A) and 183 

acetonitrile (B) as the mobile phase, and proceeded as follows: 0-3.1 min, 6-0.5% B linear, 3.1-8.4 184 

min, 10.5-13.5% B linear, 8.4-9.6 min, 13.5-18% B linear, 9.6-10.5 min, 18-18% B linear, 10.5-15.5 185 

min, 18-22.5% B linear, 15.5-17.5 min, 22.5-25% B linear, 17.5-21 min, 25-40% B linear, 21-24 186 

min, 40-55% B linear, 24-28 min, 55-65% B linear, 28-30 min, 65-75% B linear, 30-34 min, 75-6% 187 

B linear, followed by 4 min for column re-equilibration before the next injection. By comparing the 188 

corresponding reference compounds, a total of nine individual flavonoids were identified and 189 

quantified with regression equations, including: isoorientin by equation y=10.06x-132.7, orientin by 190 



   

y=6.55x-5.63, rutin by y=3.25x-9.24, isoquercitrin by y= .09x-36.2, kaempferol-3-0-rutinoside by 191 

y=6.17x+ 2.0, quercetin by y=2.71x+11.9, apigenin by y=16.19x-231.45, astragalin by y=9.11x+12.4 192 

and kaempferol by y =4.25x+15.0, (all r2=0.99) respectively, where y was the chromatographic peak 193 

area and x was the compound concentration (µg/mL).  194 

2.4 Extraction and quantification of metabolites in T. hemsleyanum 195 

2.4.1 Measurement of phenolic compounds 196 

The extract solution of T. hemsleyanum tuber was prepared according to the same procedures to 197 

those in Section 2.3. After the solution was concentrated by vacuum evaporation, the content of 198 

phenolic compounds was determined by using the method of Milbury (2001) with minor 199 

modification. In detail, 0.3 mL solution of the concentrated extract was added to a test tube 200 

containing 2.7 mL ethanol, and then 1 mL sodium nitrite solution of 5% was added. After stood for 6 201 

min, the mixture was blended with 1 mL aluminum nitrate solution of 10%. After another 6 min, the 202 

blended mixture was mixed with 4% sodium hydroxide solution of 10 mL and followed with 10 mL 203 

distilled water. After the last 15 min, the absorbance of final mixture at 510 nm wavelength was 204 

measured by UV-1800 spectrophotometer (Shimadzu, Japan) in comparison to a standard curve 205 

regression of rutin (y=0.0121x-0.0098, r²=0.99), and the content of phenolic compounds were 206 

expressed as rutin equivalents with mg/g dry weight. All samples were tested in five replicates to 207 

give the data with p<0.05.  208 

2.4.2 Measurement of polysaccharides 209 

Aqueous solution (50 mL) containing 2 g powder of T. hemsleyanum tuber was mixed with a 210 

certain amount of glacial acetic acid to give pH=3, and then the mixture was extracted by reflux at 211 

82°C for 1.5 h. Next, the extraction solution was separated by centrifugation at 3500 rpm for 15 min, 212 

and the supernatant of 0.2 mL was added to a test tube to determine the content of polysaccharides by 213 

UV-1800 spectrophotometer (Shimadzu, Japan) at 490 nm wavelength with using the phenol-214 

sulfuric acid method (Jain et al., 2017). Finally, the determined content was compared with a 215 

standard curve regression of glucose (y= 0.0629x+0.0047, r²= 0.9995). All samples were measured 216 

by five repetitions to give the data with p<0.05.  217 

2.4.3 Measurement of steroids  218 

Steroids in the dry powder of T. hemsleyanum tuber was extracted with ethanol as solvent by 219 

ultrasonication and followed by centrifugation at 2500 rpm for 8 min. Then, 20 mL sample solution 220 

was mixed with triple volume petroleum ether (60 mL), and the supernatant was analyzed by sulfate–221 



   

phosphate–ferric method (SPF) (Zhou et al., 2015) with minor modification. In detail, the 222 

chromogenic reagent of SPF was first prepared by dissolving 2.5 g FeCl3•6H2O into 85% phosphoric 223 

acid of 100 mL, of which 4 mL solution was dissolved again in 100 mL sulfuric acid for use. 224 

Subsequently, 6 mL assay mixture containing 0.2 mL solution of phytosterols in ethanol and 3 mL 225 

SPF chromogenic solution was shaken to be homogeneous, and then determined by UV-1800 226 

spectrophotometer (Shimadzu, Japan) at 560 nm wavelength. Finally, the content of steroids was 227 

determined by comparing with a standard curve regression of Beta-sitosterol (y=0.0125x+0.0256, r2 228 

= 0.99). All samples were analyzed with five repetitions to give the data with p<0.05. 229 

2.5 Determination of the activity to scavenge DPPH radical 230 

Antioxidant activity of a compound or metabolite could be evaluated by various methods suchas 231 

DPPH (2, 2-diphenyl-1-picrylhydrazyl)-RSA, ABTS-RSA, FRAP and CUPRAC (cupric reducing 232 

antioxidant capacity) assay. To conduct high sensitive and rapid analysis here, two different methods 233 

of DPPH and FRAP assay were preliminarily selected to evaluate antioxidant activity of major 234 

metabolites in T. hemsleyanum, but the assay of DPPH showed better consistency and repeatability of 235 

evaluation. Therefore, the capacity of a substance scavenging DPPH radical was detected through 236 

spectrophotometric method described by Mohapatra et al (2019) with minor modification. 237 

