
POPULATION GENETIC STRUCTURE OF THE FRESHWATER 

FISH, BARBONYMUS SCHWANENFEWH (BLEEKER) IN 


SEVERAL RIVER SYSTEMS IN MALAYSIA 


Andy Rho Han Guan 

Bachelor of Science With Honours 

QB 
442 

(Animal Resource Science and Management Program) 
2004 

A543 
2004 



tu at Khidmat Id 
VNIVER m MALAYSIA SARI 

1no KOla Samarahan 

P .KHID~T ~KLU~T AKADEMIK 

UNI~S 


11111111111111 III 
1000124160 

Faculty of Resource Science and Technology 

POPULATION GENETIC STRUCTURE OF THE FRESHWATER 
FISH, BARBONYMUS SCHWANENFELDII (BLEEKER) IN 

SEVERAL RIVER SYSTEMS IN MALAYSIA 

Andy Kho Han Guan 


Bachelor of Science 

(Animal Resource Science and Management Program) 


2003/2004 

A __ An aly(\5 

- Ei~ :h"c - c.h l'\AtLv~5 . 



Population Genetic Structure of the Freshwater Fish, Barbonymus schwanenfeldii 
(Bleeker) in Several River Systems in Malaysia 

AndyKho 

Animal Resource Science and Management Program 

Faculty of Resource Science and Technology 


Universiti Malaysia Sarawak 


ABSTRACT 
Studies on the genetic variation of Barbonymus schwanenfeldii (Bleeker 1853) populations from 
Malaysia were done using partial sequencing of cytochrome b mtDNA gene. This study examines 450 
base pairs of the mitochondrial DNA cytochrome b sequences from 23 samples of fishes from the 
genus Barbonymus, a group of primary freshwater cyprinids known to inhibit the Southeast Asia 
region. Sampling were carry out for various locations throughout Sarawak while as a comparison; a 
few samples of B. schwanenfeldii were taken from Peninsular Malaysia like Serting River, Negeri 
Sembilan by using PCR-RFLP analysis and DNA sequence analysis of cytochrome b mtDNA gene. 
Phylogenetic relationship inferred using neighbor-joining (NJ) and parsimony methods generally 
divided samples into two major clades, consistent with their geographic origin: one group of B. 
schwanenfeldii which locally known as Lampam sungai are samples from Peninsular Malaysia while 
another group clustered B. schwanenfeldii which locally known as Tengadak are samples from 
Sarawak but including some individual from Peninsular Malaysia. PCR-RFLP analysis showed no 
polymorphism between samples of B. schwanenfeldii fish from Peninsular Malaysia and B. 
schwanenfeldii from Sarawak. In general, this study indicated that DNA sequence analysis has 
potential advantages over PCR-RFLP analysis of cytochrome b mtDNA gene in detection of even 
small genetic variation, or synonymous substitution between samples. The low level of gene flow (Nm 
= 0.61) and high population structuring (Fsi = 0.449) between Peninsular Malaysia and Sarawak could 
be correlated with the separation of Borneo Island from mainland Peninsular during Pleistocene 
Epoch, which occur about 10,000 years ago. Interestingly, some samples from Peninsular Malaysia 
clustered together within the Sarawak clades. 

Key words: Genetic variation, PCR-RFLP analysis, DNA sequence analysis, Pleistocene Epoch 

ABSTRAK 
Variasi genetik antara beberapa jenis sampel berbeza Barbonymus schwanenfeldii (Bleeker 1853) 
telah dikaji iaitu ikan B. schwanenfeldii dari Serting Hilir, Negeri Sembi/an dan ikan tengadak dari 
Sarawak dengan menggunakan analisis PCR-RFLP dan analisis turulan DNA bagi gen mlDNA 
sitokrom b. Keputusan yang diperolehi daripada beberapa jenis ikan ini telah dibandingkan. [kan 
lampan sungai dari Serting Hilir, Negeri Sembi/an dan ikan tengadak dari, Sarawak adalah sama dari 
segi moryologi. Walau bagaimanapun, kajian lanjul perlu dilakukan dengan menggunakan bilangan 
sampel yang lebih banyak dari populasi-populasi lain untuk meningkalkan keyakinan lerhadap 
keputusan yang diperolehi dari kajian ini. Analisis PCR-RFLP tidak menunjukkan sebarang 
polimorfzsme antara sampel ikan B. schwanenfeldii dari Serting Hilir dan ikan tengadak dari 
Sarawak. Secara amnya, kajian ini lelah menunjukkan analisis lurulan DNA mempunyai kelebihan 
dalam mengesan kehadiran variasi genetik yang kecil, alau substitusi sinonim berbanding analisis 
PCR-RFLP bagi gen mlDNA sitokrom b. Berdasarkan aspek biogeograji, Semenanjung Malaysia dan 
Sarawak mempunyai perhubungan tetapi lelah lerpisah setelah berlakunya Pleistocene era yang 
wujud kira-kira 10 000 tahun dahulu. 

