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Phylogenetic Relationship of Genus Staurois (Anura: Ranidae) via Partial 16S 

Ribosomal Mitochondrial DNA in Sarawak 
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Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 

 

ABSTRACT 

The partial 16S ribosomal mitochondrial DNA gene was used to infer the phylogenetic relationship of 

selected species of genus Staurois and elucidated the extent of genetic variation within the genus Staurois. 

The three from six species that were sequenced and used in phylogenetic analysis are Staurois guttatus, S. 

latopalmatus, and S. tuberilinguis thar are endemic to Sarawak. Samples are collected from Western part 

of Sarawak including  Kubah National Park, Sebangkoi Recreational Park, dan Batang Ai National Park. 

A total of 498 bp of 16S subunit gene from 48 samples were analysed using genetic analysis softwares 

such as Molecular Evolutionary Genetic Analysis 4.1 (MEGA 4.1). The phylogenetic trees were 

constructed using Neighbour Joining (NJ), Maximum Parsimony (MP), and Maximum Likelihood (ML) 

analyses. All trees produced similar tree topology showing three major clades that distinguish haplotypes 

from different species and the sister clades distinguishing haplotypes from Eastern and Western part of 

Sarawak. It also proven that 16S is the useful genetic marker for the genetic study within the genus level.  

Keywords: Staurois, phylogenetic relationship, 16S gene, genetic variation. 

ABSTRAK 

Gen 16S ribosomal mitokondrial separa telah digunakan untuk mengkaji hubungan filogeni spesis dari 

genus Staurois yang dipilih dan untuk menghuraikan jumlah variasi genetik di dalam genus Staurois. Tiga 

daripada enam spesis genus Staurois telah dianalisa dan digunakan dalam analisis hubungan filogeni 

adalah Staurois guttatus, S. latopalmatus, dan S. tuberilinguis kerana mereka adalah spesis yang endemik 

di Sarawak. Sampel kajian didapati daripada sebahagian tempat disekitar bahagian barat Sarawak 

seperti Taman Negara Kubah, Taman Rekreasi Sebangkoi, dan Taman Negara Batang Ai. Jujukan gen 

sepanjang 498bp gen 16S telah dianalisa daripada 48 sampel menggunakan perisian komputer analisa 

genetik seperti Molecular Evolutionary Genetic Analysis 4.1 (MEGA 4.1). Pokok filogeni dibina 

menggunakan model Neighbour Joining (NJ), Maximum Parsimony (MP), dan  Maximum Likelihood 

(ML). Kesemuanya menunjukkan topologi pokok yang sama dimana tiga kumpulan jelas dibezakan kerana 

mempunyai spesis yang berlainan dan dibezakan mengikut tempat samada dariada bahagian timur atau 

barat Sarawak. Kajian ini juga membuktikan gen 16S adalah penanda genetik yang berguna untuk kajian 

genetik pada aras genus. 

Kata Kunci: Staurois, hubungan filogeni, gen 16S, variasi genetik. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Background of Study 

 

There are eight families of frogs in Borneo which are Bufonidae, 

Bombinatoridae, Ceratobratrachidae, Ranidae, Megophrylidae, Rhacophoridae, 

Dicroglossidae and Microhylidae (Haas, 2012). However, this may increase because 

there are new species being found recently (Inger and Voris, 2009). There are 160 

species of anurans endemic to Borneo. Among the living amphibians, the order Anura is 

the highest on species diversity with 88% of more than 4500 species (Ruvinsky and 

Maxson, 1996). The order Anura means “no tail” is made up of frogs and toads, with 

legs adapted for hopping.  

Recently, Arifin et al. (2011) stated that there are six recognized species in the 

genus Staurois, which are Staurois natator, S. nubilus, S. parvus, S. tuberilinguis, S. 

latopalmatus, and S. guttatus. Of these, S. natator has been described from Mindanao, 

Philippine, S. nubilus has been described from Palawan, Puerto Princesa, while others 

are described only from Borneo. The IUCN Red List categorized S. tuberilinguis as 

http://frogsofborneo.org/Families/ceratobatrachidae/ceratobatrachidae.html
http://frogsofborneo.org/Families/dicroglossidae/dicroglossidae.html
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“Near Threatened” with a decreasing population trend and S. parvus and S. guttatus are 

listed as “Data Deficient” (IUCN 2012). 

