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ABSTRACT 
 

This research was carried out from June to November 2017. This research aims to analyze genetic 
relationship of tilapia (Oreochromis niloticus) nirwana strain which is cultured in Aceh Besar (Aceh 
Province) and in Wanayasa (West Java Province) with RAPD-PCR technique. The DNA Isolation 
Activity of tilapia nirwana strain was carried out in The Biotechnology Laboratory, Building No.4, 
FPIK UNPAD, Indonesia and the PCR process was carried out in The Microbiology and 
Biotechnology Laboratory, Building No.3 FPIK UNPAD, Indonesia. The purpose of this research is 
to determine the level of genetic relationship of tilapia nirwana strain cultured in Aceh Besar and 
Wanayasa and to find out whether tilapia nirwana strain in Aceh Besar can be used as a genetic 
stock. The results showed that genetic relationship level of tilapia nirwana strain cultured in Aceh 
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Besar with those cultured in Wanayasa is 67%. The existence of environmental differences results 
in genetic diversity between Aceh Besar and Wanayasa tilapia nirwana strain. Factors that causing 
grouping movement are external factors such as: Geographical isolation and habitat fragmentation 
as well as internal factors such as mutation, natural selection, genetic drift, and gene flow. Tilapia 
nirwana strain that is cultured in Aceh Besar produce polymorphic bands, so it can be used as a 
new genetic stock to stabilize the tilapia nirwana strain production. 
 

 
Keywords: Aceh Besar; DNA; tilapia; nirwana; amplification; Wanayasa. 
 

1. INTRODUCTION 
 
Tilapia is a type of fish with high economic value, 
where the demand for fingerlings and fish 
consumption from year to year tends to continue 
to increase along with the expansion of 
aquaculture and market demand for tilapia 
continues to increase from year to year [1]. 
Efforts to improve the quality of tilapia are 
needed to increase production and profits of 
tilapia farmers. Broodstocks and fingerlings that 
have high quality are absolutely necessary in 
aquaculture activities because of the superior 
parent it is expected to get better quality of 
fingerlings as well [2-6]. Fingerlings quality can 
be seen from the rapid growth rate, low FCR, 
resistance to disease, so that later can reduce 
production costs and increase the benefits of 
farmers [7-10]. 
 
The activity of crossing between species of fish 
that is still in one species results in genetic traits 
passed down from the parent to the offspring 
experiencing degradation or decline in genetic 
quality [11-14]. To prevent the decline of 
dominant genes where the dominant genes will 
be reduced, it is necessary to do hybridization 
efforts that are able to produce new individuals 
that have similarities with the parent, in terms of 
the tilapia (Oreochromis niloticus) nirwana strain, 
the body shape is relatively wider with a shorter 
head length, so this makes it has a thicker meat 
structure compared to other tilapia [15,16]. The 
purpose of this study was to analyze the genetic 
relationship of tilapia (Oreochromis niloticus) 
nirwana strain cultured in Aceh Besar (Aceh 
Province) and compared with tilapia 
(Oreochromis niloticus) nirwana strain cultured in 
Wanayasa (West Java Province) using the 
RAPD-PCR technique and to find out whether 
tilapia nirwana strain in Aceh Besar can be used 
as a genetic stock. 
 

2. MATERIALS AND METHODS 
 
The research was conducted in June 2017-
October 2018. The DNA isolation activity of 

Tilapia Nirwana strain was carried out in building 
4 of the Biotechnology Laboratory of FPIK 
UNPAD and the PCR process was carried out in 
the Biotechnology Laboratory, buliding no.3, 
FPIK UNPAD. This research uses descriptive 
exploratory methods, where research is 
exploratively examined and analyzed 
descriptively qualitative. Research was carried 
out by taking tail fin from Tilapia Nirwana strain 
which was cultured in Aceh Besar and 
Wanayasa areas as much as 5 grams. The fish 
sample was then tested for DNA in the 
laboratory. DNA testing was carried out using the 
RAPD-PCR method (Random Amplified 
Polymorphic DNA - Polymerase Chain Reaction). 
The DNA test results are then analyzed using the 
NTSYS - PC program. 
 

