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Isolation and characterization
of a partial fragment (tRNA-Lys' to tRNA-Leu)
mitochondrial genome of Rasbora sarawakensis

of the

CHEW PEI LING
Resource Biotechnology
Department of Molecular Biology
Faculty of Resource Science and Technology
University Malaysia Sarawak

ABSTARCT

genome is used in phylogenetic studies because of its fast evolutionary rate, lack of genetic
recombination and compact gene organization. As there are lack of phylogenetic relationship study in the genus
rasbora, mitochondrial DNA can be used to construct a phylogenetic network that showed the evolution
relationship between the species. The aim of this study is to isolate and characterize the partial fragment of
mitochondrial genome of Rasbora sarawakensis. The total DNA was extracted and primer walking approach
was applied to isolate the partial fragment (tRNA-Lys' to tRNA-Leu) with expected size of 4000 bp. By
designing five set of primer from conserved sequences from the multiple alignment of three species which are
Rasbora trilineata and Rasbora steneri. The PCR amplification was successfully
Rasbora sumatrana,
five
for
the
all
sequences and subsequently these fragments were assembled using MEGA7 software
performed
into a single consensus sequence yielding 4016 bp. The sequence was also blasted in order to further verify its
identity with other species from the genbank. Through phylogenetic analysis performed, it was found that
Rasbora sarawakensis had 67.9% of bootstraps value with R. vaterihoris. Hence, it is suggested that overall
mitochondrial genome can be used to better represent a more in-depth and reliable approach in understanding
the phylogenetic relationship in Rasbora spp. than morphological approach in its identification.
Mitochondrial

Keywords: Mitochondrial

genome, Phylogenetic analysis, Rasbora Sarawakensis

ABSTRAK
Genom mitokondria digunakan sebagai kajian filigenetik disebabkan kadar evolusinya yang cepat, kurang
penggabungan
semula genetic dan mempunyai organisasi gen yang padat. Disebabkan kekurangan kajian
berkesan untuk memgaji hubungan evolusi antara
rasbora genus, filogenetik analisis adalah cara yang paling
dan mencirikan serpihan separa genom
rasbora genus. Tujuan kajian ini adalah untuk mengasingkan
mitokondria Rasbora Sarawakensis. Oleh itu, kesuluruhan DNA telah diekstrak dan cara primer walking telah
digunakan untuk sequence keluar serpihan separa genom mitokondria (tRNA-Lys' ke tRNA-Leu ) dengan saiz
jangkaan 4000 bp. Dengan mereka bentuk empat set primer dari urutan dipelihara darijajaran
gandaan tiga
Rasbora
dan
Rasbora
PCR
berjaya
dilaksanakan
Rasbora
telah
iaitu
trilineata
steneri.
sumatrana,
spesies
dan
digabung
MEGA
7 ke dalam
telah
semula
menggunakan
empat
urutan
seterusnya
serpihan
untuk semua
4016
hp.
Urutan
ini
juga
"blast"
lagi
konsensus
identitinya
tunggal
untuk
memastikan
menghasilkan
urutan
dengan spesies lain dari GenBank. Melalui analisis filogenetik dilakukan, didapati bahalva Rasbora
sarawakensis mempunyai 67.9% nilai bootstraps dengan Rasbora vaterifloris. Oleh itu, ini mencadangkan
bahawa keseluruhan genom mitokondria boleh digunakan untuk memberi gambaran yang lebih mendalam dan
pendekatan yang boleh dipercayai dalam memahami hubungan filogenetik dalam rasbora spp. berbanding
dengan pendekatan morfologi dalam pengenalannya.
Kata Kunci: Genom mitok-ondria, Filogenetik analisis, Rasbora Sarawakensis
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1.0 Introduction

1.1 Background
Taxonomic classification is a hierarchical system which used for classifying organisms to the
species level which included phylum, class, family, and order to study the phylogenetic
relationship

between organisms.

Phylogenetic

is the study of evolutionary

relationships

among a set of organisms or groups of organism and also the ancient relationship between the
species (Boore

& Brown,

1998; Brinkman

& Leipe, 2001). Moreover,

the history of

evolution is generally depicted as "gene trees" and mostly classified through DNA sequences
and their morphology,
In addition,

organisms.

which will be able to study the interrelationship
molecular

had

studies

bring

many

between

the

towards

the

advantages

phylogenetic analysis.

In the molecular

based

phylogenetic

studies,

mitochondrial

genome

plays

an

important role to identify the organisms. Mitochondrial genome is a circular double-stranded
DNA which encodes genes that can be found in the matrix of mitochondria (Taanman, 1999).
By comparing the mitochondrial
distribution

gene arrangement,

it is not only helps to trace geographic

of genetic variation, it also includes information

such as molecular evolution,

patterns of gene flow, phylogenetic and population genetics resources (Mandal et al., 2014).
In addition, the mitochondrial

genome has mutations rate of 5 to 10 times faster than

the nuclear genomes in the non-coding region which making it easier to resolve differences
between

closely

mitochondrial

related

individuals

with relatively

short

sequence.

