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ABSTRACT 

Zulfahmi, Siregar IZ, Siregar UJ (2010) Chloroplast DNA variation of Shorea acuminata Dyer in Sumatra assessed by microsatellite 
markers. Biodiversitas 11: 107-111. Shorea acuminata Dyer is member of the Dipterocarpaceae family. It is ecologically and 
commercially important in the Indonesian region. In the present study, chloroplast microsatellites (cpSSRs) were used to study the 
distribution of chloroplast DNA haplotypes and to assess the variation within and among populations of S. acuminata from Riau and 
Jambi provinces eastern part of Sumatra. Based on chloroplast microsatellite analysis, six haplotypes were observed for S. acuminata, 
namely haplotype P, Q, R, S, T, and U, respectively. The high haplotype variation was detected in Bukit Barisan National Park (TNBT) 
population (five haplotypes); it may be due to TNBT population status as national parks (conservation area) under government 
protection. The value of genetic differentiation measured for S. acuminata was Gst = 0.150. The Gst values in this study is lower than the 
mean Gst value estimated in angiosperms plant for maternally inherited. Information on the status of genetic variation of the species in 
this study could be used as scientific consideration in formulating appropriate strategies for conservation and sustainable utilization of 
genetic resources. 
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Indonesian tropical rain forest is rich in genetic 
resources. Rapid destruction of forests due to illegal 
logging, forest fires, and over exploitation has been 
threatening the existence of genetic resources in forest 
ecosystem. We must consider how to conserve the genetic 
diversity of the tropical rain forest. For this purpose, we 
started a study of genetic variation in forest trees (Shorea 
acuminata) which is one of high quality timbers in 
Indonesia.  

Shorea acuminata Dyer is a member of the genus 
Shorea (section Mutica) in the Dipterocarpaceae family. 
This tree is distributed in a mixed dipterocarp forest in 
Malaysia, Sumatra and Lingga (Ashton 1982). In 
Indonesia, it is known locally as meranti bunga, and 
belongs to the light red meranti timber group (Newman et 
al. 1996). Meranti bunga is an important timber because of 
its economic value. The hard wood of meranti bunga is 
suitable for heavy construction, to make poles, flooring, 
furniture, window panels, and doors. Meranti bunga is one 
of the fast growing species among other dipterocaps for 
planting as quality timber in Indonesia (Soekotjo and 
Wardhana 2005).  

Genetic variation is the fundamental requirement for the 
maintenance and long term stability of forest ecosystem 
since the amount and pattern of genetic variation would 
determine the ability of forest tree species to adapt on 

variable environment condition. Information on the 
genetics of species would be useful in designing 
appropriate tree breeding program and conservation of 
genetic resources.  

One of the genetic resources conservation objectives is 
to prevent the species extinction. Genetic information as 
life history (evolution) and population structure knowledge 
of plants are important for development of sound genetic 
conservation strategies. Therefore, there are needs to know 
status of variability of chloroplast DNA, mitochondria and 
nuclear genome of plants. Studies on genetic variation of S. 
acuminata have been conducted based on various markers 
targeted at nuclear DNA such as RAPDs, (Harada et al. 
1994), microsatellites (Takeuchi et al. 2004; Tani et al. 
2009), AFLPs (Cao et al. 2006, 2009), DNA sequencing 
(Ishiyama et al. 2003; Kamiya et al. 2005; Inomata et al. 
2008).  

 In this study, we analyzed the chloroplast genome 
using the microsatellite markers. We choose the chloroplast 
genome due to its uniparental inheritance, the absence of 
recombination, and slow mutation rates (Provan et al. 
2001). The objectives of this research were to determine 
distribution of chloroplast DNA haplotypes and to estimate 
the genetic diversity of chloroplast DNA within and among 
populations of S. acuminata. 
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MATERIALS AND METHODS 

Sample collection 
Leaf tissues from seedlings or poles or trees of the 

Shorea acuminata were harvested from natural populations 
in Sumatra. The number of individuals collected per 
population is showed in Table 1. Field distance among 
individuals was kept at around 150 m. The samples 
collected in the fields were stored in plastic packages 
containing silica gel with ratio leaf to silica (1:5 g), 
subsequently stored in a freezer at temperature -60oC until 
DNA extraction was performed. 