Genus Staurois are from the family Ranidae. They are streamside frogs that are 

found in clear, rocky and strong current streams. They have wide distribution in Borneo 

(Inger and Stuebing, 2005). Most anuran stream-side communities in Borneo are known 

to breed in clear, turbulent water and are absent in streams with silt bottoms that are 

lacking riffles and torrents (Inger and Voris, 1993). 

Genus Staurois are unique for their “foot-flagging” behaviour where in the 

vicinity of waterfalls and fast-flowing streams, species of the genus Staurois display this 

exceptional behaviour (Preininger et al., 2012). This behaviour is mainly observed in 

tropical anuran species inhabiting stream and waterfalls habitats serve as a 

complementary mode of communication in noisy habitats and variation in signals are 

used to attract potential mates to maintain or defend territories and to reduce predation 

(Preininger et  al., 2009).  

The Bornean foot-flagging species, S. guttatus and S. parvus occur in sympatry, 

but use different microhabitats along the streams (Preininger et  al., 2012). Males of S. 

guttatus perch on vegetation along fast flowing streams and waterfalls. Individuals of S. 

parvus perform the display along steep rock formations close to the waterline. 

The absence of genetic studies involving genus Staurois motivates the current 

study to understand the genus Staurois. Recent molecular studies on the Staurois 

specifically have provided important progress in the understanding of Staurois (Arifin et  

al., 2011). However, the data provided by Arifin et  al. (2011) only covered Eastern part 
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of Sarawak area. These will lead to the data deficiency from Western part of Sarawak 

area. So, we undertook this study to update the data proposed by Arifin et  al. (2011) by 

adding the data from Western part of Sarawak. Hence, it can be used as a complete and 

valid reference for future study. 

 

1.2 Objectives 

The main objectives of this study are: 

 to infer the molecular phylogeny of genus Staurois via partial 16S ribosomal 

DNA gene; and 

 to compare the phylogenetic results obtained by previous researchers on the 

study of genus Staurois from Eastern part of Sarawak area. 
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CHAPTER 2 

 

 

LITERATURE REVIEW 

 

 

2.1 The study of Staurois 

 Recently, increases in the number of species occurring in Borneo are due to 

extensive research in this island. The unique ecological region, Borneo is very rich in 

biodiversity compared to many other areas because of its high complex tropical rain 

forests. Thus, it created many niches to the flora and fauna.  

 According to Inger and Stuebing (2005), the new species of frogs continue to be 

discovered in Borneo. Study of the part of rich fauna of Borneo has not diminished and 

new species have been discovered within the last five years. The genus Staurois has 

been described by Inger and Stuebing (2005), but there is still lacking on the research 

that has been done on this genus. If there is more research conducted on them, we may 

get more new information on them. 

Previously, Frost et al. (2006), there is five species under the genus of Staurois, 

which are included Staurois natator, S. guttatus, S. parvus, S. tuberilinguis, and S. 

latopalmatus as they focused on the morphological characteristics. They 

considered Staurois as sister taxon to the remaining ranids.  They described that the 
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Staurois have digital discs broader than long, outer metatarsals separated to base but 

joined by webbing and small nasals separated from each other as these characteristics 

has also been used to define the members of genus Hylarana.  

 Recently, Arifin et  al. (2011) described that there are six recognized species in 

the genus Staurois including S. natator, S. guttatus, S. parvus, S. tuberilinguis, S. nubilus 

and S. latopalmatus based on 16S rRNA sequences for 92 specimens from Borneo and 

the Philippines. They used phylogenetic tree inferred from Maximum Parsimony and 

Bayesian analyses to reveal six major clades within genus Staurois. 

The S. parvus, S. guttatus, S. latopalmatus, and S. tuberilinguis are considered as 

a family by Inger and Stuebing (1997) and to confirm these, we can conduct research on 

these species based on their combined of mitochondrial DNA data. 

 Based on Haas (2012), the S. parvus is a minority group in the genus. 

Previously, this taxon is included in the S. tuberilinguis. But recently, Matsui (2007) has 

argued that S. parvus is a separate species and it is related to the S. tuberilinguis, which 

was confirmed by Arifin et. al. (2011) based on a combination of mitochondrial DNA 

data and recognition of morphological characteristics, Nevertheless, S. nubilus remain as 

a synonym of S. tuberilinguis based on their morphological characteristics. 