All the tests were conducted on a 96-well plate of 400 uL. At first, three concentrated extracts of 238 

phenolics, polysaccharides and steroids were prepared from the powder of T. hemsleyanum tuber, 239 

respectively. For each of the three extracts, a series of samples with same concentrations in methanol 240 

were prepared, and then 0.1 mL solution of each sample at 25 μg/mL was mixed with 3.9 mL fresh 241 

solution of DPPH and methanol. L-Ascorbic acid or methanol was used as a positive or negative 242 

control, respectively. After incubation at room temperature and in the dark for 30 min, the 243 

absorbance of mixture was measured at 516 nm wavelength. The activity of scavenging DPPH 244 

radical was repeatedly measured by five times (p<0.05). Before the measurements, the standard curve 245 

regression equation of DPPH (y= 0.0317x-0.0022, r2 = 0.99) was determined by UV-1800. The 246 

percentage of DPPH inhibition was calculated by the following expression 247 

Percentage of DPPH inhibition =  𝐴𝑏𝑙𝑎𝑛𝑘  − 𝐴𝑠𝑎𝑚𝑝𝑙𝑒𝐴𝑏𝑙𝑎𝑛𝑘  × 100% (1) 

Ablank = absorbance of blank at t = 0, Asample = absorbance of sample at t = 30 min 248 

2.6 Data processing and statistical analysis 249 



   

Data on various environmental factors, the contents and antioxidant activities of phenolic 250 

compounds, polysaccharides and sterols in T. hemsleyanum tuber were expressed as mean ± standard 251 

deviation. Significant differences among data were examined by both single and multi-factor 252 

ANOVA with using software SPSS 20.0 (IBM, New York, USA). All the data should be analyzed 253 

using ANOVA followed by Duncan's test. Moreover, Redundancy analysis of constrained ordination 254 

was carried out with using software package Canoco 5.0 (Microcomputer Power, New York, USA) 255 

to reveal the correlations among environmental factors, metabolites and antioxidant activities. 256 

Furthermore, Pearson correlation and Person partial correlation analysis were carried out. For the 257 

evaluation of statistically analytical results, the significance level of variation difference is assessed 258 

by the value of index p, i.e., p<0.05 and p<0.01 indicate significant and very significant respectively, 259 

the direction of correlation is determined by the symbol of coefficient, i.e., the symbol “+” and “-” 260 

represent positive correlation and negative correlation respectively, the strength of correlation 261 

depends on the absolute value of correlation coefficient, i.e., the larger the coefficient, the stronger 262 

the correlation, and vice versa. 263 

3 Results and Discussion 264 

3.1  Semi-monthly variation of meteorological factors 265 

Semi-monthly average data of environmental meteorological factors have been collected in the 266 

second growing year of T. hemsleyanum from 1Sep. 2017 to 31 Aug. 2018.A total of 168 data for 267 

average precipitation (X1), mean temperature (X2), average maximum temperature (X3), minimum 268 

temperature (X4), average relative humidity (X5), average minimum humidity (X6) and average 269 

sunshine duration (X7) were presented in Table 1. As seen, each of these factors fluctuated with 270 

season in a certain range, including that X1reached a maximum of 12.0 mm in late July and a 271 

minimum of 0.4 mm in early February; X2 or X4 reached a maximum of 29.5 or 26.3°C in early 272 

August and a minimum of 4.1 or 0°C in early February, and X3 reached a maximum or minimum of 273 

33.9 or 7.2°C in late July or late January respectively; X5 or X6reached a maximum of 85.2 or 68.9% 274 

in late January and a minimum of 64.1 or 36.9% in early February; also X7 reached a maximum of 275 

8.1 h in late July and a minimum of 0.9 h in late January. In general, the summer from June to 276 

August was hot, more rainy and full of sunshine, and the winter from January to February was cold, 277 

less rain and lack of sunshine, while air humidity was the highest in the second half of January and 278 

the lowest in the first half of February.  279 

3.2  Influence of seasonal climate on biosynthesis of flavonoids 280 



   

Herein nine important individual flavonoids including isoorientin, orientin, rutin, isoquercitin, 281 

kaempferol-3-0-rutinoside, astragalin, quercetin, apigenin and kaempferol were identified, and the 282 

UPLC chromatogram of the standard sample was displayed in Fig. 1A. The UPLC fingerprints of 283 

three samples of T. hemsleyanum tubers collected on 15 October 2017, 15 January 2018 and 30 April 284 

2018 were presented in Fig. 1B, 1C and 1D, respectively. Accordingly, the contents of nine flavonoid 285 

compounds in the 24 samples of T. hemsleyanum tubers collected semimonthly were determined.  286 

3.2.1 Seasonal dynamic accumulation of flavonoids as a whole 287 

Total content of the above nine flavonoid compounds in T. hemsleyanum was calculated every 288 

half month. As displayed in Fig.2, the semi-monthly content of nine representative flavonoids as a 289 

whole significantly varied within a year, reached a maximum of 394.5 μg/g in the second half of 290 

April and declined to a minimum of in the first half of August. Based on statistical evaluation of the 291 

measured contents, the 24 semi-monthly samples of T. hemsleyanum could be divided into three 292 

groups: the first group with high contents (a~c) including 4 samples from 1 April to 31 May, the 293 

second group with medium contents (d~h) including 7 samples from 16 December to 31 March and 2 294 

samples in June, and the third group with low contents (i~p) including 11 samples from 1 July to 15 295 

December. In detail, the total content of flavonoids in the first group of samples fluctuated between 296 

282 and 394.5 μg/g, that in the second group of samples fluctuated in a range of 163~229 μg/g, and 297 

that in the third group of samples fluctuated below 122μg/g. Apparently, such seasonal variation of 298 

flavonoids content should be attributed to synergistic effects of various environmental factors (Table 299 

