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Introduction

Improving commercial and ecological utilization of the
perennial tree legume, genus Albizia, requires developing ap-
proaches that can accurately characterize genetic variation
in its gene pool. Amplified fragment length polymorphism
(AFLP) markers, in combination with morphological traits,
have been used to ascertain the extent of genetic diversity and
relatedness among the nine Albizia species. The variations
observed among the Albizia species for seven morphological
traits were summarized by means of discriminant analysis.
Four significant variables, accounting for about 96.1% of to-
tal variance, were mainly correlated with plant height, num-
ber of pinnae, number of leaflet per pinnae and leaflet size.
The morphological variations appeared to be related to the
molecular variations. AFLP analysis of nine Albizia species
based on 12 primer pair combinations revealed a total of 724
polymorphic-amplified DNA fragments. The genetic similar-
ities estimated among the nine Albizia species, based on both
shared and unique amplification products, ranged from 0.51
to 0.73 across all species. Both morphological and molecular
data will be an important input to determine the appropriate
management strategies for conservation and improvement of
the breeding programme for this genus.

The genus Albizia belongs to subfamily Mimoseae of
family Leguminosae and is highly valued multipurpose
tree legume. The legume tree species have been severely
diminished by logging, immense human pressure, over-
exploitation and land clearance. Many Albizia species are
endemic to Indian subcontinent. The Indian species A.
thomsonii are classified as vulnerable (Nayar and Sastry
1990). Albizia species are socially significant for produc-
ing high quality timber and as a valuable resource for
gum yield. Albizia julibrissin, A. lebbeck, A. procera and
A. amara are important in ayruvedic medicine. Seeds are
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regarded as astringent, and used in the treatment of piles,
diarrhea and gonorrhea (Anonymous 1989). It has been re-
cently demonstrated that three saponin extracts from A. julib-
rissin acts as antitumorals by the induction of apoptosis in
certain cell types (Zheng et al. 2006) and butanol extract
from the bark of A. julibrissin has cytotoxic effect on hu-
man acute leukemia junket T-cells (Won et al. 2006). Some
Albizia species are regarded as a potential fodder resource
(Stewart and Dunsdon 2000). It is also a plant of choice for
silviculture and secondary plantation because of thick foliage
and quick growing nature. The Albizia species like A. lebbeck
and A. procera have shown high potential in soil redevelop-
ment process during early phase of mine spoil restoration in
dry tropical environment (Singh et al. 2004).

As the genus has high ecological, economical and medic-
inal value and wide distribution, an accurate assessment of
genetic diversity and relatedness will be helpful for efficient
management of this genus. For evaluation of species diver-
sity, it is essential that individuals can be classified accu-
rately. The identification of taxonomic units and endangered
species, whose genetic constitution is distinct from their
more abundant relatives, is important in the development
of appropriate conservation and breeding strategies. Since
morphological traits are very plastic, any recorded variation
should not necessarily be interpreted as genetic variation and
results cannot be relied upon. Nowadays, molecular mark-
ers are used because of their ease and simplicity. There are
highly polymorphic dominant markers that cover a larger
proportion of the whole genome (Mueller and Wolfenbarger
1999) randomly accessing both coding (rather conservative)
and non-coding (not necessarily conservative) regions. These
genome-wide datasets may provide high power in testing
specific phylogenetic relationships (Rokas ez al. 2003). Thus,
they may provide many informative markers to complement
morphological markers. Here, we report a phylogenetic anal-
ysis of the genus Albizia generated by means of multivariate
analysis of morphological traits and AFLP markers.
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Materials and methods

Albizia species: A. amara, A. lebbeck, A. odoratissima, A.
procera, A. stipulata, A. thomsonii, A. kalkora, A. lucida and
A. orissensis from different geographical locations of India
were used in this study (see table 1 in electronic supplemen-
tary material at http://www.ias.ernet.in/jgenet/). Ten individ-
uals of each species except A. orisensis (five individuals),
was randomly selected for morphological and AFLP marker
analyses. Identification of the species was confirmed by the
taxonomist and kept in our central herbarium as a voucher
specimen. For each species, the following characters were
examined: plant height, breadth at chest height, leaf length,
number of pinnae per leaf, number of leaflet per pinnae,
leaflet length, capitulum’s diameter, pod length and num-
ber of seeds per pod. Twenty accessions per species across
nine species data were scored. Data from seven traits were
analysed by univariate and multivariate analyses of vari-
ance based on the multiple discriminant analysis. Canonical
scores from the significant canonical variables were included
in a hierarchic cluster analysis procedure with the average
linkage method based on the average Euclidean distance
among species (Sokal and Sneath 1963). Principal compo-
nent analysis (PCA) with a varimax normalized procedure
was used to detect those characters contributing most signif-
icantly to the variation, and to select a maximum of three
characters from those with the highest weight in each fac-
tor. All the analyses were done by software StatistiXL 1.7
(Sydney, Australia).

