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Abstract

Nipa (Nypa fruticans Wurmb.) is a useful and widely distributed palm in Southeast Asia, but its
habitats are declining due to industrial development. Information on genetic diversity, geographi-
cal differentiation, and phylogenetic relationships among the populations is important in order to
develop conservation strategies for this species. In this study, the genetic diversity within and among
29 natural populations in Peninsular Malaysia was analyzed using the AFLP molecular technique.
Polymorphism within a population was detected for 27 populations and three geographically distinct
groups of nipa. The results showed that the highest frequency of heterozygosity was found in the west
coast southern region, followed by the west coast northern region, and with the lowest frequency in
the east coast region. In the phylogenetic tree, the three geographical regions that formed distinct
groups with the west coast southern region group were located between the west coast northern re-
gion group and the east coast region. These results may suggest that nipa in Peninsular Malaysia has
been diffused from or along the west coast southern region to the other regions. The three regional
groups are differentiated genetically and it is recommended that all three regions should be targets
for the conservation of nipa habitats, in order to reduce genetic erosion within the nipa in Peninsular

Malaysia.
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Introduction

Nipa (Nypa fruticans Wurmb.) is among the most
common, widely distributed and useful palms found in
the mangrove forests of Southeast Asia. In addition to fa-
voring brackish water environments such as estuaries or

shallow lagoons, nipa is also colonized at the upper tidal
reaches of rivers, in the semi-liquid mud of estuaries, and
along coastlines (Baja-Lapis et al. 2004, Burkill 1935,
Corner 1966, Tomlinson 1986, Whitmore 1973). Nipa
grows in clusters, often forming large colonies without
visible stems above the ground. The underground stem
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(called rhizome) lies horizontally underneath the ground
and reaches about half a meter in length. At the end of
the growing rhizome, a new plant rises, thereby adding
to the cluster in the colony. In addition to its vegetative
propagation, nipa also propagates through seed germina-
tion (Baja-Lapis et al. 2004).

Nipa has historically provided useful products to
indigenous peoples living near or in the coastal and es-
tuarine mangrove forest area (Hamilton & Murphy 1988,
Péivike 1996). Matured leaves have been used for roof
thatching, the wall-partitioning of dwellings, roofs of
boats, umbrellas, sun hats, raincoats, baskets, mats and
bags, and young leaves are made into cigarette wrappers
and to wrap cooked rice (Baja-Lapis et al. 2004, Burkill
1935, Fong 1984, Fong 1992, Hamilton & Murphy 1988,
Ilias et al. 2002, Piivike 1996, Robillos 1978). Petioles
are used as the floats for fishnets (Fong 1984, Fong 1992)
and arrows (Burkill 1935). Young seeds and buds of
the stem are edible (Burkill 1935, Hamilton & Murphy
1988, Whitmore 1973). One of the traditional prescrip-
tions for treating herpes is drinking the juice from the
young shoots with coconut milk (Burkill 1935). The sap
of the fruit stalk is used as juice, vinegar, and fermented
drink (Baja-Lapis et al. 2004, Burkill 1935, Fong 1984,
Fong 1992, Hamilton & Murphy 1988, Ilias et al. 2002,
Pdivike 1996, Robillos 1978, Robinson 1911). The sap is
also a useful source of biofuel because it is available as
ethanol. Nipa can produce more ethanol than sugar cane
(6,480-10,224 L/hectare/year vs. 3,350-6,700 L/hectare/
year) (Hamilton & Murphy 1988). In addition, nipa is
useful agriculturally and ecologically because its habitat
does not compete with food crops, and its growth is sus-
tainable (Hamilton & Murphy 1988).

