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Phylogenetic Study of Babblers (Family: Timaliidae) Using Mitochondrial DNA Subunit 

16S rRNA Gene 

Ursula Syndon anak Gilbert Laja 

Animal Resource Science and Management Program 
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University Malaysia Sarawak 


ABSTRACT 

The taxonomic relationships of the babblers family, Timaliidae have been ambiguous for the better part of a 

century. By utilizing 16S rRNA gene, the general view of phylogeny of several species of babbler species was 

examined to using six individuals of five species to determine their relationships in a more accurate manner. 

Molecular study of babblers is essential to replace old morphological methods which have been proved to be 

impossible and unreliable especially among cryptic species. This study represents a fresh attempt to infer the 

phylogeny of the babbler family Timaliidae. The results indicate that substantial differences and closeness were 

observed between species that will be valuable in constructing a neighbour joining tree and eventually 

determining their relationships. 

Keywords: Timaliidae, 16S rRNA gene, phylogeny, neighbor joining tree. 

ABSTRAK 

Hubungan taksonomi dalam famili aves Timaliidae adalah tidak diketahui dan dikenalpasti setelah sekian lama. 

Dengan menggunakan gen rRNA 16S pada enam individu dan lima spesis di dalam kajian ini, diharap 

gambaran umum mengenai hubungan filogeni famili ini dapat diberikan dengan cara yang lebih persis dan jitu. 

Kajian molekular dalam famili aves ini amat penting dan berguna untuk menggantikan kaedah lama yang 

bergantung kepada morfologi di mana ia telah terbukti se,bagai tidak sahih terutama di kalangan spesis kriptik. 

Kajian in; merupakan percubaan baru untuk menkaji perhubungan di dalam famili Timaliidae. Keputusan kajian 

ini mendedahkan perbezaan dan perkaitan ketara di antara spesis dapat digunakan di dalam pokok neighbour 

joining untuk menentukan perhubungan mereka. 

Kata kunci: Timallidae, gen rRNA 16S, filogeni, pokok neighbour joining 
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1.0 Introduction 

This study is generally aimed at generating a reliable and possibly accurate phylogenetic tree 

through the comparison of deoxyribonucleic acid (DNA) nucleotides sequences of the babbler 

species. The use of DNA as genetic marker in this study will help to resolve the relationship 

between the species of babblers. The 16S gene of babblers' mitochondrial ribosomal RNA 

(rRNA) is utilized in this study in order to provide the DNA sequences and eventually 

generate the desired phylogenetic tree. 

Previously, birds are assigned to their taxonomic categories based on morphological 

characters. Careful examination of both muscular and skeletal features also has yielded 

important insights into aspects of passerine relationships (Feduccia, 1975; Prum, 1993). 

However, no comprehensive phylogenetic hypothesis of relationships among the families of 

passerine birds existed until the work of Sibley and Ahlquist (1990) which fonned the basis of 

a complete classification of the class Aves as a whole and of the order Passerifonnes in 

particular. 

Taxonomic classification of certain systematic relationships among the diverse and cryptic 

species of babblers (Family: Timaliidae) cannot be explained and defined through 

morphological and anatomical characters alone. Morphological data usage in trying to resolve 

the avian relationships has long been challenged and debated. As stated by Ericson et al. 

(2003), phylogenetic a hypothesis of relationships of shorebirds based on morphological data 

does not fully agree with those based on DNA-DNA hybridization. 
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There is still much confusion involving the family Timaliidae which eventually invites more 

new researches and studies based on molecular evidence. The phylogeny and relationship 

among members of this family is ever changing with new species added in and present species 

have been proven to be members of other family or genus. As for example, from a 

biochemical standpoint, the babblers and the Old World warblers groups appear so closely 

related that Sibley and Ahlquist (1990) lumped into a huge Sylvidae grouping. This is also 

supported by MacKinnon & Phillipps (2000). However, the details of babblers and Old World 

warblers are just now being worked out. New DNA sequencing had shown that there is a 

radiation of Malagasy warblers that include some birds which were once considered babblers 

(Cibois et al. 1999). The study also proves that the previously Old World warblers in the 

genus Sylvia are actually babblers. There is certainly going to be major rearrangements in the 

babbler and Old World warbler groupings in the near future. As currently added by the 

American Ornithologists' Union (1998), the wren-tit has been classified as a babbler making 

it the only New World representative of this family. 

