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The genetic diversity and genetic structure of ûve natural populations of the island and
coastal endangered plant Elaeagnus macrophylla were analyzed by conserved DNA-
derived polymorphism (CDDP) molecular markers. A total of 289 discernible loci were
obtained from 102 individuals using ûfteen primers, and 100% of the loci were
polymorphic. The observed number of alleles (Na) was 1.9654, the eûective number of
alleles (Ne) was 1.2604, the average of Nei9s genetic diversity index (H) was 0.1724, and
Shannon's information index was 0.2869, indicating that E. macrophylla had levels of
genetic diversity lower than those reported for continental relatives and other coastal
species. The average percentage of polymorphic loci (PPL) was 42.1%, and the maximum
and minimum PPL values were 80.97% and 14.88%, belonging to the Nanji Island (NJD)
and Liugong Island (LGD) populations, respectively. Populations of E. macrophylla were
highly diûerentiated (Gst=0.3263). The unweighted pair group method with arithmetic
mean (UPGMA) clustering results revealed 5 groups: one group comprising the Liugong
Island (LGD) and Da Rushan (DRS) populations, one comprising the Lingshan Island (LSD),
Laoshan (LS) and Daguan Island (DGD) populations, one comprising the Putuo Island (PTD),
and two groups representing the Nanji Island (NJD) samples, which were diûerentiated into
a northwestern group and a southeastern group. There was no cross-clustering among the
samples, and the similarity of the relatives was strictly related to geographical location. R
software analysis showed no correlation between genetic distance and geographic
distance between populations (r = 0.256579, p = 0.8309).
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23 Abstract

24 The genetic diversity and genetic structure of five natural populations of the island and coastal 

25 endangered plant Elaeagnus macrophylla were analyzed by conserved DNA-derived 

26 polymorphism (CDDP) molecular markers. A total of 289 discernible loci were obtained from 

27 102 individuals using fifteen primers, and 100% of the loci were polymorphic. The observed 

28 number of alleles (Na) was 1.9654, the effective number of alleles (Ne) was 1.2604, the average 

29 of Nei9s genetic diversity index (H) was 0.1724, and Shannon's information index was 0.2869, 

30 indicating that E. macrophylla had levels of genetic diversity lower than those reported for 
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31 continental relatives and other coastal species. The average percentage of polymorphic loci 

32 (PPL) was 42.1%, and the maximum and minimum PPL values were 80.97% and 14.88%, 

33 belonging to the Nanji Island (NJD) and Liugong Island (LGD) populations, respectively. 

34 Populations of E. macrophylla were highly differentiated (Gst=0.3263). The unweighted pair 

35 group method with arithmetic mean (UPGMA) clustering results revealed 5 groups: one group 

36 comprising the Liugong Island (LGD) and Da Rushan (DRS) populations, one comprising the 

37 Lingshan Island (LSD), Laoshan (LS) and Daguan Island (DGD) populations, one comprising 

38 the Putuo Island (PTD), and two groups representing the Nanji Island (NJD) samples, which 

39 were differentiated into a northwestern group and a southeastern group. There was no cross-

40 clustering among the samples, and the similarity of the relatives was strictly related to 

41 geographical location. R software analysis showed no correlation between genetic distance and 

42 geographic distance between populations (r = 0.256579, p = 0.8309).

43

44 Key Words: Elaeagnus macrophylla, Genetic variation, CDDP markers, Conservation 

45 implications

46 Introduction

47 Elaeagnus macrophylla is an endangered evergreen shrub species of East Asian coastal areas and 

48 islands. It is distributed in China9s Shandong, Zhejiang, and Jiangsu Provinces, mainly on 

49 offshore islands and in coastal lowlands (Chinese Flora, 1983). E. macrophylla has great value 

50 for studying coastal flora because of its unique geographical distribution pattern and can be 

51 widely used in coastal greening due to its tolerance of sea breeze, salinity, drought and thin soil. 

52 It also has potential economic value; for example, it can be used to produce fruit juice and wine. 

53 In recent years, with the rapid development of the economy and coastline, the intensification of 

54 human interference, and a continuous reduction in suitable environments, the number and size of 

55 natural populations have decreased sharply, causing the species to become endangered.

