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Abstract Although most Sinojackia species are endan-

gered, they contribute greatly to the biodiversity of local

ecosystems. Sinojackia microcarpa, an endangered species,

is distributed only in three provinces of eastern China.

Determining the genetic diversity of S. microcarpa pro-

vides key information for germplasm evaluation and spe-

cies conservation. Here we used simple sequence repeat

(SSR) markers to investigate the genetic diversity of eight

natural populations of S. microcarpa. Leaf samples were

collected from 144 individuals in 8 wild populations. The

156 bands were generated from 14 pairs of informative

SSR primers, with an average percentage of polymorphic

bands of 45.67%. The average values of Nei’s genetic

diversity (He) and Shannon’s diversity index (I) were

0.1007 and 0.1658, respectively. The total genetic variation

of S. microcarpa existed mainly within the eight popula-

tions, rather than among populations, and reached 86.41%.

A cluster analysis showed that the eight wild populations of

S. microcarpa could be classified into four groups, at a

threshold of 4.0, based on an analysis of the SSR geno-

types. Furthermore, there was a significant association

between the phylogenetic relationships and the geographic

locations of the S. microcarpa populations. In particular,

populations from Fuyang, Jiande, and Lin’an in Zhejiang

Province had close phylogenetic relationships and geo-

graphic distances. In addition, these three populations had

the highest genetic diversity and the most individuals,

suggesting that these three locations may be the S.
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microcarpa distribution center. This study serves as a

model for studying the genetic diversity of endangered

plant species.

Keywords Genetic diversity � Sinojackia microcarpa �
SSR marker

Introduction

The genus Sinojackia comprises numerous species,

including Sinojackia xylocarpa Hu, Sinojackia dolicho-

carpa C.J.Qi, Sinojackia rehderiana Hu, Sinojackia

huangmeiensis J. W. Ge and X .H. Yao, and Sinojackia

henryi (Dummer) Merr. (Zhang et al. 2012). They are all

endangered species that are threatened by habitat loss and

human activities (Guo and Zang 2013). Sinojackia micro-

carpa C. T. Chen and G. Y. Li, an important medicinal and

garden-greening tree species (Liu et al. 2011), is distributed

only in an extremely narrow range, including Zhejiang,

Anhui, and Jiangxi provinces and classified as a second-

class endangered plant in China (Su et al. 2009; Guo and

Zang 2013).

Most studies of Sinojackia Hu have focused on its

morphological characteristics, physiological mechanisms,

and chromosome karyotypes (Cao et al. 2006; Fritsch et al.

2001; Li et al. 2013; Shi et al. 1999; Wang et al. 2003; Xie

et al. 2012; Yao et al. 2006). Few reports have investigated

the genetic diversity of S. microcarpa (Luo and Luo 2011;

Yao et al. 2008; Zhang et al. 2010; Zhong et al.

2014, 2017).

Molecular markers have been used widely to study

species diversity (Motalebipour et al. 2016; Sakar et al.

2016; Yilmaza et al. 2012). Ideal molecular markers should

have the characteristics of no deviation, co-dominance,

high detection accuracy, and no direct influence by the

environment. Simple sequence repeats (SSRs) are dis-

tributed widely in the genome, and they exhibit abundant

polymorphisms and co-dominance, which has the advan-

tage of providing a large amount of information. SSRs have

been used as markers in many studies of plant genetic

relationships, genetic diversity analyses, phylogenetic

evolution, types of fingerprint identification, and quantita-

tive trait locus mapping (Morgante and Olivieri 1993;

Wang et al. 2014; Zhao et al. 2016; Zietkiewicz et al.

1994). The genetic diversity analyses of Yilmaza et al.

(2012) on Turkish apricot germplasms using SSRs, inter

simple sequence repeats (ISSRs), and random amplified

polymorphic DNA (RAPD) and of Wang et al. (2014) on

Cynodon dactylon using SSRs and ISSRs clearly showed

that SSRs are more suitable than ISSRs and RAPD for

studies of the genetic diversity of plant species.

Here we used 14 pairs of SSRs to investigate the genetic

diversity, genetic differentiation, and population clusters of

8 wild populations of S. microcarpa distributed in Zhe-

jiang, Anhui, and Jiangxi Province, China. This study

provided a theoretical basis for germplasm resource pro-

tection, diversity evaluation, and gene bank development,

as well as essential information for developing a system to

examine the biological diversity of Styracaceae. This study

will increase our understanding of the genetic characteris-

tics of Sinojackia species and will serve as a useful refer-

ence for other endangered plants.

