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Abstract
Extensive targeted metabolomic and transcriptomic analyses were used to determine the types of
�avonoids present in the fruit of two varieties of Actinidia arguta Sieb. Zucc. cultivated in Northern China.
Fractionation and preparative liquid chromatography were used to isolate and purify the potentially
biologically active �avonoids chrysin (�avone1), rutin (�avone2), and daidzein (�avone3) from the fruit of
Actinidia arguta Sieb. Zucc. The structures of these �avonoids were appraised using mass
spectroscopy/high-performance liquid chromatography (MS-HPLC). Serum levels of uric acid (UA), urea
nitrogen (BUN), creatinine (Cr), glyceraldehyde 3-phosphate dehydrogenase (GAPDH), and liver glycogen
were measured in male Kunming mice treated with each �avonoid to determine biological effects of the
�avonoids on the measured parameters. The three �avonoids were found to be mainly distributed within
three metabolic pathways, namely the �avonoids and �avonol biosynthesis pathway(BP), the �avonoid
BP, and the secondary metabolite BP. Through a correlation analysis of the transcriptome and
metabolome, regulatory genes were screened for activity in the BPs of the three �avonoids. This is the
�rst study to explore the UA-lowering activity of �avonoids in the fruit of Actinidia arguta Sieb., the main
variety cultivated in Northern China. These data provide valuable information for understanding the
biosynthetic mechanisms and regulatory pathways of �avonoids in Actinidia arguta Sieb. and contribute
to its development as a food and drug homologous functional food.

1 Introduction
Actinidia arguta Sieb. Zucc. commonly-known as soft jujube kiwifruit, macaque pear, or rattan melon, is a
perennial plant in the Actinidiaceae family. It is distributed in Jilin, Heilongjiang, Liaoning, and Shandong
Provinces in North and Northwest China, and matures from June to August each year. It’s one of the
famous and economically important wild fruits in the Changbai Mountain Area of China; due to its green
color, juiciness, and delicately sweet and sour �avor, it is known as "the precious fruit of the world"
(Almeida et al. 2018; AustinG et al. 2021). Actinidia arguta Sieb. Zucc. is nutritionally rich and contains a
variety of functional components, such as amino acids, vitamins, and �avonoids. It is an excellent raw
material for the growth of functional health foods Carla et al. 2021; Changhua et al. 2021; Chenglei et al.
2012 . Flavonoids are one of the main active components of Actinidia arguta Sieb. Zucc. grown in
Changbai Mountain. Flavonoids have anti-oxidation and anti-viral functions, in addition to preventing
cardiovascular disease, cerebrovascular disease, and hyperuricemia, and they contribute to liver
protection and immunity Chenglei et al. 2012; Gois and Souza 2020; Hang-qing et al. 2016 .Actinidia
arguta Sieb. Zucc. has broad application prospects for the development of �avonoid products in the �eld
of medicine and food homology. At present, the UA reducing activities and BPs of its �avonoids, chrysin,
rutin, and daidzein, have not been systematically analyzed.

Bio�avonoids, most of which are light yellow to yellow, share the basic core structure of 2-
phenylchromogen ketone. The term �avonoids are commonly used as the general name for compounds
formed by the connection of two benzene rings through a central three-carbon chain. The biological
activities of �avonoids are mainly due to the presence of α, and β-unsaturated pyranone. Substituents of
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the A, B, and C rings determine the biological activities of different bio�avonoids. Natural bio�avonoids
have a small molecular weight and can penetrate adipose tissue, pass through the blood-brain barrier,
and are quickly absorbed by the human body, characteristics that form the material basis for the
pharmacological roles played by these molecules (Jiang et al. 2020; Kateryna et al. 2020). In recent years,
scholars both domestically and internationally have carried out research into the active components and
functional mechanism of such botanical drugs and found that �avonoids such as morin, quercetin,
luteolin, and kaempferol have signi�cant effects in treating hyperuricemia (Hua) and gout Latocha et al.
2014; Latocha et al. 2013 . We knew �avonoids can prevent Hua by inhibiting the activity of xanthine
oxidase (XO) and by accelerating the excretion of UA. Gouty arthritis can be prevented by restraining the
release of in�ammatory transmitters by neutrophils and by inhibiting the expression and secretion of
in�ammatory cytokines, which are induced by urate crystallization Letizia et al. 2021; Lijun et al. 2021 .