56 The genetic diversity of island species is generally lower than that of terrestrial species, and 

57 the risk of extinction is higher for island species (Raven, 1998). From the 17th century to the 

58 20th century, 384 species of vascular plants went extinct worldwide, 139 of which were island 

59 plants. Forty percent of vulnerable or endangered vascular plant species are island species (Reid 

60 & Miller, 1989). Human disturbances, such as habitat destruction and invasion by alien species, 

61 are considered the main factors threatening island species (Wolf & Harrison, 2001). Studies of 

62 Ilex integra based on inter simple sequence repeat (ISSR) molecular markers (Leng et al., 2005) 

63 and Neolitsea sericea based on random amplified polymorphic DNA (RAPD) molecular markers 

64 (Wang et al., 2004) concluded that the geographical isolation of islands had a significant impact 

65 on the genetic differentiation of island populations and that the genetic diversity of island 

66 relatives was lower than that of close relatives on continents. However, studies of the genetic 

67 diversity of the island plant E. macrophylla have not been conducted.

68 The analysis of conserved DNA-derived polymorphism (CDDP) is based on a single prime 

69 amplification reaction, with primers designed to target conserved sequences of plant functional 
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70 genes mostly were transcription factor such as WRKYÿMYBÿMADs and so on. Because the strong 

71 conservation of some sequences of plant DNA, CDDP molecular marker technology can be used 

72 across different species. Studies of rice (Oryza sativa) have shown that CDDP molecular markers 

73 have many advantages, including convenience, low cost, and rich polymorphism, which can 

74 effectively produce markers related to the target traits (Collard & Mackill, 2009). Compared with 

75 traditional DNA molecular methods, CDDP is more practical because the primers used in CDDP 

76 are specific for conserved DNA sequences of genes. By amplifying these conserved sequences, 

77 which tend to be linked with phenotypic traits, CDDP can provide advantages in plant genetic 

78 diversity assessment (Andersen & Lübberstedt, 2003). Since Poczai first successfully used 

79 CDDP molecular markers and in-targeting markers to investigate the genetic diversity and group 

80 structure of Solanum dulcamara (Poczai et al., 2011), CDDP molecular markers have proven 

81 useful in the analysis of several other plant species, such as Chrysanthemum (Li et al., 2014), 

82 Paeonia suffruticosa (Li et al., 2013), Vaccinium vitis-idaea (Fang et al., 2016), and Rosa rugosa 

83 (Jiang et al., 2018). However, CDDP markers have not yet been used to study E. macrophylla.

84 In this study, the conserved DNA-derived polymorphism (CDDP) molecular markers were 

85 used to analyze the genetic diversity of and genetic relationships among major natural 

86 populations of E. macrophylla in China in order to reveal the level of genetic diversity and 

87 degree of genetic differentiation, analyze the relationships between populations and the influence 

88 of geographical isolation and human factors on the genetic structure, and provide a scientific 

89 basis for the protection and rational utilization of E. macrophylla.

90

91 Materials and Methods

92

93 Plant materials
94

95 A total of 102 individual leaf samples were collected from 7 islands and offshore sites (Fig. 1 

96 and Table 1) from April to July 2018, sampling was conducted in the natural distribution area of 

97 E. macrophylla. Interval sampling was applied except for small populations (such as the Liugong 

98 Island population, whereas samples from all individual plants found were collected). Only one 

99 individual was found on each of Lingshan Island (LSD) and Putuo Island (PTD). After 

100 collection, silica gel was used to quickly dry the specimens, after which they were stored at -

101 20°C.

102

103 DNA extraction and PCR amplification
104

105 Total DNA was extracted from E. macrophylla by the modified cetyl trimethyl ammonium 

106 bromide (CTAB) method (Doyle et al., 1987). The quality and purity of DNA were determined 

107 by 2% agarose gel electrophoresis (Fig. 2). All DNA samples were stored at -20# for later use.
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108 The DNA from one sample per population was selected to screen 21 CDDP primers (Collard 

109 & Mackill, 2009) (synthesized by Sangon Biotech, China). According to the results, 15 primers 

110 with clear and reproducible amplification bands were screened out (Table 2).