Materials and methods

Plant materials

To analyze the genetic diversity of S. microcarpa, we

selected sampling sites in Zhejiang, Anhui, and Jiangxi

Provinces of China, which are the main S. microcarpa

distribution areas according to our investigation and the

studies of Yao et al. (2011) and Ruan et al. (2012). We

collected 144 leaf samples of S. microcarpa from eight

populations in Zhejiang Province (n = 6), Anhui Province

(n = 1) and Jiangxi Province (n = 1) (Fig. 1). For accu-

rately sampling the diversity of the populations, the sam-

pling sites were more than 50 m apart. The leaf samples

were stored at -80 �C until DNA isolation.

Experimental methods

DNA extraction

Genomic DNA was extracted using a modified cetyl-

trimethyl ammonium bromide method (Zhong et al. 2017).

DNA integrity was checked on 0.8% agarose gels, and

DNA quantification was determined using a NanoDrop

1000 micro-spectrophotometer (NanoDrop Technologies,

Wilmington, DE, USA). The DNA samples were diluted to

30 ng/lL and stored at - 20 �C for the SSR analysis.

SSR-polymerase chain reaction (PCR) amplification

A set of 14 SSR primer pairs (Table 1), which yielded clear

and stable amplicons as reported for Sinojackia Hu by Yao

et al. (2006), Zhang et al. (2010), and Zhao et al. (2016),

were used to genotype the 144 S. microcarpa samples. SSR

amplification reactions were performed in a volume of

25 lL, which contained 1.0 lL of (30 ng lL-1) genomic

DNA, 12.5 lL of KAPA2G Fast Multiplex Mix, 1.0 lL

(10 lM) of each primer, and 9.5 lL of double-distilled

H2O. PCRs were performed with an initial denaturation at

94 �C for 5 min; followed by 30 cycles of denaturation at
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94 �C for 30 s, annealing at the optimal temperature of

55 �C for 30 s, and extension at 72 �C for 60 s; followed

by a final extension at 72 �C for 5 min. The primers were

labeled with a fluorescent dye (5-FAM, HEX, or TAMRA)

and amplified by PCR using previously described protocols

(Wang et al. 2014). PCR products were separated by size

on an ABI3730XL DNA Analyzer (Applied Biosystems,

Foster City, CA, USA). Alleles were scored manually with

the aid of GeneMarker software version 2.2 (Applied

Biosystems) and manually rechecked. Each polymorphic

fragment was scored as 1 or 0 for the presence or absence

of amplicons, respectively (Gomes et al. 2013; Motta et al.

2014; Xing et al. 2015).

Statistical analysis

Genetic parameters, such as the number of alleles per locus

and the polymorphism information content (PIC) of the

SSR data, were analyzed. The percentage of polymorphic

bands (PPBs), Shannon’s diversity index (I), Nei’s genetic

diversity (He), and the number of effective alleles per locus

(Ne) of the S. microcarpa populations were calculated

using POPGEN32 software. Additionally, the total genetic

diversity (Ht), the within-population genetic diversity (Hs),

and the between-population genetic diversity (Gst) were

calculated. Using Jaccard’s coefficient, a cluster analysis

was performed using the similarity matrix to construct a

dendrogram and the unweighted pair-group method with

arithmetic averages (UPGMA) in NTSYS-pc software

(version 2.1) (Rohlf 2000). To infer the population

structure and assign individuals to populations, we used the

program Structure 2.2 (Wang et al. 2014) to analyze the

SSRs. The analyses were run using the admixture model

with independent allele frequencies. The number of K was

set to vary from 1 to 6. For each value of K, we performed

six runs with a burn-in of 100,000 and a run length of

1,000,000 iterations. The posterior probability of the data

(ln PD) for a given K was computed using the runs with the

highest probability for each K.

Results

SSR amplification

A total of 156 alleles, ranging from 5 to 18, were generated

by the 14 SSR primers, with an average of 11.14 alleles per

locus. Among the SSR loci, SX149 generated the highest

number of alleles (18), while locus SX70 had the lowest (5

alleles; Table 1). Within the 144 S. microcarpa samples, 14

primers generated 156 polymorphic bands, and all 14 pri-

mers yielded polymorphic markers. After analyzing all 144

samples, the PIC values for individual loci ranged from

0.8426 (SX8) to 0.9490 (SX112), with an average of

0.9118 (Table 1).

