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ABSTRACT

Pinus dalatensis-erré (Family: Pinaceag is an endemic plant with restricted habitats at
higher altitudes in highland of Vietnafhe species is now near threatened by over-exptmita
and habitat destruction. The genetic variation wittnd among populations Bf dalatensisvas
investigated by 41 microsatellite (single sequenmgeat, SSR) primers, but only 11 SSR
primers showed polymorphism bands. In all, 70 samhpiees collected from six populations
located in different altitude (Xa Hieu, Dak GleidaNgoc Linh in Kon Tum, Da Chais in Lam
bong, Hoa Son in Dak Lak and A Yun in Gia Lai) iglland of Vietham were analyzed in this
study. Among 40 putative genetic alleles were aimpli of which 39 were polymorphic
(accounting for 97.5 %). The mean number of allpleslocus was 2.197. The SSR data showed
a genetic diversity parameters within populatiotithan average df= 0.524Ho = 0.222 He =
0.317,Fis =0.333 andAp = 0.106. The number private allele&p] was only found in four
populations, the Hoa Son population showed thedsig(0.273), followed by Da Chais (0.182),
and value of 0.091 for all Ngoc Linh and A Yun. Ayss of molecular variance analysis
showed that most genetic variation was within papoihs of 57.504 % and among population
of 42.496 %. The population pairwise differentiagoindicated that most of the populations
were significantly differentiated p < 0.001 wikrst values ranged from 0.195 to 0.418. This
study highlights the importance of conserving teadajic resources &. dalatensispecies.

Keywords genetic diversity, near threateneBinus dalatensisspecies conservation, SSR
markers.

1. INTRODUCTION

Pinus dalatensisalso known as Da Lat pine [1] is a species oé mndemic to Vietnam.
In Vietnam the species grows in the mountains ef ¢entral and south-central parts of the
country at elevations by 6@6 2,600 m [2, 3, 9] (Fig. 1).

Until recently, the species was regarded as ortaeoéndemic trees of Vietnam, although
several references have noted the possibilitysobacurrence in the mountain ranges extending
into Laos [2, 4, 5, 6]. The presence of this spgeaieLaos was confirmed in 2006 by Thomas
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(2007) due to the discovery of a population wite200 trees at altitude between 800 — 1,100
m at the Nakai Nam Theun conservation area [7]s Tiew locality represents a significant

extension of the northernmost limit of the specidswe Checklist of the plant species in Vietnam

recorded thaP. dalatensionly exitsin Kon Tum, Dak Lak, Lam Dong, Khanh Hoa and Ninh

Thuan provinces [8, 9].

Figure 1 Adult tree and twigs with cone &. dalatensisn Lam Dong province, Vietham. Photographs
by Nguyen Tien Hiep.

P. dalatensigs a montane pine growing in tropical climate 806o 2,600 m above sea
level and forms stands of a few to about 30 trees sudediby the evergreen angiosperm forest
dominated by members of the Fagaceae. Accodingdp &hd Vidal (1996p. dalatensisvas
found in altitude of 1,500 - 2,400 m, however,sthias as high as 1,400 - 2,600 m by Loc and
1,500 - 2,200 m by Luu and Thomas [10, 11, 6]. RégelLoc reported it can be found in 600-
2600 m [9]. In most localities, the pines occupgkyo outcrops or ridges and adjacent slopes
where competition from broadleaves is less inteBsene other conifers may also be present,
among these are the rare pkekrempfiiandFokienia hodginsii Some detail reports on the
morphology and taxonomy &f. dalatensidiave been concerned [9, 12, 13, 14].

Due to the exploitation dP. dalatensidor its valuable timber by local people and forgstr
enterprises, its habitats are significantly affdct®y forest fragmentation, deforestation and
unsustainable managements such as indiscrimingioiedion. Logging results in intense
fragmented habitats and low density populationss Tias threatened the long-term survival of
the P. dalatensigesource. Conservation and management of a spa@a®quired information
on the genetic diversity and ecology within and agh@opulations. In order to obtain such
information, especially a better understanding @hajic processes, powerful biological
techniques are required. Organellar genomes (gblesb and nuclear) are uniparentally
inherited. Chloroplast is inherited via pollen wées nuclear are inherited via seeds. Therefore,
organellar DNA markers have been used for genefierentiation between populations.
Microsatellite markers (SSRs - single sequenceatspare useful to analyze the effective pollen
flow and seed dispersal within populations. Thasse markers (high polymorphic) have been
used for studies on gene flow, genetic parametedsnaating systems in some pine species [15,
16, 17, 18, 19].

