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Phylogeography of Bornean frog, Limnonectes ku/,/i as inferred by mitochondrial DNA 
(mtDNA) of Cytochrome C Oxidase I (COl) 
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Resource Biotechnology Program 

Faculty of Resource Science and Technology 


University Malaysia Sarawak 


ABSTRACT 

Key words: Limnonectes kuhli, Cytochrome C Oxidase I (COl), PCR amplification, DNA sequence 
analysis. genetic variation, phylogenetic analysis 

Limnonectes kuhli is a species of anuran taxonomically categorized under the family of Ranidae or 
also known by its common name of Kuhl's Creek frog or fanged frog. However, this taxonomic 
categorization proposed by Dubois (1987, 1992) is somewhat contradicted by research and claims 
made by Emerson and Berringan (1993) that the fanged frog were a monophyletic group, recognized 
at least two main species groups within the clade. Therefore, with the diverse representation of this 
species at different altitudinal gradience and nich populations displaying varying characteristics, 
genetic variation was examined between samples taken from two different sample locations; 
Limnonectes kuhli from Matang (Kuching, Sarawak) and Limnonectes kuhli from Gading (Kuching, 
Sarawak). Overall 6 samples were isolated: 4 from Matang and 2 from Gading. Genetic variations 
among samples were examined using PCR and DNA sequence analysis of Cytochrome C Oxidase I 
(COl) mtDNA gene. Unfortunately, DNA sequence analysis of samples isolated from PCR was 
unsuccessful rendering further study of phylogenetic analysis between the two separate populations 
inconclusive. Therefore, more samples from different populations and further optimization of PCR 
techniques are required to achieve the desired results of this study. 
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Phylogeography of Bornean frog, Limnonectes kuhli as inferred by mitochondrial DNA 
(mtDNA) of Cytochrome C Oxidase I (COl) 
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ABSTRAK 

Kata kunci: Limnonectes kuhli, Cytochrome C Oxidase I (COl), amplifikasi PCR, analisis turutan 
DNA, variasi genetic, analisis filogenetik 

Limnonectes kuhli ialah suatu spes is anuran yang dikategorikan mengikut taxanomi famili Ranidae 
atau lebih dikenali dengan nama sandaran 'Kuhl's Creek frog' atau 'fanged frog '. 
Walaubagaimanapun, kategori taxonomi yang di bentangkan oleh Dubois (1987, 1992) didapati 
bercanggah dengan kajian dan dakwaan dari Emmeron dan Berringan (1993) bahawa 'fanged frog , 
tersebut lerg%ng dalam suafu kumpulan 'monophyletic', mendapati ia tergolong dalam sekurang
kurangnya dua kumpulan utama dalam pengklasifikasian. Dengan itu, representasi yang luas spesis 
ini dari kawasan yang mempunyai ketinggian dan 'nich' pop ulas i berbeza yang juga menonjolkan ciri 
yang berbeza, menjustificasi bahawa analisis genetic dibuat membandingkan sampel dari dua lokasi 
yang berbeza; Limnonectes kuhli dari Matang (Kuching, Sarawak) dan Limnonectes kuhli dari 
Gading (Kuching, Sarawak). Sebagai keseluruhannya, 6 sampel telah diasingkan: 4 dari Matang dan 
2 dari Gading. Variasi genetic dian tara sampel telah diuji menggunakan PCR dan analisis turutan 
DNA Cytochrome C Oxidase I (COl) gen mtDNA. Malangnya, analisis turutan DNA sampel yang 
diasingkan dari PCR tidak berjaya menyebabkan kajian yang seterusnya menguji analisis filogenetik 
antara dua populasi sampel yang berbeza tersebut tidak berhasil. Oleh itu, sampel yang lebih dari 
populasi yang berbeza dan pengkhususan teknik PCR adalah perlu untuk mencapai matlamat yang 
diinginkan untuk kajian ini. 
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1. INTRODUCTION 


1.1) Background 

The word amphibian has two separate meanings, one based on popular usage and one 

based more strictly on its etymological origin. While many people believe that it denotes an 

animal living both on land and in water, many amphibians in fact live in only one or the other. 