DNA extraction and PCR-cpSSR 
Total DNA was extracted from dry leaf tissue (2 cm2) 

using the Dneasy 96 Plant DNA isolation Kit (Qiagen, 
Hilden). The extraction was done following the 
manufacturer’s instructions. The quality of DNA isolation 
results was visualized in 0.8% (w/v) agarose gels. 
Electrophoresis was performed using 1X Tris-acetate 
(TAE) buffer for about 30-80 minutes at 100-150 V. The 
quality of DNA was examined in comparison to a 
Molecular Weight Standard (Lambda DNA Marker, Roche 
Mannheim). Ten universal primers, namely consensus 
chloroplast microsatellite primers (ccmp) ccmp1 to ccmp10 
(Weising and Gardener 1999) were tested in order to 
analyze the chloroplast microsatellite genome. The 
amplification of cpSSRs was performed using fluorescence 
dyed forward primers (Metabion) for genotyping purpose, 
namely 6-FAM/Blue (ccmp2, ccmp4, ccmp6 and ccmp9), 
HEX/Green (ccmp1, ccmp3, ccmp7 and ccmp10) and 
NED/yellow (ccmp5 and ccmp8). 

The PCR procedure was according to Indrioko (2005) 
using the following reaction conditions: initial denaturation 
for 15 minutes at 95oC, followed 35 cycles of denaturation 
for 1 minute at 94oC, annealing for 1 minute at 50oC, 
extension for 1 minute at 72oC and final extension for 10 
minutes at 72oC. Reaction mix (15 µl) of PCR reagents was 
prepared as follows: 2.0 μl template DNA (5-10 ng), 1.8 μl 
forward primers (5 pmol/μl) and reverse primers (5 
pmol/μl), 1.9 μl Distillated water, and 7.5 μl HotStarTaq 
Master Mix Kit (Qiagen, Hilden). PCR products were 
separated on 2.0% (w/v) agarose gels and quality of DNA 
was examined in comparison to a Molecular Weight 
Standard XIV (100 bps ladder) DNA Marker (Roche 
Mannheim). The gel was stained in ethidium bromide 
solution for about 20 minutes at room temperature; the 
banding patterns of gel were observed under UV light 
apparatus in the dark room and documented using a digital 
camera. 

Genotyping of PCR products 
The reagents for genotyping (96 probes) were composed 

of: 1152 μl HiDi Formamide (Applied Biosystem) and 1.5 
μl GS 500 ROX TM (Applied Biosystems). The reagents 
mix was distributed equally into 96 samples tubes (12 μl 
each sample), and then 2 μl of the amplification product of 
each sample was added to the tubes. The samples were 
denaturated for 2 minutes at 90oC, subsequently stored on 
ice for about 5 minutes before capillary electrophoresis.  

The separation was done by capillary electrophoresis on 
an automated sequencer ABI PRISM 3100 Genetic 
Analyzer (Applied Biosystems) with polymer 3100 POP-
4TM (Applied Biosystems). The length of electrophoresis 
products expressed in base pairs was measured with the 
help of the internal size standard GS500 ROX TM (Applied 
Biosystems). Individual alleles were analyzed using 
GeneScan Version 3.7 (Applied Biosystems) and 
Genotyper Version 3.7 NT (Applied Biosystems). 

Data analysis 
Haplotypes were inferred as combination from 

individual alleles sizes found at each locus. In analyzing 
fragment patterns of cpSSR, the fragments are coded with 1 
and 0 indicating the presence or absence of fragments. 
Haplotype frequencies and population structure was 
calculated using the POPGEN Software Version 32 (Yeh et 
al. 1999). UPGMA dendogram analysis based on Nei’s 
genetic distance (1972) was calculated with NTSYSpc 
Software Version 2.0 (Rohlf 1998). 

