
INTRODUCTION

Information on the magnitude and structure of genetic
variations within a species is an integral part of evolu-
tionary biology, planting program and conservation of
plant genetic resources. Population genetic theory predicts
that the decrease in the genetic diversity limits a species
ability to keep pace with the changing selection pressure
(Young and Merriam, 1992). Plant species, especially the
perennials such as trees, rely on the available genetic
diversity for stability and survival under the ever-changing
environments (National Research Council, 1991). Con-
servation of plant genetic diversity has recently generated
a lot of interest in the tropics as a result of many years
of mismanagement, adverse environment as well as socio-
conomic changes. Traditionally, provenance and progeny
tests coupled with biometrical analysis of phenotypic traits
were the standard methods for describing and quantifying
genetic variation in forest tree species (National Research

Council, 1991). However, this approach requires the esta-
blishment of expensive field trails and the traits are to be
measured under strong environmental effects. Moreover
this approach is particularly slow when the aim is to rapidly
estimate the patterns and distribution of genetic variation
for monitoring of genetic resource.
Molecular markers are now considered the best tools

for the detection of genetic variation within and among
populations of a species. Inference based on surveys of
variability in molecular markers are now routinely used as
a basis for management recommendations under assump-
tions that maximizing marker variability will provide rem-
nant populations with the greatest evolutionary potential,
and at the same time, minimize the negative consequences
of inbreeding (e.g. Avise and Hamrick, 1996; Haig, 1998;
Knapp and Rice, 1998). Likewise, the degree of differen-
tiation in marker genes has been suggested as a measure
for guiding decisions on population conservation (e.g.
Mortiz et al., 1995) and sources for translocation or resto-
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ration projects. Molecular marker techniques have pro-
vided valuable information about the genetic structure of
natural plant populations (Hamrick 1990; Powell et al.,
1995, 1996a, b; Ouborg et al., 1999).
Albizia lucida Benth. belonging to sub-family Mimosacae

of family Leguminosae is a medium to large evergreen
tree. It has thin flat shinning pods, which ripen between
march-April. The leaves are pale green when young and
grey-green at maturity with 1-2 pairs of pinnae only.
Rachis with a gland below, leaflets elliptical- oblong and
acuminate. Flowers sessile with shot calyx lobes and corolla
exserted to about twice the length of calyx. Albizia lucida
is native to the Sub-Himalayan region and is commonly
found along roadside and in mixed deciduous forest of
Indian sub-continent. The tree provides good quality fodder
and wood, which is used in construction work, furniture
making and also for fuel. It also serves as an avenue tree
and is often planted to give shade along road side and
also in tea and coffee plantations. Despite its economical
and ecological value, little is known about the genetic
variability and population structure of Albizia lucida. The
species is found to be growing naturally in the most econo-
mically developing and polluted regions of India, social
and economic pressure have started devasting the natural
strands of A. lucida forest.
Molecular characterization of the variability may help

to manage and preserve genetic resources for long-term
survival of species and for further applications such as
domestication and use in breeding programmes.
In this study we used ISSR to characterize the genetic

variability and its partitioning within and between seven
populations along the Eastern region of the Indian sub-

ontinent. The main goal of this work is to establish prio-
rity areas for conservation of A. lucida populations, based
on identifying the distribution of the observed genetic varia-
tion.

2. Materials and Methods

2.1. Study sites and plant sampling

Young and nonsenescence leaves were collected from
121 individual trees, representing seven populations that
were located within the native range of A. lucida in eastern
regions of the Indian sub-continent. The location of A.
lucida population sampled in this study along with the
eco-geographical conditions has been shown in Fig. 1 &
Table 1. For ISSR analysis, the number of samples per
population varied from 9 to 32 according to population
size and the availability of the following conditions: leaves

Fig. 1. Location of A. lucida population in the eastern region
of Indian subcontinent.

Table 1. The ecological and geographical parameters of Albizia lucida Populations sampled.