Peninsular Malaysia is one of the regions where nipa
habitats are common, but such habitats are decreasing due
to ongoing industrial development. Consequently, there is
a need to develop a conservation strategy to protect nipa
habitats from further decline. In this respect, gathering
information on genetic diversity, geographical differen-
tiation, and phylogenetic relationships among the natural
populations is important. A previous study conducted
on 183 individuals of six nipa populations in Vietnam,
Thailand, and southern China using SSR and ISSR
markers revealed low polymorphism among the popula-
tions (Jian et al. 2010). In this report, no polymorphism
was detected within a population by ISSR markers and
only one out of five populations showed polymorphism
within a population by using 17 SSR markers. In addi-
tion, RAPD markers only revealed low polymorphism
within a population of nipa on Iriomote Island (Setoguchi
et al. 1999). In this report, only one out of 28 individuals
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showed polymorphism by 136 loci. By referring to these
reports in order to reveal the genetic diversity of nipa
populations, we decided to employ other DNA markers to
detect high levels of polymorphism. AFLP has proven to
be a good molecular method in the detection of high lev-
els of polymorphism (Vos et al. 1995). In this study, we
employed AFLP markers to assess the genetic diversity
and geographical differentiation of nipa populations in
Peninsular Malaysia, with a view to develop a conserva-
tion strategy for the protection of nipa habitats.

Materials and Methods

1. Plant materials

In order to collect nipa samples, we visited 10 out of
the 11 states in Peninsular Malaysia (Fig. 1). We did not
visit Kelantan state (east coast) due to time limitations for
our field survey. We focused on coastlines, estuaries, and
the upper tidal reaches of rivers, mainly based on past
reports on nipa habitats (Baja-Lapis et al. 2004, Burkill
1935, Corner 1966, Tomlinson 1986, Whitmore 1973).
Except in the states of Selangor and Negeri Sembilan,
plenty of nipa habitats were observed along coastlines, in
estuaries, and upper tidal reaches. We could not observe
any nipa habitats in inland areas of Peninsular Malay-
sia. These observations on nipa habitat distribution in
Peninsular Malaysia coincide with Global Land Survey
data and Landsat archives on the mangrove forests of the
world (Giri et al. 2011).

Fig. 1 shows a detailed map of Peninsular Malaysia,
and Table 1 lists the plant materials used in this study.
In total, 29 natural populations collected during our field
survey on nipa habitats in Peninsular Malaysia were used.
The 29 populations were classified into three geographi-
cal groups in this study—the west coast northern region
(Perlis, Kedah, Penang, Perak, and Selangor states), the
west coast southern region (Melaka and Johor states),
and the east coast (Terengganu and Pahang states). The
distance between the samples collected was more than 20
m. Three individuals were randomly selected from each
population for the AFLP experiment. However, only one
individual was selected from population No. 2 because
all individuals in the habitat were believed to be clones,
due to the small population size (about 5 m % 10 m) and
the fact that nipa plants predominantly adopt vegetative
propagation. In addition, only two individuals were used
from population No. 20 and No. 27 for data analyses as
AFLP fingerprinting of the third individual showed ex-
tremely poor resolution and was considered unreliable.
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Fig. 1. Locations of the 29 populations used.