Kala kunci: Variasi genetik, analisis PCR-RFLP, analisis turutan DNA, Pleistocene era 



INTRODUCTION 

For more than a century, systematists have sought to organize fish diversity by 

studying aspects of their external and internal morphology (Stepien et at., 1997). Over 35,000 

species of fish have been described so far, where approximately 100 new species are 

described every year (Maitland, 1992). The greatest diversity of freshwater fishes are found in 

tropical South America, Africa and South East Asia (Helfman et at., 1997). The family 

Cyprinidae is currently considered as the largest family of freshwater fish in tenns of their 

abundant genera and species throughout Malaysia. According to Mohsin and Ambak (1983), 

B. collingwoodi had previously synonymized under B. schwanenfetdii due to their close 

similarity in morphology. 

During the Pleistocene Epoch of the Neogene's Period, the fish diversity of South East 

Asia area was once affected. The Pleistocene was characterized by multiple stage of 

glaciation, which caused ice to advance and retreat approximately every 100 000 years 

beginning about 2 million years ago (Dott and Prothero 1994). Biogeographically, Malaysia is 

situated in the Oriental region. According to Mohsin and Ambak (1983), Peninsular Malaysia, 

southern Thailand, southern Indo-China, Sumatra, Java and Borneo were once parts of the 

submerged Sunda Platfonn. Following the Pleistocene age, Borneo Island was separated from 

Peninsular Malaysia by South China Sea. During middle Pleistocene when sea level was at its 

lowest, the eastern slopes of Peninsular Malaysia, North Borneo and Sumatera drained into 

the North Sunda River. Most of the major river systems in Sarawak drainage flow to the 

South China Sea (Dodson, et at, 1995). Freshwater fish fauna of Peninsular Malaysia and 

Borneo Island would have intennixed in these lowlands. When sea levels rose, this great river 

system submerged from 40 to 100 metres below the surface of the sea. Borneo Island was 

fonned and was separated from the mainland by the South China Sea. According to Halliday 
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(1993), genetic drift may become the major force in generating genetic variation among 

populations in this region. 

In this study, B. schwanenfeldii was chosen to test the glacial effects on the genetic 

diversity of freshwater fish during the Pleistocene low sea levels. B. schwanenfeldii is a river

dwelling fish and morphologically similar to Barbonymus gonionotus (Java barb fish). 

According to Mohsin and Ambak (1991), B. schwanenfeldii is widely distributed in all rivers 

and lakes in Peninsular Malaysia particularly in Pahang, Perak, Kelantan, Terengganu and 

Selangor. In Borneo, this fish is indigenous to the upper and mid-zone of Rejang River 

system, as well as Limbang and Batang Ai rivers (Litis et aI., 1997). Inger and Chin (1962) 

stated that there is no reported on the existence of B. schwanenfeldii in North Borneo. We 

believed that there could be a species barrier between or near the border of Sarawak and 

Sabah that may lead to this unexplained scenario. 

The sequence evolution of mitochondrial DNA of freshwater fish has been relatively 

well studied in the phylogeographic structure and in clarifying the phenomena of postglacial 

colonization (Dodson et aI., 1995; Wang et aI., 2000). Fish mitochondrial genomes are 

effectively inherited maternally, haploid, apparently non-recombining and therefore 

correspond exactly to the model of bifurcating evolutionary tree (Stepien and Kocher 1997). 

Likewise, as an increasingly important genetic marker, mtDNA could be used effectively to 

resolve various levels of questionable taxonomic and systematic status, depending on the 

select region and the variation. 