Hua is a pathological state in which UA levels in the blood increase continuously or blood is
supersaturated with UA. The number of patients with Hua in China exceeded 170 million in 2017, and the
data show a rapid increase in cases, with an annual growth rate of 9.7%. Gender, age, race, and lifestyle
habits all affect the incidence of Hua (Lijun et al. 2017; Lili et al. 2012; Ling et al. 2021; Maria Giulia et al.
2020; Mo et al. 2020). The key cause of primary Hua is a combination of low UA excretion and high UA
production. A majority (67%) of UA in the human body is produced by the catabolism of nuclear proteins,
nucleic acids, and other substances in the body; the remaining 33% comes from purines in food NamIl et
al. 2011; Nidhi et al. 2011; Shuangshuang et al. 2021 . Adenosine deaminase (ADA) and xanthine
oxidase (XO) are the key enzymes that regulate the production of UA during the catabolism of purine
substances to UA. ADA is a sulfhydryl enzyme that catalyzes the reaction of adenine nucleosides to
produce hypoxanthine nucleosides. Hypoxanthine is then produced through the action of nucleoside
phosphorylase, and hypoxanthine is �nally oxidized by the �avin protease XO to produce UA
Shuangshuang et al. 2019; Singh et al. 2015; Vernerová et al. 2021; Xiang et al. 2021; Xiaohua et al.

2012 .

Broadly targeted metabolomics is a new tool for non-targeted analysis and identi�cation of all
metabolites in a sample under speci�c conditions (Xiaojie et al. 2015; Xiaolin and Jie 2021).
Metabolomic data have been processed using multivariate analysis Xiaoyun et al. 2019 . Multivariate
statistical analyses, such as principal component analysis (PCA) and orthogonal partial least squares
discriminant analysis (OPLS-DA), can divide datasets into different groups and screen candidate
metabolites for variation between samples. This research method is helpful in the identi�cation and
analysis of phytochemical characteristics; it is also used for the analysis of bioactive compounds in food
science. In previous studies, we found through metabolomic analysis that phenolic compounds in chyme
grains have high antioxidant capacities; metabolomics revealed the signi�cance of speci�c chyme grain
metabolites for the antioxidant properties and various traits. These results show that metabolomic
methods are suitable for the identi�cation of bioactive compounds in functional foods. Transcriptomics
allows for the identi�cation of genes that are differentially expressed between samples, which can then
be annotated and studied for enrichment. This type of analysis is the basis for studying gene function
and structure, and it is important in the study of organisms' growth and disease occurrence. Previously,
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10 kinds of �avonoids belonging to quercetin, isorhamnetin, and kaempferol have been detected in the
leaves of Actinidia arguta Sieb.Zucc. A total of 70631 unigenes were con�rmed from transcriptome data,
containing 29,617 up-regulated and 2976 down-regulated genes in fruits and young leaves. Genes such
as AaF3′5′h-1h and AaF3h-1 are more highly expressed in leaves than in other tissues Yi-Hsien et al. 2021
. RNA-seq was conducted on the fruits of two A. arguta varieties showed colorless anthocyanin

dioxygenase (LDOX) may be the key gene regulating anthocyanin synthesis in the �esh of 'tianyuanhong'
(an all-red fruit variety) Yingfeng et al. 2019 . In addition, through comparative analysis with
homologous genes in Arabidopsis thaliana, most structural genes related to �avonoid biosynthesis in
bitter mustard have been con�rmed, and the functions of some have been veri�ed Yuanyuan et al. 2016;
Yukuo et al. 2018; Zicheng et al. 2019 .

In this study, the UA-lowering effect of �avonoid extract from Actinidia arguta Sieb. Zucc. was evaluated
in vitro. Furthermore, the types, quantities, and differences between �avonoids in the fruits of two
important varieties of Actinidia arguta Sieb.Zucc. cultivated in Northern China were determined through a
combination of extensively targeted metabolome and transcriptome analyses. The BPs and structural
genes involved in regulating the �avonoid compounds populin (�avone1), rutin (�avone2), and daidzein
(�avone3), which have UA-reducing activity, were analyzed and identi�ed. This provides valuable
information for further improving the fruit quality of Actinidia arguta Sieb.Zucc. breeding new varieties,
and developing food and drug homologous functional foods from Actinidia arguta Sieb.Zucc.