A better definition of the word and of this group of animals is that amphibians have two lives 

(the literal meaning of the Greek amphibios) (Tyning, 1990). Frogs are amphibians and are 

also know as anurans. 

At present, there are at least 143 species of frogs in Borneo divided between six 

families, Bufonidae, Microhylidae, Ranidae, Rhacophoridae, Bombinatoridea and 

Megophryidae (Inger and Steubing, 1997) as compared to previous records taken not more 

than four decades ago of a mere 92 species (Inger, 1966). However, the exact number is 

uncertain, as new species are discovered every year. 

This stydy will be focusing on Limnonectes kuhli to detect genetic variations among 

different populations from Matang and Gading in Kuching, Sarawak as well as to infer their 

phylogenetic relationship. 

Limnonectes kuhli is taxonomically categorized under the family of Ranidae (Emerson 

and Ward, 1998). This species of frog is also known as Kuhl's Creek frog or fanged frog 

(S net al., 2002). Separate studies done by (Emerson and Berringen, 1993) confirmed that 

the fanged frog were a monophyletic group recognized at least two main species groups 



within the clade and contradicted the taxonomic classification of (Dubois, 1987, 1992). 

According to Inger, (1999) species of the ranid genus Limnonectes have a diverse 

representation in South Asia, Southeast Asia, the Philippines, and Wallacea. 

Ltmnonectes kuhli is characterized by its stocky body, heavy limbs and obtusely 

pointed broad snout and big head (Inger, 1966). Additionally, this species of frogs exhibit 

secondary sex characters, or sexually dimorphic morphologies that differentiate them from all 

other species in the family of Ranidae. These comprise of the relative enlargement of the head 

and mandibular processes to form long teeth-like structures in male kuhli with its nuptial pad 

found on its first finger. Males of this species lack vocal sacs causing the frogs to lose their 

advertisement calls that are important in anuran biological reproduction causing modifications 

in their breeding behavior (Inger, 1966). 

In Borneo, Limnonectes kuhli is most abundant along small clear streams flowing with 

moderate speed through primary rain forest and along rocky banks of clear streams, which 

covers an extensive altitudinal range (Inger, 1966). However, the distribution and high 

diversity of this species of anurans may be due to different kinds of life histories, patterns of 

individual movement, displacement of tadpoles by rain or even different habitat tolerance of 

the species. 
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1.2) Objective 

1. 	 To determine sequence divergence among populations of Limnonectes kuhli using the 

COl gene in mitochondrial DNA (mtDNA) taken from samples obtained from Matang 

and Gading. 

2. 	 To infer phylogenetic relationships among populations (phylogeography) of 

Limnonectes kuhli. 

3. 	 To detennine Cytochrome c Oxidase I (COl) as a useful marker for population studies 

from analysis of nucleotide diversity and sequence divergence of samples. 

1.3) Project goals 

Determination of low or high levels of sequence divergence will help give a broader 

picture on genetic variation in mitochondrial DNA among species of Limnonectes kuhli 

within selected populations as well as between popUlations. These fluctuations in sequence 

divergence levels may show how distance between popUlations can cause genetic variations to 

occur as well as how much gene flow there is among spatially separated populations. This 

project will also aim to test the effectiveness of using mitochondrial DNA as a genetic marker 

for frogs of this species at a population level. Hopefully findings from phylogenetic analysis 

in this study will provide a greater understanding of the species for future conservation or 

research and also for long term management of these amphibians in Borneo. 
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2. LITERATURE REVIEW 

2.1) Limnonectes kuhli 

In this study, focus will be based on phylogenetic studies using the Cytochrome c 

Oxidase I (COl) gene of mitochondrial DNA (mtDNA) taken from tissue samples of 

Limnonecte kuhli to validate the occurrence of genetic variations among species of different 

populations from separated ecological backgrounds in Borneo. 

2.2) Distribution 

Anurans categorized within the genus of ranid species Limnonectes kuhli have a 

diverse representation in South Asia, Southeast Asia, the Philippines, and Wallacea (Inger, 

1999). Other scientists including Greenberg, Stuebing and Tan have also contributed greatly 

to the research and conservation of this species since 1966. These anurans are considerably 

abundant and easy to collect in many parts of Borneo. It is known that movements of species 

among anurans vary depending on differences in morphology, physiology, genetics and 

habitat tolerances (Inger, 1969). Movement rates of individuals and dispersal of species may 

be responses.. to the environment. With variable topography in many parts of Borneo, 

microhabitats and physical obstacles may result in further widespread distribution of this 

species. According to Zainuddin, (1998) Rana kuhli are generally more widespread when 

compared to other species within this genus partly due to a wider temperature tolerance. How 

these factors playa role in affecting genetic variation however, is not known. 