Genetic diversity analysis of S. microcarpa

Fourteen polymorphic microsatellite loci were used to

evaluate the genetic diversity of S. microcarpa. The results,

Fig. 1 Map showing the

geographical distribution of the

eight S. microcarpa populations

and the sampling sites in China.

ZJLA: Qingshanhu, Lin’an,

Hangzhou, Zhejiang; ZJJD:

Dakeng and Fujiawu, Jiande,

Hangzhou, Zhejiang; ZJFY:

Longmen, Yaowu, Shushi and

Huanshan, Fuyang, Hangzhou,

Zhejiang; ZJTL: Mount Gao,

Tonglu, Hangzhou, Zhejiang;

ZJJH: Changgeng, Jindong,

Jinhua, Zhejiang; ZJYW:

Shimenkeng, Yiwu, Jinhua,

Zhejiang; AHJX: Dingdu, Jing

County, Xuancheng, Anhui;

JXPZ: Taohongling, Pengze,

Jiujiang, Jiangxi
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Table 1 Primers used for SSR amplification and the number of bands per primer

Locus Repeat motif Primer (50–30) Number of

alleles

The polymorphism

information content

SX8 (CA)11G(AC)10(TC)7 F:TCGAACTCACTTGTTCGCTTT 6 0.8426

R:GATGGGGTGCCGATACTCTA

SX11 (TC)19AC(GC)2AT(AC)8 F:AGCTGTGTCCCTACCCCTTT 16 0.9468

R:AGTGACAACAGCCCATGACA

SX15 (GA)7(CA)13 F:GGCTTGTAAGTGGACGCAAT 11 0.9226

R:TTGATTTGTGCCCCTCTTTC

SX18 (CA)22 F:CCATACCACCCAACTCGTCT 10 0.9228

R:TTGATCTAGGGGGTGAGTGG

SX23 (AT)2(TG)15 F:TAGCTCTGCTCAGCCTCCTC 6 0.8616

R:ACACGGCGAGCTGAAATTAG

SX40 (GT)8(GA)12 F:CTGTGGTCTCGGTCAATGTG 12 0.9311

R:TTTTTCTGTTCGTGGAACTTT

SX70 (ACC)3G(GGC)6 F:TTCGATCAAAGCGAACACAC 5 0.8487

R:CGCTGGTAGGTCCAGAACAT

SX74 (CA)17 (TA)6 F:CGATCGAAAGTAAGGGACCA 9 0.9061

R:GATGCATGTGCAGCGTAAAT

SX101 (TC)10(CA)9 F:GCTTCTCACCTCTCCACGAC 15 0.9424

R:AAATCCAATGACGGTCGGTA

SX112 (CT)11(CA)21 F:GCAGCAGTAACTGGAGAGGA 17 0.9490

R:CCATGAGAGCCTCCATCAAT

SX116 (TC)9(AC)15TCTTTGTTAC(TTC)10GTC(TTC)2 F:ATGCCTCTATGACCGTCGTT 10 0.9092

R:TGGGTCAATTCAACTTCCCTA

SX149 (TG)19 F:GGATGAGGACTGGGAAGTGA 18 0.9489

R:TCGATGACAGCGACCTATTG

SX150 (CA)9(GA)(CA)3 F:GACGTCGTTAGGCTTTGGAA 10 0.9134

R:GCTGGAGAAAGACAGCCAAC

SX154 (AC)15 F:GCTTTCTTGGGTGCATCTTC 11 0.9206

R:GTCATGAGGCCTCGATTGTT

Average 11.14 0.9118

Table 2 The level of genetic

diversity in populations of S.

microcarpa as determined by

SSRs

Population Sample PPB (%) Na Ne Nei’s (He) Shannon’s (I)

ZJLA 10 53.85 1.5385 1.1624 0.1104 0.1850

ZJJD 44 83.33 1.8333 1.1684 0.1217 0.2153

ZJFY 38 75.64 1.7564 1.1638 0.1187 0.2094

ZJTL 8 32.69 1.3269 1.1587 0.0963 0.1491

ZJJH 14 26.92 1.2917 1.1270 0.0809 0.1273

ZJYW 9 22.44 1.2431 1.1143 0.0704 0.1096

AHJX 11 32.05 1.3205 1.1568 0.1002 0.1557

JXPZ 10 38.46 1.3846 1.1641 0.1066 0.1692

Average 18 45.67 1.4619 1.1519 0.1007 0.1658

Species 144 100.00 2.0000 1.1698 0.1257 0.2301

ZJLA: Qingshanhu, Lin’an, Hangzhou, Zhejiang; ZJJD: Dakeng and Fujiawu, Jiande, Hangzhou, Zhejiang;