RESULTS AND DISCUSSION 

cpSSR haplotypes 
The ten chloroplast microsatellite (cpSSR) primers 

ccmp1-ccmp10 (Weising and Gardener 1999) were tested 
initially in two samples per population. Out of ten 
chloroplast microsatellites primers used, five primers 
(ccmp4, ccmp5, ccmp7, ccmp8 and ccmp9) showed no 
amplification products, whereas five primers (ccmp1, 
ccmp2, ccmp3, ccmp6 and ccmp10) were successful to be 
amplified in all DNA samples. Out of these five primers, 
three primers (ccmp1, ccmp2 and ccmp10) showed 
monomorphic patterns with fragment sizes of 113 bp, 150 
bp and 101 bp, respectively. At ccmp3 and ccmp6 primers 
showed polymorphic patterns. Amplification products of 
ccmp3 revealed presences of four length variants (100 bp, 
101 bp, 102 bp and 104 bp), while the products of ccmp6 
showed only two length variants (97 bp and 98 bp). In 
total, there were observed six haplotypes (Table 2).  

 
Table 1. The number of individuals (N), approximate latitude and longitude, and haplotype frequency of S. acuminata per population. 
 

Province District Population name N Longitude Latitude 

Jambi Tebo Pasir Mayang 6 101o48’57”-101o49’17”E 00o52’32”-01o54’17”S 
Riau Pelalawan Nanjak Makmur 7 101o30’37”- 103o21’36”E 00o46’24”-00o24’34”S 
Riau Indragiri Hulu Bukit Tigapuluh National Park (TNBT) 7 102o13’-102o45’E 00o40’-01o30’S 

  Total 20   
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Table 2. Definition of haplotypes and fragment sizes of cpSSRs 
 

Fragment amplification sizes of cpSSR (bp) Haplotypes ccmp3 ccmp6 
P 
Q 
R 
S 
T 
U 

101 
101 
100 
102 
104 
100 

97 
98 
98 
97 
97 
97 

cpSSR haplotypes variation 
Based on Genescan results, there were six haplotypes 

observed for S. acuminata, namely P, Q, R, S, T and U, 
respectively. Details of haplotype frequencies in S. 
acuminata are shown in Table 3. Hapotype P, Q and T are 
only observed in TNBT population, haplotype R in TNBT 
and Nanjak Makmur populations, Haplotype S in Pasir 
Mayang, TNBT and Nanjak Makmur populations, whereas 
haplotype U is only found in Pasir Mayang population. The 
high haplotype variation was detected in TNBT population 
(five haplotypes); it may be due to TNBT population status 
as national parks (conservation area) under government 
protection. 

In general, the number of haplotype variation is low in 
this study. The low chloroplast DNA haplotypes is closely 
related to slow mutation rates (Provan et al. 2001). A low 
number of haplotypes was also observed in Populus 
tremula (six haplotypes, Salvini et al. 2001), wild 
Grapevine (five haplotypes, Grassi et al. 2006), Fraxinus 
excelsior (six haplotypes, Hebel et al. 2006), Fraxinus 
ornus (four haplotypes, Heuertz et al. 2006), and Hagenia 
abyssinica (six haplotypes, Ayele et al. 2009). One the 
other hand, high chloprolast DNA haplotype variation was 
observed in Oak (Deguilloux et al. 2004b), Fraxinus 
excelsior L. (12 haplotypes, Heuertz et al. 2004), Fagus 
sylvatica (14 haplotypes, Vettori et al. 2004), Ulex (47 
haplotypes, Cubas et al. 2005), Fraxinus angustifolia (13 
haplotypes, Heuertz et al. 2006), S. boivinii (14 haplotypes, 
Pardo et al. 2008), and S. genistoides (30 haplotypes, Pardo 
et al. 2008). 

