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ABSTRACT
Hylarana baramica is a riverine and swamp forest inhabitant. The genetic structure and genetic divergence
among the populations of H. baramica in across Sarawak were looked through the mitochondrial cytochrome
oxidase I (COl) gene. The study sites of H. Baramica included the east (Similajau National Park) and west
(Matang Wildlife Centre, Bako National Park and Universiti Malaysia Sarawak) parts of Sarawak. The COl
fragments were amplified by PCR using COl Barcoding primers and produced a total 809bp of COl gene to be
analyzed from 10 samples. Two clades were observed in both Neighbor-Joining and Maximum Parsimony
con ensus trees however the clades did not show separation according to two major populations of Sarawak
which are of the east and west parts. There were low level of genetic variation within the populations, indicates
that H. baramica of all populations studied experience panmictic populations. All of the populations of H.
baramica did not show isolation by distance. Therefore the hypothesis of isolation by distance is rejected for this
species. The Lupar gap did not halt the dispersal of this species between the west and east parts of Sarawak, as H.
baramica migrate easily across the swamps in Sarawak. This study can be an essential baseline towards
conservasion planning of H. baramica, as well as other swamp inhabitants.

Key words: Hylarana baramica, mitochondrial COl, genetic variation, panmictic population, isolation by
distance.
ABSTRAK
Hylarana baramica merupakan penghllni tebing sungai dan hutan paya. Strllktur genetik dan perbezaan genetik
dalam kalangan populasi-poplliasi H. baramica di Sarawak telah dikaji melalui gen sitokrom oksidase I (COl)
milokolldrion. Tapak kajian H. baramica yang terlibat term asukiah bahagian timur (Taman Negara Similajau)
dan balragian barat (Pusat Hidupan Liar Matang, Taman Negara Bako, dan Universiti Malaysia Sarawak)
Sarawak. Serpihan COl telah diamplifikasikan dengan PCR menggunakan primer COl Bar/rod dan telah
menhasilkan sebanyak 809bp gen COl untuk dianalisa daripada 10 sampel. Dua kumpulan telah diperhatikan
dalam kedua-dl/a pokok consenSl/S 'Neighbor-Joining' dan 'Maximum Parsimony' akan tetapi kllmpulan
kumpulan tersebut tidak menunjukkan pemisahan berdasarkan dua populasi besar iaitu bahagian timur dan
barat. Variasi genetik dalam populasi didapati rendah, menandakan bahawa H. baramica dari semua populasi
yang dikllji mengalami populasi panmiktik. Kesemua popl/lasi H. baramica tidak menunjukkan pengasingan oleh
jarak. Oleh ilu, hipotesis pengasingan olehjarak bagi spesies ini telah ditolak. Jurang Lupar tidak menghalang
penyebaran spesies ini antara bahagian timur dan barat Sarawak. Kajian ini boleh menjadi dasar yang penting
kearah perancangan pemeliharaan H. baramica dan juga penghuni-penghuni paya yang lain.

Kata ku"ci: Hylarana baramica, gen COl mitokondrion, variasi genetik, populasi panmiJ..1ik, pengasingan oleh
jarak.
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INTRODUCTION
Hylarana baramica is a frog which is an amphibian classified under the order of Anura
and the family of Ranidae. This species is found in Brunei Darussalam, Indonesia, Malaysia
and Singapore (Inger and Stuebing, 2005). It is known as the Baram river frog by the
Sarawakian. H. baramica has a wide head and a pair of large prominent eyes (Inger and
Stuebing, 2005). The size of adults is around 38-46 mm in males and up to 67 mm in females
(Inger and Stuebing, 2005). The species is dark brown above and yellowish sides marked with
irregular dark brown spots (Inger and Stuebing, 2005). The lips are marked with black bars
and white spots alternately (Inger and Stuebing, 2005). H. baramica is now under the genus
Hylarana which was recently splitted from the genus Rana (Frost et al.,2006; Che et ai, 2007).

