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Limnonecles kuhlll, and Limnonecles leporinus are the two species of voiceless frogs that can be found in Bomean 
Island. In this study the site region of cytochrome c oxidase I (COl) of mitochondrial gene in the two Bomcan 
voiceless frog species were amplified using the Polymerase Chain Reaction (PeR) metllod. The principal of the PeR 
involved two Oligonucleotide primers that anneal complementary to the 'target' regions of the denatured DNA 
templates that are to be amplified. Three programmes of PeR that were variod in temperatures and period of each 
PCR step had been tried to identify the most efficient in amplifying PCR products of both species. From tbe three 
programmes, 30 cycles of programme B (Initial Denaturation: 96°C for 5 min; Denaturation: 95°C for 45 sec; 
Annealing: S2°C for I min 30 sec; Extension: 72°C for I min 30 sec; Final extension: 72°C for 10 min) showed the 
highest percentage of optimal PCR products. As the other programmes, they could amplify products but 
contaminated with non-specific products or "primer-(bmer". As for annealing temperature, 52°C was sufficient to 
amplity high quality of PeR products when visualized on eloctropboresis system. Components in 50 !'l reaction 
mixture were optimized with the optimal concentrations of magnesium, and Taq polymerase "lith 1.5 roM and 
0.025-0.05 unitslpl respectively. The rest concentration components were maintained with IX PeR Reaction Buffer, 
and 0.04 mM of dNTPs mix. The concentrations of used primers were depended on the number of mole of the 
oligonucleotides. In second amplification, a PCR product with "primcr-dimec" was produced although using the 
programme B with no adjustment to the optimal concentration of each PCR reagent. Hot-Start PeR method was 
applied, and mostly it yielded optimal PCR amplification. Further research on the second amplification for the two 
species should be conducted to detennine either the amplified template, or the cycles are the main cause of the 
primer-dimer production. 
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ABSTRAK 

Limnonecles kuhlii dan Limnonecles leporinus merupakan dua spesies kalak lak berbunyi yang boleh didapali di 
Pulau Borneo. Da/am kajian ini, gen silokrome c oksida (COl) dalam DNA milo/wndria bagi 1redua-dua species 
kalak Borneoe lersebul diamplikasikan mengunakan kaedah Tindak Balas Ranlaian Pollmerase (PCR). Prinsip 
kaedah ini ialah dengan melekalkan primer-primer secara komplemen di kawasan yang di1rehendaki Ice acuan-acuan 
DNA yang lelah dipisahkan unluk prases penggandaan. Tiga program yang berbeza dari segi S1Jhu dan masa dalam 
seliap langkah-Iangkah PCR lelah dicuba unluk mendapalkan produk DNA yang dikehendaki. Daripada keliga-liga 
program lersebul, didapati program B yang mempunyai 30 kali pusingan (Perrnulaan denaturasi: 96't:' unluk 5 min, 
Denalurasi: 95'C unluk 45 s, Pelekalan: 52'C unluk I min 30 s, Pemanjangan: 72'C untuk 1 min 30 s. Pemanjangan 
lerakhir: 72'C unluk 10 min) lelah menghasilkan produk-produk DNA yang dikehe"daki. Bagi S1Jhu pelekatan. 52 'C 
adalah mecukupi unluk meghasilkan praduk DNA yang bemlUlu tinggi apabila 4i11hal melalui sis/em elektroJoresis. 
Komponen-kompanen dalam 50 pi campuran lindak-balas bagi kepekalan magnesium dan enzim '[gg, masing
masing lelah dioplimakan kepada 1.5 mM dan 0.025-0.05 units/pl. Kepekalan bagi kamponen-kopanenen PCRyang 
lain dikekalkan dengan 1X Penimbal Tindak Balas PCR dan 0.04 mM bagi campuran dNTPs. Bag; primer-primer, 
kepekalannya adalah bergantung 1repada bilangan mol oligonukleotida. Pengamplikaslan kali kedua meggunakan 
program B dan lindak halllS campuran yang lelah dioptimakan masih dapal meghosilkan produk yang dlkehendaki 
lelapi mempunyai banyak "primer-dimer '·.Penggunaan kaedah PCR perrnulaan pem{U/asan menghasilkan produk
produk yang oplimun. Kajian selanjulnya patul dijalankan bagl menenlukan samada acuan berganda atau jumlah 
pusingan yang menjadi punca ulama kewujudan "primer-dimer ". 