Evolutionary potential of a species depends orgésetic variation. Understanding the
amount of genetic diversity provides informatiom fiee development of conservation strategies
and sustainable utilization of a species. The dbjeof this study is to use SSRs as genetic
markers to investigate the level of genetic vahigbwithin and between populations &f.
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dalatensisspecies and to provide guidelines for the consenvamanagement and restoration of
this species to the Protection Forestry Departméatnam.

2. MATERIAL AND METHODS

2.1. Materials

This research was carried out at six sites; 3 in Kam and 01 each in Lam Dong, Dak
Lak and Gia Lai (Fig. 2 and Table 1).
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Figure 2.Map showing the studying sites Bf dalatensis.

Table 1.Collection locations oP. dalatensisamples.

Population Collection Sample| Sample Latitude Longitude Elevation
code locality size code (oN) (°E) (m)
XaHieu | oaHieu Kon | g PdL-Pd6 | 14°%4040°N|  108°23'3¢’E| 1159
Plong, Kon Tum
. Dak Glei, Dak P NN
Dak Glei Glei, Kon Tum 9 Pd7 -Pd15 15°01'17"N 107°48'04"E 1553
. Ngoc Linh, Dak °2'9Q" SRR
Ngoc Linh Glei, Kon Tum 5 Pd16 - Pd20 15°03'29"N 107°55'41"E 1935
Da Chais, Lac
Da Chais Duong, Lam 20 Pd21-Pd40 12°11°02.7"N 108°41'24.3"k 1482
Dong
HoaSon | Ho@Son Krongl 5 | pys pgss| 12°29'33.2°N 108°18'17.1%E 1116
Bong, Dak Lak
A Yun AYun, Mang. 15 Pd56- Pd70 14°12'40.7"N 108°16'48.9"E 895
Yang, Gia Lai
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In this study, the inner bark from 29 to 38 maturees was randomly sampled from the 6
populations, representing the natural rang®.oflalatensign Vietham, which were taxonomic
identification. The samples were placed in Ziplagd with silica gel in the field and then
transferred to Laboratory of Molecular Biology, Yiam National Museum of Nature and stored
at 4°C until DNA extraction.

Table 2.SSR loci, primer sequences, marker sizes, optimumaling temperatures.

Primers Nucleotide Reference Tm Size
code (bp)

ACTCATTTCCGGATGGTGG

Pnh038 [20] 53 150-160
TGGGGCTTGGACTTCAAGA
GGCAATCATAGGGTTAGGTC

Pnh188 [20] 56 100-150
GGCATGTATGTATTACTGTG
ATGCATGTTGCCTAGTTCC

Pnh277 [20] 53 100-220
ACAAGGATTTACCTTGGTTCACC
GGAAGAAAAATTGGGCCTTA

NZPR6 [21] 51 110-410
CTCTCTATCTCTGCCCCA
CTTGGATGGAATAGCAGCC

Pt15169 [15] 53 150-200

GGAAGGGCATTAAGGTCATTA
CCCGTATCCAGATATACTTCCA

Pt26081 [15] 52 120-250
TGGTTTGATTCATTCGTTCAT
AATGAAAGGCAAGTGTCG
PtTX3030 [18] 53 200-225
GAGATGCAAGATAAAGGAAGTT
TCAAAATGCAAAAGACG
PtTX3034 [18] 55 240-420
ATTAGGACTGGGGATGAT
GATGTGTCTTTAGGCTCGTTGC
PRE13 [16] 52 120-480