As proven by all the previous studies, phylogenetic tree construction of babblers is one of the 

more accurate ways to determine and analyze the systematic relationship among the existing 

species. The objective of this study is to utilize the large subunit ribosomal RNA gene (16S) 

and compare the DNA nucleotide sequences mnong the species to construct a phylogenetic 

tree of smaller number of babblers' representatives. The tree will consequently be used to 

recover and provide the phylogenetic analysis of the relationship between the selected species 

of babblers which occur in Borneo. 
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1.1 

2.0 Literature Review 

2.1 General overview of the Family Timaliidae 

According to Davison et al. (1989), there are 622 avian species in Borneo, of which 39 

species are endemic to the islands of Borneo. Babbler is one of the common but poorly 

defined avian families. Dickinson (2003) recorded 280 species of babblers in the world. In 

Borneo, it consists of five subfamilies, Pellorninae, Timaliinae, Pomatorhinae, Turdoidinae 

and Cinclosomatinae. The subfamilies are further comprised of 14 genera and 36 species 

(Smythies, 2000). The four species which have been identified to be endemic to Borneo are: 

black-browed babbler (Trichastoma perspicillatumi), Bornean wren-babbler (Ptilocichla 

leucogrammica), black-throated wren-babbler (Napothera atrigularis) and mountain wren-

babbler (Napothera crassa). 

Keith et al. (2000) described Timaliidae as a large, heterogeneous, mainly Asiatic family with 

a complex taxonomic history and fluctuating composition. The species ranges from small to 

quite large passerines, robust, strong-legged and often pale-eyed. The morphology of both 

female and male babblers is usually similar. Babblers are short-winged and known to be poor 

fliers. They are commonly sighted in short flights, low in dense vegetation or 50 m over open 

ground between clumps of shrubs (Keith et al.;2000). Besides flying relatively low, they can 

always be found hopping on the ground. As for their social behavior, numerous babblers stay 

in small family parties year-round and are known or likely cooperative breeders. Individuals 

of many babbler species are often seen clumped or huddled tightly together when loafing and 

roosting. 
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As for their habitat, Smythies (1981) described the Timaliidae as common throughout the 

lowlands of Borneo, in both primary and secondary jungle. The colors of the babblers range 

from dull to dark brown (MacKinnon and Phillipps, 1993). A previous study by Rostina 

(2004) stated that, among the common babblers which are most likely to be caught in mist

nets are the ferruginous babbler (Trichastoma bicolor), grey-headed babbler (Stachryis 

poliocephala) and chestnut-winged babbler (Stachryis erythroptera) while Aminah (1998) 

stated that Timaliidae are more likely to be found in disturbed area than in an undisturbed 

area. 

2.2 The Importance of Phylogenetic Study 

Sibley and Ahlquist (1990) mentioned that it is not a universally safe basis to determine 

degrees of genealogical relationship through morphological similarity. Hillis et al. (1996) also 

mentioned that the detection of morphologically cryptic species is often accidental and with 

the help of any molecular techniques, there is a possibility that the previous perception of 

species boundaries may be incorrect. Since many rigorous studies had been made, many taxa 

have been moved between Timaliidae and Sylviidae (Old World warblers) or Turdidae 

(Thrushes) (Keith et aI., 2000). 

