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Abstract Glycine tomentella Hayata is a species of

Glycine Willd. subgenus Glycine, and in China it is

distributed along the southeast coast. In this study, 11

natural G. tomentella populations were collected and

their genetic diversity levels and population structures

were analyzed using 25 simple sequence repeat (SSR)

markers. The number of alleles per locus averaged

7.16 and ranged from 2 to 17. The expected heterozy-

gosity (He) per locus averaged 0.60, varying from 0.19

to 0.86. The G. tomentella populations on these

Chinese islands showed a greater average genetic

variation (60.96%) among populations and gene

differentiation index (Gst= 0.607), and a lower aver-

age within-population genetic variation (33.47%) and

gene flow (Nm= 0.162). In this study, these G.

tomentella island populations were characterized by

a relatively greater average multilocus outcrossing

rate of 5.74%, which may the result of heterogeneity

owing to the perennation of G. tomentella. A spatial

autocorrelation analysis revealed that populations

within a radius of approximately 30.45 km had

positive and significant genetic relationships. The

Neighbor-Joining (NJ) and STRUCTURE analyses

strongly showed a pattern of ‘island differentiation’

for the populations on southeast islands of China and

also suggested that some genetic interconnection

occurred along the southeast coast of China. The F-

statistics suggested that geographically different G.

tomentella populations had specific population struc-

tures. We propose that when collecting this species as

a genetic resource, every G. tomentella population

should be sampled.

Keywords Chinese Glycine tomentella � Genetic
diversity � Genetic structure � Glycine tabacina � SSR

Introduction

The genus Glycine Willd. is widely distributed in

Australia, the western Pacific Islands, and the sur-

rounding islands, including Taiwan (Chung and Singh

2008). The genus Glycine contains two subgenera,

termed subgenus Soja, which contains two annual

species [the cultivated soybeanGlycine max (L.) Merr.

and its progenitor wild soybean Glycine soja Sieb. et

Zucc.], and subgenus Glycine, which contains 26

perennial species. Species Glycine tomentella Hayata

is one of these perennial species and has the complex

karyotype containing 2n = 38, 40, 78, or 80 (Singh

et al. 1987). To date, G. tomentella has been identified

as having several genomes. The 2n = 38G. tomentella

contains the EE genome (D1 and D2 isozyme types);

2n = 40 G. tomentella contains the DD (D3 isozyme

type), D2D2 (D5A) and H2H2 (D5B) genomes; 2n = 78
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G. tomentella contains the AE (T5), D3E (T1) and EH2

(T6) genomes; and 2n = 80 G. tomentella contains the

DA6 (T2), DD2 (T3) and DH2 (T4) genomes (Doyle and

Brown 1985; Doyle et al. 1986; Brown et al. 2002;

Chung and Singh 2008). A T7 isozyme type was found

in an Indonesian tetraploid G. tomentella (2n = 80)

(Kollopara et al. 1994). In phylogenetic studies of G.

tomentella, Tindale (1986) classified the original G.

tomentella (2n = 40, D6 isozyme type) as a species of

Glycine arenaria Tindale (genome H), while Pfeil

et al. (2006) recognized the original G. tomentella

(2n = 40, D4 isozyme type) as a new species, Glycine

syndetika B. E. Pfeil et Craven (genome A6). More-

over, one of the T2-isozyme typed G. tomentella

(2n = 80, D1A, or DA6) was regarded as the speciesG.

dolichocarpa Tateishi and Ohashi (2n = 80, D1A)

(Tateishi and Ohashi 1992; Chung and Singh 2008).

Glycine tomentella is also recorded in the flora of

China (Hayata 1920); however, no relevant taxonomic

studies on genome classifications of these species have

been performed. Two chromosome-based observa-

tional studies of G. tomentella from several places in

Fujian Province, China showed that the number of

chromosomes was 80 (Bau et al. 1993; Gao et al.

2002), but the genome and isozyme types of the

Chinese 80-chromosome G. tomentella remain

unclear.

As a wild relative of cultivated soybean, G.

tomentella can enhance the genetic basis of soybean

breeding and, therefore, is an important germplasm for

soybean innovation (Singh et al.

1990, 1993, 1998, 2010; Singh and Nelson 2015). G.

tomentella is also used as a Chinese herbal medicine

for treating rheumatism and bone pain (Zhang et al.