ZJFY: Longmen, Yaowu, Shushi and Huansan, Fuyang, Hangzhou, Zhejiang; ZJTL: Mount Gao, Tonglu,

Hangzhou, Zhejiang; ZJJH: Changgeng, Jindong, Jinhua, Zhejiang; ZJYW: Shimenkeng, Yiwu, Jinhua,

Zhejiang; AHJX: Dingdu, Jing County, Xuancheng, Anhui; JXPZ: Taohongling, Pengze, Jiujiang, Jiangxi
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shown in Table 2, indicate that the PPBs of the eight

populations ranged from 22.44 to 83.33%, and the average

number of polymorphic loci ratio was 45.67%. The

observed number of alleles (Na) was in the range of

1.2431–1.8333, and the average number of alleles was

1.4619. Ne ranged from 1.1143 to 1.1684, with an average

of 1.1519. He was in the range of 0.0704–0.1217, and the

average was 0.1007. I ranged from 0.1096 to 0.2153, with

an average of 0.1658. Compared with the genetic diversity

parameters of the different S. microcarpa populations, the

genetic diversity of the ZJJD region was the highest, with a

He of 0.1217, followed by the ZJFY region with a He of

0.1187. The ZJYW region had the lowest diversity, with a

He of 0.0704. At the species level, the PPBs was 100.00%,

and Na was 2.0000. Ne was 1.1698, and He was 0.1257,

while I was 0.2301.

Genetic differentiation analysis of the S. microcarpa

populations

There was a certain genetic differentiation among the S.

microcarpa populations (Table 3). The Ht of the eight

populations of S. microcarpa was 0.1148, for which the Hs

was 0.0992. The genetic diversity among the populations

(Dst = Ht - Hs) was 0.0156, and Nei’s gene differentiation

index (Gst = Dst/Ht) was 0.1359, indicating that the among-

population variation accounted for 13.59% of the total

genetic variation of S. microcarpa, while the within-pop-

ulation genetic variation accounted for 86.41%. Thus, the

genetic differentiation within populations was greater than

that among populations. The population gene flow coeffi-

cient [Nm = 0.5(1 - Gst)/Gst] was 3.1791.

Cluster analysis

The DK peak at K = 4 in the structure analysis indicated

that the genetic structure of the eight populations could be

divided into four groups (Fig. 2). The populations of ZJJH,

ZJLA and ZJJD, ZJTL and ZJYW were similar. However,

the populations of Zhejiang, Anhui, and Jiangxi Provinces

mixed together, and did not differ significantly.

UPGMA clustering based on Nei’s genetic diversity was

analyzed by NTYSY (Fig. 3). The results showed that the

eight S. microcarpa populations were divided into two

subgroups according to the coefficient of 0.90. The Fuyang

Zhejiang, Jiande Zhejiang, Jinhua Zhejiang, Lin’an Zhe-

jiang, Jingxian Anhui, and Pengze Jiangxi populations

were classified as one subgroup (subgroup A), while those

from Tonglu Zhejiang and Zhejiang Yiwu belonged to

another subgroup (subgroup B). In subgroup A, the

Fuyang, Jiande, Jinhua, Lin’an, Zhejiang and Jingxian

Anhui populations were classified into one group (A1

subgroup), and the Pengze Jiangxi population was classi-

fied as another group (A2 subgroup). The A1 subgroup

could be divided into three subgroups: the Fuyang Zhejiang

and Jiande Zhejiang populations, the Jinhua Zhejiang

population, and the Lin’an Zhejiang and Jingxian Anhui

populations.

Discussion

Most endangered plant species, such as Camellia sinensis

and Calocedrus macrolepis, have low genetic variation

(Taniguchi et al. 2014; Wang et al. 2004; Zawko et al.