As an alternative to the methods based on morphology alone, we can therefore try to study 

the relationships of babblers by constructing the phylogenetic tree of babblers and other avian 

family by using molecular techniques. According to Persing (1991), out of the basic 

molecular biology techniques developed in the last decade, none has a greater impact than 

polymerase chain reaction (peR). The original concept of peR was created Kary Mullis in 

the ml 1980s (Bartlett and Stirling, 2003). peR amplification is an in vitro method of 
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repetitious nucleic acid synthesis by which the targeted strands of deoxyribonucleic acid 

(DNA) can be specifically replicated (Saiki, 1990). 

2.3 The Role ofPolymerase Chain Reaction Amplification and 16S Primers 

Basically, PCR technique involves three main steps which are heat denaturation of DNA 

template into single strands, annealing of the primers to each original strand for new strand 

synthesis and extension of the annealed primers with DNA polymerase (Palumbi, 1996). Each 

of the reactions is cycled for a period of time (30-40 cycles) to raise the number of copies to 

an exponential level. Each of the steps taken will ensure the success of the PCR amplification. 

In ensuring a successful and high yield of replication during each PCR, it is essential to 

provide a sufficient amount of Taq polymerase, DNA template, deoxynuc1eosides 

triphosphates (dNTPs), reaction buffers, MgCh and forward and reverse primers (16Sar-L and 

16Sbr-H). 

In this study, 168 primers were utilized for the amplification of the complete 16S rRNA gene 

from all the species of babblers. According to Palumbi (1996), because the amplified fragment 

of 16Sar-L and 16Sbr-H fragment is larger than the 12S fragment (approximately 550bp as 

compared to 400bp) hence, it is more useful and suitable for phylogenetic tree construction. 

The letters L and H respectively, refer to the tight and heavy strands. The table below shows 

the sequences ofthe 16S primers used in this study. 

I 
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Table 1. Primer sequences for 16Sar-L (Hedges, 1994) and 16Sbr-H (Hedges and Sibley, 
1994) primers 

Sequence 
Primers Direction Sequence 

Information 

16Sar-L Forward 5'-CGC CTG TIT ATC AAA AAC AT-3' 
16S 

16Sbr-L Reverse 5'-CCG GTC TGA ACT CAG ATC ACG T-3' 

According to Wang et al. (2000), ribosomal RNA (rRNA) genes, including four nuclear 

rRNA genes and two mitochondrial rRNA genes, are some of the most widely used genetic 

markers for phylogenetic analyses. The mitochondrial rRNA genes, including 16S, contains 

highly variable and hyper conserved regions that make the alignment of distantly related 

sequences possible (Nilsen, 1999) and evolve much more rapidly than the nuclear rRNA 

genes. Out of these rRNA genes, 16S mitochondrial rRNA has been widely used to study the 

phylogenetic relationships among different levels of taxa (Cibois et al., 1999). 

2.4 DNA Sequencing as an Effective Method in Resolving Phylogenies 

Studies which involve gene evolution require gene sequencing, because no other techniques 

provide the necessary information to infer relationships among individual alleles (Hillis et al., 

1996). In other words, DNNRNA sequencing is therefore recommended as it is the 

appropriate and effective method in resolving phylogenies and constructing phylogenetic 

trees. 

Due to the broad spectrum of phylogenetic analyses of 12S and 16S rRNA especially in 

ebrates, using PCR to amplify the complete region of this gene for further anal yses will be 

very useful. Sibley and Ahlquist (1986) stated that morphology shows the modification effect 
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of natural selection on birds, whereas DNA comparisons give us a direct relationship between 

the branching patterns and time. Therefore, degrees of difference among the DNA of different 

species are correlated with time and thus, classifications based on comparisons of DNA may 

safely be assumed to reflect phylogeny. 