Table 1. Populations used in this study and polymorphic loci within a population

. T Number of L
Serial Region Province Latitude Longitude Number of individuals polymorphic loci within g quolymorphlcl loci
No. used . within a population
a population
1 west coast-northern Penang N 05, 09, 029 E 100, 27, 784 3 0 0.00
2 west coast-northern Penang N 05, 08, 839 E 100, 25, 446 1
3 west coast-northern Perak N 04, 59, 182 E 100, 26, 820 3 3 1.24
4 west coast-northern Perak N 04, 50, 438 E 100, 38, 743 3 3 1.24
5 west coast-northern Perak N 05, 00, 617 E 100, 25, 860 3 3 1.24
6 west coast-northern Perak N 04, 02, 619 E 100, 49, 326 3 6 2.48
7 west coast-northern Perak N 04, 02, 308 E 100, 54, 793 3 2 0.83
8 west coast-northern Perak N 03, 57, 940 E 100, 52, 327 3 3 1.24
9 west coast-northern Selangor N 03, 46, 138 E 100, 58, 768 3 8 3.31
18 west coast-northern Perlis N 06, 21, 888 E 100, 08, 634 3 8 3.31
19 west coast-northern Perlis N 06, 20, 348 E 100, 10, 815 3 8 3.31
20 west coast-northern Perlis N 06, 16, 155 E 100, 11, 087 2 5 2.07
21 west coast-northern Kedah N 06, 03, 932 E 100, 21, 998 3 6 2.48
22 west coast-northern Kedah N 06, 52,250 E 100, 23, 085 3 14 5.79
23 west coast-northern Kedah N 06, 34,470 E 100, 22, 039 3 6 2.48
24 west coast-northern Penang N 05, 25, 456 E 100, 25, 625 3 4 1.65
10 west coast-southern Johor N 02, 02, 602 E 102, 32, 851 3 22 9.09
11 west coast-southern Johor N 01, 59, 670 E 102, 35, 558 3 4 1.65
12 west coast-southern Melaka N 02, 07, 477 E 102, 30, 140 3 6 2.48
13 west coast-southern Melaka N 02, 07, 564 E 102, 25, 416 3 17 7.02
14 west coast-southern Johor N 01, 45, 037 E 103, 00, 270 3 21 8.68
15 west coast-southern Johor N 01, 44, 460 E 103, 03, 258 3 13 5.37
16 west coast-southern Johor N 01, 58, 021 E 103, 37, 253 3 23 9.50
17 west coast-southern M?lf’ilfz,’,,,,, N 02, 23, 340 E 101, 58, 730 3 17 7.02
25 east coast Terengganu N 04, 47,293 E 103, 24, 134 3 12 4.96
26 east coast Terengganu N 05, 08, 475 E 103, 14, 644 3 3 1.24
27 east coast Terengganu N 05, 01, 128 E 103, 18, 276 2 2.89
28 east coast Pahang N 03, 47, 874 E 103, 20, 306 3 10 413
29 east coast Pahang N 03, 31, 877 E 103, 07, 236 3 8 3.31
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2. DNA extraction

The young leaves were kept at -20°C after collection
from the habitats. About one to two months following
collection, DNA was extracted in MARDI’s laboratory
for molecular analysis by using the milky or light brown
inner parts of young leaves. Grinding was performed us-
ing mortar and pestle with liquid nitrogen immediately
after young leaves were retrieved from the freezer, in or-
der to prevent a loss of moisture that could make the
leaves difficult to grind. The grinding step was repeated
twice to obtain a fine powder. The Plant DNAzol Reagent
(Invitrogen Corp., Carlsbad, CA, USA) and its instruc-
tion manual were employed for the fine power with minor
modifications for DNA extraction.

3. AFLP procedure

AFLP reactions were performed according to Vos et
al. (1995) using an AFLP Core Reagent Kit and an AFLP
Starter Primer Kit as per the manufacturer’s instruc-
tion manual (Invitrogen Corp., Carlsbad, CA. USA). At
pre- and selective amplification, one and three selective
nucleotides were used, respectively. Eleven primer com-
binations were used in the selective amplification (Table
2). Amplified products were electrophoresed at 100 V for
9 h in polyacrylamide gels with Tris-Glycine buffer. The
polyacrylamide gel consisted of a running gel (13%) and
a stacking gel (5%), and was 16 cm X 16 cm X 0.8 mm
in size. The AFLP products separated on the 13% poly-
acrylamide gels were detected by using Silver Staining
Kit IT (Wako, Japan).