1), the combining conditions of precipitation (2.0~6.6 mm, X1), temperature (17.5~24.1°C, X2), 300 

humidity (67.3~80.2%, X5) and sunshine duration (3.4~5.8 h, X7) favored the accumulation of 301 

flavonoids in T. hemsleyanum, while high X1(8.7 mm), X2 (29.5°C), X5(77.4%）and long X7 (7.9 h) 302 

severely suppressed the accumulation. Also it should be noted that the seasonal variation in the total 303 

content of flavonoids group synthetically resulted from the diverse variation of various individual 304 

flavonoids, and therefore there was further interest to examine the seasonal variation in the content of 305 

each individual flavonoid compound in T. hemsleyanum.  306 

3.2.2 Seasonal dynamic content of individual flavonoids 307 

The content variations of nine individual flavonoids in the 24 samples of T. hemsleyanum tubers 308 

were displayed in Fig. 3. As seen, isoorientin (Y1) existed in 21 samples, showed a peak of 86.7μg/g 309 

in the second half of December and reached a maximum of 119.6 μg/g in the second half of April 310 

with the conditions of X1(2.0 mm),X2(19.6°C), X5(67.3%) and X7(5.8 h); orientin (Y2) existed in all 311 

24 samples, showed a peak of 78.7μg/g in the second half of December and reached the maximum of 312 



   

79.2 μg/g in the second half of March with the conditions of X1(2.0 mm),X2(13.7°C), X5(76.6%) and 313 

X7(4.4 h); rutin (Y3) existed in 18 samples with low content below 26.5μg/g; isoquercitin (Y4) existed 314 

in 15 samples with low content below 30.7μg/g; kaempferol-3-0-rutinoside (Y5) was found only from 315 

4 samples of August and September with very low content less than 6.5 μg/g; astragalin (Y6) existed 316 

in 23 samples, gave a peak of 54.6 μg/g in the first half of June and reached the maximum of 71.8 317 

μg/g in the first half of February with the conditions of X1(0.4 mm),X2(4.1°C), X5(64.1%) and X7(5.1 318 

h); quercetin (Y7) existed in 23 samples, gave high content over 111μg/g in January, April, May and 319 

June, and reached a maximum of 150.8 μg/g in the second half of April with conditions of X1(2.0 320 

mm),X2(19.6°C), X5(67.3%) and X7(5.8 h); apigenin (Y8) was found from 13 samples with the low 321 

content between 14.9 and 18.2 μg/g; and kaempferol (Y9) was found from 11 samples with very low 322 

content lessthan10.5 μg/g. Among the nine individual flavonoids, in general, quercetin (Y7) was the 323 

highest-yield compound in most of months and especially gave high level of accumulation in January, 324 

April, May and June, while kaempferol-3-0-rutinoside (Y5) was hardly generated or accumulated. By 325 

carefully combining Fig. 3 with Fig. 2, it could be found that the contribution of nine individual 326 

flavonoid compounds to the total content of flavonoids group was significantly different and also 327 

varied with season. For example, isoorientin (Y1), astragalin (Y6) and quercetin (Y7) contributed by 328 

30.3, 3.9 and 38.2% to the highest level of total accumulation of flavonoids (394.5μg/g) in the second 329 

half of April, by 7.9, 38.6 and 15.0% to the medium level of the total accumulation (186.2 μg/g) in 330 

the first half of February, and by 0, 6.0 and 22.0% to the lowest level of the total accumulation (33.2 331 

μg/g) in the first half of August, respectively. Such dynamic content distributions of various 332 

flavonoid compounds with seasonal variation would give an insight into their biosynthetic 333 

mechanism in T. hemsleyanum and diversity in response to environment. 334 

3.2.3 Seasonal dynamic selectivity of biosynthetic pathways 335 

Based on the content distribution of flavonoid compounds in Fig. 3 and with reference to the 336 

flavonoid biosynthetic mechanism in other plants (Winkel-Shirley, 2002; Zhao, 2015; Huang et al., 2015; 337 

Hodaei et al., 2018; Du et al., 2010), the biosynthetic route network of flavonoids in T. hemsleyanum has 338 

been suggested in Fig. 4, Taking naringenin as a boundary point, this whole network may be divided into 339 

two stages and each step involves the catalysis of a specific enzyme. In the first stage, phenyalanineis 340 

converted to trans-cinnamic acid to p-coumaric acid to p-coumaroyl-CoA in turn, and then one molecule 341 

p-coumaroyl-CoA reacts with three molecules of malonyl-CoA to form naringenin chalcone which goes 342 

on the stereospecific cyclization to generate naringenin. In the second stage, the biosynthetic progress 343 

starts from naringenin as flavonoid scaffold, proceeds along three main path I, II and III, and could 344 

sequentially generate 13 flavonoid compounds. Among them, however, four active intermediate 345 