AGGGTTAGTAATCACGGCCTGT

ACGATAATGGCGGTGAGAACAA
RPS60 [22] 52 165-240
TCATTGTTCCCCAAATCAT

CCACCTGTCCTTCGTACATCCA
RPS119 [22] 50 210-250
TTGTGAGAAGATACTTCCTCCA

2.2. Methods

DNA extraction:SeventyP. dalatensigenotypes were used for this study (coded from Pd1
to Pd70). Total genomic DNA was isolated from leausing the method described by Porebski
et al. (1997). Liquid nitrogen was added to abd@@ thg of each sample which was then ground
by hand [23]. The concentration of DNA was deteedinby a UV-visible light
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spectrophotometer (UVS 2700, Labomed, USA), andiN& samples were diluted to 20 ng/
and used as templates for PCR amplification

SSR markers amplification'SSR primers were obtained from Integrated DNA
Technologies, USA (Table 2). PCR amplifications eveerformed in a final volume of 25 pl in
the presence of 50 ng DNA, 1 U dfaqg polymerase (Platinum Tagq DNA Polymerase,
Invitrogen), 2.5 mM MgGl 0.2 mM of each dNTP, 2.5 ul of 10 X PCR buffentrogen) and
0.5 mM of each primer. The PCR protocol was: 1 etl 94 °C for 3 min, 40 cycles at 94 °C
for 30 s, 50 - 56 °C (see Table 2) for 1 min, aBd’C for 1 min. SSR fragments were detected
on 5% polyacrylamide gel in 0.5X TAE. The gels wevisualized under UV using
BioDocAnalyze (Biometra).

Data analysisiFor each SSR locus, the allelic composition andbrarmf total alleles were
determined for each accession. Data were enteréaeifiorm of single-individual genotypes.
Genetic polymorphism for each population was asskssing the program GENALEX version
6.3 [24], FSTAT [25] and POPGEN [26], including thercentage Shannon’s information index
(), number private alleleAp), the expected heterozygosityid), the observed heterozygosity
(Ho) and Wright's inbreeding coefficienEig). The coefficient of gene differentiatiokgf) and
between the SSR locus were also calculated usingABEX 6.3 program with formulaFst =
(Ht - MeanHe) / Ht andFis = (mearHe —mearHo) / mearHe, whereHe = 1 - ¥ (pi)?, Ht = total
expected heterozygosity = B{tpi)® (pi is the frequency of thi allele, tpi is the frequency of
thei™ allele for the total). Exact tests of deviatioonfr the Hardy-Weinberg equilibrium for all
loci and among populations were performed at theifscance level (p) = 0.001.

Analysis of molecular variance (AMOVA) was condutte calculate levels of significant
variation among the six distribution regions, amgupulations within a region, and within
populations using GENALEX 6.3. Genetic distancegntities and UPGMA cluster analysis
were generated to determine the genetic associatimong population based on Nei's 1972
using POPGEN.

3. RESULTS
3.1. Genetic diversity

The eleven SSR markers produced a total of 40eallelnging in size from 100 bp to 480
bp, across all 70 trees of the 6 natural populatmiP. dalatensisThe mean number of alleles
observed over all markers in six populations wd92. Shannon’s information inde) @mong
population, ranging from 0.395 to 0.611. The valtiele andHo varied from 0.253 to 0.377 and
from 0.182 to 0.305, respectively, in six populaio Among themNa, Ne, I, Ho andHe of
locus Pt15169 were polymorphic in six populatioAfielic diversity (Na and Ne) and gene
diversity (, He andHo) of each locus in every population are shown ibl@&. Due to the
important parameters for measuring allele polymismph we used, He and Ho to compare
different population. In the six populations, the Qhais population showed the highekt
(0.305), followed by Xa Hieu (0.227), A Yun (0.21oa Son (0.208), Ngoc Linh (0.200), and
Dak Glei (0.182) (Table 3).

In order to exam genetic diversity of studied suyhpations, genetic parameters such as
Na, Ne, I, Ho, He, Awvas calculated and shown in Table 3. The high&shates oHe were
obtained from Dak Glei (0.377), followed by Hoa S@346), Ngoc Linh (0.320), Da Chais
(0.311), A Yun (0.294), and Xa Hieu (0.253), wHileras the highest Hoa Son (0.611), followed
by Dak Glei (0.607), A Yun (0.523), Da Chais (0.pI¥goc Linh (0.493), and Xa Hieu (0.395).
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In all the studied populations, there were posifixation index valuesKis> 0), indicating an
excess of homozygotes and inbreeding. However, grabnpopulations only Da Chais had the
lowest levels of positive valu&ig= 0.045) with p value < 0.05 and suggested a Eemtease in
hetezygogotes within these populations. The resolt$able 3 showed the number private
alleles was only found in four populations (Xa Hend Dak Glei populations were not founded
private alleles), the Hon Son population showedHhiglestAp (0.273), followed by Da Chais
(0.182), and value of 0.091 for all Ngoc Linh and/én.

