Q t,;
813

-

F57

q;

2003

Genetic Analysis of Several Populations of Semah Fish (Tor douronensis) Using DNA
Sequencing Of Cytochrome b Mitochondrial DNA Gene and Restriction Fragment
Length Polymorphism (RFLP).
Quistina Thomas
ProlZramme Resource BiotechnololZv
Facult P.KHIDMAT MAKLUMATAKADEMIK gy
UNIMAS

ABSTRACT

111111111111111111111111111 II
0000115762

In this study, genetic vanatlOn of cyprinid Semah fish, Tor douronensis from three
.. populations, Batang Layar, Vlu Limbang and Ba' Kelalan was analyzed using sequencing
and RFLP methods of amplified product obtained from cytochrome b mitochondrial DNA
(mtDNA) gene. DNA of T douronensis was extracted, amplified by peR, purified and
subjected to DNA sequencing analysis. Since only two samples of T douronensis were
successfully sequenced, phylogenetic relationship with the inclusion of nucleotide
sequences of other four cyprinids (Puntius schwanenfeldii, Hampala macrolepidota and
Hampala bimaculata) was conducted. It was showed T dourenensis has closed
phylogenetic relationship with P. schwanenfeldii rather than other cyprinids and appears as
a sister-taxon to P. schwanenfeldii. peR amplification also subjected to restriction enzymes
analysis to analyze genetic differentiation in populations of Batang Layar and Vlu
Limbang. However, these data still could not be used to distinguish between the two
populations, as all the samples gave the same restriction patterns.

Key words: Tor douronesis, genetic variation, peR, cytochrome b mtDNA, DNA
sequencing, phylogenetic analysis, RFLP analysis.
ABSTRAK
Dalam kajian ini, variasi genetik cyprinid ikan Semah, Tor douronensis dari tiga populasi,
Batang Layar, Ulu Limbang dan Ba' Kelalan dianalisis menggunakan kaedah penjujukan
DNA dan RFLP ke atas gen mitokondria DNA sitokrom 12 yang telah diamplifikasi. DNA T
douronensis diekstrak, diamplifikasi menggunakan PCR, ditulenkan dan disediakan untuk
analisis penjujukan DNA. Oleh kerana hanya dua sampel T douronensis berjaya dijujuk,
hubungan filogenetik dengan penambahan empat jujukan nukleotida cyprinid lain (Puntius
schwanenfeldii, Hampala macrolepidota and Hampala bimaculata) dilakukan. T
douronensis didapati mempunyai hubungan filogenetik yang rapat dengan P.
schwanenfeldii lebih daripada cyprinid yang lain dan T douronensis wujud sebagai
'sister-taxon' kepada P. schwanenfeldii. Produk PCR yang amplifikasi juga disediakan
untuk analisis enzim restriksi untuk analisis perbezaan genetik di antara populasi Batang
Layar dan Ulu Limbang. Namun, data ini masih tidak boleh membezakan di antara dua
populasi tersebut kerana semua sampel memberikan bentuk restriksi yang sama.
Kata.kunci:

Tor douronensis. variasi genetik. peR, mtDNA sitokrom Q, penjujukan
DNA, ana lis is filogenetik. analisis RFLP.
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INTRODUCTION

