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The method to isolate genomic DNA is vary depending on the types of specimens. The current DNA 
isolation methods are hardly fits and compatible for various types of specimens, and require high costing. 
In this study, CTAB-based protocol was used to determine DNA isolation methods for five different types 
of specimens, which were plants, algae, fungi, bacteria, and insects. The specimens consist of leaves 
and flowers of Bougainvillea sp., seeds of Hibiscus sabdariffa, and stems of Tridax procumbens for 
angiosperm samples, followed by Spirulina sp. and Sargassum sp. for algae samples, fungus mycelia 
harvested from the fungus grown on white bread, Pseudomonas aeruginosa and Enterococcus faecalis 
for bacterial samples, and, Gryllus bimaculatus and Athous haemorrhaidalis as insect samples. The 
protocol relied on cell lysis using 2 % CTAB buffer, followed by DNA precipitation using chloroform: 
isoamyl alcohol in ratio 24: 1, and ice-cold isopropanol, washing DNA pellet using 70 % ethanol, and 
DNA elution using sterilized distilled water. DNA purity and quantification are conducted by using agarose 
gel electrophoresis and UV spectrophotometer. The result shows that plant samples have the highest 
concentration of DNA; Bougainvillea sp.’s leaves (77.2 ng/μL) and Hibiscus sabdariffas’ seeds (70.7 
ng/μL), while the highest absorbance ratio A260/A280 was recorded for fungus (1.89) and Enterococcus 
faecalis (1.82). Modifications on DNA isolation methods were performed and compared to produce a 
better result during DNA quantification. The DNA from all specimens were successfully isolated using 
CTAB-based protocol and can be visualized through 1% agarose gel electrophoresis. 
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INTRODUCTION 
Deoxyribonucleic acid or DNA is the central of 

genetic molecule that can be found inside nucleus, 
containing all the details of hereditary information 
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within chromosomes (Watson et al., 2008). The 
discovery of double helix structure of DNA by 
James Watson and Francis Crick in April 1953 has 
changed and evolved the biology forever (Ferry, 
2019). As DNA contains all the essential 
information, the method of DNA isolation is the key 
behind the success of the discovery and 
development of techniques in molecular biology. 
The isolation of DNA from all or any impurities, 
inhibitors and contaminants is the requirement of 
DNA isolation in order to prevent errors in the 
following DNA analysis, and to sustain in 
preserving the quality and purity of DNA (Tan and 
Yiap, 2009; Dilhari et al., 2017). Moreover, the cell 
lysis step in DNA isolation is vital in order to allow 
the isolation of DNA to be accomplished (Vesty et 
al., 2017). 

One of the methods used to isolate genomic 
DNA is through CTAB-based protocol. 
Cetrimonium bromide, C19H42BrN, also known as 
CTAB, is a lysis buffer in the DNA isolation method. 
CTAB is a cationic detergent or surfactant that is 
very useful to extract DNA, especially when the 
amount of polysaccharides present in the sample 
is high (Clarke, 2009). Usually, the CTAB-based 
method is used in the isolation of DNA from plants 
due to the compounds of proteins, 
polysaccharides, and polyphenols (Heikrujam et 
al., 2020). Nowadays, the CTAB-based method is 
also used for the isolation of DNA from various 
specimens.  

Plant, fungi, bacteria and insects are some of 
the specimens that are used in DNA isolation using 
CTAB-based protocol. Plant are multicellular 
organisms, consist in the Kingdom Plantae and are 
able to produce their own food via photosynthesis 
(Albersheim et al., 2011). In DNA isolation of plant, 
the extraction is quite difficult to obtain due to the 
structure of the cell wall (Heikrujam et al., 2020). 
The composition of cell walls such as cellulose, 
polysaccharides, phenolic compounds and tannins 
plays vital roles in maintaining the cell wall 
structure, the flexibility for cell division and 
regulating the response and metabolism of the 
plant (Houston et al., 2016; Gigli-Bisceglia et al., 
2020). As for fungi, it is multicellular, eukaryotic 
organisms that are classified in Kingdom Fungi 
(Walker and McGinnis, 2014). The cell wall and 
components of hyphae; which made up most of the 
fungi body, are mainly made up of chitin, β-glucans, 
and proteins (Lücking et al., 2020). The 
characteristics of these components provide the 
hyphae a strength yet pliant as a composite 