2 Materials And Methods

2.1 Plant materials and sampling
Mature fruit was collected from 8-year-old Actinidia arguta Sieb.Zucc. varieties Qssg and LC grew in
Northeast, North, and Northwest China and Shandong Province. Fresh fruit samples were stored at -80°C
until further use.

All the chemicals such as 95% ethanol, petroleum ether, n-butanol, rutin standard, HPD600 macroporous
adsorption resin, and absolute ethanol were of analytical grade. Allopurinol sustained-release capsule,
purchased from Heilongjiang aolidanede Pharmaceutical Co., Ltd; Ethambutol hydrochloride tablets,
purchased from Hangzhou Minsheng Pharmaceutical Co., Ltd; Adenine, purchased from American sigma
company; Acetaminophen sustained-release tablets, purchased from Shanghai Johnson & Johnson
Pharmaceutical Co., Ltd; UA kit, bun (urea nitrogen) kit, Cr (creatinine) kit, GAPDH (glyceraldehyde 3-
phosphate dehydrogenase) kit and glycogen kit were purchased from Quanzhou konodi Biotechnology
Co., Ltd.

Kunming white mouse, weighing 19-21g, purchased from Shenyang Changsheng biology Co., Ltd.Before
starting the experiment, they were settled to environmental adaption for at least one week. 6 animals per
cage (320× 180 × 160 cm), according to the normal 12 hour / 12 hour light and dark schedule.
Temperature: 22 ± 2 ℃; Relative humidity: 55 ± 5% and standard food and water were given during the
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study. All experiments were conducted according to the requirements of the institutional animal care
committee of Nanjing University and the China Animal Care Council of Nanjing University [SYSK (SU)
2009–0017].

2.2 Composition analysis of �avonoids in two kinds of
Actinidia arguta Sieb.Zucc.
Total �avonoids were measured in the fruit samples. Metware Biotechnology Co., Ltd. (Wuhan, China)
conducted 785 metabolite analyses. In short, cryopreserved samples at ultra-low temperatures were
freeze-dried and ground with a grinder until it was a powder (Mixer Mill MM 400, Retsch, Haan, Germany)
at 30 Hz for 1.5 min. Next, 100 mg of powder was mixed with 1.2 ml of 70% methanol. Samples were
vortexed once every 30 minutes for 30 seconds a total of six times, then incubated overnight at 4°C. After
centrifugation at 12,000 rpm for 10 min, retain the �ltrate with a microporous membrane. An ultra-
performance liquid chromatography (UPLC)-tandem mass spectroscopy (MS/MS) system was used to
analyze the samples. Flavonoids were identi�ed using a local database. A multiple reaction monitoring
(MRM) model was used to quantitatively analyze the �avonoids (Dong, et al, 2019; Dong, et al, 2014;
Chen, et al, 2013). Flavonoids were further annotated online with PlantCyc (http://www.plantcyc.org/)
and the Kyoto Encyclopedia of Genes and Genomes (KEGG) (http://www.kegg.jp/).PCA and OPLS-DA
were used to determine differentially accumulated �avonoids, where ∣log2 (fold change)∣ ≥ 1 was used
as the threshold.

2.3 Flavonoid isolation, identi�cation, and UA-lowering
activity test
Frozen Actinidia arguta Sieb.Zucc. samples were thawed, washed with distilled water, dried, sliced, and
ground in a homogenizer. Crude �avonoid extract was obtained by mixing the ground tissue with ethanol,
centrifuging, �ltering, and concentrating samples. A rutin standard curve was generated to determine the
concentration of �avonoids in the crude extract. Macroporous resin and preparative liquid
chromatography were then used for separation and puri�cation. Electrospray ionization mass
spectrometry (ESI-MS) was applied to identify �avonoids.

