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1. INTRODUCTION 

Genetic recombinant is the word used to describe the exchange of genetic data through 

DNA fragments belonging to the similar species. Nevertheless, because to technological 

advancements, it is now possible to artificially transfer genes between different species. 

Genetic engineering, which is a developing area of biotechnology, produces 

recombinant DNA molecules by separating DNA from various species, breaking it 

apart, and merging it together. Aquaculture and fisheries utilize recombinant technology 

successfully in many different types of applications. For instance, the production of fish 

vaccines against other pathogenic bacteria, recombinant therapeutic proteins and 

antigens that rarely occur in living organisms, and the manufacturing of genetically 

engineered fish with a rate of development that is greater than that of typical fish are all 

examples of products that fall under this category. The development within the fishing 

industry for the blue revolution is effectively supported by modern technology. 

According to its definition, recombinant DNA technology is "the joining together of 

DNA fragments of different organisms and inserting them into a genome of an organism 

that hosts them to produce new genetic combinations". DNA fragments often originate 

from a wide range of biological scenarios [1]. 

One of the most significant elements of biotechnology is recombinant DNA technology. 

In 1973, Boyer and Cohen created it. 

 

2. RECOMBINANT DNA TECHNOLOGY TOOLS 

Restriction enzymes, also referred to as "molecular scissors," are essential in order to 

improve recombinant DNA technologies. They make cut the DNA molecule after 

identifying particular sequences. An example EcoR1 cuts at GAATTC and BamH1 

cuts at GGATCC. A different enzyme used to join a pair of divided DNA molecules 

together is DNA Ligase, also referred to as "molecular glue". Other enzymes that are 

used for recombinant DNA technology include kinase, topoisomerase, alkaline 

phosphatase, methylase, and Taq polymerase. The gene of interest is transmitted by 

the DNA molecule vector, which is utilized to introduce foreign genetic information 

into another cell. The rDNA copy or expression has been carried out in a host organism 

like E. coli [2]. 

Examples – restriction enzymes, cloning vector, host organisms. 

 

1. Enzymes for Restriction 

Helps with cutting, ligases in binding, and polymerases in synthesis. The site at which 

the target gene is inserted into the vector genome is determined in large part by the 



restriction enzymes used in recombinant DNA technology. The two types are 

exonucleases and endonucleases. While endonucleases make cuts inside the DNA 

strand, exonucleases remove nucleotides off the leading ends of the strands. The 

restriction endonucleases cleave DNA at specified locations and are sequence-specific. 

Many times, these sequences are palindrome sequences. They measure the length of 

the DNA and cut it at a specific spot called the restriction site. This causes sticky ends 

in the sequence. Complementary sticky notes are produced by cutting the required 

genes and the vectors using the same restriction enzymes. This facilitates the desired 

gene's attachment to the vector via the ligases [3]. 

 

2.  Vectors 

Since they are the last carriers of the target gene inside the host organism, they are a 

crucial component of the instruments used in recombinant DNA technology. Plasmids 

and bacteriophages are the most often utilised vectors in the field of recombinant DNA 

due to their large copy numbers. The origin of replication, a series of nucleotides from 

which replication starts, a selectable marker made up of genes resistant to particular 

antibiotics, such as ampicillin, and cloning sites, which are sites where needed DNAs 

are inserted and recognised by restriction enzymes, are the components of the vectors 

[3]. 

 

3. The Host organism 

where recombinant DNA is introduced. Recombinant DNA technology's perfect tool 

is the host cell, which takes the vector made with the suitable DNA using enzymes [3]. 

 

RECOMBINENT DNA TECHNIQUE IN FISHRESES SCIENCE 

There are five significant uses for the technology [4] 

1.Gene therapy: isolating the desired gene (DNA sequence). 

2. Isolating that specific gene 

3. The Isolated Gene is Inserted into a Vector; 

 4. The Modified Vector Is Introduced into a Host 

5. Transformed Host Cell Selection 

6. The host-introduced gene's expression 

 

1. Isolation of Gene Interest (DNA Sequence) - Gene Therapy 

The primary objective of recombinant DNA technology is to develop the gene (DNA 

sequence) containing genetic combinations or information that may be used, among 

other things, in agriculture, medicine, and other fields. Researchers in the field of 

medicine could be interested in producing insulin to treat individuals with diabetes 

mellitus.Therefore, it is necessary for scientists to detect and isolate the gene (INS gene) 



that causes humans to produce insulin. To isolate the necessary genes or a particular 

sequence of DNA, it is essential to extract the organism's DNA and isolate it from 

among the other macromolecules, which including lipids and proteins. In basic terms, 

this indicates that the cell has to be ruptured in order to get to the DNA. Depending on 

the type of tissue, different enzymes can be employed [4].  

