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ABSTRACT
Flavonoids are phytochemicals present in medicinal plants and contribute to human
health. Coreopsis tinctoria, a species rich in flavonoids, has long been used in
traditional medicine and as a food resource. N (nitrogen) fertilization can reduce
flavonoid accumulation in C. tinctoria. However, there is limited knowledge
regarding N regulatory mechanisms. The aim of this study was to determine the
effect of N availability on flavonoid biosynthesis in C. tinctoria and to investigate the
relationship between C (carbon) and N metabolism coupled with flavonoid synthesis
under controlled conditions. C. tinctoria seedlings were grown hydroponically
under five different N levels (0, 0.625, 1.250, 2.500 and 5.000 mM). The related
indexes of C, N and flavonoid metabolism of C. tinctoria under N variation were
measured and analysed. N availability (low and moderate N levels) regulates
enzyme activities related to C and N metabolism, promotes the accumulation of
carbohydrates, reduces N metabolite levels, and enhances the internal C/N balance.
The flavonoid content in roots and stalks remained relatively stable, while that in
leaves peaked at low or intermediate N levels. Flavonoids are closely related to
phenylalanine ammonia-lyase (PAL), cinnamate 4-hydroxylase (C4H), 4-coumarate:
coenzyme A ligase (4CL), and chalcone-thioase (CHS) activity, significantly
positively correlated with carbohydrates and negatively correlated with N
metabolites. Thus, C and N metabolism can not only control the distribution of C in
amino acid and carbohydrate biosynthesis pathways but also change the distribution
in flavonoid biosynthesis pathways, which also provides meaningful information
for maintaining high yields while ensuring the nutritional value of crop plants.

Subjects Agricultural Science, Biochemistry, Plant Science
Keywords Nitrogen, C. tinctoria, Carbon metabolism, Nitrogen metabolism, Flavonoid
accumulation

INTRODUCTION
Flavonoids, which are an important component of specialized metabolites in medicinal
plants, have different biological functions, including attracting pollinators, defending
against harmful insects and herbivores, and promoting plant adaptation to environmental
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stress (Gould, Mckelvie & Markham, 2002; Mouradov & Spangenberg, 2014; Winkel-
Shirley, 2001). Furthermore, researchers have found that flavonoids can promote human
health (Bondonno et al., 2019; Lila, 2004; Liu, 2003).

The biosynthesis of flavonoids is complex and subject to environmental conditions,
such as temperature (Gouot et al., 2019), light (Fang et al., 2020) and mineral nutrition
(Scheible et al., 2004). The availability of mineral elements, especially nitrogen (N), is
thought to be involved in regulating plant growth metabolic balance (Jozef et al., 2007).
Carbon (C) flow allocation from central to specialized metabolism of plants under N
variation is considered to be an important step in regulating flavonoid biosynthesis. These
assumptions have been validated in multiple experimental systems, including Nicotiana
tabacum (Paul & Driscoll, 1997), Cyclocarya paliurus (Deng et al., 2019a) and Cucumis
sativus (Zhao et al., 2015). Furthermore, plant C and N metabolism may be related to the
distribution of C flow in this process and, thus, affect the accumulation of flavonoids.
Recently, although some experiments have proven that higher C:N ratios are an important
factor in promoting the accumulation of plant flavonoids, the effects of C and N
metabolism under N variation are poorly understood (Deng et al., 2019a).

Carbohydrates have been confirmed to regulate flavonoid biosynthesis in specific plant
tissues, such as hypocotyls in Raphanus sativus (Hara et al., 2003), Rosa hybrida petals
(Ram et al., 2011) and Fragaria vesca leaves (Creasy, 1968). The biosynthesis of flavonoids
is based on the specialized metabolism of the C group, which binds to glucose to form
glycosides (Iwashina, 2000). Starch and sucrose are important components of
carbohydrates in plants. Starch is a high polymer of glucose, which can be hydrolysed by
amylase to glucose; however, the photoassimilates are transported in the form of
nonreducing sugars (sucrose), which are subsequently catalysed to glucose and fructose by
a series of enzymes (Yadav et al., 2013). These carbohydrates constitute the primary
photosynthetic products from source to reservoir that continuously transport C and
energy to plant flavonoid biosynthesis (Fortini et al., 2021; Geiger et al., 2010; Hara et al.,
2003). Plant photosynthesis is less sensitive to N limitations than growth, which means
that carbohydrate accumulations may exceed the growth requirements, resulting in more
accumulation of specialized metabolites (Shiwakotia et al., 2016). At high N levels,
plant carbohydrates are allocated more to central metabolism, inhibiting flavonoid
accumulation (Liu et al., 2010). Thus, N may play a regulatory role in C allocation for the
purpose of competing for available photoassimilates, thereby altering the synthesis of
flavonoids in plants.

Additionally, shikimic acid pathway metabolism, which links N metabolism and
flavonoid biosynthesis in plants, catalyses the synthesis of phenylalanine from
carbohydrates derived from glycolysis and pentose phosphate pathways (Deng et al.,
2019a). There is a widely accepted view that L-phenylalanine is the precursor of the
competition between protein and flavonoids. N nutrition has a negative impact on
flavonoid biosynthesis by increasing the efficiency of L-phenylalanine transport to proteins
(Ibrahim & Jaafar, 2011). However, controlled N conditions in specific plant tissues can
disrupt phenylalanine metabolism, which impairs protein synthesis and phenylalanine
delivery to other parts of the plant, giving flavonoid biosynthesis a greater competitive
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advantage (Kováčik et al., 2020). Studies have shown that N regulates N
metabolism-related enzyme activities and affects amino acid accumulation.
The association between N metabolism and amino acid levels is likely to stimulate changes
in the accumulation of plant flavonoids (Cao et al., 2019).

C. tinctoria is a member of the Compositae family, is native to North America and
grows in plateau areas in China, especially in Xinjiang. As a traditional herbal medicine,
C. tinctoria is beneficial to human health in terms of lowering blood pressure,
antioxidation and antidiabetic activity (Begmatov et al., 2018; Guo et al., 2017). Chemical
composition analysis has shown that C. tinctoria is rich in many bioactive compounds,
especially flavonoids, which are considered to be superior to chrysanthemum varieties
(Deng et al., 2017). Although researchers have carried out several studies on the
pharmacological properties of C. tinctoria, there are still few reports on agronomic
practices, especially N, on the physiological development and accumulation of bioactive
phytochemicals.

Hence, to obtain further relevant information on the effects of N nutrition on flavonoid
biosynthesis in C. tinctoria, we conducted an experiment to assess the association of C and
N metabolism with the accumulation of flavonoids. The aim of this experiment was to
determine the effect of N availability on flavonoid biosynthesis in C. tinctoria and to
investigate the relationship between internal C and N metabolism and flavonoid synthesis
under controlled N conditions.

MATERIALS AND METHODS
Material preparation and growth conditions
Seeds of C. tinctoria were purchased from Keliyang township of Hetian (Xinjiang, China)
in late September 2019. First, the collected seeds were carefully screened, followed by the
administration of exogenous gibberellin A3 (GA3) treatments according to Fang et al.
(2006). Then, seedling cultivation (2:1 roseite-perlite of planting substrate) proceeded.

After 25 days of cultivation, the root of the plant was wrapped with a sponge and
transferred to 8-L nutrient solution culture containers (45 × 31 × 15 cm) in Urumqi,
Xinjiang, China. The study was carried out under controlled conditions. The light intensity
was 620 mmol·m2/s, the light intensity was 12 h, and the 25 �C/15 �C diurnal/night
temperature was maintained. In addition, the constant relative humidity was set to 60%
when the seedlings grew to four leaves. The pH value of the solution was kept at 7.0 ± 0.1,
the nutrient solution was replaced every 5 days, and the oxygen pump was continuously
ventilated for 24 h. All plants were irrigated at 2-day intervals with five N treatment
solutions. The ingredients in the nutrient solution were as follows: 160 mg/L Ca(NO3)2,
0.1 mg/L Na2MoO4, 0.1 mg/L CuSO4, 0.3 mg/L ZnSO4, 0.3 mg/L MnSO4, 1.6 mg/L H3BO3,
3.8 mg/L KCl, 8.4 mg/L ethyl-enediaminetetraacetic acid, 120 mg/L MgSO4, 136 mg/L
CaSO4 and 408 mg/L KH2PO4. After 2 days of seedling adaptation in nutrition, the
nutrient solution was replaced with different levels of fertilizer treatment, namely, 0 mM
Ca(NO3)2 (N1), 0.625 mM Ca(NO3)2 (N2), 1.250 mM Ca(NO3)2 (N3), 2.500 mM Ca
(NO3)2 (N4) and 5.000 mM Ca(NO3)2 (N5). The treatment of Ca2+ deficiency is
supplementation with CaCl2. Each treatment was repeated 3 times, with 30 seedlings in
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each repeat. After 30 days of seedling growth, different tissues were harvested and stored in
liquid N.

