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Abstract

:

Wuyi Mountain in Southeast China is the origin of black tea and oolong tea. It is also considered the ‘treasure trove of tea cultivars’ because of its rich tea germplasm resources. In the present study, the population structure and genetic diversity of 137 tea germplasms from Wuyi Mountain and its adjacent areas were analyzed by SNPs. The information index (I), observed heterozygosity (Ho), expected heterozygosity (He) and fixation index (F) polymorphisms of the selected SNPs were high, stable and reliable. Ho had an average of 0.389, while He had an average of 0.324, indicating that Wuyi Mountain tea germplasms had rich genetic diversity. The AMOVA results showed that genetic variation came mainly from intrapopulation variation, accounting for 66% of the total variation. The differences in the Fst and Nei values of tea germplasm between Wuyi Mountain and its adjacent areas are similar to the geographical differences. Multiple analyses based on high-quality SNPs found that the landraces of tea plants on Wuyi Mountain had different genetic backgrounds from the wild-type landraces and the landraces of Wuyi Mountain tea plants underwent population differentiation. This study provides a basis for the effective protection and utilization of tea germplasms on Wuyi Mountain and lays a foundation for identifying potential parents to optimize tea cultivation.
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1. Introduction


Tea is the most popular beverage globally, aside from water [1]. There are six tea categories based on the degree of fermentation and processing techniques, i.e., black tea, dark tea, oolong tea, yellow tea, white tea and green tea. Among them, black tea is the most consumed tea in the world, while oolong tea has the most variable fragrant aromas and tastes. Both of these teas originated on Wuyi Mountain, Southeast China [2,3]. It is also recorded in “All about Tea” that the earliest Chinese tea transported to Europe was produced on Wuyi Mountain [4]. Tea is manufactured from the fresh leaves of tea plants (Camellia sinensis (L.) Kuntze). The tea plant is an economically important crop worldwide and it originated in China [5,6]. Rich tea germplasm resources are the basis of producing various kinds of tea and forming products that are both diverse and high quality. As an essential tea-producing province, Fujian Province has wealthy tea germplasm resources. In particular, Wuyi Mountain, located in the northwest of Fujian Province, has a long history of tea production and is considered the origin of the world’s natural and cultured teas. It preserves the world’s most complete, typical and largest central subtropical forest ecosystem within the same latitude and breeds rich tea germplasm resources, known as the ‘treasure trove of tea cultivars’. The core area is the Wuyi Mountain Nature Reserve, which straddles Wuyishan City, Jianyang Area and Guangze County. At present, the relationship between the richness of germplasm resources and the germplasm distribution of the tea plant on Wuyi Mountain requires further investigation.



Tea germplasm resources are not only the material basis for the development of the tea industry, but also the basis for tea science research [7]. The exploration and protection of excellent tea germplasm resources have become increasingly prominent, such that, as a result, understanding genetic diversity among and within populations is vital for developing effective and efficient protection measures [8,9,10]. Molecular markers are based on differences in DNA sequences at the genomic level. They are less affected by the outside world, have higher stability and accuracy and have become one of the most widely used characteristics in identifying plant germplasm resources. The molecular markers used in tea plants mainly include RAPD, AFPL, ISSR and SSR [11,12,13,14], which can effectively evaluate the genetic diversity of tea germplasm resources. SNP analysis is a third-generation molecular marker technology that has also been successfully applied to analyze tea germplasm diversity and provides accurate results, independent of target species or populations [15]. Compared with other methods, SNP analysis has the advantages of automation, high throughput and high genetic stability [16]. In addition, due to the diallel hybridization of SNPs, the experimental error rate is reduced and the resulting accuracy of the experiment is further improved [17,18]. Previously, SNP analysis was used to accurately and efficiently determine the genetic relationship among oolong tea germplasms in China [19]. Furthermore, we constructed a molecular identity card of tea cultivars based on SNP information and basic information [20]. In addition, the diversity of Yunxiao tea germplasm resources in Fujian is more accurately understood by SNP technology [21]. Analyses of single nucleotide polymorphisms reveal the genetic structure of tea germplasm and Japanese landraces [22].



In this study, the population structure, genetic diversity and genetic distance of 137 tea germplasm resources from Wuyi Mountain and its adjacent areas were analyzed by SNP. These findings provide a valuable basis for further understanding the genetic relationship and composition of Wuyi Mountain tea germplasm resources and provide a scientific reference for protecting and utilizing Wuyi Mountain tea germplasm resources.




2. Materials and Methods


2.1. Sample Collection


The samples were collected from Wuyi Mountain and its adjacent areas, resulting in a total of 137 tea plant germplasms. Detailed information about these samples is shown in Table 1, consisting of 87 tea samples collected from Wuyi Mountain (WY) and 50 tea samples from adjacent areas: 15 from Eastern Fujian (EF), 15 from Southern Fujian (SF) and 20 from wild-type Fujian (FWL). Voucher specimens were deposited in the Herbarium, Fujian Agriculture and Forestry University (FAFU). Figure 1 shows the original sample distribution of the tested tea plant germplasms. Samples were obtained from tea plant buds or tender leaves, kept in −20 °C refrigerator for backup.




