
I. INTRODUCTION

Two endemic pines in Vietnam, Pinus dalatensis 

and P. krempfii, grow at 900-2,600 m above sea 

level, in tropical montane climate. Both species 

form forest stands of a few, scattered trees 

surrounded by evergreen trees of Lauraceae, 

Fagaceae, etc. These tropical pine species can only 

grow in restricted habitat at higher altitudes in 

limited areas in Vietnam. The pines sometimes 

occupy rocky outcrops or ridges and adjacent slopes 

where the competition with evergreen broadleaved 

trees is less intense. The rarities of these species 

have prevented its direct-disappearance by selective 

logging in the past. However, the extent of 

occurrence of those species has declined by more 

than 30 % over the last three generations (150 years) 

as a result of deforestation of the area (Thomas et al. 

2013). There are evidences of continuing decline in 

the quality of habitat in some locations due to the 

effects of habitat fragmentation, illegal logging, and 

infrastructure development. The exploitation of 

these species for its valuable timber has been also 
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made by local people. These two species have been 

classified as “Vulnerable” species in IUCN Red List. 

The ex situ conservation has been attempted in 

small area in Dalat Province (Nguyen Hoang Nghia 

2008), but only a limited amount of research into 

the biology and ecology has been made for these 

species.

Our former field studies suggested that they have 

a localized, sporadic distribution with little seedling 

recruitment in its habitat. But, geographical 

variations in vegetative growth, sexual reproduction 

and genetic diversity have not been clarified. For 

conservation and management of those species, 

information on geographical variation and genetic 

diversity is essential. Genetic diversity, population 

structure and historical population dynamics should 

be evaluated to improve our understanding of the 

protection of threatened and endemic trees with high 

conservation value.

II. STUDY AREA AND METHODS

1. Genetic study

1) Field survey

We have made sampling for genetic study in 

several areas of Tay Nguyen Plateau, Vietnam, two 

areas, Bidoup Nui Ba National Park and Chu Yang 

Sin National Park, for P. krempfii, and three areas, 

Bidoup Nui Ba National Park, Chu Yang Sin 

National Park and Kon Ka Kinh National Park for P. 

dalatensis (Fig. 1, Table 1). Climate conditions vary 

considerably among the survey areas. Annual mean 

temperature is the lowest at Bidoup, but the annual 

rainfall is the highest there.
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Table 1. Research areas and the number of DNA samples for genetic study. Climatic data were obtained from the local meteorological data 

sharing service system.

Area Bidoup Chu Yang Sin Kon Ka Kinh
Abbreviation BD CYS KKK
Province Lam Dong Dak Lak Gia Lai
Latitude 12°11′31″N 12°45′37″N 14°13′20″N
Longitude 108°41′1″E 108°20′16″E 108°19′41″E
Altitude (m) 1495 1149 680
Annual mean temperature (℃ ) 18.3 23.8 23.5
Annual rainfall (mm) 1866 1789 1532
Humidity (%) 84.5 81.4 82.5
Pinus krempfii mature trees 14 12 -

seedlings 33 5 -
Pinus dalatensis mature trees 15 7 12

seedlings 18 11 -

Fig. 1. Location map. Refer Table 1 for abbreviations of the area.



In each area, we settled 1-10 quadrats of 50 m by 

50 m, and measured tree heights and trunk diameters 

at 1.3 m height for all pine trees in the quadrat, and 

also measured heights of all seedlings shorter than 4 

m. We have conducted field surveys at 21- 25 

October 2017, 19-27 December 2017, 3-5 January 

2018, 22-25 September 2018, in growing and 

fruiting season. In total, we took 64 and 63 DNA 

samples for each of P. krempfii and P. dalatensis.

2) Genetic analyses

This study employs ISSR/SCoT markers to 

add re s s  gene t i c  d ive r s i t y,  h i s to r i ca l  and 

contemporary gene flow, population bottlenecks 

(inter-population: from mature to seedling and 

extra-population).  Total genomic DNA was 

extracted using CTAB protocol I (Weising et al. 

2005) with a modification of adding 10 % SDS to 

the extraction buffer which was then dissolved in 

water for the subsequent use.

