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Abstract: Catechins are essential phenolic compounds in persimmon. However, the catechin content
in the leaves of persimmon germplasms has not been systematically and comprehensively evaluated.
To systematically assess catechin variation in different growth stages and astringency types of
persimmon leaves, the young and adult leaves catechin content of 249 persimmon germplasms from
Korea, Japan, and 16 provinces in China was quantified using an HPLC method. The results showed
that the content of (−)-epicatechin (EC) and (−)-gallocatechin gallate (GCG) had higher coefficient of
variation (CV) values in persimmon young leaves (106.74%) and adult leaves (91.49%), respectively.
The genetic diversity H’ of (+)-catechin (CA) and (+)-gallocatechin (GC) content was higher in young
leaves (2.00 and 2.03), and the H’ value of (−)-epigallocatechin (EGC) and CA content was higher
in adult leaves (1.98 and 1.92). The non-galloylated catechins, EGC, EC, and CA, were significantly
positively correlated with each other in both young and adult leaves. Catechins of persimmon
leaves showed different accumulation patterns in different growth stages and astringency types;
(−)-epigallocatechin gallate (EGCG) and CA had the highest average content in the persimmon
germplasms of Guangxi and Shanxi provinces of China, respectively. The content of (+)-catechin
gallate (CG) was found to be significantly higher in Japanese pollination-constant non-astringent
(J-PCNA) persimmon leaves, and EC, GCG had the highest levels in Chinese PCNA (C-PCNA) type.
The 249 germplasms were classified into five clusters (Cluster I-V) by SOM clustering based on the
content of nine catechins, with EC, CA, and GC having the highest content in Cluster V of the adult
leaves. In addition, four excellent germplasms of Cluster III had the highest EGC and GC content in
young leaves. Thus, the critical period for catechin utilization of persimmon leaves can be further
determined, and provide theoretical references for excellent germplasm screening.

Keywords: persimmon; leaves; catechins; HPLC; germplasm

1. Introduction

Persimmon (Diospyros kaki Thunb.) is a horticultural plant that belongs to the Ebe-
naceae family and is one of the essential fruit trees that has a high commercial and medici-
nal value in Asian countries [1,2]. According to the Food and Agriculture Organization
of the United Nations (FAO), persimmon fruit production in China was approximately
3,429,438 tonnes in 2021, which accounted for 79.16% of the total production worldwide.
The total production and planting area of persimmon have grown and expanded rapidly in
recent years, indicating that persimmon is becoming an important fruit crop around the
world [3]. In addition to the substantial economic value of persimmon fruit, persimmon
leaves, flowers, skins, roots, and peels have the potential to be used in medicine, especially
persimmon leaves, which have significant healthcare value [4].

Persimmon leaves are rich in vitamin C, choline, carotenoids, amino acids, and other
beneficial active ingredients [5]. In addition, persimmon leaves also contain zinc, cal-
cium, iron, and other mineral elements that benefit human health [6]. Persimmon leaves
have long been used in traditional Chinese medicine [4]. Flavonoids, phenylpropanoids,
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terpenoids, and other valuable metabolites have been extracted from persimmon leaves,
which have antibacterial, antioxidative, hypolipidemic, hemostatic, and antidiabetic prop-
erties [5,7]. Proanthocyanidins (PAs) are secondary flavonoid metabolites and important
functional components of foods [8]. At present, persimmon PAs are mainly extracted from
fruit—the utilization rate of persimmon leaves is low. Han et al. [9] have shown that the
average annual soluble tannin content of persimmon leaves is higher than that of fruit in
some varieties. Therefore, persimmon leaves can be used as a raw material for extracting
proanthocyanidins and reduce waste of fruit resources.

