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Abstract
This research conducted to determine the genetic variation on male green catfish (Hemibagrus nemurus),
female striped catfish (Pangasianodon hypophthalmus) and genetic relationship of hybrid to each of
parent. The research method was an explorative experiment. This research was conducted using striped
female striped catfish, male green catfish, and the hybrid of striped female catfish and male green catfish.
Genetic variation analysis was performed using the RAPD-PCR technique using primary OPA-2 and
OPA-3 methods. However, the result of DNA amplification with OPA-3 was better than OPA-2.
Therefore, further analysis was carried out using data from OPA-3. The genetic relationship was
analyzed based on the similarity index which calculated by Numerical Taxonomy and Multivariate
Analysis System (NTSYS) program. The result showed that the similarity index between hybrid and
female striped catfish was 82%, while the similarity index between female striped catfish and male green
catfish was 31%. Thereby, the inheritance of hybrid comes more from female striped catfish.
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1. Introduction
In 2030, the human population is estimated to reach 8.2 billion. So that, there will be an
increase in demand for nutritious food sources. Global food production with good quality from
land and water must increase to meet human needs. Fisheries is one of the sectors that is
important in providing foods and healthy diet for the human population. Globally, fish provide
16.6% of protein from all animal protein. Because of that, the demands and production for fish
in the world tend to increase. Fish supply is expected to increase from 154 million tons in 2011
to 186 million tons in 2030 [1].
Not only in the world, now days, fish demand and production in Indonesia shows the
increasing trend year by year [1]. Fish consumption in Indonesia is increasing from 32.25
kg/capita/year in 2011 to 47.34 kg/capita/year in 2017 [2]. The ministry of maritime affairs and
fisheries reported that the value of Fisheries Gross Domestic Product which is increased in
recent years. The value of fisheries Gross Domestic Product in 2019 reached 62.24 trillion.
This value was 6.24% greater than the value of Gross Domestic Product in the year 2018. This
increasing Gross Domestic Product value was supported by the increasing number of
aquaculture production which reached 8.2 million tons in 2019. While in 2018, it was 6.7
million tons [3].
Fisheries is also a sector that contributes to the Indonesian economy because a lot of fisheries
products are exported. Indonesian fishery products had also been exported to 157 countries [3].
The value of fisheries product was US$ 4.2 billion dollars in 2012. The sector also opens
employment opportunities of around 6.4 million direct jobs and fulfills the needs of 54.8% of
protein for the domestic population [4]. Because of The fisheries products’ demands are high
and continue to grow every year, so it’s must be balanced with the availability of prime and
excellent fingerlings.
One type of fish that is widely cultivated and has high economic value in Indonesia is the
striped catfish (Pangasianodon hypophthalmus). This fish was introduced from Thailand to
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Indonesia in 1972. Striped catfish have an elongated body
shape, are slightly flattened and do not have scales. Striped
catfish have a relatively small head with a wide mouth. Body
length can reach 120 cm. The body of the striped catfish is
silver white with a bluish back.
Striped catfish (P. hypophthalmus) has been established by
the Ministry of Maritime Affairs and Fisheries (KKP) as a
developed fishery commodity for the acceleration of
industrialization programs. This fish is also widely cultivated
in various Asian countries such as Bangladesh, India,
Malaysia, Laos, and Indonesia [5]. This is because striped
catfish has several advantages, such as faster growth
compared with local catfish, high market demand, large size,
high enough protein [6], low production cost, high stress
tolerance, and disease resistance. This fish is able to survive
in very bad conditions [7].
Based on the Ministry of Maritime Affairs and Fisheries data,
Striped catfish production in Indonesia increased from year to
year about 391,151 tons in 2018.This value was 22.2 percent
higher than the production of catfish in 2017. In 2018, catfish
for the first time was exported to the kingdom of Saudi Arabia
to be given to pilgrims from Indonesia. These reasons make
catfish widely cultivated in Indonesia. However, one of the
weaknesses of Striped catfish is yellowish-colored flesh.
Another type of popular fish, green catfish (Hemibagrus
nemurus) is also an aquatic commodity that has prospects for
cultivation. The advantage of green catfish is that it has white,
thick and contains high protein. This fish can reach sizes from
750-1000 g/individual. Because of that, H. nemurus have a
high price from 60.000 to 75.000 IDR/kg [8]. If this fish has
been processed into smoked fish, the selling price can reach
Rp.150.000 – 250.000/Kg [9].
The activity of crossing between one species could decrease
genetic quality in offspring. One effort to prevent the decline
of genes is to hybridize between different types of fish, but
have a close relationship such as striped catfish and green
catfish. Therefore, to improve fish quality, hybridization
needs to be done. The hybrid is expected to has rapid growth
such as striped catfish with white, thick and thornless meat
such as green catfish. Thus, hybrid from striped catfish and
green catfish can have a higher selling price.
The hybrid can have different genetic variation with the two
parents. The method that can be used to determine genetic
variation is the Random Amplified Polymorphic DNA or
commonly referred to as RAPD-PCR [10]. The RAPD
technique is useful and sensitive in differentiating various fish
genera and species [11]. Detected polymorphic DNA fragments
can interpret the genetic relationship of hybrid offspring with
male parent and female parent [12].
This research was aimed to determine the genetic variation on
male green catfish (H. nemurus), female striped catfish (P.
hypophthalmus) and genetic relationship between hybrid to
each of parent.