• 
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2.3) Population su bdivision 

Population subdivision occurs when populations become divided due to the presence 

of barriers interrupting continuous dispersal of individuals (Zainuddin, 1998). These barriers 

can be divided into two main factors, external and internal. External barriers may be caused 

by either physical or environmental factors. Environmental factors can include climate, 

temperature and even humidity. Human activities may also contribute to this factor. Physical 

factors may include topological differences leading to microhabitat preferences, hence 

creating population subdivisions. Internal barriers on the other hand may include 

physiological factors or even genetic factors. According to (Zainuddin, t998) where 

microhabitats are favorable, barriers to dispersal and gene flow are weak; where microhabitats 

are unfavorable, the barriers to dispersal are strong and may cause gene flow between 

populations to cease causing each population to evolve independently. 

2.4) Mitochondrial DNA (mtDNA) variation 

In previous decades, studies concerning anurans were based mostly on the observation 

of morphology and ecology (Inger and Steubing, 1992; Emerson, 1992; Matsui, 1986; Voris 

and Inger, 1993). However, recent research methods using mitochondrial DNA has provided a 

new means for phylogenetic study and DNA variation. Mitochondrial DNA has proved to be 

a powerful tool for discrimination among species providing greater resolution and accuracy. 

What is mtDNA? According to Roe et al., (1984), animal mitochondrial DNA 

(mtDNA) is a circular molecule with range of size from 15-20 kb. It contains 37 genes, which 

ode for 22 tRNAs, 2 rRNAs, and 13 proteins (COl, COIl, COllI, ATPase 6, cytochrome b, 
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and 8 additional unidentified reading frames). mtDNA has 2 strands: Heavy (H) strand and 

light (L) strand (Strachan, 1992). 

Why would I choose mtDNA as a molecular tool for my project? Mitochondrial DNA 

is extensively used in population variation studies. This is due to the fact that it shows 

significant variation even among individual organisms (Greenberg et al., 1983). Also, the 

likelihood of recovering mtDNA in small or degraded biological samples is much greater than 

of nuclear DNA because mtDNA molecules are present in hundreds of thousands of copies 

per cell compared to the nuclear complement of two copies per cell (Melton, 2002). 

Mitochondrial DNA has been the most common source of info at the DNA (restriction 

fragment) level for various kinds of population studies (Berry et al. , 1991). It is also able to 

evolve faster when compared to nuclear genome (Brown et al., 1979). Substitution rates for 

the mitochondrial genome have been estimated to be 5-10 times higher than in a single copy 

of nuclear DNA (Rand, 1994). Mitochondrial DNA is also inherited maternally. According to 

(Hoelzel, 1992), the relatively small size of mtDNA compared to nuclear DNA contributes to 

easy isolation and purification processes. Its simple sequence organization, maternal 

inheritance and absence of recombination make it ideal for use in phylogenetic reconstruction. 

2.5) Cytochrome C Oxidase I (COl) 

What is Cytochrome c Oxidase I (COl)? COl is one of three subunits (I, II and III) of 

the catalytic enzymes that are encoded in the mitochondrial genome; other subunits are 

encoded in the nuclear genome. COl catalyzes the terminal step of the respiratory chain, in 

. h electrons are transferred from reduced cytochrome c to oxidize oxygen, forming water. 

Tb hondrial encoded subunits (I, II and III) appear to represent the catalytic core of the 
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enzyme. However subunit II (COli) has been much more widely used for phylogenetic 

studies than COl (e.g. Ashley and Vaughn 1995; Adkins and Honeycutt 1994; Ruvolo et al., 

1991). 

