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Genetic Identification of Bornean Tadpoles using Mitochondrial DNA of 12S 

Castro Michael 

Animal Resource Science and Management 

Faculty of Resource Science and Management 


University of Malaysia Sarawak 


ABSTRACT 
Studies on the genetic identification of Borneon tadpoles were done using 12S rRNA mtDNA gene. The 
purposes of this study are to match the DNA sequences of tadpole with the DNA sequence of the adults and to 
identify the tadpole up to species level. This study examines 410 base pairs of the mitochondrial DNA 12S 
sequences from 6 samples of tadpoles. Sampling were carried out in two locations which are Gunung Gading 
National Park and Kubah National Park. Sequence of tadpoles and the adults were identified using BLAST 
program. Sequence for sample 01 of Ansonia spinulifer indicated the sequence of Bufo asper in the database 
sequence with Expect (E) value for sequence matching of9.177 x 10-7

. Sample 02 of Megophrys nasuta showed 
the sequence of Megophrys sp. in the database sequence with E value of 2.448 x 10-4°. Sample 03 of Bufo 
juxtasper showed the sequence of Bufo asper with E value of 9.177 x 10-7

. Sample 04 of Rana hosii showed the 
sequence of Megophrys sp. with E value of 1.425 x 10-21 

• Sample 05 of Bufo melanostictus showed the sequence 
of Bufo melano tictus with E value of 0.0. Sample 091 of tadpole showed the sequence of Bombina orientalis 
with E value of 9.562 x 10-25

. BLAST program is suitable for identification of unknown species and also for 
parental analysis. 

Key word. : Borneon tadpoles, 12 rRNA, BLAST program, Expect value 

ABSTRAK 
Kajian pengenalpastian genetik ke atas berudu Borneo telah dijalankan dengan menggunakan gen mtDNA 12S 
rRNA. Tujuan kajian ini adalah untuk memadankan turutan DNA berudu dengan turutan DNA katak dewasa dan 
mengenalpasti nama spesis bagi berudu. Kajian ini mengkaji 410 pasangan bes dalam 12S daripada 6 sampel 
berudu. Penyampe/an telah dijalankan di dua lokasi iaitu Taman Negara Gunung Gading dan Taman Negara 
Kubah. Turutan DNA bagi berudu dan katak dewasa telah dikenalpasti dengan menggunakan program BLAST 
Turutan DNA bagi sampel 01 iaitu Ansonia spinulifer menunjukkan turutan DNA bagi Bufo asper di dalam 
pangkalan data dengan nilai Expect (E) sebanyak 9.177 x 10-7

. Turutan DNA bagi sampel 02 iaitu Megophrys 
nasuta menunjulckan turutan DNA bagi Megophrys sp. Dengan nila E sebanyak 2.448 x 10--1°. Turutan DNA 
bagi sampel 03 iailu Bufo juxtasper menunjukkan turutan DNA bagi Bufo asper dengan nilai E sebanyak 9.177 
x 10-7

. Samf/' 0-1 iaitu Rana hosii menunjukkan turutan DNA bagi Megophrys sp. dengan nilai E sebanyak 
1.425 x 1(f I. Sampel05 iaitu Bufo melanostictus menunjukkan turutan DNA bagi Bufo melanostictus dengan 
nilai E sebanyak 0.0. Sampel 091 iaitu berudu menunjukkan turutan DNA bagi Bombina orientalis dengan nilai 
E sebanyak 9. 562 x 10-25

. lni menunjukkan bahawa program BLAST adalah sesuai dalam mengenalpasti spesis 
yang tidak diketahui dan juga untuk analisis hubungan ibubapa dengan anak. 

Kala kunci: Berudu Borneo, 12 rRNA, program BLAST. nilai Expecl 
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1.0 INTRODUCTION 

According to Inger and Stuebing (1997), there are about 150 species of anuran that can be 

found in Borneo and out of 150 species, a total of 98 species of frogs are endemic to Borneo. 

Frogs in Borneo can be classified into six families: Bombinatoridae, Megophyridae, 

Bufonidae Microhylidae, Ranidae and Rhacophoridae (Inger and Stuebing, 1997). Frogs can 

be differentiate from other animals with their distinctive features such as tail is absent, having 

short and stocky body, eyes are large, their mouth is wide and have long hind legs for jumping 

and short front ones (Inger and Stuebing, 1997). Anurans have a complex life cycle and the 

developing process starts from eggs until its reaches the adult's stage (Vorburger, 2001). 