Photosynthesis and chlorophyll
The photosynthesis rate of C. tinctoria seedlings was determined from 9:30 am to 11:30 am
when the samples were harvested. Six leaves were carefully selected (a third mature leaflet
from the top to the bottom of the plant) for photosynthetic determination using an LI-
6400XT photosynthetic apparatus (LI-COR, Inc., Lincoln, NE, USA). The illumination
intensity was 1,600 µmol photons m2/s, and the gas flow rate was 500 mmol/s.
The concentration of cuvette CO2 was set at 400 mmol CO2/mol air, and the chamber
temperature was 28 �C.

The leaves of C. tinctoria were collected for the determination of total chlorophyll
content in plants. Then, the mixture was configured with 85% (v/v) acetone solution for
chlorophyll extraction, and spectrophotometric (HALO DB-20, Calamb, UK)
measurements were obtained at 663 and 645 nm (Paul & Driscoll, 1997).

C and N content
Samples (including roots, stalks and leaves) were fully dried at 70 �C, ground into powder,
and then cooled to 25 �C for further analysis. A one-mg powder sample in a tin pot
was placed on an elemental analyser (EA3000, Euro Vector, Italy) to determine the total C
and N contents.

Carbohydrate content
One gram of plant-dried tissue (leaf, stalk and root) powder was prepared for carbohydrate
(containing sucrose, fructose, glucose) determination. Plant tissue (25 mg) was mixed
with 80% alcohol (one mL), poured into a 1.5-mL centrifuge tube, homogenized by
vortexing for 1 min and kept in a 75 �C water bath for 60 min. The solution was kept
at room temperature for 30 min and then centrifuged at 16,000 rpm for 10 min. The
supernatant was fully mixed with 1.0 mL of 80% ethanol, and the contents of
carbohydrates were then determined.

The plant carbohydrates were determined by the method developed by Stitt et al. (1989).
Then, 130 mL of buffer (including 0.4 units of glucose-6-phosphate dehydrogenase
(G6PDH), 10 mM MgCl2, 200 mM imidazole, 2 mM ATP and 4 mM NAD), 20-mL fully
homogenized samples and 110 mL of deionized water were added to a 96-well microplate.
The first absorbance of glucose was recorded after adding 5 mL of hexokinase (0.2 units),
and the peak absorbance was recorded on a xMarkTM microplate spectrophotometer
(Bio-Rad, Irvine, CA, USA) after 5 min. The wavelength was set to 340 nm. The fructose
absorbance reached a peak after the addition of 5 mL of glucose phosphoglucoisomeras
(0.6 units), and the absorbance was recorded. Five microlitres of invertase was added to the
same plate to read the peak absorbance of sucrose. The contents of glucose, fructose
and sucrose were calculated by these absorption readings and expressed in mg/g on the
basis of dry weight.
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The starch content of the plant sample was assayed with reference to the Grechi et al.
(2007) method. After removing the plant residue, tissue starch was extracted by 80% (v/v)
ethanol. After adding 3% HCl to the residue, the spectra were determined by photometric
determination at 490 nm by the phenol-sulfuric acid method. A glucose calibration curve
was established to calculate tissue starch content, expressed in mg/g dry weight.

Total amino acids and protein
Determination of the total amino acid content was performed byHamilton & Slyke (1943).
Plant samples (0.2 g) and phosphate buffer (pH 6.5) were thoroughly mixed, and the
extract was then filtered. The mixed solution of 0.5 mL of extract, 0.5 mL of 10% pyridine
and 0.5 mL of 1% ninhydrin solution was put into a new test tube and heated in 100 �C
water for 1 h. Deionized water was used to replenish the tube to 25 mL, and the absorption
at 570 nm was determined. An L-leucine standard curve was prepared to determine the
total free amino acids. Determination of soluble protein content was performed according to
the Coomassie brilliant blue method described by Bradford (1976). Fresh samples (0.2 g)
were ground into powder and homogenized in 10 mL of 1% polyvinyl pyrrolidone (pH 7.8),
1 mM dithiothreitol and 1mM ethylenediaminetetraacetic acid and centrifuged at 8,000 rpm
for 10 min. Bovine protein was used to make a protein standard curve to determine the
protein content, and the absorbance was then immediately determined at 595 nm.

Flavonoid content
The total flavonoid content in C. tinctoria was estimated according to Liu et al. (2010).
Samples (0.5 g) were separately placed in 75% ethanol under sonication for 45 min at
35 �C. One millilitre of solution and five mL of deionized water were added to a 25-mL
tube. One millilitre of 5% (w/v) sodium nitrite (NaNO2) was poured into a mixed solution
and kept at 25 �C for 6 min and 1 mL of 10% (w/v) aluminium chloride (AlCl3·6H2O)
was then immediately added to the mixture. Next, the mixture continued to remain at
25 �C for 6 min. Then, one mL of one M sodium hydroxide (NaOH) was added to the
mixture for the final reaction, and the volume was replenished in a volumetric flask mark
with distilled water. The optical density (OD) of the solution and the control was
immediately read at 512 nm.

The plant tissues of roots, stalks and leaves were used for three individual flavonoid
analyses. A fully ground sample (2.0 g) was placed in a 15-mL brown test tube.
Methanol (80%, in water) was added at a 1:10 ratio, oscillated and mixed for 5 min,
ultrasonicated for 30 min and centrifuged at 6,000 rpm for 10 min. The supernatant was
collected and transferred to another centrifuge tube, and the extraction was repeated
twice. The supernatant was carefully collected again and cooled to room temperature.
Finally, the volume was dissolved in 20% acetonitrile water, and the sample was oscillated.
The supernatant was filtered through a 0.45-mm filter for further analysis. An Agilent-1200
series high-performance liquid chromatography (HPLC) system was used for HPLC
analysis. Separation was carried out on an Agilent Eclipse XDB-C 18 column (4.6 × 250 mm,
I.D. 3.5 mm), and the column temperature was always 30 �C. Gradient elution of 0.2% formic
acid (A) and acetonitrile (B) at a flow rate of 1 mL/min was used to achieve analyte
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separation. The gradient elution process was as follows: 0–5 min, 10–15% B; 5–15 min,
15–22% B; and 15–25 min, 22–48% B. Chromatograms were detected at wavelengths of
260 and 320 nm, and standard curves were generated using luteolin, quercetin and rutin
(Sigma–Aldrich Inc., St. Louis, MO, USA).

Enzyme activity
Carbohydrate metabolism-related enzymes (sucrose phosphate synthase (SPS), sucrose
synthase (SS), neutral invertase (NINV), soluble acid invertase (SAI), glucose-6-phosphate
dehydrogenase (G6PDH) and 6-phosphogluconate dehydrogenase (6PGDH)) were
evaluated by using the kit provided by Shanghai Enzyme Union Biotechnology Co., Ltd.
(Shanghai, China). Fresh tissue (0.1 g) was ground in liquid N to determine enzyme
activity. After halogenation, the sample was extracted with one mL of extraction buffer
(provided by the manufacturer) in a test tube and immediately centrifuged at 12,000 rpm
for 10 min. The reaction steps of each enzyme were strictly in accordance with the
instructions provided by the manufacturer. The absorbance of SPS, SS, NINV, SAI, G6PDH
and 6PGDH was measured at wavelengths of 340, 480, 540, 510, 340 and 340 nm,
respectively. The SPS and SS activities are expressed as follows: production of 1.0 g of sucrose
in 1 min by catalysis in a 1.0-g sample. The production of one unit of NINV and SAI was
demonstrated as 1.0 g of reducing sugar in a 1.0-g sample weight in 1 min at room
temperature. One unit of G6PDH and 6PGDH is presented as the production of 1 nmol
NADPH produced in 1.0 g of fresh sample in 1 min at room temperature (Ali et al., 2018).