Kala kunci. Tindak balas ranlai(llf polymerase, S1Jhu pelekalan, PCR perrnulaan pemanasan, kepekalan-kepekalan 
magnesium dan Ts!!I 
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Introduction 

Bomean voiceless frogs are taxonomically categorized under the subgenus 
Limnonectes in the family of Ranidae (Emerson and Ward, 1998). Based on the 
literatures, there are four species of the Bornean voiceless frogs, which are Limnonectes 
leporinus, Limnonectes ingeri, Limnonectes kuhlii, and Limnonectes ibanorum (Inger, 
1996; Emerson and Inger, 1992). In this study, only Limnonectes leporinus, and 
Limnonectes kuhlii will be studied. 

Both species show some common external morphologies by having large-sized 
bodies at sexual maturity, and with heavily and powerful muscled hind legs (Inger and 
Stuebing, 1997; Inger, 1966). Additionally, they exhibit secondary sex characters, or 
sexually dimorphic morphologies that differentiate them from all other species in the 
family of Ranidae. These comprise enlargement of both width and length of heads, and 
hypertrophied jaw muscles in both sexes of the species; enlargement of the bony 
mandibular projection into long teeth-like structures, or ondotoid processes; lacking of 
vocal sacs, and well developed nuptial pads (Inger and Stuebing, 1997; Emerson et ai, 
1992, 1993 and 1998; Orlov, 1997) except Limnonectes kuhlii, it does have nuptial pads 
on its first fingers (Inger, 1966). 

Without vocal sacs, causing the frogs lose their advertisement calls that are 
importantly in anuran biological re-production. Consequently, there are modifications in 
their breeding behaviour. For example, the enlargement of heads, and the ondotoid 
processes or "fangs" in adult males (Inger, 1966) are possibly used in male-male 
combat during breeding season, and to drove away the smaller one from a nest region 
that have been occupied by a female (Orlov, 1997). Besides using head, Orlov (1997) 
reported that Limnonectes leporinus uses its both powerful hind legs to push away its 
opponents from a nesting site before a female comes for mating. Additionally, their 
massive heads are used in constructing nests (Inger, 1966; Orlov, 1997). 

Those two species have a great diversity of habits; most of their habitats are 
located near streams, or rivers in both primary, secondary, disturbed, and hilly country 
forests as well as in rubber plantations (Inger and Stuebing, 1997). Limnonectes 
leporinus is the most encountered frog that can be seen on mud, gravel or rock 
substrates along the rivers and shaded streams either large or small, shallow or deep, 
and clear and turbid. It will not move 10 meters away from its habitat (Inger, 1966). As 
for Limnonestes kuhlii, it prefers to live and breed along small clear streams with 
moderate· speed. Sometimes, this :frog is found to live along swift streams by hiding 
behind large rocks as to escape the force ofcurrent (Inger, 1966). 

Taxonomically, Limnonectes leporinus (previously known as Bornean 
Limnonectes blythii) is grouped in the grunniens group (Emerson et ai, 1998). There are 
no records that Limnonectes kuhlii is grouped in that group. The term of 'grunniens' is a 
group that consists all of the species that are difficult to identify and have similar 
features of their external morphology. As exemplified by the adult males of 
Limnonectes leporinus, they are external morphologically similar to the Limnonectes 
blythii in Peninsular Malaysia, and in Vietnam. However, the Limnonectes blythii in 
mainland does emit advertisement calls (Orlov, 1997) while the Limnonectes leporinus 
is voicelessness (Inger, 1996; Emerson 1992). Due to those circumstances, 
herpetologists are confused, and have difficulties to categorize the species in 
appropriate taxonomic group, and its systematic relationship by only using the 
conventional methods (Emerson and Ward, 1998). 

