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ABSTRACT. In order to evaluate the genetic diversity and genetic 
structure of wild Dipsacus asperoides, we surveyed genetic 
polymorphisms in 288 individuals from 12 populations using ISSR. A 
total of 240 bands were amplified, among which 190 were polymorphic 
loci. At the species level, genetic diversity was found to be abundant: 
PPB = 79.17%, NE = 1.2152, H = 0.1361, and Hsp = 0.2213. At the 
population level, genetic diversity was lower: PPB = 30.76 %, NE = 
1.0786, H = 0.0897, and Hpop = 0.1375. The calculated Nei genetic 
differentiation coefficient was 0.3406, which is consistent with the 
calculated Shannon population genetic differentiation coefficient of 
0.3787. This is commonly taken to indicate that most of the genetic 
variation existed within the populations. Gene flow was calculated as 
Nm = 0.9679, suggesting that gene exchange only occurred at a low 
level. Based on the Nei genetic distance, the 12 populations were 
divided into 4 categories. Our results suggest that D. asperoides has 
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abundant genetic diversity and provides a foundation for the protection 
and improvement of germplasm resources.
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Genetic diversity; Genetic structure

INTRODUCTION

Dipsacus asperoides is a perennial herb of the Dipsacaceae family that is used in tradi-
tional medicine for its dried roots (Editorial Committee of Flora of China & Chinese Academy 
of Sciences, 1986). In China, this plant is widely distributed throughout the provinces south 
of the Yangtze River, in the Gansu Province and in the southern Shanxi Province (Chen and 
Ai, 1997). It grows in shrubs, herbosa, and along roadsides. Because the domestic and foreign 
demand for the herb increases annually, the price of D. asperoides herbs has been rising. Be-
cause there is currently no large-scale artificial cultivation method for D. asperoides, most of 
the medicinal herbs come from wild resources. Therefore, D. asperoides had been harvested 
excessively, regardless of plant size or growth stage. This unscientific harvesting has weak-
ened the natural reproductive capacity of the wild population. Furthermore, in the areas with 
greater human activity, the original habitat of D. asperoides has become over-grazed or been 
converted to farmland. As D. asperoides has suffered from substantial habitat deterioration, 
the number and size of wild populations of D. asperoides have decreased, resulting in the 
rapid shrinkage of the genetic diversity of the species. In recent years, with the sharp decline 
of D. asperoides wild resources, it has been gradually realized that the protection and rational 
utilization of resources has considerable importance. In order to protect and rationally utilize 
these resources, it is necessary to study the genetic diversity and genetic structure of popula-
tions of this plant.

ISSR (inter-simple sequence repeat), combined with the advantages of SSR and 
RAPD technology (Zietkiewicz et al., 1994), has been used successfully in the study of plants 
for traditional Chinese medicine (Shen et al., 2006; Zhang et al., 2010; Song et al., 2010; 
Wei and Wu, 2012). Most previous studies of D. asperoides have focused on germplasm re-
sources (Chen and Ai, 1997), traditional morphological classifications (Li et al., 1993; Feng et 
al., 2000), chemicals (Liu et al., 2011), and pharmacological applications (Jung et al., 2012). 
Basic studies of the genetic structure of different populations using molecular markers have 
not yet been reported. This study is the first to use ISSR to survey the genetic structure and 
intraspecific genetic polymorphisms of 12 populations of this plant. Our results provide useful 
information for the selection of genetic breeding materials and a scientific basis for the devel-
opment of protection strategies.

MATERIAL AND METHODS

Plant materials

In this study, 288 individuals from 12 wild D. asperoides populations were collected 
from the main distribution regions in China (sampling locations and the number of samples are 
shown in Figure 1 and Table 1). Sampling was performed in November 2010. Species identifi-
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cation was performed based on The Flora of China (Editorial Committee of Flora of China & 
Chinese Academy of Sciences, 1986). According to the principle of uniform distribution and 
random sampling, 24 individuals from each population were sampled in an attempt to cover all 
of its distribution range and to collect individuals of different genotypes. Fresh young leaves 
from each sample plant were collected, washed, and air-dried at room temperature. They were 
next placed in a zip-lock bag containing silica gel to facilitate quick drying. For each popula-
tion, the altitude, longitude, latitude, and other environmental factors were recorded using a 
GPS-positioning system (Table 1).