2.1 Procedures 
 
Research procedures include: 
 
2.1.1 DNA extraction 
 
Use the Genomic DNA Purification Kit 
(Promega). Fish fin samples were taken as much 
as 0.1 gr. Nuclei Lysis Solution was added as 
much as 300 µl, then homogenized using vortex 
for 10 seconds, then incubated in a water bath at 
65°C for 30 minutes. Then RNAse Solution was 
added as much as 1.5 µl, flipped 2-5 times, then 
in a water bath at 37°C for 30 minutes, then 
cooled at room temperature for 5 minutes. 
Adding Protein Precipitation Solution as much as 
100 µl was homogeneous using vortex for 10 
seconds, then cooled in cured ice for 5 minutes 
and centrifuged for 4 minutes at a speed of 
13,000 rpm centrifuge. The formed upernatant 
was transferred into a new tube which was filled 
with isopropanol as much as 300 µl, then 
homogenized and centrifuged at 13,000 for 1 
minute. Furthermore, the supernatant was 
removed and 70% ethanol was added as much 
as 300 µl and centrifuged again at a speed of 
13,000 rpm for one minute. The unneeded 
ethanol was removed and dried by pellets by 
aerating for 15 minutes. Next Rehydration 
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Solution is added as much as 50 µl to the tube 
that contains pellets and then incubated in a 
water bath at 65°C for 1 hour. 
 
2.1.2 Electrophoresis process 
 
Prepare agarose gel with a concentration of 1%. 
Agarose gel 1% is made by weighing agarose 
powder as much as 0.4 g for the amplified 
sample and 0.56 grams for the isolation result, 
then it is put into the erlenmeyer and 40 mL TBE 
solution is added for the amplified sample and 56 
mL for the isolation result. Then cooled. Then 
prepare the agarose gel mold complete with a 
comb to print wells on agarose gel, then agarose 
solution is poured into agarose molds. Agarose 
gel is allowed to stand for 10 minutes or until 
frozen. Put frozen agarose gel in a TBE running 
buffer submerge solution. The results of DNA 
amplification were filled in each agarose gel well 
with a composition of 4 μl PCR DNA and 2 μl 
loading dye, the other wells were filled with 2 μl 
Ladder DNA 1 kb plus 2 μl loading dye as a 
marker. Furthermore, electrophoresis was 70 
minutes at a voltage of 75. Whereas for 
electrophoresis the results of isolation were 
carried out for 40 minutes. Then soak the 
agarose gel in a mixture of 100 ml of Aquadest 
solution and EtBr as much as 5 µl for 30 minutes, 
then soak again in aquadest as much as 100 µl 
for 7 minutes. Furthermore, agarose gel is added 
and put into the UV Transilluminator machine. 
Documented electrophoresis results using a 
digital camera for later analysis. 
 
2.1.3 Amplification process 
 
The amplification process was carried out by 

combining 2 µl DNA templates (DNA sample 

tests), 1.25 µl primers, 12.5 µl master mix, 8.5 µl 
nucleus free water. Then homogenized. Then 
amplified using a thermal cycler machine. 
 

2.2 Data Analysys 
 
The results of the data obtained in the form of 
ribbons that arise in agarose are analyzed 
descriptively through observational studies with 
supporting data and related literature. Data 
analysis was then performed using the NTSYS 
program on a computer to obtain a genetic 
relationship tree (phylogenetic) to determine 
whether genetic differences occurred in samples 
cultured in Aceh Besar and in Wanayasa. 
 

3. RESULTS AND DISCUSSION 
 
3.1 DNA Isolation 
 
DNA isolation is a technique of separating DNA 
molecules from other molecules in the cell 
nucleus. Three samples of tilapia nirwana fish tail 
originating from Aceh Besar and three samples 
of tilapia nirwana fish tail originating from 
Wanayasa were successfully isolated using the 
Wizard®Genomic Purification Kit (Promega) to 
isolate the genomic DNA used in accordance 
with the standard protocol recommended 
isolation kit Promega Sampling on the tail aims to 
obtain parts that can present cells in the body of 
fish samples in good condition and sampling on 
the tail can be taken without having to kill fish 
samples (Mulyadi et al. 2017). 