Previous taxonomic study only focused on the morphological characteristics. 

Bornean frogs have dorsal surface covered by black spots on a light back-ground, while 

the frogs from Philippine island have light spots in a dark back-ground or are uniformly 

dark (Alcala and Brown, 1998). Additionally, according to Iskandar and Colijn (2000) 

argued that differences in eggs and the dorsal coloration between Borneo and Philippine 
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population could be considered as strong evidence that S. natator and S. guttatus are 

different species. 

 

2.2 Mitochondrial DNA 

 According to Leisler et  al. (1997), DNA sequence analysis is a very powerful 

tool for taxonomic and evolutionary studies. Organelles mitochondrial inherited DNA 

materials from the maternal parent. Thus, the genomic location of a marker can provide 

crucial insight into its evolutionary history (Edwards, 2008). The mitochondrial DNA is 

also known as mtDNA had been widely employed in phylogenetic studies of anurans 

compared to nuclear gene because it evolves more rapidly resulting in notable 

differentiation between closely related species. Since mtDNA have relatively high 

substitution rate, it has been widely used as a phylogenetic marker for building tree 

(Galtier et  al., 2009). 

 Based on Hussen (2005), the employment of the molecular techniques can 

complement the morphological classification and it strengthens the accuracy of the 

previous taxonomic classification (Aliabadian et  al., 2009). Mitochondrial DNA is 

suitable to study the geographical separation of population due to its maternal mode of 

inheritance (Avise et  al., 1987). 

 

 

 



8 

 

2.3 16S Ribosomal Subunit Gene 

 The 16S gene is a subunit of the complex gene in the partial mitochondrial DNA 

(mtDNA). According to Zainudin et al. (2010), 16S gene is useful in phylogenetic 

studies because it shows high levels of variable sites. Due to this factor, it is easier to 

align the sequences to one another as the gene show greater informative site. In other 

hand, 16S gene is a good marker to infer a phylogeny of species within genus Hylarana 

as it capture high levels of parsimony informative sites and sequence divergence. Based 

on Ruvinsky and Maxson (1996), their analysis of portions of mitochondrial 16S genes 

for additional representatives of the Neobatrachia revealed some new patterns of 

phylogenetic relationships within the suborder that shows the deep split between the 

family Bufonidae and Ranidae. 
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CHAPTER 3 

 

 

 

RESEARCH METHODOLOGY 

 

3.1 Study Sites  

 

The field sampling had been carried out at several sites in Western part of 

Sarawak area. The samples were collected from three different localities. This includes 

Kubah National Park, Sebangkoi Recreational Park, and Batang Ai National Park. All 

the sites along streams branch are located with different structure as steep rocky streams. 

 

 

 

 

 

 

 

 

Figure 1: The map of Eastern part of Sarawak area. 
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3.2 Field Sampling 

The data were obtained by using random procedures of line transects method. 

Thus, the stream transect was done by using the method known as frogging along the 

stream and surrounding areas. The following information was recorded such as date, the 

time encounter, the position in the environment whether vertical or horizontal and the 

microhabitat description.  

We used only one kind of line transect, that is stream transect. It is because the 

genus Staurois is a streamside frog. Thus, they are abundance near the stream and rarely 

found more than a few metres away from clear water (Inger and Stuebing, 2005). The 

strength of this technique is that it effectively tracks the species numbers, relative 

abundances, and also densities across the habitat. Optionally, the lines is situated such 

that there is no overlapping occur (sampling without replacement) or placed at the site 

which the possibility for overlapping occur at high chance (sampling with replacement).  

This method is appropriate for rapid sampling. It is because we searched the 

Staurois on both sides of the stream transects. The stream transect conducted at dawn till 

night (19:00 pm until 22:00 pm). The anurans captured with bare hands with the aid of 

headlamp. The information obtained during the capture, such as the date and time 

encounter were recorded. Basically, they were found on stems, leaves, on rock, and on 

tree branches. 
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3.3 Identification and Measurement 

Identification of frogs were based on Inger and Stuebing (2005) and Arifin et al. 

