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Abstract: Fisheries in India contribute significantly to the total GDP of agriculture and earn significant 

foreign exchange. Aquaculture is playing an important role in India and is bestowed with a huge 

biodiversity of aquatic organisms. India ranks second in total fish production in the world. Nile tilapia 

has become the world’s second most popular farmed fish, after carps. Oscars is a popular aquarium fish 

around the world. In the present study, efforts were made to analyze the extent of divergence or 

similarity among three cichlid finfishes (Nile Tilapia, GIFT Tilapia, and Oscar Cichlid) using molecular 

biology techniques such as Random Amplification of Polymorphic DNA (RAPD)  and Restriction 

Fragment Length Polymorphism (RFLP). The Phylogenetic tree was constructed using PhyElph 

software to study the evolutionary relationship between the three cichlid finfish species. The 

Phylogenetic or evolutionary relationship was established for the three fishes, Nile tilapia, GIFT, and 

Oscar cichlid, with the Phylogenetic tree. It was found that Nile tilapia and GIFT share a recent common 

ancestor, while Oscar cichlid does not share any evolutionary relationship with Nile tilapia and GIFT. 
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1. Introduction 

More than 70 percent of the earth’s surface is covered with water. The aquatic resources 

are rich in biodiversity and contribute greatly to the high protein dietary requirement of the 

ever-increasing global population. Fish is one the primary source of protein and an important 

part of the diet worldwide (UNEP) due to its higher nutritional value. Globally, fish contributes 

to 16 % of humans' total animal protein intake and is rich in minerals and essential fatty acids. 

Fish has two different omega-3 fatty acids as DHA (docosahexaenoic acid) and EPA 

(eicosapentaenoic acid). Therefore, it is considered the primary source of omega-3 fatty acids 

in the human diet and contains vitamins like D, B2 (riboflavin), and minerals such as iodine, 

iron, and magnesium, potassium, zinc [1]. The presence of various nutrients, vitamins, and 

minerals in fish can reduce the risk of stroke and heart attack in humans by dropping blood 

pressure levels. In some countries, such as Bangladesh, Cambodia, Gambia, Sri Lanka, and 
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Small Island Developing States (SIDS), fish make up 50 % or more of people’s protein intake. 

On the global level, the fisheries sector provides nearly 60 million people with direct 

employment. The fisheries and aquaculture sector also aim to tackle hunger, malnutrition, 

poverty and contribute to the economic growth in the world. It also focuses on the conservation 

of resources, biodiversity, and the environment to address the well-being and livelihood of 

people working in this sector [2]. Fish and aquaculture production continues to expand, 

increasing from 171 million tonnes to 201 million tonnes by 2030 (18 % increase).  

There are different factors such as temperature, salinity, ammonia, and dissolved 

oxygen level in water that affect aquatic animals' growth and propagation [3]. The growth and 

metabolic rate of the fish in the aquatic environment strongly depend on the water temperature. 

Up to a certain (optimum) limit, an increase in temperature increases the growth and metabolic 

rate of fish, but beyond an optimum condition, it affects these rates by lowering the availability 

of dissolved oxygen (DO) concentration. In addition to that, pollutants in the aquatic 

environment are more toxic at a higher temperature which causes harmful health effects to 

aquatic animals and humans via the food web [4]. Water salinity is one of the key factors which 

control the growth rate of fish. The salinity of water varies from 0.7 to 33 g/L. For the 

freshwater, salinity should be less than 0.7 g/L; if it exists beyond 0.7 g/L will alter the 

physiological characteristics of aquatic animals in the freshwater eco-system (lakes and rivers). 

In the seawater, salinity can also alter the water density and temperature, which results in 

climate change, and an average salinity level in seawater is 35 g/L [5, 6]. The abundant 

availability of a higher concentration of ammonia in the aquatic ecosystem directly affects the 

growth and development of aquaculture. Because they can accumulate in the internal tissues of 

aquaculture, especially fish, and decreases their growth and feed uptake rate [7-9]. Dissolved 

oxygen (DO) is one of the essential factors for the survival of any species in the aquatic 

environment. It is also required to decompose organic matters in an aquatic environment. DO 

should be maintained around 8.0 mg/L for freshwater aquaculture and 6.0 – 7.0 mg/L for 

marine aquaculture. Even lower and excess DO concentration causes greater stress on aquatic 

animals and also causes various harmful neurotic diseases like gas bubble disease to the aquatic 

animals [10]. 

