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Genomic DNA Extraction of Betta sp. 

Tan Azzri Bin Tan Smilly 

Resource Biotechnology 

Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 

ABSTRACT 

Berta sp. is a small fish which belongs to the family of Osphronemidae. The systematic status for Berta sp. is 
complex as it has a great diversity and it is difficult to differentiate their species. A study has been conducted to 
extract DNA from the muscle tissue, the scales and the liver of Berta ibanorum. A total of 15 individuals of Berta 
ibanorum have been obtained from Sungai Merah, Santubong. The extraction was done using five different 
methods. From the results obtained, CTAB method is the most effective method for extracting DNA from muscle 
tissue of Berta sp while phenol: chloroform method works better in extracting DNA from the scales of Berta sp. 
As for liver organ, commercial kit (Promega) has the highest mean of DNA concentration. PCR was also done 
using a set of primer targeting COI gene. DNA extracted using salting out method, CTAB method and 
commercial kit were more consistently amplified using PCR than boiling and phenol: chloroform-extracted DNA. 
Based on overall results, high concentration of DNA can be obtained from muscle tissue and scales. Therefore, it 
is recommended to use CTAB and phenol: chloroform method to extract DNA from Berta sp. 

Key words: COI gene, Osphronemidae, Bella sp., PCR. 

ABSTRAK 

Bella sp. merupakan ikan kecil yang tergolong dalam keluarga Osphronemidae. Sistematik status bagi spesies 
Bella sp. adalah kompleks kerana spesies ini mempunyai kepelbagaian yang besar dan sukar untuk membezakan 
Spesies mereka. Kajian telah dyalankan untuk mengekstrak DNA daripada tisu otot, sisik dan hail Bella sp. 
Sejumlah 15 individu Bella sp. telah dipero/ehi daripada Sungai Merah, Santubong. Pengekstrakan telah 
d0lankan menggunakan lima kaedah berbeza. Daripada kepulusan yang diperolehi, kaedah CTAB merupakan 
kaedah yang paling efektif untuk pengekstrakan DNA daripada tisu otot Bella sp, manakala kaedah 
fenol: klorofom berfungsi lebih balk dalam pengekstrakan daripada sisik Bella sp. Bagi organ hati, komersial kit 
(Promega) mencatatkan purata kepekalan DNA yang tertinggi. PCRjuga telah dyalankan menggunakan satu set 
primer yang menyasarkan gen CO!. DNA yang diekstrak menggunakan kaedah pengasinan, CTAB dan 
komersial kit (Promega) lebih konsisten ditambah menggunakan PCR berbanding DNA dieksirak melalui kaedah 

mendidih dan fenol: klorofom. Berdasarkan keputusan keseluruhan, kepekatan DNA yang tinggi boleh didapati 
dari tisu otot dan sisik. Kaedah CTAB dan fenol: klorofom disyorkan untuk mengekstrak DNA daripada Bella sp. 

Kaki kunci: Gen COI, Osphronemidae, Bella sp., PCR. 
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1.0 Introduction 

Over the past century, the studies of fish are carried out at the molecular level. It needs 

consistent, rapid and cost effective deoxyribonucleic acid (DNA) extraction protocols (Shen et 

al., 2010). DNA is the most suitable molecule to detect and identify fish species. It offers 

many advantages over the analysis of proteins (Ganaie & Ali, 2014). DNA can be found in all 

types of tissue and it has a greater stability even in high temperatures. According to Ganaie 

and Ali (2014), the differentiation of closely related species and the isolation of DNA is very 

important to analyse genetic used for scientific, medical or forensic purposes. 

Sources of DNA isolation are very diverse and it can be isolated from any living or 

dead organism (Srividya et al., 2011). This includes the blood, hair sperm, bones nails, tissues, 

blood stains, and saliva. There are several methods that can be used to extract DNA from 

animal which are boiling method, solid-phase adsorption procedure, microwave-based 

extraction, phenol: chloroform method and salting out procedure. Srividya et al. (2011) stated 

that, it is quite obvious that the extraction methods from different sources have to be adopted 

in such a way that the DNA can be efficiently purified. 