H baramica is categorized under Least Concern (LC) in the International Union for the
Conservation of Nature Red List of threatened species (International Union for the
Conservation of Nature, 2001). Besides, their population trend is decreasing (International
Union for the Conservation of Nature, 2001). H. baramica appears to be an exclusively
swamp inhabitant. Despite the categorization by the IUCN, H. baramica can be prone to
extinction one day because enormous part of peat swamp forest in Sarawak have been cleared
and drained for agriculture, settlements, timber extractions, and many other human activities
(Ibrahim & Yusoff 1992; Wong, 2002; Wijdeven et ai., 2004).

More attention has been given to protect the population of amphibians all over the
world (MacLeod, 2010). Amphibians are a good model of indicator group as they inhabit most
of Earth's freshwater and terrestrial biomes, except for the marine environments, the Antarctic
and deep Arctic (Collins and Halliday, 2005). The population sizes of amphibians vary from
2

small to large, and due to their dual habitat, salamander and frogs have proven sensitive to the
environmental changes in nowadays (Collins and Storfer, 2003). Swamp forests are rapidly
destroyed and this potentially hanns the populations of H. baramica. Is there really a need to
conserve the swamp forests of Sarawak? H. baramica is a riverine (swamp) dweller and semi
arboreal (climb up into low vegetation or tree trunk, < 2m height) species which means they
are very dependent on the trees of the swamp forests (Ramlah, 2009). Regarding this matter,
does the destruction of the swamp forests will deteriorates and perishes the populations of H.
baramica or will it contribute to genetic break among their populations? Therefore, it is

essential to evaluate genetic diversity and population before deciding for conservation
planning.

The main objectives of this study are to: (1) delineate the extent of genetic variation of

H. baramica occurring across Sarawak, (2) create a phylogenic framework of this species and
(3) to test the isolation by distance theory (geography versus genetic differences) in
populations of H. baramica. My hypothesis for the first objective is that there is low genetic
variation among populations of H. baramica because the species may consist of one panmictic
group. The low genetic diversity of peat swamp might be due to extensive gene flow assuming
the selection and mutations are balanced. Furthennore, there is no genetic break occurred
among the populations of the peat swamp frog understudy since the swamp forests is recent
formation dating from the end of the last ice ages (Anderson, 1961). Next, the null hypothesis
of isolation by distance is exemplified by the linear relationship between genetic differences
and the logarithm of geographic distances (Rousset, 1997, 2000) which basically means that
the geographic distance contributes to genetic differences.
3

H. baramica from several areas in Sarawak were studied. The study areas are divided
by two - the east part of Sarawak and the west part of Sarawak. The relevance of this division
is that Sarawak is made up of two geologically distinct areas that are divided by the Lupar
River (Hazebroek and Kashim, 2006). West Sarawak fonns the part of the ancient Sunda
Sh i~ld

covered with rocks that are mostly older than about 80 million years while the east

which comprises the central and nOlth Sarawak are dominated by rocks younger than about 80
million years (Hazebroek and Kashim, 2006). From this geographical and geological view, the
evolutionary of the species can be inferred; the genetic evolvements might occur together with
the fonnation of the areas. Two localities were chosen within the west part of Sarawak
(UNIMAS, Matang Wildlife Centre and Bako National Park) while three localities within east
part are chosen (SimiIajau National Park and Mulu National Park).

The cytochrome c oxidase I (COl) gene of mitochondrial DNA were used to
investigate the genetic structure and evolutionary relationships among populations of H.
baramica. COl gene encodes for cytochrome c oxidase enzyme. COl gene had been proven to

be useful as a genetic marker in population genetic study and it was found highly diverse in
Bornean frogs (Ramlah and Ibrahim, 2004; Ramlah, 2003; Ramlah, 2010).

