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ABSTRACT

Taxus cuspidata is a rare plant with important medicinal and ornamental value. Aiming at the obvious differences
between wild and cultivated populations of T. cuspidata from Northeast China, a total of 61 samples, that is,
33 wild yews and 28 cultivated yews were used to analyze the differences and correlations of the kinship, genetic
diversity, and genetic structure between them by specific length amplified fragment sequencing (SLAF-seq). Final-
ly, 470725 polymorphic SLAF tags and 58622 valid SNP markers were obtained. Phylogenetic analysis showed
that 61 samples were classified into 2 clusters: wild populations and cultivated populations, and some wild yews
were categorized into the cultivated populations; the genetic diversity analysis showed that the Nei diversity index
of wild populations (0.4068) was smaller than that of cultivated populations (0.4414), and the polymorphic infor-
mation content (PIC) of wild populations (0.2861) was smaller than that of cultivated populations (0.3309). The
genetic differentiation analysis showed that the total populations of gene diversity (Ht) of cultivated and wild
populations were respectively 0.8159 and 0.5685, the coefficient of gene differentiation (Gst) of cultivated and wild
populations was respectively 0.3021 and 0.1068, and the gene flow (Nm) (2.4967) of wild populations was larger
than cultivated populations (0.8199). The molecular variance (AMOVA) revealed that inter-population variation
accounted for 29.57% of the total genetic variation, while intra-population variation accounted for 70.42% of the
total genetic variation (p < 0.001), this suggested that the genetic variation in the T. cuspidata is mainly attributed
to within-population factors. In conclusion, the genetic distance between geographical ecological groups of wild
populations was generally smaller than that of cultivated populations, and the degree of genetic diversity and
genetic differentiation was smaller than that of cultivated populations. As evident, the utilization of SLAF-seq
technology enables efficient and accurate development of SNP markers suitable for genetic analysis of T. cuspidata
species. These developed SNP markers can provide a molecular foundation for T. cuspidata breeding, construc-
tion of genetic maps, variety identification, and association analysis of agronomic traits.
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1 Introduction

In agroforestry, the plant populations that grow in the wild without human intervention and possess
model species-specific characteristics are generally referred to as wild populations; On the other hand, the
populations that have undergone artificial selection and improvement, resulting in obvious trait
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differentiations, are referred to as cultivated populations [1]. There are significant differences between wild
and cultivated populations in terms of morphological characteristics, physiological metabolism, etc., and
especially in genetic structure and genetic diversity are significant [2]. For example, wild populations of
peanuts possess excellent genes that cultivated populations lack, such as the web blotch resistance gene
of Arachis kretschmeri [3], the root-knot nematode resistance gene of Arachis cardenasii, etc. [4]; The
genetic distance between wild and cultivated populations of Camellia taliensis are substantial, and
population structure analysis reveals that wild populations have a more homogeneous genetic background
compared to cultivated populations, but there is also evidence of introgressive hybridization [5].
Armeniaca vulgaris shows significant genetic differentiation and distant genetic relationships between
wild and cultivated populations, but introgression hybridization also exists [6]. On the other hand, most
studies indicate that wild populations generally exhibit higher genetic diversity compared to cultivated
populations. For instance, the genetic relationship between wild and cultivated populations of Hevea
brasiliensis is very distant, and the genetic diversity of wild populations is richer than that of cultivated
populations [7]. The genetic diversity of wild populations of Carthamus tinctorius is richer than
cultivated populations, while the level of genetic differentiation is greater in cultivated populations [8].
Wild populations of Spanish olive (Canarium album) exhibit significantly higher genetic diversity than
cultivated populations [9]. However, there have been exceptions found in previous studies as well. For
example, there is no significant difference in genetic diversity between wild and cultivated populations of
Panax ginseng in East Asia [10], the genetic diversity and differentiation level of wild populations of
Astragalus memeranaceus are lower than that of cultivated populations, but there is a greater gene flow
within the wild populations compared to the cultivated populations [11]. In conclusion, during the process
of domestication from wild populations to cultivated populations, a species may acquire or enhance
certain desirable traits, but it may also lose or weaken some potential functional genes, resulting in
changes in genetic structure and diversity within the populations [12].