Figure 1. Map of the sampling localities in this study. The abbreviations and coordinates are listed in Table 1.

Population Locality Simple size Altitude (m) Longitude E Latitude N

CQWL Wulong, Chongqing 24 1320 107°24'64ꞌꞌ 29°24ꞌ65ꞌꞌ
CQXS Xioushan, Chongqing 24 1070 108°59ꞌ66ꞌꞌ 28°28ꞌ54ꞌꞌ
SCKD Kangding, Sichuan 24 2700 101°57ꞌ33ꞌꞌ 30°01ꞌ62ꞌꞌ
SCHL Huili, Sichuan 24 2095 102°16ꞌ16ꞌꞌ 26°48ꞌ11ꞌꞌ
YNZD Zhongdian, Yunnan 24 3270   99°40ꞌ18ꞌꞌ 27°52ꞌ63ꞌꞌ
YNHP Huaping, Yunnan 24 1960 101°09ꞌ39ꞌꞌ 26°27ꞌ43ꞌꞌ
GZYH Yanhe, Guizhou 24   950 108°25ꞌ00ꞌꞌ 28°25ꞌ43ꞌꞌ
GZXF Xifeng, Guizhou 24   960 106°45ꞌ47ꞌꞌ 27°11ꞌ01ꞌꞌ
HNLS Longshan, Hunan 24   960 109°40ꞌ40ꞌꞌ 29°26ꞌ52ꞌꞌ
HNSZ Sangzhi, Hunan 24   780 109°54ꞌ09ꞌꞌ 29°27ꞌ11ꞌꞌ
HBWF Wufeng, Hubei 24 1370 110°34ꞌ24ꞌꞌ 29°49ꞌ40ꞌꞌ
HBHF Hefeng, Hubei 24 1260 110°25ꞌ31ꞌꞌ 29°59ꞌ13ꞌꞌ

Table 1. Materials used in the study.
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Extraction of genomic DNA

Genomic DNA was extracted using a Tian Gen genomic DNA extraction kit. DNA 
quality and quantity were measured using a Smart SpeeTM3000 Spectrophotometer (BIO-
RAD; Hercules, CA, USA) and 1% agarose gel electrophoresis, respectively.

ISSR-PCR amplification and detection

Using sequences published by the University of British Columbia (UBC, Vancouver, 
Canada), ISSR primers were synthesized by the Shanghai Sangon Biological Engineering 
Co., Ltd. We screened 40 ISSR primers in two randomly selected DNA templates from each 
population. Ultimately, we found 20 primers that yielded amplification products that were 
clear and reproducible, and showed relatively high polymorphisms that we used for formal 
amplification. Denaturation temperatures varied from 1° to 3°C. The names and sequences of 
the specific primers are shown in Table 2.

The ISSR reaction cocktail was designed as described in the literature (Chen et al., 
2006). Briefly, a total volume of 25 µL contained 1X PCR buffer, Mg2+ (1.5 mM), dNTPs (200 
µM), primers (0.4 µM), genomic DNA (40 ng), and Taq DNA polymerase (1 U). The amplifi-
cation program was set for 94°C for 5 min, and then 35 cycles of 94°C (denaturation) for 30 s, 
53°-57°C (annealing) for 1 min, and 72°C (extension) for 1.5 min, and finishing with 1 cycle 
at 72°C for 7 min, followed by storage at 4°C. All reactions were carried out in a S1000TM 
Thermal Cycler (BIO-RAD).

Using 1X TAE buffer, the amplified products were stained and separated by 1.5% 
agarose gel electrophoresis (150 V). When the bromophenol blue indicator was 2-3 cm from 
the edge of the agarose gel, electrophoresis was stopped. The gel products were visualized and 
recorded using an automated imaging system (Gel Doc XR; BIO-RAD).