4
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LITERATURE REVIEW

Population genetics

Population genetic is a study related to factors of the origin and maintenance of genetic
varjation in populations (Page and Holmes, 1998). According to Adams et al. (1990), the
discipline of population genetics is established based on both Darwinian Theory and
Mendelian genetics. Prohl et af. (20 I 0) pointed out that gene flow among populations is
primarilly related to genetic variability within populations.

Genetic study of Bornean frogs

Borneo's frog fauna is among the richest in the world. During the last 25 years, the
frog fauna of Borneo has been the focus of many field studies, but most of these studies have
emphasized the fauna of lowland and hilly dipterocarp rain forests (Inger and Voris, 1993;
Das, 1995). Only few fields studies of peat swamps have been employed (Inger et ai., 2005).
Emerson and Ward (1998) has recorded that the genetic divergence among Bornean
populations is very low (1.2 - 2.6%). A study on intraspecific variation of mtDNA of CO I genes
in three congeneric riparian species of Sarawak frogs, Limnonectes leporinus, Limnonectes kuhlii
and Hylarana chalconota revealed significant levels of sequence divergence within and between
populations (Ramlah 1998). Ramlah (2003) through genetic analysis suggested that the
presence of L. leporinus in Borneo may date from the Miocene (15-10 Mya). While in the
genetic study of Hylarana erythraea by Ramlah (2010), the gene flow estimators indicate high
numbers of migrants per generation and panmictic populations of H. erythraea, except for low
number of migrants per generation and panmictic populations of Bario population due to a

5
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great barrier created by the landscape of Borneo (Lupar line). In addition, a study of
Linmonectes kuhlii by Macleod (2010) suggested that L. kuhlii represents a complex of more

than 22 distinct evolutionary lineages, 16 of which are currently included under the normal L.
kuhlii.

Mitochondrial COl gene

Analysis of allele frequencies in allozymes were used to investigate the evolutionary
patterns that determined the genetic structure of a population. However, the use of allozyme in
such studies is not accurate enough. Due to the advanced molecular technique nowadays, the
use of maternally inherited mitochondrial DNA has improved the studies of population
genetics. Avise et al. (1987) stated that mitochondrial DNA analysis is an ideal molecular
system to study the geographical separation of populations as it possess the qualities such as
(i) distinctive, (ii) easily isolated, (iii) has simple genetic structure that lacks repetitive DNA,
transposable elements, pseudogenes and introns, (iv) has no genetic recombination or
rearrangement, and (v) evolves at a rapid rate.

Mitochondrion is an organelle in eukaryotic cells which having its own genome. The
mitochondrial DNA is inherited only from a female to the subsequent generations from the
egg cells of females in the descendants without any recombination; therefore each gene in the
descendants would have the same phylogenetic history. In a study by Funk and Omland

(2003). phylogenetics analysis of DNA sequences by using mitochondrial DNA have proven
that species polyphyly and paraphyly have been taxonomically widespread and far more
common than generally recognized.

6

In this study, the cytochrome oxidase I (COl) gene that encodes for COl enzyme will
be utilized. The enzyme belongs to cytochrome c oxidase subunit I protein family. Vences et

al. (2005) had encountered that the variability of COl gene in amphibians is higher than
average. COl gene has been proven to be a useful and good genetic marker for population
ge~etic

study of L. leporinus (Ramlah, 2003), Hylarana erythraea (Ramlah et aI., 2010) and

the fam ily Microhylidae (Meijden et at., 2007).

Phylogenetic and Isolation by Distance (IBD)

Generally, a phylogeny of an organism represents a complex feature of many
molecular geanologies which includes the nuclear genes, each of which could have been
transmitted through male or female in any generation (Avise et al., 1987). Phylogenetic
hypotheses of relationships may constitute observations in other kind of studies (Emmerson,
1996) and in this study; it may be linked to the study of IBD. According to the studies by
Vences et al. (2005), distance-based DNA barcoding could be a useful tool for studying
amphibian phylogenetic relationships. In addition, Slatkin (2003) indicated that the main
factor that supposedly drives the genetic differentiation among populations of a same species
in a group with low vagility is IBD. Isolation by distance occurs when gene flow declines
with increasing distance between pairs of populations, and is feature of the general genetic
population structure of many amphibians' species (Palo et al., 2004; Funk et al., 2005;
Hitchings el al., 1997).