T. cuspidata Sieb. et Zucc belongs to the genus Taxus of the family Taxaceae, it belongs to a typical
critically endangered wild plant with an extremely small population. It is mainly distributed in Northeast
China, Hokkaido and Kyushu in Japan, Sinuiju in North Korea, Amurskaya Oblas, and the islands of
Sakhalin and Kuril in Russia [13]. Wild populations are often scattered in mixed coniferous-broad-leaved
forests, with the highest frequency of distribution in forests dominated by Pinus koraiensis, Picea spp.,
and Abies spp. [14]. Furthermore, ecological factors such as altitude, slope directions, gradient, and slope
positions significantly influence the distribution of T. cuspidata populations. They are commonly found in
altitudes ranging from 700 to 900 meters, preferentially on shady slopes with slope angles from 15° to
20° [15]. The T. cuspidata is a dioecious species with low fruiting rates. Its seeds undergo physiological
post-maturation and are dispersed by wind. The yew contains paclitaxel in its branches and leaves, which
can be used to treat various cancers, and it is also a precious tree species for garden landscaping in East
Asian countries [16]. However, due to excessive logging for paclitaxel extraction and utilization, the
natural populations of the T. cuspidata have been severely disturbed and destroyed by human activities,
leading to a continuous decline in population stability, reduction in suitable distribution areas, and it has
now become a first-class protected endangered plant in China.

T. cuspidata and its variants of T. cuspidata var. nana (Japanese yew) are located in Northeast China, as
well as Japan and Korea with a long cultivation history, the origin of cultivated species is complex, including
Japanese yew, and its hybrids (CH) with wild T. cuspidata, and even its genes infiltrated from other Taxus
species may be involved, so the morphological variation in tree shape, leaf color, leaf length, fruit color, and
other morphological variations are richer than that of wild populations [17,18]; Golden leaf yew is a leaf
color variant derived from three strains, namely wild T. cuspidata, Japanese yew, and Korean yew. Now
gradually formed nearly 20 cultivated species (Table 1) [16]. However, scientific identification of all the
cultivated varieties and analysis of the genetic relationship among different types of variations are still

356 Phyton, 2024, vol.93, no.2



lacking. Furthermore, there have been no reports on the systematic evolutionary analysis of wild and
cultivated populations, as well as studies on genetic structural differences and correlations of T.
cuspidata. As a result, research on the conservation of T. cuspidata resources, genetic improvement, and
breeding has always lagged.

Table 1: The information on collected wild and cultivated samples in Northeast China

Identifier Origin Altitude
(m.a.s.l.)

Height
(m)

DBH
(cm)

Location

Latitude (N) Longitude (E)

