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Research paper

Population Genetic Variations of Calophyllum inophyllum

in Taiwan and on Nearby Islands

Shu-Lin Deng,'”  Chao-Hsien Fu,” Kun-Cheng Chang,”
Chien-JuYang,”  Chiung-Yi Huang"

[ Summary ]

Calophyllum inophyllum L. belongs to the genus Calophyllum (Clusiaceae) which is widely
distributed in Southeast Asia, India, Okinawa (Japan), Australia, and the Pacific Islands. Taiwan
is located at the edge of the species’ distribution area, and the species is mainly distributed on the
Hengchun Peninsula and Lanyu. C. inophyllum is one of the coastal windbreak trees, and is seed
oil can be extracted and used for cosmetics and medicinal purposes and also developed into bio-
mass energy; so, it possesses high value for landscping and economics. In this study, genetic varia-
tions and the population genetic structure of 79 individuals sampled from 8§ populations in Taiwan,
Lanyu, the Pratas Island, and Okinawa (Japan), were examined using inter-simple sequence repeat
(ISSR) markers. For a total, 14 primers were used and 159 polymorphic sites were detected. A
POPGENE analysis revealed that the total gene diversity (H) was 0.2021, the genetic differentia-
tion index (Gst) was 0.6385, and the gene flow index (Nm) was 0.2832. An analysis of molecular
variance (AMOVA) revealed that the variance component between population regions was 47.87%
(p <0.001), that of populations within regions was 14.53% (p < 0.001), and the among individuals
within populations was 37.60 (p < 0.001). The results indicated significant genetic differentiation
among islands and among population within island. In addition, the Mantel test showed that there
was no significant relation between the genetic distance and geographic distance (» = 0.78, p = 0.99),
pointing to a random distribution among populations. In conclusion, the gene flow among popula-
tions was relatively restricted, and populations on different islands showed significant genetic dif-
ferentiation. Based on results of the UPGMA cluster analysis, the clustering of populations proved
significant genetic differentiation among islands. It wasspeculated that geographic segmentation
may be a significant factor in the genetic differentiation among the 4 regions. In addition, the ge-
netic diversity of C. inophyllum is relatively low compared to those of other coastal plants. Based on
the above findings, both in-situ and ex-situ conservation approaches are necessary for this species.
Key words: Calophyllum inophyllum L., population genetic variation, genetic diversity, gene flow.
Deng SL, Fu CH, Chang KC, Yang CJ, Huang CY. 2017. Population genetic variations of Calo-

phyllum inophyllum in Taiwan and on nearby islands. Taiwan J For Sci 32(2):145-57.
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Table 1. List of Calophyllum inophyllum populations used in this study
. Number
Population . L
Region Sampling sites of sample
code e
individuals
S Taiwan Huwei, Sihhu (Yunlin County) 14
K Shanhai, Hongchaikeng, Baisha (western Hengchun Peninsula) 12
C Kenting Youth Activity Center (southern Hengchun Peninsula) 10
L Jiupeng, Nantian (eastern Hengchun Peninsula) 13
P Lanyu Lanyu (Taitung County) 14
Iri Ryukyu Islands Iriomote 5
Ishi Ishigaki 5
D Pratas Island Pratas Island 6
Total 8 79

.z

Ishi
Irigey

S. Yunlin County

K. Western Hengchun
Peninsula

C. Southern Hengchun
Peninsula

L. Eastern Hengchun
Peninsula

P. Lanyu

Iri. Iriomote

Ishi. Ishigaki

D. Pratas island

Fig. 1. Map showing locations of the 8 sampled Calophyllum inophyllum populations among
the nearby regions Lanyu, Pratas Island, Okinawa, and Taiwan. Population codes are the

same as in Table 1.
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Table 2. Properties of 14 ISSR primers used in this study

Annealing Number of ~ Number of Percentage of

Primer Sequence 5°—3’ temperature %) monomorphic polymorphic polymorphic
(C) fragments fragments fragments

