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Figure 1. Rounded leaf apex of Sator and Lukding (a.i) and acute-
bent forward leaf apex of Riang and Khonkhong (a.ii).
Leaflet size of Sator, Riang, Khonkhong and Lukding,
respectively (a.iii). Inflorescence colors of Sator (b.1),
Riang (b.ii), Khonkhong (b.iii) and Lukding (b.iv). Pod
shape and seed arrangement of Lukding (c.i), Sator (c.ii),
Riang (c.iii) and Tong (c.iv).

to Khonkhong, Riang and Sator (Figure 1 a.iii). The flowers
of all Parkia species were characterized by a compound
inflorescence, consisting of a capitular. It was found that the
staminodial flower color and seed arrangement of Lukding
were different from there of the other Parkia species. The

Lukding staminodial flowers had a dark yellow color while
the flower color of the other Parkia species was white (Fig-
ure 1 b.i-iv). The seed arrangement of Lukding was clearly
different from the other species. The seeds of 3 Parkia spp.,
plus Tong and Tien, were transversely arranged while the
seed arrangement of Lukding was vertical along the pod (Fig-
ure ¢). The pod shape of Riang and Tong was straight, strap-
shaped and flat, while the other Parkia spp. exhibited a
slightly twisted strap-shape (Figure 1 c.iii-iv).

3.2 RAPD analysis

One hundred and eighty primers were first screened
with Sator khao, Sator dan and Riang, 8 primers were chosen
for the study on genetic diversity evaluation in 103 indivi-
duals of 4 Parkia spp. including Tong and Tien (Table 2).
From the 8 primers, a total of 125 fragments were obtained,
of which 101 fragments 80.80%, showed polymorphisms.
The highest number of polymorphic fragments was found in
primer OPT-01 and the lowest in primer OPR-02 and OPB-
18. Two DNA fragments, 450 bp amplified by primer OPAB-
03 (Figure 2a) and 880 bp of primer OPR-02 (Figure 2b),
were found specific to Lukding. A specific fragments was
also found in Khonkhong, 425 bp of primer OPR-02 (Figure
2b). Within P. speciosa Hassk., 112 fragments were gener-
ated by the 8 primers with an average of 14 fragments per
primer, of which 77 fragments (68.75%) were polymorphic
fragments (Table 2). The results of DNA pattern in P,
speciosa Hassk. (Sator khao and Sator dan), found that no
specific fragment could be used to distinguish between Sator
khao and Sator dan. However, 2000 bp and 350 bp frag-
ments generated by primer OPB-17 and OPR-02 were noted
to be found in particular samples collected from Songkhla
province while 2125 bp and 600 bp fragments generated by
primer OPB-17 and OPR-01 were found only in samples
from Trang and Surat Thani provinces (data not shown).

3.3 Genetic similarity and cluster analysis

From all samples analyzed, the genetic similarity
matrix showed an average range from 0.437 to 1.000. Fre-
quency distribution analysis showed that 75% of similarity
measures fell between 0.494 and 0.719 (Figure 3). The high-
est similarity value (1.000) was observed between the
Khonkhong samples (85 and 86) and Lukding samples (87-
89) and the lowest similarity value (0.437) was obtained
between the Sator and Lukding. Within the Sator groups,
genetic similarity ranged from 0.533-0.946. Cluster analysis
of the genetic similarity values was performed to generate a
dendrogram illustrating the overall genetic relationships
among the Parkia spp. studied. From the dendrogram, all of
103 plants could be separated into five clusters: I Sator, II
Riang and Tien, III Tong, IV Khonkhong and V Lukding
(Figure 4). In P. speciosa Hassk., the results from a dendro-
gram generated by 8 primers indicated that Sator khao and
Sator dan cannot be clearly separated (Figure 5), as no
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Table 2. Primers producing polymorphic DNA bands in RAPD patterns of

Parkia spp., Tong and Tien.

Primer Sequence Amplified Monomorphic Polymorphic
5 -3) fragments  fragments fragments

OPB-04 GGACTGGAGT 17 1 16
OPB-17 AGGGAACGAG 16 4 12
OPB-18 CCACAGCAGT 13 5 8
OPC-02 GTGAGGCGTC 13 4 9
OPR-01 TGCGGGTCCT 17 2 15
OPR-02 CACAGCTGCC 11 3 8
OPT-01 GGGCCACTCA 21 4 17
OPAB-03 TGGCGCACAC 17 1 16
Total 125 24 101
Polymorphic (%) - - 80.80
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Figure 2. RAPD patterns of four species of Parkia, Tong and Tien
amplified by primer OPAB-03 (a) and OPR-02 (b). Lane
M = 100 bp ladder; 1-5 = Sator; 6-8 = Riang; 9-11 =
Khonkhong; 12-16 = Lukding; 17-18 = Tong; and 19 =
Tien.
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Figure 3. Distribution of genetic similarity values obtained from

pairwise comparison between 103 plants, 4 species of
Parkia, Tong and Tien.