Generally, successful nucleic acid purification involved four main steps which are the 

disruption of cells or tissue, denaturation of nucleoprotein complexes, inactivation of 

nucleases such as DNase for DNA extraction, and the removal of contaminants including 

protein, carbohydrate or lipids (Tan & Yiap, 2009). 

Berta sp. is a very small and colourful fish which can be found in South and Southeast 

Asia (Thailand, Malaysia, Vietnam, and Indonesia). It belongs to the family of Osphronemidae 

and consists of 73 recognized species in this genus. Each one shows different types of egg 
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brooding care which are bubble-nest building and mouth brooding. In Thailand, there are 10 

wild-type species can be found. Of all 10 species, 6 of them are mouth-brooders and others are 

bubble-nest builder. Monvises et al. (2009) stated that Betta sp. is preferable for ethical 

reasons and also for commercial reasons. 

In this project, the DNA of the Betta sp. was extracted using five different methods 

which are boiling methods, phenol: chloroform method salting out method, cetyltrimethyl 

ammonium bromide (CTAB) method and commercial Wizard® Genomic DNA Purification 

kit. Parts of fish that were used are muscle tissue, scales and liver. Polymerase chain reaction 

(PCR) was done using a set of primer targeting cytochrome oxidase I (COI) gene. 

1.1 Objectives 

The objectives of this project are as follows: 

i. To extract DNA from Bella sp. 

ii. To obtain high concentration and purity of DNA. 

iii. To determine different parts of Bella sp. which could give high quality of 

DNA. 

iv. To amplify DNA using a set of primer targeting COI gene. 
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2.0 Literature Review 

2.1 Family Osphronemidae 

Genus Berta is one of the most well-known freshwater fish around the world. It can be easily 

breed. It also has a variety of colour such as red, green, blue and albino. Berta fish is one of 

several genera in the Family Osphronemidae. The species can be divided into bubble-nest 

builders and mouth-brooders according to their behavior. Previously, genus Berta is 

considered as one of the Anabantidae family because of their labyrinth organs. The organ is 

located above the gill arches and enables them to breathe atmospheric air which is obtained 

from the water surface. Recently, there is a study on the population structure of Bettas using 

genetic markers of mitochondrial and nuclear DNA sequences (Monvises et al., 2009). 

2.2 Genomic DNA extraction 

Extraction of genomic DNA begins with lysis or breakdown of tissue or cells of the organism. 

The lysis of tissue or cell is crucial for the destruction of protein structure and this will allow 

for the release of nucleic acid from the nucleus (Srividya et al., 2011). This process is carried 

out in salt solution that contains detergents to denature the proteins or proteases, for digesting 

proteins such as Proteinase K. After adding the detergent, nucleic acid will be separated from 

the cellular proteins and lipids. DNA is usually recovered using alcohol such as ethanol or 

isopropanol. This will cause the DNA to precipitate and will be easier to be obtained and 

handled. There are several methods that can be used to extract DNA. It depends on many 

factors such as the quantity and molecular weight of the DNA. The time and expense should 

also be taken into account. Another factor to consider is the purity of the DNA. 
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2.2.1 Boiling method 

Considering the small size of the fish, boiling method is one of the most preferable methods to 

extract the DNA. This method represents a simple and inexpensive method as the scale of 

studies sometimes is large. This method works by suspending the sample in a lysis buffer. The 

lysis buffer breaks the connective tissue and the cell membrane of the sample. A boiling step 

is used to help releasing the DNA from the cells (Zhang & Hewitt, 2012). 

2.2.2 Phenol: chloroform method 

Phenol-chloroform is a gold-standard method to produce high-purity of DNA. This method is 

a very sensitive method for the extraction of DNA and it is known to be laborious compared to 

a single-tube extraction. It involves the separation of molecules based on the differential 

solubility of the individual molecule in two different immiscible liquids. It is widely used to 

extract RNA, DNA, and protein. Solution such as ß-mercaptoethanol is often added to disrupt 

the disulfide bonds (Sun, 2010). Phenol with pH 4.7 and chloroform can be an emulsion if 

they are added followed by vigorous shaking or vortexing. Tang and Stratton (2012) stated 

that phenol does not totally inhibit RNase activity and it enables separation of nucleic acid by 

combination with chloroform and alcohol. Two layers of mixture can be seen after 

centrifugation where the upper (aqueous) layer contains DNA while the lower (organic) layer 

contains denatured protein. The DNA can be precipitated with the addition of alcohol such as 

ethanol or isopropanol with a high concentration of salt solution. The DNA is collected by 

dissolving it in TE buffer or sterile distilled water. Phenol has limitation due to its toxicity and 

it is flammable. 
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2.2.3 Salting out method 