Cichlids are mostly freshwater fishes of family Cichlid were found in tropical America, 

mainland Africa, south Asia, and Madagascar. Oreochromis niloticus (Nile tilapia) is one of 

the well-known cichlid species, has higher market demand due to its better meat quality among 

other freshwater aquaculture [11-13]. Nile tilapia is a freshwater cichlid native to the Nile River 

basin, can grow under an optimal environmental condition; the south-western Middle East; the 

Niger, Benue, Volta, and Senegal rivers, and the lakes Chad, Tanganyika, Albert, Edward, and 

Kivu. The genetically improved farmed tilapia (GIFT) is the genetically modified Oreochromis 

niloticus strain. It was introduced to overcome the limitations of the traditional O. niloticus 

strain and meet the animal protein demand of freshwater aquaculture. GIFTs are monosex 

males; therefore, they can grow significantly faster than the traditional O. niloticus and female 

tilapia [14, 15]. In the female tilapia, most of the energy has been utilized for their reproductive 

activities, such as egg production and spawning activity. Therefore, female tilapia could not be 

able to produce uniform-sized species in a shorter period of time. But in the case of GIFT, due 

to its monosex male in nature, the complete energy drawn from the feeds was utilized for their 

growth and development. Therefore, GIFT fish produce a high yield with uniformed size within 

a short period of time [16, 17]. GIFT fish's growth and survival were 60 % and 50 % higher 

than the traditionally farmed fishes. They can also grow even at wide environmental conditions, 
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suitable for small scale and large scale production, and has a higher resistance to diseases and 

deprived water quality. Thereby, GIFT contributes to the Indian economy in the fishery sector 

[18-20]. Astronotus ocellatus (Oscar) is one of the ornamental freshwater fish and survives in 

freshwater with a warm temperature of 25 °C in the sandy substrate or muddy area. Oscar is 

mostly found in calm, shallow freshwater rivers and basins and native to South America [21]. 

The present investigation aims to study the evolutionary relationship and genetic 

variation between the three different freshwater cichlid finfishes (Oreochromis niloticus, GIFT 

of O.niloticus, and Astronotus ocellatus). The genetic variation between these three cichlid 

fishes was explained by performing Restriction fragment length polymorphism (RFLP) and 

Random Amplified Polymorphic DNA (RAPD) analysis of their extracted genomic DNA. To 

explain the evolutionary relationship between these three cichlid fishes, phylogenetic tree was 

constructed using PyElph software. 

2. Materials and Methods 

2.1. Collection of samples. 

Genetically Improved Farmed Tilapia (GIFT), Oreochromis niloticus (Nile tilapia), 

Astronotus ocellatus (Oscar) samples were collected from Fisheries Research and Information 

Centre (FRIC), Karnataka Veterinary Animal and Fisheries Sciences University (KVAFSU), 

Hesaraghatta, Bangalore, Karnataka, India. The images of three cichlid fishes were shown in 

Figure 1. The fish samples were anesthetized using 3 drops of clove oil. 2 g of muscle sample 

was collected from the individual fish and transferred aseptically into a labeled Eppendorf tube 

and preserved in absolute ethanol for further studies. 

 

         
    (a)                                                      (b)                                                 

 
                        (c) 

Figure 1. Images of three species of cichlid fishes used in the study: (a) Genetically Improved Farmed Tilapia 

(GIFT); (b) Oreochromis niloticus (Nile tilapia); (c) Astronotus ocellatus (Oscar). 

2.2. Meristic characteristics. 

Meristic characters in fishes are important to the differentiation of taxonomic units and 

can spot differences between fish populations. Meristic characters are countable fish characters 

such as fin rays, fin spines, and Gill slits. The meristic character analyses are performed in dead 

fishes GIFT, Oreochromis niloticus (Nile tilapia), and Astronotus ocellatus (Oscar). The 

meristic characters are studied under the microscope for better accuracy. 