111 PCR was conducted in a total reaction volume of 20 µl containing 10 µl 2× Ex Taq MasterMix 

112 (dye), 7.5 µl double-distilled H2O (ddH2O), 1 µl 30 ng/µl DNA template, and 1.0 µl 10 pmol/µl 

113 primer (Sangon Biotech, China). A standard PCR cycle (RT-PCR 7500 ,Thermo Fisher 

114 Scientific Inc, USA) was used: an initial denaturation step at 94°C for 3 min; 35 annealing cycles 

115 of 94°C for 1 min, 50°C for 1 min and 72°C for 2 min; and a final extension of 5 min at 72°C. 

116 PCR products were stored at 4°C. The PCR products were electrophoresed on a 2% agarose gel 

117 at a voltage of 110 V and current of 110 mA for 1.5-2 h; a DL2000 marker was used as a size 

118 marker. The electrophoresis results were photographed and recorded by a gel imaging system.

119

120 Data statistics and analysis
121

122 The clearer bands (including weak but distinguishable bands) in the electropherogram were 

123 marked as "1", and lanes without a band or with one that was difficult to identify were marked as 

124 "0", forming a (0, 1) data matrix. 

125 We used POPGEN v.1.32 (Yeh, Yang & Boyle, 1999) to compute the following: observed 

126 allele number (Na), effective allele number (Ne), Nei's genetic diversity index (H), Shannon's 

127 information index (I), polymorphic loci and polymorphic locus percentage (P, %), total genetic 

128 diversity (Ht), interspecific genetic diversity (Hs), intraspecific genetic diversity (Ht-Hs), the 

129 genetic differentiation coefficient (Gst), and gene flow (Nm=1-Gst/Gst). 

130 Genetic distance (GD) and genetic identity (GS) were subjected to principal coordinate 

131 analysis (PCoA) with NTSYS-pc 2.10e software (RohlF, 1994), and a cluster analysis was 

132 performed according to the unweighted pair group method using arithmetic mean (UPGMA). 

133 The relationship between geographic distance and genetic distance was analyzed with R software.

134

135 Results and Analysis

136

137 Population- and species-level diversity of E. macrophylla

138

139 The DNA of 102 samples was amplified with 15 primers to obtain 289 bands, and the fragment 

140 length was between 500 and 2000 bp (Fig. 3). The number of amplified bands ranged from 11 to 

141 30, and the average number of amplified bands was 19.3; the number of Pr2 and Pr6 

142 amplification bands was the highest, at 30, and the number of Pr7 and Pr8 amplification bands 

143 was the lowest, at 11. The percentage of polymorphism reached 100% (Table 2), which indicated 

144 that the genomic DNA polymorphism of E. macrophylla was high.

145 There were 43 polymorphic loci in the LGD population, representing the lowest percentage of 

146 polymorphic loci (PPL, 14.88%), and 234 polymorphic loci in the NJD population, representing 
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147 the highest PPL (80.97%). The average values of Na, Ne, H, I and PPL were 1.9654, 1.2604, 

148 0.1724, 0.2869 and 48.928%, respectively (Table 3). Na, Ne, H, I and PPL were consistent 

149 among populations, with the NJD population exhibiting the largest values and the LGD 

150 population exhibiting the lowest values, all of which were lower than the values observed at the 

151 species level. According to a survey taken at the time of sampling, the E. macrophylla on NJD is 

152 growing well, which may be related to the suitable climate of NJD allowing its growth: the 

153 island is located in the subtropical sea area and has a humid climate, warm temperatures in 

154 winter, cool temperatures in summer, and abundant rainfall. It has a typical mid-subtropical 

155 maritime monsoon climate (Xiao, 2007). Moreover, NJD is located far from the Chinese 

156 mainland and is relatively closed, and its exchange with the mainland is relatively limited, with 

157 less human interference, providing E. macrophylla with extremely favorable growth conditions. 

158 However, only two locations with individuals were found on LGD, and the individuals displayed 

159 poor growth and obvious insects on the leaves. In addition, because LGD is a famous scenic spot 

160 in China, it is extensively developed, which affects the habitat of E. macrophylla.