Statistical analysis

Because ISSR is a dominant marker, amplified bands of the same primer showing the 
same electrophoretic mobility indicate homology. According to presence or absence of bands, 
the electrophoresis results were translated into a binary data matrix (i.e., for the same allele, 
the presence of a band was recorded as “1” and its absence was recorded as “0”). Bands that 
were ambiguous or difficult to measure were not included in statistical analysis. Among poly-
morphic loci, only stable differential bands were used for data analysis in the repeated trials.

We assumed that the populations used in this study were in Hardy-Weinberg 
equilibrium. The results of the amplification were analyzed for genetic parameters using the 
POPGENE 1.31 software. These parameters included: total gene diversity (HT), gene diversity 
within populations (HS), genetic differentiation coefficient (GST), gene flow (Nm), the Nei 
genetic distance (DST), genetic identity (I), the percentage of polymorphic bands (PPB), the Nei 
gene diversity (H), the observed number of alleles (NA), the effective number of alleles (NE), 
and the Shannon information index (HO). We calculated HO at two levels, the total diversity 
(Hsp, species level) and the average diversity within a population (Hpop, population level). We 
estimated the genetic variation among populations using the Shannon population differentiation 
factor ((Hsp - Hpop) / Hsp), which is similar to the GST parameter. A dendrogram was generated 
using UPGMA clustering in order to analyze the genetic relationships among groups.
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RESULTS

Amplification results generating using ISSR primers

We used 20 ISSR primers that yielded clearly amplified bands and polymorphic bands, 
and detected amplification in all 288 samples (Table 2). The number of amplified bands varied 
with the different primers. Each primer yielded 7-18 bands and 4-16 polymorphic bands with 
an average of 12.0 bands in total and 9.5 polymorphic bands per primer. A total of 240 bands 
were amplified, 190 of which were polymorphic (Table 2). The rate of polymorphism differed 
markedly among primers, ranging from 55.6 to 100.0%, and the level of polymorphism for most 
primers was moderately high. This showed that the efficiency of ISSR markers was high with re-
spect to the detection of polymorphisms in the analysis of the genetic diversity of D. asperoides.

Primer Sequence Total bands Polymorphic bands Percentage of polymorphic bands

UBC808 (AG)8C   16   11   68.75
UBC809 (AG)8G   11     9   81.82
UBC810 (GA)8T   16   15   93.75
UBC811 (GA)8C   17   13   76.47
UBC812 (GA)8A     8     6   75.00
UBC815 (CT)8G   18   16   88.89
UBC818 (CA)8G    15   15 100.00
UBC822 (TC)8A   14   11   78.57
UBC824 (TC)8G   11   11 100.00
UBC825 (AC)8T   11   10   90.91
UBC828 (TG)8A   10     8   80.00
UBC836  (AG)8YA     9     6   66.67
UBC841  (GA)8YC   10     7   70.00
UBC844  (CT)8RC   16   13   81.25
UBC848  (CA)8RG      7     4   57.14
UBC855  (AC)8YT   12     8   66.67
UBC857  (AC)8YG   13     9   69.23
UBC868  (GAA)6     9     8   88.89
UBC881 (GGGTG)3     9     5   55.56
UBC891 HVH(TG)7     8     5   62.50
Total  240 190   79.17

Table 2. Primer sequences used in ISSR analysis of Dipsacus asperoides and it’s amplification results.

R = (A, G); Y = (C, T); H = (A, C, T) (i.e., not G); V = (A, C, G) (i.e., not T).

Genetic diversity in 12 populations of D. asperoides

Using the POPGENE software, we determined the associated genetic parameters at 
the species and population levels (Table 3). At the species level, PPB = 79.17%, NE = 1.2152, 
H = 0.1361, and Hsp = 0.2213, which showed that D. asperoides has abundant genetic diver-
sity. At the population level, the average and range of genetic parameters in various popula-
tions were found to be PPB = 30.8% (25.0-33.3%), NE = 1.0786 (1.1242-1.1693), H = 0.0897 
(0.0735-0.1012), and Hpop = 0.1375 (0.1116-0.1543), showing that the level of genetic diver-
sity among the 12 populations was low and that the differences were not significant.