Other

than

that,

genomes has also lack of introns and showed a higher rate of molecular

evolution (Scarpulla, 2004). Thus it is suitable to apply in the phylogenetic studies.

1

Rasbora

sarawakensis

is a freshwater

fish species under Family of Cyprinidae.

Besides, it is endemic in Sarawak (Malaysia) and West Kalimantan (Indonesia). However,
the homogenous morphology of Rasbora sarawakensis

with others rasbora spp. can causes

the inaccuracy in differentiation of these species. Besides, Rasbora sarawakensis

is still lack

of molecular information that can be access nowadays, hence the evolution and phylogenetic
relationship among rasbora spp. are still not well understood. Thus, the aim of this research
is to construct a phylogenetic

studies based on mitochondrial

genome to discover their

phylogenetic relationship of Rasbora sarawakensis among others rasbora spp.

2

1.2 Objectives

The aims of this project are:
1. To isolate the partial fragment of mitochondrial genome from R. sarawakensis.
2. To characterize the partial fragment of mitochondrial genome from R. sarawakensis.
3. To understand

phylogenetic

relationship

Rasbora spp.

3

of R. sarawakensis

with closely related

2.0 Literature

2.1 Mitochondrial

Review

genome

In 1960s, mitochondrial genome was first discovered by Margit Nass and Sylvan Nass using
electron microscopy, and by Ellen Haslbrunner, Hans Tuppy and Gottfried Schatz through
biochemical

assays on highly purified mitochondrial

around 1 to 10 copies of mtDNA in a mitochondria,

fraction (Talwar, 2014). There are
thus it is easy recovery from small or

degraded biological sample (Robin & Wong, 1988; Satoh, 1991; Mandel et al., 2014). It is
found that mitochondrial genome contains approximately 16.6 kb and encodes 37 genes.
Based on Anderson et al. (1981), mitochondrial genome is a circular double-stranded
DNA which contains 12S and 16S rRNAs, 22 tRNAs, cytochrome c oxidase subunits I, II and
III, ATPase subunit 6, cytochrome b and eight other predicted protein coding genes (Figure
2.1). The two strands of mtDNA can be distinguished by their nucleotide content. A guaninerich strand referred as heavy strand (H strand) which encodes two rRNAs, 14 tRNAs, and 12
polypeptides.

While the cytosine-rich

strand (L strand) encodes eight tRNAs and a single

polypeptide. All 13 polypeptides are constituents of the enzyme complexes of the oxidative
phosphorylation
mitochondrial

system (Taanman, 1999). Beside, D-loop is one of the non-coding region of
genome also called AT rich region which bounded by the rRNA and tRNA

cluster. This region is responsible for transcription and translation as the major control site
for mitochondrial genome (Mandel et al., 2014)
By comparing the gene arrangement, it not only helps to trace geographic distribution
of genetic variation, it also includes information such as molecular evolution, patterns of gene
flow, phylogenetic and population genetics resources (Mandal et al., 2014). Boore and Brown
(1998) found that the arrangement of genes in mitochondrial

4

genome are very similar within

a phylum but huge different among phyla of animals. Thus, the DNA sequences can be
compared within the species and have more advances classification.
Mitochondrial

genome required a much shorter nucleotide sequence to differentiate

species compared with nuclear DNA due to its mutations rate which is 10 to 20 times faster
than the nuclear genomes in the non-coding region. The non-coding region making it easier to
resolve differences between closely related individuals
addition, although there is high genetic recombination

with relatively short sequence. In
rate between mitochondrial

between paternal and maternal genomes.

but there is no recombination

studies showed that mitochondrial

genome,

Taanam (1999)

genome is strictly transmitted through the female germ

line.
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Figure 2.1 Human mitochondrial genes. MtDNA (mitochondrial DNA); rRNA (ribosomal RNA); ND (NADH
Dehydrogenase); COX] (cytochrome oxidase 1); COX2 (cytochrome oxidase II); COX3 (cytochrome oxidase
III); CYTb (cytochrome b). (Adapted from Andalib et al., 2014)
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2.2 Phylogenetic

relationship

The similar morphology and high genetic diversity had raised up problems in phylogenetic
studies. Fortunately, mitochondrial based markers have been adopted to solve the problem.
Thus, there are increasingly used as molecular markers for phylogenetic studies. Phylogenetic
are defined as the study of the ancient relationship between the species and also evolutionary
relationships

among a set of organisms or groups of organism

(Boore & Brown,

1998;

Brinkman & Leipe, 2001).
Phylogenetic studies can be divided into morphological

phylogenetic

and molecular

phylogenetic. In morphological phylogenetic, Howes (1991) studies are one of the example to
classify

Cyprinidae

morphology

family through their morphology.