While proteases assist in removing proteins connected to DNA, cellulase is utilised to 

break down the inner cell walls of plants. Lysozyme is often employed to dissolve the 

cell walls of bacteria. In the process of purifying DNA, other treatment techniques are 

also applied (fig. 1). 

 

 

 

 

Figure 1: Overview of the separation and purification of DNA 

 

 

As demonstrated in picture, the cell membrane that covers the cell membrane is broken 

down using enzymes like cellulase and lysozyme. The denaturation of surfactants is 

used to disintegrate cells without a cell membrane, for example, the majority of cells in 

eukaryotes, in order to eliminate their contents. Cell membranes are ruptured by 

detergents that act on the surface of cells, such as ethyl trimethyl ammonium bromide 

and sodium dodecyl sulphate, releasing the contents of the cell (organelles, 

etc.).Protease, an enzyme that acts on and breaks down proteins, RNA, and RNAs, is 

used to treat cells when the cell wall is broken, liberating the contents of the cell. It has 

been demonstrated that proteases destroy nucleases and enzymes. As it helps to purify 



the DNA, this is especially significant. In a healthy state, the DNA is linked to these 

macromolecules. 

After different enzymes are employed to break down macromolecules (proteins, for 

example), cell debris is filtered in a centrifuge so that it settles at the bottom of the tube 

and the resulting solution, which contains the DNA, can be retrieved. Finally, ethanol 

is used to precipitate DNA and retrieve it [4]. 

 

2.Isolation of the gene of interest 

Using restriction enzymes, the desired gene is extracted from the purified DNA. In its 

most basic form, a restriction enzyme is a type of enzyme that only breaks the DNA 

strand at a certain site (the region with a specific nucleotide sequence) when it identifies 

a particular sequence.The enzymes act like molecular scissors because they may 

effectively cut the DNA at certain locations to extract the target gene (DNA sequences 

similar to the INS gene).This is often achieved by allowing a particular restriction 

enzyme to incubate on DNA (purified DNA), cutting the DNA molecule at predefined 

locations, and encouraging enzymatic activity.Due to restriction enzyme digestion, a 

single-strand tail can grow at both ends of the fragment, producing uneven ends (sticky 

ends). These ends, which are also called cohesive ends, are composed of base pairs that 

ultimately connect to the complementary base pairs of the vector.[4] 

 

 

 

Figure 2. sticky ends are shown 

 

 



If two DNA fragments were created via the same constraint nuclease or digestive 

enzyme, they could be linked together via cohesive ends.Using the polymerase chain 

reaction, an amplification technique, additional copies of the target gene can be 

produced when there are less copies than are required for cloning. This technique makes 

it possible to multiply a small number of gene copies into thousands or even millions of 

copies.They can also be obtained from: besides laboratory isolating genes of interest 

[4]. 

• cDNA library, 

•  genomic library. 

 

 3. Integration of the Separated Gene into the Vector 

The genes that were isolated in the first step of recombinant DNA technology are 

inserted into a suitable vector in the second step. A vector is essentially a carrier that 

can deliver the desired gene into a specific cell, where it is duplicated during cell 

division.It's important to remember that the gene of interest cannot be injected straight 

into a cell after being separated from the DNA molecule. This is so that it won't be 

mistaken for anything foreign and destroyed. Because of this, a vector (such as a 

plasmid) is crucial in delivering the gene to the cell so that it may be duplicated during 

regular cell division. DNA molecule which replicates by itself is referred to as a vector. 

As a result, DNA has the ability to reproduce on its own. A plasmid is a nice illustration 

of a vector. Circular DNA, also referred to as plasmid DNA, is present in the cytoplasm 

[4]. 

 

Given that it contains genes for resistance to antibiotics, for bacteria, this double-

stranded circular DNA is essential. Apart from plasmids, another form of vector is 

called a bacteriophage lambda. 

• For any given vector to be used in recombinant DNA technology, it has to fulfil the 

following criteria: 

• Possess the capacity to self-replicate. 

• Have a promoter region, which is a section of the DNA that helps the target DNA's 

transcription.  

