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Abstract The genetic diversity and genetic variation with-
in and among populations of five naturalDavidia involucrata
populations were studied from 13 primers based on random
amplified polymorphic DNA (RAPD) analysis. The results
show that natural D. involucrata population has a rich ge-
netic diversity, and the differences among populations are
significant. Twenty-six percent of genetic variation exists
among D. involucrata populations, which is similar to that
of the endangered tree species Liriodendron chinense and
Cathaya argyrophylla in China, but different from more
widely distributed tree species. The analysis of the impacts
of sampling method on genetic diversity parameters shows
that the number of sampled individuals has little effect on
the effective number of alleles and genetic diversity, but has
a marked effect on the genetic differentiation among
populations and gene flows. This study divides the
provenances of D. involucrata into two parts, namely, a
southeast and a northwest provenance.

Keywords Davidia involucrata, population, RAPD,
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1 Introduction

As a simple, quick and easy technique in molecular mark-
ing, the random amplified polymorphic DNA (RAPD)
technique has been widely applied in studies of genetic
diversity and genetic structures of woody plants such as
Quercus liaotungensis [1], Populus ussuriensis [2], Popu-
lus tremuloides [3], Tilia [4], Quercus mongolica [5] and
Liriodendron chinense [6].

Davidia involucrata is a peculiar plant in China
belonging to the family Nyssaceae. It is a survivor of
tropical flora of the Tertiary Period and has been classified
by the state as one of several first-grade-protected plants. It
is also an ornamental woody blossoming plant, well known
for its striking dove-like bracts in the entire tree during its
flowering period. It is scattered over 40 counties in the
provinces Ganshu, Shaanxi, Sichuan, Hubei, Hunan,
Guizhou and Yunnan. At present, original communities
cover an area of roughly 4,500 hm2 [7]. Therefore, it is very
urgent to study the genetic diversity of D. involucrata and
effectively conserve and utilize its germ plasm resources in
a reasonable manner. This study attempts to investigate the
genetic diversity and genetic variation within and among
populations from five typical natural populations distrib-
uted in China by means of RAPD technique.

2 Materials and methods

2.1 Materials

Populations with the characteristics of continuous distribu-
tions were selected as study objects in the following five
places: Xuanen (XE) in Hubei, Emeishan (EMS) in
Sichuan, Fanjingshan (FJS) in Guizhou, Shengnongjia
(SNJ) in Hubei and Wenxian (WX) in Ganshu. Thirty to
fifty plants ofD. involucrata (not less than 50 m apart) were
randomly sampled from the whole stand, and 10–15 leaves
were collected from each plant and put into plastic bags
with enough desiccants. Then the bags were sealed and
taken back to the laboratory and stored at −20°C for tests.

2.2 Methods

2.2.1 DNA collection

The DNA of a total of 186 samples among five populations
(40 in Yichang, 41 in Emeishan, 37 in Fanjingshan, 30 in
Shengnongjia and 38 in Wenxian) was extracted by means
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of CTAB with minor modifications. Afterwards, concen-
tration and purification of the DNA were measured, and
DNA integrity was checked through agar electrophoresis.
Finally, it was stored at −20°C.

2.2.2 Primer screening

A total of 80 random primers from the Operon Company
were adopted from primer series such as A, B, C and D.
After a preliminary test, 13 primers, which could generate
polymorphic, clean and bright spectral bands with good
repeatability, were selected for amplification of the DNA of
all individuals. The sequences and measured bands of the
13 primers are presented in Table 1.

2.2.3 RAPD amplification and product segregation

Reaction conditions for RAPD amplification were as
follows: denaturation at 94°C for 3 min, followed by 40
cycles; each cycle denatured at 94°C for 1 min, annealing
at 45°C for 1 min and extension at 72°C for 2 min; main-
tained at 72°C for 7 min after every cycle and finally stored
at 4°C. A 20-μL system was adopted in the reaction (H2O

11.6 μL, 1× buffer 2 μL, 2 mmol MgCl2 0.8 μL, 0.2 mmol
MdNTP 0.4 μL, 0.4 μmol primer 2 μL, 1 Taq 0.2 μL,
30 μg/μL DNA 3 μL). The amplified product was seg-
regated by agar electrophoresis containing 1% ethidium
bromide, and finally, photographs were taken under an ul-
traviolet lamp to record the results (Fig. 1).