Tor douronensis (Valenciennes) or locally known as ikan Semah, belong to the
family Cyprinidae. Semah fish has been name as the State Fish of Sarawak (Inland
Fisheries Division of the Sarawak Department of Agriculture, 1997). Generally, this species
can be found in Borneo Rivers, Peninsular Malaysia, Indonesia and Thailand (Khan et aI,
1996). In Sarawak, the fish can be found in the upper region of several major rivers such as
Rejang River, Baram River, Vlu Limbang, Batang Ai and Batang Layar (Inland Fisheries
Division of the Sarawak Department of Agriculture, 1997). The fish often reaches 40cm in
length and up to 5 kg in weight. It is highly esteemed for food (Inger & Chin, 1962). It is a
valuable fish and identified as an endangered a species due to the over exploitation and
pdilution of their habitat (Khan et aI., 1996). To date, there is no available or published
rep9rt on genetic studies of the fish in Malaysia. Hence, systematic and genetic of the fish
is still not clear. In 1994, the study of oocyte and ovary development stages of Semah fish
ill...Selabung stream, lake Ranau, south Sumatera had been carried out by Hardjamulia et aI.
(1995). In Sarawak, studies to assess the performance of this important species under the
'aquaculture production systems have been carried out in 1994 (Inland Fisheries Division of
~ .the Sarawak Department of Agriculture, 1997).
~
Most molecular studies which particularly focusing upon differences at the
sequence level for evolutionary studies have employed mitochondria DNA (mtDNA).
¥itochondria genome of vertebrates is relatively small, single, double-stranded and circular
DNA molecule contained in mitochondria (Meyer, 1994) and ranging in size from 16.2 to
19.5 Kb in fishes including cyprinids (Buth et aI., 1991). The mtDNA, which playing an
important role as a genetic marker in population and evolutionary biology (Harrison, 1989),
provides useful information for fish population and phylogenetic analysis. There are four
important features of mtDNA that support this statement; 1) Its clonal inheritance (Stepien
& Kocher, 1997). Fish mtDNA is haploid and recombination is absence, 2) mtDNA
evolves quickly than most nuclear genes (Stepien & Kocher, 1997), which facilitates
identification of the informative phylogenetic characters among closely or related species
and population, 3) mtDNA is maternally inherited (Harrison, 1989) and, 4) mtDNA may be
not longer being appropriate to consider that substitutions in mtDNA accumulate according
to a strictly neutral process (Stepien & Kocher, 1997). Few studies of mtDNA have been
done to evaluate cyprinid population structure. For example, Dowling and Hoeh used
mtDNA to study population structure in the cyprinids Luxilus cornutus and L.
chrysocephalus from Michigan and Ohio respectively (Hoelzel & Green, 1992). They
found that the populations among river drainages were different. Many studies of mtDNA
also have analyzed Restriction Fragment Length Polymorphisms (RFLPs). The studied
mitochondrial gene in fishes includes the cytochrome b gene, mitochondrial ribosomal
genes (12s and 16s rRNA subunits) and displacement loop (D-loop).
Advances in molecular biology have developed various molecular techniques or
DNA methods include those examine the sequence of specific DNA molecules through
Restriction Fragment Length Polymorphism (RFLP) and nucleotide sequencing. DNA
sequences could be characterized either by using RFLP or by directly obtaining the
nucleotide sequence of the molecule. RFLP analysis of DNA uses restriction enzymes
(REs) to cut DNA at specific sites, four or six base sequences (Hoelzel, 1992). This
technique provides estimates of levels of sequence variation (Hoelzel & Green, 1992).
Advent of Polymerase Chain Reaction (PCR), which allows the enzymatic amplification of
microgram quantities of specific DNA sequences (Hoelzel & Dover, 1991) has facilitated
both RFLP and sequencing analyses in fish genetics. PCR is a very fast way to screen for
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variation between a large number of individuals in a study population in combination with
RFLP or DNA sequencing analysis (Hoelzel & Dover, 1991). Sequence variation and a
new level of phylogenetic can be investigated and analyzed easily and rapidly. For
example, Cocolin et aI. (2000) applied a rapid and reliable PCR-RFLP method by using
cytochrome b gene to distinguish between four species of marine fish fillets that are
seabass, seabream, umbrine and dentex. Apart from that, DNA sequencing is the optimal
method of popUlation comparison both in terms of high resolution and of facilitating
interpretation (Hoelzel & Green, 1992), which provides a useful and informative DNA
sequence data for studying phylogenetic analysis. With these characters, combination of
PCR and DNA Sequencing approach enabled the studying relationships among both close
and distant relatives (Stepien & Kocher, 1997). Screening of variation between large
oombers of individuals in studying popUlation also can be done rapidly (Hoelzel & Green,
1992). PCR-DNA sequencing analysis have been used in genetic studies of fish such as
analysis of mitochondrial control region sequence variation in the Galaxias vulgaris
complex, a group of freshwater-limited galaxiid fishes endemic to South Island, New
Zealand by Waters and Wallis (2000).
Moreover, the introduction of primer sequences with wide phylogenetic utility
, ( 'uhiversal primers') allowed the rapid amplification of particular sequences from a large
number of samples and created an explosions of studies using DNA sequences to analyze
phylogenetic (Stepien & Kocher, 1997). The cytochrome b gene is probably the best
studied mitochondrial gene in fishes (Stepien & Kocher, 1997). For example, analysis of
pliylogenetic relationships of the Genera of family Centrarchidae and its affinities to the
Elassomatinae using mtDNA sequences of cytochrome b (Roe et aI., 2002), analysis of
phylogenetic relationships of Percina using the mtDNA sequences of cytochrome b (Near,
2002) and genetic identification of sharks in the U.S. Atlantic large coastal shark fishery
using the mtDNA nucleotide sequences of cytochrome b and threonine tRNA by Heist and
Gold (1998).
Phylogenetic analysis is the study of evolutionary relationships among organisms,
graphically represented by phylogenetic tree. Generally, there are three types of analyses to
examine the probable phylogenetic relationships among sequences that are: 1) Maximum
parsimony method, 2) Distance method and 3) Maximum likelihood. Software program for
phylogenetic analysis include PAUP* (Phylogenetic analysis using parsimony *and other
methods). Example of analysis of phylogenetic relationship is such as done by Zardoya and
Doadrio (1998) to analyze relationships of Iberian cyprinids using the complete nucleotide
sequence of the cytochrome b, evolutionary relationships of the Plagopterins (Teleostei:
Cyprinidae) from cytochrome b sequences by Dowling et al. (2002) and phylogenetic and
biogeographic of the Sparidae (Perciformes: percoidei) from cytochrome b sequences by
Orrell et al. (2002).
The objective of this study was to analyze genetic variation in some popUlation of T.
douronensis using PCR-sequencing of amplified cytochrome b gene and PCR-RFLPs of
cytochrome b gene.

