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Abstract Random amplification polymorphic DNA (RAPD)
markers were used to assess the genetic variations and the
evolutionary relationships among all 14 individuals of a
critically endangered Euryodendron excelsum (Theaceae)
population distributed in Ba Jia Zhen, Yangchun, Guang-
dong, China. Twenty-three random primers detected 156
sites, out of which 95 (60.26%) were polymorphic loci. The
number of the observed alleles was 1.6090, and the number
of the effective alleles was 1.3471. Nei’s gene diversity was
0.1993, and Shannon index was 0.1534. A relatively high
level of genetic variation was identified in E. excelsum. An
unweighted pair group method with arithmetic mean
(UPGMA) tree established from Jaccard similarity coeffi-
cients suggested that 14 individuals were clustered into two
subgroups and that the No. 2 plant was genetically distant
from the rest of the individuals. The UPGMA clustering
was also supported by a principle components analysis of
RAPD phenotypic data. The management and conservation
strategy of E. excelsum was proposed based on our results.

Keywords Euryodendron excelsum, population genetic
variation, RAPD markers, conservation management

Translated from Acta Scientiarum Naturalium Universitatis
Sunyatseni, 2005, 44(1) (in Chinese)

Wang Ting (D<), Su Yingjuan, Ouyang Puyue, Jiang Yu,
Sun Yufei, Chen Guopei, Deng Feng, Zhang Hongda
School of Life Sciences, Sun Yat-sen University,
Guangzhou 510275, China

E-mail: tingwangtingwang@yahoo.com.cn

Wang Ting
Wuhan Botanical Garden, Chinese Academy of Sciences,
Wuhan 430074, China

Ye Huagu
South China Botanical Garden, Chinese Academy of Sciences,
Guangzhou 510650, China

1 Introduction

Euryodendron excelsum H. T. Chang (Theaceae) is a
tertiary relict species endemic to China. The plants are
evergreen trees up to 15-20 m tall; flowers are bisexual;
anthers have filiform hairs, styles, and stigmas; buds are
very short and small; bracteoles broadly ovate, ca. 1 mm;
and leaves alternate, with serrate margin and reticulate
veins. Based on morphological characteristics, it was clas-
sified into a new monotypic genus, Euryodendron by H. T.
Chang (Zhang Hongda) in 1963 [1-3]. E. excelsum was
reported both in Guangdong and Guangxi Provinces,
southern China. However, due to anthropogenic destruc-
tion to habitats, it was already extinct in Guangxi [4].
Surviving individuals of E. excelsum now can only be
found at Ba Jia Zhen, Yangchun, Guangdong, and dis-
tribute within an extremely limited range. In China, E.
excelsum has been regarded as second-category protected
plants in the Red List [5]. However, in terms of the
International Union for Conservation of Natural and
Natural Resources (IUCN) criteria, E. excelsum should be
designated into the critically endangered category [6].

Morphologically, E. excelsum shows similar floral struc-
ture with genus Clereya Thunberg but common leaf char-
acters with genus Eurya Thunberg. It is critical to recognize
the evolutionary relationships of these related taxa as well
as reconstruct the phylogeny of Ternstroemoideae. In
addition, its fine-textured and colorful wood also provides
valuable materials for both the furniture and construction
industries [7]. Now, it has become a public concern to
figure out a conservation strategy for this plant. Infor-
mation on genetic variability within threatened species is
proved to be essential for both the management and es-
tablishment of sustainable populations [8]. Unfortunately,
for E. excelsum, such information remain unknown.