Tadpole is the name given to the larval stage in the life cycle of a frog or toad. Sixty-three 

forms of tadpoles are known from Borneo which representing between 45% and 60% of the 

total anuran fauna (Inger, 1985). Frogs begin life as aquatic larvae and continuously undergo 

transformation called metamorphosis until they reach the adult body form. Tadpole's form 

varies from deep-bodied and spheroidal to flattened ovoid to extremely slender (Inger, 1985). 

Tadpoles have gills like fish to help them take oxygen from the water and their diet consists of 

waterweeds and other plants, the diet changing to an insectivorous one after metamorphosis. 

Inger (1985) stated that Bornean tadpoles live in at least 16 distinct kinds of microhabitat and 

mostly tadpoles specialize in particular types of aquatic habitats (Inger and Stuebing, 1997). 

The type of a water body and its altitudinal location can determine tadpoles to choose specific 

niches (Malkmus et al., 2002). 

Adult frogs are easily to identify when they are in adult stage through their morphological 

trait} ddition to the colour patterns and size. However, it is hard to identify the species of 
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frogs at the juvenile or tadpole stage. Tadpoles can be distinguished from another tadpole by 

comparing the oral disc (Malkmus et al., 2002). When using morphological characters on the 

tadpoles as identification to species level, it can lead to confusion as Inger (1985) stated that 

many of the larval forms in collections can not be assigned to species of adults because lack of 

information about their morphological trait. The goals of my study are to match the DNA 

sequences of tadpoles with the DNA sequences of the adults and to identify the tadpole up to 

species level. 
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2.0 LITERATURE REVIEW 

In 1983, Kary Mullis invented "in vitro" nucleic acid amplification technique called 

Polymerase Chain Reaction (PCR) (Jones, 2002). PCR is a technique that amplifies short 

specific regions of DNA and allows rapid identification of individuals in a population which 

carry specific DNA markers (O'Brien et aI., 1992). PCR involves the use of a pair of short 

pieces of synthesized DNA called primers and a thennostable DNA polymerase to denature 

the DNA by heating where the primers will act as starting blocks for the synthesizes of a new 

strand of DNA by DNA polymerase (O'Brien et aI., 1992; Jones, 2002) . 

Animal mitochondrial (mtDNA) is a closed circular molecule with 15-20 kilobases in 

length and composed of about 37 genes coding for 22 tRNAs, 2rRNAs and 13 mRNAs 

(Avise, 1994). Mitochondrial DNA are used in studies because of high rate of evolution, is 

inherited uniparentally, less variability and can withstands degradation better than other 

genetic materials (Anon, 2004; Ballard & Kreitman, 1995). Avise (1994) also stated that the 

structure and genetic basis of variation in metazoan animal mtDNA is probably better 

understood compared to any sized region of the nuclear genome. Mitochondrial DNA is used 

to define the appropriate geographic scale for monitoring and management and also useful in 

identifying the origin of individuals in migratory species (Moritz, 1994). 

According to Palumbi (1996), primers have been useful across a broad range of taxa for 

targets in nuclear, chloroplast and mitochondrial genomes. Primers are mixtures of 

oligonucleotides because they prime DNA synthesis and initiate DNA synthesis at specific 

I places on the template. The "down stream" and "up stream" primers are designed to anneal 

close: one another but on different strands and they are oriented to copy the DNA strand 
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lying between them. In my study, I used primer 12S to anneal to the denatured DNA template 

which provide an initiation site for the elongation of the new DNA molecules. 

12S rRNA pnmer amplifies the gene for the small subunit ribosomal RNA in 

mitochondria. The region amplified by the primer 12S is short (about 410bp) and it is useful 

in phylogenetic studies of families, genera or species within a genus. 

In peR reactions, the DNA polymerase most commonly used is a termostable enzyme 

obtained from Thermophilus aquaticus or known as Taq (O'Brien et ai., 1992). Taq is a 

bacterium that can survive and reproduces in an extreme environment such as in hot springs. 

This enzyme is stable at high temperatures required for the DNA denaturation stage without 

losing activity (O'Brien et aI., 1992). 

DNA identification of any new sequence into species level can be done by matching the 

sequence with any similar sequences in the primary international sequence database such as 

Oen Bank (Hillis el aI., 1996, Peruski et aI., 1997). Basic Local Alignment Search Tool 

(BLAST) program is an algorithm that designed to find significant matches between new 

sequences with any sequence in database. BLAST program is a very fast program compare to 

other programs such as FastA and Smith-Waterman program but can often miss matching the 

sequences. BLAST works in 2 phases; the first phase, it search for short subsequences that are 

likely to produce significant matches and in second phase, the subsequences will be extended. 