Wild yew (W1) Muleng HLJ 1256 4.6 18.3 44°05′46″ 130°27′50″

Wild yew (W2) Tonghua JL 857 3.6 15.4 41°20′47″ 126°16′46″

Wild yew (W3) Tonghua JL 1105 5.5 21.2 41°21′36″ 126°18′34″

Wild yew (W4) Tonghua JL 1235 3.8 12.8 41°20′24″ 126°18′12″

Wild yew (W5) Tonghua JL 1512 5.1 22.1 41°20′53″ 126°19′19″

Wild yew (W6) Baishan JL 1415 3.1 9.9 41°36′43″ 126°29′50″

Wild yew (W7) Baishan JL 1498 8.9 31.5 41°29′53″ 126°31′11″

Wild yew (W8) Baishan JL 1377 6.4 28.7 41°33′15″ 126°33′19″

Wild yew (W9) Fusong JL 1070 3.5 11.4 42°15′46″ 127°17′55″

Wild yew (W10) Fusong JL 985 3.7 8.8 42°16′41″ 127°16′34″

Wild yew (W11) Wangqing JL 879 5.3 16.2 43°47′44″ 129°48′33″

Wild yew (W13) Wangqing JL 799 4.8 14.3 43°47′29″ 129°48′29″

Wild yew (W14) Wangqing JL 1014 3.6 9.9 43°47′31″ 129°48′42″

Wild yew (W15) Wangqing JL 1088 4.1 12.5 43°47′38″ 129°48′51″

Wild yew (W16) Wangqing JL 1255 5.6 15.5 43°47′45″ 129°48′48″

Wild yew (W17) Dunhua JL 799 6.2 17.0 42°42′33″ 127°28′57″

Wild yew (W18) Dunhua JL 857 3.2 11.1 42°42′11″ 127°28′37″

Wild yew (W19) Jingyu JL 953 3.9 13.5 42°10′49″ 126°34′58″

Wild yew (W20) Baihe JL 846 3.5 12.7 42°24′40″ 128°4′36″

Wild yew (W21) Helong JL 568 3.8 14.6 42°01′03″ 128°47′11″

Wild yew (W22) Helong JL 572 4.1 16.0 42°04′43″ 128°46′18″

Wild yew (W23) Dandong LN 113 3.7 11.1 39°44′53″ 123°23′22″

Wild yew (W24) Dandong LN 121 5.0 18.4 39°44′51″ 123°23′23″

Wild yew (W25) Dandong LN 129 4.6 15.8 39°44′52″ 123°23′21″

Wild yew (W26) Kuandian LN 395 3.8 10.3 40°53′15″ 124°40′29″

Wild yew (W27) Kuandian LN 451 4.2 14.7 41°10′19″ 124°39′57″

Wild yew (W28) Kuandian LN 486 7.8 19.0 41°50′52″ 124°41′44″

Wild yew (W29) Kuandian LN 502 7.5 18.1 41°50′25″ 124°43′24″

Wild yew (W30) Fengcheng
LN

323 3.9 13.4 40°22′19″ 124°09′18″

(Continued)
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Table 1 (continued)

Identifier Origin Altitude
(m.a.s.l.)

Height
(m)

DBH
(cm)

Location

Latitude (N) Longitude (E)

Wild yew (W31) Fengcheng
LN

327 3.7 12.8 40°24′44″ 124°13′46″

Wild yew (W32) Fengcheng
LN

729 7.1 12.9 40°23′21″ 129°48′23″

Wild yew (W33) Fengcheng
LN

712 4.2 16.7 40°23′11″ 129°47′27″

Wild yew (W34) Fengcheng
LN

119 3.9 13.1 40°22′16″ 124°09′18″

Multi-beans yew
(CN1)

Jingou LN 68 shrub 15.6 39°44′19″ 123°20′37″

Japanese yew (CN2) Jingou LN 68 2.6 8.0 39°44′19″ 123°20′37″

Blueying yew (CN3) Jingou LN 68 shrub 13.3 39°44′19″ 123°20′37″

Greenying yew (CN4) Jingou LN 68 shrub 10.0 39°44′19″ 123°20′37″

Multi-heads yew
(CN5)

Jingou LN 68 shrub 9.9 39°44′19″ 123°20′37″

Cloud yew (CN6) Jingou LN 68 shrub 8.7 39°44′19″ 123°20′37″

Blueying yew (CN7) Jingou LN 125 shrub 8.8 39°44′19″ 123°20′37″

Prostrata yew (CN8) Jingou LN 125 shrub 11.0 39°44′19″ 123°20′37″

Columnaris yew
(CH9)

Jingou LN 125 3.5 11.2 39°44′19″ 123°20′37″

Canaria yew (CH10) Jingou LN 125 3.6 12.6 39°44′19″ 123°20′37″

King box yew (CH11) Jingou LN 125 2.8 8.3 39°44′19″ 123°20′37″

Green Mountain yew
(CH12)

Hualin LN 55 3.0 9.2 39°41′46″ 123°27′45″

Kinpo yew (CH13) Hualin LN 55 2.8 7.1 39°41′46″ 123°27′45″

Danzi-1 yew (CH14) Hualin LN 55 2.9 7.0 39°41′46″ 123°27′45″

Minima yew (CH15) Hualin LN 55 3.4 13.7 39°41′46″ 123°27′45″

Ruby yew (CH16) Hualin LN 55 3.5 13.6 39°41′46″ 123°27′45″

Densa yew (CH17) Hualin LN 55 3.0 10.6 39°41′46″ 123°27′45″

Northeast golden yew
(CY18)

Hualin LN 55 shrub 5.1 39°41′46″ 123°27′45″

Korean golden yew
(CY19)

Hualin LN 55 shrub 4.2 39°41′46″ 123°27′45″

Aurescens yew
(CY20)