4. Data analysis

The bands between 100 — 1,000 bp on the polyacryl-
amide gels were manually scored as present (1) or absent
(0). Unclear fragments were ignored. The frequency of a
null allele at a given locus was estimated by taking the
square root of the frequency of null homozygosity (i.e.
absence of a band), which assumes that there are two al-
leles at a locus under the Hardy-Weinberg equilibrium.
Based on the estimated frequency of a null allele, the
frequency of heterozygosity () within a population (#s)
and all individuals (Hf) were calculated. The genetic dif-
ferentiation among populations (Gsf) was calculated as
(Ht - average Hs)/Ht (Nei 1973). NTSYSpc version 2.20
was used for the calculation of Nei’s genetic distance (Nei
1972) between each individual, and the NJ method (Saitou
& Nei 1987) was used for the construction of a phyloge-
netic tree. Bootstrap probability with 100 resamplings
was used to assess the reliability of interior branches of
the phylogenetic tree.

Results

In total, 242 AFLP loci were detected by using 11
primer combinations (Table 2). The number of detected
AFLP loci/individual was between 214 and 231. Among
the 242 loci, 57 loci (23.6%) were polymorphic (Table 2).
Except for population No. 1 and No. 2, polymorphism
was detected within each population (Table 1). The
percentage of the number of polymorphic loci within a
population ranged from 0.00 (No. 1) to 9.50% (No. 16).
By comparing the percentage of the number of polymor-
phic loci within a population among the three regions,
the highest frequency of polymorphism was found in

Table 2. Primer combinations and number of detected loci

Primer Number of total loci Number 0€ é:)cczlymorphic % of polymorphic loci
E-ACA, M-CAT 19 4 21.1
E-ACG, M-CTA 13 7 53.8
E-AGG, M-CTC 26 4 15.4
E-ACC, M-CAG 19 2 10.5
E-ACC, M-CTT 23 4 17.4
E-ACG, M-CAC 15 7 46.7
E-AAG, M-CTC 21 1 4.8
E-ACG, M-CAT 18 10 55.6
E-AAC, M-CAC 31 29.0
E-ACC, M-CTC 24 25.0
E-AAC, M-CAG 33 3 9.1

Total 242 57 23.6
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Table 3. Genetic diversity within each region

Number of % of polymor.
. () -
Region Number of Number of - polymorphic phic loci within ~ Hs or Ht Gst
populations individuals loci within .
. region
region
west coast-northern 16 45 41 16.9 0.043
west coast-southern 8 24 37 15.3 0.060
east coast 5 14 21 8.7 0.026
all 29 83 57 23.6 0.075 0.428
022
o9
@ :west coast-northern
A : west coast-southern t t
% : east coast west coas
. -northern
0.01
Genetic distance
94% o o1
AﬂA‘\Z A2
||—| E“Z — s west coast
: " 16 -southern
A15 A16
82% A5 A15
100% o -
o *25
100% . *25
— *2r *28 east coast
*27
T *25
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Fig. 2. Neighbor-joining tree based on AFLP markers. Bootstrap values greater than 80% are provided for the branches.

the west coast southern region (6.35 + 2.97), followed by
the east coast region (3.31 + 1.40), and with the lowest
frequency being in the west coast northern region (2.18
+ 1.40). Polymorphism was also detected within each re-
gion (Table 3). The results also showed that the west coast
southern region had the highest Hs among the three re-
gions (0.060), while Hs of the west coast northern region
was 0.043 and that of the east coast region was 0.026.
Ht was 0.075 and Gst on these three geographic groups
was 0.428. In contrast, the percentage of the number of

polymorphic loci within a region was highest in the west
coast northern region (16.9%, n=45), followed by the west
coast southern region (15.3%, n=24), and with the low-
est in the east coast region (8.7%, n=14). A phylogenetic
tree was constructed using the NJ method (Fig. 2). The
results clearly demonstrated that all individuals in each
of the three geographic regions clustered together in their
respective groups. In terms of their phylogenetic relation-
ships, the east coast region formed a genetically distinct
group based on its genetic distance from individuals in
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the west coast region, which is supported by a 100%
bootstrap value. The two western coast groups were also
differentiated, which is supported by a 94% bootstrap
value. The group of the west coast southern region in-
volved individuals that are closer genetically to the group
of the west coast northern region group and the east coast
region group. One individual of population No. 14 and
two individuals of population No. 15 were closer to the
east coast region group, which is supported by 100% and
82% bootstrap values, respectively. Two individuals of
population No. 17 and one individual of population No.
14 were closer to the west coast northern region group,
which is supported by an 88% bootstrap value.