2.2. DNA Extraction


Genomic DNA was extracted from samples using a new plant genome extraction kit (DP320, TIANGEN, Beijing, China) according to the kit’s instructions [19]. Fresh tea buds or leaves (ca. 0.1 g) were cut and placed in a grinding pan. Add liquid nitrogen and grind quickly. Next, 400 µL of lysis solution (buffer LP1) and 6 µL of RNase (10 mg/mL) were added to the tubes. After the cracked sample is added to the test tube, the tube was placed into an shaker instrument (WS350B, WIGGENS, Beijing, China) to be completely lysed. The next extracted steps were performed in accordance with the supplier’s instructions. Genomic DNA in the tea tissue was extracted using centrifugal adsorption columns that specifically bind DNA. Then, the DNA quality was analyzed by the a NanoDrop nucleic acid sequencing instrument (NanoDrop 2000/2000C, Thermo, Waltham, WA, USA), which requires a DNA concentration of >50 µL/mL. Successful extraction material was stored in a −20 °C refrigerator.




2.3. Single Nucleotide Polymorphism Markers and Genotyping


In the early stages of this study, the express sequence tag (EST) of tea was downloaded from the database of the National Center of Biological Information (NCBI) (http://www.ncbi.nlm.nih.gov/) (accessed on 15 July 2021). For the mining and selection of single nucleotide polymorphisms of tea, 96 SNP loci for genotyping of tea germplasm resources were ultimately screened out [16]. Genotyping was performed with Fluidigm 96.96 Dynamic ArrayTM IFC (Integrated Fluidic Circuit) chip (Fluidigm® Corp., South San Francisco, CA, USA), with Fluidigm 96.96 SNP genotyping workflow reference (Fluidigm, PN100-3912) for experimental response. The primers were synthesized by the Fluidigm Company (USA) and included allele-specific primers (ASPs), specific target amplification (STA) primers and locus-specific primers (LSPs). Preamplification of DNA called STA is required on PCR instruments (ABI VERITI, South San Francisco, CA, USA). The sample and primer solution were added to the IFC chip according to the SNP genotyping method. Then, samples were automatically mixed and detected by the Juno instrument (Fluidigm, South San Francisco, CA, USA). Finally, 96.96 IFC fluorescence images were obtained by EP1TM (Fluidigm® Corp., USA) [21].




2.4. Data Analysis


Data collection was performed by the EP1 instrument. The data were exported and analyzed using Fluidigm SNP Genotyping Analysis software (https://www.fluidigm.com/software) (accessed on 5 January 2022), followed by GenAlEx6.503 software to analyze population differentiation, allele frequency, information index (I), observed heterozygosity (Ho), expected heterozygosity (He), fixation index (F) and minor allele frequency (MAF). GenAlEx6.503 software was used for genetic distance calculation, Fst and AMOVA analysis. PCoA plot analysis was obtained from genetic distance measurements in GenAIEx. The population structure was analyzed by Structure 2.3.4 software and the optimal K value. Finally, the genetic structure analysis map was obtained by Clumpp version 1.1.2 and Distruct version 1.1. For the hierarchical clustering tree, MEGA5.05 software was applied to calculate the sequence data and then the hierarchical clustering method was used to construct graphs [19,20].





3. Results


3.1. Screening and Analysis of the Polymorphic Loci


As a result of screening 96 SNP markers, 47 specific loci with strong polymorphisms that were suitable for genotyping tea germplasms from Wuyi Mountain and its adjacent areas were obtained, accounting for 49.0% of all loci. The selected 47 SNPs and associated allele information are shown in Table 2. Statistically, the I for these SNP markers ranged from 0.103 to 0.691, with an average of 0.483. The Ho was 0.029~0.888, with an average of 0.389. The He was 0.062~0.497, with an average of 0.324. The F ranged from approximately −0.829 to 0.873, with an average of −0.111. The MAF ranged from 0.058 to 0.485, with an average of 0.312. The averages of Ho and He were close, indicating that Wuyi Mountain tea germplasm resources had relatively high genetic diversity. In addition, when the loci were screened, the MAF value of the secondary allele frequency was ensured to be ≥ 0.05. The suballele frequencies of 47 polymorphic SNPs are shown in Figure 2. The genotypic DNA fingerprinting of tea germplasms based on SNP array is listed in Table 3, showing the truncated spectra of 20 loci of 22 samples. The full loci information is in Table S1.