7

DNA Barcoding

According to the studies by Vences et al. (2005), distance-based DNA barcoding could
be a useful tool for studying amphibian phylogenetic relationships. DNA barcoding is a
technical process that has feasible large-scale, automated application (Tautz et aI., 2003;
Blaxter, 2004) which may accelerate taxonomic process (Wilson, 2004). In a study by Vences
et al. (2005) upon comparing the performance of 16s RNA gene with COl gene in DNA
barcoding in amphibians, although the COl primers showed successful result for some species,
barcoding using 16s RNA gene is more successful. However, it may be possible to design
primers that are successful and consistent in amplifying COl from amphibians, with some
effort (Vences, 2005).

8

MATERIALS AND METHODS

Sample Collection

Samples from the chosen localities that are readily available in the Zoology Museum
are used in this study. Fresh samples were collected from UNIMAS East Campus because
there are insufficient samples of H. baramica from UNIMAS that are available in the
collection. The tissue samples were obtained from the thigh muscle and kept immersed in 70%
alcohol in small tubes. Then the samples were frozen at -20°C for long term storage.

maps Malaysia.
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CTAD Preparation
A total of 1000 ml of CTAB buffer was prepared prior to DNA extraction. The
materials used are as following:

Table I : Reagents for preparing CT AB buffer

Reagents

Amount

EDTA

7.40g

CTAB

20.00g

Tris base

12.10g

NaCI

81.80g

2-mercaptorethano I

2000lli

ddH 20

1000mi

Firstly, EDTA, CTAB, Tris base and NaCI were added to nearly 1000mi ddH20 in a 2000ml
beaker. Then, the mixture was heated and stirred until clear. After all of the reagents melted,
the mixture was allowed to cool down and cover with aluminium to avoid contamination.
When the mixture was cool enough, the mixture was transferred into Schott bottle that was
fully covered with aluminium foil, then capped and left overnight. The next day, 2
mercaptorethanol was added into the solution and ddH 20 was added again until the volume
reached 1000mi. Finally, the solution was transfelTed into 250 ml Schott bottle that have been

wrapped with aluminium foil.
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Isolation of Mitochondrial DNA

A total of 25 tissue samples of H. baramica were successfully extracted (Table 2).
Several outgroup samples which are the tissue sample of H. erythraea, H. glandulosa, B.

asper, 1. melanostictus, and L. blythi were also extracted. Firstly, the tissue of each samples
was minced in tube a 1.5ml eppendorf tube that contains 100).!1 of 2x Cetyl trimethyl
ammonium bromide (CTAB) buffer and 20).!1 Proteinase K (20mglml). Then, another 600ml
of CTAB was added into the tube and mixed well. All of the tubes were incubated in the water
bath at 65°C for 2-3 hours until tissues were completely dissolved.

After the tissue had dissolved, 600,..d of chloroform-isoamyl alcohol (24: I) was added
to each tube and the tubes were shook for 2-3 minutes. The tubes were then centrifuged at 13
OOOrpm for 20 minutes. The upper layer of supernatant was taken from each tube and
transferred carefully to newly labelled tubes without touching the middle layer. An equal
volume of cold absolute ethanol (99%) was then added, mixed well and chilled in -20·C
freezer.

The tubes were spun again at 13 OOOrpm for 20 minutes and the excess ethanol was
discarded. An equal volume of 70% ethanol and 25Jll of 3M NAOAc/NaCI was added into
each tubes and centrifuged again at 13 OOOrpm for 20 minutes and the ethanol was discarded.
The pellet that remained was then dried and re-dissolved in 50 -100JlI of water (ddH 20).
Finally, the tubes were placed overnight at 4·C to get the entire DNA into the solution. To
preserve the DNA extraction for later use, the tubes were kept in the freezer at -20·C.
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Table 2: List of tissue sample of H. baramica which were extracted.