(2011). In this method, the captured anurans are weighed, sex and measured. For 

amphibians such as frogs, the length is assumed to be the snout-ventral length (SVL). 

The SVL was measured from the tip of its snout or nose till its anus. Ruler was used to 

measure the snout-ventral length (SVL). After that, the frog was weigh using a pesola of 

10g, 50g, and 100g. The end of its toe was clipped by using the clipper of the pesola and 

the frog was left hanging upside down to avoid movements. 

 

3.4 Processing specimen 

3.4.1 Sample collections 

The analyses were done by using tissue samples from species S. guttatus, S. 

latopalmatus, and S. tuberilinguis. A total of 29 samples were collected from four 

localities from Western part of Sarawak. Fresh samples were also collected from Kubah 

National Park (8 individuals), and Sebangkoi Recreational Park (7 individuals). Some 

voucher samples were also obtained from the External Lab, FSTS from Batang Ai 

National Park (15 individuals). Fresh tissue from thigh, for each individual were cut and 

stored in cryovial containing absolute ethanol. The specimens will be fixed in 10% 

formalin and preserved in 70% ethanol for storage. All specimens will be deposited as 

voucher samples. The tissue samples will be stored in freezer at -20 °C for long term 

storage. 
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3.4.2 Isolation of Mitochondrial DNA from Muscle Tissue Specimen 

 DNA was extracted from the muscle tissue of the specimen using CTAB (Cetyl-

trimethyl-ammonium Bromide) extraction protocol. The minced tissues were deposited 

into 1.5 µL eppendorf tubes containing 700 µL CTAB buffer. Then, 20 µL of 

Proteinase-K was added in and mixed well using a vortex for few seconds. The samples 

were incubated at 55
o
C in a waterbath for 30 minutes. After tissue completely lyses, 700 

µL of CIA (Chloroform-Isomyl Alcohol) was added in and vortex for 1-2 minutes. The 

samples were centrifuged at 13000 round per minute (rpm) for about 10 minutes. The 

500 µL of the upper layer of supernatant containing DNA were pipette and transferred 

into new eppendorf tubes. An equal amount of cold absolute ethanol (EtOH) was added 

into the tube. Then, the samples were centrifuged at 13000 rpm for about 10 minutes and 

the absolute ethanol was discarded by poury off with the pellet still intact at the bottom 

of the tube. Then another 500 µL of 70% ethanol and 25 µL of 3M NaCl were added and 

the samples centrifuged. The ethanol was discarded and the DNA pellet was observed 

for any remaining ethanol. The pellet was re-dissolved in 20-30 µL of ddH2O. The final 

DNA product was kept in the freezer at -20
o
C before the electrophoresis analysis and 

visualized under the UV transilluminator. 
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3.4.3 Amplification of Targeted Sequences by using PCR 

 The PCR amplification of DNA fragment was performed by using Bioer 

Thermocycler machine. The reaction cocktail or master mix has been prepared first 

before the amplification process. The preparation of master mix is shown in Table 2. 

The amplification profile used in this study is shown in Table 3. The components of 

standard PCR protocol are using Taq (Thermus aquaticus) DNA polymerase as shown in 

Table 1, 2 and 3. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: The position of 16S gene in mtDNA genome. 

(Source from http://www.google.com) 
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Table 1: List of primers for 16S gene used in this study. 

Primer Sequence Direction 

16Sar–L 

16Sbr–H 

5’ – CGC CTG TTT ATC AAA AAC AT – 3’ 

5’– CCG GTC TGA ACT CAG ATC ACG T– 3’ 

Forward 

Reverse 

 

 

Table 2: The master mix preparation for one time reaction cocktail. 

COMPONENT QUANTITY (µL) 

dH2O 14.3 

10x Reaction Buffer 2.5 

dNTP mix 0.5 

MgCl2 1.5 

Forward primer 1.0 

Reverse primer 1.0 

Template DNA 1.5 

Taq polymerase 0.2 

Total volume 25.0 

 

 

Table 3: The amplification profile used in this study. 

 

 

Step                                 Temperature (°C)          Time                         Cycle 

Pre – denaturation 94 3 min 1 

Denaturation 94 2 min    

Annealing 42 0.5 min                                                            25 

Extension 72 1 min  

Final extension 72 1 min 1 

Soaks 4 Infinity 1 