Persimmon PAs have numerous properties, such as relief from snake venom [10] and
adsorption of heavy metals [11]. PAs are formed by flavan-3-ols polymerization and can be
divided into monomeric PAs and polymeric PAs [12,13]. Monomeric PAs, also known as
catechins, are a cluster of polyphenolic bioactive components, including (+)-gallocatechin
(GC), (−)-gallocatechin gallate (GCG), (−)-epigallocatechin (EGC), (−)-epigallocatechin
gallate (EGCG), (−)-epicatechin (EC), (−)-epicatechin gallate (ECG), (+)-catechin (CA), and
(+)-catechin gallate (CG) [14,15]. Gallic acid (GA) and catechins are essential polyphenolic
compounds in many plants, such as the tea plant (Camellia sinensis) [16,17]. Based on
the presentation or not of a galloyl group on the C-ring, the catechins are classified into
two categories: galloylated catechins (EGCG, ECG, CG, and GCG) and non-galloylated
catechins (GC, EGC, EC, and CA) [18,19]. Catechins are higher in tea leaves, accounting for
12–24% of dry weight and 60–80% of total polyphenols, with EGCG, EGC, ECG, and EC
content being higher [20].

Persimmon can be divided into pollination-constant non-astringent (PCNA) and non-
PCNA, based on the natural deastringency of mature fruits on trees and their genetic
characteristics [21]. PCNA persimmon was divided into Chinese PCNA persimmon (C-
PCNA), which is controlled by a dominant allele, and Japanese PCNA persimmon (J-
PCNA), which is controlled by a recessive allele [22]. Non-PCNA persimmon can be
divided into the following types: pollination-variant non-astringent (PVNA), pollination-
variant astringent (PCA), and pollination-variant astringent (PVA) types [23]. Analysis
with phloroglucinol in different astringency types of persimmons showed that the PA
composition of persimmon during fruit development consisted of six monomers: CA,
GC, EC, ECG, EGC, and EGCG [12,24]. The PA composition of persimmon fruit differed
between the different astringency types. For example, CA content was found to be higher
in the early stage of fruit development, and GA content was found to be significantly higher
in PCA compared to PCNA types during fruit development [25]. In the BC1 generation,
the content of EGC and EGCG in the non-PCNA persimmon fruit was higher than that in
the PCNA persimmon [12]. C-PCNA type persimmon fruit showed a higher content of CA
and GA than J-PCNA fruit [25].

Plant germplasm resources are the genetic sources and material basis for genetic im-
provement [26]. Germplasm resource evaluation is the foundation and premise for breeding
and hybridizing [27]. Research on the genetic diversity of germplasm resources is important
for resource conservation and utilization [28]. Genetic diversity is characterized by analyz-
ing variations at the DNA level, phenotypes, and physiological characteristics [3,29,30]. In
recent years, the genetic diversity in persimmon germplasm resources has been reported,
mainly focusing on the phenotypic diversity of leaves and fruits [31,32], the flavonoid and
polyphenol content diversity [33], and the ascorbic acid content diversity of leaves [34]. In
addition, a variety of molecular markers has been used to investigate genetic diversity and
population structure in persimmon germplasm resources [35,36]. Catechins, as monomeric
PAs, are essential active ingredients in persimmon leaves. However, catechin composition
and content diversity in the leaves of persimmon germplasms have not been evaluated
systematically and comprehensively.

This study quantified the young and adult leaf catechin content of 249 persimmon
germplasms from Korea, Japan, and 16 provinces and municipalities of China using a
high-performance liquid chromatography (HPLC) method. Through Shannon–Weiner
diversity, correlation, variance, and clustering analysis, the genetic variation of the catechin
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content was systematically analyzed in the leaves of persimmon germplasms. Catechin
composition and content differences between young and adult leaves could be obtained.
Thus, the critical period for the utilization of active component catechins in persimmon
leaves can be further determined. This also provides theoretical references for excellent
trait exploitation and germplasm screening.