The cytochrome b is probably the best-studied mtDNA gene in fishes. The cytochrome 

b gene encoded transmembrane protein and is important in the respiratory chain of cellular 

metabolism (Stepien and Kocher 1997). It has been used to analyze relationships among 

species, phylogeographic questions and population genetic (Zbu et al., 1996; Jansson and Ost 
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1997). Wang et al., (2000) had used cytochrome b gene to assess the genetic and 

phylogeographic structure of Acrossocheilus paradoxus populations from Taiwan. Overall 

mtDNA substitution rates are estimated 5-10 times greater than in 'single-copy' nuclear DNA, 

and commonly occur in transition or transversion form (Hartl and Clark 1989; Hoelzel and 

Dover 1991). 

Among all the techniques used to assess variation, DNA sequencing give the greatest 

resolution (Amos and Hoelzel 1992) as it allows for direct compassion of changes at the 

amino acid level. One advantage of DNA sequence data is that it can be used for phylogenetic 

reconstruction. Tree construction using sequences from several populations of B. 

schwanenfeldii, produces gene genealogy, which resulted from a number of 

microevolutionary processes including aspects of genetic transmission (Hartl and Clark 1989). 

In this study, PCR-RFLP analysis using amplified cytochrome b mtDNA gene 

was used to study the genetic variation in several populations of B. schwanenfeldii in 

Malaysia. Simple sequence organization, maternal inheritance and absence of recombination 

make mtDNA an ideal marker for maternal genealogies (Harrison, 1989). Genetic variation, 

in the form of multiple alleles or haplotypes for many individual loci, exists in most natural 

popUlations (Hartl et at., 1989). Analysis of restriction fragment patterns of B. schwanenfeldii 

between several populations was done to develop picture of cytoplasmic genome 

differentiation. Previous researches on mitochondrial DNA (mtDNA) RFLP analysis of 

Cyprinodon bovines and Cyprinodon variegates (Echelle et al., 1997) and mtDNA RFLP 

analysis of Fundulus heteroclitus (Villasenor et al., 1990) have shown the effectiveness and 

usefulness of this molecular analysis in fish taxonomy studies. 

4 




B. schwanenfeldii is currently considered as one of the valuable and highly 

priced cyprinid in Malaysia due to its high-quality meat and nice taste (Mohsin and Ambak 

1983; Litis et al. , 1997). Previous research by Kamarul (2002) on the genetic variation of 

several populations of B. schwanenfeldii (Bleeker 1853) using isozymes analysis, PCR-RFLP 

analysis and DNA sequence analysis of cytochrome b mtDNA gene. Genetic variation was 

examined between three different samples of B. schwanenfeldii from Serting Hilir, Negeri 

Sembilan and both Sarawak B. schwanenfeldii and Indonesian B. schwanenfeldii from Kapit, 

Sarawak. The results from phylogenetic analysis showed the existence of high genetic 

differentiation between local B. schwanenfeldii and Indonesian B. schwanenfeldii from Kapit, 

Sarawak but show a little genetic difference. The objective of this study is to assess genetic 

variation of B. schwanenfeldii in several river systems throughout the Malaysia, to construct a 

pbylogeographical tree, to see their genetic relationship and to assess levels of population 

structuring. 

MATERIALS AND METHODS 

Sample collection and location 

Samples of B. schwanenfeldii were collected from seven populations in Peninsular Malaysia 

and three populations from Sarawak (Table I). Fish were sampled using a variety of fishing 

methods, including seine net, gill nets, cast nets and fishing rod. Additional samples were 

obtained from Tarat Indigenous Fisheries Production and Research Station in Serian for the 

study. Fresh samples, B. schwanenfeldii fish from Kapit, Sarawak were stored at -80°C 

freezer for long-term storage. The other samples were preserved in 95% ethanol and stored at 

-20°C fridge until genetic analyses were performed. 
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DNA extraction, amplification and sequencing 

Total genomic DNA was extracted from muscle tissue from both fresh and ethanol samples 

following a modified CTAB procedure as described by Grewe et al., (1993) with the presence 

of Proteinase K. Pelleted DNA was redissolve in 100 j.lL of sterilized distilled water. The 

quality and approximate yield was determined by electrophoresis on a 1% agarose gel 

containing ethidium bromide at 90 V for 30 min. Isolated genomic DNA was used for 

mtDNA analysis. Approximately 450 base pairs (bp) section of the mtDNA genome from the 

cytochrome b region was amplified using standard polymerase chain reaction (PCR) 

procedures in a Biometra (T-Personal) thermocycler machine. 