Discussion

1. Genetic diversity within a population

Previous studies on the genetic diversity of nipa
populations reported no or low polymorphism within a
population. Jian et al. (2010) analyzed 183 individuals
from six populations in Vietnam, Thailand, and southern
China by using 40 ISSR primers and 17 SSR markers.
As a result, the ISSR primers detected no polymorphism
within a population and the SSR markers only detected
polymorphism in a population. Setoguchi et al. (1999)
analyzed 28 individuals from a population on Iriomote
Island (where nipa is an endangered species) by using 20
RAPD primers, and reported that only one individual
showed low polymorphism. Setoguchi et al. (1999) also
concluded that this result suggests the population consists
of clones derived from a single original individual, which
will be exterminated in the near future due to the dif-
ficulty of producing fertile seeds by outcrossing.

Although only two or three individuals per popula-
tion were analyzed in this study, 27 out of 29 populations
showed polymorphism within a population, ranging from
0 to 23 polymorphic loci within populations (Table 1).
This result may suggest two things, one is that the nipa
population in Peninsular Malaysia possesses high genetic
diversity and/or that the AFLP markers used in this study
are more useful in detecting polymorphism than the
RAPD, ISSR, and SSR markers previously used. The re-
vealed polymorphism within a population might suggest
that individuals in each population propagate not only by
rhizome growth but also by seed germination, thereby
adding more diversity. This polymorphism within a pop-
ulation and the propagation system can provide the nipa
habitats in Peninsular Malaysia with better adaptability
and survival in response to environment changes.
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2. Genetic diversity within a region and geographical
differentiation

The frequency of heterozygosity within a region
(Hs) was highest in the west coast southern region
(0.060), suggesting that this region may be the center of
nipa genetic diversity in Peninsular Malaysia. The mean
percentage of polymorphic loci within the populations in
this region is also higher than that of the west coast north-
ern region and the east coast. The lower value of Hs in the
west coast northern region (0.043) and even lower value
in the east coast region (0.026) might be the result of nipa
populations having been diffused along the coastal area
extending from the west coast southern region. It is easy
to visualize that individuals from the southern region
of the west coast can be naturally disseminated to the
northern region along the coastline in the old period, but
more difficult to the east coast due to a longer geographic
distance from the west coast. In addition, the end of the
Malay Peninsula area adjacent to Singapore might be de-
veloped industrially through the ages, and could also be a
barrier for the diffusion of nipa from the west coast to the
east coast.

Though the percentage of polymorphic loci within
a region was higher in the west coast northern region
(16.9%, n = 45) than in the west coast southern region
(15.3%, n = 24), this result might be effected by about
twice the number of individuals in the west coast north-
ern region.

The frequency of heterozygosity in other nipa
populations (n = 27 to 33) was calculated based on SSR
markers (Jian et al. 2010). Hs was 0.000 for four popula-
tions in southern China and one population in Vietnam,
as these populations were monomorphic. Hs was 0.042
for a population collected from the root area of the Malay
Peninsula in Thailand. The Hs value of the population
is at the same level as that of the west coast northern
region in this study (0.043). These results might suggest
that the Malay Peninsula as whole (not only in Penin-
sular Malaysia) may possess high levels of nipa genetic
diversity. It would now be interesting to survey the areas
between Peninsular Malaysia and the Malay Peninsula
of Thailand, in order to better understand the extent and
distribution of genetic resources of nipa in the Malay
Peninsula.