   

compounds including luteolin, eriodictyol, dihydroquercelin and dihydrokaempferol were not identified 346 

and detected from T. hemsleyanum (Fig. 1), probably due to their rapid conversion to downstream 347 

products or due to the limitation of sensitivity in UPLC analysis. Overall, the full biosynthetic course 348 

involves three types of reactions including hydroxylation, dehydrogenation (formation of double band in 349 

ring) and glycosylation. Along PathI, naringenin is converted to apigenin (Y8) to luteolin in series, further 350 

into isoorientin (Y1) and orientin (Y2) in parallel or by potential cross-path to quercetin (Y7) in parallel; 351 

along Path III, naringenin is  converted to dihydrokaempferol to kaempferol (Y9) in series, and then to 352 

astragalin (Y6) further into kaempferol-3-0-rutinoside (Y5) or by potential cross-path to quercetin (Y7); 353 

also along Path II, naringenin could be converted to eriodictyol to dihydroquercelin to quercetin (Y7) in 354 

turn. As the intersection point of Path I, II and III, in particular, quercetin (Y7) is the only one which could 355 

be synthesized from naringenin through any of the three Paths, and after formed, it could be converted 356 

into isoquercetin (Y4) and followed to rutin (Y3). Besides the main biosynthetic chains above, there are 357 

two potential cross-paths, including that dihydrokaempferol on Path III could be converted into 358 

dihydroquercetin on Path II, and eriodictyolon path II could be converted into luteolin on Path I.  359 

There are some interests to quantitatively compare the seasonal selectivity of three main 360 

biosynthetic paths I, II and III of flavonoids without considering cross-paths. To do so, the production 361 

selectivity of the jth flavonoid compound (PSj) could be defined as 362 PSj = Yj∑ Yj9j=1  363 

where Yj is the content of the jthflavonoid, and j=1, 2, …., 9. 364 

Then the selectivity (RPS) of reaction path I, II and III could be evaluated by 365 RPSI = PS8 + PS1 + PS2 366 RPSII = PS7 + PS4 + PS3 367 RPSIII = PS9 + PS6 + PS5 368 
The as-calculated data of RPSI, RPSII and RPSIII with seasonal variation were illustrated in Fig. 5. As 369 

seen, the selectivity of path I (RPSI) was higher than that of path II or path III (RPSII or RPSIII）370 

during the period from 1 September to 31 December, while the selectivity of path II (RPSII) was 371 

higher than that of path I or path III (RPSI or RPSIII) during the period of 1 January to 31 August 372 

except for the first half of February and the second half of March. In February 1-15, RPSIII reached 373 

its maximum of 0.39 slightly higher than that of RPSII (0.36), simply attributed to the highest Y6 374 

(71.8 μg/g) or PS6(0.39) of astragalin among all nine flavonoid compounds, suggesting that less 375 

precipitation X1(0.4 mm), lower temperature X2 (4.1°C), lower humidity X6 (36.9%) and moderate 376 

sunshine duration X7 (5.1 h) might be more preferable to synthesize astragalin. In March 16-31, RPSI 377 

reached its maximum of 0.51 higher than that of RPSII (0.46), mainly attributed to the highest Y2 378 

(79.2 μg/g) or PS2 (0.43) of orientin among all nine individual flavonoids, indicating that the 379 



   

combination of conditions X1(2.0 mm), X2 (13.7°C), X6 (49.9%) and X7 (4.4 h) was highly favourable 380 

for the synthesis of orientin. Nevertheless, in most of months especially during April, May and June of 381 

high accumulation of flavonoids in T. hemsleyanum, RPSII fluctuated between 0.52 and 0.66 much 382 

higher than RPSI or RPSIII, determinately because quercetin gave the highest content (Y7) and 383 

production selectivity (PS7) among the nine flavonoids during the period. Giving a consideration of the 384 

potential cross-paths in the biosynthetic network of flavonoids (Fig. 4), quercetin might be also generated 385 

from luteolin in the Path I or kaempferol in the Path III. In other words, as the intersection point of Path 386 

I, II and III, quercetin (Y7) was the only one which could be synthesized from naringenin through any of 387 

three different biosynthetic paths, and therefore became the most abundant flavonoid compound in T. 388 

hemsleyanum during the period of April to June particularly. In brief, there must be the diversity of 389 

reaction mechanism and the difference of enzyme catalytic activity for biosynthesis of flavonoids in 390 

T. hemsleyanum, and the production selectivity of every flavonoid compound will depend on its 391 

synthetic pathway, enzyme activity and environmental factors. 392 

3.3 Seasonal dynamics of accumulation and antioxidant activity of metabolites. 393 

3.3.1 Contents of three major metabolites 394 

The contents of phenolic compounds (YTPH), sterols (YTS) and polysaccharids (YTP) in 24 395 

samples of T. hemsleyanum tubers have been measured to give 72 data in total. As previously 396 

presented in Table 1, their contents in any sample followed the order of YTPH> YTP> YTS, and varied 397 

in the range of 29.1±1.2~77.7±3.2 mg/g, 9.9±0.9~21.7±0.9 mg/g and 0.73±0.09~1.7±0.1 mg/g, 398 

respectively. By mass, polysaccharids were the most abundant and sterols were the rarest in T. 399 

hemsleyanum. Also it should be noted that the content YTPH was contributed by various phenolic 400 

compounds including flavonoids and phenolic acids, and thus its seasonal variation was different 401 

from that in the total content of nine individual flavonoids (Fig. 2).    402 

3.3.2 Antioxidant activities of three major metabolites 403 

Chemistry and biochemistry of antioxidants have significant interests in academic research and 404 

practical application, because oxidative stress plays a pivotal role in pathogenesis of cardiovascular 405 

diseases, neural disorders, diabetes, cancer and aging (Ksouri et al., 2012). Plants or parts are 406 

commonly perceived as excellent and safe sources of antioxidant compounds, and their antioxidant 407 

activity usually evaluated by common methods such as DPPH (2, 2-diphenyl-1-picrylhydrazyl)-RSA 408 

assay, Table 2 presented 72 data of the DPPH radical scavenging for three major metabolites in 24 409 

samples of T. hemsleyanum tubers. As seen, the DPPH radical scavenging rate (%) of phenolic 410 

compounds (ZTPH), sterols (ZTS) and polysaccharides (ZTP) in any sample followed the order of ZTPH> 411 