2. Materials and Methods
2.1. Plant Materials

Leaves of 249 persimmon cultivars were collected at the forest planting base of the
Research Institute of Non-timber Forestry (Yuanyang County, Henan Province, China,
34◦55′18′′–34◦56′27′′ N, 113◦46′14′′–113◦47′35′′ E), with each cultivar represented by three
individuals. These materials included 206 PCA, 3 PVA, 36 PCNA, and 4 PVNA varieties
(Supplementary Materials, Table S1). The astringency type and geographic distribution
of samples are shown in Supplementary Materials, Table S1. These 10-year-old cultivars
were managed using conventional cultivation measures, with a row spacing of 3 × 4 m.
Young and adult leaf samples of each cultivar were collected from the three individuals in
March and June, respectively. The third leaves of annual branches were randomly collected
from the three clones with each replicate consisting of 20 leaves. Three clones for each
germplasm were selected as three biological replicates. Fresh leaves were immediately
frozen in liquid nitrogen and stored at −80 ◦C until the catechin content was determined.

2.2. Instruments and Reagents

Experiments were performed using high-performance liquid chromatography coupled
with a 2998 photodiode array (PDA) detector (Waters ACQUITY Arc system, USA), XS204
analytical balance (Mettler Toledo, Switzerland), HT-300 BQ ultrasonic cleaner (Tianhua,
Jinan, China), 5430 R high-speed freezing centrifuge (Eppendorf, Germany), and a Milli-Q
Integral water purification system (Merck Millipore, USA). Standards of (+)-gallocatechin
(GC), (−)-gallocatechin gallate (GCG), (−)-epigallocatechin (EGC), (−)-epigallocatechin
gallate (EGCG), (−)-epicatechin (EC), (−)-epicatechin gallate (ECG), (+)-catechin (CA),
(+)-catechin gallate (CG), and gallic acid (GA), with purity = 98%, were purchased from
Beijing Solarbio Science and Technology Co., Ltd. HPLC grade methanol and acetonitrile
were purchased from FTSCI Co., Ltd. (Wuhan, China), and formic acid was purchased
from Macklin., Ltd. (Shanghai, China).

2.3. Sample Preparation and Chromatographic Conditions

Catechins were extracted and measured in the leaves following the method of Meng
et al. [37] and Wang et al. [38], with some modifications. After vacuum freeze-drying,
all leaf samples were ground to a fine powder and sieved. The powdered samples were
weighed (200.0 mg) and mixed with 80% (v/v) methanol in an ultrasonic bath for 30 min;
the leaves: extract ratio was 1:20. The mixture was then centrifuged at 8000 rpm for 5 min
after storage at 4 ◦C for overnight, and the supernatant was filtered through a 0.22 µm
membrane and transferred into the injection bottle. Chromatographic separation was
performed on a Thermo Syncronis C18 column (250 mm × 4.6 mm, particle size 5 µm). The
mobile phase included eluent A, acetonitrile, and eluent B, 0.2% formic acid water. The
analysis conditions were as follows: column temperature, 30 ◦C; injection volume, 5 µL;
flow rate, 0.8 mL/min; detection wavelength, 275 nm. The gradient program was 5% A
at 0~3 min, 5→17% A at 3~22 min, 17% A at 22~40 min, 17→20% A at 40~42 min, and
20→5% A at 42~43 min. Nine catechins were identified by comparing the retention time to
the corresponding standard, and their concentrations were determined according to the
external standard method (Supplementary Materials, Table S2). The HPLC chromatograms
of the mixed standard and sample are shown in Supplementary Materials, Figure S1.
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2.4. Statistical Analysis

Data analysis was performed using Excel 2019 and SPSS 24.0 software. Average
values were divided into ten grades based on the standard deviations (σ) and means
(µ), from the first [Xi < (X−2σ)] to the tenth [Xi > (X+2σ)] grade, at increments of 0.5σ.
The Shannon–Wiener index (H′) is defined as H′ = −∑PilnPi, where Pi is a percentage
at grade i for one trait measured in total numbers. Principal components analysis (PCA)
was conducted using SIMCA-P (V14.0) software [39]. The differences between young and
adult persimmon leaves were evaluated by orthogonal partial least squares discriminant
analysis (OPLS-DA), in which the Q2Y (cum) and R2Y (cum) values were used to judge the
validity of the model [40]. SOM analysis was conducted using Python 3.6. The evaluation
of persimmon germplasms was performed using subordinate function analysis, which
is based on the following formula: Tij = (Xij − Xjmin)/(Xjmax − Xjmin), where Tij is the j
indicator subordinate function value of i germplasm, Xij is the j indicator actual value of i
germplasm, Xjmin is the minimum value of the j indicator, and Xjmax is the maximum value
of the j indicator [41].