2.3. Extraction of genomic DNA. 

For the extraction of genomic DNA, 50 mg of caudal fin tissues were isolated from 

three cichlid species (GIFT, Nile tilapia, and Oscar) and suspended in 500 µL of STE buffer 

mixture (pH 8.0), which contains 0.1 M NaCl, 0.05 M Tris and 0.01 M of EDTA. To the DNA 

buffer mixture, 30 µL of SDS and 30 µL of 10 mg/L of protease K were added and incubated 

for 30 min at 50 °C. After incubation, DNA was purified with different ratios of phenol, 

chloroform, and isoamyl alcohol (25:24:1). The purified pellet of DNA was washed with 70 % 
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absolute ethanol and resuspended in 150 µL of Tris-EDTA buffer of pH 7.2. The concentration 

of genomic DNA was estimated using UV-VIS Spectrophotometer at 260 nm. The isolated 

genomic DNA from fish tissue was checked with 2 % agarose gel [22]. 

2.4. RAPD analysis. 

The RAPD analysis of genomic DNA of three fishes GIFT, Oreochromis niloticus (Nile 

tilapia), Astronotus ocellatus (Oscar), was carried out by subjecting extracted DNA samples to 

PCR amplification using OPA10, OPA08, and OPA04 primers. These primers were used to 

study variation in Oreochromis species. The PCR amplification of three cichlid DNA samples 

was carried out as 45 cycles of different thermal cycling conditions such as (i) Denaturation 

(94 °C for 30 s), (ii) Annealing (55 °C for 30 s), and (iii) Extension (72 °C for 10 min). The 

amplified PCR products were purified by removing the unincorporated dNTPs and primers 

from the PCR product by using a Montage PCR clean-up kit. The amplified and purified DNA 

fragments were separated by performing agarose gel-electrophoresis using 2 % agarose gel and 

visualized on UV transilluminator [23]. 

2.5. Construction of phylogenetic tree. 

The DNA bands were generated from the RAPD analysis of three fishes GIFT, 

Oreochromis niloticus (Nile tilapia), Astronotus ocellatus (Oscar), using three primers were 

analyzed by PyElph gel image analysis program for the construction of phylogenetic tree [24]. 

A dendrogram was constructed based on genetic identity and genetic distance using the 

unweighted pair group average (UPGMA) clustering method. 

2.6. Amplification and Isolation of 18S rRNA gene. 

The genomic DNA of three fishes, GIFT, Oreochromis niloticus (Nile tilapia), 

Astronotus ocellatus (Oscar) were subjected to PCR amplification of 18S rRNA gene using 

SSU I and SSU II primers [25]. For the amplification of 18S rRNA gene, 5 ng of genomic DNA 

from each of the three fishes was taken to which 25 μL of PCR reaction mixtures were added, 

which comprises of 2.5 μL of 10x PCR buffer, 1.5 μL of dNTP mixtures, 2 μL primer, 20 ng 

DNA template, 0.5 μl Taq DNA polymerase (1.25 U), and 16 μL distilled water. PCR 

amplification of genomic DNA was performed as five phases such as initial denaturation, 

denaturation, annealing, extension and final extension at the following conditions; 94 °C for 5 

min, 94 °C for 30 sec, 56 °C for 30 sec, 72 °C for 2 min and 72 °C for 10 min respectively in 

the programmed Eppendorf Master cycle. Reaction tubes were held at 4 °C. The visualization 

of PCR product was electrophoresed on a 1.5 % agarose gel stained with ethidium bromide. 

18S rRNA gene was isolated from PCR products by the Glassmilk DNA purification method 

from the electrophoresed agarose gel. 

2.7. RAPD analysis of 18S rRNA gene. 

The extracted 18S rRNA gene from three fin cichlid fishes was subjected to restriction 

digestion using the EcoRI. 25 μL of restriction digestion reaction mixture was comprised of 

100 ng 18S rRNA ,10x assay buffer, and 0.5 units of EcoRI, SmaI, and AvaI restriction 

enzymes, respectively. The restriction digestion reaction for EcoRI and AvaI product was 

incubated at 37 °C for 2 h, and SmaI was incubated at 30 °C for 2 h [26]. The restriction 

digestion products were subjected to gel electrophoresis using 2 % agarose gel with standard 
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DNA markers (10,000 bp to 100 bp). The bands were visualized using a UV transilluminator, 

and the image was captured using a gel documentation unit. 