material (Islam et al., 2017). 
While bacteria are unicellular microorganisms 

that are classified into three domains, which are 
Archaea, Bacteria and Eukarya (Theriot, 2013). 
Bacteria have a nucleoid body and lack of 
membrane-bound cytoplasmic organelles. The cell 
of bacteria mainly consists of peptidoglycan that 
produces a mesh-like layer at the outside of the cell 
membrane (Chapot-Chartier and Kulakauskas, 
2014). The cell wall must be strong enough to 
sustain the lysis pressure and against any 
environmental threats (Dörr et al., 2019).  

Then, insects which is classified under the 
animal, which belongs to Kingdom Animalia; the 
largest kingdom among the 5 kingdoms. Animal 
cells are similar with the plant and fungi, as they 
are eukaryotic cells. However, animal cell does not 
have a cell wall, with round or irregular shape and 
large vacuoles on the center of the cell wall. As the 
structure of animal cell wall is thinner and simple 
than plant and fungi cell wall, the isolation of DNA 
is much easier (Shiwnarain, 2017) 

 
 
MATERIALS AND METHODS 
 
Plant Material 

Fresh plant samples; leaves of Bougainvillea 
sp., stems of Tridax procumbens, flowers of 
Bougainvillea sp., and seeds of Hibiscus sabdariffa 
were collected from around UniSZA Besut 
Campus, Terengganu.       
 
Algae Material 
Two types of algae were used, which are; 
microalgae- Spirulina sp., and macroalgae- 
Sargassum sp. Algae used in this study was 
obtained from Algae Living Sdn. Bhd. 
 
Bacterial Material 

Gram-positive bacteria; Enterococcus faecalis, 
and Gram-negative bacteria; Pseudomonas 
aeruginosa, were grown and used in this study. 
 
Fungi Material 

Fungus mycelia were harvested from the 
growth of fungus on white bread for 3 weeks at 
room temperature. 
 
Insect Material 

Two different species, which are; Gryllus 
bimaculatus and Athous haemorrhoidalis were 
used in this study. Insects were collected and killed 

before the experiment by using killing jar 
containing ethyl acetate. 

 
Isolation of DNA 
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The genomic DNA from specimens was 
isolated using CTAB solution following the 
method described by Mohd Fahmi et al., (2010). 
The methodology of DNA isolation for plant 
tissues, algae, bacteria, fungus and insects were 
applied using CTAB-based protocol. DNA 
isolation methods were modified mostly on the 
lysis step, with similar volume and concentration 
of CTAB buffer; 600 μL of 2 % CTAB buffer was 
used for each sample. The parameters observed 
and changed in this study were the addition and 
volume of 2-Mercaptoethanol, the addition and 
volume of proteinase K, the incubation time at 65 
℃, and the volume of chloroform: isoamyl alcohol 
in ratio 24: 1 during the first addition. The 
comparison of each parameter modified on DNA 
isolation methods was summarized in Table 1. 

2g of the fresh leaves samples (Nurul et al., 
2020) were grinded into finely crushed by using 
sterilized sea sand, and, mortar and pestle. As for 
bacterial samples, the bacterial culture was spun 
at top speed and pellet was formed at the bottom 
of the tube. All the supernatant was discarded. 
Then, 2 % of CTAB buffer (1 M of Tris-HCl at pH 
8, 5 M NaCl, 0.5 M EDTA, and CTAB powder) 
modified from Mahmod et al. (2011), and 2-
Mercaptoethanol were added into the Eppendorf 

tube containing samples and mixed by vortex. 
The samples were incubated at 65 oC for 1-2 
hours. The tubes were inverted a few times 
during incubation. 