Locality

GPS Reading

Code

Matang Wildlife Centre

1°36'40.47"N 110°

RZ196

9'27.81"E
Matang Wildlife Centre

1036'40.47"N 110°

RZ203

9'27.81"E
Matang Wildlife Centre

1036'40.47"N 110°

RZ220

9'27.81 "E
Matang Wildlife Centre

1036'40.47"N 110°

RZ223

9'27.81"E
Matang Wildlife Centre

1036'40.47"N 110°

RZ224

9'27.81 "E
Bako National Park

1041'15.93"N

BNP015

110025'53.61"E
Bako National Park

1°41' 15.93"N

BNP071

110°25'53.61 "E
Bako National Park

1°41' 15.93''N

BNP079

110°25'53.61 "E
Bako National Park

1041'15.93"N

BNP081

110°25'53.61 "E
Bako National Park

1041'15.93"N
110°25'53.61 "E

BNPI05

UNlMAS

1028'08.09N

UE161

l10 026'32.24"E
UNlMAS

1028'08.09N

UE162

l10 026'32.24"E
UNIMAS

1028'08.09N

UE180

l10 026'32.24"E
UNIMAS

1028'08.09N

UE197

110°26 '32.24"E
UNIMAS

1028'08.09N

UE199

l10 026'32.24"E
UNIMAS

1028'08.09N

UE201

l10 026'32.24"E

Mulu National Park

4°02'50.28"N

RZ264

114°48'3 1.34"E

Mulu National Park

4°02'50.28"N

RZ265

114°48'31.34"E

Mulu National Park

4°02'50.28"N

RZ266

114°48'3 1.34"E

Mulu National Park

4°02' 50.28"N

RZ268

114°48'3 1.34"E

Mulu National Park

4°02'50.28"N
114°48'3 1.34"E

RZ271

Similajau National Park

3°10'45.03"N

SNP008

113°01 '52.96"E
Similajau National Park

3° 10'45.03"N

SNP031

113°01 '52.96"E
. Similajau National Park

3°10'45.03"N

SNP048

113°01 '52.96"E
Similajau National Park

3°10'45.03"N

SNP060

113°01 '52.96"E

Visualization of Extracted DNA

After the extraction, the DNA was run on 1% agarose get To prepare agarose gel, 0.3g
of agarose powder was added into a beaker. Then, T AE buffer was added into the beaker
containing agarose powder to 30 ml. To melt the agarose powder, the mixture was heated in
the microwave for one and half minutes. l,.d of ethidium bromide was added to the gel after
heating and the beaker was swirled gently to mix the ethidium bromide evenly. The gel was
then poured into a casting tray with a sample comb and allowed to solidify at room
temperature. Upon solidification, the comb was removed, and the gel (still in its plastic tray),
was inserted horizontally into the electrophoresis chamber and covered with T AE buffer.
Samples (each containing 1).11 of DNA mixed with 1).11 oHoading dye) were then pipetted into
the sample weUs. The tank lid and power leads were placed on the apparatus, and 90 volt
current was applied.
14

DNA Amplification by Polymerase Cbain Reaction (PCR)

The site region of approximately 500bp mitochondrial COl gene was be amplified by
using the standard protocol (Sambrook et aI., 1989). The primers COl Barcoding were used to
amplify the COl fragments.
OIIH

1

Figure 2: The position ofmt-COI gene in the mitochondrial DNA. Source: Merck Source, 2007 .
Table 3: List of primers for COl gene used in this study

Primer

Sequence

Direction

HCOI Barcoding

'5-T AAACTICAGGGTGAAAAAATCA-3'

Forward

LCOI Barcoding

'5-GGTCAACAAATCATAAAGATATTG-3'

Reverse

15

