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ABSTRACT
Recombinant DNA, a concept for enhancing desired qualities in organisms, has significantly contributed to human progress by manipulating the expression of target genes. However, nowadays through many technologies, recombinant DNA has made significant contributions to human progress. This technique allows for the safe, affordable, and adequate production of critical proteins for health concerns and nutritional needs. After the discovery of restriction endonucleases, the  recombinant DNA technology has boosted up and cloning enabling the creation of  new recombinant DNA and DNA analysis much better than earlier. Gene cloning, a process that enabled discoveries in gene structure, function, and regulation, has evolved over time. Although microarray analysis and PCR offer short cuts, gene cloning methods remain essential in many cases. Recombinant DNA has several applications in health sector, agriculture and environment. Genetically engineered plants, particularly in agriculture, have boosted resistance to hazardous agents, increased product production, and demonstrated higher adaptation for better survival. Recombinant DNA has various applications and plays important role in genetic engineering and transgenic developmemt, notably in transgenic plants and resistant to hazardous agents. Furthermore, recombinant technology is currently being utilized with confidence through many gene editing techniques (e.g.CRISPR).
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I. INTRODUCTION
Classical molecular biology studies provided a fundamental information regarding gene nature and expression, nonetheless it is very complex to apply this fundamental knowledge in studying eukaryotic cells, as their genomes are much difficult and complex than prokaryotes (E. coli) [1]. Recombinant DNA is increasingly important in the 21st century due to its potential impact on genetic diseases and agricultural sector. As genetic diseases become more prevalent, it will play a crucial role in various sectors of medical field. Recombinant DNA technology revolutionized molecular biology by enabling detailed studies of eukaryotic structure and function, overcoming obstacles in molecular biology advancements [2]. Recombinant DNA, or simply rDNA, refers to any DNA fragment created by the in vitro ("in test tubes") synthesis of genetic material from several species. Recombinant DNA, also known as in vitro recombination, is a technique for creating and purifying desired gene [3]. Molecular cloning involves introducing recombinant DNA into a host cell for replication, moving desired genes from a complex genome to a simpler one. A patent for recombinant DNA, was first filed by with S. N. Cohen and H. W. Boyer in 1974. In parallel with his studies on the SV40 tumor virus, in 1972, Paul Berg succeeded in inserting bacterial DNA into viral DNA. This type of molecule has been called hybrid DNA or recombinant DNA.[4]. The steps involved in making Recombinant DNA are the use of same restriction endonuclease to process the DNA extracted from both vector and insert. Both molecules are cleaved by the restriction enzyme at the same location. The cut's ends feature a single strand of DNA that hangs over the edge. This is referred to as "sticky ends." When combined, complementary sticky ends can complement one another. The two strands are covalently joined together to form a molecule of recombinant DNA using DNA ligase [Fig.1] [5].  Cloning can be carried out in vivo (inside the cell) using unicellular prokaryotes or in vitro (using the Polymerase Chain Reaction, or PCR) [6].
II. TECHNIQUES FOR MAKING RECOMBINANT DNA
Recombinant DNA can be made using three techniques: Transformation, Phage introduction, Non-bacterial transformation [7].
A.  Transformation

Transformation is a process of inserting our gene of interest into a vector and transferring it into the host cell. The same restriction enzymes is used to cut both the vector and our gene of interest and further ligase is used to unite both vector and insert. The insert possess selectable marker/screenable marker for easy recognition of recombinants. After selection of recombinants the transformed vector containing insert is transformed into host cell (E.coli).

B.  Non- Bacterial transformation
Microinjection and biolistics are non-bacterial processes that use DNA directly into the nucleus of the transformed cell, while microinjection involves direct injection of DNA into the nucleus. Biolistics involves high-velocity micro projectiles coated with DNA, similar to transformation.