The most objective and quantitative method for phylogenetic study is by quantifying the 

differences and similarities between sequences, therefore, phylogenetic tree can be built 

through DNA sequencing which provide an accurate reading of the nucleotides sequences in 

DNA and a procedure of comparing the sequences among species (Sibley and Ahlquist, 

1990). 
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3.0 Materials and Methods 

3.1 Samples Collection 

The samples were caught by mist-nets, which is said to be an effective method for the capture 

of birds (Meyers and Pardieck, 1993) and relatively cheaper than any other method (Bub, 

1991). These mist-nets were set up randomly in two sites, Maludam National Park (NP) and 

Jambusan logging area in Bau district from August to September 2004. Each bird was tagged 

using numbered identification rings (Table 2). Identification of the birds was based on 

Smythies (2000) and MacKinnon and Phillipps (1993). Essential information such as the 

morphological measurements and ring numbers were recorded in the birds' data book. Four 

individuals from two species were captured in Maludam NP while six individuals from three 

species were captured in Jambusan, Bau. The samples localities and their respective ring 

numbers are shown in Table 2 below. 

Table 2. List of abbreviations and names, species localities and ring numbers 

Code Species Common Name Location Ring No. 

STI Macronous gularis Striped-tit babbler J ambusan, Bau A4683 

ST2 Macronous gularis Striped-tit babbler Jambusan, Bau A4689 

GHI Stachyris poliocephala Grey-headed babbler J ambusan, Bau BI457 
. 

CWI Stachyris eryt}zoptera Chestnut-winged babbler Jambusan, Bau A4626 

CW2 Stachyris erythroptera Chestnut-winged babbler J ambusan, Bau A4629 

CW3 Stachyris erythroptera Chestnut-winged babbler Jambusan, Bau A4693 

FBI Macronous ptilotus Fluffy-backed tit-babbler Maludam NP A4574 

WCI Trichastoma rostratum White-chested babbler Maludam NP A4557 

WC2 Trichastoma rostratum White-chested babbler Maludam NP A4569 

WC3 Trichastoma rostratum White-chested babbler Maludam NP A4577 
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Bird blood was obtained through the wing vein puncture and was collected into capillary 

tubes (approximately 30J.1L) and transferred to eppendorf tubes containing blood lysis buffer. 

The blood lysis buffer consists of lOmM EDTA (PH8), IOmM Tris-HCI (pH8), 20mM NaCI 

and 1 % SDS (w/v) which has the ability to prevent coagulation of blood sample and 

degradation of DNA. The samples are kept at room temperature in the field and at 4°C in the 

laboratory to ensure long shelf life. 

3.2 DNA Extraction 

Unlike mammal blood, bird blood has a high yield of DNA due to its high amount of 

nucleated erythrocytes (Arctander, 1988). DNA from the ten blood samples was extracted 

using Genespin™ Blood DNA kit (manufactured by BioSynTech Sdn. Bhd., Selangor). All of 

the 10 samples showed positive result during visualization and the extracted samples were 

used for PCR amplification. 

3.3 DNA polymerase chain reaction (peR) Amplification 

PCR was performed in a 25-J.11 reaction which consisted of 2.5 J.11 of lOX reaction buffer (10 

mM Tris-HCI, pH 8.0;50 mM KCI; 0.1% [w/v] gelatin; I%Triton X-I00), 1.5 J.1L of MgCh 

(Promega), 1.0 J.1M each of the primers, 0.5 J.1M dNTPs (deoxynucleosides triphosphates) mix 

(Promega), 1-4J.1L of template DNA, 0.2JlL ofTaq DNA polymerase (Prom ega) and sufficient 

sterile deionized water to add the reactions up to volume in order to determine the annealing 

temperature and the correct parameters of PCR using 12S and 16S primers. Optimization was 

done to determine the correct annealing temperature, volume of MgCh and other conditions. 

According to Saiki (1989), conditions such as Mg2+ may vary between 12S and 16S primers 

m same region of a given template. 
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DNA samples were amplified in a DNA Thennal Cycler (BIOMETRA) with a program 

through 30-40 cycles under the following conditions: initial denaturation for 1 minute at 94 

°C, primer annealing for 1 minute at 50 to 55°C by 1 degree intervals, extension for 1 minute 

and 30 seconds at 72 °C, followed by a final extension for 10 minutes at 72°C. 