3

MATERIAL AND METHODS

Sample Collection
Samples of T douronensis were collected from three rivers in Sarawak, namely Batang
Layar (Betong), Ulu Limbang (Limbang) and Ba' Kelalan (Lawas). Samples of Ulu
Limbang were provided by Indigenous Fisheries Production and Research Center in Tarat,
Serian District and stored frozen in -80°C fridge before they were used for genetic
analyses. Samples of Batang Layar and Ba' Kelalan were preserved in 70% ethanol.
Population code, GPS (Global Positioning System) reads and number of individuals are
shown in Table 1.
.. Table 1: Collected Samples and Locations
Population Code
Location
Population 1
Batang Layar,
(SBL)
Betong
Population 2
Ulu Limbang,
Limbang
(Sal)
Ba' Kelalan,
Population 3
Lawas
(BK)

Number oflndividual
4

GPS Reads

10
6

MiddlelBuduk Bui
N 04° 00' 44.9"
E 115° 36' 44.2"
UpperlBuduk Nur/
Malaysian-Indon
Border
N 03° 58' 00.2"
E 115° 36' 53.0"

Total of Samples:

20

N:North
E: East

DNA Extraction
Total DNA of T douronensis was extracted from muscle tissue with a CTAB
protocol (Grewe et aI., 1993). Tissue samples, approximately 0.2 cm3 were dissected and
resuspended in 700 III CTAB with 10 III proteinase K and digested at 65°C for 1 hour.
Digested samples were subjected to single extraction with 600 III chloroform-isoamyl
alcohol (96:4) followed by centrifugation for 10 min at 13 000 rpm until the interphase
between aqueous and organic phase was clear. 500 III of supernatant was taken for DNA
extraction. The DNA was then precipitated with 100% ethanol and centrifuged for 10 min
at 13 000 rpm. The resulting pellet was washed with 70% ethanol and 25 III Natrium
Acetate! Natrium Chloride and air-dried. Finally, dried purified DNA was resuspended in
100 III of sterile water. Extracted DNA was stored at -20°C until further use.
The quality of DNA extract was determined by electrophoresing a 5 III aliquot of
each DNA across a 1.0% agarose gel containing ethidium bromide and observing under UV
light.
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peR AmplifICation
Amplification of mitochondrial gene was done using cytochrome b mitochondrial DNA
primer.