Salting out method is an alternative to the phenol-chloroform method. The advantage of using 

this method is that, it does not require any toxic chemical unlike phenol-chloroform method. 

For this method, proteins and other cellular contaminants will precipitate in a saturated salt 

solution due to their relative hydrophobicity. The first step in this method is the preparation for 

cell lysates from organism. It is followed by the addition of saturated salt solution such as 

sodium chloride and ammonium acetate. It will then undergo centrifugation to precipitate the 

proteins. The supernatant containing DNA will be transferred to a new fresh tube. The 

supernatant will be treated with pure ethanol to allow the formation of stringy DNA. 

According to Sun (2010), the purity of DNA extracts may not be comparable to that obtained 

by organic extraction since there is only one deprotenization step through salting out. 

2.2.4 CTAB method 

Cetyltrimethyl ammonium bromide (CTAB) is a non-ionic detergent that can precipitate 

nucleic acids and acidic polysaccharide from low ionic strength solutions. CTAB is usually 

useful for purification of nucleic acid from organisms which produce large amount of 

polysaccharides such as plants and Gram-negative bacteria (Tan & Yiap, 2009). CTAB binds 

to the polysaccharides and removes them from the solution. CTAB is used because it is 

simple, quick and inexpensive method. For this method, initial grinding is employed to break 

down the cell wall thus allow access to DNA while harmful cellular enzymes and chemicals 

remain inactivated. Insoluble particulates are removed through centrifugation while proteins 

and other materials are separated by centrifugation with chloroform. Higher protein 

contamination could occur due to the absence of phenol step in this method. 
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2.3 Cytochrome oxidase I and Polymerase Chain Reaction 

Cytochrome oxidase I or also known as mitochondrial cytochrome oxidase c subunit 1 (COI) 

gene is one of the most popular markers which is used to study the genetic and 

phylogeographic of population across the animal kingdom (Derycke et al., 2010). It is located 

in the mitochondrial DNA genome (mtDNA). COI gene contains a significant amount of 

information to detect variation among species. It means that COI gene also can be used as a 

genetic marker to identify species. 

COI gene could be fast and accurate marker to identify animal species and for the 

discovery of new species across the tree of life and this leads to the invention of procedure for 

DNA barcoding (Aliabadian et al., 2009). Recent research has recommended the possibility of 

creating identification systems reliant on the analysis of sequence diversity in small segments 

of DNA (Tautz et al., 2003). Hebert et al. (2003) emphasized that a DNA barcoding system 

for animal life could be based on the diverse sequence in COI. 

Polymerase chain reaction is an inventive tool for molecular biology that has an effect 

on research similar to that of the finding of restriction enzymes and the Southern blot. It is 

very sensitive which can amplify a single DNA molecule. The DNA molecule can be 

visualized as distinct bands on agarose gels. However, there is no single protocol will be 

appropriate to all situation which means for each new PCR application, optimization is 

required. According to Innis and Gelfand (2012), problems such as no detectable product and 

a low yield of the desired product are often encountered by many researchers, Besides, the 

formation of primer-dimer could also be the problem as it can compete for amplification with 

the desired product. 
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3.0 Methodology 

3.1 Preparation of Betta sp. muscle tissue, scales and liver 

Figure 1: Bette ibanorum 

Muscle tissue was washed using 1 mL of distilled water. The tissue sample was cut into 1 cm2 

that was equal to 20 mg using sterile scalpel blade. The scales were collected from the fish and 

20 mg of the scales were weighed. The fish (Figure 1) was then dissected to obtain 5 mg of 

liver and immediately placed in 1.5 mL microcentrifuge tube. 