DNA fingerprints of samples were induced by 

two techniques, ISSR and SCoT. ISSR primers used 

in this study were synthesized by PhuSa Biochem 

Ltd. Company (Vietnam), according to the primer 

set published by the University of British Columbia 

and Zagazig University (Egypt). Twenty ISSR 

primers were initially screened, and nine of them, 

which yielded bright, clear bands and at least 

possessed one polymorphic band in P. krempfii 

populations and 7/20 ISSR primers yielded bright, 

clear bands and at least possessed one polymorphic 

band in P. dalatensis (Appendix 1).

SCoT primers used in this study were synthesized 

by PhuSa Biochem Ltd. Company (Vietnam), 

according to the primer set published by Collard and 

Mackill (2009). Twenty SCoT primers were initially 

screened, and seven of them, which yielded bright, 

clear bands and at least possessed one polymorphic 

band in P. krempii populations and 8/20 initially 

screened showed suitable for DNA fingerprinting 

with P. dalatensis.

PCRs were performed in 50 µl reactions 

containing 25 µl My Red HS Taq mix (Bioline), 0.2 

µM primer and approximately 30 ng DNA 

templates. The amplifications were performed in a 

Eppendorf thermocycler (Eppendorf) with the 

following programs. In ISSR techniques: initial 

denaturation at 94 ℃ for 5 min; 10 cycles of 94 ℃ 

for 45 s, annealing temperature + 5 (Ta + 5) ℃ 

(Table 3) for 45 s, decreased 0.5 ℃/cycle, 72 ℃ for 

1 min 30 s; 36 cycles of 94 ℃ for 45 s, annealing 

temperature for 45 s, 72 ℃ for 1 min 30 s; Final 

extension at 72 ℃ for 15 min. In SCoT technique: 

initial denaturation at 94 ℃ for 5 min; 36 cycles of 

94 ℃ for 45 s, 50 ℃ for 45 s, 72 ℃ for 1 min 30 s; 

Final extension at 72 ℃ for 15 min.

The amplification products were separated in 

2.5 % agarose gel, using TBE buffer at 60 V for 3 

hours, stained with ethidium bromide (0.5 µg/ml), 

and photographed under 254/312 nm wave length 

lights using UVP GelStudio Plus System (Analitik 

Jena, Germany).

Since ISSR and SCoT markers are dominantly 

inherited, each band was assumed to represent the 

phenotype at a single biallelic locus (Williams et al. 

1990). ISSR bands were scored as presence (1) or 

absence (0) characters, to construct the binary data 

matrix. Microsoft Office Excel 2007 was used to 

estimate genetic diversity parameters: the percentage 

of polymorphic bands, PPB (Vicente et al. 2003).

The basic parameters for genetic diversity were 

calculated with the POPGENE application (Ferrante 

and Yeh 1999). The polymorphism of amplification 

products (PPB), mean Neiʼs gene diversity index 

213



(He), the Shannon index (I) and the level of gene 

flow (Nm) (Slatkin 1985; McDermott and McDonald 

1993) and genetic distance between populations (D) 

were determined. Inter-populations diversity (HeS), 

total gene diversity (HeT) and Neiʼs coefficient of 

gene differentiation (GST) (Nei 1973) were 

calculated using the Popgene 32 software: GST = (1 

- HS/HT); Nm, estimate of gene flow from GST, 

Nm = 1/2 × (1 - GST)/GST.

The AMOVA (analysis of molecular variance) 

was performed through GenAlEx 6.0 program 

(Peakal and Smouse 2006) to describe variance 

components and their significance levels for 

variation among individuals within and among the 

populations.

Similarity coefficient between pair of samples 

and UPGMA dendrogram for genetic relationship 

among studied samples was calculated and 

established by using NTSYSpc 2.1 (Numerical 

Taxonomy and Multivariate Analysis System) 

software (Rohlf 2000).

2. Vegetation research

For vegetation research, we settled four quadrats 

of 20 m by 20 m in Bidoup (Table 2). In each 

quadrat, we recorded species name, trunk diameter 

at 1.3 m in height, tree height and height of the 

lowest branch for trees taller than 1.3 m. We also 

measured a height for all seedlings of two pine 

species in the quadrat.