Hualin LN 55 shrub 4.0 39°41′46″ 123°27′45″

(Continued)
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We speculate that although there is some geographic isolation among individuals in the wild
populations, the wind-mediated gene flow from cross-pollination in sexual reproduction leads to a
relatively simple genetic structure and lower genetic diversity among populations. In contrast, cultivated
populations, which mainly reproduce through vegetative propagation to maintain desirable traits, have a
higher genetic diversity due to a wider range of sources, and their genetic structure may be more
complex. Therefore, this study focused on 61 samples of T. cuspidata in Northeast China, the SLAF-seq
technique was used to uncover how intense artificial selection and long-term domestication have led to
higher levels of genetic diversity and genetic differentiation in cultivated populations compared to wild
populations, aiming to clarify the genetic background, kinship, and differences in genetic structure
between them. This will provide important evidence for determining and guiding the introduction or
hybridization between them in the breeding process. It will also serve as a genetic basis for establishing
core local germplasm preservation populations, quality identification, and the cultivation of new varieties
and strains of T. cuspidata.

2 Materials and Methods

2.1 Plant Materials and Collection Sites
Wild population materials (W) were collected from multiple natural distribution areas of T. cuspidata in

Northeast China from 2020 to 2022, including Dandong and Kuandian in Liaoning Province, Tonghua,
Baishan, Fusong, Wangqing, Dunhua, Panshi, Jingyu, Baihe, and Hualong in Jilin Province, and Muleng
in Heilongjiang Province, China (Fig. 1). The samples were obtained from fresh leaves of mature plants.
To ensure genetic heterogeneity, the distance between individuals was generally more than 100 meters. A
total of 33 samples were collected from the wild population. The cultivated population samples were
collected from several large-scale plantations of T. cuspidata in Dandong, Liaoning Province, and other
locations. These samples included Japanese yew (CN), hybrid forms (CH), golden leaf varieties (GY),
and other varieties (CO), with a total of 28 individual samples. For specific information, please refer to
Table 1.

Table 1 (continued)

Identifier Origin Altitude
(m.a.s.l.)

Height
(m)

DBH
(cm)

Location

Latitude (N) Longitude (E)

Danjin yew (CY21) Dongji LN 74 2.1 8.8 40°29′40″ 124°15′38″

Golden bean yew
(CY22)

Dongji LN 74 1.8 6.9 40°29′40″ 124°15′38″

Capitata yew (CO23) Dongji LN 74 1.4 4.1 40°29′40″ 124°15′38″

Ultrashort leaf yew
(CO24)

Dongji LN 74 1.5 5.4 40°29′40″ 124°15′38″

Golden-bean yew
(CO25)

Dongji LN 74 2.3 8.2 40°29′40″ 124°15′38″

Queshe yew (CO26) Dongji LN 74 1.2 3.9 40°29′40″ 124°15′38″

European yew yew
(CO27)

Dongji LN 74 shrub 2.5. 40°29′40″ 124°15′38″

Mandi yew (CO28) Dongji LN 74 1.1 2.1 40°29′40″ 124°15′38″
Note: Diameter at Breast Height (DBH): The diameter of the tree at a height of approximately 1.3 meters from the ground; m.a.s.l.:
Meters above sea level; HLJ: Heilongjiang Province; JL: Jilin Province; LN: Liaoning Province.

Phyton, 2024, vol.93, no.2 359



2.2 Genomic DNA Extraction and Quality Control
Genomic DNA was extracted from the leaves of 61 samples using a modified CTAB method [19].

Genomic DNA was diluted to 75–100 ng, and DNA concentration was measured with a NanoDrop-
1000 spectrophotometer (NanoDrop, Wilmington, DE, USA), and DNA quality was determined by
electrophoresis in 1.0% agarose gels using λ DNA as a standard. To prevent false positive reads, the
sequence error rate was estimated using the data from rice as a control. The ratio of high-quality reads
with quality scores greater than Q30 (indicating a 0.1% chance of an error, i.e., 99.9% confidence) in the
raw reads and guanine-cytosine (GC) content were calculated for quality control.