• A selectable marker is necessary because it enables the bacterial identification carrying 

the desired gene, which is transported by the plasmid. It also allows for the separation 

of bacteria from non-recombinant cells. 

• Possess antibiotic-resistant genes, which allows for identification of the target cells as 

well as conferring antibiotic resistance to the bacteria. 

• include a cloning site, which is the location where an exogenous DNA segment is added 

following a restriction endonuclease.  



 

 

Figure 3. Diagrammatic Structure of a Plasmid for Recombinant DNA Technology 

 

4. Transformation - Introduction of Modified Vector into a host 

The third stage of recombinant DNA technology, called transformation, is inserting the 

modified plasmid, or recombinant DNA, into the host cell, such a bacterium. The 

primary objective of this step is to recover significant amounts of the DNA 

molecule.One of the most often utilised hosts is the bacteria E. coli. Their quick growth 

(doubling time of 20 minutes or less) and inexpensive cost of usage are the reasons 

behind this. As a result, reaching the stationary phase is quick.It's crucial to remember 

that while E. Coli and other bacteria are easy to work with, they are not receptive to 

foreign genetic material. Because of this, handling these cells with extra caution is 

necessary to ensure that the new DNA is effectively inserted [4]. 

 

https://www.microscopemaster.com/bacterial-transformation.html


5. Transformed Host Cell Selection 

Host cells that already have the modified recombinant vector (modified plasmid) are 

selected for this step of the recombinant DNA process. As mentioned before, certain 

cells pick up plasmids that are self-ligated, whereas others take up plasmids that carry 

undesirable genes (none of the plasmids are taken up by other cells). If you want the 

desired results, you must choose only cells that carry plasmids containing the target 

gene. Here, many methods may be applied to select modified cells. One of the most 

often utilized methods is the procedure of growing the cells on antibiotic (such as 

tetracycline) agar plates. Using this method, E. Coli may be cultured at 37 °C and pH 

neutrality for an entire night on medium such as MacConkey-Sorbitol Agar. The 

appropriate antibiotic is also supplied to the plates.Because of the antibiotics, some of 

the cells cannot grow as quickly as cells whose plasmid does not include antibiotic 

resistance genes. On the other hand, the proportion of cells with plasmids containing 

antibiotic resistance genes is rising.Although this method enables the growth of cells 

with altered genes, some of the cells also carry plasmids containing undesirable genes. 

To distinguish between the host cells that have mutated plasmids (containing the gene 

of interest) and the others (without the gene of interest), another technique is 

required.Gel electrophoresis is frequently employed to isolate DNA fragments, making 

it easy to identify which plasmids have the desired gene [4].  

 

 6.Expression of the Gene introduced into the host 

The ultimate goal of recombinant DNA technology is to produce more of the intended 

product. Usually, the goal of recombinant DNA technology is to produce more copies 

of a certain gene in order to improve the output of that product. Consequently, the host 

cells behave as factories producing the finished good.The host cell keeps dividing in the 

presence of light, which permits improved gene expression as well as recombinant DNA 

replication and synthesis. Here, bioreactors are used to achieve large-scale 

manufacturing [4]. 

 

3. GENE TRANSFER TECHNIQUES 

 

i) Microinjection 

Microinjection is a versatile technique used to transfect challenging cells, including 

mesenchymal stem cells, with applications in cloning and generating transgenic 

animals. Typically, a small number of cells, ranging from 100 to 200, are injected, 

providing statistical significance even in large cultures. Its applications include creating 

transgenic animals, in vitro fertilization, studying transduction-challenged cells, and 

assessing the effects of injected materials in mixed cell cultures. However, challenges 



include potential stress on cell viability and limitations in conducting larger-scale 

protein studies due to the restricted number of transfected [5][6].  

 

Nuclear transfer, a method developed from single-cell microinjection, involves 

dissecting the original nucleus from the somatic cell and transferring the desired nucleus 

at a single-cell level. The efficiency of this process is influenced by the differentiation 

stage of donor cells [7].  

 

In comparison with reproductive cloning, nuclear transplantation produces an 

autologous embryonic stem cell line derived from a cloned embryo, aiming for 

therapeutic cloning to generate functional embryonic stem cells for cell replacement 

[8]. Although microinjection is limited to injecting 100–200 cells per treatment, this 

number is typically sufficient for statistical significance, even in a million-cell culture. 