 
The isolation genomic DNA can be known for its 
presence and quality by using electrophoresis to 
determine the results of qualitative tests 
conducted by looking at the presence of DNA 
bands in agarose gels immersed in a solution of 
Etidium bromide (Etbr) containing fluorescent 
compounds that will bind to DNA, so that when 
exposed. UV light DNA will fluoresce in agarose 
gel. 
 
The results of DNA isolation can be seen in           
Fig. 1. 
 
Based on Fig. 1, shows the results of the 
visualization of DNA isolation electrophoresis           
on agarose gels that still have smears. In               
DNA isolation, can cause smears in agarose 
cells signifying the presence of material                   
other than DNA that was also isolated, so that 
smears appearing at the bottom of the DNA 
Smear band contained in the band can                
also be caused by the presence of RNA               
content that is still present in the sample 
(Santella 2006). The way to reduce the presence 
of smears is by adding RNAse, because RNAse 
can reduce the smear contained in DNA   
isolates. 
 
The next step is to determine the quality of the 
genomic DNA based on the measurement of the 
concentration value of DNA content and the 
purity value obtained from the measurement 
results using a spectrophotometer that has been 
done based on the ratio ratio of absorbance 
values A260 and A280. 
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Fig. 1. DNA isolation results 
Note : M: DNA Ladder Marker 1 Kb; AB1: Aceh Besar 1; AB2: Aceh Besar 2; AB3: Aceh Besar 3; 

WN1: Wanasaya 1; WN2: Wanayasa 2; WN3: Wanayasa 3 
 

Table 1. Purity of samples 
 

No  Sample name DNA Purity Value of DNA 
purity Abs 260 nm Abs 280 nm 

1 Wanayasa 1 (WN1) 0,063 0,041 1,573 
2 Wanayasa 2 (WN2) 0,078 0,049 1,592 
3 Wanayasa 3 (WN3) 0, 059 0,032 1,844 
4 Aceh Besar 1 (AB1) 0,437 0,245 1,784 
5 Aceh Besar 2 (AB2)  0,257 0,142 1,810 
6 Aceh Besar 3 (AB3) 0,184 0,105 1,752  

Note : WN1: Wanayasa 1; WN2: Wanasaya 2; WN3: Wanayasa 3; AB1: Aceh Besar 1; AB2: Aceh Besar 2; 
AB3: Aceh Besar 3 

 
Based on the genomic DNA purity values 
obtained in all samples, the purity values ranged 
from 1.5-1.8. The purity value of the samples 
WN1 1.573, WN2 1.592, WN3 1,844, AB1 1,784, 
AB2 1,810 and AB3 1,752. The results of DNA 
purity and integrity have a very important 
influence on the success of the PCR 
amplification process, especially RAPD-PCR 
(Triana et al. 2010). According to Tenriulo [7], a 
value of 1.5-1.8 is still considered a pure isolate 
criterion because it is close to 1.8. All samples 
show that the sample is suitable for the 
amplification process. 
 

3.2 DNA Amplification 
 

PCR amplification can be done after the DNA 
isolation stage and after knowing the genomic 
DNA purity value on the DNA isolation results. 
The results of PCR amplification based on 
genetic characteristics can be seen using OPA 
primers (Operon Primary set-A). 
 
DNA amplification uses the RAPD method with 
primer OPA 2. Other solution components are 
GoTaq ® green master mix and DNA template. 

After the DNA amplification process is carried 
out, it is followed by isolation treatment to see the 
quality of DNA. The results of amplification of 
amplified DNA can be seen in Fig. 2. 
 
DNA amplification is done by using two primers 
that can produce bands that are interpreted from 
the results of amplification of agarose gel 
electrophoresis which is translated in binary 
matrix by looking at the presence or absence of 
the tape. DNA amplification requires a lot of 
optimization to get the best results (all samples 
can produce variations of DNA fragments). The 
primary optimization used in primary selection 
must be correct. Optimizing the use of primers to 
analyze genetic genetic relationship of tilapia 
nirwana stran using OPA-02 and OPA-03 
primers. 
 
