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Introduction

Over the long term, the ability of a species to respond adaptively to environmental

changes depends on its genetic variability (Ayala and Kiger 1984). The amount and

distribution of variation among and within populations result from dynamic

processes such as gene flow, selection, inbreeding, genetic drift, and mutation (Hartl

and Clark 1997). A species without enough genetic diversity is thought to be unable

to survive in a changing environment or protect itself against evolving competitors

and parasites. Therefore, investigations of genetic diversity and the genetic structure

of populations within a species may not only illustrate the evolutionary process and

mechanism, but also provide useful information for biological conservation and

phylogenetic analysis (Schaal et al. 1991).

Many studies of Trollius have focused on the medically effective compounds it

contains, such as alkaloids and flavonoids, but so far no work has concentrated on its

conservation. As the medical use of Trollius has grown, the plant has become

increasingly rare in the wild, though scientists have succeeded in breaking the

dormancy of Trollius seeds and established cultivation technology (Hepher and

Roberts 1985; Bailey et al. 1996; Ding et al. 2003). The decreasing genetic diversity

of domestic Trollius has made it more vulnerable to diseases, insect pests, and

unpredictable climate changes, reducing its survival ability and putting it at risk of

extinction.

Random amplified polymorphic DNA (RAPD) (Williams et al. 1990) is an

effective means of investigating genetic diversity within or among populations, used
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in many plant species (Sales et al. 2001; Jover et al. 2003). Once established,

RAPD–PCR (polymerase chain reaction) has the advantage of being quick and easy

and requiring little genomic DNA as a template. Also, its amplified loci are

randomly distributed on genomic DNA (Bronzini de Caraffa et al. 2002).

Furthermore, RAPD profiling appears to be a useful tool for population analysis

as well as phylogenetic analysis (Kafkas and Perl-Treves 2001).

RAPD markers were used here to analyze the genetic polymorphism and

population genetic structure of Trollius accessions at the molecular level. The

purpose of the study was to assess the genetic diversity and divergence among

accessions of this rare, endemic plant in China and to provide genetic data and a

theoretical basis for its protection.

Materials and Methods

In summer 2006 and 2007, 24 Trollius accessions were sampled from the Chinese

provinces of Inner Mongolia, Hebei, Jilin, Sichuan, and Beijing. For each accession,

50–200 plants were sampled randomly and pooled to increase the possibility of

detecting potential among-individual variation. Samples collected were dried in

silica in the field.

RAPD–PCR

Genomic DNA of Trollius accessions was extracted from about 30 mg silica-dried

leaf tissues using the modified sodium dodecyl sulfate (SDS) method of Dellaporta

et al. (1983). Samples were ground in liquid nitrogen, mixed with 700 ll extraction

buffer (1.4 mol/l NaCl, 100 mmol/l Tris–HCl, pH 8.0, 20 mmol/l EDTA), and

incubated at 65�C for 45 min with shaking every 15 min. Proteins in samples were

extracted twice with 500 ll chloroform–isoamyl (24:1) for 10 min, followed by

centrifugation at 12,000 rpm for 5 min. RNase (10 lg/ml) was added to the

resulting supernatants and incubated at 37�C for 30 min, and the mixture was

centrifuged at 12,000 rpm for 10 min. Pellets were washed twice in 70% ethanol,

vacuum dried, and resuspended in 200 ll TE buffer (10 mmol/l Tris–HCl, 1 mmol/l

EDTA, pH 8.0). The extracted genomic DNA was then purified with a gel extraction

kit (Omega). The concentration of genomic DNA was estimated by comparison with

a standard k DNA digested by EcoRI/HindIII through electrophoresis on 1%

agarose gel in 19 TAE (89 mmol/l Tris base, 89 mmol/l HAC, 2 mmol/l EDTA, pH

8.3) and stained with GoldView I nucleic acid dye.