2.1 DNA Isolation
DNA isolation was carried out to separate chromosomal DNA
or genomic DNA from other cell components. Ten mg caudal
fins from male green catfish (H. nemurus), female striped
catfish (P. hypophthalmus), and larvae of the hybrid were
isolated using the Wizard Genomic DNA Purification Kit
(Promega). After isolation, qualitative analysis was performed
using electrophoresis in 1% agarose gel at 75 volts for 40
minutes. The size of the ladder was 1 kb. DNA isolation
products were immersed in ethidium bromide (EtBr) for 30
and then visualized in UV light and photographed using a
digital camera.

2. Materials and Methods
The research activities were carried out at the Ciparanje
Laboratory Pool, Unpad and Biotechnology Laboratory of
FPIK UNPAD. The test samples were female striped catfish,
male green catfish, and larvae of hybrid between female
striped catfish and green catfish. Larvae of hybrid was 1 week
old. These research activities were carried out through several
stages such as DNA isolation, DNA quantitative by
spectrophotometer, electrophoresis, and Random Amplified
Polymorphic DNA (RAPD) analysis.

Results and Discussions
3.1 DNA Isolation and DNA Quantification
Isolation of genomic DNA is the process of separating DNA
molecules from other molecules in the cell nucleus. DNA
isolation is a process to obtain pure DNA that can be used for
examination and diagnosis purposes in an organism [14]. The
Quality and quantity from DNA isolation of male green
catfish (H. nemurus), female striped catfish (P.
hypophthalmus) and hybrid can be known by electrophoresis
and
spectrophotometry.
Qualitative
analysis
by