3. Results and Discussion 

3.1. Meristic characteristics. 

The Meristic characters, such as a number of the dorsal fin, anal fin, and gills of GIFT, 

Nile tilapia, and Oscar fishes, were listed in Table 1. Nile tilapia contained a total of 16 - 17 

dorsal spines and 11 - 15 dorsal rays. The number of anal spines was 3, and anal fin rays ranged 

from 10–11 for Nile tilapia. In the case of GIFT, the number of dorsal fin spines was 16, dorsal 

fin rays were 13, and the number of anal fin spines and rays was found to be 3 and 9, 

respectively. In the Oscar cichlid, the number of dorsal fin spines was 12, and the rays were 

21. The anal fin spines and rays of Oscar cichlid were 3 and 19, respectively. The gill rakers 

images of three cichlid species were shown in Figure 2. 

          
(a)                                                 (b)                                                 

 
                      (c) 

Figure 2. Gill rakers image of three species of cichlid fishes: (a) Genetically Improved Farmed Tilapia (GIFT); 

(b) Oreochromis niloticus (Nile tilapia); (c) Astronotus ocellatus (Oscar). 

Table 1. Meristic differences between the three finfishes of cichlid species. 

Fish species Dorsal fin (No.s) Anal fin (No.s) Gills (No.s) 

Spines Rays Spines Rays 

Nile Tilapia 16-17 11-15 3 10-11 27 - 33 

GIFT 16 13 3 9 24 - 25 

Oscar 12 21 3 19 10 - 11 

3.2. Extraction of genomic DNA. 

 The genomic DNA was extracted from GIFT, Oreochromis niloticus (Nile tilapia), 

Astronotus ocellatus (Oscar). The concentration of genomic DNA was estimated using UV-

VIS Spectrophotometer at 260 nm. The gel-electrophoresis results of isolated genomic DNA 

from three cichlid species were shown in Figure 3. From Figure 3, lane 1, lane 2, and lane 3 

indicated the presence of isolated DNA from GIFT, Nile tilapia, and Oscar fish, respectively. 

 
Figure 3. Isolated genomic DNA from GIFT (Lane 1), Oreochromis niloticus (Lane 2), Astronotus ocellatus 

(Lane 3). 
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3.3. RAPD analysis. 

 The RAPD analysis of genomic DNA of three cichlid species was subjected to PCR 

amplification using OPA10, OPA08, and OPA04 primers. The details of three different 

primers, such as OPA10, OPA08, and OPA04 used for RAPD analysis, were listed in Table 2. 

The features of three primers used for RAPD analysis of 18S rRNA gene were presented in 

Table 3. The primers were monitored to generate a fingerprint banding pattern and assess 

polymorphism among three cichlid species. All primers produced a total of 34 amplified bands 

with an average of 11.3 bands per primer. Among them, 7 bands were the common exhibiting 

a low level of monomorphism of 20.657 %, and 37 bands were polymorphic, displaying a high 

level of polymorphism of 79.33 %, an average number of polymorphic fragments per primer 

is 12.3. An instructive RAPD fingerprint profile was generated by the 16 primers with various 

band size lengths ranging from 100 bp to 4000 bp compared to a 100 bp step up ladder and 500 

bp step up the ladder. 

Table 2. Details of the random primers used for RAPD analysis. 

Primer Name Primer Sequence GC % Tm (°C) 

OPA 10 GTGATCGCAG 60 25 

OPA 08 GTGACGTAGG 60 25 

OPA 04 AATCGGGCTG 60 25 

Table 3. Features of three primers (OPA 10, OPA 08, and OPA 04) used for RAPD analysis of 18S rRNA gene. 

Primer code Number of the amplified  band TNA 

Bands 

NP 

Bands 

NM 

Bands 

Band freq/ 

primer 

%P RA 

Bands (bp) GIFT Nile tilapia Oscar 

OPA 10 9 8 9 10 8 2 0.294 80 200-1600 

OPA 08 9 8 7 12 10 2 0.353 83.33 200-2500 

OPA 04 10 11 9 12 9 3 0.353 75 300- 3100 

Total 28 27 25 34 27 7 - 79.44 - 

Band freq/species 0.824 0.794 0.735 - - - - - - 

Three primers, such as OPA10, OPA08, and OPA04 produced 8, 10, and 9 numbers of 

polymorphic bands, respectively. The highest number of polymorphic bands (10) was 

generated with primer OPA08. The band frequency per species was 0.824, 0.794, and 0.735 

for GIFT, Oreochromis niloticus (Nile tilapia), Astronotus ocellatus (Oscar), respectively, 

while band frequency for each primer was from 0.294 to 0.353. The RAPD genotyping profile 

obtained for cichlid species with 3 primers is shown in Figure 4. From Figure 4, lane 4 and lane 

5 show the polymorphic bands of the 100 bp and 500 bp of step-up ladders, respectively. 