Population genetic structure in D. asperoides

The parameters used to measure the genetic structure of the population include HT, HS, 
DST = HT-HS, GST, and Nm.
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The Nei gene diversity was estimated as HT = 0.1361, HS = 0.0897, and DST = 0.0464. 
The Nei gene differentiation coefficient, GST = 0.3406, showed that the total genetic variation 
came less from variation among populations (34.1%) and more from variation within popula-
tions (65.9%). This shows that genetic differentiation within populations is much more pro-
nounced than differentiation among populations and that variation within populations is the 
main source of variation in D. asperoides.

Population N K PPB NA (SD) NE (SD) H (SD) HO (SD)

CQWL   24   70 29.17% 1.2917 (0.4555) 1.1583 (0.3057) 0.0930 (0.1677) 0.1406 (0.2435)
CQXS   24   79 32.92% 1.3292 (0.4709) 1.1693 (0.3050) 0.1012 (0.1694) 0.1543 (0.2470)
SCKD   24   60 25.00% 1.2500 (0.4339) 1.1273 (0.2894) 0.0735 (0.1554) 0.1116 (0.2236)
SCHL   24   75 31.25% 1.3125 (0.4645) 1.1599 (0.2983) 0.0958 (0.1659) 0.1462 (0.2422)
YNZD   24   80 33.33% 1.3333 (0.4724) 1.1681 (0.3061) 0.1000 (0.1696) 0.1525 (0.2464)
YNHP   24   74 30.83% 1.3083 (0.4628) 1.1430 (0.2862) 0.0864 (0.1575) 0.1336 (0.2303)
GZYH   24   80 33.33% 1.3333 (0.4724) 1.1640 (0.3055) 0.0973 (0.1682) 0.1487 (0.2439)
GZXF   24   78 32.50% 1.3250 (0.4694) 1.1504 (0.2840) 0.0919 (0.1599) 0.1421 (0.2348)
HNLS   24   79 32.92% 1.3292 (0.4709) 1.1433 (0.2750) 0.0886 (0.1551) 0.1386 (0.2284)
HNSZ   24   77 32.08% 1.3208 (0.4678) 1.1242 (0.2587) 0.0773  (0.1464) 0.1222 (0.2157)
HBWF   24   69 28.75% 1.2875 (0.4535) 1.1461 (0.2992) 0.0854 (0.1632) 0.1296 (0.2359)
HBHF   24   65 27.08% 1.2708 (0.4453) 1.1447 (0.2898) 0.0860 (0.1619) 0.1302 (0.2363)
Average    74 30.76% 1.3076 (0.4613) 1.0786 (0.2919) 0.0897 (0.1610) 0.1375 (0.2357)
Species level 288 190 79.17% 1.7917 (0.4070) 1.2152 (0.3060) 0.1361 (0.1660) 0.2213 (0.2356)

Table 3. Genetic variation among Dipsacus asperoides populations.

N = sample sizes; K = polymorphic loci; PPB = percentage of polymorphic bands; NA = observed number of alleles; 
NE = effective number of alleles; H = Nei’s gene diversity; HO = Shannon’s information index (Hpop = population 
level, Hsp = species level).

Shannon’s diversity index was used to measure diversity at the species level Hsp = 
0.2213 and population level Hpop = 0.1375 (Table 3). Based on these data, we calculated the 
Shannon population differentiation coefficient (Hsp - Hpop) / Hsp to be 0.3787, showing that 
37.9% of the genetic variation was distributed among populations and 62.1% was found 
within populations.

The results of analysis of these two types of methods were nearly identical. Only small 
differences were observed, showing that the genetic differentiation was not obvious among the 
populations and that most of the genetic variation existed within the populations.

Gene flow can be considered as the number of individuals who migrated from one 
population to another per generation, indicating the extent of genetic exchange among popu-
lations. It can be calculated based on the following formula: Nm = 0.5 (1 - GST) / GST. Wright 
(1951) reported that Nm > 1 indicates gene flow between populations. Gene flow among popu-
lations in D. asperoides was 0.9679, which is less than 1, indicating a low level of genetic 
exchange and a high degree of genetic differentiation.