Population Nature of strand N Latitude Longitude Altitude Tn Rn
Harisankar (HS) Natural forest 32 20°40' 83°16' 1552 25.0-30.5 100-200
Paikamala (PK) Natural forest 16 20°42' 83°18' 656 25.0-30.5 100-200
Bargarh (BG) Road sie 18 21°22' 83°46' 642 27.0-32.0 60-100
Sambalpur (SP) Roadside 15 21°30' 83°59' 648 27.0-32.0 60-100
Anugul (AN) Roadside 10 21°02' 85°26' 656 22.0-29.0 80-120
Bhubaneswar (BH) Reserve forest 9 20°08' 85°58' 220 25.0-29.5 200-400
Keonjhar(KJ) Natural forest 21 21°43' 85°36' 1440 10.0-22.5 200-400

N-Sample size of each population; Tn-Annual Temperature in ; Rn-Annual rainfall in mm.℃
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were sampled from trees at least 50 m apart, >6 m height
and with a diameter at breast height >3 cm in order to
decrease the risk of genetic uniformity. Collected leaves
were stored at -20 until DNA extraction. Total DNA℃
was extracted from the pooled samples by the modified
CTAB method (Doyle & Doyle, 1987). DNA quantifi-
cation was performed by visualizing under UV light, after
electrophoresis on 0.8% (w/v) agarose gel comparing it
against a known amount of uncut λ-DNA. The resu-
spended DNA was then diluted in sterile distilled water to
5 ng/ l concentration for use in amplification reactions.μ

2.2. PCR amplifications and electrophoresis

Polymerase chain reactions (PCR) was carried out in a
final volume of 25 l containing 20 ng template DNA,μ
100 M of each deoxyribonucleotide triphosphate, 20 ngμ
of I-SSR primer 1.5 mM MgCl2, 1x Taq buffer (10 mM
Tris-HCl [pH-9.0], 50 mM KCl, 0.01% gelatin), and 0.5 U
Taq DNA polymerase (M/S Bangalore Genei, Bangalore,
India). Amplification was performed in a PTC-100 ther-
mal cycler (MJ Research, Watertown, MA, USA) program-
med for a preliminary 2 min denaturation step at 94 ,℃
followed by 40 cycles of denaturation at 94 for 20 sec.,℃
annealing at required temperature for 30 sec. depending
on the sequence of I-SSR primer and extension at 72℃
for 1 min, finally at 72 for 10 min amplification. The℃
details of primers are presented in Table II. Amplification
products were separated alongside a molecular weight
marker (1.0 Kb plus ladder, M/S Bangalore Genei, Bangalore,
India) by 2% agarose gel electrophoresis in 1x TAE (Tris
Acetate EDTA) buffer stained with ethidium bromide and
visualized under UV light. Gel photographs were scanned
through Gel Doc System (Gel Doc. 2000, BioRad, Cali-
fornia, USA) and the amplification product sizes were
evaluated using the software Quantity one (BioRad, Cali-
fornia, USA).

2.3. Data analysis

ISSR reactions were performed twice for each primer-
individual DNA sample combination and only reproducible

bands were included in the study. Furthermore, gel images
from the 121 individuals were carefully and independently
scored by two persons. Data was coded on the binary
basis (1-presence of band; 0-absenceof band) and analyzed
with POPGENE software Ver. 1.31 (Yeh et al., 1999). The
following parameters of genetic variations were assessed
for each population: gene diversity (Ho) (Nei, 1973),
Shannon’s information index (Io), observed number of
alleles (Ao) and effective number of alleles (Ae). Genetic
divergence between populations was further investigated
using Nei’s (1978) unbiased genetic distance (GD) and
genetic identities (GID). In addition the heterozygosity
was calculated for two levels: the average diversity within
population (Hs) and the diversity in overall populations
(HT). The proportion of the total genetic differentiation
found among population (GST) was obtained according to
Nei (1987) to estimate the gene flow (Nm) among the
populations. Nei’s (1978) unbiased genetic distances were
calculated for all population pairs and used to construct a
Phylogenetic tree (UPGMA). The genetic distance matrix
was also used to perform a hierarchical analysis of mole-
cular variance (AMOVA; Excofficer et al., 1992) essenti-
ally as described by Huff et al. (1993) using the Arlequin
software package (2.0; Schneider et al., 2000). The cor-
relation between genetic and geographical distances was
analyzed using the Mantel test option implemented in the
Arlequin package. Support for clusters was determined by
bootstrap analysis (i.e., repeated sampling with replace-
ment) of 1000 permutated datasets that were generated
using WinBoot software (Yap and Nelson, 1996).