3.4 Visualization Using Gel Electrophoresis 

All amplified products were visualized on 1 % to 1.5% agarose gel in 1 x T AE buffer. The gel 

was stained with 0.8 to 1.0 ~L of ethidium bromide and standard markers were run along. 

MassRuler™ Low Range DNA Ladder was used for amplified products while GeneRulerTM 

tkB DNA Ladder was utilized in the visualization of extracted products. These standard 

markers are essential to ensure that the band of DNA extracted and amplified are at the 

predicted size. The gel containing the amplified products was visualized on a shortwave 

ultraviolet (UV) radiation transilluminator. 

3.S Purification of Amplified DNA 

Purification of the PCR product was done prior to sequencing to eliminate non-specific 

tproduct. Purification of the amplified product was done using both GeneSpin™ PCR 

fPurification Kit (BioSynTech Sdn. Bhd.) and Fennentas Purification Kit. Using Fermentas 

!Kit, 45~L of PCR product was transferred' into a collection tube and 135~L of binding 

~lution was added along with 5~L of silica powder suspension. The mixture was then mixed 

ilDd incubated at 55°C for 5 minutes while vortexing every 2 minutes to keep the silica powder 

ill suspension. The silica powder and DNA complex was then centrifuges at 14,000 rpm for 5 

.,nds to form a pellet. The supernatant was discarded. 500~L of ice cold concentrated wash 

-- as added, vortexed and centrifuges for another 5 seconds at 14,000 rpm. The 
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supernatant is discarded and the procedure is repeated three times while ensuring the pellet is 

resuspended completely during each washing. After supernatant of the last wash was 

discarded, the remaining liquid was removed with pipette and air-drying was done for 10-15 

minutes to dry the pellet. 

The DNA was eluted with 30 ~L of deionized distilled water and incubated at 55°C for 5 

minutes. The tube was centrifuged again and the supernatant was removed into a new tube 

while carefully avoiding the pellet. The supernatant containing purified DNA was then sent 

for sequencing. 

3.6 Sequencing 

All the 10 samples were sent for sequencing at a private laboratory. Sequencing was done in 

only one direction (upstream) by using the same primer. The amount of purified product 

submitted for sequencing was 25~L per amplified sample and 5 ~L of forward primer (16Sar

L). 

3.7 Sequence Analysis 

CHROMAS 1.45 program (McCarthy, 1997) was utilized to display fluorescent based DNA 

~uence analysis result. Nucleotides designated as 'noise' (N) were modified using a 

~mbination ofCHROMAS and CLUSTALX 1.81 (Thompson et ai., 1997) programs. The N 

~as then corrected with the respective nucleotide Adenine (A), Cytosine (C), Guanine (G) or 

!J'bymine (T). The sequences were then trimmed to nearest identical bases at both ends of the 

.... ~. . CLUST AL X 1.81 program was utilized to align the sequences. 
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3.8 Phylogenetic Analysis 

Phylogenetic tree of babbler species was constructed from distance method by using the 

neighbour-joining (NJ) by certain principles and algorithm (Saitou and Nei, 1987). MEGA 2.0 

program (Kumar et aL, 2001) program was used in both tree construction and analysis. 

Neighbour-joining method produces an unrooted tree, because it does not require the 

assumption of a constant rate of evolution. Therefore, it requires an outgroup taxon to find 

the root. Three sequences were obtained from the Gen Bank which are; hill-blue flycatcher 

Cyomis banyumas (Accession no. AF151425), red-eyed bulbul Pycnonotus brunneus 

(Accession no. A Y574893) and puff-backed bulbul P. eutilotus (Accession no. A Y574900). 