Cytochrome c Oxidase I (COl) will be the target gene in this study for determining 

genetic variations among samples, as it is more accurate and efficient. The reason why this 

gene was chosen is because it is widely used by other researchers in comparing between 

samples of the same species for genetic variations providing very efficient results (Sunnucks 

and Hales, 1996; Adkins and Honeycutt, 1994; Emerson and Ward, 1998; Hoeh et al., 1996; 

Jesus et al., 2001). This is shown in recent studies on anurans to test for genetic variation at 

population levels (Zainudin, 1998). 

2.6) Inferring gene flow and population subdivision 

When testing a population for genetic variations, considerable attention should be 

focused on the rate of gene flow as it determines whether or not a local population of a 

species is an independent evolutionary unit. If the amount of gene flow in a population is 

high, then each individual in the population evolves together. This happens when there are no 

barriers interrupting continuous dispersal of individuals in a population. Hence, gene flow is 

uninterrupted and isolation creating separate gene pools does not occur. Conversely, if the 

amount of gene flow is low, then each individual in a population may evolve independently 

eventually causing genetic variation and population subdivision. The low amount of gene 

can be caused by external or internal barriers interrupting continuous dispersal of 

'viduals in a population. Over time, separated gene pools caused by population 

sutld1~mnlOns may produce mutations or even new genes producing new traits resulting in the 
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occurrences of new species. Zainuddin, (1998) stated that there are at least two methods for 

estimating the average level of gene flow and population subdivision from DNA sequence 

data, Fst and coalescence approaches (Wakeley and Hey, 1997; Slatkin, 1989; Slatkin and 

Maddison, 1989; Kingman, 1982 a, b). 

2.7) DNA extraction and isolation 

Being the first stage of almost any form of DNA analysis, DNA extraction and 

isolation is one of the most crucial and important steps, as it will determine the yield and 

outcome of later stages such as peR and sequence analysis. Interestingly, (Beard et al. 1997), 

claims that there exists at least as many methods of isolating nucleic acids as there are 

molecular biology laboratories. Some choices of DNA extraction and isolation techniques 

industrially available include F ermentas, Promega and Genispin. These techniques have been 

simplified into kits for easy use. Each kit regardless of its manufacturer serves one main 

purpose, which is to obtain large molecular weight DNA and at the same time minimizing 

shearing ofthe long nucleic acid strands. 

Some key ingredients of any DNA extraction and isolation kit or process include 

Phenol, EDTA (ethylenediaminetetraacetic acid), Proteinase-K and 100% ethanol. Phenol is 

used to extract DNA from animal tissue in aqueous solution as it serves to remove excessive 

proteins. EDT A on the other hand is added because it acts as a chelating agent that binds with 

(magnesium) which is required for nuclease to degrade DNA (Hoy, 1994). Proteinase-K 

or 08 Protease is an enzyme used to digest proteins in tissue samples. Absolute ethanol is 

to remove lipids and any other particles present that may interfere with subsequent 
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processes. Absolute ethanol can also be used for storage purposes at 4°C as an alternative 

from using liquid nitrogen. 

2.8) Polymerase Chain Reaction (PCR) 

PCR is a method of amplifying small amounts of DNA or RNA. Theoretically, even a 

single molecule can be amplified. This method is done by in-vitro for synthesizing specific 

DNA or RNA sequences in large quantities or as required (Hoy, 1994), using selected 

primers, the two hyper variable portions of the non-coding regions of the mtDNA molecules 

can be copied. Primers are small fragments of DNA with complimentary base sequences to 

the gene of interest. Primers identify and hybridize to or adhere to the ends of the regions that 

are to be amplified. Therefore, it is important to choose an appropriate primer to ensure the 

quality of the results. Other ingredients are also required for this process which include a 

DNA template, Taq polymerase deoxynucleotide triphosphates mix (dATP, dCTP, dGTP, and 

dTTP), lOX Reaction buffer that contains Tris-HCL (pH 7.5-9.0), KCL and additive(s) to 

increase the PCR reaction and lastly MgCh (Saiki, 1989; Cha et at., 1995). 

However, even such a powerful method is not fool proof. The method of preparation 

for PCR is time consuming and meticulous. To obtain the desired results, optimization is 

crucial as different concentrations of Mg2+ (magnesium) and dNTPs can affect the results. For 

example, if dNTP concentration is too high, primer-dimers will appear in the results. 