Genetic variation within and among populations 
Values of genetic differentiation measured for S. 

acuminata was Gst = 0,150 (Hs = 0,203; Ht = 0,239). This 
value indicated that moderate gene flow among populations 
of S. acuminata, which is explained by restricted seed 
dispersal due to relatively heavy seeds and dispersed by 
wind or gravity. Although seed of S. acuminata dispersal 

distances can be up to 500 m or even further, more than 
half of the mature seeds land within 50 m of the parent tree 
under forest conditions (Takeuchi et al. 2004).  

The Gst values in this study is lower than the mean Gst 
value estimated in angiosperm plants for maternally 
inherited DNA (Gst = 0.637, Petit et al. 2005) and another 
study for some species such as Arabis holboellii (Gst 0.20, 
Dobes et al. 2004); Fagus sylvatica (Gst = 0.855, Vettori et 
al. 2004); wild Grapevine (Gst = 0.631, Grassi et al. 2006); 
Fraxinus ornus (Gst = 0.983, Heuertz et al. 2006); Fraxinus 
angustifolia (Gst = 0.964, Heuertz et al. 2006); and Hagenia 
abyssinica (Gst = 0.899, Ayele et al. 2009). The low of Gst 
estimated based on chloroplast microsatellite markers were 
also obtained in Populus tremula. L (Gst = 0.07, Salvini et 
al. 2001); Cunninghamia lanceolata (Gst = 0.017, Hwang et 
al. 2003); Cunninghamia konishii (Gst = 0.073, Hwang et 
al. 2003); and Magnolia stellata (Gst = 0.137, Setsuko et al. 
2007). 

The geographic distribution of haplotypes for S. 
acuminata does not correspond with geographical 
separation among populations (Figure 1). In S. acuminata, 
six haplotypes (P, Q, R, S, T, and U) were found. Five out 
of the six haplotypes were found in TNBT population, two 
haplotypes in Pasir Mayang and Nanjak Makmur 
populations. This result also showed that haplotype P, Q, 
and T was specifically in TNBT population and haplotype 
U was specifically in Pasir Mayang population. The 
specific haplotype may be useful for the detection of 
species geographical origin. This study was first method to 
explore the possibility of using molecular marker as tool to 
prove the geographical origin of the individual trees. The 
DNA method to detect the geographic origin of species has 
been developed in Oak species (Deguilloux et al. 2002; 
2003; 2004a) and Dipterocarps species (Finkeldey et al. 
2007; Indrioko 2007; Lee and Tnah 2007; Nuroniah 2009; 
Finkeldey et al. 2010).  

Genetic distance indicates the genetic relationship 
among populations. Genetic distances among populations, 
namely TNBT and Pasir Mayang, Nanjak Makmur and 
Pasir Mayang, and Nanjak Makmur and TNBT was 0.0942, 
0.0129, and 0.0791, respectively. UPGMA dendograms 
(Figure 2) based on Nei’s genetic distance (1972) showed 
that S. acuminata was divided into two clusters with Pasir 
Mayang and Nanjak Makmur populations forming first a 
cluster, and TNBT population forming a second cluster. 
TNBT population was separated from another population 
due to high haplotype diversity within population. 

 
 
 

Table 3. The number of individuals (N), approximate latitude and longitude, and haplotype frequency of S. acuminata per population. 
 

Haplotypes Province District Population name N P Q R S T U 
Jambi Tebo Pasir Mayang 6 0.000 0.000 0.000 0.833 0.000 0.167 
Riau Pelalawan Nanjak Makmur 7 0.000 0.000 0.143 0.857 0.000 0.000 
Riau Indragiri Hulu Bukit Tigapuluh National Park (TNBT) 7 0.143 0.143 0.143 0.286 0.286 0.000 

  Total  20       
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  Implications on conservation 
of genetic resources of Shorea 
acuminata in Sumatra 

One of the goals of the 
conservation of genetic 
resources is to prevent species 
extinction. Genetic conservation 
of S. acuminata can be made 
either in situ or ex situ. In situ 
conservation requires a large 
population size, whereas ex situ 
conservation requires collection 
from represented individuals so 
that genetic diversity within 
population is maintained.  