2001), and a poor gene pool threatens their survival

(Gitzendanner and Soltis 2000). The present study inves-

tigated the genotype diversity of S. microcarpa from eight

sites using SSRs. Our results clearly demonstrate that S.

microcarpa has a surprisingly high level of genotype

diversity. In total, 156 polymorphic SSR loci were detected

from eight paired primers (on average 11.14 loci for each),

and the PIC value of each paired primer was 0.9118

(Table 1). Table 2 also shows that the PPBs and Na values

were 100 and 2.0000, respectively. Many studies showed

that the destruction of habitat and the extremely low ger-

mination rate have been responsible for S. microcarpa

becoming one of the most critically endangered plant

species in central and southeastern China (Su et al. 2009),

which raises the question of how S. microcarpa maintains a

high level of genetic variation. We speculate that the spe-

cial biological characteristics of S. microcarpa may con-

tribute to its high genetic variation. S. microcarpa has

seeds with a hard shell, which is advantageous for long-

distance and long-term seed transfers, compared with other

endangered species. Moreover, S. microcarpa did not suf-

fer from a mass extinction during the glacial period (Yao

et al. 2006; Zhang et al. 2012). These factors may have

allowed S. microcarpa to retain a high level of genetic

variability. Our results are consistent with findings in S.

dolichocarpa and S. xylocarpa (Ruan et al. 2012; Yao et al.

2006, 2011), reflecting that the Sinojackia Hu species have

a special ability to retain their high genetic biodiversity.

Table 3 Genetic differentiation analysis of different S. microcarpa

populations using SSRs

Statistic Ht Hs Dst Gst Nm

Mean 0.1148 0.0992 0.0156 0.1359 3.1791

SD 0.0145 0.0069

Ht is total genetic diversity; Hs is inside genetic diversity; Dst is

genetic diversity among populations; Gst is gene differentiation index;

Nm is gene flow
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123



Furthermore, Tables 2 and 3 show that the average PPBs

and Ne values were 45.67% and 1.1519, respectively, while

the Hs and Dst values were 0.0156 and 0.1359, respectively,

reflecting that among-population diversity accounted for

13.59% of the total genetic variability of S. microcarpa,

whereas the within-population variability accounted for

86.41%. Thus, it is particularly interesting why S. micro-

carpa has such a high within-population level of genomic

diversity (Zhang et al. 2012). Factors such as recent spe-

ciation from a more widespread species, recent changes in

distribution or habitat, somatic mutations, breeding sys-

tems, multiple founder events, or Pleistocene refugia have

been invoked to explain high levels of genetic diversity

(Gomes et al. 2013; Rumbou et al. 2016).

The high outcrossing rate observed here in S. micro-

carpa provides strong population genetic evidence that this

species is predominantly outcrossing, which is consistent

with our field observations. In forests containing S.

microcarpa, natural pollinators were observed frequently

to aid pollination. Insects, especially Bombus atripes

(Triconibombus) and Apis cerana (Chinese honey bees),

are the primary pollinators of S. microcarpa, and honey

bees are a long-distance pollinator (Ruan et al. 2012). Bee-

foraging behavior has been investigated at the site located

in Lin’an, Zhejiang. They prefer to pollinate S. microcarpa,

and they have a high specificity when pollinating this

species. Consequently, it is possible that pollinators con-

tribute to the high outcrossing rate of S. microcarpa. In

addition, seeds from outcrossing fall into the soil, thereby

producing more trees with high genomic diversity, which

also contributes to the high genetic diversity.

While comparing differences of genetic variability

among these eight populations, the ZJJD and ZJFY sam-

ples had the highest levels of genomic diversity, with He

values of 0.1217 and 0.1187, respectively, whereas the

ZJJH and ZJYW samples had the lowest (0.0809 and

0.0704, respectively) (Table 2). ZJJD and ZJFY are

mountainous areas, while ZJJH and ZJYW are flatlands

(Fig. 1). Humans are a threat to biodiversity and genetic

diversity, especially to endangered species (Kiziroglu et al.

2013); therefore, we hypothesize that the urbanization and

human activities in the S. microcarpa habitats in these two

flatlands (ZJJH and ZJYW) may be the main reasons for

the low genomic variation. Conversely, better habitats and

lower population densities in ZJJD and ZJFY result in

higher genetic variability and larger S. microcarpa popu-

lation. Furthermore, Fig. 3 shows that samples from AHJX

and ZJLA were much closer in terms of their genetic

variability and clustered into a group, which differed from

that in JXPZ, ZJTL and ZJYW. Figures 2 and 3 show that

there the genetic distance was closer between ZJJD and

ZJJH and between ZJTL and ZJYW, perhaps because they

were geographically. The ZJTL and ZJYW samples clus-

tered into another group, and the JXPZ samples clustered

into a single group perhaps because geographical factors

such as mountain chains, rivers, and spatial distances cause

geographical isolation, which subsequently affects the

genetic diversity of S. microcarpa.