Two universal cytochrome b primers were used: 


GludG-L 5' - TGACTTGAARAACCAYCGITG - 3' (forward) 

CB2-H 5'- CCCTCAGAATGATATITGTCCTCA - 3' (reverse) (Palumbi et a!., 1991) 


Optimization of PCR was done using a 50111 reaction mixtures containing 4.0 j.lL of 

the DNA, 31.75 ilL sterilized distilled water, 0.25 ilL Taq DNA polymerase, 5.0 ilL lOX 

reaction buffer, 1.0 j.lL dNTP (l0 mM), 3.0 ilL Magnesium chloride (25 mM ) and 2.5 j.lL of 

each primer (10 j.lM). PCR amplification conditions were 5 mm at 96°C for initial 

denaturation, 30 cycles for 45 sec at 95°C for denaturation, I mm 30 sec at 47°C for 

annealing, 1 min 30 sec at nOc for elongation and 7 min at nOc for final elongation. Master 

mix was used for large quantity of PCR reactions. The amplified products were visualized on 

1% agarose gel containing ethidium bromide, run for approximately 30 min at 90 V and 

photographed under UV light. A digested lambda DNA (GeneRuler™ 1 kb DNA Ladder) was 

used as a standard size marker (Fermentas). PCR products obtained were later purified using 

DNA purification kits (Fermentas and Promega) according to the manufacturer's instructions. 
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Purified PCR products were pelleted and air-dried before sending to First Base Laboratory for 

sequencing. 

PCR-RFLP Analysis 

Five PCR products of B. schwanenfeldii from Sarawak, four PCR products of B. 

schwanenfeldii fish from northern Peninsular Malaysia (Perak and Perlis) and two PCR 

products of B. schwanenfeldii fish from Serting Hilir, Negeri Sembilan were digested with 8 

restriction enzymes from Fennentas (SspI, Csp61, HpaII, EcoRI, BamHI, BsuRI, AluI and 

Mspl) to generate haplotypes. 4 ilL of the PCR product was incubated in 6 ilL restriction 

digest, containing 4 ilL sterilized distilled water, I )lL manufacturer's lOX buffer (Fennentas) 

and I ilL restriction enzyme for 3-4 hours or overnight at 37°C. The DNA fragments were 

separated on 3% agarose gels containing ethidium bromide, run for approximately 1 hour 30 

min at 70V, and photographed under UV light. A digested lambda DNA (GeneRuler™ 100 

bp DNA Ladder or GeneRuler™ Low Range DNA Ladder) was used as a size marker 

Sequence Analysis 

CHROMAS (Version 1.45) program was used to display fluorescence-based DNA sequence 

analysis results. Multiple sequence alignment for forward reactions of cytochrome b partial 

sequences of B. schwanenfeldii was done using CLUSTAL X program (version 1.81; 

Thompson et al., 1997), and subsequently aligned by eye. Molecular Evolutionary Genetics 

Analysis (MEGA) version 2.1 (Kumar et al., 200 I) was used to reconstruct neighbour-joining 

(NJ) tree (Saitou & Nei 1987) and maximum parsimony tree. MEGA program was also 

utilized to examine other relevant analyses such as distance matrix. Sequence of Helostoma 

temminckii from Bakong, Sarawak was included as an outgroup. Phylogenetic confidence was 

estimated by bootstrapping (Felsenstein 1985) with 1000 replicate data sets. The level of 
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genetic diversity between, within and among populations and geographical regions were 

quantified by pairwise estimates of nucleotide diversity (Pi, Jukes & Cantor 1969); level of 

gene flow (Nm) and F-statistic analysis (Fst) from Hudson et aI., (1992). The parameters were 

analyzed using DNA Sequence Polymorphism (DnaSP) version 3.53 (Rozas & Rozas 1999). 
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Figure 1. Location map ofB. schwanenjeldii study areas in Malaysia. Each study area is 
detailed in Table 1. 
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TABLE 1. Description of B. schwanenJeldii samples from several populations in 
Malaysia. 