3.2. Genetic Relationship Analysis of Test Samples


According to the principal coordinate analysis, the first principal component, the second principal component and the third principal component accounted for 30.24%, 11.42% and 5.65% of the total variation, respectively. The PCoA diagram (Figure 3) shows the genetic relationship of the tested samples. This result suggests that WY tea germplasms interacted with other tested germplasms. As a result, the 137 tea samples were clustered into three main groups (I, II and Ⅲ). Among these, 20 landraces from the FWL clustered together to form a relatively close group Ⅲ. Group Ⅱ contained 57 landraces from WY, whereas group I contained 30 landraces from WY, 15 from EF and 15 from SF. Interestingly, the landrace tea samples of WY were clearly divided into two groups: group I and group II. Among them, group I contained 30 samples of WY area, 28 of which were from Xingcun of Wuyishan City and 2 of which were from the city of Jian’ou; group II contained 57 samples, 9 of which were from Tongmuguan in Wuyishan City and 33 of which were from Guangze, while the remainder were from Jianyang. Group I was composed of part of WY germplasms and those of EF and SF, while group II was relatively independent. Overall, the germplasms of tea plants in WY interacted more with the genetic material of landraces in EF and SF but did not interact with FWL.




3.3. Population Structure Analysis of Samples


To verify the results of principal component analysis, Structure-Clumpp-Distruct software was used for population structure analysis. The best K value was determined through the simulation model using Structure Harvester (http://taylor0.biology.ucla.edu/struct_harvest/) (accessed on 3 May 2022), K = 3. The results of population structure classification are based on the model (Figure 4). The experimental results revealed that the 137 tested tea germplasms were divided into three populations. The FWL landraces were aggregated into a single pool. While the landraces of tea plants in EF, SF and some of WY clustered into one population, other WY landraced germplasms formed a population. The map also suggests that there were significant differences among landraces of WY, which could be further divided into two groups, consistent with those of principal component analysis (Figure 3). When compared with the clustering results of the PCoA map, the characteristics of landraces in some parts of WY were closer to those of EF and SF landraces. Among them, the germplasms of landrace tea plants in SF and some landraces of tea plants in WY belong to oolong tea varieties. Therefore, it is speculated that the genotypes of these varieties are relatively similar. Objectively, the germplasm resources of the tea plant WY landraces have high genetic richness.




3.4. Hierarchical Clustering Diagram Describing Kinship


The hierarchical clustering tree generated by MEGA software in this study showed that 137 tea germplasms could also be divided into three groups (I, II and Ⅲ) (Figure 5), consistent with the results of the PCoA (Figure 3) and groups I and II are on a branch. Among these, group Ⅲ mainly includes all tea plant germplasms in the FWL area along with a few other landraces. Groups I and II consist of tea plant landraces of the WY, EF and SF areas: group I includes a majority of landraces in EF and SF and part of landraces in WY and group II contains most of the landraces in WY. The tea plant landraces of WY are clustered in two different groups and the members of the groups are basically consistent with the PCoA. Genotypic hybridization (gray region of group I) exists in tea germplasms of the EF, SF and WY areas. However, the tree suggests that some of the landraces in the WY area are clustered independently (cyan area of group II), which is consistent with the results of PCoA and population structure.




3.5. Population Differentiation Analysis


Fst analysis and AMOVA were used for genetic differentiation analysis of four areas and Nei’s analysis was used to calculate the genetic distance between areas. The results reveal that the Fst value was between 0.053 and 0.144 and the populational degree of differentiation of landrace FWL and EF was the highest, followed by FWL and WY (Table 4). The Fst value between the FWL area and the other areas was higher than that between the WY, EF and SF areas. According to Fst analysis, the Fst values between the WY area and EF and SF areas were small, only 0.053 and 0.074, respectively, indicating that the degree of differentiation between the WY landraces and EF and SF landraces was small. The Nei’s genetic distance values ranged from 0.067 to 0.188, while the distribution of genetic distance values among the four areas was the same as that of geographical differences (Table 4). The AMOVA results showed that the genetic differentiation among the four areas accounted for only 34% of the total variation, while the genetic variation within the areas accounted for 66% of the total variation (Table 5), indicating that the individual germplasms in the test areas had varying degrees of genetic differentiation, yet rich genetic diversity.





4. Discussion


4.1. SNP Screening and Genetic Richness Analysis


The genetic diversity analysis of germplasms was determined using the included test samples and marker methods [24]. As perennial evergreen woody plants, tea plants contain a large number of bioactive substances and have a relatively large genome. In the past decade, high-quality genomes of tea plants have been reported, including Yunkang10 [25], Shuchazao [26], wild tea plants [27], Longjing43 [28], Tieguanyin [29], Biyun [30] and Huangdan [31], which dramatically improves the efficiency of functional and comparative genomics. SNPs are single nucleotide polymorphism sites that exist widely in biological genomes, which are abundant and provide a relative advantage in plant identification [17,32]. SNPs with MAF ≥ 0.05 were screened for subsequent analysis to ensure the accuracy and validity of the results. In this study, 47 pairs of SNP loci were used to analyze the genetic diversity and genetic relationship of 137 tea plants from Wuyi Mountain and its adjacent areas. Among all failed primer pairs, some marker pairs identified only one SNP in all samples and some SNP marker pair failures may be caused by EST sequence errors or may be due to flanking sequence polymorphisms [19]. The I, Ho, He and F polymorphisms of these 47 pairs of SNP loci were high, stable and reliable, which was conducive to the study of tea population germplasms. According to the concept of heterozygosity, the closer Ho is to He, the higher the genetic diversity of the population [33,34]. In this study, the average Ho of the tested tea populations was 0.368, while the average He was 0.301. Thus, the average values of the two were relatively similar, indicating that Wuyi Mountain tea germplasms had relatively high genetic richness.