2011). However, there have been limited studies

regarding the genetic diversity of the subgenus

Glycine’s perennial species. Currently, only one

small-scale study of the ISSR marker-based genetic

diversity in 16 G. tomentella individuals collected

from three small areas in China has been performed

(Chen et al. 2013). Therefore, there is a lack of

geographical and genetic information on the Chinese

G. tomentella complex species.

Presently, subgenus Glycine plants growing in

China are being threatened from coastal exploration,

nuclear power plant construction, and tourism, with

the number and area of existing surviving populations

declining. To effectively protect genetic resources of

G. tomentella species in China, the genetic diversity

and structure of their natural populations are required.

Here, the objective was to investigate the genetic

diversity and structure of the natural G. tomentella

species’ populations on the southeast islands of China

to establish a genetic conservation strategy.

Materials and methods

Material sampling

Leaves were sampled from on-the-spot field plants as

the experimental materials. The leaves were stored

with silica gel in zip-lock plastic bags for later

analyses. In total, 291 G. tomentella individuals from

11 populations were collected on five coastal islands,

Nanao, Dongshan, Jingan, Meizhou and Pingtan,

along the southeast coast of China (Table 1 and

Fig. 1). The geographical coordinates of each popu-

lation were recorded (Table 1). The sampling distance

between individuals within populations was more than

5 m, and 14–30 plants were sampled from each

population, depending on population size.

DNA extraction and SSR genotyping

Total genomic DNA was extracted using a modified

CTAB method (Narzary et al. 2015). Zou et al. (2004)

shows that the use of soybean SSR makers is a rapid

and reliable method to detect G. tomentella chromo-

somes. In the species having less genome sequence

information, we selected usable soybean SSRs iden-

tified from 930markers (Cregan et al. 1999; Song et al.

2010), and 25 soybean SSR markers with polymor-

phisms and high levels of stability were used to assess

the genetic diversity of G. tomentella. The rest of 905

SSR markers were unavailable (nil-amplified, single

amplification, smeared, or uncountable multi-bands).

PCR amplification was carried out on a TaKaRa

TP650 PCR thermal cycler (TaKaRa Bio, Japan) with

a 10-lL total volume of reaction mixture, containing

2 lL of template DNA (30 ng/lL), 5 ll of 2 9 Taq

PCR StarMix (Genstar Biosolusiond Co., Ltd., Bei-

jing, CN), 0.5 lL of each primer (10 mM), and 2 lL
of ddH2O. PCR amplification reactions were per-

formed with an initial denaturation at 95 �C for 5 min,

34 cycles of 30 s denaturation at 94 �C, 30 s annealing

at 54 �C (the annealing temperature and cycle number

varied according to different SSR primers used), and
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30 s extension at 72 �C. This was followed by 10 min

at 72 �C for the final extension, and samples were

stored at 4 �C. The PCR products were elec-

trophoresed on an 8% non-denaturing polyacrylamide

gel and visualized by silver nitrate staining. Because

most of the markers exhibited more than one band, we

chose the brightest bands, clearly legible and poly-

morphic, and recorded them as alleles.

Data analysis

The software POPGENE1.32 (Yeh et al. 1999) was

used to calculate genetic diversity parameters, includ-

ing the number of alleles (Na), number of effective

alleles (Ne), expected heterozygosity (He), observed

heterozygosity (Ho), percentage of polymorphic loci

(P), mean number of alleles per locus (A),

Table 1 Information for natural populations of perennial G. tomentella sampled on the southeast islands of China

Population Location Latitude (N) Longitude (E) Sample size Area Island length (km)

Pop-1 Nanao Island-1 23�24027.4700 117�08014.7200 30 1100 20.01

Pop-2 Nanao Island-2 23�25000.0600 117�08020.2900 14 150

Pop-3 Dongshan Island-1 23�43013.8400 117�23037.1300 30 850 28.37

Pop-4 Dongshan Island-2 23�41030.5400 117�25049.9300 21 560

Pop-5 Jinan Island-1 23�46052.7500 117�41013.7200 26 200 1.50

Pop-6 Jinan Island-2 23�47007.8000 117�41000.7100 28 260

Pop-7 Jinan Island-3 23�47008.1400 117�40045.4900 30 200

Pop-8 Meizhou Island-1 25�04007.0600 119�07053.7300 30 2000 9.44

Pop-9 Meizhou Island-2 25�04003.2300 119�07059.2500 30 30,000

Pop-10 Pingtan Island-1 25�37009.7400 119�48007.6700 30 2000 29.00

Pop-11 Pingtan Island-2 25�37005.7000 119�47053.7700 22 400

Total – – – 291

1

10

9
8

6
5

4
3

2

11

7

Fujian Province

Pingtan Island

Meizhou Island

Taiwan

Taiwan Strait

Jingan Island

Dongshan Island

Nanao Island

Guangdong Province

Fig. 1 A sketch map showing the sampling sites of the 11 naturalG. tomentella populations on five islands along the southeastern coast

of Fujian and Guangdong Provinces, China
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polymorphism information content (PIC), genetic

differentiation index (Gst), and gene flow (Nm), for

each locus. The number of genotypes (haplotypes) was

estimated using Power Marker (Liu and Muse 2005).