C. Phage Introduction

Phage introduction is a transfection process using phages instead of bacteria, using lambda or MI3 phages to produce phage plaques containing recombinants. These plaques can be identified using selection methods based on differences between recombinants and non-recombinants.
III. RECOMBINANT DNA AND GENE CLONING

DNA cloning involves creating identical copies of a specific DNA fragment by inserting it into a plasmid using enzymes (Restriction endonuclease and ligase), resulting in recombinant DNA assembled from multiple sources [8]. The recombinant plasmid is introduced into bacteria, which grow and replicate the plasmid, passing it on to offspring, creating multiple copies for experiments or new plasmids. Gene cloning involves: Identifying and isolating the desired gene, inserting it into a suitable vector, introducing it into a host organism, selecting a transformed cell and expressing the introduced gene [9].
A. Restriction Endonuclease

Viruses are small packages of DNA or RNA in a lipoprotein capsule, lacking cell machinery for protein production or replication. They reproduce by invading living organisms, seizing resources and replicating into new viruses [10]. Bacteria lack immune systems, making them vulnerable. They use restriction endonucleases for analyzing DNA chains, research, and genetic engineering. Over 3000 known restriction endonucleases, with over 600 currently commercially available, play crucial roles in various applications [11] (Table 2). Molecular cloning involves inserting DNA fragments into a plasmid vector, creating multiple copies for easier study and manipulation. This process replicates in a bacterium, creating hundreds of identical copies per cell. Restriction enzyme cloning uses restriction enzymes to cut vectors and inserts at specific locations, forming recombinant DNA. After restriction with same enzyme in both vector and insert both are joined together by ligase enzyme through formation of phosphodiester bond among DNA fragments [12].
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Figure 1. Steps involved in making Recombinant DNA

Table 1: Different types of Restriction endonuclease

	
	Type  I
	Type  II
	  Type  III
	Type  IV

	Nuclease structure
	Multimer; heterotrimer
	Homodimer
	Homodimer
	

	Recognition site pattern
	Two sites, in any orientation
	Small (4-8 bp);usually palindromic
	Two sites, in head to head orientation; non palindromic
	Weak specificity

	Cleavage site
	Variable distance from recognition site; non- specific  cleavage
	Cleavage within or outside the recognition site
	Cleavage of one strand (nicking activity) 24-25 bp from recognition site
	Methylated only

	Cofactor
	ATP,Mg2+,SAM
	Mg2+
	ATP,Mg2+,SAM
	ATP,GTP


Table 2: List of some of the restriction endonuclease and their restriction site
	S. NO.
	Restriction Enzyme
	Cut site

	1.
	Alu1
	AG↓CT

	2.
	BamH1
	G↓GATCC

	3.
	Bfa1
	C↓TAG

	4.
	Dpn11
	↓GATC

	5.
	EcoR1
	G↓AATTC

	6.
	Hae111
	GG↓CC

	7.
	Hind111
	A↓AGCTT

	8.
	Not1
	GC↓GGCCGC

	9.
	Nru1
	TCG↓CGA

	10.
	Rsa1
	GT↓AC

	11.
	Sac1
	GAGCT↓C

	12.
	Sma1
	CCC↓GGG

	13.
	Tru91
	T↓TAA

	14.
	Pst1
	CTGCA↓G


B. CLONING VECTORS

Recombinant DNA formation requires a cloning vector, which replicates within living cells. Vectors, derived from plasmids or viruses, contain genetic signals, insert foreign DNA, identify cells, and express it. The choice depends on the host organism, DNA size, and expression method.

a. Plasmids

Plasmid vectors are one of the most important for creation of recombinant DNA initially. These vectors possess small circular DNA that replicate unaided with chromosomal DNA.  Plasmid vectors have upto 4 kb of insert capacity and they have origin of replication and antibiotic resistant for selection of transformants. Example of plasmid vector is pBR322, pUC19.
b. Bacterial artificial chromosomes (BAC)
These resemble plasmid vectors from E. coli. It is derived from an innate F' plasmid. These are employed to research genetic diseases. Large DNA sequences may be accommodated without any harm.