4.2. Genetic Relationship Analysis of Tea Plant Population between Wuyi Mountain and Its Adjacent Areas


Previous studies found that the landrace population of tea plants showed rich genetic diversity and a relatively close relationship [35,36]. Based on high-quality SNPs, this study conducted multiple analyses of PCoA, population structure and hierarchical clustering of 137 tea plant samples and found that the tea plant landraces of Fujian wild type (FWL) were clearly clustered together and distinguishable from the landraces of Wuyi Mountain (WY). This may be because tea plant landraces of the WY are cultivated, while the FWL landraces are wild type. Previous studies have found similar results, such as that wild tea plants and cultivated tea plants belong to different groups [37]. The results revealed that the landraces in WY might have different genetic backgrounds from the landraces in FWL. In addition, the landraces of tea plants in WY, mainly Xingcun in Wuyishan City and Jian’ou City, were closely related to Eastern Fujian (EF) and Southern Fujian (SF) landraces (group I in Figure 3 and Figure 5). This is related to the frequent germplasm exchange among the three tea-producing regions of Wuyi Mountain, eastern Fujian and southern Fujian throughout history. The geographical proximity between Wuyi Mountain and eastern Fujian is conducive to the germplasm exchange of tea plants and is consistent with the geographical distribution [38]. The tea plant landrace in southern Fujian is oolong tea, which is the same as the tea germplasms in some areas of Wuyi Mountain (Xingcun in Wuyishan City). This result is also similar to the results of close interaction between northern Fujian and southern Fujian in a study of the genetic diversity in oolong tea [19]. The results suggest that breeders may have introduced seeds or crossbred their plants with tea landraces from other adjacent areas, which leads to frequent genetic material exchange.



The AMOVA results showed that the genetic variation within the four test areas accounted for only 66% of the total variation. However, the genetic variation between areas accounted for only 34%. The main genetic variation came from intra-area differentiation, which was similar to the results observed by Zhu et al. [39] and Yao et al. [40]. Therefore, the results of AMOVA suggest higher genetic diversity among WY tea plant germplasms. Differences in geographic distance are WY to EF < WY to SF < WY to FWL. According to the results of Fst and Nei, Fst and Nei values were 0.053, 0.067 between WY and EF, 0.074, 0.096 between WY and SF and 0.143, 0.183 between WY and FWL, respectively. On the Fst and Nei values, WY and EF < WY and SF < WY and FWL. The same difference is true between other areas. The genetic distance and genetic differentiation among the four areas increased with increasing distance, which was consistent with the geographical difference [41]. These results explain the hierarchical clustering tree analysis; even samples from the same area, such as WY tea plant landraces, are not completely together. Thus, the frequent introduction of excellent tea varieties for cultivation and breeding from different regions may promote the exchange of genetic materials. Geographical differences also have a larger impact on genetic diversity, which has also been found in crops, such as potato [42] and sweet potato [43].




4.3. Genetic Diversity Analysis of Tea Plant Population in Wuyi Mountain


Xia et al. (2020) reported that phylogenetic analysis of 81 tea plant germplasm sequences from different sources revealed that they could be divided into three well-differentiated tea plant populations [26]. In this study, the results of principal component analysis, population structure and hierarchical clustering tree analysis showed that the tea plant landraces of Wuyi Mountain were divided into two different groups. Among them, the tea plant germplasms of Xingcun in Wuyishan City and Jian’ou City were clustered into group I, which is consistent with the fact that the special germplasm oolong tea from Jian’ou City was introduced to Wuyishan City very early. In contrast, the tea plant germplasms from Tongmuguan in Wuyishan City, Guangze County and Jianyang Area were clustered into group II. This indicates that the tea plant landraces of Wuyi Mountain have undergone population differentiation. This is consistent with the previous AMOVA results that the genetic variation is mainly from within the areas. The results indicate that tea plants have undergone genetic differentiation to different degrees in the process of long-term production and domestication. Previous studies also demonstrated that China-type tea, Chinese Assam-type tea and Indian Assam-type tea might result from independent domestication events [44]. During domestication, disease resistance and flavor of tea germplasms were selectively promoted [28]. Similar results have been found in other crops: wild oil-tea camellia [45], wild potato [46] and Arabidopsis [47]. From the hierarchical clustering tree, group II had more far genetic relationships with other germplasms yet less interaction, which may be the result of being the original tea germplasms in the core area of Wuyi Mountain; group I contains more gene exchange, which is also confirmed by population structure analysis.