The PCR protocol was modified based on Williams et al. (1990). PCR reactions

were performed in a 25 ll volume, containing 20 ng template DNA, 0.2 lmol/l

primer, 100 lmol/l each dNTP, 19 PCR buffer (10 mmol/l Tris–HCl, pH 8.0,

50 mmol/l KCl, 1.5 mmol/l MgCl2), and 1 U Taq DNA polymerase. Amplifications

were performed in a T Gradient 96 Thermal Cycler (Biometra). The cycling program

consisted of an initial denaturation of 40 s at 94�C, followed by 45 cycles of 20 s at

94�C, 1 min at 35�C, 1 min at 72�C, and a final extension at 72�C for 5 min.
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Amplification products were separated on 1.5% agarose gels run in 19 TAE buffer,

detected by GoldView I dye staining, and photographed under ultraviolet light.

As RAPD–PCR is sensitive to reaction parameters, 60 random 10-mer primers

were initially screened against five DNA samples from 24 Trollius accessions.

RAPD primers that generated strong amplification products were selected for

further analysis. The gels were scored conservatively (i.e., only the most reliable

and distinct bands were scored) as present (1) or absent (0). Staining intensity of

bands was not considered as a difference.

Statistical Analysis

Genetic diversity was assessed by the percentage of polymorphic loci. The Popgene

1.32 program (Yeh et al. 2008) was employed to calculate similarity coefficients for

all accessions. These coefficients were then used to construct a dendrogram using

the unweighted pair group method (UPGMA; Sneath and Sokal 1973) and the Shan

(sequential, hierarchical agglomerative, and nested clustering) program in NTsys-pc

2.1 software (Rohlf 1994) to assess the relationships of accessions. The Dice

coefficient was also calculated by NTsys-pc.

Results

RAPD Polymorphism in Trollius Accessions

As RAPD primers were randomly amplified in the genomic DNA, and genomic

information for Trollius species is not available, selecting RAPD markers to study

its genetic diversity was appropriate. In total, 46 out of 60 RAPD primers that

amplified distinctive bands were used for further study.

The statistical results (Table 1) show that RAPD primer OPA-9 has the highest

number of amplified bands (13 bands) and OPA-2 the least (2 bands). RAPD primer

OPA-8 has the most polymorphic bands (10 bands). RAPD primers OPA-2, OPA-4,

OPA-8, OPA-12, OPB-5, OPB-6, OPB-17, and OPH-9 have the highest percentage

of polymorphism (100%), and OPH-17 has the lowest (16.67%). Of the 305

distinctive bands amplified, 189 were polymorphic. On average, one primer can

amplify 6.63 bands, and 4.11 were polymorphic.

Nei’s gene diversity index among 24 Trollius accessions was 0.2619, and

Shannon’s information index was 0.4025, indicating low genetic diversity among

accessions. The study also found significant variation in genetic diversity of gene

loci amplified by different RAPD primers. The effective gene number ranged from

1.0430 to 1.5998, and the extent of variation was 0.5568; gene diversity ranged from

0.0412 to 0.3716, and the extent of variation was 0.3304; Shannon’s information

index ranged from 0.0879 to 0.5535, and the extent of variation was 0.4656. These

statistics indicate that though Nei’s gene diversity and Shannon’s information index

varied substantially, on the whole, the genetic variance of Trollius accessions was

low, and genetic diversity among them was not abundant.
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Genetic Distance and Cluster Analysis of Trollius Germplasm Resource

The Dice genetic coefficient index showed genetic distances of 0.0159–0.5768 for

the 24 Trollius accessions. Trollius accessions GZ and AET had the highest genetic

distance (0.5768), and DL and WC had the lowest (0.0159). Genetic identity among

the 24 Trollius accessions ranged from 0.4232 to 0.9841.

Based on the genetic coefficient index, 24 Trollius accessions were clustered by the

UPGMA method (Fig. 1). Under the 0.70 coefficient threshold, the dendrogram

separates these accessions into four groups: Trollius accession GZ from Sichuan in

group IV, AET from Xinjiang in group III, SPKKG from Sichuan in group II, and the

other 21 accessions in group I. Under the 0.80 coefficient threshold, the 21 accessions

in group I were then separated into six subgroups, with CB and DB from Inner

Mongolia in subgroup i and subgroup ii, respectively; JXLC-A from Hebei in

subgroup iii; CBS from Jilin in subgroup v; and GZJD-A from Hebei in subgroup vi.

The other 16 accessions, from Inner Mongolia, Hebei, and Beijing, form subgroup iv.