2.3 SLAF Library Construction and High-Throughput Sequencing
Based on phylogenetic similarity, the T. chinensis genome, whose sequence was publicly available

(https://www.ncbi.nlm.nih.gov/assembly/GCA_019776745.2), was used as reference genome with a
genome size of 10.23 Gb and a GC content of 34.79%. SLAF-predict software independently developed
by Biomarker Technologies Corporation was used to predict the enzyme digestion by the reference
genome, and the genomic DNA from each qualified sample was digested separately according to the
selected optimal enzyme digestion scheme. After enzyme digestion, the digested fragments were added a

Figure 1: Geographic distribution area of the sampled T. cuspidata. The black range represents the wild
population, while the green range represents the cultivated population
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single nucleotide (A) using Klenow Fragment (3′→5′ exo-) (NEB) and dATP at 37°C, an A-tail was added to
the 3’ ends of the resulting fragments (274–324 bp in length), and duplex tag-labeled sequencing adapters
were ligated to the A-tailed fragments with T4 DNA ligase. After PCR amplification and screening, the
adaptor-filtered reads were used for SLAF library construction [20]. Finally, SLAFs were sequenced on
an Illumina HiSeqTM2500 (Illumina, Inc., San Diego, CA, USA) sequencing platform at Biomarker
Technologies Corporation in Beijing (https://www.bmkgene.com/).

2.4 SLAF-Seq Data Evaluation
The original sequencing data were filtered before analysis to ensure the quality of the information

analysis. To check the reliability of this approach and SLAF library construction quality, raw sequencing
data were identified using Dual-index sequencing to obtain the reads for each sample [21]. After filtering
the adaptors of the sequencing reads, the sequencing quality and data quantity were evaluated, namely,
the number of reads, GC content, and Q30 data. And rice (Oryza sativa L. ssp. japonica) (http://rice.
plantbiology.msu.edul) genome sequencing data constituted a control library for the evaluation of the
accuracy of the SLAF library construction [22,23].

2.5 SLAF Tags and SNP Markers Development
Low-quality reads (quality scores <30) were filtered out and a pipeline combining Burrows-Wheeler

Aligner (BWA) [24]. Two SNP development programs: genome analysis toolkit (GATK) [25] and
sequence alignment/map tool (SAM) [26] were used to develop and identify SNPs, and the “Unified
Genotyper” function of GATK was used for variant calling, the sequencing results were aligned with the
rice reference genome using BWA. And their intersection was merged as the candidate SNP dataset. Only
biallelic SNPs were retained as the final SNP dataset. The SNPs were then filtered according to the
following criteria: minor allele frequency (MAF) ≥ 0.05 and integrity > 0.5. Finally, the SNPs were
validated for wild and cultivated samples using custom TaqMan® genotyping assays (Thermo Fisher
Scientific, Waltham, MA, USA). TaqMan® MGB probes and primer sets were designed using the Custom
TaqMan® Assay Design Tool (Thermo Fisher Scientific). The genotyping assays were performed using
Applied Biosystems® StepOne™ Real-Time PCR system (Thermo Fisher Scientific).

2.6 Genetic Structure and Kinship Analysis
The phylogenetic tree of 61 samples was constructed using MEGA X software [27], based on the

Neighbor-joining method with the Kimura 2-parameter model, bootstrap was repeated 1000 times to
analyze their affinities. Admixture software was used to analyze the population structure [28]. The
number of subpopulations (K value) was preset from 1 to 10 for clustering and cross-validation, and the
optimal number of subpopulations was determined according to the valley value of the cross-validation
error rate. Principal component analysis (PCA) was performed using EIGENSOFT software [29]. The
interpopulation genetic differentiation coefficient (Fst) between populations was calculated using Arlequin
software [30] to assess the degree of population genetic differentiation.

3 Results

3.1 Analysis of SLAF-Seq Data and SNP Markers
In this study, we first constructed an SLAF-seq library for 61 samples. The SLAF library was

constructed and eventually, the HinCII enzyme (New England Biolabs, USA) was selected to digest the
genome of T. cuspidata. The efficiency of HinCII digestion was 98.39%, and the proportion of residual
enzymatic sites was 1.61%. The efficiency of double-end comparison was 83.25%, the efficiency of
single-end comparison was 0.57%, and the efficiency of non-comparison was 16.18%. Consequently, the
digestion scheme was feasible, and the SLAF library construction was robust. The high-throughput
sequencing of the SLAF libraries yielded a total of 54.61 GB of raw reads consisting of 240.55 Mb
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double-end reads generated from 61 samples, reads for each sample varied from 1154031–6941267, of which
the smallest amount of data was obtained by the CN8 with 1154031 reads, and the W29 obtained the largest
amount of data with 6941267 reads; the average Q30 of sequencing in this study was 94.72%, and the
average GC content was 37.97%. the Q30 data indicated the high quality of sequencing and reliable
sequencing results.