Genetic identity and genetic distance among D. asperoides populations

In order to assess the genetic relationship among D. asperoides populations, we calcu-
lated the genetic identity and genetic distance using POPGENE (Table 4). Our results showed 
that the Nei genetic identity ranged from 0.8981 to 0.9858, and the genetic distance ranged 
from 0.0143 to 0.1075. Genetic identity was the lowest between POP3 and POP9 (I = 0.8981), 
but the genetic distance between these two populations was the longest (DST = 0.1075), showing 
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the most distant phylogenetic relationship between these two populations. Genetic identity was 
the greatest between POP11 and POP12 (I = 0.9858), and their genetic distance was the shortest 
(D = 0.0143), indicating the closest phylogenetic relationship between these two populations.

 POP1 POP2 POP3 POP4 POP5 POP6 POP7 POP8 POP9 POP10 POP11 POP12

POP1 **** 0.9806 0.9068 0.9522 0.9099 0.9306 0.9549 0.9524 0.9548 0.9478 0.9495 0.9461
POP2 0.0196 **** 0.9169 0.9605 0.9183 0.9369 0.9624 0.9549 0.9493 0.9431 0.9486 0.9436
POP3 0.0978 0.0868 **** 0.9450 0.9171 0.9144   0.9185 0.9121 0.8981 0.9012 0.9113 0.9082
POP4 0.0490 0.0403 0.0565 **** 0.9347 0.9603 0.9571 0.9570 0.9454 0.9460 0.9553 0.9512
POP5 0.0944 0.0852 0.0866 0.0675 **** 0.9429   0.9318 0.9243 0.9159 0.9160 0.9219 0.9199
POP6 0.0719 0.0652 0.0895 0.0405 0.0588 **** 0.9484 0.9515 0.9370 0.9368 0.9413 0.9347
POP7 0.0462 0.0384 0.0850 0.0438 0.0706 0.0530 **** 0.9718 0.9619 0.9595 0.9634 0.9636
POP8 0.0488 0.0461 0.0920 0.0440 0.0787 0.0497 0.0287 **** 0.9617 0.9613 0.9637 0.9682
POP9 0.0462 0.0521 0.1075 0.0562 0.0878 0.0651 0.0388 0.0391 **** 0.9833 0.9824 0.9762
POP10 0.0537 0.0586 0.1040 0.0555 0.0877 0.0653 0.0413 0.0394 0.0168 **** 0.9819 0.9774
POP11 0.0519 0.0527 0.0928 0.0458 0.0813 0.0605 0.0373 0.0369 0.0177 0.0182 **** 0.9858
POP12 0.0554 0.0581 0.0963 0.0500 0.0835 0.0675 0.0370 0.0323 0.0241 0.0229 0.0143 ****

Table 4. Genetic identity (above diagonal) and genetic distance (below diagonal) among Dipsacus asperoides populations.

Figure 2. Dendrogram of twelve Dipsacus asperoides populations.

Cluster analysis of D. asperoides populations

Based on the Nei genetic distance, a dendrogram showing the phylogenetic 
relationships was constructed using UPGMA methods (Figure 2). Cluster analysis showed that 
the 12 populations clustered into 4 categories. The first category consisted of 8 populations 
from Chongqing, Guizhou, Hunan, and Hubei Provinces, the second category included the 
SCHL population from Sichuan and the YNHP population from Yunnan, the third category 
included only the YNZD population, and the fourth category included only the SCKD 
population. As can be seen from the clustering results, the geographic distribution of the 
12 populations and the germplasm whose geographical distance was shorter tended to be in 
the same category. SPSS analysis indicated a moderate, significant correlation between the 
genetic and geographic distances among populations (r = 0.625, P < 0.01). This showed that 
the distribution of genetic variation among populations followed obvious geographic trends.
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DISCUSSION

Relationships between wild D. asperoides populations

Most studies suggest a correlation between the geographical distribution of germ-
plasm and molecular markers (Zhang et al., 2012; Zhou et al., 2012). The results presented 
here confirmed the existence of a correlation between the genetic relationship of D. asperoides 
germplasm resources and geographic distribution. This was especially obvious in certain small 
branches of the population. This may be because the germplasm of plants that were separated 
by less geographic distance grew in similar ecological environments. The 8 populations in the 
first category were found at similar altitudes. In the second category, the SCHL population and 
the YNHP population are located in different administrative regions, but the actual distance 
between them was small. These two populations have similar ecological environments and 
grow at nearly the same altitude.