In addition to the species which are used in the tree, two sequences of babbler from the 

GenBank are also added to strengthen the tree reliability which are; rufous-fronted babbler 

Stachyris rufifron (Accession no. AF376906) and striped-tit babbler Macronous gularis 

(Accession no. AF376911). The sequences from the GenBank are not included in the 

sequence analysis. 

ilI.9 Sequence Divergence 

~stics for nucleotide variation and paIrwIse genetic distances (number of nucleotide 

~bstitutions per site) were computed using 'Kimura-2 paramater Model in Molecular 

Evolutionary Genetic Analysis (MEGA) 2.1 computer program (Kumar et al., 2001). 
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DNA 

Amplified DNA 

ten individuals 

4.0 Results 

4.1 DNA Extraction 

Four extractions were done and produced a good DNA yield after modifications of the 

procedure recommended by the manufacturer ofthe Blood DNA Extraction Kit (GeneSpinTM). 

M 1 2 3 4 5 6 7 8 9 10 

1kb 

500bp 

250bp 

• 	 WI.......... 1. Gel electrophoresis of the fourth DNA extraction. Lane 1 GHI. Lane 2 WCI. Lane 
3 WC2. Lane 4 FBI. Lane 5 WC3. Lane 6 CWI. Lane 7 CW2. Lane 8 STI. Lane 9 
SU. Lane 10 CW3. M represents GeneRuler™ lkb DNA Ladder (Fermentas) as a 
standard size marker. Refer Table 2 for species abbreviations. 

polymerase chain reaction (peR) Amplification and Purification of 

were amplified using 16~ pnmers (Table 1) which resulted in 

lPPI"()ximaltel~ 500bp of peR products (Figure 2). During the early period of this study, both 

(12SL and 12SR) and 16S primers (16Sar-L and 16Sbr-H) were utilized. 

1ftW.~er amplification using 16S resulted in bright DNA bands as compared to amplification 

12S primers which remained unsuccessful even after several extensive modification of 
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peR cycle parameters and volumes of respective reagents in the reaction mixture. Therefore 

only 16S primers were utilized for the rest ofthe study. 

Occurrence of primer dimer was frequent during the early stage of utilizing 16S primers 

which was the result of a high primer concentration used. The concentration was reduced from 

25 J.l.M to 20 J.l.M. The reduction of concentration also effectively reduced the occurrence of 

primer dimer although it failed to fully eliminate it. 

Ml 2345678 9 10 

500bp 

2. 	 Gel electrophoresis ofPCR product. Lane 1 STI. Lane 2 ST2. Lane 3 GHI. Lane 4 
CWI. Lane 5 CW2. Lane 6 CW3 Lane 7 FBI. Lane 8 WCI. Lane 9 WC2. Lane 10 
WC3 (Refer Table 2 for species abbreviations). M represents GeneRuler™ Low 
Range (Fermentas) as a standard size marker. 

purification, Fermentas Purification Kit was preferred due to the simpler and shorter steps 

errors. All of the ten amplified samples were purified to 

II!nAINItP. DNA from other cellular components and possible contaminants. Purification is done 
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4.3 Sequencing 

Out of the ten samples, only six samples produced good signals and were fit to be used in tree 

construction. The other four samples revealed a high amount of noise (N) and were excluded 

from the tree construction and analysis. 

4.4 Sequence Analysis 

Out of the ten individuals sent for sequencing, only six individuals were fit to be utilized in 

tree construction and sequence analysis. The other four were excluded due to poor sequence 

generated. The sequence exhibited large amount of 'noise' (N). After alignment, 

approximately 503bp of the 16S gene sequence was generated for all the six individuals 

'( /1 .l~. I). 
~.,. .. 

14.4.1 Variable Sites 

:'-~~~c the 503 sites analyzed, 435 (86.7%) are conserved, 51 (10.1 %) are 

,uii_Il~/· yrnorphic while 26 (5.2%) are parsimony-informative. The variable sites in the 

J6S rRNA gene are shown in Figure 3. 
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