3. Results
3.1. Variation and Genetic Diversity of Catechin Contents

The catechin content in young and adult leaves of 249 germplasms is presented in
Supplementary Materials, Table S1. The content of nine catechins was diverse: for ex-
ample, GC had the highest average content in both young and adult leaves (1143.82
and 359.16 mg/100 g); however, average EGCG content was the lowest at 0.79 and
0.98 mg/100 g, respectively.

Catechin content was compared between young and adult leaves (Figure 1). In
comparison to adult leaves, young leaves showed high levels of GC, ECG, CA, and CG
content; The average content of EGCG and EC in adult persimmon leaves was higher than
that in young leaves (p < 0.05). In addition, GA content ranged from 4.28 to 239.08 mg/100 g
in young leaves, with an average of 47.45 mg/100 g. The distribution of GA content ranged
from 0.52 to 18.59 mg/100 g in adult leaves, with an average of 3.22 mg/100 g and a
14.7-fold decrease compared to adult leaves.
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The varied content of nine catechins in young and adult leaves is shown in Supple-
mentary Materials, Table S2. In the 249 persimmon germplasms, there was considerable
variation in the content of catechins, with coefficients of variation (CV) ranging from 21.24%
to 67.78% (young leaves) and 39.16 to 461.07% (adult leaves). Notably, a few germplasms
contained high levels of EGCG, resulting in a large CV value and a low Shannon–Wiener
diversity index (H’). Furthermore, the EC and GCG content exhibited higher CV values
in young (106.74%) and adult (91.49%) persimmon leaves, respectively, indicating a rich
diversity of catechin content within the germplasms. The genetic diversity H’ of the CA
and GC content was higher in the young leaves (2.00 and 2.03), and the H’ value of the EGC
and CA content was higher in adult persimmon leaves (1.98 and 1.92); these results showed
that catechins were evenly distributed in each grade. These results suggest that persimmon
leaves are rich in catechins, and that catechin content differs at different growth stages.

3.2. Pearson Correlation Analysis of Catechin Content

Pearson correlation analysis was performed on the catechin content in young (Figure 2A)
and adult (Figure 2B) leaves. The results showed significant correlation relationships for
all 20 pairs; most showed a highly significant positive correlation. For example, the non-
galloylated catechins, EGC, EC, and CA, were significantly positively correlated with each
other in both young and adult persimmon leaves (all correlations p < 0.01). Furthermore,
significant negative relationships were found for three pairs of catechin compositions. In
young leaves, GC and ECG were negatively correlated; the correlation coefficient was
−0.127. In adult leaves, the correlation coefficients between GA and CG, and CG and EGC,
were −0.271 and −0.174, respectively.
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3.3. Differences in Catechin content between Young and Adult Persimmon Leaves

Data simplification was conducted using principal component analysis (PCA) and
orthogonal partial least squares discriminant analysis (OPLS-DA) to construct a sample-
catechin composition matrix (498 × 9) (Figure 3).

Four principal components were obtained and accounted for 95.6% of the total variance
(Figure 3A). PC1 and PC2 accounted for 70.7% and 12.6% of the total variance, respectively.
In the score plot of PC1, persimmon germplasms were well separated between young
and adult leaves. It was possible to distinguish persimmon leaves from two growing
periods, which showed that the metabolites accumulation pattern of persimmon leaves was
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different at different development stages, and different growth stages greatly influenced
the catechin content. Furthermore, an OPLS-DA model was constructed to measure the
catechin differences between young and adult leaves of 249 persimmon germplasms. The
results further confirmed that persimmon germplasms had obviously different catechin
content between adult and young leaves (Figure 3B).