In solving the weaknesses of the conventional methods, and with the revolution 
of molecular studies, many herpetologists adopt mitochondrial DNA data as an 
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alternative method (Emerson and Ward, 1998). Avise (1994), and Duellman et al 
(1994), also agreed with the application of mitochondrial genome in scientific studies in 
resolving many controversies of evolutionary biology, and ecology due its haploid 
mode transmission through matemalline (Strachan, 1992). 

The introduction of polymerase chain reaction (PCR), an in vitro DNA 
amplification technique, has eased the investigation ofphylogenectic, and taxonomy. It 
can isolate, and amplify certain regions of mitochondrial DNA of individuals that are 
distantly related within in a population as much as 108-fold (Hoelzel et ai, 1991; Saiki et 
ai, 1988). Besides that, it is the fastest way to study genetic population by screening for 
variation between a large nwnbers of individuals. In other meaning, it pennits rapid 
comparisons between individuals that do, or do not have a specific DNA sequence, or 
differentiate individuals with tandem duplications and individuals with single copy 
genes as well as to study allelic variants in individuals, which differ at DNA level 
(O'Brien et ai, 1991). Avise (1994), gave more advantages ofPCR amplifications such 
as it eliminates the use of DNA methylation and autoradiography; uses only a small 
quantities of DNA as well as much faster and easier than by cloning. Moreover, 
according to O'Brien et al (1991), it is easily to prepare a large amount and high purity 
ofamplified DNA in a single day. 

The PCR amplification works on the principle that two oligonucleotide primers 
anneal complementary to the 'target' regions of the denatured DNA templates that are 
to be amplified. The primers are designated to bind to the opposite single-stranded 
target regions, and are oriented so that DNA synthesis by a DNA polymerase occurs 
across the region between the pair ofprimers. The primer extension eventually doubling 
the amount of that targeted DNA sequences. The cycle of denaturation, annealing and 
extension is repeated resulting in exponential copies of the targeted regions, 
approximately 2D where n is the nwnber ofperformed amplification cycles. 

During denaturation, the double-stranded DNA denatures by heating the PCR 
reaction to 94°C for 30-45 sec (Hoelzel et ai, 1992). Sometimes, some templates require 
more than 94°C (Cha et ai, 1995), especially if the templates have a high G+C content. 
As for annealing temperature, it depends on the base composition, and length of the 
used primers. The temperature varies from 40°C to 60°C in period of time from 30 sec 
to 2 min (Saiki et ai, 1989). Following the annealing, the temperature is increased to 
70°C-75°C for Taq polymerase synthesis (Saiki et ai, 1989). The extension step usually 
takes 10 sec to 1 min depending on the length, and concentration of the target region 
(Hoelzel et ai, 1992; Cha et ai, 1994). Prior to cycling, an initial denaturation for 2 to 5 
min at 95°C is included to increase the denatured initial single-stranded templates. After 
all the cycling is completed, extension step is prolonged for 5-10 min to ensure that the 
entire annealed template is fully polymerized (Hoelzel et ai, 1992). 