161

162 Genetic differentiation of the populations of E. macrophylla
163

164 The total genetic diversity (Ht), intraspecies genetic diversity (Hs) and interspecies genetic 

165 diversity (Dst= Ht-Hs) were 0.1706, 0.1149 and 0.0557, respectively, as calculated with 

166 POPGEN v.1.32 software. The interspecific genetic differentiation coefficient (Gst) was 0.3263, 

167 indicating that 67.37% of the variation was within the populations and 32.63% of the variation 

168 existed among the populations. A certain degree of genetic differentiation was observed among 

169 the populations. The gene flow (Nm) was 1.0325, indicating that the gene exchange between 

170 populations is limited and that genetic drift is the main cause of their genetic differentiation 

171 (Wright, 1931).

172 Genetic differentiation between populations can be further analyzed based on Nei's genetic 

173 distance (Gd) and genetic identity (Gs). For the five populations of E. macrophylla (Table 4), the 

174 genetic identity and the genetic distance were between 0.8656 and 0.9588 and between 0.0490 

175 and 0.1443, respectively. The genetic similarity of the five populations was slightly higher, and 

176 the genetic distance was slightly smaller. The minimum genetic distance was observed between 

177 the NJD and DRS populations (0.0421, Table 4), and the genetic similarity between these two 

178 populations was the highest. The maximum genetic distance was observed between the LGD and 

179 NJD populations (0.1443, Table 4), with low population similarity and a large genetic difference.

180

181

182 UPGMA cluster analysis
183

184 The applied measure of genetic similarity was used to construct UPGMA dendrograms (Fig. 4). 

185 The clustering map shows that the five populations can be divided into three groups at the 

186 genetic coefficient of 0.94. One group represented the LGD population; the populations DRS, 

187 NJD and LS formed a second group, indicating that these three populations are closely related; 

188 the third group represented the DGD population. Populations with similar geographical distances 

189 were not clustered into the same group, indicating that the genetic distance between the 

190 populations of the E. macrophylla was not related to geographical distance. Consistent with these 

191 results, the Pearson correlation coefficient test revealed no significant correlation between 

192 geographic and genetic distance (r = 0.256579, p = 0.8309).
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193 The UPGMA clustering map divides the 102 samples into five groups with a genetic 

194 coefficient of 0.786 (Fig. 5). The first group includes all the samples from the LGD and DRS 

195 populations, indicating that the two populations are closely related, and the genetic identity 

196 shows that compared with other populations, the LGD population is closely related to the DRS 

197 population. The second group includes all the samples from the LSD, DGD and LS populations: 

198 one sample from the LGD and the samples from the LS population cluster into one group, and 

199 those from the DGD population form another group. The third group includes 21 samples from 

200 the NJD population. The fourth group is a sample from the PTS population; the fifth group 

201 includes 12 samples from the NJD population. The affinity similarity between the tested samples 

202 is related to their geographical location. The samples with the same geographical origin tend to 

203 be clustered together, and there is no cross-clustering between the samples. Nos. 29-40 of the 

204 NJD population are grouped into one category, and Nos. 41-61 are grouped into another 

205 category. Based on the sampling location and latitude and longitude, samples 29-40 were 

206 collected in the northwestern part of NJD (121°3'24-121°3'8, 27°27'53-27°28'21), and samples 

207 41-61 were collected in the southeastern part of NJD (121°5'52-121°6'11, 27°26'54-27°27'12). 

208 This pattern may have occurred because the waters of NJD are under the control of two streams 

209 in the Taiwan Warm Current and the Jiangsu and Zhejiang Coastal Currents. In the winter, NJD 

210 and its western waters are mainly controlled by the southeastern edge of the Donghai Coastal 

211 Current, and the northern part of the island borders the Yellow Sea Coastal Current. The sea area 

212 to the east of the NJD is mainly controlled by the northbound Taiwan Warm Current. The 

213 southern part of the NJD is connected to the South China Sea Warm Current and Kuroshio 

214 Current by the South China Sea Warm Current Continuum and a branch of the Kuroshio Current 

215 that passes northeastern Taiwan, respectively. Therefore, the winter temperature is higher in the 

216 southeastern part of NJD than in the northwestern part (Xiao, 2007).