   

ZTP> ZTS, and they varied in the range of 39.9-95.1%, 35.4-43.5% and 5.5-9.8%, respectively. 412 

Clearly, sterols with very low content displayed much lower antioxidant activity than phenolic 413 

compounds or polysaccharides.  414 

3.4 Correlation between major metabolites and environmental factors 415 

3.4.1 Inter-correlation between metabolite contents and environmental factors 416 

To disclose inter-correlation between 3 response contents of major metabolites (YTPH, YTP, YTS) 417 

and 7 environmental factors (Xi), Redundancy and Person analysis have been carried out. By 418 

directionally ranking the statistical significances of various variables and responses at the same time, 419 

redundancy analysis could preliminarily evaluate the correlation or influence of various 420 

environmental factors to or on metabolites. As showed by the RDA plot in Fig.6A, most of the 421 

climatic factors showed a negative correlation to the metabolites, and the coefficients of all 422 

correlations were less than 0.8. The data in Table 3 summarized the results of Person correlation 423 

analysis and Person partial correlation analysis for the three response quantities (YTPH, YTP, YTS) and 424 

the seven variables of Xi. As seen, YTS were significantly correlated to more variable factors and with 425 

larger negative correlation coefficients than YTPH or YTP, suggesting that the accumulation of sterols 426 

was significantly and negatively affected by solar illumination, temperature, humidity and rainfall 427 

during the growing period of T. hemsleyanum. In more detail, the content of sterols (YTS) was most 428 

negatively and significantly correlated with each of environmental factors Xi, but became to be 429 

positively correlated to X2 (r=0.434, p<0.05) after deducting the effect of X4, indicating that higher 430 

humidity, higher and too low temperature could inhibit the accumulation of sterols in T. 431 

hemsleyanum, and therefore controlling greenhouse temperature (17.5~19.6℃), soil moisture 432 

(40.5~46.2%) and shading could be helpful to the accumulation of sterols; the content of phenolic 433 

compounds (YTPH) showed a positive correlation with temperature (X2, X3, X4) or sunshine duration 434 

(X7) but a negative correlation with precipitation (X1) or humidity (X5, X6), and therefore adjusting 435 

greenhouse temperature (15.4~25.7℃), soil moisture (55.1~65.4%) and illuminating at night could 436 

promise high accumulation of phenolic compounds in T. hemsleyanum; also the content of 437 

polysaccharides (YTP) showed positive correlation with each of climatic factors Xi (i=1,…7), 438 

indicating that the controllable increase in greenhouse temperature and soil moisture could enhance 439 

the accumulation of polysaccharides in T. hemsleyanum.  440 

3.4.2 Inter-correlation of antioxidant activities and environmental factors 441 

There are interests to discover the relationship between the antioxidant activities of three major 442 

metabolites in T. hemsleyanum and various environmental variables. Therefore, both the redundancy 443 



   

analysis and Person analysis have been carried out. The RDA plot in Fig 6C directionally indicated 444 

that there were a negative correlation between the DPPH radical scavenging rate of sterols (ZTS) and 445 

each of various environmental variables (Xi, i=1,…,7), a positive correlation between the DPPH 446 

radical scavenging rate of polysaccharides (ZTP) and each of Xi, and also a negative correlation 447 

between the DPPH radical scavenging rate of phenolic compounds (ZTPH) and X2 or X3 but a positive 448 

correlation between ZTPH and X1, X4, X5, X6 or X7, respectively. Moreover, the data of Person 449 

correlation analysis in Table 3 showed that the DPPH radical scavenging rate of sterols (ZTS) was 450 

negatively and significantly correlated with X1 (r=-0.54), X2 (r=-0.57), X3 (r=-0.53), X4 (r=-0.60), X5 451 

(r=-0.63), X6 (r=-0.53) and X7(r=-0.25), respectively. At the same time, either ZTF or ZTP showed an 452 

insignificant or no correlation with various Xi. These results suggested that increasing precipitation, 453 

temperature and humidity could significantly reduced the antioxidant activity of sterols, but changes 454 

of environmental conditions gave some relatively small effects on the antioxidant activity of phenolic 455 

compounds or polysaccharides in T. hemsleyanum. 456 

3.4.3 Inter-correlation on metabolite contents and antioxidant activities 457 

Several studies showed a strong and significant correlation between phenolic compounds content 458 

and DPPH antioxidant activity (Peixoto et al., 2018). Therefore, there are more interests to analyze 459 

the correlation between the DPPH scavenging ability and the variation of active component content. 460 

The RDA plot in Fig 6B showed a very strong and positive correlation between the content of sterols 461 

(YTS) and its DPPH radical scavenging rate (ZTS) with the correlation coefficient very close to 1, a 462 

strong and positive correlation between the content of polysaccharides (YTP) and its DPPH radical 463 

scavenging rate (ZTP), and also a positive but relatively weak correlation between the DPPH radical 464 

scavenging rate (ZTPH) and the content of phenolic compounds (YTPH). In addition, Person analysis 465 

confirmed a positive and very significant correlation between the DPPH radical scavenging rate and 466 

YTS (r = 0.998, p<0.01) or YTP (r = 0.899, p<0.01), suggesting that the antioxidant activities of 467 

sterols and polysaccharides would be significantly enhanced with increasing their contents.  468 