3.2 Genomic DNA extraction 

Five different methods were used to extract DNA from several body parts of the fish (muscle 

tissue or scales) which are boiling method, phenol: chloroform method, salting out method, 

cetyltrimethyl ammonium bromide (CTAB) method and commercial Wizard® Genomic DNA 

Purification kit (Promega, USA). 
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3.2.1 Boiling method 

Based on method described by Asadzadeh et al. (2010) with some modifications, the samples 

(muscle tissue, scales or liver) were placed in 1.5 mL of microcentrifuge tube and were 

submerged in the following solution: 1% Triton-X100,20 mM Tris-HCI pH 8 and 2 mM 

EDTA. The ratio of lysis solution to tissue was 100 µL: 50 pg. The solution was mixed by 

vortex and was centrifuged at 12000 xg for 1 minute. The solution was washed once again 

with I mL of 70% ethanol. Next, the pellet was suspended with 100 µL of 50 mM NaOH. The 

tube was incubated at 100 °C for 20 minutes. After incubation, 20 gL of Tris-Cl, pH 7.5 was 

added for concentration of DNA. The tube was inverted and was centrifuged at 9200 xg for 

20 seconds. The protein was precipitated and 100 µL of aqueous layer was transferred into a 

new tube. The extracted DNA samples were stored at-20 °C. 

3.2.2 Phenol: chloroform method 

The muscle tissue was extracted based on method by Hogan et al. (1994) with some 

modifications, the muscle tissue was washed using PBS buffer, and it was wetted with two 

drops of the buffer. The tissue was left in a sterile disposable petri dish. The muscle tissue was 

minced into fine pieces using sterile scalpel blade. The minced tissue (20 mg) was transferred 

into a sterile 1.5 mL microcentrifuge tube and 200 µL of lysis buffer (consists of 50 mM Tris 

buffer pH 8; 0.1 M EDTA; 0.5% SDS) was added into the tube. Next, 5 µL Proteinase K (20 

mg/mL) was added and the suspension was incubated for 1 hour at 55 T. The digestion 

mixture was mixed with 220 µL of phenol: chloroform (1: 1) and was centrifuged at 13200 xg 

for 2 minutes. The aqueous phase (150 µL) was transferred into a fresh 1.5 mL 

microcentrifuge tube. After that, 1/10 volume of 3M NaOAc (pH 6) was added and followed 
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by the addition of I volume of absolute ethanol. The solution was mixed gently and a stringy 

DNA precipitate was seen. The DNA was pelleted by centrifugation at 13200 xg for 30 

seconds. The pellet was washed with I mL of 70% ethanol and was air dried at room 

temperature for 15 minutes. The dry pellet was resuspended in 50 µL of double-distilled 

water. The sample was stored at -20 T. 

3.2.3 Salting out method 

Based on method explained by Li et al. (2013) with some modifications, 500 µL of lysis I 

(100 mM Tris- HCI, pH 8.0; 50 mM EDTA, pH 8.0; 1 mM CaCl2; 0.5% (w/w) SDS) was 

added into the Eppendorf tube containing 20 mg of fish scales. The tube was put in boiling 

water for 10 minutes and then was cooled to room temperature. Next, 200 µL lysis 11 (6% 

(w/w) SDS; 0.6 M NaCl; 0.2 M EDTA, pH 8.0) and 5 pL Proteinase K (20 mg/mL) were 

added to the tube. The sample was incubated at 65 °C for 15 minutes and was shaken slightly 

for every 5 minutes. After that, 200 µL of 7.5 M ammonium acetate was added and was kept 

at 4 °C for 10 minutes with slight shaking during the same time. The sample was centrifuged 

at 9200 xg for 10 minutes and 500 µL of the supernatant was transferred to a new 1.5 mL 

microcentrifuge tube. An equal volume of pre-cooled isopropanol was added with a slight 

shaking. Next, the sample was centrifuged at 9200 xg for 10 minutes. The supernatant was 

discarded the DNA pellet was washed using 200 pL of 70 % absolute ethanol. The DNA pellet 

was air dried and was resuspended in 40 µL of double-distilled water. The sample was stored 

at -20 °C. 
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3.2.4 CTAB method 