Annealing temperature and time allocated for each stage (e.g. denaturation, elongation) will 

also affect PCR efficiency. Also, its ability to amplify even small amounts of DNA makes it 

susceptible to contamination. Contamination occurs when strands of DNA other than that of 

sample are amplified by the designated primers producing multiple bands when visualized 

usin I Electrophoresis. 
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2.9) Taq polymerase 

In recent years before the discovery of Taq polymerase, non-heat resistant enzymes 

were used in PCR processes. The Klenow fragment of Escherichia coli DNA polymerase I at 

37°C was used to produce multiple copies of the target DNA (Mullis and Falloona, 1987; 

Saiki et al., 1985' Hoy, 1994). However, the Klenow fragment proved unsuitable as it was 

heat sensitive, requiring fresh enzymes to be added to each cycle making the PCR process 

very tedious (Hoy, 1994). Taq polymerase on the other hand, is a heat-resistant DNA 

polymerase extracted from the bacterium Thermus aquaticus found in hot springs at 

Yellowstone National Park (Hoy, 1994). Taq polymerase later replaced the use of the Klenow 

fragment as it can withstand temperatures of up to 94°C-95°C, making it an efficient tool for 

the amplification processes of PCR. Whereas the Klenow fragment, like other enzymes can 

only withstand temperatures of up to 60°C before being degraded. Taq polymerase was also 

favored over its latter, because it was more specific and could eliminate non-specific 

amplification (Hoy, 1994). 

2.10) Gel Electrophoresis 

Gel electrophoresis is a method for separating DNA fragments of different sizes across 

a gel plane. The concept of separation using gel electrophoresis evolves around the 

understanding that all molecules have individual charges either positive or negative. Some 

proteins even have both charges and are termed zwitterions. Nucleic acids are negatively 

Cbl~f~ and are pulled across the gel from right to left or from cathode to anode. Movement 

and distance depends on the DNA fragment ' s molecular weight and charge. Based on 

idea, DNA fragments that have undergone amplification in the PCR process are loaded 

lis. Movements of these fragments are then compared to a DNA ladder of known 
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ranges available industrially for identification purposes. Ethidium bromide (EtBr) is added to 

bind with the DNA fragments and works as a marker for visualization using ultra-violet light 

(UV). However, caution should be taken when handling Ethidium bromide as it is 

carcinogenic and can cause cancer from prolonged exposure. 

2.11) The Null Hypothesis 

The null hypothesis for this project refers to the rational or objective and why the 

study will be conducted. In this study, the aim will be to find if there's any genetic variation 

between species from different populations using phylogenetic reconstruction based on 

information obtained from DNA sequencing of the samples. As this species of Limnonectes 

lcuhli has not yet been studied in dept (Inger, 1966), this study will be focusing more on 

obtaining further information on their wide dispersion as compared to most other species of 

frogs within the family of Ranidae which are not as widely dispersed where populations tend 

be more localized. 

Ho: III = 112 


.Ra: III =F 112 


I. 	 There will be no genetic variation at population levels for the species. 

2. 	 Phylogeography will infer that the species will be shaped into one monophyletic 

group. 
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3.1) 

periments. 

Matang 

_ ..._ 

3. MATERIAL AND METHODS 

Criteria for the study organism 

I chose Limnonectes kuhli as my study organism because these species of frogs are 

relatively abundant and easy to collect. Also, extensive research has been done on this species 

of anurans in Borneo (Inger 1966., Inger and Greenberg 1968., Inger and Stuebing 1989., 

luger and Tan, 1996), providing sufficient reference materials regarding information on life 

histories, movement, niche, morphological characteristics and results from past research 

From the criteria for study organism mentioned above, selection of suitable and 

accessible study sites were made and are discussed below. 

Study sites 

The areas of which this study will be conducted included two localities in rain forest 

below 500 m elevation in Kuching, Sarawak. The localities were Matang Wildlife Centre in 

(1°.~6.51'N/ll009.61 'E) and Gunung Gading National Park in Gading 

OD41.43'N/109°50.81 'E) (Figure 1). These two localities were chosen as study sites because 

are relatively close to each other (less than 100 km apart) at the western end of Sarawak 

to the similarity in topography (mostly hilly with elevation ranging from 200-300 m) 

vegetation mostly consisting of primary forest in general structure. 