Kits (provided by Shanghai Enzyme Union Biotechnology Co., Ltd., Shanghai, China)
were used to evaluate the levels of N metabolism-related enzymes. N-metabolizing
enzymes, including nitrate reductase (NR), nitrite reductase (NIR), glutamine synthetase
(GS), glutamate synthase (GOGAT) and glutamate dehydrogenase (GDH), were measured
using the method described in the kit. Plant samples (accurately measured to 0.1 g)
were fully crushed and extracted (one mL of buffer, purchased from a company) in a
centrifuge tube. Fresh tissues (0.1 g) were fully ground and then centrifuged at 12,000 rpm
for 10 min, and the supernatant was stored in a new test tube. The reaction was strictly
carried out according to the test instructions of each kit. NR, NIR, and GS were measured at
540 nm, while the absorbance values of GOGAT and GDH were determined at 340 nm.
The NR activity was demonstrated as 1 mmol NO2− production in a 1-min, 1.0-g sample.
One unit of NIR was considered the reduction of 1 mmol NO2− in 1 min in a 1.0-g sample.
However, one unit of GS activity was expressed as the change in absorbance reading by
0.005 at 540 nm in a one-mL reaction solution of 1.0 g of tissue in 1 min. GOGAT was
defined as the reduction of 1 nmol NADH in 1 min in a 1-g sample. A reduction of 1 nmol
NADH in 1 min in a 1 g sample was used for GDH activity (Ali et al., 2019).

Plant PAL, C4H, 4CL, CHS, F3H and FLS ELISA kits were used to determine the
activity of phenylalanine ammonia-lyase (PAL), cinnamate 4-hydroxylase (C4H),
4-coumarate: coenzyme A ligase (4CL), chalcone-thioase (CHS), flavanone 3-hydroxylase
(F3H), and flavonol synthase (FLS) in tissues of C. tinctoria. The purified plant PAL
(or C4H, 4CL, CHS, F3H, FLS) antibody was used in 96-well coat microtiter plate wells,
and PAL was then added to the well to form an antibody complex labelled with antibody
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antigen enzymes. The plant sample pores were completely washed, and TMB substrate
solution was added and maintained in the incubator for 15 min at 37 �C. The concentrated
sulfuric acid solution was then used to terminate the reaction and read the absorption at
450 nm (Deng et al., 2019a).

Statistical analysis
For the analysis of variance (ANOVA), Duncan’s multiple-range test was used to calculate
significant differences by SPSS software (version 19.0, SPSS Inc., Chicago, IL, USA).
All statistical analyses were performed at a 95% confidence interval (P < 0.05). Correlation
analysis was performed by the Pearson correlation analysis method.

RESULTS
Effects of N availability on photosynthetic rate and total chlorophyll
content in C. tinctoria
The total chlorophyll content in leaves from treatments N1 to N4 was relatively stable,
while the content of leaves in treatment N5 decreased by 16.9% (Fig. 1A). The optimal net
photosynthetic rate occurred in treatments N3 and N4 and was significantly higher than
that in the N5 treatment (Fig. 1B, P < 0.05).

Effects of N availability on the C, N and C/N ratio in C. tinctoria
The C and N contents in the three tissues of C. tinctoria were determined, and the internal
C/N ratios were analysed (Table 1). The N content of the three organs increased with
increasing N concentration. The ANOVA results suggested that the contents of N in the
three organs linearly increased with increasing N content (P < 0.05), and the variation
ranged from 1.0% to 1.9%, 0.8–1.5% and 1.6–2.6%. However, the variation in C content
was relatively stable in the three organs, with a range of variation from 30.5–35.6%, and
there were no differences in any of the treatments except for leaf C in N5 (P > 0.05).

Figure 1 Effects of different nitrogen levels on total chlorophyll contents (A) and the photosynthetic rates (B) of Coreopsis tinctoria seedlings.
‘FW’ represents fresh weight. Different letters indicate significant differences among nitrogen levels in the same category according to Duncan’s test
(P < 0.05). N1, N2, N3, N4 and N5 represent the concentrations of Ca(NO3)2 were 0, 0.625, 1.250, 2.500 and 5.000 mM, respectively.

Full-size DOI: 10.7717/peerj.12152/fig-1
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With increasing N availability, the N content in the three organs linearly increased, which led
to a significant decrease in the C/N ratio (P < 0.05). The C/N ratios of roots, stalks and leaves
in treatment N5 were significantly reduced by 46.2%, 49.4% and 44.4%, respectively,
compared with those in treatment N1 (P < 0.05).

Effects of N availability on C and N metabolism in C. tinctoria
Carbohydrates, including sucrose, glucose, fructose and starch, are important components
of photosynthesis and C metabolism. In the present study, four sugars in three organs
showed different variation patterns according to N supply. Among the organs tested, leaves
had the highest carbohydrate content, followed by stalks, and roots had the lowest
carbohydrate content. The four sugars at the low N level (N1) were significantly higher
than those at the other N levels (containing N2, N3, N4, N5) in roots and stalks (P < 0.05).
The greatest contents of four carbohydrates in leaves were detected at low and
intermediate N levels (N1, N2, N3) and were significantly higher than those under the high
N treatment (N4 and N5, P < 0.05). The average contents of the four carbohydrates
(sucrose, glucose, fructose and starch) in the three organs were 714.10 ng/g FW (fresh
weight), 453.01 ng/g FW, 455.48 ng/g FW and 10.32 mg/g FW, respectively (Fig. 2).

The synthesis and degradation balance of carbohydrates mainly depend on the
synergistic effects of SPS, SS, NINV and SAI in plant cells. All four enzymes in the
three organs showed different patterns of accumulation at different N levels. First, as the
N concentration increased, the carbohydrates in roots and stalks decreased gradually
and reached the lowest value with the N5 treatment. Second, the highest activity of the four
enzymes was detected in leaves, while relatively low enzyme activity was detected in roots
and stalks. Four enzyme activities at low and intermediate N concentrations (treatments
N1, N2 and N3) were significantly higher than those at high N concentrations (N4 and
N5) in leaves (P < 0.05), and the variation ranged from 163.45–113.76 mmol/min/g FW,
323.65–208.43 sucrose/min/g FW, 17.45–12.45 mmol/min/g FW and 146.38–
112.98 mmol/min/g FW, respectively (Fig. 3).

G6PDH is a key enzyme involved in the oxidative pentose phosphate pathway (OPPP)
and regulates changes in fructose and glucose levels in plants. Along the N gradient,
the activity of G6PDH in the root and stalk showed a decreasing trend and reached the

Table 1 Variations in the carbon, nitrogen and carbon-to-nitrogen ratio (C/N) in the roots, stalks and leaves of C. tinctoria seedlings under
five different nitrogen fertilization treatments.

Treatment Root (%) Stalk (%) Leaf (%)

Nitrogen Carbon C/N Nitrogen Carbon C/N Nitrogen Carbon C/N

N1 0.96 ± 0.13a 32.32 ± 3.12a 33.67 ± 1.76d 0.76 ± 0.12a 30.54 ± 2.54a 40.18 ± 2.43d 1.56 ± 0.15a 35.56 ± 2.98b 22.79 ± 2.43c

N2 1.11 ± 0.11b 34.23 ± 2.56a 30.96 ± 2.41c 0.88 ± 0.09b 31.04 ± 3.23a 35.27 ± 1.87c 1.87 ± 0.18b 34.87 ± 3.01b 18.65 ± 2.14b

N3 1.19 ± 0.10bc 34.98 ± 2.68a 30.12 ± 1.83b 1.04 ± 0.18bc 30.67 ± 3.43a 29.49 ± 4.32bc 1.98 ± 0.24bc 33.94 ± 3.44b 17.14 ± 2.34b

N4 1.62 ± 0.14c 33.13 ± 2.43a 20.45 ± 3.54ab 1.23 ± 0.13c 32.31 ± 3.20a 26.27 ± 2.03b 2.03 ± 0.16c 34.01 ± 3.55b 16.75 ± 1.89b

N5 1.88 ± 0.09d 32.97 ± 3.03a 17.54 ± 1.31a 1.54 ± 0.16d 31.32 ± 2.78a 20.34 ± 1.39a 2.57 ± 0.17d 32.54 ± 2.53a 12.66 ± 1.79a

Note:
Means followed by a different letter within the column are significantly different at (P < 0.05) probability level according to the analysis of variance (ANOVA).
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lowest value in treatments N4 and N5, and the variation ranges were 99.54–49.26 and
107.93–79.36 nmol/min/g FW, respectively. Different from the pattern of change in the
roots and stalks, the highest activities of G6PDH in leaves were found in treatments N1
(95.43 nmol/min/g FW), N2 (97.93 nmol/min/g FW) and N3 (98.34 nmol/min/g FW),
which were higher than treatments N4 (79.36 nmol/min/g FW) and N5 (82.54 nmol/min/g
FW) (P < 0.05). The pattern of change in 6PGDH activity in the three organs was similar to
that of G6PDH activity. The G6PDH activities in leaves in treatments N1 (265.05 nmol/
min/g FW), N2 (261.34 nmol/min/g FW) and N3 (268.95 nmol/min/g FW) were also
significantly higher than those in treatments N4 (175.46 nmol/min/g FW) and N5
(165.43 nmol/min/g FW). The order of activity in the three organs was leaf > stalk > root,
and the variation range was 179.48–220.26 nmol/min/g FW, 83.44–125.67 nmol/min/g
FW, and 36.75–67.26 nmol/min/g FW, respectively (Fig. 3).