In a PCR mixture reaction, it includes DNA template, primers, Taq polymerase, 
deoxynucleotide triphosphates mix (dATP, dCTP, dGTP and dTTP), lOX Reaction 
buffer that contains Tris-HCL (PH 7.5-9.0), KCI and additive(s) to increase the PCR 
reaction, and lastly MgCh. The PCR reaction is usually prepared between 20 and 100 
,.Il. Based on many researches that had been done before, the components of PCR as 
well as the PCR protocols such as temperature and duration of each step can influence 
the production of PCR amplification (Saiki, 1989; eha et ai, 1995). Magnesium 
concentration can influence the PeR amplification~ with lower concentration decreases 
yield, and higher concentration increases non-specific amplification (Gelfand, 1989). 
The MgCh concentrations vary with different primers and DNA template from 0.5 mM 
to 10mM (Hoelzel et ai, 1992). MgCh is functioned to bind quantitatively with dNTPs, 
and due to that any changes in dNTPs concentration may require adjustment of MgCh 
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concentration. dNTPs are usually added at a concentration of 50 to 200 ,.u for each 
nucleotide (Hoelzel et ai, 1992). Higher concentration of dNTPs from that ranges may 
give mis-incoporation by the polymerase. The addition of KCl in reaction buffer is to 
facilitate annealing as well as it can increase the synthesis rate of Taq polymerase by 
50-60% (Saiki, 1989). Moreover, concentrations from both templates DNA and Taq 
polymerase can have an effect on the quality of the PCR products. Too much DNA 
templates can restrain the amplification, and for Taq, too much can encourage unwanted 
non-specific products while too little will reduce the amplification products. 

The main objective of this study is based on PCR optimization by modifYing 
concentrations of certain components of a reaction mix, the annealing temperatures and 
time of each phase in PCR amplification for Limnonecles leporinus, and Limnonecles 
kuhlii wruch using Cal primer, a specific region in mitochondrial DNA. The low
resolution structure of COl is used as it contains a significant amount of information to 
detect variation between species (Adkins et ai, 1994). It is hoped that all the data from 
this study can be used as future reference by other researchers. 

Material and methods 

Samples 

Limnonectes leporinus and Limnonectes kuhlii were collected at Santubong, 
Matang National Park, and Bau District, located within Kuching, the first division of 
Sarawak. Each captured frogs was placed in a plastic beg separately, and data of its 
position was recorded. Muscle tissues were extracted from the hind legs of the captured 
frogs. The tissues were preserved in vials containing 20% DMSO, and 0.25M EDTA, 
and were kept in refrigerator for further applications. 

DNA Extraction 

Total genome DNA was extracted using Pure-Gene™ Tissue DNA Kit 
(BioSynTech, Subang Jaya). Following the manufacture instructions as follows: 30 mg 
of muscle tissue was removed from DMSOIEDT A buffer, minced and placed in a 
microcentrifuge tube, and added with 200 ~l ofTL buffer. If the samples are larger than 
30 mg, simply scale up proportionately. After the mincing procedures, 25 ~l of OB 
Protease was added and the mixture was well mixed by vortexing. Lastly, the mixture 
was incubated at 55°C in a shaking water bath. 

After the incubation period, 220 ~l Buffer BL was added, and the mixture was 
vortexed before incubated at 70°C for 10 min. Next, 220 ~l absolute ethanol was added 
into the mixture, and mixed thoroughly by vortexing. The mixture was transferred into a 
column and centrifuge at 8, OOOXg for 1 min to bind DNA. Then the column was placed 
in a new tube, and washed by pipetting with 750 ~l of Wash Buffer diluted with 
ethanol. After that, centrifuge at 8, OOOX g for 1 min, and the column was washed and, 
centrifuge again as above for the third time. Tlte colwnn was then dried by centrifuge at 
maximum speed about 10, OOOXg for 2 min, and placed into a sterile micro centrifuge 
tube and added with 200 ~I of preheated (700C) Elution Buffer. The tube was allowed 
to stand at room temperature. Lastly, the tube was centrifuged at 8, OOOXg for 1 min to 
elute DNA from the column. The second elution was repeated with a second 200 ~l of 
preheated (70°C) Elution Buffer to maximize the yield of total mitochondrial genomic 
DNA. Extraction products were then visualized on electrophoresis system using 1.0% 
agarose gel that was added with ethidium bromide. 
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