4 Conclusion 469 

The total content of flavonoids maintained at higher level in April and May, and reached a 470 

maximum of 394.5 μg/g in the second half of April, confirming that the synergistic combinations of 471 

precipitation (2.0~6.6 mm), temperature (17.5~24.1°C), humidity (67.3~80.2%) and sunshine 472 

duration (3.4~5.8 h) were most favorable for biosynthesis and accumulation of flavonoids in T. 473 

hemsleyanum. Nine individual flavonoids including isoorientin, orientin, rutin, isoquercitin, 474 

kaempferol-3-0-rutinoside, astragalin, quercetin, apigenin and kaempferol gave significantly different 475 



   

and seasonally variable production selectivity (PS), and in the second half of April with the highest 476 

accumulation of flavonoids, the PS values of the nine individual flavonoids were 0.30, 0.06, 0.07, 477 

0.07, 0.00, 0.04, 0.39, 0.05 and 0.03, respectively. The selectivity of reaction path I, II and III (RPSI, 478 

RPSII and RPSIII) was significantly different and also varied with season, and in most of months 479 

especially during April, May and June leading to high accumulation of flavonoids, RPSII fluctuated 480 

between 0.52 and 0.66 much higher than RPSI or RPSIII, mainly due to the highest content (Y7) and 481 

production selectivity (PS7) of quercetin among all nine flavonoids in T. hemsleyanum. Based on the 482 

information in above, therefore,   the people could artificially regulate and control climatic conditions 483 

for greenhouse planting of T. hemsleyanum to change the selectitivity of different synthetic paths and 484 

the accumulation of various flavonoids for specific application purposes,  such as to enhance the 485 

contents of end products rutin (Y3) in the Path II and kaempferol-3-O-rutinoside (Y5) in the Path III 486 

for the use as a functional resource of anti-cancer medicines and chemical reagents [8].   487 

The contents of phenolic compounds (YTPH), sterols (YTS) and polysaccharids (YTP) ranked by 488 

YTPH> YTP> YTS and seasonally varied in the range of 29.1±1.2~77.7±3.2 mg/g, 9.9±0.9~21.7±0.9 489 

mg/g and 0.73±0.09~1.7±0.1 mg/g respectively, while their antioxidant activities followed the order 490 

of ZTPH> ZTP> ZTS and seasonally varied in the range of 39.9-95.1%, 35.4-43.5% and 5.5-9.8%, 491 

respectively. The contents or antioxidant activities of three metabolites in T. hemsleyanum showed 492 

diverse and dynamic correlations with environmental factors, so that adjusting greenhouse 493 

temperature (15.4~25.7℃), reducing soil moisture (55.1~65.4%) and illuminating at night could 494 

increase YTPH, the controllable increase in greenhouse temperature and soil moisture could 495 

enhanceYTP, andalso controlling greenhouse temperature (17.5~19.6℃), soil moisture (40.5~46.2%) 496 

and shading could increase YTS, while the increase of precipitation, temperature and humidity could 497 

significantly reduce ZTS, but changes of environmental conditions gave relatively small effects on 498 

ZTPH or ZTP.  499 
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Table 1 Contents of secondary metabolitesin T. hemsleyanum and data of climatic factors 

Note: X1, average precipitation; X2, mean temperature; X3, average maximum temperature; X4, mean minimum temperature; X5, 

average relative humidity; X6, average minimum relative humidity; X7, average sunshine duration; YTPH (phenolic compounds), 

YTS (sterols), YTP (polysaccharides). 

 

 

 

 

 

Sample 

Code 

Climate Factors    

X1 

(mm) 

X2 

(℃) 

X3 

(℃) 

X4 

(℃) 

X5 

(%) 

X6 

(%) 

X7 

(h) 

YTPH 

(mg/g) 

YTS 

(mg/g) 

YTP 

(mg/g) 