With increasing N concentration, the soluble protein in the three tissues increased, and
the same trend was found for amino acids. Further data suggested that the change in
soluble protein and amino acid concentration did not reach a significant difference in
stalks and roots at the N1–N4 levels, while the contents in leaves under the N1, N2 and
N3 treatments were significantly lower than those under the N4 and N5 treatments

Figure 2 Effects of nitrogen levels on three organs (roots, stalks and leaves) sucrose (A), glucose (B), fructose (C) and starch (D) level in
Coreopsis tinctoria seedlings. ‘DW’ represents dry weight. Different letters indicate significant differences among nitrogen treatments in the
same category according to Duncan’s test (P < 0.05). N1, N2, N3, N4 and N5 represent the concentrations of Ca(NO3)2 were 0, 0.625, 1.250, 2.500
and 5.000 mM, respectively. Full-size DOI: 10.7717/peerj.12152/fig-2
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(P < 0.05). The ranges of total soluble protein and amino acids in the three organs were
1.17–11.42 mg/g FW and 369.34–1 439.23 mg/g FW, respectively (Fig. 4).

NR activity in the three organs was influenced by N application (P < 0.05). The greatest
activity in all organ treatments (N5) was significantly higher than that in treatments
N1, N2 and N3. NR activity in N5 treatments was 38.5%, 26.8% and 112.3% higher than that

Figure 3 Effect of different nitrogen levels on three organs (roots, stalks and leaves) SPS activity (A), SS activity (B), NINV activity (C), SAI
activity (D), G6PDH activity (E) and 6PGDH activity (F) in Coreopsis tinctoria. SPS, Sucrose phosphate synthase; SS, Sucrose synthase; NINV,
Neutral invertase; SAI, Soluble acid invertase; G6PDH, Glucose-6-phosphate dehydrogenase; 6PGDH, 6-phosphogluconate dehydrogenase. Dif-
ferent letters indicate significant differences among nitrogen treatments in the same category according to Duncan’s test (P < 0.05). N1, N2, N3, N4
and N5 represent the concentrations of Ca(NO3)2 were 0, 0.625, 1.250, 2.500 and 5.000 mM, respectively.

Full-size DOI: 10.7717/peerj.12152/fig-3
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in N1 treatments in the three organs, respectively. The change patterns of NIR, GS, GOGAT
activity and NR were similar, with the degree of changes differing in the three organs as
follows: leaf > stalk > root. The ranges of the three enzyme activities were 45.09–194.38
nmol/min/g FW, 10.45–28.43 nmol/min/g FW, and 166.45–698.45 nmol/min/g FW,
respectively (Fig. 5). With the increase in the N gradient, the GDH activity decreased and
varied in different organs. The highest values of roots and stalks were found in treatment
N1 and were significantly higher than those in the N5 treatments of 56.8% and 57.2%,
respectively (P < 0.05). The highest GDH activity in leaves was detected under treatments N1
(2,131.34 nmol/min/g FW), N2 (1,994.52 nmol/min/g FW) and N3 (2,045.53 nmol/min/g FW)
and was higher than those under treatments N4 (1,435.52 nmol/min/g FW) and N5
(1,327.95 nmol/min/g FW) (Fig. 6, P < 0.05).

Effects of N availability on flavonoid metabolism
There was no difference in the total flavonoid concentrations in stalks and roots at the five
N levels (P > 0.05). However, N levels significantly affected the accumulation of flavonoids
in leaves (P < 0.05). Low or intermediate N availability (N1, N2 and N3) promotes
higher accumulation of flavonoids, while a significant decrease in flavonoid content was
found under the N4 and N5 treatments. The lowest flavonoid content in the N5
treatment was 26.6% lower than that in the N3 treatment. Furthermore, different organ
concentrations of three individual flavonoids (luteolin, quercetin and rutin) are shown in
Table 2. The average values of different individual flavonoids in the three organs were the
following: luteolin, 0.24 mg/g DW; quercetin, 0.16 mg/g DW; and rutin, 1.32 mg/g DW.

The accumulation pattern of individual flavonoids in different organs was consistent
with that of total flavonoids. The concentrations of individual flavonoids in stalks and
roots were also relatively stable under the five N levels. Of the tissues evaluated, it was
found that the greatest flavonoid accumulation occurred in leaves, while the relatively low
flavonoid content occurred in roots and stalks. Pearson correlation analysis showed

Figure 4 Effects of different nitrogen levels on three organs (roots, stalks and leaves) total soluble (A) and amino acid (B) content at the
seedling stage in Coreopsis tinctoria. Different letters indicate significant differences among nitrogen levels in the same category according to
Duncan’s test (P < 0.05). N1, N2, N3, N4 and N5 represent the concentrations of Ca(NO3)2 were 0, 0.625, 1.250, 2.500 and 5.000 mM, respectively.

Full-size DOI: 10.7717/peerj.12152/fig-4
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Figure 6 Effect of different nitrogen levels on three organs (roots, stalks and leaves) GDH activity in
Coreopsis tinctoria. GDH, glutamate dehydrogenase. Different letters indicate significant differences
among nitrogen treatments in the same category according to Duncan’s test (P < 0.05). N1, N2, N3, N4
and N5 represent the concentrations of Ca(NO3)2 were 0, 0.625, 1.250, 2.500 and 5.000 mM, respec-
tively. Full-size DOI: 10.7717/peerj.12152/fig-6

Figure 5 Effect of different nitrogen levels on three organs (roots, stalks and leaves) NR activity (A), NIR activity (B), GS activity (C), GOGAT
activity (D) in Coreopsis tinctoria.NR, Nitrate reductase; NIR, Nitrite reductase; GS, Glutamine synthetase; GOGAT, Glutamate synthase. Different
letters indicate significant differences among nitrogen treatments in the same category according to Duncan’s test (P < 0.05). N1, N2, N3, N4 and N5
represent the concentrations of Ca(NO3)2 were 0, 0.625, 1.250, 2.500 and 5.000 mM, respectively. Full-size DOI: 10.7717/peerj.12152/fig-5
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that the content of total flavonoids in leaves was positively correlated with the internal C
status (total C, sucrose, fructose, glucose and starch) along the N gradient (Fig. 7, P < 0.05).
In contrast, total flavonoids were negatively correlated with internal N status indicators
(total N, amino acids and total soluble proteins) (Fig. 8, P < 0.05). Individual flavonoids in
stalks and roots, such as luteolin and rutin, were not significantly associated with C
metabolism or N metabolites (P > 0.05).

N levels significantly affected the key enzyme activities of flavonoids in different
organs (P < 0.05). Consistent with the pattern of flavonoid changes, the greatest enzyme
activities (including PAL, C4H, 4CL and CHS) in leaves were detected at low and
intermediate N levels (N1, N2, N3) and were significantly higher than those at the other
two high N levels (N4 and N5). The highest F3H and FLS activities were detected in the
N4 treatment and were significantly higher than those at the low and intermediate levels
of the N treatment (N1, N2 and N3). The pattern of variation in roots and stalks with
different enzyme activities was different from that of flavonoids. The high N level
treatment (N4, N5) yielded higher C4H, 4CL, CHS and F3H activities than the other N
treatments, while the greatest PAL and FLS activities were found with the N3 and N4
treatments, respectively (Fig. 9, P < 0.05).

DISCUSSION
Photosynthesis and photosynthetic products can provide stable energy support for the
central and specialized metabolism of plants. This process is affected by the availability of
N because it has important effects on the synthesis of photosynthetic pigments, enzymes
and chloroplasts (Bassi, Menossi & Mattiello, 2018). The availability of N was positively
correlated with photosynthetic activity, which was consistent with the N1 to N4 treatment
performance patterns in this experiment. However, the photosynthetic rate of the N5
treatment decreased significantly compared with that of treatments N3 and N4 (P < 0.05,
Fig. 1). As described in a study of Cyclocarya paliurus, plant mass accumulation under
natural light environments is positively correlated with fertilizer concentration, while
patterns of change under low-light conditions are reversed (Deng et al., 2012). Therefore, a
relative lack of light for plants can partly explain the variation patterns in the
photosynthetic rates in this experiment.

Table 2 Effects of nitrogen treatments on flavonoids of C. tinctoria seedlings under five different nitrogen fertilization treatments.