Based on method explained by Tamari et al. (2013) with some modifications, 20 mg of sample 

(muscle tissue or scales) and 100 µL of CTAB isolation buffer (2 % of 

hexadecyltrimethylammonium bromide, 1.4 M NaCl, 0.2 % p2-ME, 20 mM EDTA, 100 mM 

Tris-HCI, pH 8.0) were placed into 1.5 mL microcentrifuge tube and the sample was slightly 

shaken. Next, another 300 µL of CTAB isolation buffer was added to the tube and the sample 

was ground for 5 minutes. The sample was incubated for 15 minutes at 60 °C with occasional 

mixing. After that, 400 µL of chloroform: isoamyl alcohol (24: 1 v/v) was added to the tube. 

The sample was vortexed briefly and then centrifuged for 5 minutes at 13200 x g. The 

supernatant (300 µL) was transferred to a new 1.5 mL microcentrifuge tube followed by the 

addition of 300 µL of ice-cold isopropanol to the tube. The tube was inverted 5 times. The 

sample was centrifuged at 13200 xg for 5 minutes and then the supernatant was discarded. 

The pellet was air-dried and the resuspended in 40 µL of double-distilled water. 

3.2.5 Commercial Wizard® Genomic DNA Purification kit 

Based on the manual by the manufacturer of the Wizard® Genomic DNA Purification kit 

(Promega, USA), 600 µL of nuclei lysis solution was added into a 1.5 mL centrifuge tube and 

the sample was chilled on ice. Next, 20 mg of fresh tissue was added into the chilled nuclei 

lysis solution and the sample was homogenized for 10 seconds using a small homogenizer. 

The lysate was transferred to a 1.5 mL microcentrifuge tube and was incubated at 65 °C for 30 

minutes. Next, 3 gL of RNAse was added to the microcentrifuge tube and the tube was 

incubated at 37 °C for 30 minutes. After that, 200 µL of Protein Precipitation Solution was 

added and the tube was vortexed vigorously at high speed for 20 seconds. The sample was 
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chilled on ice for 5 minutes. The sample was centrifuged for 4 minutes at 13000 x g. The 

supernatant (600 l. L) containing the DNA was transferred into a new 1.5 mL microcentrifuge 

tube containing 600 µL of isopropanol. The tube was inverted gently for 10 times. The sample 

was centrifuged for 1 minute at 13000 xg at room temperature. The supernatant was removed. 

After that, 600 gL of 70 % ethanol was added. The tube was inverted again for 10 times and 

the tube was centrifuged for 1 minute at 13000 x g. The supernatant was removed carefully 

and the DNA pellet was air dried for 15 minutes. Next, 100 µL of DNA Rehydration Solution 

was added. The DNA was rehydrated by incubating it at 65 °C for an hour. The DNA was 

stored at -20 °C. 

3.3 DNA analysis 

3.3.1 DNA quantification 

The DNA concentration was measured using the UV absorbance spectrophotometer of 260 nm 

(A26o) and 280 nm (A280). Next, the cuvette was inserted into the spectrophotometer containing 

955 gL of pure ditilled water and 5 µL of the DNA sample. The cuvette was mixed by placing 

a parafilm over it and the cuvette was inverted three times. The cuvette was placed in the 

spectrophotometer and the reading of was recorded. 

3.3.2 Polymerase chain reaction 

Master mix was prepared which consists of 5x reaction buffer, dNTPs mix, Magnesium 

Chloride (MgCl2), 10 mM of universal forward primer, 10 mM of universal reverse primer, 

Taq polymerase and deionized distilled water (ddH20). Folmer et al. (1994) stated that COI 

universal forward primer with DNA sequence of 5' - 

TGTAAAACGACGCCCAGTCGACTAATCATAAAGATATCGGCAC -3' and COI 
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universal reverse primer with DNA sequence of 5'- 

CAGGAAACAGCTATGACACTTCAGGGTGACCGAAGAATCAGAA 
-3' were used. The 

components of the master mix are shown in Table 1. The sample was amplified using PCR 

machine (DSS Imagetech) with the cycling parameters as in Table 2. For negative control, 

distilled water was used to replace the DNA sample. 