For example, a study on molecular analysis of an ancient rodent midden, they collected 

~p 'hich was 11 700 years old and tried to get its DNA for further identification analysis 
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(Kuch et al., 2002). In their research, they matched the DNA sequences from the ancient 

rodent with the DNA sequences from the modern rodent using BLASTN program and also 

compare the sequences with the sequences from GenBank. From that, ancient rodent midden 

can be identified from the DNA matching to investigate which of the modern rodents is 

related to the ancient rodent midden. Finally, phylogenetic analyses were conducted to 

identify the ancient rodent more precisely. Thus, DNA matching can help in identifying 

fossils by comparing the DNA sequences with any modern organisms. 

DNA matching also has been used in human identification especially as a forensic tool. 

Another study on mtDNA sequencing in forensic medicine has revealed that sequencing of 

mtDNA for DNA matching is totally important especially in solving crimes (Allen et aI., 

1997). They used hairs, saliva and nail scrapes that were found on the crime sites as the source 

of DNA and the DNA sequences obtained were match with the DNA sequences from the 

suspects. Thus, mtDNA sequence analyses and DNA matching can be informative in solving 

crime cases. 
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3.0 MATERIALS AND METHODS 

3.1 Sampling Site 

The sample was collected in Kubah National Park and Gunung Gading National Park. 

Kubah National Park is situated about 22 km west of Kuching city and near to Matang 

Village. Kubah National Park covers an area over 22 sq per km and gazetted as a national 

park in 1988 (Hazebroek & Abang Kashim, 2000). 

2km 

_1_._.. Park boundwy Elc\'id.ions abon.~ M:illc\'"cl: 

0- 15m 
Foocpalh (.'iCC le>t for Irail numt...rs) 

7.~ - 250 m 
--- Road 2m-SIl()m
HQ =Nalional Port Headquarters I Waterfall 

Sao-7mmMWC =Malllll! Wildlife Cenlrc: o Viewpuinl 
MFP .. Malanll Family I'-...rl< ~ :Wove 7SIlm 

Figure 1: Map of Kubah National Park 
Source: Hazebroek & Abang Kashim (2000). 
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Gunung Gading National Park is situated about 80 Ian west of Kuching and near to a 

small town of Lundu. The park covers across the primary rain forest of Gunung Gading and 

has an area ofabout 41 sq per Ian with the highest peak is at 965 m (Hazebroek & Abang 

Kashim,2oo0). 

Gunung 
Gading 

Figure 2: Map of Gunung Gading National Park 
Source: Hazebroek & Abang Kashim (2000). 
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B IClP(>les such as 

3.2 Samples CoUection 

Samples of tadpoles and the adults were collected during the field trips. Tadpoles were 

. ""u..,.....,... using hands or by dip net during the day, while the adults were caught at night. The 

~tntulred tadpoles were put inside separate plastic bottles and preserved in 96% ethanol for 

A analysis and also in 4% formalin for morphological and dietary analysis. The data of the 

location, time of capture and types of microhabitats were also recorded. 

muscles of the adults were stored in 20% DMSO buffer. 

3.3 Extractions 

Total genomic DNA was extracted from tissue muscles of tadpoles using the Geni

• TM Tissue Kit (manufacturing by BioSynTech, Subang Jaya). Thirty mg of tissue was 

IaDm~~ up and placed into a 1.5 ml microcentrifuge tube. Then, 200 fll of buffer TL was 

_ ,ded into the microcentrifuge tube. Twenty five fll of OB Protease was added into the tube. 

_ ........ that, the tube was well vortexed and incubated in a shaking waterbath at 55°e for about 

hours. After 3 hours. 220 fll of buffer BL was added into the tube and vortexed to mix it. 

the tube was incubated at 700 e for 10 minutes. After incubating, 220 fll of absolute 

_ llanoI was added and vortexed thoroughly. Then, the entire sample was transferred into a 

.rtllDIIIQ spin column with a 2 ml collection tube. The column was centrifuged in a centrifuge 

_ achme at 8,000 x g for 1 minute to bind the DNA. The collection tube was discarded and the 

_ lUid was flowed-through. The column was placed into a second 2 ml tube and 750 fll of 

buffer diluted with ethanol was added into the column. The column was centrifuged at 

x g for 1 minute to bind DNA. The collection tube was discarded and using a new 

_ile.~ncm tube, a second 750 fll of wash buffer was added into the column. The column was 

l!nh~lHillect at 8,000 x g for 1 minute and the collection tube was discarded. The column with 

same collection tube was centrifuged at 10,000 x g for 2 minutes to dry the column. After 
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t, the column was placed into a sterile 1.5 ml microcentrifuge tube. Then, 200 III of 

preheated elution buffer was added into the column. The column was centrifuged at 8,000 x g 

or 1 minute to elute DNA from the column. The elution was repeated with a second 200 III of 

lution buffer. Extraction products were visualised in agarose gel stained with ethidium 

romide (0.081lg/ml) and was run for approximately 45 minutes at 80 V. A GeneRuler™ Low 

ge DNA Ladder was used as a standard marker. 