2.3 Data processing

According to the 1/0 mark of RAPD bands, the data were
analyzed using the software Tools for Population Genetic
Analyses (version 1.31). Some parameters were calculated
such as the percentage of polymorphic loci, Nei’s gene
diversity, gene diversity of total populations, gene diver-
sities within and among populations, gene differentiation
coefficient, gene flow, interpopulation identity and Nei’s
genetic distance for interpopulations. Finally, an unweight-
ed pair group method with arithmetic mean (UPGMA)
cluster analysis was carried out for the five populations.

3 Results and analyses

Using the 13 random primers, RAPD analyses were carried
out for the genomic DNA of all 186 individuals, and 101
polymorphic loci were detected; the average was 7.78
polymorphic loci per primer.

Table 1 Sequences and number of amplification bands in Davidia
involucrata from 13 random primers

Primer Sequence (5′–3′) Total bands

OPA03 AGTCAGCCAC 12
OPA05 AGGGGTCTTG 2
OPA11 CAATCGCCGT 7
OPA13 CAGCACCCAC 7
OPB01 GTTTCGCTCC 4
OPB03 CATCCCCCTG 7
OPB04 GGACTGGAGT 11
OPB05 TGCTCCCTTC 12
OPB06 TGCTCTGCCC 11
OPB11 GTAGACCCGT 7
OPB17 AGGGAACGAG 8
OPB18 CCACAGCAGT 12
OPD01 ACCGCGAAGG 1
Total 101

Fig. 1 Segregation of random
amplified polymorphic DNA
bands amplified with primer
OPB05 in some provenance
samples (S11–S26) of Davidia
involucrata

Table 2 Percentage of polymorphic loci within species and
populations of D. involucrata

Population Number of
samples

Number
of loci

Number of
polymorphic
loci

Percentage of
polymorphic
loci

XE 40 101 65 64.36
EMS 41 101 86 85.15
FJS 37 101 81 80.20
SNJ 30 101 80 79.21
WX 38 101 71 70.30
Total 186 101 98 97.03

XE Xuanen, EMS Emeishan, FJS Fanjingshan, SNJ Shengnongjia,
WX Wenxian.
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3.1 Percentage of polymorphic loci

Table 2 indicates that a total of 101 locus sites were detect-
ed among all 186D. involucrata individuals, in which there
are 98 polymorphic loci, with a percentage of 97.03%
within species. The percentages of polymorphic loci in the
three populations from EMS, FJS and SNJ are significantly
higher than those from XE and WX.

3.2 Nei’s gene diversity

Table 3 shows that a rich genetic diversity exists within the
species of D. involucrata; the gene diversity reached
0.333,6. There is a marked variation in genetic diversity
among all populations, and those from FJS and EMS are
larger than those from WX and XE.

3.3 Coefficient of genetic differentiation

Table 4 shows that the average genetic diversity within the
species of D. involucrata is 0.334,5, but it is 0.247,6 for
within populations and 0.086,9 for diversity among popu-
lations. The coefficient of gene differentiation has a maxi-
mum of 0.259,9, and gene flow reaches 1.423,9. It
indicates that, although a large part of the variation in D.
involucrata exists within populations, the genetic variation
among populations accounts for 26% of the total variation
due to the impact of micropopulations and a lack of
effective gene flows.

3.4 Genetic identity and genetic distance
among populations

The genetic identity and Nei’s genetic distance can be ob-
tained among populations by calculating section shares
within and among populations by RAPD. Table 5 shows

that the interpopulation genetic identity ofD. involucrata is
largest (0.932,1) between FJS and SNJ, followed by that
between XE and SNJ (0.887,8) and is smallest between XE
and WX (0.814,1). In contrast, the interpopulation genetic
distance of D. involucrata in populations has the reverse
order, which is 0.070,3 between SNJ and FJS, 0.119,0
between XE and SNJ and 0.205,7 between WX and XE.

3.5 UPGMA cluster analysis in the populations
of D. involucrata

According to Nei’s genetic distance listed in Table 5, a
cluster dendrogram is obtained by using UPGMA cluster
process (Fig. 2).

Fig. 2 shows that the five natural populations can be
divided into two groups, i.e., XE, SNJ and FJS in one
group and EMS and WX in another. Therefore, it can
divide D. involucrata into two major provenance regions,
namely, the southeast and northwest.