Study sites Number of fish for DNA sequence Individual abbreviations 
analysis 

~------~.~ ~~-----------------------------------------------------------------------------

Peninsular Malaysia 

Pulau Banding. 
Perak (BSFPB) 

Tasik Timah Tasoh, 
Perlis (BSFTT) 

Serting River 
Pulapah Lama Road, 
Negeri Sembilan (BSFPL) 

Triang Selatan 2, 
Serting Hilir (BSFTS) 

Jerantut 
Padang Piol 
Jerantut (BSFPP) 

Muar River 
Sungai Muar, 
Johor (BSFM) 

Ayer Hitarn 

Sarawak 
Batang Rajang 
Kapit, 

Sarawak (BSFK) 


PakuRiver 
Paku River, Betong, 
Sri Aman (BSFB) 

Bau 
Bau, Kuching (BS:FBS) 

Total 

3 

3 

3 

3 

2 

4 

2 

23 

BSFPBl 
BSFPB2 
BSFPB3 

BSF1Tl 

BSFPLl 
BSFPL2 
BSFPlA 

BSFTSI 
BSFTS2 
BSFTS3 

BSFPPI 
BSFPP2 
BSFPP3 

BSFMl 
BSFM3 

BSFAHI 

BSFKll 
BSFK12 
BSFK14 
BSFK15 

BSFB2 
BSFB3 

BSFBSI 

• Location and individual abbreviations are used in figures, tables and text. 
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RESULTS 

DNA Extraction 

DNA extraction from fresh samples of B. schwanenfeldii in Sarawak produced high 

quality DNA, based on the appearance of a single and bright band on polaroid film. All single 

bands of isolated DNA were observed above the position of 10 kb. 

1 2 3 456 7 8 9 10 

10,000 bp 

FIGURE 2. DNA extraction. Lanes 1-4 and 7-10 show some of the presence of 
bright extracted DNA bands. Lane 5 represents GeneRule?M 1 kb DNA 
Ladder (Fermentas) as a standard size marker while lane 6 represents 
negative control. 

Some tissue samples of B. schwanenfeldii did not completely dissolve after I hour at 

65°C due to high amount of tissue. Longer time was needed to ensure that all the remaining 

tissue dissolved entirely. Furthermore, in case of undissolved tissue after 1 hour 30 min, 5 ilL 

of Proteinase K was added into the mixed suspension. Good handling of DNA extraction 

resulted in the retrieval of DNA. Since there was no compatible size marker provided for the 

size estimate of isolated DNA, GeneRuler™ 1 kb DNA Ladder was used as a standard size 

marker. A single and bright band should appear above the range of the 1 kb DNA ladder. 
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Polymerase Chain Reaction (PCR) 

Generally, all DNA samples of B. schwanenfeldii from Sarawak and B. schwanenji!ldii 

fish from Serting Hilir, Negeri Sembilan and other part of Peninsular Malaysia gave high 

yields of single band PCR products (Figure 3). Purification of all select PCR products showed 

bright, clean and single bands on polaroid film without 'primer-dimer' (result was not shown). 

PCR band was not observed in the negative control in line 6. Primer-dimer was observed in 

lane 7 as shown by the low molecular weight PCR band. The single band position is between 

450 bp and 500 bp, co-migrating with linearized 100 bp lambda DNA (GeneRuler™ 1 00 bp 

DNA Ladder). 

.1 1 3 456 7 8 9 10 

500 bp 

Primer-dimer 

FIGURE 3.PCR products. Lanes 1-4 and 7-8 indicate some of PCR products of B. 
schwanenfeldii for cytochrome b mtDNA gene. Lane 6 represents negative 
control reaction and laneS represents GeneRuler™ 1 00 bp DNA Ladder 
(Fermentas) as a standard size marker. 

PCR-RFLP Analysis 

PCR-RFLP analysis of cytochrome b mtDNA gene using 8 restriction enzymes did not 

reveal any polymorphism between B. schwanenjeldii from Sarawak and B. schwanenjiddii 

from Serting Hilir, Negeri Sembilan and other populations in Peninsular Malaysia. 
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Monomorphic restriction patterns were obtained with Csp6l, BamHI and BsuRI (Figure 6) 

and no restriction sites were found with SspI, HpaII, EcoRI, AluI and MspI (results were not 

shown). The polaroid film show three haplotypes patterns. Lane 1-3 show the digestion 

fragment for Csp6l, lanes 4-6 shown the digestion fragment for enzyme BamHI, lanes 9-10 

shown the digestion fragment for BsuRI enzyme and lane 7 is the uncut product. 