Thirty-six male Kunming mice were randomly separated into six groups after seven days of adaptive
feeding in a clean, quiet environment at 22 ± 2°C and relative humidity of 55 ± 5%. The experimental
groups were as follows: blank control group, model control group, positive control group (allopurinol),
aspen (�avone1), rutin (�avone2), and daidzein (�avone3). The blank group was gavaged with distilled
water, and the animals in all other groups were gavaged with a 2.5% Papa suspension for seven
consecutive days. On the eighth day, the mouse model of hyperuricemia was induced by gavage with 100
mg/kg adenine and 250 mg/kg ethambutol. Animals in the treatment groups (i.e., groups other than the
blank and model controls) were fed the same amount of distilled water, and the appropriate drugs were
administered by gavage. The dose of �avonoids was 550 mg/kg. The dosage of allopurinol tablets was
33.3 mg/kg (administration volume: 1 ml/100 g) for 23 consecutive days.
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One hour after treatment administration on the 7th and 15th days, eyeball blood was collected. The
serum was centrifuged and serum levels of UA, urea nitrogen (BUN), creatinine (Cr), glyceraldehyde 3-
phosphate dehydrogenase (GAPDH), and hepatic glycogen were measured using kits.

2.4 RNA extraction, library construction, and sequencing
An EasySpin Plus Plant RNA Kit (Aidlab) was used to obtain total RNA from frozen fruits, which was then
treated with DNase I (Takara) to clear it of contaminating DNA. mRNA was cleaned from the total RNA
with a Dynabeads mRNA Puri�cation Kit (Invitrogen, Waltham, MA, USA). The resulting puri�ed mRNA
was fragmented, after which �rst-strand cDNA was synthesized using random hexamer primers, and
second-strand cDNA was synthesized with a NEBNext Ultra RNA Library Preparation Kit (New England
Biolabs, Ipswich, MA, USA). cDNA was puri�ed, ends were repaired, and the fragments were ligated to
adapters. cDNA was then fragmented again after which it was enriched via PCR and the last cDNA library
was built for Illumina paired-end sequencing. Biomarker Technology Co., Ltd. (Beijing, China) sequenced
the cDNA library using the HiSeq Xten PE150 platform (Illumina, San Diego, CA, USA).

2.5 RNA sequencing data analysis
Adapter sequences and low-quality reads were removed to obtain clean reads, which we then mapped to
the reference gene sequence (http://www.org/pinkul). Unigenes were determined using hisat2 and
stringtie. Gene functional annotation was performed using BLAST to search several databases, namely
the NCBI non-redundant (NR) database, Swiss-Prot, Gene Ontology (GO), Clusters of Orthologous Genes
(COG), Eukaryotic Orthologous Genes (KOG), Pfam, and KEGG, using an e-value cutoff of 10− 5. The
expression level for each gene was determined and then normalized according to the number of
fragments per kilobase of transcript per million mapped reads (FPKM).

The deseq software package was applied to identify DEGs between samples. False discovery rate (FDR) 
< 0.05 and ∣log2 (fold change)∣ ≥ 1 were used as thresholds for de�ning DEGs. Functional enrichment
analysis was performed on the DEGs using GO annotations and KEGG pathways.

2.6 qRT-PCR analysis
qRT-PCR was used to prove the RNA-Seq data and measure the expression of structural genes bound up
with �avonoid biosynthesis. qRT-PCR analysis was conducted according to previously outlined methods
(Tan et al, 2021; Park, et al, 2011).

2.7 Correlation analysis between metabolites and
transcripts
The correlation analysis was carried out by identifying the correlation coe�cient of the content of
�avonoids and the transcriptional changes in both differentially expressed �avonoids and differentially
expressed genes. Both of them are rich in �avonoids and �avonol BP (ko00941), �avonoid BP (ko00942),
and secondary metabolite BP (ko00943). To analyze the BP and structural genes related to the regulation
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of �avonoids with UA reducing activity, such as populin (�avone1), rutin (�avone2), and daidzein
(�avone3).

3 Results

3.1 Flavonoid composition and UA-reducing capacity of two
varieties of Actinidia arguta Sieb.Zucc.
To study the composition of �avonoids during the fruit ripening stage of Actinidia arguta Sieb.Zucc.,
widely targeted metabonomics was used for the �rst time.LC-ESI-QTrap-MS/MS and multiple reaction
monitoring were used to generate multi-peak maps. Speci�c ions for each substance were identi�ed with
the triple four-stage rod, while the signal strength (CPS) of the characteristic ions was generated using a
detector. We opened the sample off-line mass spectrometry �le using the multiquant software to conduct
qualitative and quantitative analyses of the metabolite spectrum in Qssg and LC Actinidia arguta
Sieb.Zucc.(Fig. 1).