Table 4 Coefficient of genetic differentiation for geographic
populations of D. involucrata

Total
gene
diversity
(HT)

Gene
diversity
within
populations
(Hs)

Gene
diversity
between
populations
(DST)

Gene
differentiation
coefficient
(Gst)

Estimate of
gene flow
from Gst

(Nm)

0.334,5 0.247,6 0.086,9 0.259,9 1.423,9

Table 5 Nei’s genetic identity (above diagonal) and genetic
distance of five populations in D. involucrata (below diagonal)

Population XE EMS FJS SNJ WX

XE 0.863,7 0.878,1 0.887,8 0.814,1
EMS 0.146,6 0.858,0 0.845,8 0.857,7
FJS 0.129,9 0.153,1 0.932,1 0.828,5
SNJ 0.119,0 0.167,5 0.070,3 0.838,2
WX 0.205,7 0.153,5 0.188,1 0.176,4

Fig. 2 Dendrogram showing Nei’s genetic distance among five
populations using unweighted pair group method with arithmetic
mean cluster analysis

Fig. 3 Relationship between the effective number of alleles (Ne)
and sample size (10 m × 10 m, 20 m × 10 m, 30 m × 10 m)

Table 3 Genetic diversity within population of D. involucrata
estimated by Nei’s gene diversity

Population XE EMS FJS SNJ WX Total

Nei’s gene
diversity
(h)

0.198,9 0.260,0 0.279,5 0.277,4 0.222,3 0.333,6
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3.6 Impacts of sampling method on genetic
diversity parameters

For each population, a random sampling was carried out at
three levels (10, 20 and 30 individuals) with 10 replications
for each level. Genetic diversity parameters were calculated
using POPGENE (Figs. 3, 4, 5 and 6). It can be found from
Figs. 3 and 4 that the number of sampled individuals has
little influence on the effective number of alleles (Ne) and
gene diversity (h). The small sample size of 10 may well
reflect the state of the entire population. With the increase
in the sample size, the standard error tends to decrease, and
the values of Ne and h for the 10 replications are almost
identical when the sample size reaches 30. On the other
hand, the effects of sample size on the estimates of the
differentiation coefficient (Gst) among populations and the
Nm value of gene flow are more marked. The values of Gst

vary greatly with a large deviation from the actual values
when the sample size is 10; the differences among Gst

decrease significantly when we adopt a sample size of 20;
Gst can roughly represent the state of all five populations
when the sample size reaches 30 (Fig. 5). For gene flow, the
Nm value increases gradually (Fig. 6) along with an
increase in the sample size. It can essentially represent the
standard of genetic diversity of all five populations when
the sample size reaches 30.

The horizontal line is based on all the D. involucrata
individuals, and each dot is generated from each sample.

4 Discussion

The RAPD studies on five natural D. involucrata popu-
lations using 13 primers show that the percentages of
polymorphic loci in each population vary between 64.36%
and 85.15%. Previous studies on other species revealed that
in the DNA polymorphic analysis of four natural Q.
mongolica populations, the percentages of the polymorphic
loci range from 52.80% to 66.45% [5] and from 18.8% to
36.2% for L. chinense [6]. It can be found that there exists a
relatively high level of DNA polymorphism inD. involucrata
populations. The results of Nei’s gene diversity indicate
that the genetic diversity within D. involucrata populations
varies from 0.198,9% to 0.279,5%, and the total genetic
diversity within the species is 0.333,6. It is higher than the
estimated value by 0.206 of other coniferous and broad-
leaved tree species [8], indicating that it enjoys a rich
genetic diversity within the species. In view of the percent-
age of polymorphic loci in D. involucrata populations and
its genetic diversity, the genetic diversities in three popu-
lations from SNJ, FJS and EMS are significantly higher
than those of the two populations from XE and WX.

There is a great genetic differentiation among D.
involucrata populations, and 26% of genetic variation
exists among the populations, which is similar to that of the
endangered tree species of L. chinense [6] and Cathaya
argyrophylla [9] in China, but different from widely
distributed tree species. There exists a close relationship
with the scattered distribution of D. involucrata within a
narrow range. The lack of effective gene flow (Nm =
1.423,9) is affected by micropopulations.

Given the results of genetic distance and the UPGMA
analysis among populations, D. involucrata can be divided
into two provenance regions in southeast and northwest
China; the genetic diversity of the southeast provenance is
much higher than that of the northwest provenance. Priority
should be given to the three populations from FJS, SNJ and
EMS if conservation of all populations is difficult, and
having over 30 individuals for each population is a good
choice.

Acknowledgement This study was financially supported by the
Key Project of the Hubei Provincial Forestry Bureau (Grant No.
2002LK015).

Fig. 4 Relationship between genetic diversity (h) and sample size
(10 m × 10 m, 20 m × 10 m, 30 m × 10 m)

Fig. 5 Relationship between gene differentiation (Gst) and sample
size (10 m × 10 m, 20 m × 10 m, 30 m × 10 m)

Fig. 6 Relationship between gene flow (Nm) and sample size (10 m
× 10 m, 20 m × 10 m, 30 m × 10 m)
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