Each point in the S-plot of the OPLS-DA represents a kind of catechin, and the greater
the distance of a point on the x-axis, the greater the contribution of the point to the overall
sample differences; the larger the differences on the y-axis, the better the relevance of
the points within the group (Figure 3C). As a result, EC made a larger contribution to
adult leaves, while GC and CA made a larger contribution to young leaves (Figure 3D).
These three indicators could effectively discriminate persimmon adult and young leaves.
The catechin component differed between young and adult leaves. Based on the above
results, the critical period of catechin component utilization of persimmon leaves can
be determined.
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3.4. Differences in Catechin Composition of Persimmon Leaves from Different Sources and
Astringency Types of Persimmon

The catechin indexes of persimmon germplasms from different sources (sample
size > 5) were compared (Supplementary Materials, Table S3). The results showed that
EGCG and CA had the highest average content in the persimmon germplasms of Guangxi
and Shanxi provinces of China, respectively. In young leaves, the EC, CA, and GC content
were the highest in Shanxi germplasms. EGC, CG, and GA were the highest in Zhejiang,
and the galloylated catechins, ECG and GCG, were the highest in Guangxi and Hubei,
respectively. In adult persimmon leaves, the contents of EC, EGC, GC, and GCG were the
highest in Hebei germplasms. ECG and GA contents were highest in Zhejiang and Shaanxi,
respectively, and CG content was highest in Japanese germplasms.

The catechin content of different astringency types of persimmon leaves was compared
(Figure 4). In both young (Figure 4A) and adult (Figure 4B) leaves, the CG content was
significantly higher in the J-PCNA type, and EC and GCG had the highest levels in C-PCNA.
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CA had the highest average content in both young C-PCNA and adult PVNA leaves. The
content of GA was significantly higher in PVA adult leaves than in the other types.
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3.5. Cluster Analysis and Excellent Germplasms Screening

The subordinate function value was calculated based on the content of nine catechins
in young and adult persimmon leaves. The subordinate function value was aggregated
and averaged for comprehensive evaluation. The top ten best-performing germplasms
with the highest scores were selected, including Shuishi 103, Xiuning biantashi, Haian
xiaofangshi, Lishui No.3, Mengjin zhaijiahong, Caoqishi, Lishui No.13, Dongyang, Kishu,
and Heishi (Supplementary Materials, Table S4). These ten germplasms originated from
Zhejiang province, Henan province, Shanxi province, Jiangsu province, Anhui province of
China, and Japan, with the Zhejiang province containing four excellent germplasms.

The 249 persimmon germplasms were classified into five clusters by SOM clustering
according to the catechin content in young and adult leaves. To demonstrate the SOM
clustering results, a 249 × 9 sample catechin composition dataset was projected into a
low-dimensional space in young (Figure 5A) and adult (Figure 5B) persimmon leaves.
After SOM trained 100 iterations of the data matrix, a rectangular topological structure of
6 × 6 was selected as the final output layer, and topological mapping maps of 249 persim-
mon germplasms were obtained. In the same neurons, different persimmon germplasms
exhibited similar catechin content patterns. The results of SOM clustering showed that the
five groups classified according to catechins had small relationships between young and
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adult leaves (Supplementary Materials, Table S5). There were no significant differences in
EGCG and ECG content in the young leaves among five persimmon clusters, while the
other catechin compositions showed significant differences among these groups (Figure 5C).
EC, CA, and GC had the highest content in Cluster V of adult leaves (Figure 5D). Cluster III
of young leaves had the highest content of EGC and GC, which contained four germplasms,
including Lishui No. 1, Zheye, Xiaohuoguan, and Dahuoguan. These germplasms could
represent better materials for catechin EGC and GC utilization.
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Figure 5. SOM cluster results of 249 persimmon germplasms according to content of 9 catechins. The
6 × 6 grid containing 36 neurons and 5 clusters represents the SOM cluster results of 249 persimmon
young leaves (A) and adult leaves (B). Different background color and symbols represents different
clusters. Catechin distribution patterns of 249 persimmon young leaves (C) and adult leaves (D) in
36 neurons.