The random amplification polymorphic DNA (RAPD)
technique has been widely used to detect molecular poly-
morphism at intraspecific level. It is relatively inexpensive
and technically straightforward when used in experiments,
does not require prior knowledge of flanking sequences,
and may identify more polymorphic sites because of
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Table 1 Random oligonucleotide primers and their sequences used
for RAPD analysis

Primer Sequence (5'—3") Primer Sequence (5'—3')
S17 AGGGAACGAG S85 CTGAGACGGA
S103 AGACGTCCAC S120 GGGAGACATC
S121 ACGGATCCTG S151 GAGTCTCAGG
S155 ACGCACAACC S178 TGCCCAGCCT
S236 ACACCCCACA S240 CAGCATGGTC
S258 GAGGTCCACA S312 TCGCCAGCCA
S345 CTCCATGGGG S346 TCGTTCCGCA
S397 AGCCTGAGCC S463 CTGATACGCC
S471 AACGCGTCGG S501 TGCGGGTCCT
S506 GTCTACGGCA S512 ACAGGTGCGT
S1017 CAGTGGGGAG S1512 CTCCCAGGGT
S1518 GTGGGCATAC

producing a virtually unlimited number of anonymous
markers [9-11].

Compared with other molecular techniques available for
assessing genetic diversity, RAPD has several particular
advantages for investigations of rare plants. For example, it
uses only traces of DNA, even scanning the entire genome;
thus, only small amounts of tissues or cells are needed for
DNA preparations, bringing less harm to the endangered
plants. Furthermore, RAPD markers are neutral [12], which
makes many established population genetic models ap-
plicable for RAPD data without considering the effects of
selection [13]. Occasionally, RAPD is reported to have
problems associated with its poor reproducibility, but these
can usually be avoided by the optimization of reaction
conditions. Another drawback of RAPD is its dominant
nature, which provides no genotypic information and thus
limits its usefulness in the survey of genetic structure.
However, approaches have been developed to remove this
difficulty [14].

Two E. excelsum individuals were recorded at Ba Jia
Zhen, Yangchun, Guangdong in 1989 [15]. One of them
died in 2000 [4]. Fortunately, four more individuals were
reported during a field survey conducted by Ye et al. [4].
Possibly because of the improvement of local environment
during recent years, the number of individuals of F.
excelsum in Ba Jia Zhen seems to be increasing. In this

Fig. 1 RAPD profile of E.
excelsum samples obtained with
primer S17. M: 100-bp ladder
marker

study, 14 individuals of E. excelsum were found there, and
by using RAPD markers, their genetic variation and pattern
were investigated.

2 Materials and methods
2.1 Plant materials

Fresh leaves of E. excelsum were collected from 14 in-
dividuals found in Ba Jia Zhen, Yangchun, Guangdong,
China. All samples were stored at —20°C until processed.

2.2 DNA extraction

DNA was extracted from leaves following a modified ce-
tylmethylammonium bromide (CTAB) protocol [16]. DNA
concentration and purity were determined by measuring
ultraviolet (UV) absorption. DNA intactness was also
checked through agarose gel electrophoresis.

2.3 Primer selection

We purchased 137 decamer random olionucleotide primers
from Shanghai Sangon Corporation, China, and tested
them to find 50 primers that could produce amplified
bands. Only 23 primers that gave reproducible banding
patterns were found and further used in the analysis
(Table 1).

2.4 RAPD amplification and examination

Random amplification polymorphic DNA amplification
was performed in a 25ul total volume containing 50 mM
KCl, 10 mM Tris—HC1 (pH 9.0), 0.1% Triton X-100,
2.0 mM MgCl,, 0.2 mM of each deoxynucleotide triphos-
phate (ANTP), 0.5 unit of Taq DNA polymerase, 5 ng of
primer, 25 ng of template DNA, and DNA-free water. Each
reaction mixture was overlaid with 20 pl of polymerase
chain reaction (PCR)-grade paraffin oil. Tag DNA poly-
merase and other PCR reagents were purchased from
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Table 2 Gene diversity of the