We cannot conclude that genetic diversity of nipa
is higher in Peninsular Malaysia than in southern China
and Vietnam, however, due to an evaluation of genetic
diversity based on different DNA markers, that is, SSR
(Jian et al. 2010) and AFLP. In the future, analyzing the
nipa populations in not only southern China and Viet-
nam but also in other regions (e.g., Indonesia, Thailand,
Cambodia, Myanmar) based on AFLP markers may be
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more useful than SSR markers to detect polymorphism,
thereby revealing the genetic diversity center of nipa.

The frequency of heterozygosity was also calculated
based on AFLP markers for other species. For example,
mangrove plants—Avicennia marina (Forsk.) Vierh, in
Vietnam—were analyzed for six populations (n = 11 to
25) (Giang et al. 2003). Hs ranged from 0.037 to 0.083
and Ht was 0.086. These values were smaller in this
study, where Hs ranged from 0.024 (east coast region)
to 0.060 (west coast southern region) and Ht was 0.075.
This result might relate to the reproductive methods of
the plants, and may be due to the predominantly vegeta-
tive propagation system of nipa as compared with other
mangrove species.

However, nipa populations analyzed in this study
showed a higher Gs¢ value (0.428) as compared to man-
grove species (Avicennia marina) populations in Vietnam
(0.262) that were calculated based on AFLP data (Giang
et al. 2003). It is possible that nipa populations in Penin-
sular Malaysia have differentiated genetically within each
region, such that there is a high value between population
diversity. This calls for many nipa populations across the
range to become targets for conservation. A conserva-
tion strategy should take this distribution into account
and ensure that the maximum numbers of habitats are
conserved in situ. Habitats for in situ conservation should
be selected from the west coast northern region, west
coast southern region, and the east coast, respectively,
as populations among these three regions are highly dif-
ferentiated genetically. Those populations where in situ
measures are not possible should be collected and estab-
lished in ex situ collections. For ex situ conservation, we
should also collect samples from the west coast northern
region, west coast southern region, and the east coast, re-
spectively. Such a strategy would ensure that the genetic
diversity of nipa is well conserved.

3. Phylogenetic relationships

The individuals in the east coast region formed a
group that is genetically distinct from individuals on the
west coast, which is supported by a 100% bootstrap value
(Fig. 2). The west coast populations were also differen-
tiated genetically between the northern and southern
regions, which is supported a 94% bootstrap value
(Fig. 2). Our field survey on nipa habitats in Peninsular
Malaysia, the Global Land Survey, and the Landsat ar-
chives on mangrove forests in the world (Giri et al. 2011)
revealed that only a few nipa habitats exist on the west
coast of the states of Negri Sembilan and Selangor, and
on the east coast of the Johor area. We supposed that
these geographical gaps among the west coast north-
ern, west coast southern, and east coast regions caused

genetic differentiation among the three regions, based
on a report suggesting that geographical gaps caused
genetic differentiation on a mangrove genus. Mangrove
genus Kendelia, which is distributed from southern Japan
to India through southern China and Southeast Asia, is
distinguished into two species (Sheue et al. 2003). One
species (K. obovata) is distributed from southern Japan
to southern China, while the other species (K. candel) is
distributed from Southeast Asia to India, with few habi-
tats of this genus being reported along the coastal area
of Vietnam (Sheue et al. 2003). Interrupted distribution
of the genus in the coastal area of Vietnam might have
accelerated genetic differentiation and caused the differ-
entiation of K. obovata and K. candel. We suppose that
geographical gaps are among the most powerful causes of
accelerating genetic differentiation for mangrove species.

Regarding the diffusion of nipa in Peninsular Ma-
laysia, we conclude that nipa was diffused along coastal
areas, but not through inland areas. Populations in the
west coast southern region involve individuals that are
genetically closer to the east coast region (population No.
14 and No. 15), as well as the west coast northern region
(population No. 14 and No. 17). Therefore, the nipa popu-
lations in Peninsular Malaysia might be diffused from or
through the west coast southern region.
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