Table 3. Primers producing polymorphic DNA bands in
RAPD patterns of Sator groups (Sator khao and

Sator dan).
Primer Amplified Monomorphic Polymorphic
fragments  fragments fragments
OPB-04 15 4 11
OPB-17 16 5 11
OPB-18 12 6 6
OPC-02 13 5 8
OPR-01 16 4 12
OPR-02 9 4 5
OPT-01 19 5 14
OPAB-03 12 2 10
Total 112 35 77
Polymorphic (%) - - 68.75

specific fragment was found between those two types of
Sator.

4. Discussion

Accurate characterization of plants requires an under-
standing of the degree of polymorphism as revealed by
different techniques. On the basis of morphological charac-
ters and agronomic traits such as leaf, leaf apex, inflores-
cence, pod and seed arrangement etc., Parkia spp. are taxo-
nomically diverse (Hopkins, 1986). Smitinand (1980) and
Suree and Anan (1997) reported that 4 species of Parkia
were found in Thailand: Sator (P. speciosa Hassk.), Riang
(P. timoriana Merr.), Khonkhong (P. leiophylla Kurz) and
Lukding (P. sumatrana Miq.). There are a few reports of
genetic diversity of this genus at DNA level. One such is on
the genetic diversity of P. timoriana Merr. based on RAPD
markers studied by Thangjam et al., (2003) in India.

The objective of the present study was to investigate
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Figure 4. Dendrogram generated by using 101 RAPD markers analysis showing relationship between 103 plants of Parkia, Tong and Tien.
The scale portrays a similarity index based on Jaccard's coefficient, and the dendrogram was developed using UPGMA cluster-

ing procedure.

the relationships between 4 species of Parkia, and genetic
variation in P. speciosa Hassk. specifically using RAPD
markers. Genetic discrimination among 103 geneotypes of
Parkia was assessed with 8 RAPD primers to estimate
genetic diversity. A high level of polymorphisms was observed
in this study. About 80.80% of the polymorphic fragments
found in Parkia spp. and 68.75% of the polymorphic frag-
ments in P. speciosa Hassk. were obtained using the 8
primers. The results indicated a high degree of diversity in
Parkia spp. Three specific RAPD markers were identified.

The fragments of 880 bp of primer OPR-02 and 450 bp
generated by primer OPAB-03 were found only in Lukding.
There was one fragment which specific to Khonkhong: 425
bp of primer OPR-02. The knowledge of a specific marker is
very useful for certification of plant material as true-to-type
(Chowdhury et al., 2002) and can be used for Marker-
Assisted Selection (MAS) in a plant breeding program.
Among P. speciosa Hassk., no specific fragment was found
which could differentiate Sator khao from Sator dan. This
may be because crossing between these two types is very
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Figure 5. UPGMA dendrogram obtained in different 69 genotypes of P. speciosa Hassk. from Trang (T), Songkhla (S) and Surat Thani

(Su) provinces based on similarity values.

common, and probably causes heterozygosity in the genetic
background, resulting in no specific fragment to be observed.
However, some fragments were observed to be associated
with the location of sample collection, for example 2000 bp
and 325 bp fragments of primer OPB-17 and OPR-02 were
only found in P. speciosa Hassk. collected from Songkhla
province. This finding of location-specific fragments
supports the hypothesis of an authoetonal original as well as
the limited diffusion of P. speciosa Hassk. from its original
zone. A similar finding was reported by Belaj ef al. (2003b),
who studied olives. In this study, the similarity coefficients
between species varied from 0.437-1.000, indicating a high
level of genetic diversity, and approximately 75% of the

populations studied revealed similarity value 0.494-0.719
(Figure 3). Among P. speciosa Hassk., the similarity values
ranged from 0.533 to 0.946. Identical DNA patterns were
found in 1 pair of Lukding and 3 samples of Khonkhong,
indicating that each pair derived vegetatively from one origi-
nal clone (data not shown). Propagation in Parkia spp. can
be done by seed and top grafting (Bumrungruk, 1994), but
currently grafting is preferred because it produces true-to-
type.

As shown by the dendrogram in Figure 5, the 103
genotypes found in this study of 4 Parkia spp., including
Tong and Tien can be clustered into 5 groups, which cor-
responds well with the morphological identification of the
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same species by Smitinand (1980). In the natural environ-
ment, the flowers of each Parkia spp. bloom at a different
period so crossing between species is unusual, and there are
no reports of crossing ability among these 4 Parkia spp. Tien
was found in the same group as Riang, but unfortunately we
had only 1 sample of this plant with no flowers or pods. Leaf
morphology shows that Tien has a rounded apex which
differentiates it from Riang, but leaving open the possibility
that Tien mutated from Riang. Tong can be separated into
another group somewhere between Riang and Khonkhong,
but closer to Khonkhong with a similarity value 0.775. In
P. speciosa Hassk., clusters from the dendrogram revealed
some mixing between Sator khao and Sator dan, but it was
noted that the clusters were related to the area of collection, a
finding further supported by the location-specific fragments
found in this study. Thangjam et al. (2003) also reported that
discrimination in 8 genotypes of P. timoriana Merr. could be
related to collection in different areas.

The results of this study indicate that RAPD can be
efficiently used for genetic diversity analysis in Parkia.
However, several factors may affect the estimates of genetic
relationships among plant species such as the number of
markers used, distribution of the markers in the genome, the
working samples and the nature of the volutionary mecha-
nisms underlying the variation measured (Chowdhury et al.,
2005).
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