The software FSTAT, version 2.9.3 (Goudet 2001)

was used to estimate the fixing index (Fis) for each

locus and population. The outcrossing rate (t) was

calculated from t = (1 - Fis)/(1 ? Fis) (Weir and

Cockerham 1984). The F-statistics evaluating the

genetic differentiation among populations and the

molecular variance (AMOVA), and evaluating the

among- and within-population genetic variation

amounts, were calculated using ARLEQUIN, version

3.5 (Excoffier and Lischer 2010). The relationship

dendrogram was constructed using the Neighbor-

Joining (NJ) method based on the allele frequencies

and genetic distance (Nei et al. 1983), with a bootstrap

number of 1000 and a 0.95 confidence interval (CI),

using PowerMarker, version 3.25 (Liu and Muse

2005). The online software IBDWS, version 3.23

(Jensen et al. 2005) (http://ibdws.sdsu.edu/*ibdws/

aboutibdws.html) was used to detect the correlation

between genetic and geographic distances among

populations based on the Mantel test. STRUCTURE,

version 2.1 (Pritchard et al. 2000) was run for the

population structure analysis using a model without

prior population information. Values of 1–11 K (the

number of assumed clusters) were used to infer the

number of clusters. Each run was conducted 20 times

with independent simulations for each K value under

the conditions of a 100,000 burn-in period and

100,000MCMC (Markov ChainMonte Carlo method)

replications. Furthermore, the optimal K value was

inferred by the online program Structure Harvester

(Earl and vonHoldt 2012) (http://taylor0.biology.ucla.

edu/structureHarvester). Based on the optimal K val-

ues, the program CLUMPP, version 1.1.2 (Jakobsson

and Rosenberg 2007) was used to find the optimal

alignments of 20 independent runs produced by

STRUCTURE. The spatial autocorrelation of the

overall geographical populations was analyzed using

software GenAlEx, version 6.502 (Peakall and

Smouse 2012). The autocorrelogram was set using

variable distance classes that spanned the full range of

geographic distances among the populations. An

assignment test was applied to infer the possible for-

eign individuals in a population using Geneclass 2

(Piry et al. 2004).

Results

Performance of soybean SSR markers

In this study, 25 pairs of SSR markers could be

amplified with polymorphisms, and they produced 179

bands (alleles) in the 291 G. tomentella individuals.

The mean Na was 7.16 per loci, ranging from 2

(Satt153, Satt504 and TAB 16) to 17 (sat_142). The

number of genotypes (haplotype) was 11.32 per locus,

ranging from 3 (Satt153, Satt504 and TAB 16) to 25

(Satt563). The mean He and PIC per locus showed

similar trends. The meanHe value was 0.595 per locus,

with a range of 0.186 (Satt421) to 0.862 (Satt339 and

Satt563), and the mean PIC value was 0.562 per locus,

with a range of 0.174 (Satt421) to 0.846 (Satt339 and

Satt563) (Table 2). The fixation index (Fis) for the

degree of allelic fixation was 0.842 per loci, ranging

from 0.649 (Sat_421) to 1.00 (Sat_142) among loci.

Population genetic variation

In the 11 populations, the mean P was 58.6% for

populations, ranging from 24% (pop. 7) to 100% (pop.

4). These populations averaged 13.82 haplotypes,

ranging from 3 (pop. 7) to 30 (pop. 3). The mean A for

populations was 2.18, ranging from 1.24 (pop. 7) to

4.28 (pop. 3). The He per population was 0.232,

ranging from 0.020 (pop. 7) to 0.545 (pop. 3). The

average PIC was 0.203 for the populations, ranging

from 0.02 (pop. 7) to 0.50 (pop. 3). Among these

populations, pops-3, 4, and 9 had the greatest levels of

genetic variation, as characterized by their greater

genetic parameters (P = 88.0–100.0, Hap = 19–30,

A = 3.400–4.280, He = 0.408–0.545, Ho-

= 0.080–0.156 and PIC = 0.369–0.497, Table 3).

Additionally, they usually occupied greater land areas

(Table 1).