Later, chloroform: isoamyl alcohol (CIA) in 
ratio 24: 1 was added into the tubes and the 
samples were spun at top speed for 10 minutes. 
The supernatant formed were transferred into 
new Eppendorf tubes, and an equal volume of 
CIA was added into the new tubes. The tubes 
were spun at top speed for 5 minutes. Again, the 
supernatant formed on the top was transferred 
into new tubes, and ice-cold isopropanol (-20 ℃) 
was added into the new tubes. The tubes 
containing supernatant and isopropanol were 
stored inside the freezer at -20 ℃ for overnight.  

Next, the tubes were centrifuged at top speed 
for 5 minutes and supernatant formed was 
discarded. 70% ethanol was added into the tubes 
containing DNA pellet to wash it. The tubes were 
spun at top speed for 5 minutes. The supernatant 
was discarded, and the pellet was allowed to 
completely dry at room temperature. The 
completely dried DNA pellet was diluted with 50 
μL of sterilized distilled water and was stored in 
the freezer at -20 ℃ until further use.

Table 1. Parameters modified for the DNA isolation methods of plant, bacteria, fungi and insect 
through CTAB-based protocol. 

Parameters 
Specimens 

Angiosperms Algae Bacteria Fungi Insect 

Addition/Volume of  
2-Mercaptoethanol (μL) 

 
10 μL 10 μL None None 10 μL 

Addition/Volume of 
proteinase K (μL) 

 
None None None 10 μL 20 μL 

Incubation time at 65℃ 

 
2 hours 2 hours 1 hour 2 hours 2 hours 

First addition of CIA (μL) 
 

200 μL 200 μL 200 μL 200 μL 500 μL 

 
DNA Quantification 

The concentration of DNA and its quantity 
was visualized on 1 % agarose gel 

electrophoresis and was measured by using UV 
spectrophotometer at 260 nm and 280 nm. 

 
 

RESULTS  
 

Determination of DNA Isolation Methodology 
for Various Types of Specimens Using CTAB-
Based Protocol 

 
DNA Isolation of Plant 

All plant samples including algae samples; 
microalgae- Spirulina sp., and Sargassum sp., 
were successfully isolated using CTAB-based 
protocol. The DNA was visualized on 1 % agarose 
gel, and a single band was produced for each 
isolated DNA as shown in Figure 1 and Figure 2. 1 
kb DNA ladder was used as a marker.  
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Figure 1.  Single banding pattern of 
angiosperms samples obtained through DNA 
isolation. M = DNA ladder 1 kb, Lanes 1-2 = 
leaves of Bougainvillea sp., Lanes 3-4 = flowers 
of Bougainvillea sp., Lanes 5-6 = seeds of 
Hibiscus sabdariffa, Lanes 7-8 = stems of 
Tridax procumbens. 

 

 
 
 
Figure 2. Single banding pattern of algae 
samples obtained through DNA isolation. M = 
DNA ladder 1 kb, Lane 1 = Spirulina sp., Lanes 
2-4 = Sargassum sp. 

 
 
DNA Isolation of Fungi and Bacteria 

The isolation of fungus harvested from the 
growth of fungus on white bread through CTAB-
based protocol was successful as there were 
bands appeared after the visualization on 1 %      
agarose gel. The result of DNA isolation of fungus 
is shown in Figure 3.  

 As for the DNA isolation method for 
bacteria, two types of bacteria strains were used, 

which are; Gram-positive bacteria, Enterococcus 
faecalis, and Gram-negative bacteria, 
Pseudomonas aeruginosa. Both bacterial strains 
were isolated using CTAB-based protocol, without 
the addition of enzymes and viewed on 1 % 
agarose gel. The band appeared for DNA isolation 
of Pseudomonas aeruginosa were more visible 
than Enterococcus faecalis (Figure 3).  