 
(a)                                          (b)                                     (c) 

Figure 4. The generated RAPD amplification products of GIFT (Lane 1), Oreochromis niloticus (Lane 2), 

Astronotus ocellatus (Lane 3) using three different primers: (a) OPA10; (b) OPA08; (c) OPA04. 
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3.4. Construction of phylogenetic tree. 

 RAPD analysis was used to construct the phylogenetic tree to find an evolutionary 

relationship among GIFT, Nile tilapia, Oscar fishes. The genetic difference among the three 

cichlid species might be due to each genus' evolutionary relationship, habitat, temperature, and 

phenotype. All three primers OPA10, OPA08, and OPA04, produced polymorphic bonds with 

Nile tilapia, GIFT, and Oscar tilapia. From Figure 4, the bands at different base pairs indicated 

the molecular weight of respective DNA fragments of three cichlid species. The evolutionary 

relationship among the three cichlid species was explained by constructing a phylogenetic tree 

using the three primers such as OPA10, OPA08, and OPA04. The constructed phylogenetic 

trees of three different primers were shown in Figure 5. From Figure 5, it was proved that Nile 

Tilapia and GIFT are the recent common ancestors among them. The reason for that kind of 

conclusion was the formation of internodes by both Nile tilapia and GIFT in all the three 

phylogenetic trees. When two or more species from an internode in a phylogenetic tree show 

that those species within these nodes share a common ancestor. Thus it can be concluded that 

Nile tilapia and GIFT share a very recent common ancestor, but in the case of Oscar cichlid, it 

did not form any nodes with Nile tilapia or GIFT. This showed that Oscar cichlid does not 

share any type of evolutionary relationship between the other two species. It formed as a unique 

species in all the three phylogenetic trees, thus provides a clear-cut view that Oscar does not 

have any kind of evolutionary relationship with the tilapia species. 

 
(a) 

 
(b) 

 
(c) 

Figure 5. The phylogenetic tree of three species of cichlid fishes (GIFT, Oreochromis niloticus (Nile tilapia), 

Astronotus ocellatus (Oscar)) using three different primers: (a) OPA10; (b) OPA08; (c) OPA04. 
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3.5. PCR amplification. 

 The amplified 18S rRNA gene from GIFT, Oreochromis niloticus (Nile tilapia), 

Astronotus ocellatus (Oscar) was done using the primers SSU I and SSU II. The primer details 

of SSU I and SSU II are listed in Table 4. The 18S rRNA gene was selected because it reveals 

even genetic variation between the species [25]. The PCR product's visualization was 

electrophoresed on a 1.5 % agarose gel stained with ethidium bromide was shown in Figure 6. 

However, many workers have used mitochondrial DNA as a marker in fish species 

identification. This was previously used to amplify mitochondria DNA in tuna species. 

However, Nakajima et al. used the primers, 18S forward primer (5’CCG CTT TGG TGA CTC 

TTG AT) and 18S reverse primer (5’CCG AGG ACC TCA CTA AAC CA) to amplify 18S 

rRNA gene-based on the sequence information of channel catfish [27]. In the present study, 

1800 bp and 1400 bp of the 18S rRNA gene of cichlid species were amplified by PCR using 

three different primers OPA10, OPA08, and OPA04. 

 
Figure 6. The 18S rRNA gene amplified products of GIFT (Lane 1), Oreochromis niloticus (Lane 2), 

Astronotus ocellatus (Lane 3). 

Table 4. Details of the primers used for the amplification of 18S rRNA gene. 