Glud G-L 5' TGACTTGAARAACCAYCGTTG
CB2-H
5' CCCTCAGAATGATATTTGTCCTCA

(Forward primer)
(Reverse primer)
(Palumbi et aI., 1991)

25 Jll volume of a PCR reaction was prepared in a laminar flow cabinet. The content
of reaction mixtures and their appropriate amount are described in Table 2 .
.. Table 2: PCR Reaction Mixtures Contents
Component
Component Volumes
Sterile ultra pure water
15.00
2.50
lOX Reaction Buffer
1.50
MgCh
PCR Nucleotide Mix
1.00
1.25
Upstream Primer
. Downstream Primer
1.25
Taq DNA Polymerase
0.50
2.00
'.Template DNA
Final Volume
25 fl} per reaction
DNA amplification was performed in a programmable thermal cyler (Biometra T
personal) using the following profile:
1. Initial denaturation:
2. Strand denaturation:
3. Annealing:
4. Primer extension:
5. Final elongation:

95°C for 5 minute
95°C for 45 second
48°C for 1 minute 30 second
72°C for 1 minute 30 second
72°C for 10 minute

PCR amplification was started by initial denaturation followed by 30 cycles involving step
2 to step 5.
PCR amplification products were then visualized using 1.0% agarose gel
electrophoresis containing ethidium bromide. A mixture of 4 Jll of DNA PCR product and
0.8 Jll of Gel Loading Dye (GLD) was loaded into each well. A 1 Kb Plus Ladder
(Fermentas) was used as standard ladder. The PCR amplification products were then
observed under UV light.

PurifICation of peR Products

PCR products need to be purified to clean PCR products from extraneous salts,
primer dimer, small fragments of DNA and other non-specific products prior to sequencing.
PCR products purification was done using MBI Fermentas Purification Kit. Purified PCR
- products were then visualized using 1.0% agarose gel electrophoresis containing ethidium
bromide. A mixture of 4 Jll of purified PCR product and 0.8 Jll of Gel Loading Dye (GLD)
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was loaded into each well. A 1 Kb Plus Ladder (Fennentas) was used as standard ladder.
Purified PCR products were later subjected to either DNA sequencing or RFLP synthesis.

DNA Sequencing
The 5 best samples of purified PCR products, each in a 20-25 III volume were sent
to BioSyntech Sdn Bhd for sequencing. Sequencing reaction was constructed using the Big
Dye® Tenninator v3.0 Cycle Sequencing Kit with thennal cycling perfonned in Tpersonal
Combi Thennocycler. Sequencing reaction consisted of 35 cycles of 96°C (10 sec), 55°C (5
sec), 60°C: (4 min), 4°C hold and proceed to EthanolJ Sodium Acetate precipitation and run
on an ABl PRISM® 377 DNA Sequencer. Rapid thennal ramp is lOCI sec.

Sequence Alignment and Phylogenetic Analysis
Alignment of multiple sequences was obtained with the computer program
-cLUST AL X 1.81, the alignment was manually checked and was converted to Nexus
fonnat. All phylogenetic analyses were conducted using P AUP*4.0b 10 (Swofford, 1999),
u9ing two different methods: the optimality criteria of maximum parsimony (MP) and
distance. MP analysis was conducted using heuristic search. Neighbour-Joining tree was
also generated using Hasegawa, Kishino and Yano (1985) distance (HKY -85).
Phylogenetic confidence was estimated by bootstrapping with 1000 replicate data sets.
Phylogenetic analysis was conducted with the inclusion of 4 sequences from other family
Cyprinidae (Puntius sehwanenfeldii, Hampala maerolepidota and Hampala bimaeulata)
and species Helostoma teminekii (Biawan fish) from family Helostomatidae as an outgroup
(see Table 3).

Table 3: Samples coding of Cyprinids species
Species (Local Name)
Samples coding
1 Tor douronensis (Semah)
SBL4
2 Tor douronensis (Semah)
S017
3 Hampala maerolepidota (Adong)
HBL2
JBA2
4 Hampala bimaeulata (Juak)
5 Puntius sehwanenfeldii (Tengadak)
KTL1
KTL2
6 Puntius sehwanenfeldii (Tengadak)
Biawan
7 Helostoma teminekii (Biawan)

RFLP Analysis
PCR products or purified PCR products were cut using restriction enzymes (REs) to
examine haplotype variation. Six restriction enzymes used were BsuRI, Csp61, Mspl,
Hpall, BamHl and EeoRI. 4 III of PCR product were digested with 1.5 III of restriction
enzyme at 37°C for 3-4 hours. REs used and cutting profile and all components for RFLP
are described in Table 4 and Table 5 respectively.
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Table 4: REs used and the cutting profile.
BsuRI
GG! CC
Csp61
G! TAC
MS~
CC!GG
HpaTI
CC!GG
BamBI
G ! GATCC
EcoRI
G ! AATTC
Table 5: Reaction for the DNA Restriction Analysis

Components

-.