Larger-scale protein studies may face limitations due to the small number of transfected 

cells. It is crucial to implement proper controls to ensure that the injection does not 

adversely affect cell viability, as the injection itself imposes physical stress on cells. 

Additionally, when transfecting dividing cells, non-genome-integrated injected material 

is diluted with each cell division [9]. 

 

Microinjection has been commonly used in research and clinical fields such as: (1) 

creation of transgenic animals; (2) in vitro fertilization [10] (3) studies on transduction-

challenged cells; and in (4) studies on distinguish effects of injected materials in a mixed 

cell cultures [6][11]. 

 

 



 

Figure 4. Microinjection technique 

 



 

Figure 5. Genetically modified salmon. 

 

 

ii) Electroporation 

"Electroporation" is the technique of using short, high-voltage pulses to break through 

a cell membrane. By applying an external electric field that just slightly exceeds the 

membrane's permeability, it is feasible to cause both temporary and permanent 

disintegration of the cell membrane. [12] 

It uses a series of brief electrical pulses to create pores in the membrane that allow DNA 

to pass through. Microinjection might be less effective than electroporation, which can 

have integrating rates as high as 30% to 100% [13]. 



Channel catfish embryos electroporated rather than micro-injected had more accurate 

hatching rates [14]. 

Electroporation and microinjection methods do not significantly differ when it comes 

to gene transfer effectiveness or integration rate. 

 

 

 

 

Figure 6. Transfer of foreign genes into fish embryos by electroporation 

  

 

iii) Retroviral integration 

Channel catfish embryos electroporated rather than micro-injected had more accurate 

hatching rates [15]. Electroporation and microinjection methods do not significantly 

differ when it comes to gene transfer effectiveness or integration rate. 

 

 

 



4. APPLICATIONS OF GENE TRANSFER IN FISHERIES SCIENCE 

 

In aquaculture, fish having significant economic value can be given genetic traits like 

accelerated growth, resilience to disease and cold temperatures, and tolerance to 

reduced dissolved oxygen levels. Table 1, gene sequences that were recently 

successfully transmitted to fish are given. Genetic traits that can speed up growth, boost 

resilience to disease and cold temperatures, increase feed conversion efficiency, and 

increase tolerance for low dissolved oxygen gases have been developed in 

several different species of fish and transferred to fish with significant economic worth 

for profitability. [16] 

 

S.N

. 

Common 

name 

Gene 

construction 

Results Reference 

1. Mutiara 

catfish 

pTarget-CMV-

CgGH 

Growth increase [17] 

2. Catfish mBP-tiGH Growth increase [18] 

3. Mutiara 

catfish 

PhGH (Pangasius 

hypophthalmus 

Growth Hormone) 

Resistant to 

disease 

[19] 

4. Tilapia 1α (EF1α) 

promoter 

Increase fish 

colour brightness 

by green 

fluorescent 

protein (GFP) 

expression 

[20] 

5. Tilapia Growth hormone Enhanced growth 

accompanied by 

reduced feeding 

rate (FR), fat and 

energy content in 

comparison to 

control fish. 

[21] 

6. Siamese 

catfish 

Lysozyme gene Resistant to 

disease 

[22] 

7. Rainbow 

trout 

Glucose 

transporter and 

heksokinase 

Carbohydrate 

metabolism 

[23] 

 

Table 1. Gene Construction in Several Fish Species 

 



 

6. VACCINES 

 

• The development of aquaculture is greatly aided by the vaccines created using 

recombinant DNA technology. The vaccination is the substance that encourages the 

fish's immune response to identify and eliminate the disease-causing agent as a foreign 

entity. Additionally, it detects and eliminates related germs that it might come into 

contact with later. The created vaccinations must be capable of both short-term 

immunity and long-term death prevention. Recombinant vaccines are those created 

using recombinant DNA technology [24]. 

 

6.1 PRODUCTION 

 

1. Recognize and separate a particular genome from bacteria or a virus. 

2. Ligation occurs after a gene is introduced into plasmid DNA. 

3. This plasmid was produced to change into a different bacterium. 

4. Permit the bacteria to multiply themselves and create the antigenic protein. 

5. The vaccine is recovered from bacteria or viruses and purified [24]. 

 

a. DNA VACCINES 

 

DNA vaccines include DNA that encodes for certain proteins or pathogen antigens. 