Based on differentiation 
values of S. acuminata (Gst = 
0.150) showed that moderate 
level of genetic diversity 
partitioned between populations. 
The most important conservation 
objective is preservation of 
maximum number alleles of 
target species. Therefore, if in-
situ conservation and sampling 
for ex-situ conservation of S. 
acuminata will be established, 
we recommend that S. 
acuminata conservation could be 
implemented in TNBT 
population for Sumatra island 
due to high haplotype diversity 
and habitat status of this 
population which is found in a 
national park.  

CONCLUSION 

The six haplotypes were 
observed for S. acuminata 
populations in Sumatra, namely 
P, Q, R, S, T and U, respectively 
in which TNBT population 
possessed high haplotype 
diversity. The genetic 
differentiation in the three 
studied populations was 
moderate (Gst = 0.150). It was 
suggested to use the available 
information as scientific 
consideration in formulating 
genetic conservation strategies 
of the species. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
Figure 1. Geographical distribution of haplotypes chloroplast microsatellite in S. acuminata. 
Note: 1. Pasir Mayang, 2. Nanjak Makmur, 3. Bukit Tigapuluh National Park (TNBT). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Dendogram of UPGMA cluster analysis on S. acuminata based on Nei’s genetic 
distance (1972).  

P Q R S T U 

 
Haplotypes:

     TNBT 

  Pasir Mayang 

 Nanjak Makmur 

Pasir Mayang 

Nanjak Makmur 

TNBT 

SUMATRA 

2 

1 

3



ZULFAHMI et al. – Chloroplast microsatellite variation in Shorea acuminata 

 

111

REFERENCES 

Ashton PS (1982) Dipterocarpaceae. In: Van Steenis, CGGJ (eds) Flora 
Malesiana, Series 1, Spermatophyta, Vol. 9, Part 2. Martinus Nijhoff. 
The Hague, Boston, London. 

Ayele TB, Gailing O, Umer M, Finkeldey R (2009) Chloroplast DNA 
haplotype diversity and postglacial recolonization of Hagenia 
abyssinica (Bruce) J.F. Gmel. in Ethiopia. Plant Syst Evol 280: 175-
185. 

Cao CP, Gailing O, Siregar IZ, Indrioko S, Finkeldey R (2006) Genetic 
variation at AFLPs for the Dipterocarpaceae and its relation to 
molecular phylogenies and taxonomic subdivisions. J Plant Res 119: 
553-558. 

Cao CP, Gailing O, Siregar IZ, Siregar UJ, Finkeldey R (2009) Genetic 
variation in nine Shorea species (Dipterocarpaceae) in Indonesia 
revealed by AFLPs. Tree Genet Genom 5: 407-420. 

Cubas P, Pardo C, Tahiri H (2005) Genetic variation and relationships 
among Ulex (Fabaceae) species in Southern Spain and Northern 
Morocco assessed by chloroplast microsatellite (cpSSR) markers. Am 
J Bot 92(12): 2031-2043. 

Deguilloux MF, Pemonge MH, Bertel L, Kremer A, Petit RJ (2003) 
Checking the geographical origin of Oak wood: molecular and 
statistical tools. Mol Ecol 12: 1629-1636. 

Deguilloux MF, Pemonge MH, Petit RJ (2002) Novel perspectives in 
wood certification and forensic: dry wood as a source of DNA. Proc 
R Soc Lond Ser B Bio Sci 269: 1039-1046. 

Deguilloux MF, Pemonge MH, Petit RJ (2004a) DNA based control of 
Oak wood geographic origin in the context of cooperage industry. 
Ann For Sci 61: 97-104. 

Deguilloux MF, Pemonge MH, Petit RJ (2004b) Use of chloroplast 
microsatellites to differentiate oak populations. Ann For Sci 61: 825-
830. 