There are 125 �avonoids were identi�ed, including 18 �avones, 6 dihydro�avonols, 12 Dihydro�avones,
12 �avonols, 64 �avonols, two chalcone compounds, three �avonoid carboglycosides, one iso�avone,
and 7 procyanidins (Table 1).PCA highlighted that these two varieties were signi�cantly different; 68.61%
of the differences between the samples could be explained by PC1 (40.7%) and PC2 (27.9%), revealing a
change in the pattern of �avonoid accumulation between the two varieties. Hierarchical cluster analysis
(HCA) showed that most of the detected �avonoids changed greatly in concentration during fruit ripening,
consistent with the differences in PCA results between the two varieties (Fig. 2). Both Qssg and LC fruits
contain �avonoids, such as populin (�avone1), rutin (�avone2), and daidzein (�avone3), which were
isolated and puri�ed respectively. The UA lowering activity test was carried out through the male Kunming
mouse animal model(Fig. 2). Compared with the model control group, the three selected �avonoids
signi�cantly reduced UA after one week (p < 0.01) (Fig. 2C). At two weeks, �avone3 treatment signi�cantly
reduced UA (p < 0.05), but there was no remarkable difference in UA activity between �avone1/�avone2
and the control group. Flavone3 had relatively stable biological activity in reducing UA. Compared with
the blank control group, BUN was not remarkably increased in the model control group (Fig. 2D).
Compared with the model control group, only �avone3 signi�cantly reduced BUN (p < 0.05), and there was
no remarkable difference in the BUN-reducing activity of the other two �avonoids. Thus, �avone3 had a
higher biological capacity to reduce BUN than �avone1 or �avone2 did. Flavone3 also signi�cantly
reduced Cr compared to the model control group (p < 0.05), but there was no remarkable difference in Cr
reducing activity between the other two �avone treatment groups (Fig. 2E). Compared with the model
control group, �avone2, �avone3, and the positive control group (treated with allopurinol) all had
signi�cantly lower levels of GAPDH activity (p < 0.01), meaning that only the �avone1 treatment group
showed no signi�cant difference (Fig. 2F). Flavone3 also signi�cantly increased liver glycogen compared
to the model control group (p < 0.01); in contrast, �avone2 remarkably decreased liver glycogen (p < 0.01),
and there was no remarkable difference in liver glycogen in those treated with �avone1 (Fig. 2G).
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3.2 Differences of �avonoids in Qssg and LC fruits, enrichment analysis of KEGG pathway, and structural
veri�cation results.

OPLS-DA can maximize the distinction among categories and identify differentially accumulated
metabolites. It uses orthogonal signal correction (OSC) and PLS-DA techniques to identify variable
differences. The abundance of the 118 �avonoids was compared between samples using the OPLS-DA
model (Fig. 4). LC samples were found to the left of the con�dence interval, while the Qssg samples were
found to the right of the con�dence interval, clearly demonstrating the ability of the model to discriminate
between the two varieties.

We generated two principal components from OPLS-DA; the contribution rate was 62.1% for principal
component 1 and 9.74% for principal component 2 (R2x = 0.807, R2y = 0.998 [p = 0.29], Q2 = 0.869 [p < 
0.005]). The OPLS-DA results were veri�ed by performing 200 replicates of the analysis. Model
veri�cation (Fig. 5) demonstrated that the OPLS-DA model was biologically meaningful and superior to
the PCA model. The differential �avonoids can be screened according to VIP analysis.

The pathway enrichment analysis of �avonoids was carried out through KEGG database. The results
indicated that the 125 identi�ed �avonoids were mainly distributed in three metabolic pathways,(1)
�avonoid and �avonol BPs, primarily for kaempferol-3-o-neohesperidin Luteolin-7-o-neohesperidin,
quercetin-3-o-sangbu diglycoside, quercetin-3-o-(2"-o-xylosyl)-rutoside, and kaempferol-3-o-rutoside;(2)
�avonoid BPs, mainly including naringin-7-o-glucoside, isolyceride, and chrysin;(3) secondary metabolite
BPs, primarily kaempferol-3-o-rutoside and daidzein(Fig. 3).