Treatment Luteolin (mg/g DW) Quercetin (mg/g DW) Rutin (mg/g DW) Total flavonoid content (mg/g DW)

Root Stalk Leaf Root Stalk Leaf Root Stalk Leaf Root Stalk Leaf

N1 0.05 ± 0.01a 0.35 ± 0.02a 0.39 ± 0.04b 0.08 ± 0.01a 0.06 ± 0.01a 0.38 ± 0.04b 0.33 ± 0.03b 1.09 ± 0.12a 2.76 ± 0.21c 2.90 ± 0.52a 5.84 ± 1.31a 15.92 ± 1.28b

N2 0.05 ± 0.02a 0.32 ± 0.03a 0.36 ± 0.04b 0.08 ± 0.01a 0.06 ± 0.02a 0.39 ± 0.04b 0.30 ± 0.04b 1.07 ± 0.13a 2.72 ± 0.25c 2.85 ± 0.63a 5.81 ± 1.33a 15.91 ± 1.25b

N3 0.05 ± 0.02a 0.35 ± 0.02a 0.37 ± 0.04b 0.08 ± 0.01a 0.05 ± 0.03a 0.37 ± 0.04b 0.26 ± 0.04a 1.04 ± 0.11a 2.70 ± 0.24c 2.73 ± 0.51a 5.73 ± 0.81a 16.23 ± 1.36b

N4 0.05 ± 0.02a 0.31 ± 0.03a 0.31 ± 0.04a 0.07 ± 0.02a 0.06 ± 0.02a 0.30 ± 0.03a 0.25 ± 0.05a 1.04 ± 0.13a 2.54 ± 0.26b 2.72 ± 0.35a 5.52 ± 1.13a 13.34 ± 1.36a

N5 0.04 ± 0.01a 0.32 ± 0.02a 0.29 ± 0.03a 0.08 ± 0.02a 0.05 ± 0.01a 0.26 ± 0.03a 0.30 ± 0.05b 1.01 ± 0.14a 2.41 ± 0.26a 2.85 ± 0.54a 5.71 ± 1.32a 12.82 ± 1.08a

Note:
Means followed by a different letter within the column are significantly different at (P < 0.05) probability level according to the analysis of variance (ANOVA).
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The C:N balance is affected by N availability, which has been validated in other plants,
such as grapevines (Grechi et al., 2007), tobacco (Paul & Driscoll, 1997) and Cyclocarya
paliurus (Deng et al., 2019b). The C content was relatively stable at different N levels, but
the C compounds provided by photosynthesis increased linearly with increasing total N
concentration (Table 1), which increased the availability of N and further made the N
assimilation pathway harvest more C (Stamp, 2003). Under high N levels, plants provided
less C for C compound biosynthesis, which was partially explained by the pattern of
changes in carbohydrate (sucrose, glucose, fructose and starch) and N metabolite (amino
acids and soluble protein) contents. In this process, C metabolism-related enzymes play an

Figure 7 Correlations between the total carbon content and the contents of luteolin (A), quercetin (B), rutin (C) and total flavonoid (D) in
leaves of Coreopsis tinctoria after 25 d of five different nitrogen fertilization treatments. Correlations between the carbohydrates levels (sucrose,
glucose, fructose and starch) and the contents of luteolin, quercetin, rutin and total flavonoid were marked (E–T), respectively.

Full-size DOI: 10.7717/peerj.12152/fig-7
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important role in C accumulation in plants. First, SPS and SS are the basic enzymes
that enter the C metabolism pathway. The activities of the two enzymes are consistent with
the changes in the content of sucrose, which clearly shows that the activities of SPS and
SS are directly related to the synthesis of sucrose (Zhou et al., 2020). The accumulation
pattern of starch in the leaves further validates the accumulation pattern of carbohydrates
(Figs. 2A, 2B). Furthermore, the increased SAI, NINV, G6PDH and 6PGDH activities
under N control conditions may be due to the accumulation of sucrose and fructose
(Xin et al., 2019). The increased NINV and SAI activities at low N levels (Figs. 3C, 3D) can
be attributed to the availability of more sucrose at active sites and the accumulation of free
fructose and glucose in different organs (Ali et al., 2018). At low nutrient levels, a high
glucose concentration will increase G6PDH activity, thereby increasing fructose levels.
The same trend of change between total C content and C metabolizing enzyme activity
strengthens the support for this theory. The increase in glucose accumulation at low N
levels is also controlled by G6PDH, which indicates that the significant changes in

Figure 8 Correlations between the total nitrogen content and the contents of luteolin (A), quercetin (B), rutin (C) and total flavonoid (D) in
leaves of Coreopsis tinctoria after 25 d of five different nitrogen fertilization treatments. Correlations between the nitrogen metabolites (total
soluble protein and amino acid) and the contents of luteolin, quercetin, rutin and total flavonoid were marked (E–L), respectively.

Full-size DOI: 10.7717/peerj.12152/fig-8
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carbohydrate production are closely related to the rapid induction of C metabolism-related
enzymes. In addition, carbohydrate accumulation also provides more C resources for
specialized metabolites in plants (Stamp, 2003). In the present study, the accumulation of
flavonoids and carbohydrates occurred at low or intermediate N concentrations, which
further showed that N is involved in improving the C/N balance and flavonoid metabolism
in C. tinctoria (Deng et al., 2019b). The amino acid content was limited under controlled N
conditions, which meant that the amount of energy from carbohydrates assigned to N

Figure 9 Enzyme activities of PAL, C4H, 4CL, CHS, F3H and FLS in leaves of Coreopsis tinctoria. Different letters within a column indicate
significant differences among nitrogen treatments in the same category according to Duncan’s test (P < 0.05). PAL, Phenylalanine ammonia-lyase;
C4H, 4CL, CHS, Chalcone synthase; F3H, Flavonoid 3′-hydoxylase; FLS, Flavonol synthase. N1, N2, N3, N4 and N5 represent the concentrations of
Ca(NO3)2 were 0, 0.625, 1.250, 2.500 and 5.000 mM, respectively. Full-size DOI: 10.7717/peerj.12152/fig-9
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assimilation decreased. Therefore, flavonoid accumulation is increased more when plants
have higher carbohydrate reserves, which indicates that the C surplus condition in plants is
a beneficial signal for the metabolism of flavonoids in C. tinctoria. This also further fully
reflects the distribution trade-off between C and N.

N assimilation is also related to plant photosynthesis (Torralbo et al., 2019) and changes
in the amount and concentration of certain metabolites (Ariz et al., 2013; Kruse et al.,
2003). NR and NIR are key enzymes involved in N metabolism and act on nitrate
assimilation. Here, this was mainly confirmed by the results of soluble protein and amino
acid levels (Fig. 4). The NR and NIR were enhanced with an increase in N concentration in
this study (Figs. 5A, 5B), which showed a high dependence of these enzymes on N content.
In addition, GS and GOGAT activities also facilitate the synthesis of plant amino acids.
Maintaining higher NR and NIR activity and ammonium levels can further favour GS,
which reflects the effectiveness of N-regulated N metabolism in C. tinctoria tissues. In this
study, the accumulation of total soluble protein with higher N concentrations may be due to
the supply of amino acids by GS and GOGAT and effective pathways for the repeated
binding of N into protein complexes (Figs. 5C, 5D) (Razal et al., 1996). In contrast, from the
change trend of GDH activity and N level, it is not difficult to find that the decrease in N
causes GDH activity to return C from amino acids to C metabolism (Fig. 6) (Miflin &
Habash, 2002; Lasa et al., 2002;Mokhele et al., 2012). At this time, the effect of N assimilation
is reduced, and more C begins to contribute to the accumulation of C. tinctoria flavonoids.
The correlation of flavonoids with carbon metabolism and nitrogen metabolites also
supports this result (Figs. 7 and 8).