III. RESULTS

1. Genetic studies

1) Pinus dalatensis

Genetic diversities of P. dalatensis species are 

described in Table 3, indicating that genetic 

diversity was rather low.

Analysis the DNA fingerprints induced by ISSR 

technique, the genetic differentiation (GST) among 

populations was estimated to be 0.1475, indicating 
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Table 2. Description of four quadrats for vegetation research

Plot No. 1 4 2 3
Plot size 20 m×20 m 20 m×20 m 20 m×20 m 20 m×20 m
Topography flat ridge flat ridge gentle lower slope undulating slope
Inclination 15 10 5 5
Slope direction W-S NNW 335 W 256 SWW 245
Altitude (m) 1490 1493 1494 1490
Latitude 12°10′30″N 12°10′36.5″N 12°11′02,5"N 12°11′01″N
Longitude 108°42′2″E 108°40′57″E 108°41′29.1"E 108°41′26″E
Total BA (m2/ha) 79.2 73.9 75.1 76.9

Dominant spp. Pinus krempfii Pinus krempfii Pinus dalatensis
Pinus dalatensis, 
Pentaphylax 
euryoides

Tree layer 30 m, 30 % 35 m, 40 % 30 m, 50 % 30 m, 50 %
Subtree layer 20 m, 70 % 25 m, 80 % 15 m, 60 % 20 m, 60 %
Shrub layer 5 m, 30 % 6 m, 40 % 3 m, 40 % 5 m, 60 %
Herb layer 1.5 m, 40 % 1.5 m, 50 % 2 m, 30 % 1.7 m, 60 %
Species richness
  Trees of DBH >= 5 cm 24 25 34 31
  All trees 37 48 55 46



that 14.75 % of the genetic variability was 

distributed among populations, and 85.25 % of the 

variation existed within population. The number of 

migrants (Nm) was estimated as 2.8892 individuals 

per generation between populations.

In analysis of the DNA fingerprints induced by 

SCoT technique, the genetic differentiation (GST) 

among populations was estimated to be 0.1178, 

indicating that 11.78 % of the genetic variability 

was distributed among populations, and 88.22 % of 

the variation existed within population. The number 

of  migrants  (Nm) was  es t imated as  3 .746 

individuals per generation between populations, 

indicating that there is a high migration rate between 

populations.

Combining these DNA fingerprints, the genetic 

differentiation (GST) among populations was 

estimated to be 0.1288, indicating that 12.88 % of 

the genetic variability was distributed among 

populations, and 87.12 % of the variation existed 

within population. The number of migrants (Nm) 

was estimated as 3.3834 individuals per generation 

between populations.

AMOVA analysis revealed remarkable genetic 

d i ffe rences  among a l l  th ree  P.  dala tens is 

populations, with 91 % of total genetic variability 

portioned among populations and 91 % of total 

genetic variability portioned among individuals 

within populations.

Genetic diversities of the mature trees and 

seedlings in the Chu Yang Sin and Bidoup 

populations are shown in Table 4. The young trees 

or seedlings belong to the Kon Ka Kinh population 

were not found, thus this population is not included 

in the estimation of the genetic variation through 

generations. Only Chu Yang Sin population and 

Bidoup population were analyzed for this aspect of 
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Table 3. Genetic diversity of P. dalatensis at population- and species-level

Parameter Population He I PPB (%)

ISSR

Kon Ka Kinh pop. 0.1283 0.1880 32.43
Chu Yang Sin pop. 0.1996 0.2996 54.05

Bidoup pop. 0.1750 0.2637 48.65
Species level 0.1959 0.3108 70.27

ScoT

Kon Ka Kinh pop. 0.2122 0.3090 55.81
Chu Yang Sin pop. 0.2464 0.3699 65.79

Bidoup pop. 0.3061 0.4554 83.72
Species level 0.3031 0.4654 95.35

Combination

Kon Ka Kinh pop. 0.1734 0.2530 45.00
Chu Yang Sin pop. 0.2247 0.3320 58.75

Bidoup pop. 0.2455 0.3667 67.50
Species level 0.2535 0.3939 83.75

Table 4. Genetic diversity of mature trees and seedlings of P. 

dalatensis

Parameter He I PPB (%)

Mature group of Chu 
Yang Sin popualation 0.1993 0.2855 46.25

Seedling group of Chu 
Yang Sin popualation 0.1411 0.2040 33.75

Mature group of 
Bidoup popualation 0.1411 0.2091 37.50

Seedling group of 
Bidoup popualation 0.2298 0.3334 55.00

Mature group of both 
Chu Yang Sin and 

Bidoup populations
0.2157 0.3224 58.75

Seedling group of both 
Chu Yang Sin and 

Bidoup populations
0.2511 0.3734 67.50



study.