This family has a very similar

and causes the classification in an ambiguous situation. In addition, there is a

problem to find out their origin through only their morphology.
Molecular phylogenetic can be used to assess distance evolutionary relationships with
strictly heritable and unambiguous

determination.

Zardoya et al. (1999) and Perea et al.

(2010) had done their studies using molecular phylogenetic analysis to differentiate the origin
of the species. Besides, phylogenetic evaluation of subfamily classification of the Cyprinidae
were done by Thai et al. (2007) in Vietnam. Thai et al. (2007) suggest that this will need to
be extended with greater taxon and gene sampling to further understanding
relationships

and classification.

In addition, Ryan & Esa (2006) has done their studies by

using partial fragment of mitochondrial
were successfully

of cyprinid

genome. By using the partial fragment isolated, they

investigated the phylogenetic

relationship of several freshwater fishes in

Malaysia with several phylogenetic analyses method.

6

2.3 Phylogenetic
Phylogenetic

Analysis

tree construction

considered

as an overture

to differentiate

the ancient

of a set of sequences. The construction of a tree is involving the nodes which

relationship

indicate separate evolutionary paths, and also the lengths of branch which estimate how the
evolution relationship is related among the sequences. There are four common phylogenetic
analysis steps which are alignment of the data extracted, determining the substitution model,
tree building and tree evaluation (Brinkman & Leipe, 2001). The first evolutionary tree was
sketched by Charles Darwin in 1837 (Gregory, 2008). It has now developed
method which are distance-based
In distance-based
impreciseness

method and character-based

method,

in its methods.

it is preferred

Distance-based

to

method

to several

method.

estimate

the

is very rapid,

data

with

some

and undergoes

statistical test easily as it compute pairwise distances. This method simple count the number
of differences
clustering

which referred

as evolutionary

distance based on the two sequences.

A

algorithm that start with the most similar sequences were computed the actual

tree based on the matric of distance (Brinkman & Leipe, 2001). The most common method
in distance-based

method is the Neighbor joining (NJ) method.

According to Saitou & Nei (1987), the principle of NJ is to determine
topologies

(branching

patterns)

all possible

that are likely to be close to the true tree. Besides,

by

grouping OTUs (operational taxonomic units) with shortest branch length together, a starlike
tree will be constructed at the beginning (Figure 2.2). Then, it will group the two most similar
taxa into a node and calculate the branch length. In this method, it need to recalculate the
distance matrix and branch length and reconstruct a new tree based on the new data. The
process is repeated until only one terminal is remained.

In summary, this method create a

modified distance matrix by adjusting the average divergence on the distance between each
pair of nodes.
7

C

C

E

A

ý

E

G

G

Figure 2.2 A starlike tree will be constructed at the beginning. Then, it will group the two most similar taxa into
a node and calculate the branch length. (Adapted from Brinkman & Leipe, 2001).

In character-based
common

ancestor

horizontal

method, it is assume that a set of sequences that came from a

by mutated

gene transfers.

and selected

Character-based

processes

method

evolutionary

event history between sequences

summarizing

the phylogenetic

without

determine

hybridization

the highest probability

and the cladograms

relations and evolutionary

or other

will reconstructed

of
by

history of groups of organisms.

Hence, it will allow the estimation of the constancy of each base position in an alignment on
the basis of all other base positions

(Brinkman & Leipe, 2001). Character-based

method

included Maximum Parsimony (MP) and Maximum Likelihood (ML).
Maximum parsimony (MP) is an optimization criterion which assumes that the tree
with the minimum number of evolutionary changes are the most preferable trees (Figure 2.3).
MP will consider all possible topologies

and score each of these base on evolutionary

changes. The tree with the fewest evolutionary
However, Brinkman
disadvantages

changes will be chosen as the final tree.

& Leipe (2001) documented

of this method

that Huelsenbeck

when there is substantial

among-site

(1995) had found a
rate heterogeneity.

Fortunately, this can be solved by change the data set to consist only sites that exhibit little or
no heterogeneity.
8

Using Maximum Parsimony
to Choose Between Two Possible Trees
1

2 3

4

Observation: G
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5
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T

T

G

2 changes required
-º poorer tree

1change required
--obetter tree

Figure 2.3 The principle of maximum parsimony searches for a tree that requires the smallest number of
changes to explain the differences observed among the taxa under study (Adapted from Brinkman & Leipe,
2001).