2.2 DNA Quantification
DNA quantification was carried out by using
spectrophotometry. Double band DNA can absorb UV light at
λ 260 nm, while protein or phenol contaminants will absorb
light at λ 280 nm. DNA purity can be measured by calculating
the absorbance value of λ 260 nm divided by the absorbance
value of λ 280 nm (A260/A280). Good-quality DNA for
molecular analysis will have an A260/A280 ratio of 1.8–2.0 [13].
The Formula for calculating double-stranded DNA
concentrations according to Button et al. [13].
Concentration (µg/ml) = A260 reading – A320 reading) ×
dilution factor × 50µg/ml
Dilution factor = 50 times
2.3 DNA Amplification
The DNA was then amplified using the OPA-2 Primer
(5’TGCCGAGCTG-3’)
and
OPA-3
Primer
(5’AGTCAGCCAC-3 '). Amplification was carried out using
the PCR method with the composition of the ingredients:
GoTaq® green master mix as much as 12.5 µl, primer as
much as 1.25 µl, Template DNA 2 µl, and Nucleus Free
Water 9.25 µl. Furthermore, all ingredients were included in a
thermocycler with a cycle of 45 cycles. One cycle of initial
denaturation at 94ºC for 2 minutes, 45 subsequent cycles
consisting of denaturation at 94ºC for 1 minute, 36ºC
annealing for 1 minute and elongation of 72ºC for 2 minutes.
Final elongation at 72ºC for 10 minutes. The PCR results
were seen through electrophoresis in 1% agarose gel at 75
volts for 70 minutes. DNA amplification products were
immersed in ethidium bromide (EtBr) for 30 and then
visualized in UV light and photographed using a digital
camera.
2.4 Genetic Relationship Analysis
The genetic relationship can be known by calculating the
similarity index based on amplified numeric data bands. The
genetic relationship was analyzed based on the similarity
index calculated through the Numerical Taxonomy and
Multivariate Analysis System (NTSYS) program.
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electrophoresis showed that all DNA samples have been
successfully isolated and produce a single fragment with a
molecular weight above 10,000 bp.
Based on the result of electrophoresis on figure 1, there was
thick smear in the female striped catfish and a thin smear in
the male green catfish. In the hybrid sample, the result of
DNA isolation was clearly and there was no smear. Smears
indicated the presence of contaminants such as protein or
RNA in DNA isolation. The DNA purity of the three samples
was 1.550-1.728. It indicated the presence of protein
contamination. Sambrook and Russel [15] said that goodquality DNA for molecular analysis will have an A260/A280
ratio of 1.8-2.0. Ghatak et al. [16] said that a ratio below 1.8
indicates protein contaminants. While the ratio above 2
indicates RNA contamination. These contaminants can inhibit
the amplification process (PCR) [17]. Therefore, DNA samples
were purified. Purification of DNA isolates from RNA
contaminants can be done by adding RNAse. Purification of
DNA isolates from proteins can be done by adding phenolchloroform [18].

Fig 1: DNA Isolation Figure Information: M: Marker 1 kb; 1:
Hybrid 2: Striped Catfish (P. hypophthalmus) 3: Green Catfish (H.
Nemurus)

The spectrophotometry results showed that the pssurity value
of each sample varied between 1.550-1.728 (Table 1). The
DNA purity in female striped catfish (P. hypophthalmus) was
1,728. While in male green catfish (H. nemurus) was 1,550.
In the hybrid was 1,680.
Table 1: The Purity Value of DNA Isolation From Striped Catfish,
Green Catfish, and Hybrid
No
1
2
3

Sampel
Female Striped Catfish
Male Green Catfish
Hybrid

Abs260nm
0.159
0.062
0.084

Abs280nm
0.092
0.040
0.050

Ratio
1.728
1.550
1.680

3.2 DNA Amplification
The RAPD technique was useful and sensitive in
differentiating various fish genera and species [11]. This
technique was widely used in identifying genetic diversity at
the intraspecies [19] and interspecies levels [20]. RAPD markers
were analyzed according to the bands on RAPD gels. There
are two kind of band will be produced by RAPD. There are
polymorphic bands and monomorphic bands. Polymorphic