Table 3.Genetic diversity of the siR. dalatensipopulations at eleven microsatellite loci.

Population N Na Ne I Ho He Ap Fis
Xa Hieu 6 1.727 1.556 0.395 0.27y 0.253 0.000 0.189
Dak Glei 9 2.182 1.954 0.607 0.182 0.377 0.000 @55
Ngoc Linh 5 1.909 1.696 0.493 0.200 0.320 0.091 6D.4
Da Chais 20 2.364 1.620 0.516 0.305 0.311 0.182 450.0
Hoa Son 15 2.636 1.871 0.611 0.208 0.316 0.273 80.42
AYun 15 2.640 1.852 0.523 0.212 0.294 0.091 0.3p9
Mean 11.67 2.197 1.758 0.524 0.222 0.317 0.106  30.33
Species 70 3.636 2.52/ 0.95p 0.234 0.5p4 1 .

Note: N: population sizejla: mean number of alleles per loctd& mean number of effective alleles per
locus; I: Shannon’s information indeXjo and He: Mean of observed and expected heterozygosipy;
mean number of private alleles per loduis; Wright's inbreeding coefficient with p < 0.05.

3.2. Genetic structure

The results of AMOVA revealed that 57.504% of tlmak variation was due to the
difference within populations. This was higher ttia@ proportion among populations (Table 4).
The variation between populations was significarR.idalatensig42.496 % with p < 0.001).

Table 4.Analysis of molecular variance (AMOVA) among/withh dalatensipopulations.

, Degree of Sum of Variance Total
Source of variance i P value
freedom squares components | variation (%)
Among population 5 92.884 1.483 42.496
<0.001
Within population 64 128.456 2.007 57.504

The population pairwise differentiations (generatein AMOVA) indicated that most of
the populations were significantly differentiatgul € 0.001).Fst values ranged from 0.195 to
0.418 (Table 5).
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Table 5.Pairwise populatiofrstvalues.

Xa Hieu | Dak Glei | Ngoc Linh | Da Chais Hoa Sonn A Yun
Xa Hieu
Dak Glei 0.256
Ngoc Linh 0.278 0.199
Da Chais 0.326 0.316 0.41%
Hoa Son 0.299 0.288 0.318 0.21
AYun 0.326 0.228 0.366 0.195 0.3(

3.3. Genetic distances and cluster analyses

The results in Table 6 showed the pairwise Nei'segie distances and genetic identities

between populations. The largest genetic distahd®7) was found between populations of Da
Chais (Lam Dong province) and Ngoc Linh (Kon Tunoynce) and the smallest (0.262)
between populations of A Yun (Gia Lai provincegidDa Chais (Lam Dong province). Similar
to the results of genetic distances, the largeshtity (0.770) was also recorded between
populations of Da Chais and A Yun and the smia{®824) between populations of Ngoc Linh
and Da Chais. The mean values of genetic distagiweelen the studied populations ranged from
0.262 to 1.127 with an average of 0.529. The meanevof genetic identity between the
populations ranged from 0.324 to 0.770 with an agerof 0.603.

Table 6.Pairwise population matrix of Nei genetic distafiselow diagonal) and genetic identity
(above diagonal).