3. RESULTS

ISSR analysis of 121 individuals using 10 ISSR primers
provided a total of 102 markers, 92 (90.19%) of which
were polymorphic. An example of the amplification pro-
ducts obtained is shown in Fig. 2a, b. The primers differed
in their ability to detect polymorphism within populations.
The detailed of the primer used and the band amplified
by them has been given in Table 2. The average over all
population of polymorphic bands amplified per primer
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varied from 13 (IG-15) to 07 (IG-13) and from 11 ampli-
cons (IG-15 in HS population) to 04 amplicons (IG-03 in
BH population) for individual populations. In individual
populations, Nei’s gene diversities (Ho) and Shannon’s
indicies of Diversity (Io) varied from 0.079 to 0.224 and
from 0.106 to 0.323 respectively. For the whole set of
populations, the Ho and Io values were 0.291 and 0.386

respectively, and the number of alleles per locus (Ao) and
the effective number of alleles per locus (Ae) equaled
1.708 and 1.421 respectively. Across populations, the average
Nei’s gene diversity (Ho) and Shannon’s index of diversity
(Io) were 0.162 and 0.231, respectively. The highest levels
of diversity were detected in populations HS (Harisankar)
and the lowest diversity in population BH (Bhubaneswar),

Fig. 2a. ISSR banding patterns of Sambalpur (SP) population generated by ISSR primer IG-23[ (GA)8C ]. M- Low range
molecular weight marker. 1-15 are the individuals from Sambalpur region. Arrow indicated some of the polymorphic
bands scored.

Fig. 2b. ISSR banding patterns of Bargarh (BG) population generated by ISSR primer IG-12 [(AC)8T]. M- Low range molecular
weight marker. 1-18 are the individuals from Bargargh region. Arrow indicated some of the polymorphic bands scored.

Table 2. ISSR primers used for PCR amplification of A. lucida.

Primer Primer sequence *Tm Total No. of bands No. of Polymorphic bands
IG-1 AGGGCTGGAGGAGGGC 56 11 09
IG-2 AGAGGTGGGCAGGTGG 54 09 09
IG-3 GAGGGTGGAGGATCT 48 08 07
IG-10 (AG)8T 50 09 09
IG-11 (AG)8C 52 10 09
IG-12 (AC)8T 50 11 09
IG-13 (AC)8G 52 07 06
IG-14 (GA)8A 50 12 11
IG-15 (GA)8T 50 13 12
IG-23 (GA)8C 52 12 11
Total ------ -- 102 92
Tm-Annealing temperature of Primer.･
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with both Ho and Io showing the same tendency (Table
3A).
When all populations were compared, a high level of

genetic differentiation was detected (GST = 0.320) indi-
cating that genetic differentiation among the studied popula-
tion was substantial. The total gene diversity was high in
Albizia lucida (HT = 0.31), but 19% of this was within
population variation (HS = 0.19) (Table 3B). Estimated
gene flow (Nm) for A. lucida population was 0.871 in-
dicating that the genetic exchange between populations is
not high. The hierarchical analysis conducted using AMOVA
revealed that 3.8% of total variance was attributable to
differences between populations and 96.2% to variation
between individuals within populations (Table 4).
The UPGMA cluster analyses based on Nei’s (1978)

unbiased genetic distances was performed to further show
the genetic relationships among populations (Fig. 3). The

dendogram grouped the populations into two clusters. First
cluster consisting of Population BH (Bhubaneswar) and
KJ (Keonjhar) while the second cluster consisting of the
rest five populations (HS, PK, BH, SP and AN). A mantel
test with 1000 random permutations revealed a positive
correlation between pair wise genetic distance values and
geographical distance (r = 0.73 at P < 0.001).

Table 3A. Genetic Variability within population of Albizia lucida detected by ISSR analyses.

Population Ao Ae Ho Io P(%)
HS 1.397 1.232 0.224 0.323 55.72
PK 1.322 1.231 0.170 0.243 38.29
BG 1.305 1.124 0.176 0.259 44.55
SP 1.341 1.150 0.182 0.260 40.13
AN 1.359 1.152 0.182 0.261 41.96
BH 1.092 1.036 0.079 0.106 14.27
KJ 1.267 1.205 0.123 0.166 32.79
Mean 1.326 1.161 0.162 0.231 38.24

Total population 1.708 1.421 0.291 0.386 90.19
Ao-Observed mean number of allele frequency, Ae-mean effective number of allele frequency, Ho-mean Nei’s genetic diversity,
Io-mean Shannon’s informative index, % P-percentage of polymorphic loci

Table 3B. Nei’s Analysis of gene diversity in sub divided populations of Albizia lucida.

Molecular marker
Variation component Gene flow Nm

(GST)HT HS GST
ISSR 0.36 +/- 0.023 0.18 +/- 0.013 0.320 0.871

HT-Total gene variability; HS-Gene diversity within populations; GST-Genetic Differentiation; Nm-Gene flows.

Table 4. Analysis of Molecular variance (AMOVA) for 121 individuals in seven populations of Albizia lucida using ISSR
markers.