3.4 Gel Electrophoresis 

Gel electrophoresis is used to visualise the presence of DNA. Agarose gel 

electrophoresis is a standard and simple method which is used in separating, identifying and 

urifying nucleic acids (Guilliat, 2002). This method is run through an agarose gel under 

lectric current to separate DNA fragments according to size by molecular sieving (Carter, 

992). Agarose weighed 0.5 g was put into a conical flask to produce 1 % (w/v) of agarose gel. 

en, 50 ml of 1 x TAE buffer was added into the flask and mixed by swirling and cooked in 

microwave for 2 minutes. The content then was cooled to 50°C and 1.5 III of ethidium 

romide solution was added into the mixture. After that, the mixture was poured into the gel 

paratus and the comb was inserted to form the wells. The gel was left to solidify and when 

was set, the comb was gently removed. The gel apparatus was positioned in the electrode 

ber and covered with 1 x T AE buffer. Then, 2 III of bromophenol blue dye mixed with 3 

1ofDNA samples and 3 III of DNA ladder marker was loaded into the gel apparatus. The lid 

the apparatus was closed and was run at the current of 80 V for about 45 minutes. After 45 

. utes, the gel was removed from the apparatus and the products were visualised on an 

violet light transilluminator. 
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3.5 Polymerase Chain Reaction (PCR) 


Polymerase Chain Reaction (PCR) works where DNA fragment flanked by two 


~ligonucleotides primers hybridizing to opposite strands of the target sequences. The PCR 

~cle consists of three major phases which are denaturation, annealing and extension 

tpalumbi, 1996). PCR reactions will be run on the DNA preparations and a negative control. 

~ negative control is used to detect any contamination that occur during PCR and contains all 

be reagents except template DNA. First, a master mix was prepared in 1.5 ml microcentrifuge 

~. 

"wo universal 12S primers were used: 

12SL 5' -AAAGCACGGCACTGAAGATGC - 3' (Forward) 

12SR 5' - TITCATGTTTCCTTGCGGTAC - 3' (Reverse) (Palumbi,1996) 

able 1: A PCR reaction mix used for DNA amplification 

Reagents Volume Total 
btl) Volume 

(JlI) 
peR Master Mix - lOx Reaction Buffer 2.5 

dNTP mix 0.5 
MgCI2 1.5 
Primer 12SL-I 1.0 
Primer 12SR-I 1.0 25.00 
Sterile deionized water 17.3 

Template DNA 1.0 
Taq polymerase 0.2 

Then, all solutions were thawed on ice, gently vortexed and briefly centrifuged. The 

~es were gently vortexed and briefly centrifuged to collect all drops to the bottom of the 

~. After that, the samples were placed in a thermocycler (BIOMETRA) and the program 

15 

l________________________ 



NA Ladder was used as a standard marker. 

started. The PCR products were visualised in agarose gel stained with ethidium bromide 

.08J.1g1ml) and was run for approximately 45 minutes at 80 V. A GeneRule?M Low Range 

Temperature profile used for the PCR programme (Suhailah, 2003) 

Denaturation 

Primer annealing 


Extension 

Final extension 


Time No . Cycles 
5 min. 
45 sec. 

1 min. 30 sec. 30 
1 min. 30 sec. 

10 min. 