 
 

 
Figure 3. Banding pattern of fungus and 
bacteria samples obtained through DNA 
isolation. M = 1 kb ladder, Lanes 1-2 = fungus, 
Lanes 3-4 = Enterococcus faecalis, Lanes 5-6 = 
Pseudomonas aeruginosa. 

 

DNA Isolation of Insects 
The whole parts of insects; Gryllus 

bimaculatus and Athous haemorrhoidalis, were 
ground using sterilized sea sand and followed by 
the DNA isolation through CTAB-based protocol 
with the addition of proteinase K. After the 
visualization on 1 % agarose gel, thick and bright 
bands appeared for all isolated samples (Figure 4).  
 

4      

M    1 2      3      

3 4 5 6 
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Figure 4. Banding pattern obtained from DNA 
isolation of insects. M = 1 kb ladder, Lanes 1-2 
= Gryllus bimaculatus, Lanes 3-4 = Athous 
haemorrhoidalis. 

 

DNA Quantification  
After the visualization of isolated samples on 

agarose gel electrophoresis, the concentration of 
DNA and the purity of DNA were measured using 
UV spectrophotometer. The result measured was 
recorded as shown in Table 1. 

 

 

Table 2: DNA concentration and quality isolated from all plants, fungi, bacteria and insect samples 
using CTAB-based protocol.  

 

Samples Tissue DNA Concentration 

(ng/mL) 
A260/A280 A260/A230 

Bougainvillea sp. Leaves 12.4 1.32 0.68 

Bougainvillea sp. Leaves 77.2 1.30 0.71 

Tridax procumbens Stem 15.5 1.39 0.76 

Tridax procumbens Stem 13.7 1.32 0.71 

Bougainvillea sp. Flower 10.9 1.17 0.74 

Bougainvillea sp. Flower 3.9 1.59 0.79 

Hibiscus sabdariffa Seeds 8.9 1.22 0.89 

Hibiscus sabdariffa Seeds 70.7 1.24 0.79 

Spirulina sp. 26.0 1.39 0.74 

Sargassum sp. 10.5 1.40 0.57 

Sargassum sp. 9.7 1.34 0.58 

Sargassum sp. 51.2 1.18 0.85 

Fungus 10.2 1.89 1.32 

Fungus 24.1 1.72 1.11 

Enterococcus faecalis 5.3 1.82 1.53 

Enterococcus faecalis 7.8 1.71 1.56 

Pseudomonas aeruginosa 10.3 1.25 0.73 

Pseudomonas aeruginosa 22.8 1.00 0.91 

Gryllus bimaculatus 22.9 1.39 0.99 

Gryllus bimaculatus 20.6 1.57 1.11 

Athous haemorrhoidalis 28.1 1.25 1.18 

Athous haemorrhoidalis 38.9 1.35 1.09 

DISCUSSION  
The result from this study found that DNA 

bands obtained through agarose gel 
electrophoresis for angiosperms and algae are 
aligned with previous study by Pharmawati et al., 
(2020) and Aboul-Maaty et al., (2019) with 

smears at the bottom of the lane. The quality of 
genomic DNA isolated from fungus is aligned with 
the previous study by Huang et al., (2018) at 
similar concentration of CTAB buffer, which is 2 
% CTAB buffer with contamination presence in 
the DNA sample. The banding pattern of fungus 
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and bacteria samples obtained through DNA 
isolation are in accordance to Sharma et al., 
(2003) where the visualized bands were quite 
visible with smears at the bottom of the lanes. 