5. Conclusions


The results show that the landraces of tea plants on Wuyi Mountain had different genetic backgrounds from the wild-type landrace. The SNP-based molecular characterization of the Wuyi Mountain tea germplasms in this study revealed large variations within samples and rich genetic diversity. The patterns of population structure and genetic diversity varied across model-based groups. The tea plant landraces of Wuyi Mountain can be divided into two groups. This study provides a basis for the effective protection and utilization of tea germplasms on Wuyi Mountain and lays a foundation for identifying potential parents to optimize tea cultivation.
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Figure 1. Sample distribution of Fujian tea plant accessions used in this study [23]. 
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Figure 2. Minor allele frequency of 47 polymorphic SNP markers. 
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Figure 3. PCoA plot of 137 samples based on the top three principal components with different colors representing the groups. 
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Figure 4. Model-based structure of the 137 tea germplasms. 
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Figure 5. Hierarchical clustering tree of the 137 tea germplasms. 
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Table 1. List of 137 tea samples used in SNP genotyping.
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	Number
	Sample Number
	Source/Origin
	Area
	Collection Data
	Number
	Sample Number
	Source/Origin
	Area
	Collection Data





	1
	WY01
	Xingcun in Wuyishan City
	WY
	Liu21111401
	70
	WY70
	Guangze
	WY
	Liu21111233



	2
	WY02
	Xingcun in Wuyishan City
	WY
	Liu21111402
	71
	WY71
	Jianyang
	WY
	Liu21112101



	3
	WY03
	Xingcun in Wuyishan City
	WY
	Liu21111403
	72
	WY72
	Jianyang
	WY
	Liu21112102



	4
	WY04
	Xingcun in Wuyishan City
	WY
	Liu21111404
	73
	WY73
	Jianyang
	WY
	Liu21112103



	5
	WY05
	Xingcun in Wuyishan City
	WY
	Liu21111405
	74
	WY74
	Jianyang
	WY
	Liu21112104



	6
	WY06
	Xingcun in Wuyishan City
	WY
	Liu21111406
	75
	WY75
	Jianyang
	WY
	Liu21112105



	7
	WY07
	Xingcun in Wuyishan City
	WY
	Liu21111407
	76
	WY76
	Jianyang
	WY
	Liu21112106



	8
	WY08
	Xingcun in Wuyishan City
	WY
	Liu21111408
	77
	WY77
	Jianyang
	WY
	Liu21112107



	9
	WY09
	Xingcun in Wuyishan City
	WY
	Liu21111409
	78
	WY78
	Jianyang
	WY
	Liu21112108



	10
	WY10
	Xingcun in Wuyishan City
	WY
	Liu21111410
	79
	WY79
	Jianyang
	WY
	Liu21112109



	11
	WY11
	Xingcun in Wuyishan City
	WY
	Liu21111411
	80
	WY80
	Jianyang
	WY
	Liu21112110



	12
	WY12
	Xingcun in Wuyishan City
	WY
	Liu21111412
	81
	WY81
	Jianyang
	WY
	Liu21112111



	13
	WY13
	Xingcun in Wuyishan City
	WY
	Liu21111413
	82
	WY82
	Jianyang
	WY
	Liu21112112



	14
	WY14
	Xingcun in Wuyishan City
	WY
	Liu21111414
	83
	WY83
	Jianyang
	WY
	Liu21112113



	15
	WY15
	Xingcun in Wuyishan City
	WY
	Liu21111415
	84
	WY84
	Jianyang
	WY
	Liu21112114



	16
	WY16
	Xingcun in Wuyishan City
	WY
	Liu21111416
	85
	WY85
	Jianyang
	WY
	Liu21112115



	17
	WY17
	Xingcun in Wuyishan City
	WY
	Liu21111417
	86
	WY86
	Jian ‘ou
	WY
	Liu21112116



	18
	WY18
	Xingcun in Wuyishan City
	WY
	Liu21111418
	87
	WY87
	Jian ‘ou
	WY
	Liu21112117



	19
	WY19
