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Introduction

Hanguana malayana (Jack) Merr. is a large to massive colo-
nial dioecious helophyte producing extensive spongy stolons
and reproduce both sexually and asexually. It is a plant of
open lowlands along muddy banks of large rivers, and the
margins of freshwater bodies, and freshwater swamp forest.
It ranges from Sri Lanka to western Micronesia (Caroline
Islands: Palau), south as far as northern Australia and north to
the Philippines (Luzon), and peninsular Thailand below the
Isthmus of Kra (Siti Nurfazilah et al. 2010). Throughout its
range, H. malayana is morphologically stable, leading to the
speculation that the majority of populations may be clonal,
reproducing primarily by asexual processes.

Clonal plant populations are made up of a few genets
and numerous genetically similar ramets (Li et al. 2006).
A genet is composed of all tissues originating from single
sexually produced zygote, whereas a ramet is an indepen-
dent part of a genet arisen through clonal replication (Harper
1977). To understand the diversity of population structures
and the dynamics of clonal plants, such as H. malayana
which reproduce by both asexual and sexual reproduction,
genetic studies are required.

The goal of this study was to identify and characterize
microsatellite containing sequences for H. malayana. These
data will be invaluable for a broad range of applications
in genetic research of H. malayana, including population
structure, and spatial distribution of genets and ramets.

Microsatellite markers are highly polymorphic, with high
variability of repeating units (Pung et al. 2000; Mizuki et al.
2005) and further, are easily and economically assayed by
polymerase chain reaction (PCR) (McCouch et al. 1997;
Temnykh et al. 2000). Use of microsatellite markers enable
detection of high levels of allelic diversity, and are therefore
ideal for ecological and population studies.

∗For correspondence. E-mail: sofiman@usm.my.

Material and methods

Microsatellites were isolated from H. malayana following
Jones et al. (2001) and Edwards et al. (1996), with modifica-
tions as per Nguyen et al. (2007). Approximately 500 ng of
genomic DNA was digested with RsaI, and ligated to MluI
adaptor. The PCR was performed in a total volume of 50 μL
containing 10× PCR buffer, 2 mM dNTPs, 5 U Ampli-
Taq Gold (Applied Biosystems, California, USA), 25 mM
MgCl2, 5 ng of ligated DNA, and 500 ng of one of the oligos
of the MluI adaptor. PCR thermal conditions were: 10 min
at 95◦C, followed by 30 cycles of a three-step PCR at 94◦C
for 15 s, 60◦C for 1 min, and 72◦C for 3 min, and a final
extension of 72◦C for 15 min. PCR products were hybridized
to a Hybond-N+ membrane consisting of 5–14 repeats of
dinucleotide, trinucleotide, and tetranucleotide motifs, (A)21,
(AT)20, (AAT)15, (GA)20, (CA)20, (AG)20, (GT)20, (AGA)15,
(ACA)15 and (CAT)15, (CTA)15, (AAC)15, (AAG)15, (ATC)15
at 50◦C for 18–48 h. Unhybridized DNA was removed, and
the membrane boiled to elude the hybridized products. The
eluted DNA was amplified using the same conditions as
above, then ligated into pGEM R©-T Easy Vector (Promega,
Wisconsin, USA), transformed into JM109 Escherichia coli
competent cells (Promega), and plated on agar containing
ampicillin, IPTG and X-gal. Plasmids from recombinant
colonies were amplified using TempliPhi (GE Healthcare,
Buckinghamshire, UK). After blue–white screening, 61 pos-
itive clones were sequenced. A total of 24 primer sets
were designed using the Primer3 Plus program (http://www.
bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi), and
synthesized. Optimization of amplification conditions for
each locus followed, and the variability of isolated markers
was assessed in 88 individuals of H. malayana from Gopeng,
Perak in peninsular Malaysia. Genomic DNA was extracted
from leaf tissue of H. malayana using cetyltrimethyl ammo-
nium bromide (CTAB) methodology (Doyle and Doyle
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1987). PCR amplifications were conducted in a total reac-
tion volume of 25 μL, consisting of 1.5 μL of template
DNA (approximately 100 ng), 1× Magnesium Free Green
GoTaq R© Flexi buffer, (1.5–3.0) mM MgCl2, 2 mM dNTPs
mixtures, 10 nmol of each forward and reverse primer, and
1 U Taq DNA polymerase (Promega). Amplification was
performed using a Thermal Cycler PTC-200 DNA Engine
(MJ Research, Massachusetts, USA). The PCR profile was
initially denaturated at 94◦C for 2 min, followed by anneal-
ing of 35 cycles of 94◦C for 30 s (see table 1, annealing tem-
perature), and 72◦C for 1 min, and finally 1 cycle of 72◦C for
10 min.

Fragment analysis was conducted using an ABI3730XL
sequencer, GeneMapper v4.0 analysis software, and Peak
Scanner v1.0 (Applied Biosystems). Number of alleles
(NA) was calculated using POPGENE version 1.31 (Francis
and Yang 1999). Expected heterozygosity (He), observed
heterozygosity (Ho), and significant linkage disequilibrium
for all loci was analysed using Arlequin v 3.0 software
(Excoffier et al. 2005).

Results and discussion

Of the 24 microsatellite markers tested, nine loci were
polymorphic and remaining loci were not easily amplified,
or produced stutter bands. The nine loci are the first poly-
morphic microsatellite markers reported for H. malayana.
Information obtained from each microsatellite is summa-
rized in table 1. The number of alleles ranged from 3 to
12 with an average of 5.67 alleles per locus. The observed
and expected heterozygosities ranged from 0.216 to 0.989
and from 0.288 to 0.842, respectively. Significance of depar-
tures from Hardy–Weinberg equilibrium (HWE), and link-
age disequilibrium (LD) between pairs of microsatellite loci
were tested by using Arlequin v3.0 (Excoffier et al. 2005).
Six loci (HM01, HM02, HM04, HM05, HM06, and HM08)
showed significant excess of heterozygotes and deviation
from HWE. The deviation from HWE at all six loci is
probably owing to H. malayana being primarily a clonal
plant reproducing asexually. Observed heterozygosities of
the loci were higher than expected (Ho > He), perhaps
due to asexual reproduction. There was significant pairwise
LD for loci HM01, HM02, HM03, HM04, HM05, HM06,
HM07 and HM08. It is possible that somatic mutations
produce genetic variation in this particular H. malayana pop-
ulation. Herms and Mattson (1992) suggested that somatic
mutations provide clonal organisms with a mechanism for
enhancing their survival conditions. Clonal populations are
often assumed to have low levels of recruitment through
seed, and are expected to become dominated by only one or
few large genets (Shimizu et al. 2002).

In conclusion, these novel microsatellite markers show
sufficient levels of polymorphism to be used as molecular
markers for accurate population genetics studies, and for
assessing genetic variations.
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