Xa Hieu | Dak Glei | Ngoc Linh | Da Chais Hoa Sor] A Yun
Xa Hieu 0.667 0.659 0.556 0.605 0.644
Dak Glei 0.406 0.714 0.518 0.568 0.709
Ngoc Linh 0.417 0.337 0.324 0.476 0.43%
Da Chais 0.587 0.657 1.12] 0.703| 0.770
Hoa Son 0.502 0.566 0.743 0.35 0.611
AYun 0.440 0.343 0.832 0.262 0.4¢

An UPGMA dendrogram (Fig. 3) revealed genetic retethips among all the populations
investigated on the basis of the Nei's matrix afigfe distances among populations. A total of 6
populations were divided into 2 major groups, tinst fone corresponding to 3 populations in
provinces of Lam Dong (Da Chais), Dak Lak (Hoan)Sand Gia Lai (A Yun). The second
corresponding to 3 populations belong to Kon Turovjprce (Xa Hieu, Dak Glei and Ngoc
Linh). According to Mantel tests, the correlatiorteen genetic distance and geographic
distance between provinces was not much signifi¢art 0.285, p < 0.05)Grouped results
according to the three-dimensional chart of P/@alatensisamples was also reflects the same
results as tree diagram (Fig. 4)
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Figure 3.UPGMA dendrogram based on Nei's genetic distancengnthe six populations.
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Figure 4.Principal coordinates of 7. dalatensisamples.

4. DISCUSSION

The obtained results in the present study indictitedevels of moderate genetic diversity
within populations ofP. dalatensisn natural tropical mixed broadleaf forest in higmdl of
Vietnam, mearHo = 0.222 (0.200 - 0.305) artde = 0.317 (0.253 - 0.377) reported here are
higher than that of othd?inusspecies using microsatellite markers, for examgte pine with
Ho value ranged from 0.067 to 0.317 and a mean &50.16], but the loweP. strobesvith Ho
ranged from 0.125 to 0.812 and a mean of 0.515 [#R. radiatewith Ho values ranged from
0 to 0.85 and a mean of 0.625 [27].

Although the temperate levels Bib and relatively polymorphic loci used, the averafie
3.636 alleles per locus (Table 3) across the eleaaymorphic loci forP. dalatensiswas
comparable to genetic studies of other pines basethe microsatellite, such as the analysis 6
alleles per locus observed ki radiate by Smith and Devey [27], 5.4 alleles per locusPin
strobusby Echt [22], and 6.7 alleles per locudinsylvestridy Soranzo [28].

The expected heterozygositjd) values forP. dalatensisare much higher thado values.
The highest expected heterozygoshkig) revealed in Dak Glei populatiofé = 0.377) and the
lowest in Xa Hieu populationHe = 0. 253) (Table 3). Compared with some other feooius
speciesHe value forP. dalatensidn this study He= 0.317) was higher thaR. nigra (He =
0.175) andP. squamatgHe = 0.029) [29, 30] and lower than otHeinus species which were
similarly analyzed by ISSR markers, suchPasibirica (He = 0.2699) [31]P. sylvestrifHe =
0.2620) [32],P. tabulaeformigHe = 0.4152) [33] andP. koraiensigHe = 0.3477) [34] (Table 5).

At the populations level, in all studied populagdmave positivé-is value (Table 3). Such
small populations are the results of inbreeding andeffect of genetic drift within the
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populations with thé=is value averaged 0.333, ranging from 0.045 for Dai€fLam Dong) to
0.559 for Dak Glei (Kon Tum). The obtained ressliggested the excess of homozygosity and
inbreeding in siXP. dalatensigpopulations, inspite of efficiency of heterozyggsind breeding
for this population. In this study, the shortagepaate allelesAp) was also found in two Xa
Hieu and Dak Glei populations. This also means thatdecline in genetic diversity in two
populations.

In comparison with some level of genetic divergityjong these species, it may be related
to geographic distribution, population size of #pecies, number of tested populations, and the
effect of climate changes during the last glaciakimum. Forests having such populations have
been greatly degraded and fragmented by humantesiand formed small forest patches. All
populations of P. dalatensisremained in such small patches. The number of weder
individuals was less than 50 individuals in eacpuation. In addition, the high level of genetic
variability in P. dalatensisnight be caused by founder related to altered ¢ci@@nditions. The
creation of gaps in the forests by logging activiBuses changes in the original vegetation
structure. There are differences in the spatidtidigion and the age class structure of trees and
the invasion of exotic species in small forest pascof thisPinus species. The analysis of
molecular variance (AMOVA) revealed that most oé thenetic diversity resided withiR.
dalatensigpopulations. The genetic diversity partitioned ampopulations was significant (p <
0.001).