While the bands from DNA isolation of 
insects visualized using modified CTAB-based 
protocol have higher quality of genomic DNA 
compared than previous study by Calderón-
Cortés et al., (2010) and Chen et al., (2010) with 
smears tails. The quality of DNA can be 
determined by the value on the absorbance ratio 
at 260/280 for DNA purity, and 260/230 to 
measure the contaminance by organic 
compounds (Lucena-Aguilar et al., 2016). The 
absorbance ratio of A260/A280 should be between 
1.8 and 2.0 to be indicated as highly pure DNA 
(Ibrahim, 2011). The absorbance ratio that lower 
than 1.6 is considered to be high presence of 
contaminants, such as proteins and phenol that 
strongly absorb by the 280 nm. While for the 
absorbance ratio of 260/230, it used as 
secondary measure to determine other 
contaminants, such as salt contamination. The 
ratio between 2.0 and 2.2 is the most preferable 
value as it indicates high purity of DNA (Lucena-
Aguilar et al., 2016). 

DNA isolation parameters were modified to 
allow the successful isolation of DNA. The 
addition of 2-Mercaptoethanol is required for all 
plant tissues and insect samples, and none for 
bacteria and fungus. The volume of 2-
Mercaptoethanol used for samples was set to 10 
μL as it is the optimum volume to aid in the 
breakdown of cell wall. The addition of 2-
Mercaptoethanol in DNA isolation is common, 
especially for plant tissue (Yee et al., 2018). 2-
Mercaptoethanol is a strong reducing agent that 
acts to remove polyphenols and tannins present 
in plant samples (Heikrujam et al., 2020). 
Besides, the use of 2-Mercaptoethanol for insects 
sample is essential because of high amounts of 
phenolics and tannins from plants consumed by 
insects in their digestive tracts (Calderón-Cortés 
et al., 2010).  

Addition of proteinase K was used for fungus 
(10 μL) and insects (20 μL) with different 
volumes, and none for plant tissues and bacteria. 
In general, proteinase K is an enzyme that is able 
to digest contaminating protein in the cell lysate 
(Qamar et al., 2017), and work to inactivate 
nucleases that are able to degrade DNA during 
the isolation process (Ñique et al., 2021). Then, 
as for the incubation step at 65 ℃ in cell lysis, it 
is essential to ensure the lysis of cell is 
completely occur in the suspension. The purpose 

of incubation also is to induce the binding of 
CTAB to polysaccharides and remove it during 
centrifugation (Lever et al., 2015). A longer time 
is needed for plant tissues, fungus and insects to 
allow nuclei lysis to occur. 

Moreover, the volume of chloroform: isoamyl 
alcohol in ratio 24: 1 was used for all samples. 
200 μL of chloroform: isoamyl alcohol in ratio 24: 
1 was used for plant tissues, bacteria, and 
fungus. The volume used is as stated in the 
method from Mohd Fahmi et al., (2010). 
However, insect samples require a larger volume, 
which is 500 μL of chloroform: isoamyl alcohol in 
ratio 24: 1. The use of chloroform: isoamyl alcohol 
help to remove proteins and polysaccharides 
(Greco et al., 2014).  

Chloroform and isoamyl alcohol have their 
own purposes that work together in DNA 
isolation. Chloroform is a hydrophobic solvent 
that is mixed with the mixture containing DNA to 
force the separation between organic; lipids and 
cellular debris move to this phase, and the 
aqueous phase, which isolated DNA was placed 
(McKiernan & Danielson, 2017). Chloroform is a 
hazardous volatile compound that is able to 
cause various negative side effects when expose 
to it (National Pollutant Inventory, 2021). The use 
of chloroform together with isoamyl alcohol 
prevent emulsification during isolation of DNA. 
This is important because emulsification happens 
as gas is produced when chloroform reacts with 
air traps between interphase, resulting in difficulty 
to purify the DNA (Heikrujam et al., 2020). 
 
CONCLUSION 

In conclusion, DNA isolation methods using 
CTAB-based protocol can be used for various 
types of specimens, which are plants, bacteria, 
fungi and insects. DNA isolation for each different 
type of specimens requires different parameters 
to achieve higher concentration and purity of 
DNA. The result shows that the DNA isolated 
from insect specimens have the highest 
concentration as visualized on an electrophoresis 
gel, followed by plant specimens; angiosperms 
(seeds, leaves, flowers and stems) and algae, 
bacteria specimens and fungus specimens.  
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