Relatively greater outcrossing rate

Outcrossing can cause genetic recombination and

heterogeneity in species and populations. The

outcrossing rate is different among plant species or

categories. This is related to the species’ nature and is

also affected by geographical distance, weather, and

pollinators. Single locus (ts) and multiloci (tm)

outcrossing rates were estimated for populations
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(Table 3). The ts showed a mean of 8.2% per locus,

ranging from 0 (sat_142) to 18.6% (sat_421). The tm
exhibited a mean of 5.74% per population, ranging

from 0 (pops. 1, 7) to 16.7% (pop. 3). This value

seemed to be greater for self-pollinating plants. The

mean Fis across loci in populations was 0.897. Three

populations, pops. 2, 3, and 4, had lower Fis values

(0.772–0.787) and two populations, pops. 1 and 7,

were fixed (Fis= 1.00) in the loci. Only two popula-

tions, pops. 1 and 7, had no occurrence of outcrossing,

suggesting that there was genetic recombination

within most populations.

Population genetic differentiation

Population genetic differentiation in G. tomentella

species on the southeast islands of China was

estimated. It was characterized by an average Gst of

0.607 per locus among populations, ranging from

0.393 (sat_262) to 0.755 (sat_111) (Table 2). The

number of loci with a Gst value over 0.5 was 21,

implying that an overwhelming majority of the loci

had greater among-population variation levels.

The AMOVA analysis showed that 60.96% of

genetic variation in the G. tomentella species on the

southeast islands occurred among populations

Table 2 Estimates of genetic variation at 25 SSR loci for the Chinese G. tomentella materials

Marker Genetic diversity index

Na Gt Ne He Ho PIC Gst Fis Nm ts (%)

Sat_111 4 7 1.301 0.232 0.014 0.211 0.755 0.712 0.078 0.149

Sat_142 17 17 6.228 0.841 0.000 0.822 0.587 1.000 0.165 0.000

Sat_193 11 15 4.775 0.792 0.024 0.762 0.592 0.918 0.162 0.041

Sat_262 13 22 6.342 0.844 0.031 0.825 0.393 0.934 0.0353 0.034

Sat_347 5 7 1.975 0.495 0.014 0.408 0.591 0.940 0.162 0.031

Sat_397 5 10 1.438 0.305 0.041 0.291 0.483 0.749 0.250 0.134

Sat_421 5 7 2.630 0.621 0.076 0.557 0.669 0.649 0.118 0.186

Satt137 5 9 1.925 0.481 0.038 0.452 0.555 0.809 0.188 0.100

Satt153 2 3 1.358 0.264 0.003 0.229 0.656 0.951 0.124 0.025

Satt304 5 8 3.996 0.751 0.069 0.710 0.710 0.676 0.098 0.170

Satt323 13 18 4.843 0.795 0.052 0.768 0.595 0.846 0.160 0.079

Satt346 9 17 2.994 0.667 0.041 0.630 0.732 0.771 0.087 0.118

Satt399 10 19 7.193 0.862 0.041 0.846 0.555 0.882 0.188 0.061

Satt421 3 4 1.228 0.186 0.003 0.174 0.490 0.970 0.241 0.015

Satt460 7 13 4.602 0.784 0.038 0.753 0.704 0.846 0.100 0.079

Satt481 15 24 5.712 0.826 0.062 0.807 0.498 0.844 0.235 0.081

Satt504 2 3 1.324 0.245 0.017 0.215 0.693 0.739 0.105 0.136

Satt563 11 25 7.187 0.862 0.082 0.846 0.555 0.794 0.188 0.108

Satt619 5 9 1.848 0.460 0.024 0.410 0.693 0.817 0.105 0.094

Satt636 7 12 4.707 0.789 0.052 0.754 0.638 0.822 0.134 0.092

Satt654 6 11 3.743 0.734 0.028 0.689 0.523 0.916 0.213 0.043

Satt713 4 7 1.583 0.369 0.031 0.337 0.585 0.813 0.167 0.097

BARCSOYSSR_04_0001 2 3 1.315 0.240 0.003 0.211 0.747 0.957 0.081 0.022

BARCSOYSSR_09_0585 4 6 3.618 0.725 0.024 0.673 0.620 0.910 0.144 0.046

BARCSOYSSR_18_0002 9 17 3.495 0.715 0.072 0.675 0.547 0.777 0.194 0.117

Mean 7.16 11.32 3.494 0.595 0.035 0.562 0.607 0.842 0.162 0.082

Na number of alleles, Gt number of genotypes, Ne effective number of alleles, He expected heterozygosity, Ho observed

heterozygosity, PIC polymorphism information content, Gst genetic differentiation index, Nm gene flow, Fis fixation index, ts single

locus outcrossing rate

123

Genet Resour Crop Evol (2019) 66:47–59 51



(d.f. = 10; P\ 0.0001), while 33.47% of genetic

variation existed within populations (d.f. = 280;

P\ 0.0001) (Table 4). The result was in accordance

with the Gst value, indicating a greater among-

population genetic variation than within-population

genetic variation in this G. tomentella species.