Genetic Structure Analysis of Trollius Accessions

Assuming Hardy–Weinberg equilibrium, the mean genetic differentiation coeffi-

cient estimated by Nei’s index within Trollius groups was 0.0849, and the total

genetic differentiation coefficient was 0.2619. Based on the total genetic diversity

and genetic diversity within groups, the gene differentiation index was 0.7381 (i.e.,

Fig. 1 UPGMA dendrogram of 24 Trollius accessions based on Nei’s genetic coefficient
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73.81% of the variation occurred among Trollius groups and 26.19% within

groups). The mean gene flow among Trollius groups was only 0.1684.

Discussion

Genetic Diversity and Accession Genetic Structure

RAPD markers require no genomic structure information on the material studied,

and the binding sites of RAPD markers are randomly distributed on the genome

DNA, so their use is appropriate to the study of genetic characteristics of a

germplasm resource or the genetic diversity of closely related materials (Galván

et al. 2001; Chen et al. 2005). The variance of population genetic estimates did not

decrease substantially if more than 30 RAPD markers were used (Aagaard et al.

1998). In this study, 46 of 60 RAPD markers were used to analyze the genetic

diversity of 24 Trollius accessions (including wild, semiwild, and cultivated

germplasm). Those 46 primers amplified 305 distinctive bands, 189 of which were

polymorphic among accessions, and the percentage of polymorphic loci was

61.97%. Genetic similarity and cluster analysis results indicated that the RAPD

marker was appropriate for study of the Trollius germplasm resource’s genetic

diversity.

The endemic and endangered medicinal herb Trollius showed a high percentage

of polymorphic loci (61.97%), which was near the percentage for Changium
smyrnidoies’s (69%; Fu et al. 2003) but higher than that of Dacydium pierrei
(33.3%; Su et al. 1999) and Cathaya argyrophylla (32%; Wang et al. 1996). Though

the percentage of polymorphic loci was high, the genetic variation index was low

(0.2619), and under Hardy–Weinberg equilibrium, the genetic diversity within and

gene flow among Trollius groups was very low (0.0849 and 0.1684, respectively).

Most genetic variation was among accessions that were far apart geographically.

Such a pattern indicates a high rate of recombination among accessions dispersed in

adjacent regions and a very low gene flow among Trollius accessions living at

greater geographic distances.

The RAPD analysis showed high genetic diversity in Trollius accessions growing

in different environments, and low diversity in Trollius accessions in the same or

adjacent regions, with a few exceptions. For example, Trollius accessions GZJD-A,

GZJD-B, and GZJD-C all grew at Weichang in Hebei province, but their genetic

distance was great. The same was true of Trollius accessions JXLC-A and JXLC-B.

In this study, the division of 24 Trollius accessions into four groups based on their

genetic coefficient index allowed very little chance for gene flow among accessions

that were geographically distant, but the probability of naturally occurring genetic

cross and gene flow should be high among accessions growing near each other. So

this study concluded that the high genetic diversity among accessions in adjacent

regions was mostly attributable to artificial introduction, not natural genetic

differentiation.
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Implications for Conservation

Maintaining or enhancing the genetic diversity of a given species will promote its

ability to adapt to the environment and thus decrease its risk of extinction (Luan

et al. 2008). Resources available for conservation are limited, and it can be asked

whether small populations of plants are worth preserving (Lesica and Allendorf

1992). An important aim of any conservation program, however, must be the

preservation of genetic variability. For a species with limited gene flow and over

50% of variation among populations, it is necessary to collect samples from at least

six populations in order to conserve 95% of the genetic variation of the species. If a

species has no more than 20% variation among populations, the samples taken from

two populations are enough to get the same results (Pei et al. 1995; Yun et al. 1998).

In the case of Trollius germplasm, it was not possible to analyze all Trollius
accessions in China, but the 24 Trollius accessions from different growing

environments that were analyzed provided useful information about the genetic

diversity level of the Trollius germplasm resource. This study found that Nei’s gene

diversity index and Shannon’s information index were low. The genetic differen-

tiation of the 18 accessions in subgroup iv of group I was low, but this was not true

for subgroups i, ii, iii, v, and vi. The observed high levels of genetic diversity were

mostly among accessions at significant geographic distance. This implies that

management should aim to conserve more of the rare accessions and accessions

with high genetic variation, even if their populations are very small.
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