c. Yeast Artificial Chromosome (YAC) – The YAC vectors are expression vectors able to clone several hundred base pairs large DNA insert into the host cell compared to plasmid. The insert size ranges from 100kb -3000kb. It contains a type of plasmid known as 2- micron circle. This vector is useful for physical mapping of genes.
d. Bacteriophage – Bacteriophage vectors are used as an cloning / expression vectors. It is capable of inserting upto 24kbp DNA insert. It has advantage of easy replication, packaging and infection compared to that of plasmids. Example for BAC is lambda vector
e. Cosmid – Cosmids are used for cloning fragments of DNA insert upto 50kb.  It contains cos site and plays a role of packaging during lambda infection cycle. Cosmids are a combination of plasmid and lambda phages. It contains multiple cloning site and selection marker.
C. GENE CLONING IN EUKARYOTES
     Gene cloning in eukaryotes is difficult and tedious compared to prokaryotes. This is because the genome of eukaryotes is very difficult to decode and in particular it has many large introns (non coding regions) in between exons. For cloning in plasmid vectors the size of insert should be less than 10kb but, in eukaryotes the size is large and it is one of the limitation for cloning. It requires very large capacity cloning vectors like YAC. The larger size of gene in eukaryotes makes PCR also tedious. Before cloning splicing process in eukaryotic mRNA takes place and after that only exons will be present. This makes the eukaryotic gene more informative and smaller for easy cloning. From that mRNA, the cDNA will be constructed and that cDNA can be used for either cloning in vectors or it can be amplified through PCR [13].
D. FOREIGN GENES EXPRESSION IN BACTERIA
Gene expression involves converting a gene's coded information into cell structures, such as mRNA, tRNA, and rRNA. Microarray analysis is used for visualizing the gene expression, although gene cloning involves editing DNA to produce multiple copies of a single gene. DNA sequencing determines nucleotide base sequences in a molecule. Cloning in bacteria or prokaryotes requires suitable cloning vector [14].  Plasmid is the most suitable vector for cloning and it contains selectable marker gene for identification of transformed cells, replication origin and restriction sites. Sometimes the vector ends itself ligate to give empty plasmid without insert. This can be identified by blue white screening using vectors containg lacZ gene. This lac Z gene is not expressed in transformed cells and it will give white colonies. If untransformed or vector itself is present it has beta galactosidase and lacz, and this gives blue colonies. After the selection of   transformed cells it is cloned in 5′ end of lac promoter to initiate transcription of gene. [15].
E. FOREIGN GENES EXPRESSION IN EUKARYOTES

Gene expression in eukaryotes system in quite complex compared to bacterial system. In eukaryotes it requires construct which contains correct promoters, terminator system and polyadenylation signals. The eukaryotic promoters are present in upstream of site to be cloned. The plasmids in bacteria can be turned into yeast (single cell individual) by entering into the host cell nucleus and replicate into several chromosomes. The vectors for eukaryotic cells cloning should be selected correctly, so that correct expression can happen. Virus vectors can be used for eukaryotic cloning. The right type of vectors provides easy delivery of genes and facilitates expression [9].
F. RECOMBINANT DNA-CONTAINING ORGANISMS' CHARACTERISTICS

After cloning the recombinants have no distinct phenotypic changes. Recombinants can be selected based on technique like PCR. The expressed genes from the cDNA can be detected using qPCR technique [16]. Sometimes the recombinant DNA can lead to produce unfavourable mutation like insertional inactivation. Insertional inactivation happens when the recombinant DNA inserted adjacent to the host cell that have been already silenced by another gene [17].
G. SEQUENCING OF CLONED GENES
After recombinant DNA cloning next step is DNA sequencing to confirm whether correctly recombinant DNA is produced. Cloning results in characterization through isolation of individual DNA fragments. These DNA fragments is distinguished from the previous characterized genes by knowing the nucleotide sequence of isolated gene and comparing the both [18]. Nowadays DNA sequencing is quick and precise in identifying the nucleotide sequence thus making the cloning easier. The Sanger sequencing is used for clones and PCR product while next generation sequencing technologies are used for DNA libraries. The Sanger sequencing is based on chain termination using dideoxynuclotides [19]. In this method four radio isotopically labelled dNTPS are used and one ddNTP in each can be used to stop the reaction. These fragments are separated on gel electrophoresis based on size, and subjected to identification through autoradiography. The size of each fragment's terminal dideoxynucleotide determines its size, ensuring consistent DNA sequence and order in the gel.
H. EXPRESSION OF CLONED GENES
Molecular cloning and DNA sequencing approaches leads to identification of cloned recombinant DNA sequence, and for identifying recombinant proteins and their characterization of their structure and functions [20]. Some proteins are present in very low concentration in eukaryotes and expression of such protein is important in some cases. By using conventional biochemical techniques alone one cannot purify such protein in larger amount, in that case engineered vectors are used for increased expression of such proteins in host cell (either bacteria or eukaryotes). For the expression of eukaryotic protein system in bacteria (E.coli), cDNA is cloned into bacterial vectors system such as plasmid or phage. These vectors are having sequence required for gene (transcription and translation) regulation of that particular inserted gene. Higher level of cloned gene expression leads to purification of higher protein level that is required for post translational modifications. For this higher expression of this insert virus vectors such as baculovirus and mammalian vectors can be used. The interaction of particular protein with other DNA or protein sequence can be detected through Yeast hybrid methods and this can be helpful for eukaryotic gene expression [9].
IV. APPLICATION OF RECOMBINANT DNA IN CURRENT RESEARCH AREAS
A. GENE THERAPY