Lillo, Lea & Ruoff (2010) showed that the C flux provided by the shikimic acid pathway
is important for entering the flavonoid metabolic pathway because it affects the
carbohydrates produced by the pentose phosphate pathway and glycolysis and produces
aromatic amino acids (including tyrosine, phenylalanine and tryptophan). Previous
studies have revealed that mineral nutrients further regulate the activities of key enzymes
such as PAL, C4H and 4CL (Li et al., 2021). The reduction in N levels can directly promote
carbohydrate content and quickly activate the activity of flavonoid-metabolizing enzymes
(Zhou et al., 2020). Throughout the process, these ammonium ions released from the PAL
pathway are generated by the GS/GOGAT assimilation system to produce glutamate,
which provides an amino donor for phenylalanine regeneration and N cycle completion
(Singh, Lewis & Towers, 1998), thereby affecting the biosynthesis of flavonoids. In the
present study, leaf PAL activity at low or intermediate N fertilization levels was higher than
that at higher N concentrations, which confirmed part of the C nutrient balance
hypothesis. This hypothesis suggests that specialized metabolites, such as flavonoids and
triterpenoids, tend to accumulate at relatively low resource levels due to the production
of assimilates (Stamp, 2003, 2004). In addition, C4H, 4CL and CHS activities were
consistent with the pattern of PAL activity in leaves, while the changes in F3H and FLS
activities were not related to flavonoids (Fig. 9). As a result, the upstream genes (PAL, C4H,
4CL, CHS) involved in flavonoid biosynthesis are probably the enzyme-coding genes of
flavonoid synthesis in C. tinctoria. Further correlation analysis showed that carbohydrates
and flavonoids also showed a positive correlation (Fig. 7). Therefore, carbohydrates can
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activate PAL, C4H, 4CL and CHS activity and promote the accumulation of flavonoids in
C. tinctoria.

Interestingly, the performance in the root (or stalk) is different from that in the leaves.
The following evidence appears to be useful in explaining the differential performance
of flavonoids between leaves and stalks (or roots) (Table 2). Saito (1974) found
evidence of chloroplast involvement in the primary biosynthesis of flavonoids. Roots in
Arabidopsis cannot accumulate flavonoids under dark conditions, mainly because the
genes involved in encoding flavonoid biosynthesis are strongly dependent on light
(Kennington, 2006). Thus, leaves are likely to be the sole organ in higher plants at the
seeding stage associated with flavonoid biosynthesis. In addition, the vascular system is an
important transport system of flavonoids, as it can transport flavonoids from sites of
synthesis (leaves) to roots or stalks (Buer & Djordjevic, 2007). Hence, the allocation of N
toward the synthesis of plant flavonoids can only be reflected through processes in the
leaves, and some nonphotosynthetic tissues (including roots and stalks) are not involved in
this process. The different patterns for leaves and stalks (or roots) at different N levels
can be explained by the finding that the distal transport effects of flavonoids control plant
root branching (Buer & Djordjevic, 2007), so the change in the C:N balance not only
affects the biosynthesis of flavonoids but also causes changes in root-to-shoot biomass
allocation (Deng et al., 2019a).

Figure 10 Correlation between flavonoid and nitrogen metabolism in Coreopsis tinctoria. Solid and dashed lines represent primary and sec-
ondary metabolism, respectively. NR, Nitrate reductase; NIR, nitrite reductase; GS, glutamine synthetase; GOGAT, glutamate synthase; PAL,
phenylalanine ammonia lyase; C4H, cinnamate 4-hydroxylase; 4CL, 4-coumarate: coenzyme A ligase; CHS, chalcone synthase; CHI, chalcone
isomerase; FNS, flavones synthase; F3H, flavanone 3-hydroxylase; FLS, flavonol synthase. Full-size DOI: 10.7717/peerj.12152/fig-10
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CONCLUSIONS
In this study, controlled N conditions (low and moderate N levels) regulate enzyme
activities related to C and N metabolism, promote the accumulation of carbohydrates
(sucrose, glucose, fructose, starch), reduce Nmetabolite (soluble amino acids and proteins)
production, and enhance internal C:N ratios. Flavonoids are closely related to PAL, C4H,
4CL and CHS activities and have a significant positive correlation with carbohydrates
but a significant negative correlation with N metabolite levels. In conclusion, C and N
metabolism within plants can not only control the distribution of C in amino acid and
carbohydrate synthesis but also change the biosynthesis of flavonoids in C. tinctoria
(Fig. 10).

ACKNOWLEDGEMENTS
We thank Xiaodong Wang from the Institute of Agricultural Mechanization, Xinjiang
Academy of Agricultural Sciences, for his assistance with the experiments. We thank AJE
for editing this manuscript.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This work was supported by the National Natural Science Foundation of China
(31360319), the Xinjiang Uygur Autonomous Region “13th Five-Year Plan” Horticulture
Key Subject Fund Project (2016-10758-3), and the Graduate Scientific Research and
Innovation Project of Xinjiang Agricultural University, China (XJAUGRI2020026).
The funders had no role in study design, data collection and analysis, decision to publish,
or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
National Natural Science Foundation of China: 31360319.
Xinjiang Uygur Autonomous Region “13th Five-Year Plan” Horticulture Key Subject:
2016-10758-3.
The Graduate Scientific Research and Innovation Project of Xinjiang Agricultural
University, China: XJAUGRI2020026.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� Zhiyuan Li conceived and designed the experiments, prepared figures and/or tables,
authored or reviewed drafts of the paper, and approved the final draft.

� Hong Jiang performed the experiments, analyzed the data, prepared figures and/or
tables, and approved the final draft.

Li et al. (2021), PeerJ, DOI 10.7717/peerj.12152 19/23

http://dx.doi.org/10.7717/peerj.12152
https://peerj.com/


� Huizhuan Yan conceived and designed the experiments, performed the experiments,
authored or reviewed drafts of the paper, the researcher provided reagents for the article,
and approved the final draft.

� Xiumei Jiang performed the experiments, analyzed the data, prepared figures and/or
tables, authored or reviewed drafts of the paper, and approved the final draft.

� Yan Ma conceived and designed the experiments, analyzed the data, prepared figures
and/or tables, and approved the final draft.

� Yong Qin conceived and designed the experiments, authored or reviewed drafts of the
paper, the researcher provided material for the article, and approved the final draft.

Data Availability
The following information was supplied regarding data availability:

The raw data is available as the Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.12152#supplemental-information.

REFERENCES
Ali S, Hafeez A, Ma X, Tung SA, Chattha MS, Shah AN, Luo D, Ahmad S, Liu J, Yang J. 2019.

Equal potassium-nitrogen ratio regulated the nitrogen metabolism and yield of high-density
late-planted cotton (gossypium hirsutum L.) in Yangtze river valley of China. Industrial Crops
and Products 129:231–241 DOI 10.1016/j.indcrop.2018.12.009.

Ali S, Hafeez A, Ma X, Tung SA, Liu A, Shah AN, Chattha MS, Zhang Z, Yang G. 2018.
Potassium relative ratio to nitrogen considerably favors carbon metabolism in late-planted
cotton at high planting density. Field Crops Research 223:48–56 DOI 10.1016/j.fcr.2018.04.005.

Ariz I, Asensio AC, Zamarreño AM, García-Mina JM, Aparicio-Tejo PM, Moran JF. 2013.
Changes in the C/N balance caused by increasing external ammonium concentrations are driven
by carbon and energy availabilities during ammonium nutrition in pea plants: the key roles of
asparagine synthetase and anaplerotic enzymes. Physiologia Plantarum 148(4):522–537
DOI 10.1111/j.1399-3054.2012.01712.x.

Bassi D, Menossi M, Mattiello L. 2018. Nitrogen supply influences photosynthesis establishment
along the sugarcane leaf. Scientific Reports 8(1):1–13 DOI 10.1038/s41598-018-20653-1.

Begmatov N, Li J, Bobakulov K, Numonov S, Aisa HA. 2018. The chemical components of
Coreopsis tinctoria Nutt. and their antioxidant, antidiabetic and antibacterial activities. Natural
Product Research 3:1–5 DOI 10.1080/14786419.2018.1525377.

Bondonno NP, Dalgaard F, Kyrø C, Murray K, Bondonno CP, Lewis JR, Croft KD, Gislason G,
Scalbert A, Cassidy A, Tjønneland A, Overvad K, Hodgson JM. 2019. Flavonoid intake is
associated with lower mortality in the danish diet cancer and health cohort. Nature
Communications 10(1):3651 DOI 10.1038/s41467-019-11622-x.

Bradford MM. 1976. A rapid and sensitive method for the quantitation of microgram quantities of
protein utilizing the principle of protein-dye binding. Analytical Biochemistry 72(1–2):248–254
DOI 10.1016/0003-2697(76)90527-3.

Buer CS, Djordjevic MMA. 2007. Flavonoids are differentially taken up and transported long
distances in Arabidopsis. Plant Physiology 145(2):478–490 DOI 10.1104/pp.107.101824.