Table 1: Components of the master mix. 

Component 

5X Green Go Taq® 
Flexi Buffer 
Magnesium Chloride 
(MgC12) 
Deoxynucleotide 
oligophosphates 
(dNTPs) 
Forward Primer 
Reverse Primer 
DNA template 
Deionized distilled 
water (ddH2O) 
Go Taq® Flexi 
Polymerase 
Total volume 

5.0 

1.5 

0.5 

1.0 
1.0 
1.5 

14.0 

0.5 

25.0 

Table 2: The amplification cycle of PCR (Buller, 2014) with some modifications. 

Step 
Initial denaturation 
Denaturation 
Annealing 
Extension 
Final extension 

Temperature (°C) 
95.0 
94.0 
53.0 
72.0 
72.0 

lx reaction (µL) 

Time 
2 minutes 
40 seconds 
40 seconds 

1 minutes 10 seconds 
10 minutes 

12 



3.3.3 Agarose gel electrophoresis 

Based on method by Kaltar (2011) with some modifications, 1% of agarose gel was melted in 

a microwave at high temperature. Next, 5 pL of the extracted DNA was mixed with I gL of 

loading dye (bromophenol). The mixture was loaded on 1% of agarose gel at 100 Volts for 30 

minutes. About I µL (10 mg/mL) of ethidium bromide was used for staining the gel and the 

gel was soaked in distilled water to destain the gel. The gel was illuminated using UltraSlim 

UV transilluminator (Maestrogen) to detect the presence of desired band. 
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4.0 Results 

Figure 2: Agarose gel (1%) picture of extracted genomic DNA using boiling method. Lane L: /liar/III digested 
Lambda DNA size marker (Vivantis). Lane Ll. L2 and 1,3: muscle tissue samples. Lane L4,1., 5 and 1.6: scales 
samples. Lane L7, L8 and L9: liver samples. 

Table 3: DNA quantification for boiling method. 

Method Lane A26o/A28o A26o/A230 ng/µL Mean 

Boiling 
method 

L1 0.919 0.132 624.0 
L2 0.809 0.114 578.4 658.1 
L3 1.011 0.152 771.9 
L4 1.131 0.125 242.0 
L5 1.333 0.030 234.7 238.5 
L6 1.191 0.138 238.9 
L7 1.287 0.298 210.8 
L8 1.081 0.460 336.5 201.8 
L9 1.061 0.210 58.15 

Based on Figure 2, no bands can be seen for all samples. However, in spectrophotometer, the 

reading of DNA concentration is high (Table 3). For muscle tissue samples, the DNA 

concentration is ranging between 578.4 ng/µL to 771.9 ng/pL. As for scales, the DNA 
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concentration is ranging between 234.7 ng/. tL to 242.0 rig/µL while DNA concentration for 

liver samples is ranging between 58.15 ng/µL to 336.5 ng/µL. 

Figure 3: Agarose gel (1%) picture of' extracted genomic DNA using phenol: chlorolirrm method. Lane L: 
Hinrllll digested Lambda DNA size marker (Vivantis). Lane Ll, 1.2 and 1.3: muscle tissue samples. Lane L4, L5 
and L6: scales samples. Lane L7, L8 and L9: liver samples. 

Table 4: DNA quantification for phenol : chloroform method. 

Method Lane A26o/A28o A26o/A230 ng/µL Mean 

L1 1.766 1.059 427.9 
L2 1.802 0.839 340.5 427.1 
L3 

_ 
1.598 1.513 512.8 

Phenol: L4 1.693 1.362 541.2 
chloroform L5 1.642 1.706 826.7 736.8 

method L6 1.523 1.318 842.5 
L7 1.683 1.023 378.8 
L8 1.517 2.180 540.1 370.0 
L9 1.446 -1.451 191.2 

From Figure 3, no bands for all three samples of muscle tissue. The DNA bands for scale 

samples were observed. For liver sample, only L9 has band. The DNA concentration for this 

method is also high. By referring to Table 4, the DNA concentration for muscle tissue is 
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