Dobes CH, Mitchell-Olds T, Koch MA (2004) Extensive chloroplast 
haplotype variation indicates Pleistocene hybridization and radiation 
of North American Arabis drummondii, A. divaricarpa, and A. 
holboellii (Brassicaceae). Mol Ecol 13: 349-370. 

Finkeldey R, Leinemann L, Gailing O (2010) Molecular genetic tools to 
infer the origin of forest plants and wood. Appl Microbiol Biotechnol 
85: 1251-1258. 

Finkeldey R, Rachmayanti Y, Nuroniah H, Nguyen NP, Cao CP, Gailing 
O (2007) Identification of the timber origin of tropical species by 
molecular genetic markers - the case of Dipterocarps. In: Degen B 
(eds) proceedings of the international workshop “fingerprinting 
methods for the identification of timber origins”. Bonn, October 8-9 
2007. [Germany] 

Grassi F, Labra M, Imazio S, Rubio RO, Failla O, Scienza A, Sala F 
(2006) Phylogeographical structure and conservation genetics of wild 
grapevine. Conserv Genet 7: 837-845. 

Harada K, Kinoshita A, Shukor NAA, Tachida H, Yamazaki T (1994) 
Genetic variation in three Shorea species by the RAPD analysis. Jpn J 
Genet 69: 713-718. 

Hebel I, Haas R, Dounavi A (2006) Genetic Variation of Common Ash 
(Fraxinus excelsior L.) Populations From Provenance Regions in 
southern Germany by Using Nuclear and Chloroplast Microsatellites. 
Silvae Genet 55(1): 38-44 

Heuertz M, Carnevale S, Fineschi S, Sebastiani F, Hausman JF, Paule L, 
Vendramin GG (2006) Chloroplast DNA phylogeography of 
European ashes, Fraxinus sp. (Oleaceae): roles of hybridization and 
life history traits. Mol Ecol 15: 2131-2140. 

Heuertz M, Fineschi S, Anzidei M, Pastorelli R, Salvini D, Paule L, 
Francaria-Lacosta N, Hardy OJ, Vekemans X, Vendramin GG (2004) 
Chloroplast DNA variation and postglacial recolonizations of 
Common ash (Fraxinus excelsior L.) in europe. Mol Ecol 13: 3437-
3452.  

Hwang SY, Lin TP, Ma CS, Lin CL, Chung JD, Yang JC (2003) 
Postglacial population growth of Cunninghamia konishii 
(Cupressaceae) inferred from phylogeographical and mismatch 
analysis of chloroplast DNA variation. Mol Ecol 12: 2689-2695. 

Indrioko S (2005) Chloroplast DNA Variation in Indonesia 
Dipterocarpaceae - Phylogenetic, Taxonomic and Population Genetic 
Aspects. [Dissertation]. Goettingen University, Goettingen. 
[Germany] 

Indrioko S (2007) Geographical origin identification of four species of 
Shorea (Dipterocarpaceae) in Indonesia using chloroplast DNA. 
proceedings of the international symposium on development of 
improved methods to identify Shorea species wood and its origin. 
Tokyo, 25-26 September 2007. [Japan] 

Inomata N, Yamazaki T, Ishiyama H, Shukor NAA, Szmidt AE (2008) 
Demographic history and interspecific hybridization of four Shorea 
species (Dipterocarpaceae) from Peninsular Malaysia inferred from 
nucleotide polymorphism in nuclear gene regions. Can J For Res 
38(5): 996-1007. 

Ishiyama H, Kado T, Iwasaki M, Matsuoka M, Shukor NAA, Szmidt AE 
(2003) Nucleotide variation in the GapC region of four species of 
Shorea and their putative hybrids. Tropics 13(2): 89-99. 

Kamiya K, Harada K, Tachida H, Ashton PS (2005) Phylogenetic of PgiC 
Gene in Shorea and its closely related genera (Dipterocarpaceae) the 
dominant trees in Southeast Asian tropical rain forest. Am J Bot 92 
(5): 775-788. 