E. excelsum population Primer Number Number of  Percentage of Number of = Number of Nei’s Shannon’s
of bands polymorphic polymorphic observed effective gene diversity
loci loci (%) allele allele diversity index
S17 9 6 66.67 1.6667 1.3838 0.2269  0.2110
S85 9 8 88.89 1.8889 1.3982 0.2370  0.2221
S103 7 3 42.86 1.4286 1.2133 0.1286  0.1214
S120 6 2 33.33 1.3333 1.3024 0.1585  0.0694
S121 7 6 85.71 1.8571 1.4031 0.2427  0.2221
S151 6 2 33.33 1.3333 1.0717 0.0553  0.0911
S155 3 0 0.00 1.0000 1.0000 0.0000  0.0000
S178 9 9 100.00 2.0000 1.6729 0.3776  0.2738
S236 6 2 33.33 1.3333 1.3026 0.1583  0.0934
S240 8 4 50.00 1.5000 1.3104 0.1788  0.1262
S258 5 2 40.00 1.4000 1.1674 0.1141 0.1282
S312 5 4 80.00 1.8000 1.5195 0.2859  0.1260
S345 8 6 75.00 1.7500 1.5123 0.2997  0.2541
S346 8 8 100.00 2.0000 1.5113 0.2869  0.1980
S397 7 2 28.57 1.2857 1.2099 0.1205  0.0555
S463 5 4 80.00 1.8000 1.3102 0.2021 0.2141
S471 9 8 88.89 1.8889 1.3629 0.2072  0.1980
S501 8 5 62.50 1.6250 1.3914 02148  0.1522
S506 7 3 42.86 1.4286 1.1792 0.1075  0.1147
S512 5 3 60.00 1.6000 1.5403 0.2843  0.1097
S1017 8 4 50.00 1.5000 1.3246 0.1792  0.1305
S1512 4 0 0.00 1.0000 1.0000 0.0000  0.0000
S1518 7 4 57.14 1.5714 1.3727 02165  0.1277
All 156 95 60.90 1.6090 1.3471 0.1993  0.1534
primers
BJZ1

Fig. 2 UPGMA tree showing
relationships among 14 individ-

uals in E. excelsum established BIZS
from Jaccard similarity
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Shanghai Sangon Corporation. The reaction was per-
formed on a Perkin Elmer 2400 Gene Amp PCR System
programmed for an initial melting step at 94°C for 200 s,
followed by 40 cycles each at 94°C for 60 s, 36°C for 60 s,
and 72°C for 120 s, and ending with an extension step at
72°C for 10 min. Amplification products were electropho-
resed on 1.5% agarose gel and then photographed under
UV light.

2.5 Data analysis

Each PCR product was assumed to represent a single locus.
The presence (1)/absence (0) of each scorable band was
determined for all detected individuals and recorded in a
binary data matrix. A locus was scored as polymorphic if
its presence frequency among all individuals was less than
0.99. The percentage of polymorphic loci was generated by
the ratio between the number of polymorphic loci and that
of amplified loci.
Shannon’s Index was calculated as:

H=- ZP:‘ Inp;,

where p; is the frequency of a given RAPD band in the
population. The numbers of observed allele and effective
allele and Nei’s gene diversity were estimated using the
PopGen32 software [17]. UPGMA clustering and principal
components analysis (PCA) were performed using
NTSYSPC2 software package [18].

(M

Fig. 3 Plot of principle
components analysis based
on RAPD phenotypic
characteristics

BIZ14

BIZ13

PC2

3 Results

Twenty-three RAPD primers were used to assay the ge-
nomic DNAs of 14 individuals of E. excelsum found in Ba
Jia Zhen, Guangdong, China. In total, 156 clear and re-
producible bands were generated, varying from 150 to
3,000 bp in size. The number of bands produced by each
primer ranged from 3 to 9, with an average of 6.78 bands
per primer. Except for primers S155 and S1512, all the
other 21 primers detected polymorphic loci (Fig. 1). A total
of 95 polymorphic loci were recorded, giving the per-
centage of polymorphic loci as 60.90% (Table 2).

Based on the combined data matrix of all 23 primers,
the numbers of observed allele and effective allele, Nei’s
gene diversity, and Shannon’s diversity index were esti-
mated as 0.6090, 1.3471, 0.1993, and 0.1534, respectively
(Table 2).