The leaf samples were used for DNA isolation. To-
tal DNA was extracted from semi-mature bipinnate leaves
by using the protocol of Doyle and Doyle (1990). Ge-
nomic DNA was subsequently purified by RNase, protinase-
K and phenol: chloroform: isoamyl (25: 24: 1) to get highly-
purified DNA free from any type of contamination. DNA
concentration was determined electrophoretically against a
known amount of lambda DNA as standard. Genomic-
bulked-DNA solutions were prepared by mixing equal quan-
tities (i.e. 500 ng per plant) of DNA from each of the 10
individuals (except A. orissensis; five individuals) represent-
ing each of the nine species. The AFLP reactions were per-
formed as described by Vos et al. (1995) with slight modi-
fication. From each species 250 ng of bulked genomic DNA
solution were digested simultaneously with 10 units of each
Msel and EcoRI at 37°C for 2 h. Following digestion, EcoRI
and Msel adapters (Invitrogen, California, USA) were lig-
ated to the ends of the restricted fragments at 20°C for 2 h
and digested fragments were preamplified with primers pair
displaying one selective nucleotide, namely Eco-primer + A
(E-A) and Mse-primer + G (M-G) using 20 cycles of 94°C
for 30 s, 56°C for 1 min and 72°C for 1 min according to
the manufacturer’s instructions. The pre-amplified DNA of
the individual samples from each of the nine species was
bulked and this bulked DNA served as the template for se-
lective AFLP amplification. Five uL of the diluted (1:50),
bulked pre-amplified solution were used as template for the

selective amplification with 26 EcoRI and Msel primer pairs
using a ‘Touchdown’ cycle (Don et al. 1991) programmed
as follows: 12 cycles of 94°C for 30 s 65°C (-0.7°C per cy-
cle) for 30 s; and 72°C for 1 min, until reaching an optimal
annealing temperature of 56°C, followed by 24 more cycles
of 94°C for 30 s; 56°C for 30 s and 72°C for 1 min. All re-
actions were carried out in a PTC-100 Thermal Cycler (MJ
Research, Waltham, USA).

Five uL of each final AFLP amplification product was
combined with 5ul. of AFLP gel loading dye (98% for-
mamide, 10 mM EDTA and 0.25% v/v each of bromophe-
nol blue and xylene cyanol FF). Solutions were denatured at
95°C for 4 min, quenched on ice and 6 uL. was then loaded
on a 7.5% (w/v) polyacrylamide gel in 1x TBE electrophore-
sis buffer. The 20-bp DNA ladder (Bangalore Genei, Ban-
galore, India) was loaded in the flanking lane. Gels were
run at constant voltage (100 V) until the xylene cyanol
was about two-thirds down the length of the gel. Subse-
quently, the gel was silver stained following the protocol by
Bassam et al. (1991). For each of the primer pairs, the num-
ber of polymorphic fragments was determined by visually
evaluating the gel photograph scanned by Quantity One soft-
ware in Gel Documentation system (Bio-Rad, California,
USA). Only the clearly defined bands were scored (1 for
present and O for absent) and entered into a data matrix.
Monomorphic fragments were excluded from data analysis.
Fragment size was determined by Quantity One software by
comparing the bands against a 20-bp DNA ruler (Banga-
lore Genei, Bangalore, India). Fragments were considered
to be different when separated by at least +/— 5 bp. Bi-
nary matrix was used to estimate the genetic similarities be-
tween pairs, by employing the simple matching coefficient
SM;; = M;;/N;j, where SM;; is the measure of genetic sim-
ilarity between the ith and jth species, M;; is the number of
matches, N;; is the total sum of matches and ‘unmatches’.
To cluster the data, the unweighted pair grouping method of
arithmetic averages (UPGMA) was used (Sneath and Sokal
1973). The statistical analysis was carried out using NTSYS-
PC software, version 2.10 (Rolhf 2001).

Results and discussion

Morphologically, Albizia species showed remarkable vari-
ability with regard to plant architecture, leaf size, number
of pinnae, number of leaflet per pinnae, leaflet number and
size, flower diameter and colour, pod colour, size and shape,
seed number per pod and size. The mean value of six quan-
titative traits is reported in figure 1. The discriminate anal-
ysis procedure extracted seven canonical variables. The first
four factors were highly significant (P < 0.001), account-
ing for 45.6, 25.9, 13.9 and 10.6% of the total variance re-
spectively; thus, altogether they explained about 96.1% of
the total variance. The canonical variables were correlated
with plant height and leaflet size and were negatively corre-
lated with number of pinnae and number of leaflet per pinnae.
The Albizia species differed mainly along the second axis
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Figure 1. Mean value of six morphological traits in nine Albizia species. Aam, A. amara; Ale, A. lebbeck; Aod,
A. odoratissima; Apr, A. procera; Ast, A. atipulata; Ath, A. thomsonii; Aka, A. kalkora; Alu, A. lucida; Aor, A.

orissensis.

showing three groups. Albizia amara and A. lucida remained
ungrouped whereas A. amara and A. thomsonii are isolated.
The result indicated that a small number of specific morpho-
logical traits are enough to detect variation and adequately
define plant morphology in aspects such as plant height,
number of pinnae, number of leaflet per pinnae, leaflet size
and pod length. Since morphological traits are very plastic,
any recorded variation should not necessarily be interpreted
as genetic variation. The morphological markers combined to
molecular markers could be beneficial and of much practical
utility.