217 In addition, according to the hydrological profile of the southeastern sea area of NJD, the 

218 upper 15 m in summer is controlled by mixed water from the Jiangsu and Zhejiang Coastal 

219 Currents and the Taiwan Warm Current, while the lower 15 m is controlled by the Taiwan Warm 

220 Current. In winter, the Jiangsu and Zhejiang Coastal Currents and the Taiwan Warm Current are 

221 in a left-right configuration. The Jiangsu and Zhejiang Coastal Currents control the waters to the 

222 west of the 25 m isobath, while the Taiwan Warm Current controls the deep waters to the east of 

223 the 45 m isobath. The hydrology of the sea to the northwest of Nanji Island is controlled by the 

224 Taiwan Warm Current in summer, the western part of which extends to the 15 m isobath area. 

225 During this period, the area is not affected by the Jiangsu and Zhejiang Coastal Currents. In 

226 winter, the area is completely controlled by the Jiangsu and Zhejiang Coastal Currents, but the 

227 bottom layer is affected by warm water from Taiwan (Xiao, 2007). Therefore, under the 

228 influence of ocean currents, the southeastern part of Nanji Island is generally warmer than the 

229 northwestern part, and as a result, the habitat may undergo subtle changes, leading to genetic 

230 differences that may result in the emergence of two populations on Nanji Island: the southeastern 

231 and northwestern populations.

232

233 Principal coordinate analysis

234

235 The principal coordinate (PCOA) analysis was conducted based on Nei's distance and used to 

236 calculate similarity coefficients. The positional relationships between individuals in the principal 

237 coordinate analysis map reflected their genetic similarities. The principal coordinate analysis was 
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238 performed on all the tested samples using NTSYS-pc 2.10e, and a two-dimensional clustering 

239 map of the main coordinates was obtained (Fig. 6). The classification results were largely 

240 consistent with the clustering results of the populations and samples. It can be seen from the 

241 figure that the LS, NJD and DRS populations tended to locate together, with the LGD and DGD 

242 populations being located far away. The LGD population was closest to the DRS population, and 

243 the DGD population was closest to the LS population. The 102 samples with the same 

244 geographical origin tended to cluster together, and there was no cross-clustering between 

245 samples. Consistent with the previous results, the NJD population was divided into two sub-

246 populations. Thus, the principal coordinate analysis results confirmed the clustering results of the 

247 UPGMA partition.

248

249 Discussion

250

251 Genetic diversity and genetic differentiation of E. macrophylla

252

253 Frankham compared and analyzed the allelic diversity of 202 groups of land and island 

254 populations of various species, including mammals, birds, fish, reptiles, insects and plants; in 

255 165 cases (81.7%), the genetic diversity of island populations was lower than that of terrestrial 

256 populations, with an average decrease of 29% (Frankham, 1997). The average PPL of the CDDP 

257 molecular markers detected in five populations of the island plant E. macrophylla was 48.928%, 

258 the average effective allele number (Ne) was 1.1801, the average of Nei's genetic diversity index 

259 (H) was 0.1149, and the average Shannon polymorphism information index (I) was 0.1848. All 

260 of these values are far below the genetic diversity values of populations of continental relatives 

261 and the endangered species Elaeagnus mollis (PPL=61.99%, Ne=1.6072, H=0.3166, and 

262 I=0.4603) estimated based on simple sequence repeat (SSR) molecular markers (Qin et al., 2010) 

263 and the genetic diversity values of four populations of the coastal plant Eurya emarginata (Ne = 

264 1.223, H = 0.132, and I = 0.200) estimated based on ISSR molecular markers (Zhang et al., 

265 2007). However, the present values are similar to those reported by Frankham. As an endangered 

266 coastal plant, E. macrophylla exhibits lower genetic diversity than its continental relatives and 

267 other coastal plants. The genetic diversity of island species is affected by breeding 

268 characteristics, dispersal capacity and effective population size (Frankham, 1997; Weller et al., 

269 1996). The reasons for the low genetic diversity in the populations were as follows: first, E. 

270 macrophylla has a low seed-setting rate and produces fruit that is sweet and vulnerable to 

271 consumption by birds, limiting natural recruitment. Second, as an island species, E. macrophylla 

272 has small populations, occupies a fragile habitat and has a narrow distribution range, making it 

273 more vulnerable to extinction than terrestrial species (Francisco-Ortega et al., 2000). Frequent 

274 human activities, such as tourism development, felling and increased anthropogenic shoreline 

275 damage, have led to changes in the habitat of E. macrophylla, which has had a strong impact on 

276 its growth and reduced its genetic diversity. Finally, geographic isolation limits genetic 

277 communication between populations. The gene flow and genetic diversity of populations of E. 