Recombinant DNA (rDNA) technology is currently a boon to human system. Through this technique it is possible to transfer genes from one to another organism and its altered recombinant products are useful in various sectors like pharmaceuticals, health sector, agriculture and food industry and environment related sector like for bioremediation etc. Gene therapy combines recombinant DNA technology in relation with mammalian or human system by alterning some genes that is non-functional or replacing with new one. One such example is Lispro (Humalog) a recombinant insulin that is more efficient compared to normal insulin [21]. Efficiency of delivering recombinant gene into host such as eukaryotes in gene therapy is very cumbersome, so for efficient delivery virus vectors are used. Replacement of viral vector system with therapeutic human genes removes the need for virus replication. But virus vectors are not completely efficient in delivery of recombinants. For effective replacement stem cells is used and it plays a prominent role in effective replacement and repair of inactive cells and it is permanent. The gene therapy had its prominent name after curing a disease called Adenosine deaminase deficiency (ADA-SCID) [22, 23]. It is a hereditary disease and this is cured by using this recombinant approach. In future this gene therapy will be helpful in curing deadly diseases like cancer and HIV, and this approach is boon to medical field.
B. GENOME EDITING – CRISPR
The goal of GMO development is generally to modify one or more properties of a genetically modified organism, most commonly to express new genes. Developed by Jennifer Doudna, CRISPR-Cas9 technology is a molecular technology that allows researchers to delete, add, or replace specific portions of DNA within cells. CRISPR-Cas9 is a protein enzyme that binds to short RNAs in the CRISPR gene library and recognizes corresponding DNA sequences that match the RNA. Cas9 targets DNA sites cleaved by short guide RNAs (sgRNAs), allowing scientists to create sgRNAs that is targeted to specific DNA sequences in organisms. This technique allows researchers to delete, add, or replace specific portions of DNA within cells [24]. By making desired changes through Cas9 protein, sgRNA, and homologous template DNA, scientists have been able to make precise modifications to the genomes of a wide variety of cells and organisms, including human cells in culture. However, the ethical debate over human gene editing is controversial, as most researchers still believe the technique is not precise enough to make changes in human embryos in vivo.
C. RECOMBINANT DNA IN AGRICULTURE

Recombinant DNA technology, also called as genetic engineering, alters an organism's genetic makeup and characteristics by inserting foreign gene from other organism. In agriculture sector recombinant DNA is having much wider scope in producing transgenic a genetically modified plants. The first GM food crop released in 1994 for commercial cultivation is the Flavr Savr tomato, for increased shelf life and flavor [25]. Thereafter, GMOs has increased application in agriculture sector like for increasing yield , resistance to herbicides, altering undesirable trait in food crops and resistance to pest. Till now many GMO crops like tomato, cotton, soyabean, corn and potatoes were released [26]. In India, BT (Bacillus thuringiensis) cotton released in 2002, which is resistant to bollworm is safe and it is developed by inserting cry (toxic) protein from bacteria into cotton through this rDNA technology. This makes the cotton that is resistant to insect, decrease the use of synthetic chemical pesticides and helps in increasing yield in indirect way. Likewise in Hawaii, papayas that were resistant to virus were developed [27]. Through recombinant DNA technology currently more aspects in agriculture is developing and this will create another green revolution in future.
V. FUTURE PERSPECTIVE
Recombinant DNA methods were initially developed to address concerns about potential undesirable properties in organisms containing recombinant DNA [28]. Nowadays, recombinant DNA particles and proteins are for the most part not considered unsafe. Even though many of us are unaware of them, these applications have a hugely positive influence on our daily lives in numerous aspects. Current life sciences research trends make rDNA and gene cloning valuable for developing new therapeutics, including enhanced insulin, Epoetin alfa, and human growth hormone. This technology has numerous potential applications in hereditary diseases, oncology, and infectious diseases. Future market demand will be fueled by widespread uses of the recombinant DNA technology in the creation of genetically modified crops, veterinary products, gene therapy, and the manufacturing of biopesticides and biofuels.
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