4. Discussion

Phenotypic variation is the most direct consequence of genetic variation and gene-
environment interaction [42]. Persimmon is a typical subtropical and deciduous fruit tree
that is believed to have originated in southern China and was later cultivated in Korea,
Japan, Brazil, and Italy [23,43]. Plants are highly varied after long-term evolution [44,45].
In this study, the changes in catechin content in 249 persimmon young and adult leaves
were analyzed, to evaluate the genetic diversity of persimmon germplasms. The results
showed that catechins in persimmon resources exhibit great genetic diversity and that the
population contains many evolved types.

Due to the multidimensionality of the population data and the high correlation be-
tween some variables, traditional single-variable analysis cannot quickly, fully, and accu-
rately explore the potential information contained in the data [46]. PCA is a method of
unsupervised data analysis that linearly recombines all variables into a set of variables
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and selects a few complex variables from them to reflect as much information as possible
about the original variables based on the questions analyzed, thus achieving dimensional
reduction. PCA of the variables also reflects the inter-group and intra-group changes in
the sample [39]. Based on 249 catechin content data points from young and adult leaves,
this study visualized the catechin accumulation patterns of persimmon leaves at different
development stages using PCA. It was found that the developmental stage of persimmon
leaves greatly influenced the catechin content. Metabolite content has been found to be
closely related to the development stage; for example, the metabolite content of rice seeds
at different growth stages is more different than that of different rice seeds at the same
development stage [47], similar to the findings in our study. Supervised OPLS-DA models
can identify similarities and differences between groups with designated subgroups and
evaluate model classification using R2X, R2Y, Q2Y, and OPLS-DA score diagrams [48]. In
this study, OPLS-DA models were able to effectively differentiate persimmon samples from
different leaf growth periods, and potentially different chemical constituents were selected
based on the VIP value. When evaluating the quality of persimmon leaves, the EC, GC,
and CA contents should be taken as the main catechin indexes to distinguish young and
adult leaves.

Metabolite accumulation profiles usually differ at different plant growth stages [49,50].
Significant differences in the metabolism of Camellia sinensis leaves in different seasons
were observed, with significant seasonal fluctuations in flavanols, polyester catechins,
proanthocyanidins, quercetin glycosides, and amino acids [51]. During the development of
persimmon leaves, there are significant differences in catechin content from young leaves to
maturity. For example, the young leaves had higher GC, ECG, CA, and CG content than the
adult leaves in this study. Previous studies suggested that polyphenol and tannin contents
were higher in the leaves of all species in the early stage [52]. Moreover, persimmon leaves
harvested in late May had the highest amount of antioxidants content compared to late
June, possibly associated with movement of antioxidants from leaves to fruits during
fruiting [53]. It is suggested that the accumulation of catechins during persimmon leaf
development may have the same regulation mechanisms.

SOM clustering is an unsupervised artificial neural network approach with a high
generalization capability, which can learn the distribution of eigenvectors in space by itself.
Data with similar features are clustered in the same region of the network topology; thus,
target data with similar features are classified into homologous clusters [54]. The results
can be intuitively expressed by corresponding visualization techniques, which are very
suitable for visualizing high-dimensional data, providing improved guidance for excellent
germplasm selection and resource utilization. In this study, 249 persimmon germplasms
were divided into five clusters; nine catechins were found to have significant differences
among five clusters, and the CA of Cluster V showed better comprehensive performance.
We also found that the relationships of the five clusters between young and adult leaves
was weak, which showed that the metabolite patterns of different persimmon germplasms
leaves were different in the same year. After comprehensive evaluation of catechins in
persimmon leaves, the top 10 best-performing germplasms were selected, including Shuishi
103, Xiuning biantashi, Haian xiaofangshi, Lishui No.3, Mengjin zhaijiahong, Caoqishi,
Lishui No.13, Dongyang, Kishu, and Heishi. These germplasms can be considered materials
which may be preferred for use in breeding in the future. At the same time, the accumulation
of catechins in persimmon leaves of different sources and astringency types was also quite
different, indicating that the distribution of persimmon germplasms varies geographically,
which may be related to the high adaptive capacity following the long-term introduction
of persimmon.