They frequently produce antigenic proteins when they are introduced into the cells. The 

immune system is aroused and immunological responses are triggered when these types 

of proteins are detected as foreign material, digested by the host cells, and exposed on 

the outermost layer [25]. DNA vaccines are made up of an expression plasmid that has 

a particular gene that codes for a chosen antigenic protein, which when expressed in the 

host is anticipated to stimulate an effective immune response [26]. 

When it comes to preventing viral infections, DNA vaccines are frequently more 

effective, and they are particularly effective against fish. [27]. The use of DNA vaccines 

has been successful in preventing fish from coming into contact with internal pathogens 

like Mycobacterium [28]. The first DNA vaccination was tested on rainbow trout 

(Oncorhynchus mykiss) and protected against IHNV. IHNV DNA vaccine that was 

authorized to be made in Canada. Clynav is a DNA vaccine that is sold in the European 

Union to prevent pancreatitis caused by the salmonid alphavirus subtype 3. Plasmid 

deoxyribonucleic acid, the vaccine's active ingredient, promotes active immunity. Since 

DNA vaccines are free of infection, they are seen as being healthier than attenuated live 

vaccinations. They do not express the full organism; only the antigenic protein 

fragments. [29]. 

 



Sl. 

no 

Fish species Pathogenic organisms Genes used 

1. Rainbow trout IHNV IHNV-G, IHNV-G2 SVCV-

G 

2 Atlantic salmon ISAV, IPNV, IHNV Hemagglu tininesterase 

(ISAV) IHNV-G 

3 Asian sea bass Vibrio Anguillarum OMP 38 gene 

4 Hybrid striped bass Mycobacterium 

marinum 

Ag58A 

5 Spotted sand bass Aeromonas veronii Omp 38, Omp 48 

6 Common carp SVCV SVCV-G 

7 Turbot AHNV VHSV-G, Capsid 

proteins (AHNV). 

 

 

Table 1. The DNA vaccines in fish species 

 

b. BENEFITS FROM DNA VACCINES 

 

1. The capacity of DNA vaccines to stimulate both the humoral and adaptive immune 

systems is their fundamental benefit. 

2. Malignancies, autoimmune diseases, and genetic disorders could all be treated with 

DNA vaccines. 

3. Plasmid DNA encoding a tumour-associated antigen (TAA) can be synthesized to 

trigger CTL (Cytotoxic T Lymphocyte) activities towards malignant cells that exhibit 

the antigen when employed for cancer therapy [30] 

4. DNA plasmids can carry immune modulatory proteins that may regulate the immune 

response in autoimmune diseases. 

5. DNA vaccines eliminate any chance of reversion because they don't employ microbes 

[31]. 

 

c. DISADVANTAGES OF DNA VACCINE 

1. No temporary infection occurs, just like with "killed" and subunit vaccinations. 

2. Immune responses from DNA vaccinations are likely to be modest and call for 

repeated boosting. 

3. A well-established supply chain system is necessary because DNA degradation by 

nuclease may occur. 

4. The generation of antibodies against DNA may be stimulated. 



5. Genes may be able to regulate the growth of cells [32] 

 

6.2 RECENT ADVANCES 

Successful applications of recombinant DNA technology can be found in the fishing 

industry. In the realm of aquaculture, the production of genetically modified fish that is 

improved by the application of techniques from genetic engineering produced positive 

outcomes. Therapeutic proteins will be produced for the treatment of fish illnesses. 

Through the use of gene editing technologies, new features can be bred into fish. 

Aquaculture disease outbreaks can be significantly reduced with the aid of DNA 

vaccines. Recombinant DNA technology is a tool for moving forward in the 

development of the nation's fisheries sector thanks to the introduction of new 

technologies like CRISPR cas and enhanced sequencing techniques. 

The outcome of this. 

(1) Despite the absence of species advancement in the general population, the transfer 

of genes in freshwater fish has great potential, particularly in addressing global food 

deficiencies and assisting in environmental preservation. 

(2) Electrophoresis and the microinjection technique are two methods of gene transfer. 

(3) Increasing growth, improving fish susceptibility to cold temperatures, and 

improving fish resistance to infections are all examples of gene transfer uses in 

freshwater fish farming. 

 

7. FUTURE PERSPECTIVE 

 

1.developing marine fish in a freshwater ecosystem as a starter. 

2. Altering the duration of the cycle of reproduction in continuous breeders. 

3. Increasing the species used in aquaculture's adaptability to a larger variety of 

environmental factors. 

4. Improving taste and nutritional value. 

5. Regulating sexual maturation to stop fish carcasses from decomposing with age. [33]. 
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