In a mass spectrum graph, the mass charge ratio (M/z) of the ion increases from left to right, and the
abscissa of an ion with a single charge is the mass of its ion; the ordinate represents the intensity of the
ion current, usually expressed in terms of relative intensity. The elution rate is 68.8% for 50% ethanol,
51.2% for 60% ethanol, and 48.2% for 70% ethanol. Based on our test data, the peak value of �avonoids
eluted by 50% ethanol was more and the elution rate was higher. Therefore, only positive ion mode mass
spectra of �avonoids eluted by 50% ethanol are discussed here. The mass spectrum information for full
scanning mode was m/Z 609, 301, and 175, the multi-reaction detection mode was m/Z [609/301], and
the neutral loss was 308u. By comparing the retention times, multi-stage mass spectrum fragments,
excimer ion peaks, and other information with reference substances, we determined that the molecular
ion peak was m/z 609 for rutin, m/z 254 for chrysin, and m/z 254 for soybean iso�avone (Figure).

3.3 Transcriptome analysis of two Actinidia arguta
Sieb.Zucc. Varieties.
To further study potential molecular mechanisms of �avonoid biosynthesis in Actinidia arguta
Sieb.Zucc., nine cDNA libraries were constructed for high-throughput RNA-Seq analysis. Each library
obtained 281,758,296 reads from 439,776,908 to 43,580,384, and each library obtained 269,732,354
clean reads from 41,844,326 to 41,708,692 (Table 2). The q30 percentage (which includes sequences
having an error rate < 0.1%) for each library exceeded 91%, and the mean GC content was 47.47%. Among
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the clean reads, between 78.54% and 80.76% could be mapped to the reference genome. A total of 43,686
unique genes were identi�ed. The analyses suggest high-quality RNA-Seq data suitable for use in further
analyses.

3.4 Differential gene expression in two Actinidia arguta
Sieb.Zucc. Varieties.
DEGs in the mature fruits of two Actinidia arguta Sieb.Zucc. varieties were identi�ed by �rst analyzing the
correlation coe�cient between the pro�le clustering of gene expression and biological replicates (Fig. 4).
This analysis indicated that many genes exhibited differential expression in various samples. Correlation
coe�cients for the levels of gene expression of the biological replicates were > 0.8, indicating that the
biological replicates were consistent with one another and the data were therefore valid for the
identi�cation of DEGs. Using threshold values of FDR < 0.05 and ∣log2 (fold change)∣ ≥ 1, DEGs between
the two varieties were identi�ed; there were 6497 up-regulated and 5153 down-regulated genes compared
between Qssg and Lc (Fig. 5).

To comprehend the biological functions of DEGs, we used Blast GO to determine enriched GO terms.
Among the 48 enriched functional groups, there were 25 biological processes, 13 cell components, and 10
molecular functions (Fig. 6 and table 3). Among the biological processes, the most frequent annotations
were metabolic processes, cellular processes, and single biological processes. For cell component
annotations, the most common terms were organelle, cell part, and cell. For molecular function
annotations, the most represented terms were binding, catalytic activity, and transporter activity.

KEGG analysis was conducted to identify enriched metabolic pathways in the DEGs. There were 4024
DEGs distributed among 142 KEGG pathways (Table 4). Among them, there were 42 remarkably enriched
pathways (p-value < 0.05) (Table 5). Flavonoid biosynthesis (ko00941), �avonoid and �avonol
biosynthesis (ko00944), and secondary metabolite biosynthesis (ko01110) pathways were all enriched,
and the �avonoid biosynthesis (ko00941) and secondary metabolite biosynthesis (ko01110) pathways
were signi�cantly enriched. Flavonoid biosynthesis (ko00941) and secondary metabolite biosynthesis
(ko01110) exist in the pathway of signi�cant enrichment(Fig. 7). All of the enriched pathways could be
further divided into �ve categories: cellular processes, genetic information processing, environmental
information, metabolism, and tissue systems. Among these categories, the metabolism category
contained the most pathways (Fig. 12a-c), and the highest numbers of DEGs were bound up with amino
acid biosynthesis (ko01230; 185 genes), carbon metabolism (ko01200; 190 genes), and sucrose and
starch metabolism (ko00500; 207 genes).

3.5 Analysis of �avonoid biosynthesis and regulation of differential gene expression in two kinds of
Actinidia arguta Sieb.Zucc. at maturity.