S.No Primer Name Primer Sequence GC % Tm (◦C) 

1 SSU I CGACTGGTTGATCCTGCCAGTAG 56.5 68.9 

2 SSU II TCCTGATCCTTCTCAGGTTCAC 50 64.4 

3.6. RFLP analysis. 

 RFLP analysis was done with three restriction enzymes, namely AvaI, EcoRI, and SmaI 

for Nile tilapia, GIFT, and Oscar cichlid for the 18S rRNA extracted from the samples. RFLP 

analysis was done to find the genetic variations and the phylogenetic relationship between the 

three species. Each enzyme was used for the three samples, and obtained results were observed 

using the UV transilluminator mentioned in Figure 7.  

 
       (a)                                (b)                             (c) 

Figure 7. RAPD analysis of 18S rRNA gene from GIFT (Lane 1), Oreochromis niloticus (Lane 2), Astronotus 

ocellatus (Lane 3) using three restriction enzymes: (a) EcoRI; (b) AvaI; (c) SmaI. 
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The restriction digestion of 18S rRNA gene of Nile Tilapia with AvaI restriction 

endonuclease resulted in three restriction fragments (1067 bp, 377 bp, and 351 bp). It yielded 

the same result for GIFT Tilapia (1067 bp, 361 bp, and 348 bp). Contradictory to the present 

study's findings, AvaI generated 6 restriction fragments after digestion with 18S rRNA gene of 

Nile Tilapia (650 bp, 500 bp, 350 bp, 250 bp, 150 bp, 100 bp). In the present study, AvaI 

generated similar bands for GIFT tilapia also. However, in the case of Oscar, AvaI generated 

5 bands with the molecular size of 3192 bp, 1516 bp, 1067 bp, 377 bp, and 350 bp with the Rf 

values 0.20, 0.32, 0.36, 0.72, and 0.81, respectively. The restriction digestion of the 18S rRNA 

gene of the three cichlid finfishes, Nile tilapia, GIFT, and Oscar, did not result in any 

polymorphic band in Nile and GIFT in Oscar, it generated 3 polymorphic bands. In the present 

study, the restriction digestion of this amplified 18S rRNA gene with EcoRI resulted in 3 DNA 

bands of 1921 bp, 1613 bp, and 323 bp with the Rf values 0.26, 0.29, and 0.76, respectively. 

Similarly, Nile tilapia and GIFT tilapia resulted in 3 DNA bands of 1882 bp, 1613 bp, and 320 

bp with Rf values of 0.27, 0.29, and 0.77. While it generated three bands in Oscar cichlids of 

molecular size 1962 bp, 169 bp, and 322 bp with Rf values of 0.26, 0.29, and 0.76. The results 

of the present study are in agreement with El-Serafy et al.’s results. They observed that EcoR1 

digestion of 18S rRNA gene generated only two bands in the four species of tilapia, including 

Nile tilapia. However, in their study, they observed bands with different molecular sizes (1650 

bp and 350 bp) compared with the present study results [26].  

EcoRI generated similar bands in GIFT tilapia and Nile tilapia, and no polymorphic 

band was found between them. However, in Oscar, it generated a total of 3 bands with only 

one polymorphic band with a molecular size of 1962 bp with the Rf value of 0.26. Similar 

results were reported by El-Serafy et al., who observed that SmaI did not digest the 18S rRNA 

gene of the three tilapia species, O.niloticus, O.aureus, and S.galilaeus [26]. 

4. Conclusions 

 The present study was done to show the evolutionary relationship between three 

different cichlid finfishes (Nile Tilapia, GIFT, and Oscar cichlid). The genomic DNA was 

extracted from the caudal fin tissues of these three fishes (Nile Tilapia, GIFT, and Oscar 

Cichlid). These relationships were studied with the help of RFLP and RAPD techniques. The 

RFLP analysis was done with the help of three enzymes, and bands were visualized. RFLP 

analysis showed that there were genetic variations after a certain point. The movement of the 

DNA was visualized under UV transilluminator. The Rf value and molecular weight of the 

samples were calculated for both RAPD and RFLP analysis. The phylogenetic tree was 

constructed by using software called PyElph, and the phylogenetic relationships were studied. 

The study proved an evolutionary relationship among the three cichlid fin fishes, and it also 

showed the genetic variations occurring among these fishes (Nile Tilapia, GIFT, and Oscar 

Cichlid). There have been various genetic variations among the fishes from one generation to 

another in the given analysis. The phylogenetic tree proved that Nile Tilapia and GIFT shared 

recent common ancestors. 
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