UBC807 5-AGA GAG AGA GAG AGA GT-3’ 50.4 47.1 16 8 50.0
UBC810 5-GAG AGA GAG AGA GAG AT-3’ 50.4 47.1 18 12 66.7
UBC818 5’-CAC ACACACACACACAG-3’ 52.8 52.9 12 10 88.8
UBC823 5-TCT CTC TCT CTC TCT CC-3’ 52.8 52.9 16 15 93.8
UBC825 5’~ACA CACACA CACACACT-3’ 50.4 41.7 11 4 36.4
UBC827 5-ACA CAC ACA CACACA CG-3’ 52.8 529 16 12 75.0
UBC842 5-GAG AGA GAG AGA GAGA(CT)G-3’ 54.8 52.8 16 15 93.8
UBC844 5-CTC TCT CTC TCT CTC T(AG)G-3’ 54.8 52.8 14 13 92.9
UBC848 5’-CAC ACA CAC ACA CACA(AG)G-3’ 54.8 52.8 15 14 93.3
UBC865 5°-ATG ATG ATG ATG ATG ATG-3’ 74.2 100 14 14 100
UBC886 5’(AGC)(AGT)(AGC)CTC TCT CTC TCT CT-3’ 51.9 50.9 14 6 429
UBC887 5’<(AGT)(AGC)(AGT)TCT CTC TCT CTC TC-3” 51.1 489 12 12 100
UBC889 5<(AGT)(GCT)(AGT)ACA CAC ACACACAC-3" 51.1 48.9 12 8 66.7
UBC890 5’ <(AGC)(ACT)(AGC)GTG TGT GTG TGT GT-3>  51.9 50.9 17 16 94.1
Total 203 159
Average 78.33

1993) » FEZARAEE FEFE (Ssm) » 55 LA
Dice (1945)73 =G R R B A [ 2 AHEL
JE(Sap) © Sap = 2N,p/ (2Np+ N+ Np) ©
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HE R -

B & R 2 kA7 i 8% LIPOPGENE vers.
1.31 45k (Yeh et al. 1999)3t 5 i
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0.6385 » FLKI R (Nm)$50.2832 o & HHERT 2 5 14.53% (p < 0.001) » FEEFA{E SR AI537.60%
[R] I 55 P (D) TR B ML R BRE(0.1259) B G R & (p < 0.001) » HE R B ok (B M) R Py 20 R P

fIfREE(0.0322) » Shannon’s% B H5 (D EI A W= (FR4) -
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Table 3. POPGENE analysis of genes, genetic differentation, and gene flow of Calophyllum
inophyllum

POP N Na Ne H I np pp(%) Gst Nm
1. Yunlin County 14 1.2611 1.1712 0.0972 0.1433 53 26.11
2. Western Hengchun Peninsula 12 1.2266 1.1367 0.0794 0.1186 46 22.66
3. Southern Hengchun Peninsula 10 1.2611 1.1764 0.1006 0.1469 53 26.11
4. Eastern Hengchun Peninsula 13 1.2167 1.1477 0.0837 0.1228 44 21.67

5. Lanyu 14 1.3448 1.2170 0.1259 0.1870 70 34.48
6. Iriomote 5 1.1527 1.1189 0.0645 0.0928 31 15.27
7. Ishigaki 5 1.0887 1.0566 0.0322 0.0479 18 8.87
8. Pratas Island 6 1.1576 1.1153 0.0632 0.0918 32 15.76
1-4 Taiwan 49 1.3941 1.2191 0.1289 0.1950 80 39.41 0.2983 1.1762
6-7 Ryukyu Islands 10 1.1872 1.1192 0.0690 0.1024 38 18.72 0.2996 1.1690
Total 79 1.7833 1.3207 0.2021 0.3192 159 78.33 0.6385 0.2832

N, number of samples; Na, observed number of alleles; Ne, effective number of alleles; H, Nei’s (1973)
gene diversity; I, Shannon’s information index; np, the number of polymorphic loci; pp, the percent-
age of polymorphic loci; Gst, proportion of the total diversity among populations; Nm, gene flow.
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Fig. 2. UPGMA dendrogram based on 159 polymorphic ISSR bands of 79 individuals of

Calophyllum inophyllum.
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Fig. 3. Results of 2-dimensional principal coordinate analysis based on ISSR of 79
Calophyllum inophyllum L. individuals studied.

Table 4. Analysis of molecular variance for the 8 populations of Calophyllum inophyllum

Source of variation df Ssd Msd Variance % Total p-value
components variance
Nest analysis
Variance among regions 3 802.72 267.57 14.68 47.87  <0.001
Variance among populations within regions 4 231.29  57.82 4.45 14.53  <0.001
Variance within populations 71 81840 11.53 11.52 37.60  <0.001

df, degrees of freedom; Ssd, sum of squares; Msd, mean squares; p-value, probability.
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