There are two different situations for Chu Yang 

Sin and Bidoup populations. In Chu Yang Sin 

population, the mature trees possessed the higher 

genetic diversity than seedlings. In opposite, in 

Bidoup population the seedlings possessed the 

higher genetic diversity than mature trees. Genetic 

differentiation between mature and seedling groups 

in the Chu Yang Sin population was GST = 0.1593 

and genetic distance of these two groups was D = 

0.0803. Genetic differentiation between mature and 

seedling groups in the Bidoup population was GST 

= 0.1490 and genetic distance of these two groups 

was D = 0.0816. Genetic differentiation between 

mature and seedling groups in both Chu Yang Sin 

and Bidoup populations was GST = 0.0760 and 

genetic distance of these two groups was D = 0.0511.

Levels of genetic similarity among individuals 

belonging to mature and seedling groups in the Chu 

Yang Sin and Bidoup population are described in 

Table 5. Average genetic similarity in young group 

is lower than mature group for both population, that 

is good signal for P. dalatensis in the investigated 

places due to low genetic similarity means high 

genetic differentiation. This is the basis for good 

adaptability of seedling generation.

2) Pinus krempfii

Genetic diversity of P. krempfii is described in 

Table 6.

In analysis of the DNA fingerprints induced by 

ISSR technique, the genetic differentiation (GST) 

among P. krempfii populations was estimated to be 

0.065, indicating that 6.50 % of the genetic 

variability was distributed among population, and 

93.50 % of the variation existed within population. 

The number of migrants (Nm) was estimated as 

6.1344 individuals per generation between 

population, indicating that there is a high migration 
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Table 5. Genetic similarity among P. dalatensis individuals, 

belonging to mature and seedling groups in the Chu Yang Sin and 

Bidoup populations

Max. Min. Average

Mature group of Chu 
Yang Sin popualation 0.9375 0.6625 0.8345

Seedling group of Chu 
Yang Sin popualation 0.9875 0.7750 0.8950

Mature group of 
Bidoup popualation 1.0000 0.8000 0.9077

Seedling group of 
Bidoup popualation 0.9625 0.6000 0.8502

Mature group of Chu 
Yang Sin and Bidoup 

populations
1.0000 0.6500 0.8821

Seedling group of Chu 
Yang Sin and Bidoup 

populations
0.9875 0.5375 0.8478

Table 6. Genetic diversity of P. krempfii at three populations and species-level

Parameter Population He I PPB (%)
Chu Yang Sin pop. 0.0701 0.1083 24.00

ISSR Bidoup pop. 0.1539 0.2406 50.00
Species level 0.1388 0.2271 56.00

Chu Yang Sin pop. 0.1883 0.2792 50.00
SCoT Bidoup pop. 0.2987 0.4395 77.27

Species level 0.2825 0.4207 81.82
Chu Yang Sin pop. 0.1254 0.1883 36.17

Combination Bidoup pop. 0.2217 0.3337 62.77
Species level 0.2061 0.3207 68.09



rate between population.

In analysis of the DNA fingerprints induced by 

SCoT technique, the genetic differentiation (GST) 

among populations was estimated to be 0.0754, 

indicating that 7.54 % of the genetic variability was 

distributed among populations, and 92.46 % of the 

variation existed within population. The number of 

migrants (Nm) was estimated as 7.1979 individuals 

per generation between populations, indicating that 

there is a significantly high migration rate between 

populations.

Combining these DNA fingerprints, the genetic 

differentiation (GST) among populations was 

estimated to be 0.0686, indicating that 6.86 % of the 

genet ic  var iabi l i ty  was  dis t r ibuted among 

populations, and 93.14 % of the variation existed 

within population. The number of migrants (Nm) 

was estimated as 6.700 individuals per generation 

between populations.