Source of variation Degree of freedom % total variance p-value
Among Population 6 3.8 <0.001
Within Population 114 96.2 <0.001

Fig. 3. Dendogram showing the clustering pattern of seven
population of A. lucida.
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4. DISCUSSION

The proportion of polymorphic loci amplified in A.
lucida was 90.19%, which is similar to figures reported
for another tropical tree such as Euterpe edulis (Cardoso
et al., 2000), Caesalpinia echinata Lam. (Cardoso et al.,
1998) and Populus tremuloides (Yeh et al., 1995). In con-
stast a lower percentage of polymorphic loci was observed
in Gliricidia sepium (Chalmers et al., 1992) and Theo-
broma cacao (Russell et al., 1993) using RAPDs , Gypto-
strobus penslis (Li and Xia, 2005) by ISSR markers and
in Moringa oleifera using AFLPs (Muluvi et al., 1999).
The results showed high levels of genetic variation in A.
lucida. Despite this, the proportion of polymorphic loci
for the population BH was quite low (14.27%). Never-
theless, at the species level the results are consistent with
data from other tree species, in which high genetic vari-
ation has been related to life history and ecological
characteristics such as a wide geographic range, primarily
outcrossing and seed dispersal mechanisms (Hamrick and
Loveless, 1989).
Genetic relationship among the populations was con-

structed by UPGMA method. The observed genetic rela-
tions among the seven population grouped into two groups,
the Population (HS and PK) and (BG and AN) showed a
high probability of sharing the same ancestors, where the
72% and 84% confidence limit was estimated from the
replicated analyses with 1000 pseudo-replicate data set
prepared by bootstrapping. In general, if natural popula-
tion originated from same hypothetical ancestors and under-
went stable evolution, geographically close population should
show the closest genetic relationship (Hong et al., 2004).
However the overall genetic relationships among the seven
population contucted by UPGMA method coincide with
geographical distance but not fully. A shortest genetic
distance was observed between AN and BG (0.091), but
geographic distance between them is relatively far. The
discrepancy between geographical distribution and genetic
relationships among the population AN and BG suggests
that they might have undergone the random changes in
genetic composition due to some kinds of disturbances

(i.e., logging, natural fire, artificial fire for preparing
ground for cultivation and afforestastion etc). These
random changes might result in random genetic drift
induced by drastic changes in population size and tran-
splantation from other populations for reforestations.
These results indicates that genetic distance is not solely
dependent on geographical distance, although the den-
drogram shows that in most cases, clustering based on
genetic distances reflect geographical relationships. For
example, the cluster formed by HS and PK population
is located on the same mountain ridge complex. Popula-
tion of Keonjhar (KJ) and Bhubaneswar (BH) form a
single cluster which may reflect their relative geogra-
phical isolation from the other populations. The amount
of genetic differentiation present among populations was
considerable GST = 0.320 despite the relatively short
geographical distances between the examined popula-
tions. The divergence among the A. lucida populations
may be explained partly by limited gene flow Nm =
0.871. Mountainous regions and habitat fragmentation
may be the significant gene flow barriers for A. lucida.
The overall genetic differentiation between populations

was highlighted by AMOVA, which showed that only 3.8%
of the total variation was attributed to between population
variations and 96.8% to within population variation. Such
results are similar to expectations for woody, long lived
and predominantly outcrossed species, which are expected
to maintain most variation within populations (Hamrick,
1989). Distribution range and population size have been
identified as major correlates of within population genetic
variation in tropical tree species, with restricted popula-
tions showing significantly less variation than those with
broader distribution (Travis et al., 1996). The relatively
low levels of genetic variation observed in the smaller
populations BH (Bhubaneswar) where as on the other hand,
Anugul (AN) population, which is also represented by a
small sample size, showed higher values of genetic diver-
sity. This result indicates that levels of genetic diversity
do not depend solely on sample size but on several factors,
including founder effects and genetic bottlenecks (Suyama
et al., 2000).
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The extensive genetic differentiation detected among A.
lucida populations has a number of implications for the
management and conservation of this species. From a
conservation view point, each population should be mana-
ged and maintained separately because they possess par-
tially unique genetic characteristics. In such a case, the
loss of any single population may lead to loss of genetic
variation for the species as a whole (Shrestha et al., 2002).
The data suggests that conservation measurements should
focus on the conservation of different populations in or ex
situ. In order to secure genetic sources, an obvious approach
is to establish seed orchards of genetically diverse popula-
tion that would promote a high level of genetic diversity
among plantations.
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