For the 61 samples, a total of 1788524 SLAF tags were obtained, of which 470725 SLAF tags with
polymorphisms. A total of 3084611 population SNPs were developed, with the number of SNPs in each
sample ranging from 343838 to 1982805, and 58622 valid SNPs were validated for wild and cultivated
samples. The completeness of these SNPs was 5.82%–19.82%, and the heterozygosity ranged from
11.14% to 64.28%. In summary, the valid SNPs can be used for subsequent analysis of genetic evolution.

3.2 Phylogenetic Analysis
The phylogenetic tree showed that 61 samples were categorized into two clusters (Fig. 2), the cluster I

was the wild population of T. cuspidata, including 21 wild samples, i.e., W1, W4,W8,W9,W10, W11, W13,
W14, W15, W16, W17, W18, W19, W20, W21, W22, W26, W27, W30, W31, W32, and 1 cultivated
individual CY21. Cluster II included 27 cultivated individuals, that was, CN samples (8), CH samples
(9), CY samples (4), CO samples (6), and 12 wild individuals, i.e., W3, W7, W2, W33, W28, W29,
W34, W5, W6, W23, W24, W25.

3.3 Genetic Structure
To determine the population structure of T. cuspidata, the Bayesian clustering analysis using Structure

software was performed (Fig. 3). The Delta K results indicated that the optimal number of genetic clusters
representing the most similar ancestral populations was at K = 2, The cross-validation error rate (CV error)

Figure 2: Polygenetic thee of 61 samples of T. cuspidata based on SNPs
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was lowest at this value, suggesting that the 61 samples of T. cuspidata can be divided into two clusters: wild
population and cultivated population, which revealed that the genetic differentiation between wild and
cultivated populations is evident. It can be seen that individuals from different origins might have
originated from two ancestors, which is consistent with the results of phylogenetic tree analysis.

3.4 Principal Components Analysis (PCA)
The PCA results revealed (Fig. 4) that 61 samples of T. cuspidata were differentiated into two clusters in

the three-dimensional space (PCA1, PCA2, PCA3). Specifically, the majority of the wild individuals and
cultivated individuals exhibited a clear separation trend. Most of the wild individuals were distributed on
the right side of the principal component axes and were closely clustered together. These results are
consistent with the population genetic structure and clustering analysis.

Figure 3: Admixture of the 61 samples cluster values corresponding to each K value (A) and validation
error rate corresponding to the different K value (B)

Figure 4: PCA three-dimensional cluster diagram (A) and two-dimensional cluster diagram (B) of each
sample. A point represents a sample. Y represents wild populations of T. cuspidate; C represents
cultivated populations of T. cuspidate
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3.5 Genetic Diversity and Differentiation
Genetic diversity analysis revealed that (Table 2) the total Nei diversity index of the 61 samples was

0.4137, with the wild population (0.4068) having a lower Nei diversity index than the cultivated
population (0.4414). The total PIC was 0.2951, with the wild population (0.2861) showing lower levels
of PIC than the cultivated population (0.3309).

Genetic differentiation analysis revealed (Table 3) that the total population heterozygosity (Ht) of
cultivated and wild populations were 0.8159 and 0.5685, respectively. The subpopulation heterozygosity
(Hs) was 0.1986 and 0.1021, respectively. The genetic differentiation coefficient (Gst) of cultivated and
wild populations were 0.3021 and 0.1068, respectively. The gene flow (Nm) of wild populations was Nm
2.4967 > 1, indicating frequent gene exchange and lower genetic differentiation. while the cultivated
species Nm was 0.8199 < 1, indicating limited gene exchange and higher genetic differentiation. These
results suggest that the level of genetic differentiation is significantly lower in the wild population
compared to the cultivated population, in which the indicators of the genetic structure of the wild
populations were similar to that of the wild T. cuspidata in the Changbai Mountains [31]. Further analysis
of molecular variance (AMOVA) revealed that inter-population variation accounted for 29.57% of the
total genetic variation, while intra-population variation accounted for 70.42% of the total genetic variation
(p < 0.001). This suggests that the genetic variation in the T. cuspidata populations is mainly attributed to
within-population factors (Table 4).