Felsenstein (1973) brought the maximum likelihood (ML) framework to nucleotidebased phylogenetic

inference (Figure 2.4). Maximum likelihood (ML) tree method can be

evaluated by a particular substitution process based on the probability of variation pattern at a
site would be produced (Brinkman & Leipe, 2001). Based on the probability observed from a
data set, ML tree method constructs all possible trees based on evolutionary

history and

identified it with the highest overall probability at all partitions as most likely phylogeny.
Due to the calculation involved division and decimals, ML tree method tend to establish a
single best tree, however,

MP only counts discrete steps (Brinkman

& Leipe, 2001).

Therefore, ML tree method tend to be the best optimized for constructing a phylogeny from
sequence data input as it will evaluated all possible trees.
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Figure 2.4 The likelihood tree constructed by Felsenstein (1973). (Adapted from Felsenstein,

2.4 Taxonomy
Taxonomy

1973)

Classification

was first proposed

by Carolus Linnaeus,

Father of Taxonomy.

Taxonomic

classification is a hierarchical system which used for classifying organisms to the species
level which included phylum, class, family, and order. It is based on the phylogeny which
attempts to establish the evolutionary history of species ("Molecular Biology and Evolution",
n. d. ).
There are several classification system proposed in the past. The two kingdom system
was given by Carolus Linnaeus in 1758. The two major kingdoms are Kingdom Plantae and
Kingdom

Animals. However, the simple classification

differentiate
photosynthetic

the eukaryotes

and prokaryotes,

and non-photosynthetic

unicellular

organism.

of this system does not clearly
and multicellular

According to Whittaker

organism

and

(1969), Ernst

Haeckel had suggested the kingdom of Protista which is the classification of the unicellular
limitation of the two kingdom system. However, his
organisms in 1860s to overcome the
suggestion is not widely accepted at that time.
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In 1969, R. H. Whittaker proposed a Five Kingdom Classification,
homogeneous
different

group than the two kingdom classification

life styles. The five kingdom

included

which is a more

as it shows the phylogeny

Monera,

Protista, Fungi, Plantae

of
and

Animalia. The main criteria of the system are based on cell structure, thallus organization,
modes of nutrition (photosynthetic, absorptive, and ingestive), reproduction and phylogenetic
relationships (Whittaker, 1969) and dichotomous key. Nevertheless, there are still demerits in
this system. Due to limited technology, the distinction of the unicellular and the multicellular
causes the classification of the kingdom Monera and Protista become difficult (Whittaker,
1969). Nowadays, the six kingdoms system by Carolus Linnaeus is used to classify the
organisms. The six kingdoms including animals, plants, fungi, protists, archaebacterial,
eubacteria.

This system classify

the organisms

based on the similarities

and

or common

characteristics which are cell type, nutrient acquisition, and reproduction.

2.5 Cyprinidae

family

Based on He et al. (2008), there are over 200 genera and 2100 species included in the
Cyprinidae family (Figure 2.5) which is the largest fresh water fish group and usually occurs
in Eurasia, Japan, most of the East Indian Islands, South East Asia, Afica and North America
(Howes, 1991). According to Howes (1991) as cited in Wang et al. (2012), Cyprinidae family
its species, geographic distribution,
are mostly classified according to

morphological

and

anatomical characteristic.
The early diagnoses of cyprinidae are not only based on the pharyngeal dentition, it is
also based on the presence or absence of the barbels (Howes, 1991). According to Thai et al.
(2007), there are two main lineages which distinguish
character, mitochondrial

in term of their morphological

genes and a single nuclear genes. There are cyprinine (Barbine)
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which contains barbels while leuciscini is the one lacking of barbels. Cyprininae, Gobioninae,
and Rasborinae

are the subfamilies

of the Barbine while Acheiloganathinae,

Cultrinae,

Alburninae, and Leuciscinae are the subfamilies of Leuciscini (Wang et al., 2012).

Figure 2.5 Example of fish in family cyprinidae. (Adapted from Google source. (n. d.). Retrieved August 6 from
https: //www. google. com/search? q=cyprinid&source=lnms&tbm=isch&sa=X&ved=OahUKEwiN8ODR5eTTAh
XGsI8KHa9KBPcQ_AUICigB&biw=1366&bih=589)

2.6 Genus Rasbora
Genus Rasbora (Figure 2.6) is a small minnow-type

fish in the family Cyprinidae

(carps).

According to Kottelat (1999), Rasbora was first described by Bleeker in 1859 and understood
as polyphyletic lineage. According to Liao et al. (2010), rasbora has grown to consist of 132
nominal species of which 87 are regarded as valid and 77 species that can be found in
Southeast Asia (Lumbantobing, 2014). There are many characteristic con be observed on the
species rasbora,
pharyngeal

which are the presence of a symphyseal

tooth rows, one or two scales between

knob on the lower jaw, three

lateral-line

scale row and pelvic-fin

insertion, dorsal-fin insertion opposite to pelvic-fin insertion or slightly behind it, seven
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