band is band of a certain size that appear only in one sample
and not found in the other samples. Meanwhile, the
monomorphic bands is a band of a certain size that appears in
all samples. The number of polymorphic bands present in a
sample indicates genetic variation.
The results of sample amplification using two primers (OPA
02 and OPA 03) showed that OPA 03 produce more DNA
fragments than OPA 02. The results of DNA Amplification
Products were shown in Table 2 (OPA 02) and Table 3 (OPA
03). Therefore, the genetic relationship analysis of the sample
in this study used primer OPA 03. Selecting a primer for
RAPD was important [21]. Each primer has its attachment site,
consequently the DNA bands produced by each primer
become different, both in terms of the number of base pairs
and the number of DNA fragments [22]. In this research, OPA
03 was used for the genetic relationship analysis because the
result of DNA amplification with OPA 03 was better than
OPA 02. OPA 03 produced more DNA fragments than OPA
02. The more number of DNA fragments produced by OPA
03 indicated that the base sequence OPA 03 primers were
more compatible with the genomes of the samples.
The highest polymorphic percentages with OPA 02 were
obtained in male green catfish. The number of polymorphic
fragments in female striped catfish was 1 band or 5.56%, in
male green catfish there were 10 polymorphic bands (58.82%)
and there were no polymorphic bands in hybrid. The number
of monomorphic bands in male green catfish, female striped
catfish, hybrid was 10 (41.18%), 17 (94.44), and 18 (100%)
respectively.
The highest polymorphic percentages with OPA 03 were also
obtained in male green catfish. The number of polymorphic
fragments in hybrid was 3 bands or 11.54%, in male green
catfish there were 4 polymorphic bands (30.77%) and there
were no polymorphic bands in female striped catfish. This
indicates that the genetic of the male green catfish is more
variable.
The existence of this polymorphic in hybrid sample indicated
genetic variation between hybrid and parents. Zalapa et al. [23]
said that hybridization is one way to increase genetic
diversity. The hybridization will allow gene modification in
offspring. Hybrid will express a combination of
characteristics that lie between the two parents [24]. This result
also indicates that male green catfish has higher genetic
diversity than female striped catfish and hybrid. Genetic
diversity can affect the organism ability to respond to the
natural and artificial selection [25]. High diversity populations
can also indicate a high capacity to adapt to stressful
environments, productivity and population persistence than
low diversity populations [26].
Using OPA 03, there were 26 monomorphic bands in the
hybrid sample. There were 20 monomorphic bands in female
striped catfish. All of the bands from the female striped
catfish also appeared on the same size in hybrid. There were
only 9 monomorphic bands in male green catfish. The
existence of monomorphic nucleotide sequences might be
able to express phenotypic similarities between hybrid, female
catfish, and male green catfish. The monomorphic nucleotide
sequence might express phenotypic similarities in the
population [27]. The possibility of this same phenotype can be
known in terms of morphological, anatomical, and
physiological. Based on the result of the existence of
monomorphic bands, the hybrid might be able to express
more phenotypic similarities with the female striped catfish
than male green catfish.
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Table 2: The Results of DNA Amplification Products OPA 02
Sample
Hybrid
Female Striped Catfish
Male Green Catfish

Amplified Fragments
18
18
17

Polymorphic Bands
0
1
10

Monomorphic Bands
18
17
7

% Polymorphic
0
5.56
58.82

% Monomorphic
100
94.44
41.18

% Polymorphic
11,54
0
30.77

% Monomorphic
88.46
100
69.23

Table 3: The Results of DNA Amplification Products OPA 03
Sample
Hybrid
Female Striped Catfish
Male Green Catfish

Amplified Fragments
26
20
13

Polymorphic Bands
3
0
4

3.3 Genetic Relationship Analysis
The existence of monomorphic and polymorphic bands were
then processed with the NTSYS program and UPGMA
(Unweighted Pair Group Method with Arithmetic Mean
Analysis). The results show that there were two groups. The
first group was hybrid and female striped catfish with a
similarity index value of 0.82. This coefficient value indicated
that the two samples have 82% genetic similarity. In the
second group consisted of male green catfish having a
similarity index with group 1 of 0.31 or having 31% genetic
similarity. These results indicated that the genetic of hybrid
was similar and had a close relationship with female striped
catfish.
4. Conclusion
It can be concluded that there was genetic variation between
hybrid fish and their parents. Genetic of hybrid was more
similar and had a closer relationship with female striped
catfish than male green catfish.
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