Table 2: The analysis of genetic diversity in wild and cultivated populations of Taxus

Population MAF Ae Nei Np Ho He PIC I

Wild 0.2735 1.6190 0.4068 195849 0.2858 0.3737 0.2861 0.5107

Cultivated 0.2887 1.6538 0.4414 292374 0.4074 0.3869 0.3309 0.5684

Average (total) 0.2765 1.6223 0.4137 215154 0.3101 0.3763 0.2951 0.5222
Note:MAF: Minor allele frequency; Ae: Expected allele number; He: Expected heterozygous number; Nei: Nei’s diversity index; Np:
Number of poly markers; Ho: Observed heterozygous number; PIC: Polymorphism information content; I: Shannon’s Wiener index.

Table 3: Comparison of genetic diversity between wild and cultivated populations of Taxus

Population Ht Gst Nm Hs

Wild population 0. 5685 0.1068 2.4967 0.1021

Cultivated population 0. 8159 0.3021 0.8199 0.1986

p <0.001 <0.001 <0.001 <0.001
Note: Ht: Total population of gene diversity; Gst: Coefficient of gene differentiation; Nm: Gene flow; Hs: Subpopulation of gene
diversity.

Table 4: Analysis of molecular variance (AMOVA) of 61 Taxus

Source of
genetic variation

Degree of
freedom

Sum of
squares

Mean
square

Variance
component

Percentage of
variation (%)

p values

Among populations 4 756.827 0.256 5.3217 29.57 <0.001

When population 56 1211.681 0.769 12.6738 70.42 <0.001

Total 60 1968.508 17.9955 100
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4 Discussion

4.1 The Genetic Distance between Wild and Cultivated Populations
The genetic distances between geographic ecological groups of wild species are generally smaller than

those of cultivated species. Furthermore, the genetic relationships between the two populations are all closely
related to the geographical distribution and ecological conditions. W1 is from Muleng, Heilongjiang, which
is distantly related to individuals from the Changbai Mountains of Jilin and Liaoning due to geographic
isolation, and forms its group; W23, W24, and W25 are arborvitae-type plants from Jinjiang Mountain
Park in Dandong City, which are more closely related to the Japanese yews, it is speculated that these
century-old trees may have originated from Japan or the Korean Peninsula, and introduced into the
Northeast region together with these Japanese yews. The genetic distance among the CN strain is close.
of which CN2 is a tree grown from a seedling and shows significant genetic differences from other
vegetatively propagated Japanese yews. CN8 is a native plant derived from Japan a hundred years ago,
and its leaves are longer than CN1, it is speculated that CN1 was derived from a bud mutation of
CN8 through artificial cutting or grafting; the CH strain is speculated to be a hybrid species between wild
T. cuspidata and Japanese yew, the morphological characteristics of some hybrids were inclined to the
wild T. cuspidata, while others were inclined to the Japanese yew, but most of them fall in between. To
verify the occurrence of the CH strain, our research team crossed CH11 and CH12 with Japanese yew as
the maternal parent and wild T. cuspidata as the paternal parent, CH11 is a hybrid species, while CH12 is
an individual that has not undergone hybridization, which is closely related to the Japanese Yew; CY21 is
a variant of the wild T. cuspidata called Northeastern golden yew, which derives from the Changbai
Mountains. Therefore, it is closely related to them. CY18 and CY20 are derived from Japan and Korea,
respectively, and they are very closely related or possibly the same species. As for the CO strain, due to
its diverse sampling, they distributed relatively distant and dispersed, especially containing genes from
other species, so the genetic relationships were far away from each other.

4.2 The Genetic Diversity between Wild and Cultivated Populations
The genetic diversity of the cultivated populations is significantly higher than that of the wild