The comprehensive analysis of the contents of nine catechins in young and adult
persimmon leaves in 249 germplasms indicated that catechins had different metabolic
accumulation patterns at different growth stages and for different astringency types of
persimmon leaves. The catechin components were also closely associated with the geo-
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graphical environment. The results of this study provide support for the development of
persimmon, the utilization of excellent varieties, and hybrid breeding in the future.

5. Conclusions

In conclusion, there was a high diversity of leaf catechin contents among 249 persim-
mon germplasms. When determining the composition of nine catechins in persimmon
young and adult leaves, it was found that catechins showed different accumulation patterns
at different growth stages and for different astringency types of persimmon leaves. The
young leaves had higher GC, ECG, CA, and CG contents than the adult leaves, CG content
was found to be significantly higher in J-PCNA persimmon leaves, and EC and GCG had
the highest levels in C-PCNA leaves. In addition, the catechin components were also closely
associated with the geographic environment. EGCG and CA had the highest average con-
tents in the germplasms of Guangxi and Shanxi provinces of China, respectively. This work
provides a theoretical basis for germplasm screening and excellent trait exploitation.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/horticulturae9040464/s1, Figure S1: HPLC chromatograms of
mixed standard (A) and sample (B); Table S1: Origins and catechin content of young and adult
leaves in 249 persimmon germplasms; Table S2: Diversity and variation of catechin content in young
and adult persimmon leaves; Table S3: One-way analysis of variance (ANOVA) of catechin content
(mean ± SD) in persimmon leaves among different regions; Table S4: Excellent germplasms screening
based on subordinate function value of each catechin in persimmon leaves; Table S5: One-way
ANOVA of catechin content (mean ± SD) in persimmon leaves among different SOM clusters.
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metabolomics: A methodological perspective. Briefings Bioinform. 2020, 22, 1531–1542. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.3389/fpls.2022.1029907
http://www.ncbi.nlm.nih.gov/pubmed/36699853
http://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2019.22.057
http://doi.org/10.1007/s11306-013-0598-6
http://doi.org/10.1039/C4MB00414K
http://www.ncbi.nlm.nih.gov/pubmed/25382277
http://doi.org/10.1134/S1995080220100066
http://doi.org/10.1016/j.foodchem.2009.06.044
http://doi.org/10.1111/nph.12010
http://doi.org/10.1534/g3.115.025502
http://www.ncbi.nlm.nih.gov/pubmed/26869620
http://doi.org/10.7717/peerj.9786
http://doi.org/10.3389/fphar.2018.00691
http://doi.org/10.1016/j.scienta.2015.06.036
http://doi.org/10.3389/fpls.2023.1130047
http://www.ncbi.nlm.nih.gov/pubmed/36923131
http://doi.org/10.1021/acs.jafc.5b03967
http://www.ncbi.nlm.nih.gov/pubmed/26494158
http://doi.org/10.1007/s10068-017-0195-y
http://doi.org/10.1093/bib/bbaa204

	Introduction 
	Materials and Methods 
	Plant Materials 
	Instruments and Reagents 
	Sample Preparation and Chromatographic Conditions 
	Statistical Analysis 

	Results 
	Variation and Genetic Diversity of Catechin Contents 
	Pearson Correlation Analysis of Catechin Content 
	Differences in Catechin content between Young and Adult Persimmon Leaves 
	Differences in Catechin Composition of Persimmon Leaves from Different Sources and Astringency Types of Persimmon 
	Cluster Analysis and Excellent Germplasms Screening 

	Discussion 
	Conclusions 
	References