The AFLP analysis is very useful for assessing the ge-
netic relationships among a collection of accessions that rep-
resented species of the Albizia genus. The ability to deter-
mine genetic variation among the accessions and species
at the molecular level is directly related to the number of
polymorphisms detected and their reproducibility. The AFLP
technique has emerged as a new powerful tool for genomic
analysis (Vos et al. 1995). This technique has been ap-
plied to determine genetic relationships and diversity among
the species (Nguyen et al. 2004) and populations (Cardoso
et al. 2004) of legume forest trees. Twelve AFLP primer

pairs were used to study the genetic diversity of Albizia
species. The repeatability of AFLP fragments exceeded 98%
for each of the nine species based on the two independent
restriction—ligation reactions of each species that were ampli-
fied using two selective primer pairs. The results indicate that
DNA bulks were reproducibly amplified and that most poly-
morphisms represented true genetic differences among the
species. The frequency of ‘species’ fragment was within the
2% margin of error detected in the repeatability assay. A to-
tal of 724 reproducible and clearly scorable bands, produced
from 12 primer combinations, were assessed across the entire
collection of Albizia species. Of these, 14 were monomor-
phic and 710 were polymorphic. The number of polymorphic
fragments generated per primer pair ranged from 36 to 73
with an average of 59.2 bands. Polymorphism rates ranged
from 96.15% to 100% with a mean of 98.06%. The molec-
ular weights of fragments generated ranged from approxi-
mately 38 bp to 1548 bp. Polymorphism varied remarkably
among primer combination. An example of the pattern of
amplification by using two AFLP primers E-AAC/M-CAA
and E-AAC/M-CTC have been shown in figure 2, a&b, re-
spectively. The most informative primer combination was
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the E-AGG/M-CTA pair, which produced the largest number
of amplified bands (76). Two other primer pairs, E-ACT/M-
CTA and E-ACG/M-CTT, also detected more than 70 AFLPs
each for an additional 142 markers. A total of 106 AFLP
markers were classified as species specific because they oc-
curred in only a single species. A maximum of 21 identical
fragments were identified in A. lucida alone.

Genetic similarity values based on pairwise comparisons
among the nine Albizia species ranged from a minimum of
0.51 between A. kalkora and A. procera to a maximum of
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0.73 between A. odoratissima and A. orissensis. The den-
drogram constructed by using UPGMA method showed two
main clusters between the nine species at 56% similarity
level (figure 3): Cluster I containing five species and clus-
ter II containing four species. In cluster I, A. lucida has iso-
lated itself forming a single group from the rest four species
at 64% similarity level. The species A. lebbeck, A. procera,
A. odoratissima and A. orissensis grouped together whereas
A. amara, A. thomsonii, A. kalkora and A. stipulata have
grouped together, while the monotypic species A. lucida is
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Figure 2. Banding pattern in nine species of Albizia using AFLP primer
E-AAC/M-CAA (A) and E-AAC/M-CTC (B). L, 20-bp ladder; 1, A. amara;
2, A. lebbeck; 3, A. odoratissima; 4, A. procera; 5, A. stipulata; 6, A. thomsonii;
7, A. kalkora; 8, A. lucida; 9, A. orissensis.
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Figure 3. Dendrogram drawn from the UPGMA cluster analysis estimates of genetic similarity
are based on AFLP analysis with 12 primer combinations. The nine species were clustered into
five major groups (A1, A. amara; A2, A. lebbeck; A3, A. odoratissima; A4, A. procera; AS, A.
stipulata; A6, A. thomsonii; A7, A. kalkora; A8, A. lucida; A9, A. orissensis).
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clearly separated from the group. In general, the clustering
of Albizia species was in accordance to their morphology.
Species having similar physio—chemical, physiological and
structural similarities are often a result of convergent evo-
lution (Yanney-Ewusine 1980). AFLP marker has also been
used to study the evolutionary relationships at the species or
genus level (Koopman et al. 2001; Beardsley et al. 2003;
Brouat et al. 2004) and is considered to be able to resolve
phylogenetic relationships congruent with analyses based
on morphological characters (Stefenon ef al. 2003). Indeed,
AFLP marker proved to be very informative to monitor the
genetic diversity of Albizia species. It will also be an impor-
tant input in determining appropriate management strategies
for conservation of tree legumes.
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