The enriched KEGG pathways and gene functional annotations were used to determine which DEGs
encode �avonoid biosynthesis-related enzymes, �avonoid, and �avonol biosynthesis-related enzymes,
and secondary metabolite biosynthesis-related enzymes. In total, 41 were found, including six CsUGT134
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genes, seventeen LOC, two AT2, one CHS, one CHI, three C4H, one HCT, one CCoAOMT, one F3H, two
CFOL, one DFR, three LAR2, one LSAT, and one GSCOC (Table 6). Among those, six UGT9491, sixteen
LOC, two AT2, one CHS, two C4H, one HCT, one CCoAOMT, one F3H, two LAR2, and one GSCOC were
signi�cantly up-regulated in the two varieties. Two CFOL, one CHI, one C4H, one DFR, one LAR2, one LOC,
and one LSAT were signi�cantly down-regulated between the two varieties.

3.6 qRT PCR was used to con�rm the results of DEGs bound
up with �avonoid biosynthesis.
To validate the expression of the DEGs bound up with �avonoid biosynthesis, qRT-PCR was performed for
11 structural genes (one CsUGT134, one LAR2, one C4H, one CFOL, one CHI, two LOC, one GSCOC, one
CCoAOMT, one DFR, and one AT2) in the fruits of the two varieties at maturity. The selected genes were
highly correlated between RNA-Seq and qPCR data, effectively validating the transcriptome data(Fig. 8).

3.7 Correlation between transcripts and �avonoid
derivatives.
To comprehend the pathway and regulatory structural genes of �avonoids biosynthesis in the fruits of
two main varieties of Actinidia arguta Sieb.Zucc., the quantitative changes of �avonoids and transcripts
in the fruit ripening stage of Actinidia arguta Sieb.Zucc. was tested and analyzed by studying the
interaction between transcriptome and metabolome. Based on the results of DEGs and Dems rich in
�avonoid BP, it is annotated that 20 structural genes and regulatory groups show a higher correlation with
the BP of �avonoid compounds aspen (�avone1), rutin (�avone2) and daidzein (�avone3) (Table 7).
Their interaction network is shown in Fig. 9.

Analysis results: according to the analysis in the pathway diagram in Fig. 9a, DFR, F3'H, and FLS
compete with the substrate dihydrokaempferol DHK. According to the gene expression analysis in Fig. 9C,
FLS has relatively high expression and high activity of its coding enzyme, which �nally promotes the
synthesis of rutin. It is also found in Fig. 9b that the relative content of rutin accumulated in the sample is
high; The expression of LOC was relatively low, and the relative contents of populin and daidzein were
relatively low.

4 Discussion
Flavonoids are substances that have been studied in-depth and at length in traditional Chinese medicine.
They exist widely throughout the kingdom Plantae. Many studies have been absorbed on the abilities of
�avonoids to reduce blood lipid levels, inhibit lipid peroxidation, relieve coughs, eliminate phlegm and
asthma, and exert anti-tumor, anti-hepatotoxicity, anti-in�ammatory, analgesic, antibacterial, and
antispasmodic effects. Substances known to reduce UA include quercetin, luteolin, apigenin, puerarin,
catechins, and dyestuffs, but there have been few studies into the UA-lowering activities of aspen and
daidzein.
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In this experiment, extensive targeted metabolomics methods were used to compare the �avonoids
present in the fruit of two varieties of Actinidia arguta Sieb.Zucc. cultivated in Northern China. Nine
classes and 125 kinds of �avonoids were detected in the fruits of the two varieties; these included 39
kinds of differentially accumulated �avonoids, accounting for 31.2% of the total �avonoids detected.
This proved that there was a remarkable distinction in �avonoid composition and accumulation between
different varieties. The types and proportions of different �avonoids found in the fruits were as follows:
51.2% �avonols, 14.4% �avonoids, 9.6% dihydro�avonoids, 9.6% �avonols, 1.6% chalcones, 2.4% �avone
carboglycosides, 4.8% dihydro�avonols, 0.8% iso�avones, and 5.6% procyanidins. The relative �avonoid
content in the fruits of variety Qssg was higher (1.13×) than in LC variety fruits. These data provide a
valuable theoretical and practical basis for breeding new varieties of Actinidia arguta Sieb.Zucc. and
developing food and drug homologous functional foods.