Li et al. (2021), PeerJ, DOI 10.7717/peerj.12152 20/23

http://dx.doi.org/10.7717/peerj.12152#supplemental-information
http://dx.doi.org/10.7717/peerj.12152#supplemental-information
http://dx.doi.org/10.7717/peerj.12152#supplemental-information
http://dx.doi.org/10.1016/j.indcrop.2018.12.009
http://dx.doi.org/10.1016/j.fcr.2018.04.005
http://dx.doi.org/10.1111/j.1399-3054.2012.01712.x
http://dx.doi.org/10.1038/s41598-018-20653-1
http://dx.doi.org/10.1080/14786419.2018.1525377
http://dx.doi.org/10.1038/s41467-019-11622-x
http://dx.doi.org/10.1016/0003-2697(76)90527-3
http://dx.doi.org/10.1104/pp.107.101824
http://dx.doi.org/10.7717/peerj.12152
https://peerj.com/


Cao YW, Qu RJ, Miao YJ, Tang XQ, Zhou Y, Wang L, Geng L. 2019. Untargeted liquid
chromatography coupled with mass spectrometry reveals metabolic changes in
nitrogen-deficient Isatis indigotica Fortune. Phytochemistry 166:112058
DOI 10.1016/j.phytochem.2019.112058.

Creasy LL. 1968. The significance of carbohydrate metabolism in flavonoid synthesis in strawberry
leaf disks. Phytochemistry 7(10):1743–1749 DOI 10.1016/S0031-9422(00)86645-5.

Deng Y, Lam SC, Zhao J, Li SP. 2017. Quantitative analysis of flavonoids and phenolic acid in
Coreopsis tinctoria Nutt. by capillary zone electrophoresis. Electrophoresis 38:2654–2661
DOI 10.1002/elps.201700129.

Deng B, Li Y, Lei G, Liu G. 2019a. Effects of nitrogen availability on mineral nutrient balance and
flavonoid accumulation in Cyclocarya paliurus. Plant Physiology and Biochemistry 135:111–118
DOI 10.1016/j.plaphy.2018.12.001.

Deng B, Li Y, Xu D, Ye Q, Liu G. 2019b. Nitrogen availability alters flavonoid accumulation in
Cyclocarya paliurus via the effects on the internal carbon/nitrogen balance. Scientific Report
9:1–9 DOI 10.1038/s41598-019-38837-8.

Deng B, Shang X, Fang S, Li Q, Fu X, Su J. 2012. Integrated effects of light intensity and
fertilization on growth and flavonoid accumulation in Cyclocarya paliurus. Journal of
Agricultural and Food Chemistry 60(25):6286–6292 DOI 10.1021/jf301525s.

Fang H, Qi X, Li Y, Yu X, Xu D, Liang C, Li W, Liu X. 2020. De novo transcriptomic analysis of
light-induced flavonoid pathway, transcription factors in the flower buds of Lonicera japonica.
Trees (Berl West) 34(1):267–283 DOI 10.1007/s00468-019-01916-4.

Fang S, Wang J, Wei Z, Zhu Z. 2006. Methods to break seed dormancy in Cyclocarya paliurus
(Batal) Iljinskaja. Scientia Horticulturae 110(3):305–309 DOI 10.1016/j.scienta.2006.06.031.

Fortini EA, Batista DS, Mamedes-Rodrigues TC, Felipe SHS, Correia LNF, Chagas K, Silva PO,
Rocha DI, Otoni WC. 2021. Gas exchange rates and sucrose concentrations affect plant growth
and production of flavonoids in Vernonia condensata grown in vitro. Plant Cell Tissue and
Organ Culture 144(3):593–605 DOI 10.1007/s11240-020-01981-5.

Geiger M, Haake V, Ludewig F, Sonnewald U, Stitt M. 2010. The nitrate and ammonium nitrate
supply have a major influence on the response of photosynthesis, carbon metabolism, nitrogen
metabolism and growth to elevated carbon dioxide in tobacco. Plant Cell and Environment
22(10):1177–1199 DOI 10.1046/j.1365-3040.1999.00466.x.

Gould KS, Mckelvie J, Markham KR. 2002. Do anthocyanins function as antioxidants in leaves?
imaging of H2O2 in red and green leaves after mechanical injury. Plant Cell Environment
25:1261–1269 DOI 10.1046/j.1365-3040.2002.00905.x.

Gouot JC, Smith JP, Holzapfel BP, Barril C. 2019. Grape berry flavonoid responses to high bunch
temperatures post veraison: effect of intensity and duration of exposure. Molecules 24:4341
DOI 10.3390/molecules24234341.

Grechi I, Vivin P, Hilbert G, Milin S, Robert T, Gaudillère JP. 2007. Effect of light and nitrogen
supply on internal C: N balance and control of root-to-shoot biomass allocation in grapevine.
Environmental and Experimental Botany 59(2):139–149 DOI 10.1016/j.envexpbot.2005.11.002.

Guo J, Wang A, Yang K, Ding H, Hu Y, Yang Y, Huang S, Xu J, Liu T, Yang H. 2017. Isolation,
characterization and antimicrobial activities of polyacetylene glycosides from Coreopsis tinctoria
Nutt. Phytochemistry 136(17):65–69 DOI 10.1016/j.phytochem.2016.12.023.

Hamilton PB, Slyke DDV. 1943. Amino acid determination with ninhydrin. Journal of Biological
Chemistry 150:231–233.

Li et al. (2021), PeerJ, DOI 10.7717/peerj.12152 21/23

http://dx.doi.org/10.1016/j.phytochem.2019.112058
http://dx.doi.org/10.1016/S0031-9422(00)86645-5
http://dx.doi.org/10.1002/elps.201700129
http://dx.doi.org/10.1016/j.plaphy.2018.12.001
http://dx.doi.org/10.1038/s41598-019-38837-8
http://dx.doi.org/10.1021/jf301525s
http://dx.doi.org/10.1007/s00468-019-01916-4
http://dx.doi.org/10.1016/j.scienta.2006.06.031
http://dx.doi.org/10.1007/s11240-020-01981-5
http://dx.doi.org/10.1046/j.1365-3040.1999.00466.x
http://dx.doi.org/10.1046/j.1365-3040.2002.00905.x
http://dx.doi.org/10.3390/molecules24234341
http://dx.doi.org/10.1016/j.envexpbot.2005.11.002
http://dx.doi.org/10.1016/j.phytochem.2016.12.023
http://dx.doi.org/10.7717/peerj.12152
https://peerj.com/


Hara M, Oki K, Hoshino K, Kuboi T. 2003. Enhancement of anthocyanin biosynthesis by sugar in
radish (Raphanus sativus) hypocotyl. Plant Science 164(2):259–265
DOI 10.1016/S0168-9452(02)00408-9.

Ibrahim MH, Jaafar HZ. 2011. Involvement of carbohydrate, protein and phenylanine ammonia
lyase in up-regulation of secondary metabolites in Labisia pumila under various CO2 and N2

level. Molecules 16(5):4172–4190 DOI 10.3390/molecules16054172.

Iwashina T. 2000. The structure and distribution of the flavonoids in plants. Journal of Plant
Research 113(1):287–299 DOI 10.1109/TPWRS.2006.887890.

Jozef K, Borivoj K, Martin B, Miroslav R. 2007. Phenylalanine ammonia-lyase activity and
phenolic compounds accumulation in nitrogen-deficient Matricaria chamomilla leaf rosettes.
Plant Science 172(2):393–399 DOI 10.1016/j.plantsci.2006.10.001.

Kennington S. 2006. Signal transduction in the light regulation of the flavonoid biosynthetic
pathway in Arabidopsis. Atherosclerosis 174(2):343–347.

Kováčik J, Dresler S, Peterková V, Babula P. 2020. Nitrogen nutrition modulates oxidative stress
and metabolite production in Hypericum perforatum. Protoplasma 257(2):439–447
DOI 10.1007/s00709-019-01448-1.

Kruse J, Hetzger I, Hänsch R, Mendel RR, Rennenberg H. 2003. Elevated pCO2 affects C and N
metabolism in wild type and transgenic tobacco exhibiting altered C/N balance in metabolite
analysis. Plant Biology 5(5):540–549 DOI 10.1055/s-2003-44792.

Lasa B, Frechilla S, Aparicio-Tejo PM, Lamsfus C. 2002. Role of glutamate dehydrogenase and
phosphoenolpyruvate carboxylase activity in ammonium nutrition tolerance in roots. Plant
Physiology and Biochemistry 40(11):969–976 DOI 10.1016/S0981-9428(02)01451-1.

Li ZY, Jiang H, Qin YN, Yan HZ, Jiang XM, Qin Y. 2021. Nitrogen deficiency maintains the yield
and improves the antioxidant activity of Coreopsis tinctoria Nutt. Bioscience Biotechnology and
Biochemistry 85(6):1492–1505 DOI 10.1093/bbb/zbab048.

Lila MA. 2004. Anthocyanins and human health: an in vitro investigative approach. Journal of
Biomedicine and Biotechnology 2004(5):306–313 DOI 10.1155/S111072430440401X.