Lee SL, Tnah LH (2007) DNA fingerprinting databases of 
Neobalanocarpus heimii (Dipterocarpaceae) throughout Malaysia for 
individual identification. proceedings of the international symposium 
on development of improved methods to identify Shorea species 
wood and its origin. Tokyo, 25-26 September 2007. [Japan]. 

Newman MF, Burgess PF, Whitmore TC (1996) Manuals of dipterocarps 
for foresters: Sumatra light hardwoods. Center for International 
Forestry Research, Jakarta. 

Nuroniah HS (2009) Diagnostic markers for the identification of the tree 
species Shorea leprosula Miq. And S. parvifolia Dyer and the 
geographic origin of S. leprosula Miq. [Dissertation]. Goettingen 
University, Goettingen. [Germany] 

Pardo C, Cubas P, Tahiri H (2008) Genetic variation and phylogeography 
of Stauracanthus (Fabaceae, Genisteae) from the Iberian Peninsula 
and Northern Morocco assessed by chloroplast microsatellite (cpSSR) 
markers. Am J Bot 95(1): 98-109.  

Petit RJ, Duminil J, Fineschi S, Hampe A, Salvini D, Vendramin GG 
(2005) Comparative organization of chloroplast, mitochondrial and 
nuclear diversity in plant populations. Mol Ecol 14: 689-701. 

Provan J, Powell W, Hollingsworth PM (2001) Choloroplast 
microsatellites: new tools for studies in plant ecology and evolution. 
Tree. 16(3): 142-147. 

Rohlf FJ (1998) NTSYS-pc version 2.0. Numerical taxonomy and 
multivariate analysis system. exeter Software, Setauket, New York 

Salvini D, Anzidei M, Fineschi S, Malvolti ME, Taurchini D, Vendramin 
GG (2001) Low genetic differentiatian among Italian populations of 
Populus tremula L. (Salicaceae) estimated using chloroplast PCR-
RFLP and microsatellite markers. For Genet 8(1): 81-87. 

Setsuko S, Ishida K, Ueno S, Tsumura Y, Tomaru N (2007) Population 
differentiation and gene flow within a metapopulation of a threatened 
tree, Magnolia stellata (magnoliaceae). Am J Bot 94(1): 128-136.  

Soekotjo, Wardhana EK (2005) Early evaluation on species trials for 
establishment of commercial plantation of dipterocarps. Proceeding of 
conference on dipterocarp “dipterocarps-enhancing capacities in 
sustainable development and poverty alleviation”. Ho Chi Minh City, 
15-17 November 2005. [Vietnam].  

Takeuchi Y, Ichikawa S, Konuma A, Tomaru N, Niiyama K, Lee SL, 
Muhammad N, Tsumura Y (2004) Comparison of the fine-scale 
genetic structure of three dipterocarp species. Heredity 92: 323-328. 

Tani N, Tsumura Y, Kado T, Taguchi Y, Lee SL, Muhammad N, Ng 
KKS, Numata S, Nishimura S, Konuma A, Okuda T (2009) Paternity 
analysis-based inference of pollen dispersal patterns, male fecundity 
variation, and influence of flowering tree density and general 
flowering magnitude in two dipterocarp species. Ann Bot 104(7): 
1421-1434. 

Vettori C, Vendramin GG, Anzidei M, Pastorelli R, Paffetti D, Giannini R 
(2004) Geographic distribution of chloroplast variation in Italian 
populations of beech (Fagus sylvatica L.). Theor Appl Genet 109: 1-9 

Weising K, Gardener RC (1999) A set of Conserved PCR primers for the 
analysis of simple sequence repeat polymorphism in chloroplast 
genome of dicotyledonous Angiosperms. Genome 42: 9-19. 

Yeh FC, Yang R, Boyle T (1999) POPGEN Version 1.31. Microsoft 
Window based for population genetic analysis. Department 
Renewable Resources, University of Alberta, Edmonton, Alberta, 
Canada.  

 