1 2 3 4 5 6 7 8 9 10 

500 bp 
400bp 
300 bp 

200bp 

100 bp 

FIGURE 4. PCR-RFLP analysis. Lanes 1-3 show Csp61 digestion, lanes 4-6 show BamHI 
digestion and lanes 9-10 show BsuRI digestion. Lane 7 is the undigested and 
original PCR product of cytochrome b mtDNA gene. GeneRuler™ 1 00 bp DNA 
Ladder (Fennentas) is indicated in lane 8 as a standard size marker. Lanes 1, 4 
and 9: digested PCR products of B. schwanenfeldii; lanes 2 and 5: digested peR 
products of Pulau Banding, Perak; lanes 3, 6 and 10: digested peR products of B. 
schwanenJeldii fish from Serting Hilir, Negeri Sembilan. 

Csp6l digestion of B. schwanenfeldii from Sarawak and B. schwanenfeldii from 

Serting Hilir, Negeri Sembilan and Perak showed the presence of partial digestion. This was 

indicated by the appearance of a band that is linear to the position of original peR product in 

lane 7 (Figure 4). 

DNA Sequence and Length 

A total of 23 samples were sequenced. They all produce good signal. Out of 23 

samples, 7 samples were from Sarawak and 16 samples were from Peninsular Malaysia. H. 
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temminckii is useed as an outgroup. A total of 400 base pairs (including gaps) of cytochrome 

b portion of the mtDNA was obtained and aligned prior to DNA sequence analyses. There are 

a total of 114 out of 41 0 variable sites while 30 out of 41 0 parsimony site. 

Phylogenetic Tree Patterns 

All phylogenetic trees recovered from the two analyses (neighbour-joining and 

maximum parsimony) shows very similar topology (Figure 5 and Figure 6). Overall, the 

patterns revealed two major groups, which clustered the samples according to geography. The 

first clade, consists of samples from Sarawak and the second clade, only consist of individuals 

from Peninsular Malaysia. 

Population structure (FST ) and nucleotide diversity (Pi) 

The nucleotide diversity within the Peninsular Malaysia region (2.8%) was higher than 

within the Sarawak region (0%). The extent of gene flow level (Table 4) between peninsular 

Malaysia and Sarawak was low (Nm = 0.61). The higest haplotype diversity value is 1.000 and 

the lowest haplotype diversity value is 0.000. The highest nucleotide diversity value within 

population in Malaysia is 0.031 and lowest is 0.000. High levels of gene flow were indicated 

between BSFK and BSF AH, BSFK and BSFTT, BSFBS and BSF AH, BSFBS and BSFTT, 

BSFB and BSFAH, BSFB and BSFTT (l.000). However, the levels of gene flow between 

BSFPP with BSFTS populations and within all the Sarawak populations were relatively low 

with 0.000. The population structuring between mainland of Peninsular Malaysia and 

Sarawak as the Bornean part representative, which has been estimated from F-statistic 

analysis was likely high (FsI = 0.449). Geographically, BSFPP and BSFTS are connected to 

each other in Peninsular Malaysia populations traversed by Serting River (Figure 1, Table 1). 
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TABLE 2. Haplotype (h) and nucleotide diversity, (Pi) within 10 populations of 
B. scllwanenfeldii in Malaysia. 

Study sites Sample size Haplotype Nucleotide 
diversity, (h) diversity, (Pi) 

Pulau Banding 3 0.666 0.002 
Tasik Timah Tasoh 1 0.000 0.000 
Pulapah Lama Road 3 1.000 0.031 

Triang Selatan 3 1.000 0.029 
Padang Piol 3 1.000 0.027 
Sungai Muar 2 1.000 0.005 
Ayer Hitam 1 0.000 0.000 

Peninsular Malaysia 16 0.028 

Kapit 4 0.000 0.000 
Paku River, Betong 2 0.000 0.000 

Bau 1 0.000 0.000 
Sarawak 7 0.000 

Sarawak and Peninsular 23 0.024 
Malaysia 
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TABLE 3. F-statistic analysis ofpopulation structuring, Fst between populations ofB. schwanenfeldii in 
Malaysia. Abbreviations refer to individuals in populations identified in Table I. Bold numbers 
show the highest and lowest Fst values. 