The overall degree of population differentiationswagh inP. dalatensisvith Fst value
average 0.287, ranging from 0.195 to 0.418 (Tableotnpared with some oth&inusspecies
studied such aB. cembraFst = 0.02),P. resinosgFst = 0.280) using cpSSR analysis [16, 35].
Overall, Fst data was shown a measure of population differéoianot due to genetic structure
in P. dalatensis.

Our research showed that 57.504% of the observeetigevariability was contained within
populations and 42.496% was due to difference amapglations. These results could be seen
to reflect with the expectation of high variabiligmong populations for long-lived and
outcrossing species. The gene flow via limitedgrolind seed dispersal plays the important role
for these results. These conditions have contribute the differentiation between local
populations. In spite dP. dalatensidistributed in a wet rainforest environment, whaduld
preclude efficient wind pollination [36]. In sumnyardespite relative proximity of individual
populations, the high population density d?. dalatensisand humid environment have no
prevented gene flow and led to certain populatifiergntiation level. These findings indicated
that even species with a very limited distributgiitl can be maintained genetic differentiation
in populations.

5. CONCLUSIONS

P. dalatensisnaintained the relatively high levels of of geneticersity. The high value of
the heterozygosity obtained for all six populatiocommends this metapopulation as a
valuable center for dynamic conservation of genetgources in Vietham. On the contrary,
positive Fis value Fis > 0.1), indicates an excess of homozygotes anceéding for five
population (Xa Hieu, Dak Glei, Ngoc Linh, Hoa sard& Yun). Only Da Chais population had
the lowest level of positive valu&ié = 0.045) with p value <0.05 and suggested effigreinc
hetezygogotes in this population. The level of gieneariation in populations of different
altitudinal levels did not suggest a significanflirency of altitude.
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From conservation of these species, effective mamagt strategies should be considered

for bothin situ andex situactivities. For example, logging activities shoblel controlled. The
establishment of seed orchards from all the pojmmatshould secure genetic sources of this
conifer species.

Acknowledgments. This research was funded by Tay Nguyen 3 Programj€ét code TN3/T15). The
authors gratefully acknowledge the assistance afctNgnh National Park (Kon Tum province), Kon Ka
Kinh National Park (Gia Lai province), Kon Tum Suie and Technology Department, Dak Lak Science
and Technology Department and Lam Dong ScienceTaetinology Department for providing research
samples.

10.

11.

12.

13.

14.

REFFERENCES

Thomas P. and Phan K. L.-Pihus dalatensls IUCN Red List of Threatened
Species, Version 2013.1, International Union fom&rvation of Nature, Retrieved 27
August 2013.

Businsky R. - Study oPinus dalatensid-erré and of the enigmatic “Pin du Moyen
Annam”, Candolle®4 (1999) 125-143.

Farjon A. - Pines: drawings and descriptions of gfe@mus Pinus. 2nd ed. E. J. Brill,
Leiden, 2005, pp. 235.

Rundel P. W. - Forest habitats and flora in Lacamn@odia and Vietnam, University of
California, Los Angeles, 1999.

Wu Z. Y. and Raven P. H. (eds) - Flora of Chinal. Mo (Cycadaceae through Fagaceae).
Science Press, Beijing, Missouri Botanical Gardess®, St. Louis, 1999, pp. 453.

Luu N. D. T. and Thomas P. - Conifers of Vietnangriéultural Publishing, Hanoi, 2004
pp. 121.

Thomas P., Sengdala K., Lamxay V. and Khou E.w Kexords of conifers in Cambodia
and Laos, Edinb. J. Bad4 (1) (2007) 37—44.

Averyanov L.V., Nguyen T.H., K.N. Khang, Pham T.amxay V., Bounphanmy S.,
Lorphengsy S., Phan L.K., Lanorsavanh S. and Gterdngsa K. - Gymnosperms of
Laos., Nord. J. BoB2(2014) 793.

Phan Ke Loc, Pham Van The, Nguyen Sinh Khang, Ngulki Thanh Huong and
Averyanov L.V. - Native conifers of Vietham, Upddt€hecklist 201, J. Ecol. Econ.
(2013) 45-43 (in Vietnamese).