F-statistics for population differentiation showed

significant differences between populations (Table 5),

suggesting that all of the populations had their own

genetic structures, even those at shorter distances

(197 m between pops. 8 and 9; 408 m, pops. 10 and

11; 436 m, pops. 6 and 7; and 602 m, pops. 5 and 6;

Table 5).

Population structure and spatial distribution

The structure analysis showed that there were two

sharp peaks at k = 2 and k = 5 (Fig. 2). When k = 2

(Fig. 3a, b), group-1 included pops. 1, 2, 8, 10, 11 and

a majority of pops. 3 and 4, and a minority of pop. 9

and group-2 included pops. 5, 6, 7 and a minority of

pops. 3 and 4, and a majority of pop. 9. The results by

STRUCTURE analysis could be understood as having

two geographical groups, i.e. northeastern group

(pops. 8, 10 and 11) and southwestern group (pops.

5, 6 and 7) (Fig. 1). The southwestern pops. 1 and 2

were only genetically consanguineous to the north-

eastern group; pops. 3 and 4 on Dongshan Island and

pop. 9 on Meizhou Island were consanguineously

Table 3 Genetic parameter estimates for 11 G. tomentella populations on the southeast islands of China

Population or genetic structure group Sample size Genetic diversity index

P (%) Hap A He Ho Fis tm (%) PIC

Population

Pop-1 30 44.0 4 1.480 0.185 0.000 1.000 0.00 0.150

Pop-2 14 24.0 7 1.240 0.038 0.009 0.772 12.84 0.034

Pop-3 30 92.0 30 4.280 0.545 0.156 0.714 16.70 0.497

Pop-4 21 100.0 19 3.400 0.439 0.093 0.787 11.91 0.395

Pop-5 26 60.0 9 1.800 0.223 0.006 0.972 1.40 0.183

Pop-6 28 52.0 7 1.640 0.155 0.006 0.963 1.88 0.130

Pop-7 30 24.0 3 1.240 0.020 0.000 1.000 0.00 0.019

Pop-8 30 48.0 8 1.720 0.148 0.008 0.946 2.77 0.128

Pop-9 30 88.0 29 3.480 0.408 0.080 0.804 10.87 0.369

Pop-10 30 68.0 21 2.040 0.202 0.015 0.927 3.77 0.170

Pop-11 22 44.0 15 1.640 0.187 0.004 0.981 0.98 0.155

Mean 26 58.6 14 2.178 0.232 0.034 0.897 5.74 0.203

P percentage of polymorphic loci, Hap number of haplotype within population, A mean number of alleles per locus, He expected

heterozygosity (gene diversity), Ho observed heterozygosity, Fis genetic differentiation index, tm multilocus outcrossing rate (%)

Table 4 Analysis of molecular variance (AMOVA) among G. tomentella natural populations

Source df SS MS Est. var % P value

Among-population 10 2593.48 259.35 4.81 60.96 P\ 0.0001

With-population 280 1602.49 5.72 2.64 33.47 P\ 0.0001

Within-individual 291 128.10 0.44 0.44 5.57 P\ 0.0001

Total 581 4323.97 7.89 100.00

df degree of freedom

SS sun of squares

MS mean square

Est. Var. estimator of variance
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mixed populations, being assigned to the northeastern

and southwestern groups, respectively, for their indi-

vidual plants.

When k = 5 (Fig. 3c, d), all 291G. tomentella plant

samples were assigned to five genetic structural groups

just as island populations (Fig. 1), group-1 (pops. 10

and 11, Pingtain Island), group-2 (pops. 1 and 2,

Nanao Island), group-3 (pops. 5, 6 and 7, Jingan

Island), group-4 (pops. 3 and 4, Dongshan Island) and

group-5 (pops. 8 and 9, Meizhou Island), which

genetically demonstrated ‘island differentiation’.

However, most populations exhibited geographical

genetic exchange; pops. 5 and 9 were genetically more

complicated (Fig. 3d), and included genetic composi-

tion from the southwest and northeast.