Sarawak PM 
BSFK BSFB BSFBS BSFPB BSFPL BSFfS BSFPP BSFM BSFAH BSFIT 

Sarawak 
BSFK 
BSFB 0.000 

BSFBS 0.000 0.000 
PM 

BSFPB 0.969 0.969 0.969 
BSFPL 0.609 0.609 0.609 0.678 
BSFfS 0.414 0.414 0.414 0.581 0.000 
BSFPP 0.568 0.568 0.568 0.653 0.038 0.000 
BSFM 0.750 0.750 0.750 0.800 0.469 0.130 0.378 

BSFAH 1.000 1.000 1.000 0.955 0.647 0.514 0.600 0.750 
BSFIT 1.000 1.000 1.000 0.941 0.581 0.346 0.541 0.500 1.000 

TABLE 4. Gene flow 

FST Nm 
Sarawak vs Peninsular Malaysia 0.449 0.61 
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DISCUSSION 

DNA Extraction 

The samples of B. schwanenfeldii from Kapit, Sarawak are well preserved in -80°C 

fridge for long tenn storage. Preservation of B. schwanenfeldii fish samples from Serting 

Hilir, Negeri Sembilan and other part of Peninsular Malaysia in -20°C fridge, with 

pretreabnent with ethanol preservation also showed the presence of high molecular weight or 

high quality DNA (Annstrong et al., 1997). 

Polymerase Chain Reaction 

Negative control was used as the control for reaction specificity. By using negative 

control, we can test that the PCR master mix is not contaminated. The fonnation of 'primer

dimer' was sometimes observed below the expected PCR product band (Figure 3). According 

to Newton et ai., (1994), 'primer-dimer' fonnation is an amplification artifact caused when 

one primer is extended by the polymerase using the other primer or itself as a template, 

resulting in a short incorrect product. This fonnation may be seen clearly especially when the 

low quality and degraded DNA was use for PCR reaction. 

PCR-RFLP Analysis 

The insufficient volume of Csp61 restriction enzyme for reaction may cause this 

condition. In this PCR-RFLP analysis, "smile effect" sometimes occurred in the horizontal 

separation of DNA fragments over extended distances, where the outside lanes migrated 

slower than the inner ones. According to Allen et al., (1993), when drying occurs at the edges 

of gels, the ionic strength at the outer edges of the gels is increased and the sample 
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components move slower, causing the smile effect. The "frown effect" was also observed 

especially when the IX TAB buffer for electrophoresis was reused for many times. 

Patterns of geographical subdivision (FST) analysis are shown in Table 3. Overall, FST 

analysis indicated a " low-gene-flow" between studied populations. The "high gene flow" 

species are expected to exhibit lower estimates of FST (> 0.20, see Avise 1994). The 

nucleotide diversity of Peninsular Malaysia and Sarawak may be considered as similar, due to 

the small difference in percentage. The extent of gene flow level between Peninsular Malaysia 

and Sarawak was low (Nm =0.61). The outcome was expected based on the current separation 

of Borneo Island from Peninsular Malaysia by South China Sea. The population structuring 

between mainland Peninsular Malaysia and Sarawak as the Bomean part representative, 

which has been estimated from F-statistic analysis was likely high (Pst = 0.449). These two 

types of data gave valuable clarification towards the Pleistocene events. The highest 

haplotype diversity value indicates ancestral population and the lowest value indicate founder 

event due to recent colonization and population bottleneck. However, the result was not 

conclusive due to low sample sizes. Fst = 0.000 indicated the panmictic population and Fst = 

1.000 indicate there are no genetic exchange. A total of 24 partial sequences (400 bp) of 

cytochrome b mtDNA gene were aligned where including one sequence of Biawan fish 

(Helostoma temminckii) as outgroup. The neighbor-joining (NJ) tree (Figure 5) of B. 

schwanenfeldii populations revealed a major clade of B. schwanenfeldii samples from 

Sarawak and Peninsular Malaysia and another clades of B. schwanenfeldii samples from 

Peninsular Malaysia region only. 