DNA amplification was carried out using two 
primers which can produce polymorphic bands 
and monomorphic bands after primer 
optimization in each sample of amplified tilapia. 
The results of genomic DNA amplification using 
OPA-2 and OPA-5 show different results in each 
primer. Based on the results of isolation from
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Fig. 2. DNA amplification results 
Note : M1: Marker DNA Ladder 1 Kb; AB1: Aceh Besar Sample 1; AB2: Aceh Besar Sample 2; AB3: Aceh Besar 

Sample 3; WN1: Wanayasa Sample 1; WN2: Wanayasa Sample 2; WN3: Wanayasa Sample 3 
 
amplified genomic DNA, it shows that the DNA 
produced is of good quality, showing that there 
are bands on OPA 2 (Fig. 2) that produce as 
many as 18 bands, whereas in OPA 5 there are 
fewer interpreted bands so that no analysis is 
performed. Furthermore. This shows that OPA 2 
primers are sufficiently complementary to be 
used as primers for part of the test fish network. 
 
Differences in DNA Amplification are due to 
differences in the number of primary attachment 
sites and the distance between the two primers 
attached to the DNA template. According to Wels 
et al. 1998 in Lia 2006, the number and size of 
fragments produced generally depend on the 
order of nucleotides and DNA sources. The 
bands which were interpreted as the result of 
amplification of agarose gel electrophoresis by 
using OPA-2 Primer showed results that were 
complementary to the DNA of tilapia nirwana  in 
the base pair position (bp) and ended with a 
complementary sequence on bp which was 
translated in binary matrix by looking at the 
presence and the absence of the tape in       
Table 2. 
 
Based on the results of the Table. 2, it can be 
seen a variety of polymorphic and monomorphic 
bands in three samples of tilapia nirwana that are 
cultured in Aceh Besar Besar and three samples 
of tilapia nirwana that are cultured in Wanayasa 
which are implied using OPA-2. Monomorphic 
bands are bands that are present in some 
samples so that they do not have variations and 
polymorphic bands are images of DNA bands 
that appear at certain sizes, and are not found in 
other samples (Willian and Ronald 1990). 
 
Based on the analyzed bands, then the 
percentage of monomorphic and polymorphic 

bands is made. Each primer has a different 
forging character in each test fish sample, so that 
it has its own attachment site in each sample. 
 
The percentage of bands can be seen in              
Table 3. 
 
The primers used in RAPD analysis influence the 
polymorphism of the fragments produced 
because each primer has different attachment 
properties so that fragments generated from 
genomic DNA from the amplification results using 
different primers will produce polymorphic or 
monomorphic bands with the number of 
fragments and molecular weights different [17-
21]. The results of this DNA band emergence 
data are based on the use of OPA-2 primers 
which are complementary to the sample used. 
Polymorphic and monomorphic bands generated 
18 DNA bands in all test samples. Fish samples 
that gave rise to the most bands were the 
samples of AB1 and AB2 nirwana strain as many 
as 14 DNA bands while the fish samples that 
gave rise to the least bands were WN1 and WN2 
nirwana strain samples of 8 DNA bands. 
 
The genetic variation in the amplification results 
using OPA-2 primers is marked by the 
appearance of polymorphic bands. In all test 
samples of tilapia nirwana there are polymorphic 
bands visualized in fish samples AB1 
12827.18bp showing the results of polymorphism 
percentage of 6.7, AB2 14379bp showing the 
results of polymorphism percentage of 8.3%, 
AB1 12827.18bp showing the results of 
polymorphism percentage of 6.7, AB2 14379bp 
showing the results of polymorphism percentage 
amounting to 6.7% and AB3 16652.55bp shows 
the results of the percentage polymorphism of 
8.3%, each containing one polymorphic band. 