The NJ clusters based on Nei et al.’s (1983) genetic

distance revealed that the 11 populations were first

clustered as the sampling islands geographically

(Fig. 4), suggesting that there was a genetically

stronger island differentiation effect. A closer genetic

kinship could be observed between geographically far

northeastern and southwestern regions (Nanao, Meiz-

hou and Pingtan Islands) (Fig. 4b), suggesting that

there was a genetic connection between the northeast-

ern and southwestern G. tomentella.

A Mantel test was performed to determine whether

genetic distances were related to the geographic

distances among G. tomentella populations. A signif-

icant correlation (r = 0.295*, P\ 0.001) existed

between the two, and the regression analysis (y) also

showed that the correlation decreased as the geo-

graphical distances increased between populations

(Fig. 5). The spatial autocorrelation analysis showed a

positive correlation within 40.59 km, and a significant

positive correlation within 30.45 km (Fig. 6).

Discussion

Distribution of perennial G. tomentella species

in China

Four subgenus Glycine species have been reported to

exist in Taiwan, i.e. G. tabacina (Labill.) Benth.

Table 5 F-statistics (lower) and geographical distances (meter, upper) between G. tomentella natural populations on the southeast

islands of China

Pop Pop-1 Pop-2 Pop-3 Pop-4 Pop-5 Pop-6 Pop-7 Pop-8 Pop-9 Pop-10 Pop-11

Pop-1 1016 43,405 43,423 69,719 69,710 69,360 273,586 273,623 364,542 364,170

Pop-2 0.308* 42,521 42,597 69,000 68,982 68,632 272,792 272,831 363,748 363,375

Pop-3 0.438* 0.493* 4938 30,665 30,423 29,996 231,004 231,048 321,915 321,539

Pop-4 0.596* 0.641* 0.209* 27,977 27,813 27,408 230,280 230,321 321,233 320,860

Pop-5 0.672* 0.756* 0.417* 0.533* 602 929 204,414 204,443 295,355 294,988

Pop-6 0.738* 0.831* 0.445* 0.592* 0.665* 436 204,333 204,364 295,280 294,912

Pop-7 0.837* 0.961* 0.559* 0.717* 0.751* 0.777* 204,652 204,684 295,603 295,234

Pop-8 0.777* 0.854* 0.533* 0.631* 0.733* 0.804* 0.882* 197 90,985 90,615

Pop-9 0.523* 0.598* 0.248* 0.402* 0.470* 0.540* 0.638* 0.490* 90,950 90,580

Pop-10 0.659* 0.764* 0.419* 0.539* 0.604* 0.703* 0.798* 0.721* 0.463* 408

Pop-11 0.672* 0.779* 0.386* 0.546* 0.614* 0.705* 0.846* 0.730* 0.456* 0.415*

* Significance at 0.05 level

The geographical distances was estimated by Google earth
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Fig. 2 Magnitude of Dk for each K value, for G. tomentetta

population on islands off the southeastern coast of China
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(2n = 80, BB1, BB2 B1B2), 80-chromosome typed G.

tomentella Hayata (2n = 80, DA6; DH2), G. pesca-

drensis Hayata (2n = 80, AB1), and G. dolichocarpa

Tateishi et Ohashi (2n = 80, D1A) (Pfeil et al. 2006;

Tateishi and Ohashi 1992; Chung and Singh 2008).

Thus far, only one 80-chromosome typed G. tomen-

tella has been reported to grow on the southeast islands

of China (Bau et al. 1993; Gao et al. 2002), while the

38-chromosome, 40-chromosome and 78-chromo-

some G. tomentella have not been found. Our partial

cytological analyses showed that the G. tomentella

plants from the southeast islands of China were also

80-chromosomes, but that their genome types remain

unknown. Geographically, the southeast islands of

China were close to Taiwan. Since genome-DA6, and

DH2 typed G. tomentella (2n = 80) exists in Taiwan,

the G. tomentella that appears on the southeast islands

of China could also belong to the DA6, or/and DH2

genomes (Chung and Singh 2008), this remains to be

confirmed in our future research. However, based on

morphological comparison, particularly pods, the G.

tomentella on the islands of southeastern China greatly

differs from the G. dolichocarpa in Taiwan, (Pfeil

et al. 2006; Tateishi and Ohashi 1992; Chung and

Singh 2008).