Components volume (fll)

Sterile water
DNA (PCR product! purified PCR product)
RE lOX Buffer
RE

3.5
4.0
1.0
1.5

Total Volume

10.0 JlI

--------

RFLP-pattems were then detected using 3.0% agarose gel containing ethidiwn
bromide. A 1 Kb Plus Ladder (Fermentas) was used as a standard ladder. A mixture of 10
JLI of RFLP-products and 2 JLI of Gel Loading Dye (GLD) was loaded into each well. The
RFLP-products were then observed under UV light

RESULTS
DNA Extraction
Out of 20 T. douronensis samples, 17 samples were successfully extracted using the CTAB
method. (See table 6)
Table 6: Number of successfully extracted DNA.

Populations

Number of successfully extracted DNA

Batang Layar (SBL)
Ulu Limbang (SOl)
Ba' Kelalan (BK)

4
10

3

All samples of Batang Layar (4 samples) and Ulu Limbang (10 samples) were successfully
extracted and only 3 of 6 samples from Ba' Kelalan were successfully extracted.
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10 000 b~

500bp
250bp

Figure I: Polaroid picture of extracted DNA [M= I kb Marker (Fermentas); 1,2, 3,4, 5,6,
Extracted DNA].

=

1

peR Amplification
T.pe estimated sizes of the PCR amplified cytochrome b mtDNA were about 450 bp.
Positive result (PCR amplification) is shown as there is appearance of bands at about 450
bp in length size. Out of 17 samples, 14 samples were successfully amplified. (See Table 7)
Table 7: Number of successfully amplified DNA
Populations Number of amplified DNA
SBL
4
SOl
8
BK
2

1031 bp
500bp
100bp

Figure 2: Polaroid picture of amplified PCR products [M= Mass RulelM DNA Ladder Low
Range; C = Control, 1,2,3,4,5,6, 7= amplified PCR products].
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Purification of peR Products

10000 bp

500bp

250bp

•

Figure 3: Polaroid picture of purified PCR product [M= I Kb Marker; 1, 2, 3, 4= purified
p~ product].

DNA. Sequencing
()Qly five purified samples product with sufficient quality and quantity were sent for DNA
sequencing. Only two were produced good result, which successfully sequenced using
cytochrome b mtDNA forward and reverse primers. (See Table 8).
Table 8: Number of successfully sequenced DNA.
Number of successfully sequenced DNA
Populations
SBL
1
SOl
1

Phylogenetic relationships of T. douronensis with other Cyprinids
Phylogenetic analysis of three populations of T. douronensis (SBL, SOl and BK)
could not be performed due to the failure of getting the DNA sequence from populations of
BK. Instead of that, phylogenetic relationships of T. douronensis with other Cyprinids
based on the analyses of cytochrome b nucleotide sequences was performed, with particular
emphasis on T. douronensis species. DNA sequences of other 4 cyprinid species were
retrieved from UNIMAS Molecular Ecology Laboratory. Helostoma teminckii (Biawan
fish), from family Helostomatidae was chose to be the outgroup.
A total of 427 were aligned for two T. douronensis taxa (from Ulu Limbang and
Batang Layar respectively), with 41 were phylogenetic ally informative sites. The transition
to transversion ratio was 1: 1.5.
A total of 427 bp were aligned for all seven taxa (SBL4, SOI7, HBL2, JBA2, KTLl
and KTL2) including Biawan as an outgroup. By using parsimony criterion, 260 were
constant sites and 91 were phylogenetically informative sites. Based on the results from
maximum parsimony (Figure 4), there were two major assemblages could be distinguished
witl?:in the cyprinidae. One clade form monophyletic group, comprising T. douronensis
from Ulu Limbang (SOl) and Batang Layar (SBL) and Puntius schwanenfeldii (KTLI and
KTL2), while the other comprising Hampala macrolepidota and Hampala bimaculata
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