AMOVA analysis revealed a trivial genetic 

difference among two P. krempfii populations, with 

nearly zero of total genetic variability portioned 

among population and 100 % of total genetic 

variability portioned among individuals within 

population.

Genetic diversities of the mature and seedling 

groups in the Chu Yang Sin and Bidoup populations 

are listed in Table 7.

There were the two different situations for Chu 

Yang Sin and Bidoup population. In Chu Yang Sin 

population, the mature group possessed the equal 

genetic diversity to seedling group. In opposite, in 

Bidoup population the mature group possessed the 

significantly higher genetic diversity than seedling 

group. This situation for P. krempfii was also very 

different when comparing to the species of P. 

dalatensis. According to the information from the 

forest keeper and rangers, the formation of seeds 

belonging to these two species has been following 

the 4-year cycle (3 years with seeds and 1 year 

without seeds). Genetic differentiation between 

mature and seedling groups in the Chu Yang Sin 

population was GST = 0.1649 and genetic distance 

of these two groups was D = 0.0420. Genetic 

differentiation between mature and seedling groups 

in the Bidoup population was GST = 0.2122 and 

genetic distance of these two groups was D = 

0.1075. Genetic differentiation between mature and 

seedling groups in both Chu Yang Sin and Bidoup 

populations was GST = 0.1145 and genetic distance 

of these two groups was D = 0.0542. The genetic 

differentiation and genetic distance between mature 

and a seedling group in Chu Yang Sin population 

are smaller than Bidoup population. Genetic 

differentiation and distance between mature and 

seedling groups in Bidoup population are high. This 

shows that the young group seems to differentiate to 

adapt to some unsuitable condition and the genetic 

loss became serious. Thus, Bidoup National Park 
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Table 7. Genetic diversity of mature trees and seedlings of P. 

krempfii

Parameter He I PPB (%)

Mature group of Chu 
Yang Sin popualation 0.0939 0.1408 26.60

Seedling group of Chu 
Yang Sin popualation 0.0947 0.1346 21.28

Mature group of 
Bidoup popualation 0.2447 0.3519 57.45

Seedling group of 
Bidoup popualation 0.0843 0.1283 25.53

Mature group of Chu 
Yang Sin and Bidoup 

populations
0.2402 0.3525 61.70

Seedling group of Chu 
Yang Sin and Bidoup 

populations
0.1132 0.1739 35.11



needs to make hard efforts to conserve P. krempfii 

here. Chu Yang Sin population has been under less 

endangered situation than Bidoup population, but 

due to the low genetic distance between the age-

divided groups and the equal genetic diversity of 

them, Chu Yang Sin National Park also needs to 

enhance the genetic diversity.

Levels of genetic similarity among individuals 

belonging to mature and seedling groups in the Chu 

Yang Sin and Bidoup populations are described in 

Table 8. Average genetic similarity of seedling 

group is lower than mature group in Chu Yang Sin 

popula t ion which is  good s ignal  for  good 

adaptability of the seedling generation in this 

population, while average genetic similarity of 

seedling group is higher than mature group in 

Bidoup population which is the bad signal for 

adaptability of the seedling generation.

218

Table 8. Genetic similarity among P. krempfii individuals belonging 

to mature and seedling groups in the Chu Yang Sin and Bidoup 

population

Max. Min. Average

Mature group of Chu 
Yang Sin popualation 1.0 0.776596 0.931173

Seedling group of Chu 
Yang Sin popualation 0.978723 0.829787 0.904255

Mature group of 
Bidoup popualation 1.0 0.638298 0.803445

Seedling group of 
Bidoup popualation 1.0 0.861702 0.946851

Mature group of Chu 
Yang Sin and Bidoup 

populations
1.0 0.638298 0.848821

Seedling group of Chu 
Yang Sin and Bidoup 

populations
1.0 0.819149 0.940227

Fig. 2. Diameter - height relationships in research plots. Pine trees are indicated by open squares.



2. Vegetation studies

In both P. krempfii and P. dalatensis forest, pine 

trees are far larger than evergreen broad-leaved trees 

and grow as emergent trees of forests (Fig. 2). 