D. asperoides is capable of living in a variety of environments. Its wide distribution 
can create different environments, even within the same geographic area. Sichuan Province 
alone has both high mountain canyons and hummocky plateaus. This is why the 2 populations 
from Sichuan Province clustered in different categories and why the 2 populations from Yun-
nan Province were also in different categories.

The YNZD and SCKD populations separately clustered into one category, possibly 
because of their unique geographic and ecological environment. The YNZD population is 
found in an alpine meadow at 3270 m altitude and is associated with the D. chinensis, whereas 
SCKD population grows in alpine regions and is associated with the D. kangdingensis.

Genetic diversity

In this paper, our results were obtained using a variety of statistical methods that 
indicated more abundant genetic diversity in 12 D. asperoides wild populations (PPB = 
79.17%, NE = 1.2152, H = 0.1361, and Hsp = 0.2213) and a high level of genetic variation. 
The reason for this may be related to genetic distribution and breeding capacity. In general, 
a widely distributed species can maintain more genetic variation than a narrowly distributed 
species (Hamrick and Godt, 1989). D. asperoides is a widely distributed species of the 
Dipsacaceae family. Within its broad geographic area, the complexity and diversity of the 
terrain and weather conditions are conducive to the maintenance of a high level of genetic 
variation at the species level. In addition, the reproductive capacity of a species is related to 
genetic diversity. Generally, a species with a strong reproductive ability has a high level of 
genetic diversity (Huh, 1999). D. asperoides is a perennial plant capable of flowering and 
producing seeds the following year. Biennial mature plants can produce more than 2000 seeds. 
As determined by laboratory studies, the current germination rate of wild D. asperoides seeds 
harvested can exceed 85%. This shows a strong reproductive capacity sufficient to maintain 
high levels of genetic diversity in D. asperoides.

Barriers to gene flow

Plant gene flow among and within populations is achieved by means of carriers of genetic 
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material on media such as pollen, seeds, spores, or vegetative elements (Hamrick, 1987). Of 
these, pollen and seed dispersal are the most important. For D. asperoides, barriers to gene flow 
may be related to limited communication among pollen and seeds and to geographical isolation 
effects. First, D. asperoides is an entomophilous flower, so the migration distance of its pollen 
is shorter and more focused, that is, the possibility of an external pollen (gene) moving into its 
vicinity is low. Second, in the field survey, we found that many seedlings grew densely under 
each mother plant. Under natural conditions, this confirmed that the main mode of transmission 
of D. asperoides seeds relies on gravity, so its propagation distance is quite short. Third, although 
its distribution area was large, the field survey showed a trend toward certain habitats. Most 
populations were scattered into island-like clusters and separated from each other. Sometimes a 
river or valley served as a clear dividing line between populations and individuals located in the 
area valley composed of an effective population. The scale of most populations was very small, 
limiting gene flow among populations, and causing significant genetic drift.

Protection strategies of D. asperoides genetic diversity

As indicated by the characteristics of population genetic variation in D. asperoides, 
the following actions may serve to protect this species and foster the rational utilization of 
natural resources: 1) in situ conservation: protection should be focused on populations with 
more genetic diversity, such as the YNZD and GZYH populations evaluated here; 2) ex situ 
conservation: as the genetic variation among D. asperoides populations involves significant 
differentiation and mainly derives from within populations, ex situ conservation must not only 
involve sampling from as many populations as possible, but also from individuals that are 
widely spaced within populations in order to prevent the collection of clones of the same plant; 
and 3) wild upbringing: as imitation of the original ecological environment of D. asperoides 
and artificial dispersal of its seeds among populations would enhance genetic exchange.
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