The parsimony tree (Figure 6) apparently indicated two major clades too: one clade 

consisted of B. schwanenfeldii samples from Peninsular Malaysia only and another clade of B. 

cltwanenfeldii from Sarawak together with the peninsular population. Regarding the NJ tree, 
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the clusterings showed by parsimony tree suggest the possibilities of genetic drift impacts on 

the Borneo populations, subsequently led to the genetic variation in B. schwanenfeldii 

mtDNA genome. In general, the phylogenetic relationship inferred using NJ and parsimony 

methods revealed two major groups: the clade of B. schwanenfeldii samples from Peninsular 

Malaysia and another clade of B. schwanenfeldii samples from Sarawak. 

Genetic diversity and population structure 

The major way of preventing gene flow between two populations thus allows an 

evolution of a genome adapted to local condition is the geographical isolation of allopatric 

populations (Hall 1983). Following the Pleistocene age, Borneo Island have be associated 

with the isolation after the profound North Sunda River submerged 40 to 100 metres, and the 

sea level increased up to 100 metres and these may led as geographic barrier to gene flow 

between populations of B. schwanenfeldii from Peninsular Malaysia and Sarawak. The 

sepamtion of Borneo Island from mainland of Peninsular Malaysia was suspected to cause 

accumulative genetic drift. Overall, the low level of gene flow and the high value of 

population structuring between Peninsular Malaysia and Sarawak were likely agree with the 

springboard model which produces a correlation of gene frequencies like the gene flow that 

decreased as the geographical distance between populations increases. 

There are similarity presumably indicated remnants of identical haplotypes from both 

lineages, and they were essentially same at one time before separation. Interestingly, the result 

Ibat we get from the study suggesting an identical genetic inheritance among individuals of B. 

schwanenfeldii from Sarawak (Table 3) where there was no genetic differentiation between 

the individual of B. schwanenfeldii from Paku River, Betong, Sarawak, from Kapit, Sarawak 

and from Bau, Sarawak. Additionally, we believed that the recent introduction of B. 
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schwanenfeldii fries by the state fishery departments into several rivers in Sarawak could 

contribute to the identical genetic relationship. 

Pbylogeograpby 

As discovered by the phylogenetic trees (Figure 5 & Figure 6), two major groupings 

consisted of a group of Peninsular Malaysia populations and another particular group of 

Bomean populations, were corresponding to the low level of gene flow observed between the 

two geographical regions. These conditions can show that the South China Sea was 

considered as the strictly extrinsic factors, which may lead to the restriction of gene flow 

between the two geographical regions. In a big isolated population, gradual adaptation to a 

new condition could allow a genome to evolve slowly. We suggested that during the isolation 

period of Borneo Island after the increasing of sea level in Pleistocene Epoch, there was no 

more genetic change in B. schwanenfeldii for both populations. The seperation of Peninsular 

Malaysia following the Pleistocene age have generated a barrier to the gene flow between 

both populations, so the populations would diverge in allopatry. However this condition is not 

long enough to accumulate a distinct signature for the Sarawak population. From the 

expectation on the study is that there would be genetic differences between the Sarawak 

population and Peninsular Malaysia population as in the modem day, dispersal dose not 

occurred. The result shows that B. schwanenfeldii from Sarawak is genetically closer to 

Peninsular Malaysia than what we expected. The most likely explanation is that the genetic 

structure seen today is a reflection of the past historical event during the Pleistocene age. 

During the Pleistocene, faunal exchange between Sarawak and Peninsular Malaysia would 

have occurred, thus the vast network of river systems on the Sunda Shelf. 
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5. Neighbour-joining tree of the populations ofB. schwanenfeldii inferred 
from cytochrome b mtDNA gene. Abbreviations refer to individuals in 
populations identified in Table 1. The tree was rooted with a sequence of 
Biawan fish (Helostoma temminckii) from Bakong, Sarawak. Kimura 

rJ) .,= 
= 
~ 
~ 
~ 

""d 
I'D 
;:I
5· 

-~ = 
.,= 


-~ f:C 

=_.

~ 

= 


2- parameter distance (1980) with 1000 replications was used. Numbers at 
nodes indicate the bootstrap values in percentage. 
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2-parameter distance (1980) with 1000 replications was used. Numbers at 
nodes indicate the bootstrap values in percentage. 
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