	Xingcun in Wuyishan City
	WY
	Liu21111419
	88
	EF01
	Shouning
	EF
	Liu21102601



	20
	WY20
	Xingcun in Wuyishan City
	WY
	Liu21111420
	89
	EF02
	Shouning
	EF
	Liu21102602



	21
	WY21
	Xingcun in Wuyishan City
	WY
	Liu21111421
	90
	EF03
	Shouning
	EF
	Liu21102603



	22
	WY22
	Xingcun in Wuyishan City
	WY
	Liu21111422
	91
	EF04
	Shouning
	EF
	Liu21102604



	23
	WY23
	Xingcun in Wuyishan City
	WY
	Liu21111423
	92
	EF05
	Shouning
	EF
	Liu21102605



	24
	WY24
	Xingcun in Wuyishan City
	WY
	Liu21111424
	93
	EF06
	Shouning
	EF
	Liu21102606



	25
	WY25
	Xingcun in Wuyishan City
	WY
	Liu21111425
	94
	EF07
	Fu’an
	EF
	Liu21102701



	26
	WY26
	Xingcun in Wuyishan City
	WY
	Liu21111426
	95
	EF08
	Fu’an
	EF
	Liu21102702



	27
	WY27
	Xingcun in Wuyishan City
	WY
	Liu21111427
	96
	EF09
	Fu’an
	EF
	Liu21102703



	28
	WY28
	Xingcun in Wuyishan City
	WY
	Liu21111428
	97
	EF10
	Fu’an
	EF
	Liu21102704



	29
	WY29
	Tongmuguan in Wuyishan City
	WY
	Liu21111429
	98
	EF11
	Fu’an
	EF
	Liu21102705



	30
	WY30
	Tongmuguan in Wuyishan City
	WY
	Liu21111430
	99
	EF12
	Fu’an
	EF
	Liu21102706



	31
	WY31
	Tongmuguan in Wuyishan City
	WY
	Liu21111431
	100
	EF13
	Pingnan
	EF
	Liu21102801



	32
	WY32
	Tongmuguan in Wuyishan City
	WY
	Liu21111901
	101
	EF14
	Pingnan
	EF
	Liu21102802



	33
	WY33
	Tongmuguan in Wuyishan City
	WY
	Liu21111902
	102
	EF15
	Pingnan
	EF
	Liu21102803



	34
	WY34
	Tongmuguan in Wuyishan City
	WY
	Liu21111903
	103
	SF01
	Anxi
	SF
	Liu21101301



	35
	WY35
	Tongmuguan in Wuyishan City
	WY
	Liu21111904
	104
	SF02
	Anxi
	SF
	Liu21101302



	36
	WY36
	Tongmuguan in Wuyishan City
	WY
	Liu21111905
	105
	SF03
	Anxi
	SF
	Liu21101303



	37
	WY37
	Tongmuguan in Wuyishan City
	WY
	Liu21111906
	106
	SF04
	Anxi
	SF
	Liu21101304



	38
	WY38
	Guangze
	WY
	Liu21111201
	107
	SF05
	Anxi
	SF
	Liu21101305



	39
	WY39
	Guangze
	WY
	Liu21111202
	108
	SF06
	Anxi
	SF
	Liu21101306



	40
	WY40
	Guangze
	WY
	Liu21111203
	109
	SF07
	Anxi
	SF
	Liu21101307



	41
	WY41
	Guangze
	WY
	Liu21111204
	110
	SF08
	Anxi
	SF
	Liu21101308



	42
	WY42
	Guangze
	WY
	Liu21111205
	111
	SF09
	Anxi
	SF
	Liu21101309



	43
	WY43
	Guangze
	WY
	Liu21111206
	112
	SF10
	Anxi
	SF
	Liu21101310



	44
	WY44
	Guangze
	WY
	Liu21111207
	113
	SF11
	Anxi
	SF
	Liu21101311



	45
	WY45
	Guangze
	WY
	Liu21111208
	114
	SF12
	Anxi
	SF
	Liu21101312



	46
	WY46
	Guangze
	WY
	Liu21111209
	115
	SF13
	Anxi
	SF
	Liu21101313



	47
	WY47
	Guangze
	WY
	Liu21111210
	116
	SF14
	Anxi
	SF
	Liu21101314



	48
	WY48
	Guangze
	WY
	Liu21111211
	117
	SF15
	Anxi
	SF
	Liu21101315



	49
	WY49
	Guangze
	WY
	Liu21111212
	118
	FWL01
	Youxi
	FWL
	Liu21120501



	50
	WY50
	Guangze
	WY
	Liu21111213
	119
	FWL02
	Youxi
	FWL
	Liu21120502



	51
	WY51
	Guangze
	WY
	Liu21111214
	120
	FWL03
	Youxi
	FWL
	Liu21120503



	52
	WY52
	Guangze
	WY
	Liu21111215
	121
	FWL04
	Youxi
	FWL
	Liu21120504



	53
	WY53
	Guangze
	WY
	Liu21111216
	122
	FWL05
	Youxi
	FWL
	Liu21120505



	54
	WY54
	Guangze
	WY
	Liu21111217
	123
	FWL06
	Datian
	FWL
	Liu21120601



	55
	WY55
	Guangze
	WY
	Liu21111218
	124
	FWL07
	Datian
	FWL
	Liu21120602



	56
	WY56
	Guangze
	WY
	Liu21111219
	125
	FWL08
	Datian
	FWL
	Liu21120603



	57
	WY57
	Guangze
	WY
	Liu21111220
	126
	FWL09
	Datian
	FWL
	Liu21120604



	58
	WY58
	Guangze
	WY
	Liu21111221
	127
	FWL10
	Datian
	FWL