278 emarginata are enhanced through the actions of ocean currents, which allow seed dispersal and 

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27850v1 | CC BY 4.0 Open Access | rec: 11 Jul 2019, publ: 11 Jul 2019



279 gene exchange between populations (Zhang et al., 2007). However, the cluster analysis of E. 

280 macrophylla grouped samples strictly according to geographical origin, with no exceptions, 

281 indicating that the limited genetic communication among populations might lead to increased 

282 inbreeding within the populations and the loss of rare alleles due to genetic drift, thereby 

283 reducing the genetic diversity of the populations (Emerson, 2002).

284 For this species, the total genetic diversity (Ht) and intraspecies genetic diversity (Hs) were 

285 0.1706 and 0.1149 respectively. Compared to the endangered plant E. mollis in previous RAPD- 

286 (Ht=0.359, Hs=0.302) and SSR-based (Ht=0.3173, Hs=0.2575) studies (Qin et al., 2006; Qin et 

287 al., 2010), E. macrophylla in the present study showed lower diversity. Similarly, the diversity 

288 values in the present study are lower than those estimated using ISSR markers for the coastal and 

289 island plants Ilex integra (Ht=0.223, Hs=0.153; Leng et al., 2005), Machilus thunbergii 

290 (Ht=0.269, Hs=0.186; Leng et al. (2006), and Sonneratia caseolari (Ht=0.2103, Hs=0.1468; Li 

291 et al. (2004)) but higher than those reported for Neolitsea sericea (Ht=0.1248, Hs=0.0793; 

292 (Wang et al., 2004). Genetic differentiation (Gst) is calculated as the ratio of between-population 

293 genetic variance to the total variance among populations(Wright, 1965). Although the results of 

294 different molecular markers are not fully comparable, they still provide some useful information. 

295 The interspecific differentiation coefficient (Gst) of the five populations of E. macrophylla was 

296 0.3263, indicating that 32.63% of the variation existed among the populations. The genetic 

297 differentiation of the E. macrophylla populations was significant based on Nei's Gst 

298 classification criteria for genetic differentiation (low: Gst < 0.05, medium: Gst = 0.05~0.15, and 

299 high: Gst > 0.15) (Nei, 1978). Its genetic differentiation value was higher than the average value 

300 of 23 species (28.06%) of the Carinla Islands (Francisco-Ortega et al., 2000), it is also proved 

301 that the genetic differentiation between E. macrophylla populations is higher. The prevention of 

302 gene flow was the main cause of genetic differentiation among populations (Ouborg, 1999). 

303 The term gene flow refers to the process by which a biological individual disperses from its 

304 place of origin, followed by the exchange of genes between populations. Such exchange may 

305 occur between biological populations of the same species or different species, and it is essential 

306 to the evolution of many plant populations (Grant, 1991; Gerber et al., 2014). The populations of 

307 E. macrophylla displayed little gene flow (Nm=1.0325), there was no hybridization among 

308 individuals, and the genetic communication between each pair of populations was low. These 

309 results were mainly due to the geographical isolation of islands (mainly barriers posed by sea 

310 water), which limited the range of dispersal by pollen- and seed-dispersing birds: the maximum 

311 range of bird-mediated propagation is approximately 480-680 m (Chung et al., 2002). This 

312 distance is shorter than the shortest distance between islands (8100 m, between the LS and 

313 DGD); as a result, water currents are the main medium of genetic communication between 

314 islands (Kwon et al., 2002). The fruits of E. macrophylla fall into the sea due to sea breezes and 

315 disperse with the currents over short distances; however, but the germination rates of fruits or 

316 seeds of most higher plants are significantly reduced after soaking in sea water for long periods 

317 (Angelique, 2000). Thus, the probability of seeds being dispersed by currents is small, resulting 

318 in limited gene flow between populations.