The �avonoids rutin, populin, and daidzein were isolated from the fruit of the main variety of Actinidia
arguta Sieb. Zucc. cultivated in Northern China and tested for their UA-reducing activity. The results
showed that populin (�avone1), rutin (�avone2), and daidzein (�avone3) could reduce serum levels of UA,
BUN, Cr, and GAPDH in mice to varying degrees. We, therefore, speculate that UA production in mice (in
response to purine-rich food ingestion or catabolism of substances such as nuclear proteins and nucleic
acids) may be inhibited by reducing the activities of ADA and/or XO. Increases in liver glycogen content in
mice may be due to inhibition of glycolysis by �avonoids through the promotion of gluconeogenesis,
reduction of free glucose in the blood, promotion of the remedial synthesis pathway of nucleotides, and
decreases in serum UA content. This study, therefore, has strong practical signi�cance for the prevention
and control of human Hua through the comprehensive development of Actinidia arguta Sieb. Zucc.. as a
treatment.

Through pathway enrichment analysis of �avonoids in Actinidia arguta Sieb. Zucc.., we found that the
125 �avonoids identi�ed in the fruits were mainly distributed in three metabolic pathways: the �avonoid
and �avonol BP, the �avonoid BP, and the secondary metabolite BP. This �nding provides a strong basis
for the observed enrichment of �avonoids in Actinidia arguta Sieb. Zucc.

There are two general types of genes bound up with the biosynthesis of plant �avonoids [44]. The �rst
category is structural genes, which encode enzymes that catalyze the biosynthesis of different
�avonoids; the second category is regulatory genes, which control the transcription of structural genes
[33,35]. Through transcriptome analysis, 43,686 genes were identi�ed as related to �avonoid biosynthesis
in the fruits of two main varieties of Actinidia arguta Sieb. Zucc, including 11,650 differentially expressed
genes. These genes regulate metabolism, cellular processes, genetic information processing,
environmental information, and tissue systems in the fruits of Actinidia arguta Sieb. Zucc. Through KEGG
enrichment analysis and gene functional annotation, 41 DEGs encoding enzymes known to be involved in
�avonoid biosynthesis were identi�ed (containing CsUGT134, LOC, AT2, CHS, CHI, C4Ha, HCT, CCoAOMT,
F3H, CFOL, DFR, LAR2, LSAT, and GSCOC). Among these DEGs, three CsUGT 134 genes, one LAR2, one
C4Ha, two CFOL, one CHI, nine LOC, one GSCOC, one CCoAOMT, one DFR, and two AT2 genes are crucial
to �avonoid biosynthesis.
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A correlation analysis between transcriptome and metabolome pro�les showed that expression levels of
some structural genes were closely bound up with the accumulation of speci�c �avonoids,
demonstrating that expression of these �avonoid biosynthesis genes promoted �avonoid accumulation
during fruit ripening of the two main varieties of Actinidia arguta Sieb. Zucc. CHS, CHI, F3H, cfol, LOC,
LSAT, fnsi, DFR, F3'H, FLS, and Hidh may play structural or regulatory roles in the BPs of the �avonoid
compounds aspen (�avone1), rutin (�avone2), and/or daidzein (�avone3). DFR, F3'H, and FLS compete
with the substrate dihydrokaempferol (DHK); FLS expression was relatively high, and the encoded
enzyme activity was high, which ultimately promotes rutin accumulation. LOC expression was relatively
low, as were the relative levels of populin and daidzein.

In conclusion, these results expand our understanding of Hua prevention and control by �avonoids. The
results also demonstrate the mechanisms of �avonoid biosynthesis and accumulation in Actinidia arguta
Sieb. Zucc.. In total, these data provide precious information for the future development of novel food
and drug homologous functional foods using Actinidia arguta Sieb. Zucc..
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Figures

Figure 1

See image above for �gure legend.
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Figure 2

See image above for �gure legend.
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Figure 3

See image above for �gure legend.
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Figure 4

Volcano map of differential genes between Qssg and Lc fruits.



Page 20/24

Figure 5

Columnar chart of the differential gene number in Qssg and Lc fruits.
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Figure 6

Classi�cation of secondary entries of Qssg and Lc fruit difference genes.
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Figure 7

See image above for �gure legend.
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Figure 8

See image above for �gure legend.
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Figure 9

See image above for �gure legend.