In the previous study, Zhang et al. (2012) collected S.

rehderiana from JXPZ. We also sampled a population from

Fig. 2 Analysis of the Bayesian gene clustering method by SSRs

(K = 4). ZJLA: Qingshanhu, Lin’an, Hangzhou, Zhejiang; ZJJD:

Dakeng and Fujiawu, Jiande, Hangzhou, Zhejiang; ZJFY: Longmen,

Yaowu, Shushi and Huanshan, Fuyang, Hangzhou, Zhejiang; ZJTL:

Mount Gao, Tonglu, Hangzhou, Zhejiang; ZJJH: Changgeng, Jin-

dong, Jinhua, Zhejiang; ZJYW: Shimenkeng, Yiwu, Jinhua, Zhejiang;

AHJX: Dingdu, Jing County, Xuancheng, Anhui; JXPZ: Taohongling,

Pengze, Jiujiang, Jiangxi

Fig. 3 UPGMA cluster analysis of the genetic relationships among

the S. microcarpa populations using SSRs. ZJLA: Qingshanhu,

Lin’an, Hangzhou, Zhejiang; ZJJD: Dakeng and Fujiawu, Jiande,

Hangzhou, Zhejiang; ZJFY: Longmen, Yaowu, Shushi and Huanshan,

Fuyang, Hangzhou, Zhejiang; ZJTL: Mount Gao, Tonglu, Hangzhou,

Zhejiang; ZJJH: Changgeng, Jindong, Jinhua, Zhejiang; ZJYW:

Shimenkeng, Yiwu, Jinhua, Zhejiang; AHJX: Dingdu, Jing County,

Xuancheng, Anhui; JXPZ: Taohongling, Pengze, Jiujiang, Jiangxi
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JXPZ, but we cannot be sure whether our sample is same as

Zhang et al. (2012). However, we found that the fruit size

of our sample in Pengze was shorter than that of S.

rehderiana and bigger than that of S. microcarpa. We

speculated that our sample may be a transitional type

between S. rehderiana and S. microcarpa. Our clustering

diagram showed that our sample was between S. rehderi-

ana and S. microcarpa, and more likely S. microcarpa,

which provides further evidence to our speculation.

In addition, S. microcarpa is an endemic species in

China and has only several isolated populations in the

Middle Eastern provinces, so a high priority should be

given to the conservation of this species. The ultimate

objectives of conservation are to perpetuate the sustainable

survival of populations and to preserve their evolutionary

potential. Knowledge of the levels and distribution of

genetic diversity is important for designing conservation

strategies for threatened and endangered species (Cao et al.

2006; Zhang et al. 2012). For a long time, the most suit-

able strategy for the conservation of S. microcarpa was the

protection of its habitat. However, other uses of S. micro-

carpa could serve as effective preservation strategies. S.

microcarpa is likely to be a good ornamental plant (Zhong

et al. 2014), and the successful artificial propagation of this

species could not only guarantee its ex situ conservation

and sustainable survival, but also enhance its in situ

conservation.

In summary, we investigated the genetic diversity of

eight S. microcarpa populations. Among these populations,

populations from Fuyang, Jiande, and Lin’an in Zhejiang

had close phylogenetic relationships and geographic dis-

tances. Furthermore, these three populations had the most

individuals and highest genetic diversity, inferring that

these three locations may be the S. microcarpa distribution

center. Additionally, our results demonstrate that this

endangered plant species has a high level of genetic vari-

ation, which may be determined by its biological charac-

teristics, human activities, and geographical factors. This

study is a good model for studying endangered plant spe-

cies with high genetic diversity and demonstrates that SSRs

are good tools for related studies. Further investigations

should focus on the mechanism underlying the high genetic

diversity of S. microcarpa, and the conservation of this

endangered species.

Conclusion

In our study, 156 bands were generated from 14 pairs of

informative SSR primers, with an average PPB of 45.67%.

The average He and I values were 0.1007 and 0.1658,

respectively. The within-population genetic variation

accounted for 86.41% of the total genetic variation of S.

microcarpa, while the among population diversity

accounted for only 13.59%. A cluster analysis showed that

the eight wild populations of S. microcarpa could be

classified into four groups, at the threshold of 4.0, based on

SSR genotypes using a structure analysis. Moreover, there

was a significant association between the phylogenetic

relationships and the geographic locations of the S.

microcarpa populations. In particular, populations from

Fuyang, Jiande, and Lin’an in Zhejiang Province had close

phylogenetic relationships and geographic distances, and

highest genetic diversity and the most individuals, sug-

gesting that these three locations may be the S. microcarpa

distribution center.
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