319

320 Conservation of E. macrophylla diversity

321

322 The CDDP molecular markers showed that the genetic diversity of the natural population of E. 

323 macrophylla was low (PPL=48.928%, Ne=1.1801, H=0.1149, and I=0.1848); only the 

324 population of Nanji Island showed high genetic diversity (PPL=80.28%, Ne=1.2410, H=0.1580, 
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325 and I=0.2613), which was due to NJD being located far away from the Chinese mainland and 

326 relatively closed. Compared with the limitations of pollen and seed transmission, human 

327 destruction is the main cause of the shrinking populations and reduced genetic diversity. To 

328 protect E. macrophylla, we should strengthen local protection, increase the awareness of local 

329 residents and tourism management personnel, and provide suitable habitats. Additionally, the 

330 introduction and exchange of populations should be increased, breaking the barrier to gene flow. 

331 Finally, expanding the populations by artificial cultivation and tending would improve the 

332 genetic diversity of the populations.

333

334 Conclusions

335

336 The present study is the first genetic investigation of E. macrophylla using CDDP markers to 

337 investigate this species' distribution and genetic variation. The results showed that CDDP 

338 molecular markers can be effectively used to study the genetic diversity of E. macrophylla 

339 populations and revealed that E. macrophylla populations have low genetic diversity and high 

340 genetic differentiation. The low levels of gene flow among populations are the main cause of the 

341 high levels of genetic differentiation. Based on these findings, some conservation measures for 

342 E. macrophylla are proposed.
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Figure 1
Fig.1 Geographical location of the 7 sampling points (including Putuo Island and
Lingshan Island where only one sample was collected) of E. macrophylla in China.

The yellow areas represent sampling provinces in China, the red dots represent sampling
sites, and the black circles represent zooming in on the area.
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Figure 2
Fig.2 Sample DNA extraction results of the Daguan Island E. macrophylla population.

The samples from left to right are DGD1-12, and Marker is DL5000.
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Figure 3
Figure 3 Ampliûcation results for MYB1 in the Liugong Island population and the Da
Rushan population.

Ampliûcation results for MYB1 in the Liugong Island population (1-8) and the Da Rushan
population (9-20), Marker=DL2000.
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Figure 4
Fig.4 UPGMA cluster analysis of genetic similarity of 5 populations.

There are 7 sampling points, but since LSD and PUD only collect one sample, they cannot be
counted as a population, so there are only cluster results of 5 populations.
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Figure 5
Figure 5 UPGMA cluster analysis of 102 samples of E. macrophylla.

Liugong Island (1-8), Da Rushan (9-28), Nanji Island (29-61), Putuo Island (62), Lingshan
Island (63), Laoshan (64-76), and Daguan Island (77-102). Sample clustering contains one
sample of Lingshan Island and one sample of Putuo Island.
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Figure 6
Fig.6 Two-dimensional PCoA analysis of 102 samples.

The numbers in the ûgure are consistent with those in Fig.5.
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Table 1(on next page)

Table 1 Sampling information for E. macrophylla

The table shows information such as population name, abbreviation, geographic location,
latitude and longitude, and altitude.
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1 Table 1  Sampling information for E. macrophylla

Population Number Locality Geographical location Altitude 

(meters)

Liugong Island (LGD) 8 Weihai Bay, Weihai city, 

Shandong Province

37°309N, 122°109E 22 

Da Rushan (DRS) 20 Rushan city, Weihai city, 

Shandong Province

36°459N, 121°309E 5.2 

Lingshan Island (LSD) 1 Huangdao District, Qingdao 

city, Shandong Province

36°279N, 121°589E 20 

Daguan Island (DGD) 26 Laoshan District, Qingdao 

city, Shandong Province

36°139N, 120°469E 11 

Laoshan (LS) 13 Laoshan District, Qingdao 

city, Shandong Province

36°79N, 120°399E 20 

Putuo Island (PTD) 1 Zhoushan Islands, Zhoushan 

city, Zhejiang Province

30°09N, 122°249E 96 

Nanji Island (NJD) 33 Pingyang County, Wenzhou 

city, Zhejiang Province

27°289N, 121°39E 42 

2
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Table 2(on next page)

Table 2 Site information for 15 CDDP markers and genetic diversity parameters at each
locus of E. macrophylla.