 



 
 
 
 

Yustiati et al.; AJBGMB, 4(4): 1-9, 2020; Article no.AJBGMB.59387 
 
 

 
6 
 

Table 2. Results of DNA bands using OPA 2 
 

Y (BP position) WN1 WN2 WN3 AB1 AB2 AB3 
16652,55      --* 
16223,51       
16065,77  --^    --^ 
16039,63 --^ --^  --^ --^ --^ 
15248,59    --^ --^  
14807,41 --^ --^ --^ --^ --^  
14379     --*  
14238,86   --^ --^ --^ --^ 
14146,08 --^ --^ --^ --^ --^ --^ 
13872 --^  --^ --^ --^  
13603,24 --^  --^ --^ --^ --^ 
13382,88  --^ --^ --^ --^ --^ 
13274,36 --^  --^ --^ --^ --^ 
12827,18    --*   
12702,46   --^ --^ --^ --^ 
12599,16 --^ --^ --^ --^ --^ --^ 
11977,79 
11861,34 

 
--^ 

 
--^ 

--^ 
--^ 

--^ 
--^ 

--^ 
--^ 

--^ 
--^ 

Note: - ^ = Monomorphic Tape; - * =Polymorphic Tape; WN 1: Wanayasa Sample 1; WN 2: Wanayasa Sample 2; 
WN 3: Wanayasa Sample 3; AB 1: Aceh Besar Sample 1; AB 2: Aceh Besar Sample 2; AB 3: Aceh Besar 

Sample 3 
 

Table 3. Comparison of monomorphic and polymorphic bands 
 

 Number of 
bands 

Number of 
polymorphic 

Number of 
monomorphic   

Polymorphic 
(%) 

Monomorphic 
(%) 

WN1 8 0 8 0 100 
WN2 8 0 8 0 100 
WN3 11 0 11 0 100 
AB1 14 1 13 6,7 92,3 
AB2 14 1 13 6,7 92,3 
AB3 12 1 11 8,3 91,7 

WN 1: Wanayasa Sample 1; WN 2: Wanayasa Sample 2; WN 3: Wanayasa Sample 3; AB 1: Aceh Besar Sample 
1; AB 2: Aceh Besar Sample 2; AB 3: Aceh Besar Sample 3 

 
The existence of variations within a population 
indicates the strength that can maintain variation 
and affect the adaptation of a population to its 
environment (Handiwirawan, 2006). According to 
Kusmini et al. (2012), the high level of 
polymorphism in the population shows the 
effectiveness of individuals in the selection 
process (random mating) and reproduction in 
their habitat. Conversely, low levels of population 
polymorphism are thought to be related to gene 
flow constraints by environmental factors or 
limited population size that causes 
interpopulation so as to reduce intrapopulation 
genetic diversity. Tilapia Nirwana fish that is 
cultured in Wanayasa with environmental 
conditions an average water temperature of 16-
28°C, rainfall 1,937 mm / year and an altitude of 
600 meters above sea level. These 
environmental conditions are different from the 
conditions in Aceh Besar where the water 

temperature ranges from 26-28°C, rainfall is 
1,251-1693 mm / year and a height of 0-800 
meters above sea level. Differences in 
environmental conditions can cause polymorphic 
bands in fish samples, resulting in genetic 
differences in tilapia. 
 
In the results of the OPA-2 amplification, it can 
also produce two monomorphic bands in all 
samples of Aceh Besar and Wanayasa tilapia 
fish at the same bp at 11861.34 bp and 12599.16 
bp. This shows that the same ribbon size in all 
test fish samples indicates a close genetic 
relationship. The emergence of monomorphic 
bands due to fish cultured in Aceh Besar was 
originally the result of offspring from tilapia 
nirwana II which are the same as those cultured 
in Wanayasa. According to Ministerial Decree 23 
of 2012 the superiority of tilapia nirwana II is that 
this fish has a growth rate of 15% faster than 
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tilapia nirwana I, so that it is used as superior 
fingerlings to be spread in several regions in 
Indonesia, one of which is in the Greater Aceh 
Jantho Fish Seed Center. 
 