Diameters reach more than 80 cm and tree heights 

reach 25 – 30 m.

From the viewpoint of floral composition, P. 

krempfii and P. dalatensis forests are not clearly 

distinguished. Fagaceae and Lauraceae species are 

most rich and species belonging to Theaceae, 

Juglandaceae, Symplocaceae, Hamamelidaceae, 

Araliaceae and Rubiaceae are common. The floristic 

composition indicates that the forests have close 

affinity to subtropical evergreen broad-leaved 

forests that are common in southern China and 

neighborhood.

From the stand structure, in P. krempfii forest, the 

canopy layer just below emergent pine tree is 

composed of Fagaceae species such as Castanopsis 

chinensis  and Trigonobalanus vert ici l lata . 

Engelhardtia roxburghiana (Juglandaceae) and 

Dendropanax hainanensis (Araliaceae) are also 

common. These evergreen broad-leaved species 

share the second or the third of relative basal area 

(RBA) of the stand (Fig. 3).

On the other hand, in P. dalatensis forest, the 

canopy layer just below emergent pine tree is 

composed of conifers such as Dacrycarpus 

imbricatus, Dacrydium elatum, and broad-leaved 

species  of  pioneer  or  seral  nature such as 

Pentaphylax  euryoides ,  Schima wal l ichi i , 

Exbucklandia populnea and Rhodoleia championii. 

These species show the higher dominance in RBA 

of the stand (Fig. 3).

Two pine species show the different pattern of 

occurrence of seedling in the understory. Seedlings 
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Fig. 3. Relative basal area in research plots. Only trees larger than 5.0 cm are included.



of P. krempfii were seen in all plots. Its density is 

usually very low, but higher in Plot 1 (Fig. 4). 

Larger seedlings are also abundant there. Plot 1 was 

located just adjacent to a small canopy gap. On the 

other hand, seedlings of P. dalatensis were very 

scarce and confined to the smallest size class, 

indicating the regeneration by seedlings difficult.

IV. CONCLUSIONS

1. Genetic diversity

The forest area of Tay Nguyen Plateau has 

remarkably declined as a result  of shifting 

cultivation, deforestation, and land clearances, 

which are the main causes of forest fragmentation, 

leading to a decline of populations of Pinus 

dalatensis. For example, P. dalatensis population at 

Mat Station where we collected DNA sample, is 

now almost extinct, although the area is 10 km far 

from Dalat City. This study reveals that the small 

size of population and scarce regeneration are 

becoming a major threat to the survival of the 

species, through the loss of genetic diversity. 

Genetic diversity at population level was already in 

low level.

The genetic differentiation and genetic distance 

between mature and seedling groups in Chu Yang 

Sin population and in Bidoup population seemed to 

be similar but the meaning of these parameters is 

very different when the genetic diversity being 

considered. The Chu Yang Sin population has been 

under endangered situation when the genetic 

reduction has happened. In Bidoup population, the 
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Fig. 4. Height class distributions of pine seedlings in the understory of the plots. Filled bar indicates seedlings of P. krempfii and open bar 

indicates those of P. dalatensis.



young generation even possesses the higher genetic 

differentiation than the older. This may be the good 

signal for P. dalatensis conservation in Bidoup.

Also in Pinus krempfii, shifting cultivation, 

deforestation, and land clearances are the main 

causes of forest fragmentation, and thus of a decline 

of natural populations. The small size of population 

and scarce regeneration also become a major threat 

to the survival of the species, through the loss of 

genetic diversity. Genetic diversity at population 

level was already in low level.

The genetic differentiation and genetic distance 

between mature and seedling groups in Chu Yang 

Sin population and in Bidoup population seemed to 

be similar but the meaning of these parameters is 

very different when the genetic diversity being 

considered. However, Bidoup population has been 

under endangered situation when the genetic 

reduct ion has  happened.  In  Chu Yang Sin 

population, the young generation retains rather 

higher genetic diversity.