Table contains inforations such as p rimer coding, primer names, sequence,
annealingTemperature, number of bands recorded, number of polymorphic bands and PPL.
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1 Table 2  Site information for 15 CDDP markers and genetic diversity parameters at each locus of 

2 E. macrophylla

3 Primer 

coding

Primer 

name

Sequenceÿ5'-3') Annealing

Temperature

Number of 

bands 

recorded

Number of 

polymorphic 

bands

PPL/%

Pr1 WRKY-F1 TGGCGSAAGTACGGCCA

G

50 21 21 100

Pr2 WRKY-R1 GTGGTTGTGCTTGCC 52 30 30 100

Pr3 WRKY-R3 CCGCTCGTGTGSACG 50 21 25 100

Pr4 MYB1 GGCAAGGGCTGCCGC 50 19 19 100

Pr5 MYB2 GGCAAGGGCTGCCGG 50 13 13 100

Pr6 ERF1 CACTACCGCGGSCTSCG 50 30 30 100

Pr7 ERF2 GCSGAGATCCGSGACCC 50 11 11 100

Pr8 ERF3 TGGCTSGGCACSTTCGA 50 11 11 100

Pr9 KNOX-1 AAGGGSAAGCTSCCSAA

G

50 21 21 100

Pr10 KNOX-2 CACTGGTGGGAGCTSCA

C

50 19 19 100

Pr11 KNOX-3 AAGCGSCACTGGAAGCC 50 15 15 100

Pr12 MADS-1 ATGGGCCGSGGCAAGGT

GC

50 14 14 100

Pr13 MADS-4 CTSTGCGACCGSGAGGT

G

50 28 28 100

Pr14 ABP1-1 ACSCCSATCCACCGC 50 14 14 100

P15 ABP1-3 CACGAGGACCTSCAGG 50 18 18 100
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Table 3(on next page)

Table 3 Genetic diversity in ûve populations of E. macrophylla.

The table contains information such as population name, number of samples, Na, Ne,H, I,
PPL, and standard deviation in parentheses.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27850v1 | CC BY 4.0 Open Access | rec: 11 Jul 2019, publ: 11 Jul 2019



1 Table 3  Genetic diversity in five populations of E. macrophylla

2 (standard deviation in parentheses)

3 Note: The Putuo Island (PTD) and Lingshan Island (LSD) populations are not include because there was only one sample for 

4 each.

5

Population 

name

Number of 

samples

Na Ne H I PPL (%)

Liugong 

Island (LGD)

8 1.1488 

(0.3565)

1.0739 

(0.2178)

0.0446 

(0.1210)

0.0690 

(0.1785)

14.88

Da Rushan 

(DRS)

20 1.5398 

(0.4993)

1.2002 

(0.2850)

0.1290 

(0.1622)

0.2070 

(0.2381)

53.98

Nanji Island 

(NJD)

33 1.8028 

(0.3986)

1.2410 

(0.2931)

0.1580 

(0.1566)

0.2613 

(0.2198)

80.28

Laoshan (LS) 13 1.4998 

(0.4983)

1.1941 

(0.3020)

0.1208 

(0.1680)

0.1898 

(0.2458)

50.52

Daguan 

Island (DGD)

26 1.5502 

(0.4983)

1.1912 

(0.2878)

0.1222 

(0.1615)

0.1968 

(0.2355)

44.98

Mean 20 1.5083 1.1801 0.1149 0.1848 48.928

Species level 100 1.9654 

(0.1831)

1.2601 

(0.2845)

0.1724 

(0.1532)

0.2869 

(0.2098)

96.54
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Table 4(on next page)

Table 4 Nei9s genetic identity (above diagonal) and genetic distance (below diagonal)
for ûve populations.

Liugong Island (LGD), Da Rushan (DRS), Nanji Island (NJD), Laoshan (LS), Daguan Island
(DGD).
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1

2 Table 4  Nei9s genetic identity (above diagonal) and genetic distance (below diagonal) for five populations

  Population LGD DRS NJD LS DGD

LGD **** 0.9253 0.8656 0.8730 0.8697

DRS 0.0776 **** 0.9588 0.9569 0.9431

NJD 0.1443 0.0421 **** 0.9522 0.9391

LS 0.1358 0.0440 0.0490 **** 0.9427

DGD 0.1396 0.0585 0.0628 0.0590 ****

3 Note: Liugong Island (LGD), Da Rushan (DRS), Nanji Island (NJD), Laoshan (LS), Daguan Island (DGD).

4
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