3.6 Purification of peR products 

Purification of PCR is used to improve the efficiency of sequencing reactions (Hillis et 

• 1996) and to recover DNA bands 50 bp-40bp free 	of oligonucleotides, nucleotides and 

lymerase in yields exceeding 80%. Purification was run over using Geni-Spin ™ PCR 

·fication kit (manufacturing by BioSynTech, Subang Jaya). Agarose gel electrophoresis 

perfonned to analyze PCR products. Then, 40 III of PCR product was transferred into a 

1.5 ml microcentrifuge tube. Next, 160 III of buffer CP was added in and vortexed 

roughly to mix. After that, the sample was transferred into an I-Spin column assembled in 

lean 2 ml collection tube and was centrifuged at 10,000 x g for 1 minute. The liquid was 

ed. Next, 750 III of wash buffer diluted with absolute ethanol was added in the column 

centrifuged at 10,000 x g for 1 minute. Another 750 III of Wash Buffer was added and 

·fuged at 10,000 x g for 1 minute. The liquid was discarded and the empty column was 

trifuged at 10,000 x g for 1 minute to dry the column matrix. The column was placed into 

1.5 ml centrifuge tube and 30 III of sterile deionized water was added into the column 

. . The column was centrifuged at 10,000 x g for 1 minute to elute DNA. After that, the 
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_l1pt',ru product was visualised on gel electrophoresis. The purification product with good band 

DNA will be send to Lazcorp Holding Sdn. Bhd. Laboratory for DNA sequencing 

3.7 Sequence Analysis 

In this study, CHROMAS (Version 1.45) was used to display fluorescence-based 

NA sequence analysis result. The sequence was edited and modified to remove all 

leotide designated as noisy (N) by referring the sequence with the best peak that would 

'cate the correct expected nucleotides (A, C, G or T). CLUSTAL X (1.81) program was 

to align the sequence. 

Species identification of tadpoles and frogs were done using Basic Local Alignment 

ch Tool (BLAST) program (http://www.ncbi.nlm.nih.gov) by checking the sequence if 

similar sequences exist in the primary international sequence database. BLAST program 

be used for searching protein and DNA databases for sequences comparison and 


, arities (Altschul et al., 1997). BLAST program works in three steps (Weir, 1996). The 


step was to compile a list of high-scoring words or subsequences. The next step was 


.ng each sequence in the database to match with the query sequence to produce a word 

with a score greater that score threshold T. The result of matching appeared immediately. 

the final step was extending matching word pairs to determine if it contained within a 

ent pair whose score is greater or equal to maximal segment pair (MSP) score, S. 
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~RESULTS 

4.1 DNA Extraction 

Fifty-nine samples were successfully extracted and total genomic DNA extra

~ than 1 Kb in length. Out of fifty-nine samples, twenty-nine samples of adult frog

Ilble 3: Adult frog species from which DNA sample were extracted 

atJl'8ctc;:(i (Table 3) and thirty samples oftadpoles were extracted (Table 4). 

cted is 

s were 

Family Species 

Ranidae 

Bufonidae 

Rhacophoridae 

Microhylidae 

Megophryidae 

Rana signata 
Rana limnocharis 
Rana cancrivora 
Rana picturata 
Rana hosii 
Rana erythraea 
Rana nicobariensis 
Rana glandulosa 
Rana baramica 
Rana raniceps 
Occidozyga laevis 
Staurois natator 
Staurois guttatus 
Meristogenys phaeomerus 
Meristogenys sp. 
Bufo juxtasper 
Bufo asper 
Bufo melanostictus 
Bufo divergens 
Ansonia spinulifer 
Ansonia longidigita 
Rhacophorus angulirostris 
Rhacophorus appendiculatus 
Polypedates macrotis 
Polypedates colletti 
Kalophrynus pleurostigma 
Chaperina fusca 
Megophrys nasuta 
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4: Tadpole samples from which DNA were extraced 

Samples 

SpBau 
Sp 1 
Sp2 
Sp 3 
Sp4 
Sp 5 
065 (limb) 
067 (limb) 
068 (limb) 
070 
058 
060 
061 
062 
063 
064 
091 
MCOOI 
MC002 
MC003 
MC004 
MC005 
MC006 
MC007 
MC008 
MC009 
MCOI0 
MCOll 
MC012 
MC013 

JSUn: 3: Picture ofDNA extraction. [M = Low Range marker (Fermentas); 
Lane 1,2,3,4 5,6= Sp 1, 7 = Sp 2 and 10 = Sp 3]. 
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4.1 peR Products 

Approximately 400bp of the 12S were obtained for all specImens. Eleven PCR 

products were obtained. 

PCRproduct 

Figure 4: Picture ofPCR products. [M = Low Range marker (Fermentas); 
Lane 2, 4, 5, 6 = Sp 1 and 7 = Sp 2]. 
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4.3 DNA sequencing 

There were 11 purified samples that were sequenced. Out of 11 samples, only 6 

products showed good signal in DNA sequencing. 

Figure 5: Picture of good signal in DNA sequencing 

Figure 6: Picture of bad signal in DNA sequencing 
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