3.3 Genetic Relationship Analysis 
 
The existence of DNA band fragments on the 
results of genomic DNA amplification using OPA-
2 can be translated into a binary matrix by 
observing the presence or absence of DNA band 
fragments on the results of genomic DNA 
amplification marked with (1) indicating the band 
appears and the value (0) indicating the band 
does not appear . The next stage is to analyze 
the level of genetic relationship in the test 
sample. Genetic relationship level analysis using 
the help of some software namely Microsoft 
Excel, Corel Draw X7 and for making the genetic 
relationship tree NTEdit and NTSYS programs 
are used to show genetic distance in each test 
sample, the distance contained in the 
phylogenetic tree will provide information on how 
close the genetic traits are 
 

After the binary matrix is completed, an analysis 
of the calculation of the coefficient of equation 
(simple matching) of the data and then made a 
genetic relationship tree using the UPGMA 
(Unweighted Pair Group Method With Arithmetics 
Average) method through the NTSYSPc program 
and from this genetic relationship tree can be 

seen the genetic relationship relationship of the 
test fish samples. 
 
The results of the genetic relationship tree can 
be seen in Fig. 3. 
 
Based on the UPGMA analysis results in Fig. 3, 
using OPA-2 from three DNA samples of the 
Greater Aceh tilapia fish genome and three DNA 
samples from the Wanayasa nirwana tilapia 
genome, it can be seen that all samples were 
obtained by two large genetic groups using OPA-
2 that is, in the first group consisting of WN1 and 
WN2 has a coefficient of 0.76 and a similarity in 
genetic traits of 76%. This shows that there is a 
close relationship between the two fish samples. 
This can be explained based on Table 3 which 
shows that the absence of polymorphic bands 
that appear in the sample so that the genetic 
relationship of the sample is quite close. 
 
The second group WN3, AB1, AB2 and AB3 
have a coefficient of 0.76 and a genetic similarity 
of 76%. This shows that there is a close relative 
of the four fish samples. All sample groups AB1, 
AB2, AB3, WN1, WN2 and WN3 have a 
coefficient of 0.67 and have a genetic similarity of 
67%. This shows that there is a close relative of 
the whole fish sample. This shows that AB1 and 
AB2 samples have a degree of genetic 
relationship far compared to other groups with a 
large similarity index value. 

 

 
 

Fig. 3. Dendogram of genetic relationship using OPA-2 
Note : WN 1: Wanayasa Sample 1; WN 2: Wanayasa Sample 2; WN 3: Wanayasa Sample 3; AB 1: Aceh Besar 

Sample 1; AB 2: Aceh Besar Sample 2; AB 3: Aceh Besar Sample 3 
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This shows that the genetic relatinship between 
tilapia nirwana cultured in Aceh Besar and in 
Wanayasa has a close genetic relationship but 
does not reach 100%. Based on phylogenetic 
trees there is a genetic difference between 
samples from Aceh Besar and Wanayasa. The 
occurrence of grouping differences based on 
genetic distance due to genetic variations or the 
emergence of polymorphic bands in the results of 
amplification among populations of tilapia 
nirwana fish that indicate the presence of genetic 
structure as the beginning of the process of 
starting a new species. This can be seen based 
on the emergence of monomorphic and 
polymorphic bands from the results of Table 3 
which shows that the appearance of the same 
monomorphic band at certain base pairs 
between one sample with another, resulting in a 
sample of genetic relationship between one 
another. 
 
The existence of genetic interaction of tilapia 
nirwana with its cultural environment and every 
individual tilapia nirwana cultured in Aceh Besar 
does not all have the same level of adaptation, 
so that the interaction between genetic and the 
environment can result in genetic differences in 
fish that are cultured which causes low genetic 
relationship between populations tilapia nirwana 
fish are characterized by differences in the 
characteristics of these fish. 
 
This can be explained by several assumptions, 
for example due to external factors such as: 
geographical isolation and habitat fragmentation 
as well as internal factors such as mutation, 
natural selection, genetic drift, and gene flow. 
According to Slatkin (1987), states that these 
factors are the cause of variations in genetic 
structure. 
 

4. CONCLUSION 
 
It can be concluded that the level of genetic 
relationship of tilapia nirwana strain cultured in 
Aceh Besar with those cultured in Wanayasa is 
67%, the environmental differences results in 
genetic diversity. Tilapia nirwana strain that is 
cultured in Aceh Besar can be used as a new 
genetic stock to stabilize tilapia nirwana strain 
production since it is produce polymorphic 
bands. 
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