Cluster analysis of RAPD phenotypes based on Jaccard’s
similarity coefficient using the unweighted pair group
method with arithmetic mean (UPGMA) identified two
clades. One clade consisted of 13 individuals, and the other
was formed by a single individual, BJZ2, which genetically
indicated that it was isolated (Fig. 2). The UPGMA results
were supported by the three-dimensional pattern estab-
lished from the principle components analysis of RAPD
phenotypic data (Fig. 3). The first three principle com-
ponents (PC1, PC2, and PC3) represented 54.7% of the
total variance.

4 Discussion
In Theaceae, limited researches detect population genetic

variations by using molecular techniques. Nevertheless,
several investigations on Camellia sinensis, which is of

PC3

BI2




obvious commercial value, have been reported. Singh et al.
[19] employed RAPD markers to measure the genetic
variability of C. sinensis populations growing in the In-
stitute of Himalayan Bioresource Technology. They used
20 primers. The primers, on average, produced 6.3 bands,
and only one primer generated polymorphic banding
pattern. The results indicated a high degree of homogene-
ity. Kaundun and Park [20] evaluated the genetic structure
of six tea (C. sinensis) populations located in Korea using
RAPD as well. Out of 40 primers amplifying reproducible
bands, only 12 detected 25 polymorphic sites. Excluding
the data generated by the primers failed to reveal poly-
morphism; they reported that the percentage of polymor-
phic site ranged from 72% to 90%, while Nei’s gene
diversity was between 0 and 0.5. Compared with these
findings, relatively high levels of genetic diversity were
revealed within the 14 individuals of E. excelsum surviving
in Ba Jia Zhen, Yangchun, Guangdong, China.

Many endangered species have suffered bottlenecks or
long period at small population sizes, typically resulting in
loss of genetic diversity [6]. In terms of neutral genetic
theory, genetic diversity at neutral loci is positively pro-
portional to effective population size (N,). In a population
with limited individuals, random genetic drift increases the
probability of allele fixation at most of the loci [21].
Consequently, rare alleles will lose more quickly in a small
population than in a large one. Limonium cavanillesii
Erben is an extremely endangered plant species whose 29
individuals were all rediscovered in the same small area.
Palacios and Gonzalez-Candelas [22] tried to analyze its
population genetic variation by means of RAPD using 11
primers, but no variation was found. Archangiopteris itoi
Shieh is a rare fern species endemic to Taiwan Province. Its
“type” population, on which the species was based, was
extinct due to human disturbance. Luckily, another popu-
lation was rediscovered at Wulai in northern Taiwan
Province. The genetic variation of this newly found
population was assessed by Hsu et al. [23] using 40
RAPD primers to detect all of its 18 extant individuals.
Although only one primer revealed polymorphism, six
haplotypes were identified. This implies very low genetic
diversity. However, it is not the case that small population
size should always be associated with low level of
population genetic diversity. Besides previous reports
about Washingtonia filifera [24], in this study, relatively
high genetic variation was also detected in the small
population of E. excelsum. On the one hand, biological
characteristics, such as bisexual flower and efficient
pollination, might contribute to maintain genetic diversity
in E. excelsum. Historically, the Ba Jia Zhen population
of E. excelsum possibly had considerable amount of
genetic variation. It is reported that E. excelsum is
densely distributed at Ba Jia Zhen, and it has not become
rare until most of the trees were lumbered in the 1950s
[25].

The detection of high level of genetic diversity in E.
excelsum 1is useful for the development of conservation
strategies on the species. We suggest that a natural reserve
should be instantly founded within Ba Jia Zhen, Yangchun,
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Guangdong, to conserve the 14 remaining individuals.
BJZ2, one of the individuals, represents a separate geno-
type. As a result, it should be conserved preferentially. At
the same time, efforts need to be immediately made to
collect germplasm and construct gene banks. In future
studies, more details about the reproductive, physiological,
as well as ecological characters of E. excelsum should be
detected.
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