Our field survey in 2013–2017 found that the

distribution range of G. tomentella in China was

contoured by about 114�4400700–119�5205700E, for the

pop.2pop.1 pop.3 pop.4 pop.5 pop.6 pop.7 pop.8 pop.9 pop.10 pop.11

a

b

Group-1 Group-2

Pops.1, 2, 8, 10, and 11 + 23 plants of pop.3 
+ 18 plants of pop.4, and 9 plants of pop.9

Pops.5, 6, 7 + 7 plants of pop.3, 3 
plants of pop.4, and 21 plants 
of pop.9

pop.2pop.1 pop.3 pop.4 pop.5 pop.6 pop.7 pop.8 pop.9 pop.10 pop.11

c

d

Group-1           Group-2                    Group-3                            Group-4               Group-5

Pingtan Island
(pops. 10, 11)

Nanao Island
(pops.1, 2)

Jingan Island
(pops.5, 6, 7)

Dongshan Island
(pops.3, 4)

Meizhou Island
(pops.8, 9)

Fig. 3 Genetic structure analysis under a model without prior

population information for the 11 natural G. tomentella

populations on the islands off the southeastern coast of China.

When k = 2, there were two genetic structural groups (a, b);

when k = 5, all plants were assigned to five genetic structural

groups just as island populations, group-1 (pops. 10, 11), group-

2 (pops. 1, 2), group-3 (pops. 5, 6, 7), group-4 (pops. 3, 4) and

group-5 (pops. 8, 9) (c, d)

cFig. 4 Neighbor-Joining clustering of the 11 G. tomentella

populations based on allele frequencies and Nei et al.’s (1983)

distance with 1000 bootstrap replicates (0.95 confidence

interval). The island populations of Chinese G. tomentella had

a genetically stronger island differentiation pattern (a). Genetic
kinship appeared to exist between the northeastern and

southwestern regions (Nanao,Meizhou, and Pingtan Islands) (b)
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west–east limit, on the eastern Guangdong coast

(Dayawa Bay) to the southeastern Fujian coast (Ping-

tan Island) and the westernmost site was located in

Dayawan (22�3501800N, 114�4400700E). Here, we only

sampled the natural populations on the islands

(Fig. 1), but Pingtain and Meizhou Islands also had

distributions of Glycine tabacina species. Another

Chinese perennial species, G. tabacina has a small

geographical range, being confined to the southeast

coast of Fujian Province, whereas G. tomentella has a

more extensive geographical range, owing to its

stronger environmental adaptability. Chinese G.

tomentella has strong drought and salt tolerance

levels, and prefers sunny locations. It grows in a wide

variety of environments, such as roadsides, sand

dunes, grass, thickets, hillsides, rocky hills and

graveyards on the islands, but it rarely grows in shady

places, tall grasses, or little shrubs. Commonly, G.

tomentella has stoloniferous stems, with plant heights

of about 10–200 cm, procumbent or creeping along

the ground. In the field, G. tomentella grows com-

monly prostrate along the ground, and rarely twists or

climbs on accompanying plants.

Does the creeping growth habit reduce genetic

diversity in Chinese G. tomentella compared

with the sympatric G. tabacina (Labill.) Benth.?

In general, the natural G. tomentella populations had a

relatively lower mean genetic diversity (P = 58.6%,

He= 0.232 and PIC = 0.203) than the G. tabacina

populations (P = 78.57%, He= 0.272 and PIC =

0.237) in this sympatric region (all the analytic

results about G. tabacina will appear elsewhere). The

causes of this lower genetic diversity level in G.

tomentella than in G. tabacina is unknown. However,

G. tomentella and G. tabacina grow in the same

ecological environments in the same region, but the

two species exhibited differences in genetic diversity

levels. The creeping growth habit of G. tomentella

beneath the companion species, which was inferior for

its Nm, may influence seed dispersal and lead to the

lower genetic diversity in comparison with that of the

sympatric G. tabacina.

Fig. 5 Relationships between the genetic and geographical

distances of populations. Genetic and geographical distances

showed significant correlations

5 45 100 240 300 370

-0.25

-0.05

0.15

0.35

0.55

0.75

r

Distance (km)

r
U
L

30.45

40.59

Fig. 6 Spatial autocorrelogram for G. tomentella’s geograph-

ical distribution on the southeast islands of China. A positive

correlation occurred within a radius of 40.59 km, and a

significantly positive correlation occurred within a radius of

30.45 km. The r indicates correlation coefficient; U and L

indicate upper and lower 95% confidence intervals of the null

hypothesis, respectively

123

56 Genet Resour Crop Evol (2019) 66:47–59



The implications of a relatively high outcrossing

rate and lower Nm in Chinese G. tomentella

Commonly, self-pollinating plants have a lower

outcrossing rate, such as annual wild soybean (G.

soja), which has an outcrossing rate of less than 4%

(Kiang et al. 1992; Fujita et al. 1997; Kuroda et al.