	Liu21120605



	59
	WY59
	Guangze
	WY
	Liu21111222
	128
	FWL11
	Yunxiao
	FWL
	Liu21121701



	60
	WY60
	Guangze
	WY
	Liu21111223
	129
	FWL12
	Yunxiao
	FWL
	Liu21121702



	61
	WY61
	Guangze
	WY
	Liu21111224
	130
	FWL13
	Yunxiao
	FWL
	Liu21121703



	62
	WY62
	Guangze
	WY
	Liu21111225
	131
	FWL14
	Yunxiao
	FWL
	Liu21121704



	63
	WY63
	Guangze
	WY
	Liu21111226
	132
	FWL15
	Yunxiao
	FWL
	Liu21121705



	64
	WY64
	Guangze
	WY
	Liu21111227
	133
	FWL16
	Zhao ‘an
	FWL
	Liu21121801



	65
	WY65
	Guangze
	WY
	Liu21111228
	134
	FWL17
	Zhao ‘an
	FWL
	Liu21121802



	66
	WY66
	Guangze
	WY
	Liu21111229
	135
	FWL18
	Zhao ‘an
	FWL
	Liu21121803



	67
	WY67
	Guangze
	WY
	Liu21111230
	136
	FWL19
	Zhao ‘an
	FWL
	Liu21121804



	68
	WY68
	Guangze
	WY
	Liu21111231
	137
	FWL20
	Zhao ‘an
	FWL
	Liu21121805



	69
	WY69
	Guangze
	WY
	Liu21111232
	
	
	
	
	







Note: WY is Wuyi Mountain, EF is eastern Fujian, SF is southern Fujian, FWL is wild-type of Fujian.
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Table 2. Allele information of 47 polymorphic SNP markers.
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	Locus
	I
	Ho
	He
	F





	cs1
	0.559
	0.454
	0.375
	−0.160



	cs115
	0.513
	0.553
	0.368
	−0.500



	cs15
	0.409
	0.349
	0.272
	−0.226



	cs201
	0.496
	0.289
	0.320
	0.149



	cs217
	0.329
	0.283
	0.215
	−0.236



	cs5
	0.573
	0.242
	0.387
	0.388



	cs68
	0.295
	0.238
	0.187
	−0.100



	cs84
	0.401
	0.289
	0.255
	−0.078



	cs202
	0.597
	0.544
	0.409
	−0.279



	cs218
	0.492
	0.461
	0.333
	−0.289



	cs30
	0.539
	0.455
	0.369
	0.034



	cs51
	0.515
	0.353
	0.342
	0.014



	cs104
	0.569
	0.394
	0.383
	−0.029



	cs117
	0.350
	0.258
	0.223
	−0.098



	cs207
	0.371
	0.263
	0.238
	−0.102



	cs219
	0.386
	0.155
	0.229
	0.270



	cs31
	0.587
	0.500
	0.403
	−0.230



	cs44
	0.603
	0.585
	0.414
	−0.388



	cs88
	0.691
	0.615
	0.497
	−0.237



	cs105
	0.615
	0.719
	0.430
	−0.601



	cs118
	0.428
	0.298
	0.278
	−0.066



	cs132
	0.556
	0.479
	0.380
	−0.239



	cs157
	0.623
	0.681
	0.434
	−0.509



	cs32
	0.488
	0.313
	0.316
	0.118



	cs54
	0.635
	0.475
	0.444
	−0.060



	cs75
	0.103
	0.072
	0.062
	−0.168



	cs9
	0.580
	0.389
	0.404
	0.016



	cs16
	0.240
	0.100
	0.135
	0.171



	cs91
	0.643
	0.621
	0.452
	−0.367



	cs112
	0.656
	0.550
	0.464
	−0.179



	cs12
	0.397
	0.323
	0.249
	−0.214



	cs212
	0.293
	0.094
	0.163
	0.315



	cs25
	0.400
	0.285
	0.253
	−0.111



	cs36
	0.662
	0.452
	0.469
	0.035



	cs93
	0.224
	0.100
	0.141
	0.380



	cs113
	0.281
	0.118
	0.155
	0.159



	cs122
	0.636
	0.810
	0.447
	−0.711



	cs198
	0.385
	0.223
	0.229
	0.047



	cs213
	0.406
	0.233
	0.252
	0.025



	cs8
	0.328
	0.160
	0.197
	0.241



	cs94
	0.568
	0.461
	0.384
	−0.129



	cs124
	0.618
	0.641
	0.427
	−0.485



	cs146
	0.644
	0.655
	0.453
	−0.443



	cs166
	0.526
	0.396
	0.364
	−0.076



	cs20
	0.320
	0.029
	0.224
	0.873



	cs215
	0.508
	0.436
	0.330
	−0.292



	cs95
	0.672
	0.888
	0.480
	−0.829
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Table 3. Genotypic DNA fingerprinting of tea germplasms based on SNP arrays (showing truncated spectra of 20 loci of 22 samples).
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	Sample
	cs115
	cs201
	cs51
	cs117
	cs207
	cs88
	cs32
	cs54
	cs112
	cs12
	cs36
	cs93
	cs213
	cs8
	cs94
	cs146
	cs166
	cs20
	cs215
	cs95