2. Regeneration

As indicated by the scarce occurrence of 

seedlings, both two pine species need a disturbance 

for regeneration. However, the scale of disturbance, 

that is necessary for regeneration, would be different 

between species. In Pinus dalatensis, as indicated 

by scarce seedlings in the understory, and also by 

the abundant occurrence of pioneer tree species in 

the canopy layer of the forest stand, a disturbance of 

relatively large scale will be necessary for the 

regeneration. It is necessary to conserve larger area 

including larger patches of various developmental 

stages for the survival of this species. On the other 

hand, in P. krempfii, because of stronger shade 

tolerance of seedlings, the small scale disturbance 

such as a small canopy gap formed by single canopy 

tree would be effective for the regeneration if fertile 

seeds are dispersed from surrounding canopy trees. 

We might consider a different conservation strategy 

to P. dalatensis and P. krempfii.
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Appendix 1. Primer used in the study for DNA fingerprinting

No. Primer code Sequence 3’ to 5’ Ta Target speies Technique
1 UBC 17899 5'-(CA)6 A/G G-3' 54 P. krempfii ISSR
2 HB 8 5'-(GA)6 GG-3' 52 P. krempfii ISSR
3 UBC 807 5'-(AG)8 T-3' 54 P. krempfii & P. dalatensis ISSR
4 HB12 5’-(CAC)3 GC-3’ 52 P. krempfii & P. dalatensis ISSR
5 UBC 808 5' –(AG)8 C-3' 52 P. krempfii & P. dalatensis ISSR
6 ISSR 814 5' –(CT)8 TG-3' 51,5 P. krempfii & P. dalatensis ISSR
7 UBC 842 5'-(GA)8 T/C G -3' 51,5 P. krempfii & P. dalatensis ISSR
8 UBC856 5'-(AC)8 T/C A-3' 52 P. krempfii & P. dalatensis ISSR
9 UBC873 5'-(GACA)4 -3' 52 P. krempfii & P. dalatensis ISSR
1 SCoT 12 ACGACATGGCGACCAACG 50 P. dalatensis & P. krempfii SCoT
2 SCoT 13 ACGACATGGCGACCATCG 50 P. dalatensis & P. krempfii SCoT
3 SCoT 18 ACCATGGCTACCACCGCC 50 P. dalatensis & P. krempfii SCoT
4 SCoT 1 CAACAATGGCTACCACCA 50 P. dalatensis SCoT
5 SCoT 19 ACCATGGCTACCACCGGC 50 P. dalatensis & P. krempfii SCoT
6 SCoT 22 AACCATGGCTACCACCAC 50 P. dalatensis & P. krempfii SCoT
7 SCoT 29 CCATGGCTACCACCGGCC 50 P. dalatensis & P. krempfii SCoT
8 SCoT 30 CCATGGCTACCACCGGCG 50 P. dalatensis & P. krempfii SCoT
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ベトナム中部高原に生育する 2種の遺存固有マツ
（Pinus krempfii H. Lec. および Pinus dalatensis Ferré）保全のための
成長特性や種子繁殖，遺伝的多様性の地理的変異に関する研究

ベトナム固有マツ保全グループ
Nguyen Khoa Truong1, Tran Van Tien1, Le Ngoc Trieu1, 

Nguyen Van Giang1, Truong Thi Lan Anh1, Nguyen Hoang Nghia2 
and Hoang Thanh Truong2

ベトナム固有種である 2種のマツ Pinus krempfii H. Lec.および Pinus dalatensis Ferréの遺伝的多様性と
個体群の動態について調べた．P. dalatensisについては，小さな集団サイズと更新が見られないことが，
遺伝的多様性の損失を通して，種の生存に脅威となっていることが明らかとなった．P. krempfiiについて
も，焼き畑や森林伐採が生育域の森林の断片化をもたらし，集団の縮小をもたらしている．両種において，
成木と稚樹間の遺伝的距離は，調査地域（Chu Yang Sinと Bidoup）によって異なっていることもわかった．
また，P. dalatensisにおいては，林床に稚樹が見られないことや，高木層に先駆樹種が多く混じることから，
集団の更新にはかなり大規模な森林攪乱が必要であると考えられた．一方，P. krempfiiについては，稚樹
の耐陰性が高いことから，単木の枯死による小規模なギャップ形成でも，更新には効果的であろうと考
えられた．（推薦者：原　正利　訳）
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