1to 15Sep2017 7.2 26.2 30.1 23.5 80.1 59.8 4.2 16.7±1.4 0.8±0.1 63.5±1.6 

15 to 30Sep 

2017 

3.9 24.0 27.5 21.3 84.5 66.9 2.7 13.2±1.4 0.9±0.1 67.1±2.1 

1 to 15Oct 2017 5.1 22.4 25.7 19.8 82.4 65.4 2.9 21.7±1.4 0.9±0.1 76.3±2.3 

15 to 31Oct 

2017 

5.1 17.4 20.9 14.6 75.9 55.1 4.6 20.1±1.1 1.1±0.1 59.1±2.5 

1 to 15Nov 

2017 

1.3 16.1 20.0 13.1 77.2 56.6 3.4 21.2±1.2 1.4±0.1 51.9±2.2 

15 to 30Nov 

2017 

6.7 11.9 15.4 9.6 79.7 58.8 2.3 21.7±1.0 1.3±0.1 54.8±2.3 

1 to 15Dec 

2017 

1.0 8.2 11.9 4.9 70.7 45.7 3.8 19.2±1.5 1.1±0.1 50.5±2.1 

15 to 31Dec 

2017 

1.1 7.1 11.8 3.4 72.4 46.3 4.8 14.2±1.3 1.3±0.1 47.7±2.0 

1 to 15Jan 2018 2.7 5.5 9.6 2.2 71.7 52.1 4.1 10.9±1.3 1.4±0.1 77.7±3.2 

15 to 31Jan 

2018 

4.2 5.2 7.2 3.7 85.2 68.9 0.9 9.9±0.9 0.9±0.1 43.4±2.0 

1 to 15Feb 2018 0.4 4.1 8.9 0.0 64.1 36.9 5.1 10.8±0.8 1.2±0.2 44.8±1.8 

15 to 28Feb 

2018 

2.9 8.8 12.6 6.0 81.9 60.5 3.0 11.7±1.0 1.0±0.1 42.4±0.9 

1 to 15Mar 

2018 

2.0 12.6 18.2 8.6 75.9 50.9 5.0 19.6±1.1 0.9±0.1 67.7±3.0 

15 to 31Mar 

2018 

2.0 13.7 19.2 10.1 76.6 49.9 4.4 18.5±1.0 0.9±0.1 66.3±2.3 

1 to 15Apr 2018 2.7 17.5 22.8 13.5 69.4 46.2 4.6 17.4±0.9 1.7±0.1 50.5±0.9 

15 to 30Apr 

2018 

2.0 19.6 25.2 14.7 67.3 40.5 5.8 18.4±1.0 1.6±0.2 47.7±1.1 

1 to 15May 

2018 

6.6 22.3 27.4 18.1 72.5 47.7 5.5 17.3±1.1 1.1±0.1 33.3±1.2 

15 to 31May 

2018 

5.4 24.1 28.2 21.3 80.2 60.9 3.4 16.3±0.9 0.9±0.1 29.1±1.2 

1 to 15Jun 2018 1.3 23.3 27.4 19.8 76.8 53.0 4.0 15.9±1.2 0.9±0.1 47.7±0.9 

15 to 30Jun 

2018 

12.0 26.5 30.5 23.3 80.7 62.5 5.1 13.1±1.0 0.8±0.1 40.7±1.1 

1 to 15Jul 2018 5.7 28.5 32.3 25.7 78.2 59.5 7.1 15.3±1.4 0.8±0.1 52.6±1.0 

15 to 31Jul 

2018 

5.4 29.2 33.9 25.8 77.2 54.1 8.1 15.2±0.9 0.8±0.1 55.1±0.8 

1 to 15Aug 

2018 

8.7 29.5 33.7 26.3 77.4 54.5 7.9 15.6±1.1 0.8±0.1 58.2±0.8 

15 to 31Aug 

2018 

11.0 28.6 32.3 25.9 80.0 56.9 6.8 14.6±0.9 0.7±0.1 61.3±0.7 



   

 

Table 2 DPPH radical scavengingratesof phenolic compounds, sterols and polysaccharides 

Sample Code 
The DPPH radical scavenging 

Sample Code 

The DPPH radical scavenging 

ZTPH 

(%) 

ZTS 

(%) 

ZTP 

(%) 

ZTPH 

(%) 

ZTS 

(%) 

ZTP 

(%) 

1to 15Sep2017 62.2 5.8 41.7 1 to 15Mar 2018 64.1 9.8 39.4 

15 to 30Sep 2017 51.5 6.2 42.2 15 to 31Mar 2018 82.2 9.5 38.9 

1 to 15Oct 2017 67.6 6.5 43.5 1 to 15Apr 2018 80.4 7.2 36.9 

15 to 31Oct 2017 39.9 7.3 41.0 15 to 30Apr 2018 95.1 6.6 35.4 

1 to 15Nov 2017 60.8 8.5 39.7 1 to 15May 2018 80.0 6.3 38.2 

15 to 30Nov 2017 51.6 8.4 39.2 15 to 31May 2018 93.2 5.9 38.0 

1 to 15Dec 2017 71.9 7.6 39.4 1 to 15Jun 2018 64.3 6.0 39.0 

15 to 31Dec 2017 76.9 8.2 38.9 15 to 30Jun 2018 55.8 5.7 39.1 

1 to 15Jan 2018 52.6 8.9 40.7 1 to 15Jul 2018 47.4 5.8 39.8 

15 to 31Jan 2018 64.0 6.6 37.9 15 to 31Jul 2018 54.4 5.5 39.3 

1 to 15Feb 2018 49.5 7.7 42.3 1 to 15Aug 2018 61.1 9.8 40.8 

15 to 28Feb 2018 68.7 7.0 40.1 15 to 31Aug 2018 77.9 9.5 41.3 

Note:ZTPH(phenolic compounds), ZTS (sterols), ZTP (polysaccharides) 

 

 

 

 

 

 

 

 



   

Table 3 Pearson correlation analysis among DPPH radical scavenging rates and contents of metabolites 

andclimatic factors 

Component Factors 
Correlation 

coefficients 

Partial correlation coefficients of control variables 

X1 X2 X3 X4 X5 X6 X7 

YTPH 

X2 0.189 0.306  0.157 0.222 0.232 0.242 –0.174 

X3 0.207 0.316 0.194  0.189 0.232 0.238 0.276 

X4 0.177 0.301 –0.142 –0.155  0.219 0.233 0.219 

YTS 

X1 –0.516a  –0.256 –0.300 –0.212 –0.309 –0.348 –0.483b 

X2 –0.534a –0.299  –0.432b 0.434b –0.431b –0.452b –0.507a 

X3 –0.499b –0.261 0.381  0.390 –0.433b –0.449b –0.470b 

X4 –0.565a –0.337 –0.476b –0.482b  –0.429b –0.458b –0.540a 

X5 –0.635a 
–

0.514a 
–0.565a –0.595a –0.533a  –0.545a –0.781a 

X6 –0.532a –0.375 –0.449b –0.488b –0.409b 0.395  –0.697a 

YTP 

X1 0.095  0.186 0.205 0.169 –0.005 –0.045 0.131 

X5 0.205 0.183 0.244 0.244 0.244  –0.230 0.187 

X6 0.273 0.261 0.312 0.309 0.314 0.292  0.261 

ZTPH   –0.126 ns 0.069 ns –0.188 –0.281 ns 

ZTS   –0.54b –0.567a –0.532a –0.597a –0.634a –0.532a –0.247b 

ZTP   0.186 ns ns ns 0.295 0.332 ns 

Note:ashows significance at the level as p=0.01; ns means insignificant, bshows significance at the level as p=0.05. 