populations at the whole genome level, resulting in the number of wild populations being much smaller
than that of the cultivated populations, which is consistent with the results of the studies on rice [32,33],
barley [34], and soybean [35], etc. The speculated reasons for this are as follows: Firstly, yew is a sessile
plant and cannot migrate freely; they can only exchange genes through pollen or seed dispersal.
Additionally, the low reproduction rate and survival rate of the T. cuspidata populations result in poor
population competitiveness. Secondly, because of excessive human logging activities, natural selection,
and environmental factors, etc., the wild populations have experienced habitat fragmentation, namely the
integral continuous habitat of wild populations has transformed into multiple heterogeneous small groups
during the evolution process, that is, the geographic distribution among groups is distant and the
distribution ranges are gradually shrinking. This leads to a decline in gene flow and population size, and
subsequently a decrease in the genetic diversity of wild populations [36]. However, the cultivated
population has a complex origin. firstly, some species of cultivated populations derived from variants of
different wild T. cuspidata, for example, the early Japanese yew introduced from Japan only retained a
portion of the genetic information from the wild Japanese Yew after domestication. Secondly, a series of
genetically variable traits are produced during the process of intense artificial selection and long-term
domestication, these variants are mainly retained and expanded breeding through nutrient propagation,
leading to rich genetic diversity. in production, mutated buds and their growing branches are commonly
selected to cultivate new varieties through vegetative propagation. that is, the degree of genetic variation
in cultivated populations increased due to bud mutation selection, resulting in a higher level of genetic
diversity compared to the wild population.
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4.3 The Genetic Differentiation between Wild and Cultivated Populations
The wild population exhibits significantly less genetic differentiation compared to the cultivated

population, which is consistent with the genetic differentiation patterns observed in domesticated species
of soybeans [37], rice [35], barley [38], etc. In wild populations, sexual reproduction to produce seeds
was achieved by wind-mediated pollination [39], whereas in cultivated populations, breeders always tend
to adopt vegetative propagation methods to preserve and propagate individuals with the dominant mutants
or bud variations. As a result, there is significant genetic differentiation among different varieties, which
phenomenon is also observed in some other cultivated plants. Secondly, human intervention has led to
distinct differences in the habitats of cultivated and wild populations, resulting in different natural
selection pressures, further enhancing the genetic differentiation between the two populations. On one
hand, the smaller size of cultivated populations or the modern closed pure-breeding mode of the
cultivated population leads to different degrees of genetic differentiation, which implies that the wild
populations have higher flexibility compared to the cultivated populations and possess a greater resistance
to inbreeding depression. On the other hand, the dominant variation traits or individuals that meet human
needs are selected by humans, developing beneficial variations in a direction favorable to humans.
Compared to natural selection, artificial selection is more efficient, thereby increasing the genetic
diversity of cultivated species. However, the cluster analysis reveals that some wild individuals are
clustered into the cultivated populations, indicating these “wild” germplasms contain domesticated alleles,
which may be the introgression of genes from the cultivated species or the variation of the common
ancestor, it reveals that many cultivated species has evolved from ancient wild species through
domestication which has led to differentiation during adaptation to the local wild environment. This
indicates that both the cultivated and wild populations exhibit allelic variants that are specific to their
respective populations, similar to the genetic differentiation patterns observed in wild rice (Oryza
rufipogon) and Asian cultivated rice [1].

5 Conclusion

Analyzing the differences and correlations in the kinship, genetic diversity, and genetic structure
between different populations of T. cuspidata can determine its genetic evolutionary relationships, thereby
providing a genetic basis for the conservation, breeding, and propagation of T. cuspidata genetic
resources [40]. The wild and cultivated populations of T. cuspidata preserve extremely valuable genetic
resources [41]. However, the wild population is critically endangered, and its permanent loss will entail
the disappearance of the unique genetic resources associated with this species. Therefore, the
conservation of genetic diversity in wild populations is of utmost importance. The hybrid improvement of
cultivated populations and the conservation of genetic diversity are two complementary aspects. Hence,
in future research, it is essential to study and explore the important issue of balancing hybrid
improvement in the cultivated population with the conservation of germplasm resources [42].
Additionally, the assessment of the distribution patterns and evolutionary characteristics of genetic
diversity in T. cuspidata varieties should emphasize the conservation of genetic diversity in wild
resources. In terms of future breeding, greater efforts should be made to explore and utilize the wild
resources of T. cuspidata, increase gene exchange between cultivated and wild populations, introduce
advantageous genes from wild T. cuspidata into cultivated populations through hybridization, and
enhance the genetic diversity of cultivated populations. This can improve the quality of germplasm
resources, such as growth rate, appearance, and stress resistance. These endeavors will provide a genetic
basis for establishing core conservation populations of T. cuspidata [43], conducting quality
identification, and breeding new varieties and strains.
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