However, streams at collection sites differed in topography and structure. The streams 

M"l1I8Il1g were· wide (6-8 m) but with shallow streams with bottoms consisting of sand and 

12 
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gravel. The streams at Gading were (5-6 m) wide with steep and rocky bottoms (Zainuddin, 

1998). 

Figure 1. Map of study localities; Matang and Gading area. 

3.3) Sample collection 

Frogs are located via head lamp (at night) and caught by hand. The bright light from 

the head lamp seems to pacify the frog making it easier to catch. The captured frogs are then 

placed in separate plastic bags to be identified. Other data such as capture location, 

identification, time of capture and capture environment were also recorded during sampling 

expeditions. 

4) Identification 

All samples were kept separately in different plastic bags for identification purposes 

8Dd tagged once identified. Initial identification during sampling was done by looking at 
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prominent morphological features such as a stocky body, heavy limbs and obtusely pointed 

broad snout and big head, relative enlargement of the mandibular processes that formed long 

teeth-like structures in male kuhli and with its nuptial pad found on its first finger. Further 

characterization was done with reference to picture descriptions obtained from "A field guide 

to the frogs ofBorneo" by (Inger, R.F. and R.B. Stuebing, 1997) for comparison purposes. 

3.5) Preservation 

Tissue samples were taken from the hind leg of the frogs and placed in DMSO buffer 

for preservation and kept in a refrigerator at (_20DC) until required for genetic analysis. 

Frozen samples from previous collections were also used in this study to compare variation of 

species from different populations. 

DNA Extraction 

In this study, Genispin™ Tissue DNA kit [manufactured by BST Techlab, product no: 

DX1502-50N (50 preps), DX1502-200N (200 preps), BioSynTech Sdn. Bhd., Subang Jaya] 

was used to isolate the COl gene in mitochondrial DNA. 

According to manufacture instructions: 30 mg of muscle tissue is removed from 

A buffer, minced and placed in a 1.5 ml microcentrifuge tube, and add with 

of buffer TL. Although not required, mincing of tissue samples improves lysis and 

iIdlaces incubation time. If the samples are larger than 30mg, the volume of buffer TL is 

scaled up. After mincing procedures, 25,.11 of OB Protease is added and the mixture is 

mixed by vortexing. The mixture is then incubated at 55°c in shaking water bath. 
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the incubation period, 220~1 Buffer BL is added, and the mixture vortexed 

UIiC:ubiatlIlg at 70°c for 10 minutes. Next, 220~1 absolute ethanol is added to the mixture 

thoroughly by vortexing. A wispy precipitate may form on addition of Buffer BL, 

not interfere with DNA recovery. 220~1 absolute ethanol is then added and mixed 

by vortexing. An i-spin column is then assembled in a 2ml collection tube. The 

~.xtuJre is then transferred into the column including any precipitate that may have 

then centrifuged at 8,000Xg for 1 min to bind DNA. The collection tube and flow 

liquid is discarded and the column is placed in a new tube, washed by pipeting with 

Wash Buffer. After that, centrifuge at 8,000xg for 1 min, and the column is washed 

_~ge<1 again as above for the third time. The column is then dried by centrifuging at 

speed about 10,000 x g for 2 min to dry the column, and placed into a sterile 1.5~1 

iIiMIIltri filoP tube and added with 200~1 of preheated (70°c) Elution Buffer. The tube is 

_wed to stand at room temperature for 3 minutes. Lastly, the tube is centrifuged at 

for 1 min to elute DNA from the column. The elution is repeated a second time with 

preheated (70°c) Elution Buffer to maximize the yield of total mitochondrial 

DNA. Extraction products are then visualized on electrophoresis system using 1.0% 

gel that is added with ethidium bromide. 

Bacll primer was diluted to 20pmol/~1 by adding TE buffer. The volume of TE buffer 

each dilution follows that suggested by the manufacturer. The primer manufactured 

of 1OOpmol/~1. 20~1 of the primer was placed into a separate tube and 

80~1 of TE buffer. The tube was vortexed to thoroughly mix the solution. Both 

undiluted primers were then stored at -20oe for further usage. TE buffer was used 
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