Hiep N. T. and Vidal J. E. - Flore du Cambodge daod et du Vietham. 28:
Gymnospermae, Museum National History Natural, 24996 (ISBN 2-85654-202-6).
Loc P. K. -Gymnospermadn: Checklist of the plant species of Vietnam, riagPubl.
House, Hanoi, 2001, pp. 1148-1170.

FIPI (Forest Inventory and Planning Institute) eWiam forest trees, Agric. Publ. House,
Hanoi, 199, pp. 23.

Nghia N. H. - Some threatened tree species of ®¥mtrAgric. Publ. House, Hanoi, 2000,
pp. 152.

Hiep N. T., Loc P. K., Luu N. D., Thomas P., Arjdn Averyanov L. and Regalado J. J. -
Vietnam conifers: conservation status review 20Bduna and Flora International,
Vietnam Programme, Hanoi, 2004, pp. 156.

187



Dinh Thi Phong, Vu Thi Thu Hien, Tran Thi Lieu, Nguyen Tien Hiep

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

188

Vendramin G. G., Lelli L., Rossi P. and Morgante MA set of primers for the
amplification of 20 chloroplast microsatellitesRinaceae, Mol. Ecob (1996) 595-598.

Boys J., Cherry M. and Dayanandan S. - Micros&eliinalysis reveals genetically
distinct populations on red pin®iQus resinosaPinaceae), Amer. J. BA2 (5) (2005)
833-841.

Ujino T., Kawahara T., Tsumara Y., Nagamitsu T.shimaru H. and Ratnam W. -
Development and polymorphism of simple sequenceate®NA markers for Shorea
curtistii and ther Dipterocarpaceae species, Hgr&di(1998) 422-428.

Elsik C. G., Minihan V. T., Hall S. E., Scarpa A.. dnd Williams C. G. - Low-copy
microsatellite markers fd?inus taedd.., Genomet3 (2000) 550-555.

Pandey M. and Geburek T. - Successful cross - éingtion of Shorea microsatellites
reveals genetic variation in the tropical tree, i8aaobusta Gaertn, Hereditb46 (2009)
29-32.

Chiang Y. C., Shih H. C., Chang L. W., Li W. R.nlH. Y. and Ju L. P. - Isolation of 16
polymorphic microsatellite markers from an endarderand endemic species,
Podocarpus nakaijPodocarpaceae), Amer. J. Ba8.(11) (2011) e306-e309.

Echt C. S., Vendramin G. G., Neison C. D. and MarduP. - Microsatellite DNA as
shared genetic markers among conifer species, @adadror. Re29 (1999) 365-371.
Echt C. S., May-Marquardt P., Hseih M. and Zahodkcla - Characterization of
microsatellite markers in eastern white pine, Gem8&(1996) 1102-1108.

Porebski S., Bailey L. G. and Baum B. R. - Modifioa of a CTAB DNA extraction
protocol for plants containing high polysaccharaied polyphenol components, Plan.
Mol. Biol. Rep.15 (1) (1997) 8-15.

Peakall R. and Smouse P. E. - GenAlEx v6.3: Gengtialysis in Excel. Population
genetic software for teaching and research, AusiraNational University, Canberra,
Australia [http://www.anu.edu.au/BoZo/GenAlEX/].

Goudet J. - FSTAT version 1.2: a computer programaliculate F-statistics, J. Heré&®

(1995) 485-486.

Yeh F. C., Yang R. C. and Boyle T. - 1999. POPGEMIErosoft Windows-Based
Freeware for Population Genetic Analysis. Releasgl,1 University of Alberta,
Edmonton.

Smith D. N. and Devey M. E. - Occurrence and irtaede of microsatellites iRinus
radiate Genome37 (1994) 977-983.

Soranzo N., Provan J. and Powell W. - An examplenfosatellite length variation in
the mitochondrial genome of conifers, Genct€1999) 158-161.

Zhang Z. Y., Chen Y. Y. and Li D. Z. - Detectionlofv genetic variation in a critically
endangered Chinese pineinus squamatausing RAPD and ISSR markers, Biochem.
Genet43(2005) 239-249.