 

 

 

 

 



   

Figures Captions 

Fig 1. UPLC (280 nm) chromatograms of various samples: (A) standard sample with peak 

identification of components (1) isoorientin (10.4 min), (2) orientin (10.7 min), (3) rutin (11.7 min), (4) 

isoquercitrin (12.3 min), (5) kaempferol-3-0-rutinoside (13.5 min), (6) astragalin (14.2 min), (7) 

quercetin (19.7 min), (8) apigenin (21.5 min) and (9) kaempferol (21.7 min); (B) sample on October 

15, 2017; (C) sample on January 15, 2018; ( D) sample on April 30, 2018.  

Fig 2. Total content of nine individual flavonoids including isoorientin(Y1), orientin(Y2), rutin(Y3), 

isoquerctin(Y4), kaempferol-3-0-rutinoside(Y5), astragalin(Y6), quercetin(Y7), apigenin(Y8) and 

kaempferol(Y9) in T. hemsleyanum. The same letter on the top of columns indicates no significant 

difference in content (P<0.05) 

Fig 3. Content of individual flavonoids in T. hemsleyanum. (A) The flavonoids formed in path I; (B) 

Quercetin formed from pathII and also potentially from path I or III, and successively converted to 

isoquercetin to rutin; (C) The flavonoids formed in path Ⅲ, as illustrated in Fig. 4. 

Fig4.A schematic outline of flavonoid pathway proposed forT.hemsleyanum.PAL, phenylalanine 

ammonia-lyase;C4H, trans-cinnamate 4-monooxygenase; 4CL, 4-coumarate-CoA ligase; CHS, 

chalcone synthase; CHR,chalcone reductase; CHI, chalcone isomerase; F3′H, flavonoid 3′-

hydroxylase;F3H, flavonone 3-hydroxylase; FLS-Ⅱ, flavone synthase Ⅱ; UGT, UDP-

glucosyltransferase; UFT, 3-O-glucoside 

Fig 5. Reaction selectivity of flavonnoid biosynthetic path (RPS) with seasonal variation  

Path I: producing apigenin, isoorientin and orientin; Path II: producing quercetin, isoquerctin and rutin; 

Path III: producing kaempferol, astragalin and kaempferol-3-0-rutinoside 

Fig 6. Redundancy analysis (RDA) plots on the contents of secondary metabolites, DPPH radical 

scavenging rates and environmental factors. (A) Contents of secondary metabolites and environmental 

factors; (B) DPPH radical scavenging rates and contents of secondary metabolites; (C) DPPH radical 

scavenging rates and climatic factors. X1, X2, X3, X4, X5, X6 and X7 indicated in Table 1; YTPH, YTS and 

YTP indicated in Table 1; ZTPH, ZTS and ZTP indicated in Table 2 
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Figures

Figure 1

UPLC (280 nm) chromatograms of various samples: (A) standard sample with peak identi�cation of
components (1) isoorientin (10.4 min), (2) orientin (10.7 min), (3) rutin (11.7 min), (4) isoquercitrin (12.3
min), (5) kaempferol-3-0-rutinoside (13.5 min), (6) astragalin (14.2 min), (7) quercetin (19.7 min), (8)
apigenin (21.5 min) and (9) kaempferol (21.7 min); (B) sample on October 15, 2017; (C) sample on
January 15, 2018; ( D) sample on April 30, 2018.



Figure 2

Total content of nine individual �avonoids including isoorientin(Y1), orientin(Y2), rutin(Y3),
isoquerctin(Y4), kaempferol-3-0-rutinoside(Y5), astragalin(Y6), quercetin(Y7), apigenin(Y8) and
kaempferol(Y9) in T. hemsleyanum. The same letter on the top of columns indicates no signi�cant
difference in content (P<0.05)



Figure 3

Content of individual �avonoids in T. hemsleyanum. (A) The �avonoids formed in path I; (B) Quercetin
formed from pathII and also potentially from path I or III, and successively converted to isoquercetin to
rutin; (C) The �avonoids formed in path , as illustrated in Fig. 4.



Figure 4

A schematic outline of �avonoid pathway proposed forT.hemsleyanum.PAL, phenylalanine ammonia-
lyase;C4H, trans-cinnamate 4-monooxygenase; 4CL, 4-coumarate-CoA ligase; CHS, chalcone synthase;
CHR,chalcone reductase; CHI, chalcone isomerase; F3′H, �avonoid 3′-hydroxylase;F3H, �avonone 3-
hydroxylase; FLS-, �avone synthase ; UGT, UDP-glucosyltransferase; UFT, 3-O-glucoside



Figure 5

Reaction selectivity of �avonnoid biosynthetic path (RPS) with seasonal variation Path I: producing
apigenin, isoorientin and orientin; Path II: producing quercetin, isoquerctin and rutin; Path III: producing
kaempferol, astragalin and kaempferol-3-0-rutinoside

Figure 6

Redundancy analysis (RDA) plots on the contents of secondary metabolites, DPPH radical scavenging
rates and environmental factors. (A) Contents of secondary metabolites and environmental factors; (B)
DPPH radical scavenging rates and contents of secondary metabolites; (C) DPPH radical scavenging
rates and climatic factors. X1, X2, X3, X4, X5, X6 and X7 indicated in Table 1; YTPH, YTS and YTP
indicated in Table 1; ZTPH, ZTS and ZTP indicated in Table 2