	WY01
	A A
	G A
	C C
	A A
	T T
	C C
	G G
	T C
	C T
	A A
	T C
	G C
	A A
	C A
	G A
	C T
	C C
	T T
	T T
	T C



	WY04
	A A
	G G
	T C
	A A
	T G
	C C
	G A
	T C
	C C
	A C
	T T
	G G
	A A
	C C
	G G
	C T
	T T
	T T
	T T
	T C



	WY07
	A A
	G A
	C C
	A A
	T T
	T C
	G G
	T C
	C T
	A A
	C C
	G G
	A A
	C C
	G A
	C C
	C C
	T T
	T T
	T C



	WY08
	A A
	G A
	C C
	A A
	T G
	T C
	G G
	T C
	C C
	A A
	T C
	G C
	A A
	C C
	G G
	C C
	C C
	T T
	T T
	T C



	WY10
	A G
	G A
	C C
	A A
	T T
	T C
	G A
	T T
	C T
	A C
	T T
	G C
	G A
	C C
	G G
	C T
	T T
	T T
	C T
	T C



	WY12
	A G
	G G
	C C
	A A
	T G
	T T
	G G
	T T
	C T
	A A
	T C
	G G
	A A
	C A
	G G
	C T
	T T
	T T
	T T
	T C



	WY30
	A G
	A A
	T T
	A C
	T T
	T C
	G A
	T C
	C T
	A C
	T T
	G C
	G A
	C A
	G A
	C T
	C C
	T A
	C T
	T T



	WY33
	A G
	AA
	T C
	A A
	T T
	T C
	G A
	T C
	C T
	A A
	T C
	G G
	A A
	C A
	G G
	T T
	T C
	A A
	C T
	T C



	WY38
	A G
	A A
	C C
	A C
	TT
	T C
	A A
	T T
	C T
	A C
	T T
	C C
	G A
	A A
	G A
	C C
	T T
	A A
	C T
	T T



	WY49
	A G
	A A
	C C
	A C
	T T
	T C
	G G
	T C
	C T
	A C
	T T
	G C
	G A
	C C
	G A
	C T
	C C
	A A
	C T
	T T



	WY53
	A G
	A A
	T C
	A C
	T T
	T T
	G G
	T C
	C T
	A A
	T T
	G G
	G A
	C A
	G G
	T T
	T C
	A A
	C T
	T C



	WY71
	A G
	A A
	T C
	A C
	T T
	T C
	G G
	T C
	C T
	A A
	T C
	G C
	A A
	A A
	G A
	C C
	T C
	A A
	C T
	T C



	WY73
	A G
	A A
	T C
	A C
	T T
	T C
	G G
	T C
	C T
	A C
	T T
	G C
	A A
	C A
	G A
	C T
	T T
	A A
	C T
	T C



	EF06
	A G
	G A
	C C
	A A
	T G
	C C
	G G
	T T
	T T
	A C
	C C
	C C
	A A
	C C
	G G
	C T
	T C
	T T
	T T
	T C



	EF08
	A G
	G G
	C C
	A A
	T G
	T T
	G G
	T T
	C C
	A C
	T C
	G G
	A A
	C C
	G G
	C C
	T T
	T T
	C T
	T C



	EF11
	A G
	G G
	C C
	A A
	T T
	T C
	G G
	T T
	C C
	A A
	T T
	G C
	A A
	C C
	G G
	C T
	T C
	T T
	T T
	T C



	SF03
	A A
	G G
	C C
	A A
	T T
	T C
	G G
	T C
	C T
	A A
	C C
	G G
	G A
	C C
	G A
	C T
	T C
	T T
	T T
	T C



	SF04
	A A
	G G
	T C
	A A
	T T
	T C
	G A
	T T
	T T
	A A
	C C
	G G
	A A
	C C
	G A
	C T
	T T
	T T
	T T
	T C



	SF09
	A A
	G G
	T C
	A C
	T T
	C C
	G A
	C C
	C T
	A C
	C C
	G G
	A A
	A A
	G A
	C T
	C C
	T T
	T T
	T C



	FWL03
	A G
	G A
	T T
	A A
	T T
	T C
	A A
	T T
	C C
	A A
	C C
	G G
	A A
	C A
	G A
	C T
	C C
	T T
	C T
	T C



	FWL07
	A G
	G A
	T T
	A A
	T T
	T C
	A A
	T C
	C T
	A A
	T C
	G G
	G A
	C C
	G A
	C T
	C C
	T T
	C T
	T C



	FWL11
	A G
	G G
	T C
	A A
	T T
	T C
	A A
	T C
	C C
	A A
	C C
	G G
	A A
	C C
	G A
	C T
	T C
	T T
	C T
	T C
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Table 4. Matrix of pairwise Nei’s genetic distance and Fst among the four areas.
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	Areas
	WY
	EF
	SF
	FWL





	WY
	
	0.053
	0.074
	0.143



	EF
	0.067
	
	0.069
	0.144



	SF
	0.093
	0.085
	
	0.110



	FWL
	0.183
	0.188
	0.122
	







Above diagonal Fst; below diagonal: Nei’s genetic distance.
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Table 5. AMOVAs of four areas and 137 tea germplasms were examined in this study.
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Source of Variation

	
Degree of Freedom

	
Sum of Square

	
Mean of Square

	
Components of Covariance




	
Sigma

	
%






	
Between populations

	
3

	
559.791

	
186.597

	
6.881

	
34%




	
Within populations

	
133

	
1769.595

	
13.305

	
13.305

	
66%




	
Total

	
136

	
2329.387

	
199.902

	
20.186

	
100%
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