Moraga A. R., Perez D. C., Lucas-Borja M. E., TisPa A., Vifiegla B., Linares J.C.,
Gdmez G. L. and Ahrazem O. - Genetic diversityPafius nigraArn. populations in
Southern Spain and Northern Morocco revealed beri8tmple Sequence Repeat
Profiles, Int. J. Mol. ScierL3(2012) 5645-5658.

Yang C. P., Wei L., Jiang J., Liu G. F. and ZhaoYG- Analysis of genetic diversity for

nineteen populations #inus sibiricaDu Tour with technique of ISSR, J. Northeast For.
Univ. 33 (2005) 1-3.



Genetic diversity in the natural populations of Pinus dalatensis Ferré (Pinaceae) assessed ...

32. Liu G. F., Dong J. X., Jiang Y., Lu Y. F., Jiangahd Zhao G. Y. - Analysis of genetic
relationship in 12 species of section Strobus W#8R markers, J. For. Reks (2005):
213-215.

33. Wang M. B. and Hao Z. Z. - Range wide genetic diigrin natural populations of
Chinese pineRinus tabulaeforng), Biochem. Gene#8 (2010) 590-602.

34. Feng F. J., Han S. J. and Wang H. M. - Geneticrgityeand genetic differentiation of
aturalPinus koraiensipopulations, J. For. Re%7 (2006) 21-24.

35. Hohn M., A'bra’n P. and Vendramin G. G. - Geneti@algsis of Swiss stone pine
populations Rinus cembral. subsp.cembrg from the Carpathians using chloroplast
microsatellites, Acta Silvatica et Ligniensia Hurigal (2005) 39-47.

36. Turner I. M. - The ecology of trees in the tropicaih forest, Cambridge University Press,
Cambridge, UK, 2001.

TOM TAT

DANH GIA TINH DA DANG DI TRUYEN QUAN THE TU NHIEN LOAI THONG PA LAT
Pinus dalatensis Ferr@PINACEAE) BANG CHI THI SSR

Dinh Thi Phong, Vil Thi Thu Hién, Tran Thi Lidu, Nguyén Tién Hiep
Bdo tang Thién nhién ¥i Nam, VEn Han 1am Khoa bc va Cong ngh Viét Nam
18 Hoang Quc Viét, Ciu Gidy, Ha Nsi, Viét Nam

"Email: dinhthiphong@hotmail.com

Thongba lat (Pinus dalatensig-erré (lo: Pinaceae) la loatac hitu hep & Tay Nguyén ga
Viét Nam. Loai hén dangdung tréc nguy @ bi de cha tuyét ching do khai thac va tan pha méi
truong $Hng. Trong nghiénieu nay, 41 chthi SSR (single sequence repetitiuoc sr dung dé
phan tich g thaydoi di truyén trong va gia cac tu qun the Thongba lat. Két qua phan tich
da cH ra 11/41 chthi SSR c6 tinhia hinh khi nghiénta 70 cé th liy ndiu nhién t 6 tiéu
quan thé thu dugc & cacdd cao khac nhau (X& Elii, Dak Glei va Ngc Linh tinh Kon Tum,ba
Chais tnh Lambéng, Hoa $n tinh Bic Lic va A Yun tnh Gia Lai).Tong $ d& nhan bn dugc
40 alen, trongté 39 alenda hinh (chdm 97,5 %). Trung binhésalen/locus la 2,197. Théng s
tinh da cang di truyén aia quin thé ciing da duoc chi ra ( = 0,524,Ho = 0,222,He = 0,317,
Fis = 0,333 vaAp = 0,106). $ alen hém (Ap) chi tim thiy trong n quén the, cao niat 1a quin
thé Hoa $n (0,273), t&p theo laba Chais (0,182), #p nhit la hai gén thé Ngoc Linh va A
Yun (0,091). Bng sr thaydéi phan fr giira cac qan thé [a 42,496 % va gia cac ca thtrong
quan thé 14 57,504 % (p < 0,001)Vgia tri Fstdaodong tr 0,195dén 0,418. Kt qua phan tich
cho thiy viéc bao ton ngbn gen loai Thonda lat cin phii dugc quan tam ngay.

Tir khéa:bao ©n loai, ch thi SSR,da cang di truyén, gin tuyét ching, Pinus dalatensis

189