2006; Wang and Li 2012). Compared with the

sympatric perennial G. tabacina in the same island

zone, G. tabacina had a greater tm of 6.75% and an Nm

of 0.315. In this study, G. tomentella also had a

relatively high average tm of 5.74% (Table 3). Of 11

populations, pops. 2, 3, 4, and 9 had exceptionally high

tm values of 10.87–16.70%, and pop. 1 had no

occurrence of outcrossing (Table 3). This study did

not consider the age structure of individual plants in

the populations because determining age is difficult

for plants when sampling in the field. Additionally, an

isogenous family, or lineage samples of assorted ages,

would decrease the detected outcrossing rate. We

hypothesize that the relatively high outcrossing rate

did not always reflect the actual outcrossing occurring

among G. tomentella populations, and it may have

resulted from heterogeneity owing to the perennation

that maintains historical mutations and genetic recom-

bination in G. tomentella.

Nm is composed of the components of seed

dispersal or individual migration and introgression

by hybridization. The relatively lower Nm (mean 0.162

Nm, Table 3) implied that individual dispersal seemed

be restricted among populations, particularly islands,

as shown by the F-statistics in which all populations

had significant genetic differentiation (Table 5). Addi-

tionally, the NJ-clustering showed a pattern of

stronger island differentiation (Fig. 4).

We hypothesize that the stoloniferous habit of G.

tomentella along the ground limits the exchanges

between populations or islands through the activities

of birds, animals and natural factors. This influences

the Nm, resulting in a lower Nm (Table 2).

Population genetic variation and differentiation

in Chinese G. tomentella

A typical feature of autogamous plants is that they

have greater inter-population than intra-population

genetic variation (Reif et al. 2003; Guo et al. 2012; He

et al. 2012; Wang et al. 2014, 2017), in contrast to

typical allogamous plants (Persson and Bothmer 2002;

Hang et al. 2004; Costa et al. 2013; Maggioni et al.

2014; Hao et al. 2015). This study revealed that island

populations of Chinese G. tomentella had the typical

feature of autogamous plants in terms of genetic

variation, with a high inter-populations genetic vari-

ation of 60.96% (Table 4; and 60.7% variation in Gst,

Table 2). This differed from G. tabacina, which

exhibited the opposite trend, like an allogamous plant,

in terms of population genetic variation.

Table 6 Assignment of possible foreign plants within the G. tomentella natural populations on the southeast islands of China

Population Number of foreign plants* From possible foreign

population sources

Geographical distance from

foreign population (km)

Af (%)

Pop-1 15 Pop-2 1.02 50.00

Pop-2 0 – –

Pop-3 0 – –

Pop-4 1 Pop-3 4.94 4.76

Pop-5 0 – –

Pop-6 0 – –

Pop-7 0 – –

Pop-8 0 – –

Pop-9 0 – –

Pop-10 0 – –

Pop-11 0 – –

*Number was inferred using Geneclass 2 (Piry et al. 2004)

Af proportion (%) of foreign individuals in populations

123

Genet Resour Crop Evol (2019) 66:47–59 57



The NJ cluster and STRUCTURE assignation

showed that island populations of Chinese G.

tomentella had a genetically stronger island differen-

tiation pattern based on the clustering of populations

and individual samples (Figs. 3c, 4b). The closer

genetic kinship between northeastern and southwest-

ern regions (Nanao, Meizhou, and Pingtan Islands) in

G. tomentella suggested that some genetic intercon-

nection occurred along the southeast coast of China in

ancient times. The spatial autocorrelation analysis

showed a significant positive correlation within a

radius of about 30.45 km (Fig. 5). The assignment test

inferred possible individual dispersal (Table 6). The

STRUCTURE analysis showed some geographical

consanguinity (Fig. 3a). G. tomentella populations

might have spread among the islands along the coast

while the southeast islands of China and the Taiwan

Strait were joined as a continuous land form during the

last glacial period (approximately

70,000–11,500 years ago) (Lin 1980), and the island

differentiation pattern was formed as the islands

separated at the end of the glacial period, approxi-

mately 15,000 years ago (Yao et al. 2009). It is

possible that some dispersal would be disseminated by

birds and sea seawater or by human activities.

The F-statistics suggested that geographically dif-

ferent G. tomentella populations had unique struc-

tures, even distance–near neighboring populations in

the same islands, such as pops. 1 and 2, and pops. 3 and

4 (Table 5). Based on the idiosyncrasies of the

genetically-based geographical differentiation among

populations of G. tomentella, we propose that when

collecting genetic resources of this species, every G.

tomentella population should be sampled.
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