Lillo C, Lea US, Ruoff P. 2010.Nutrient depletion as a key factor for manipulating gene expression
and product formation in different branches of the flavonoid pathway. Plant Cell Environment
31:587–601 DOI 10.1111/j.1365-3040.2007.01748.x.

Liu RH. 2003. Health benefits of fruit and vegetables are from additive and synergistic
combinations of phytochemicals. American Journal of Clinical Nutrition 3:517S
DOI 10.1556/AAlim.32.2003.3.11.

Liu W, Zhu DW, Liu DH, Geng MJ, Hamilton DP. 2010. Influence of nitrogen on the primary
and secondary metabolism and synthesis of flavonoids in Chrysanthemum morifolium Ramat.
Journal of Plant Nutrition 33(2):240–254 DOI 10.1080/01904160903434287.

Miflin BJ, Habash DZ. 2002. The role of glutamine synthetase and glutamate dehydrogenase in
nitrogen assimilation and possibilities for improvement in the nitrogen utilization of crops.
Journal of Experimental Botany 53(370):979–987 DOI 10.1093/jexbot/53.370.979.

Mokhele B, Zhan X, Yang G, Zhang X. 2012.Nitrogen assimilation in crop plants and its affecting
factors. Canadian Journal of Plant Science 92(3):399–405 DOI 10.4141/cjps2011-135.

Mouradov A, Spangenberg G. 2014. Flavonoids: a metabolic network mediating plants adaptation
to their real estate. Frontiers in Plant Science 5(13):620 DOI 10.3389/fpls.2014.00620.

Paul M, Driscoll S. 1997. Sugar repression of photosynthesis: the role of carbohydrates in
signalling nitrogen deficiency through source:sink imbalance. Plant Cell Environment
20:110–116 DOI 10.1046/j.1365-3040.1997.d01-17.x.

Li et al. (2021), PeerJ, DOI 10.7717/peerj.12152 22/23

http://dx.doi.org/10.1016/S0168-9452(02)00408-9
http://dx.doi.org/10.3390/molecules16054172
http://dx.doi.org/10.1109/TPWRS.2006.887890
http://dx.doi.org/10.1016/j.plantsci.2006.10.001
http://dx.doi.org/10.1007/s00709-019-01448-1
http://dx.doi.org/10.1055/s-2003-44792
http://dx.doi.org/10.1016/S0981-9428(02)01451-1
http://dx.doi.org/10.1093/bbb/zbab048
http://dx.doi.org/10.1155/S111072430440401X
http://dx.doi.org/10.1111/j.1365-3040.2007.01748.x
http://dx.doi.org/10.1556/AAlim.32.2003.3.11
http://dx.doi.org/10.1080/01904160903434287
http://dx.doi.org/10.1093/jexbot/53.370.979
http://dx.doi.org/10.4141/cjps2011-135
http://dx.doi.org/10.3389/fpls.2014.00620
http://dx.doi.org/10.1046/j.1365-3040.1997.d01-17.x
http://dx.doi.org/10.7717/peerj.12152
https://peerj.com/


Ram M, Prasad KV, Kaur C, Singh SK, Arora A, Kumar S. 2011. Induction of anthocyanin
pigments in callus cultures of Rosa hybrida L. in response to sucrose and ammonical nitrogen
levels. Plant Cell Tissue and Organ Culture 104(2):171–179 DOI 10.1007/s11240-010-9814-5.

Razal RA, Ellis S, Singh S, Lewis NG, Towers GHN. 1996.Nitrogen recycling in phenylpropanoid
metabolism. Phytochemistry 41(1):31–35 DOI 10.1016/j.nuclphysa.2004.09.009.

Saito K. 1974. Possible site of flavonoid synthesis in the photosynthetic apparatus. Biochemical
Journal 144(2):431–432 DOI 10.1042/bj1440431.

Scheible WR, Morcuende R, Czechowski T, Fritz C, Osuna D, Palacios-Rojas N,
Schindelasch D, Thimm O, Udvardi MK, Stitt M. 2004. Genome-wide reprogramming of
primary and secondary metabolism, protein synthesis, cellular growth processes, and the
regulatory infrastructure of Arabidopsis in response to nitrogen. Plant Physiology
136(1):2483–2499 DOI 10.1104/pp.104.047019.

Shiwakotia S, Shannon DA, Wood CW, Joshee N, Kemppainen B. 2016. Nitrogen, phosphorus
and potassium effects on biomass yield and flavonoid content of American skullcap (Scutellaria
lateriflora). Journal of Plant Nutrition 39:1240–1249 DOI 10.13140/RG.2.1.4555.9207.

Singh S, Lewis NG, Towers GHN. 1998. Nitrogen recycling during phenylpropanoid metabolism
in sweet potato tubers. Journal of Plant Physiology 153(3–4):316–323
DOI 10.1016/S0176-1617(98)80157-0.

Stamp N. 2003. Out of the quagmire of plant defense hypotheses. Quarterly Review of Biology
78:23–55 DOI 10.1086/367580.

Stamp N. 2004. Can the growth-differentiation balance hypothesis be tested rigorously? Oikos
107:439–448 DOI 10.1111/j.0030-1299.2004.12039.x.

Stitt M, Lilley RM, Gerhardt R, Heldt HW. 1989.Metabolite levels in specific cells and subcellular
compartments of plant leaves. Method in Enzymology 174:518–552
DOI 10.1016/0076-6879(89)74035-0.

Torralbo F, Vicente R, Morcuende R, González-Murua C, Aranjuelo I. 2019. C and N
metabolism in barley leaves and peduncles modulates responsiveness to changing CO2. Journal
of Experimental Botany 70:599–611 DOI 10.1093/jxb/ery380.

Winkel-Shirley B. 2001. Flavonoid biosynthesis. A colourful model for genetics, biochemistry, cell
biology and biotechnology. Plant Physiology 126(2):485–493 DOI 10.1104/pp.126.2.485.

Xin W, Zhang L, Zhang W, Gao J, Yi J, Zhen X, Li Z, Zhao Y, Peng C, Zhao C. 2019. An
integrated analysis of the rice transcriptome and metabolome reveals differential regulation of
carbon and nitrogen metabolism in response to nitrogen availability. International Journal of
Molecular Sciences 20(9):2349 DOI 10.3390/ijms20092349.

Yadav SK, Singh V, Lakshmi NJ, Vanaja M, Maheswari M, Tiwari YK, Patil A, Nagendram E,
Venkateswarlu B. 2013. Carbohydrates and sucrose metabolizing enzymes in the leaves of
Vigna mungo genotypes as influenced by elevated CO2 concentration. Journal of Agricultural
Science and Technology 15:1107–1120 DOI 10.1016/j.agsy.2013.09.001.

Zhao WC, Yang XY, Yu HJ, Jiang WJ, Sun N, Liu XR, Liu XL, Zhang XM, Wang Y, Gu XF.
2015. RNA-seq-based transcriptome profiling of early nitrogen deficiency response in cucumber
seedlings provides new insight into the putative nitrogen regulatory network. Plant and Cell
Physiology 56:455–467 DOI 10.1093/pcp/pcu172.

Zhou WW, Liang X, Zhang Y, Dai P, Liang B, Li J, Sun C, Lin X. 2020. Role of sucrose in
modulating the low-nitrogen-induced accumulation of phenolic compounds in lettuce (Lactuca
sativa L.). Journal of Science of Food and Agriculture 100(15):5412–5421
DOI 10.1002/jsfa.10592.

Li et al. (2021), PeerJ, DOI 10.7717/peerj.12152 23/23

http://dx.doi.org/10.1007/s11240-010-9814-5
http://dx.doi.org/10.1016/j.nuclphysa.2004.09.009
http://dx.doi.org/10.1042/bj1440431
http://dx.doi.org/10.1104/pp.104.047019
http://dx.doi.org/10.13140/RG.2.1.4555.9207
http://dx.doi.org/10.1016/S0176-1617(98)80157-0
http://dx.doi.org/10.1086/367580
http://dx.doi.org/10.1111/j.0030-1299.2004.12039.x
http://dx.doi.org/10.1016/0076-6879(89)74035-0
http://dx.doi.org/10.1093/jxb/ery380
http://dx.doi.org/10.1104/pp.126.2.485
http://dx.doi.org/10.3390/ijms20092349
http://dx.doi.org/10.1016/j.agsy.2013.09.001
http://dx.doi.org/10.1093/pcp/pcu172
http://dx.doi.org/10.1002/jsfa.10592
http://dx.doi.org/10.7717/peerj.12152
https://peerj.com/

	Carbon and nitrogen metabolism under nitrogen variation affects flavonoid accumulation in the leaves of Coreopsis tinctoria
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


