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What is Recombinant DNA (rDNA)?

rDNA can be constructed by the following process:  First, cut up a double stranded DNA by restriction enzymes at a given nucleotide sequences.   Second, any two fragments of DNA sheared by the same restriction enzyme are joined together since they will have the same complementary sequences on their dangling strands, “sticky ends” – no matter the source of DNA.  Finally, the bonds between the complementary bases are secured by ligase enzyme (Grace, 1997, p41).  
rDNA is introducing a new sequence into a species where it does not normally occur.  It modifies the host cell in some way in turn producing a valuable material or service for human.  
For example, human growth hormone gene is inserted into E. coli bacterial plasmid, as E. coli bacteria grow and divide, they produce human growth hormone which can be extracted and administered (Tortora et. al., 2004).  There are three major classes of vector used:  a) small non-conjugative plasmid vectors (e.g. E. coli plasmid); b) double-stranded DNA viral vectors; c) single-stranded DNA viral vectors.
Benefits of rDNA Technology
There are several ways in which rDNA technology are used in medicine, industry, and agriculture.  They are used (Australian Academy of Sciences, 1980):

a. for producing large amounts of specified gene products,

b. for the diagnosis of genetic defects or viral infections, 

c. for modifying the genetic potential cells and organisms from microorganisms to plants and animals.
1.  Producing large amounts of specified gene product 

First, in many industrial processes, microorganisms are used to produce valuable products.  These processes involve either the production of natural metabolites such as antibiotics, amino acids, and vitamins, or the production of a wide range of important bacterial enzymes such as amylase, proteases, and hydrolases.  rDNA techniques like site directed mutagenesis or random mutagenesis provide an opportunity to modify the these bacterial strains in order to obtain better yields.  Second, novelty products like hormone and biological products can be produced.  Good examples are human insulin, interferon, and human growth hormone.  By linking foreign genes to bacterial control sequences, it is possible to induce bacteria to produce these valuable products (Walker & Gingold, 1988).  
2.  Diagnosis of genetic defects or viral infections…

DNA probes of many kinds are being developed to detect viral infections in plants, animals, and man.  For example Dr. R. Symons, of the University of Adelaide, is applying rDNA technique to prepare a large number of pure, radioactive DNA probes in E. coli cells then using them to identify the viral genomes in plant tissues.  Same approach can be used to detect viral infections of man and animals.  It can also be used to detect human genetic defects.  Use of DNA probe method has an advantage over the current method since the current method uses the analysis of gene products (e.g. protein) where each protein must be considered as a unique biochemical problem.
Modifying the genetic potential cells/ organisms from microorganism to plant and animals.

Microorganisms are used in many industrial processes:  the production of food and drinks by fermentation; the degradation of waste products; and the bacterial leaching of ores.  3. In food industry, rDNA can be used to modify microbial strains used in brewing, wine, and dairy industries.  These modified microbial strains produce products that enhance flavor and prolong shelf –life.  
4.  In waste product degradation processes, use of microorganisms (process of bioremediation) is a definite advantage over the use of chemicals because it is one of the few processes that can actually destroy pollutants, converting organic materials into carbon dioxide, water, chloride, and other minerals (Rudolph & McIntire, 1996).  Also biological processes may cost less than physical and chemical processes and in situ bioremediation has additional, potentially important advantages over pump-and-treat technology because the organisms can be brought to the site of the waste.  A good example of the use of microorganisms in waste treatment is the cleaning up of oil spills in Alaska.  A species of Pseudomonas was used to degrade oil by removing two carbon molecules at a time.  In mining, bacteria are used in leaching of the ores.  The first success story in the field of bio-mining involves a group of oxidizing bacteria.  One species, Thiobacillus ferroxidans, releases copper from copper sulfide as it nibbles on sulfur bonds (it gets its energy from sulfur-rich ores).

5.  Through rDNA technology, plant strain improvements have been made which makes the plant more weather-, pest-, disease-resistant.  The development of Bt 

Corn by Monsanto is a good example where a gene from Bacillus thurengiensis is inserted into the plant chromosome producing a natural pesticide.
Due to its complexity and the ethical issues involved, animal rDNA technology has a long road ahead.  The idea of gene therapy is to replace a malfunctioning part of DNA with a correct sequence or to replace malfunctioning cells with normal cells.  The first actual use of gene therapy began in September of 1990, with the treatment of a child suffering from a rare genetic immunodeficiency disease caused by the lack of the enzyme adenosine deaminase (ADA).  ADA –deficient people have persistent infections and high risk of early cancer, and many die in their first months of life.  The root of ADA deficiency lies in the body’s inability to produce a key chemical because of a defective gene coding.  Researchers identified the normal ADA gene in human white blood cells during the early 1980’s.  In T-cells, ADA genes were transferred by genetically engineered viral vectors, these cells had the same lifespan as normal T-cells and longer than the lifespan of uncorrected T-cells from ADA patients.  With this lab result, a four year old girl was first to be treated and the treatment was successful although it was not permanent.  
Potential problems in working with rDNA technology
One potential problem of rDNA technology is the “harmless” bacterium becoming a dangerous pathogen because of the addition of foreign DNA in a plasmid or bacteriophage.  Due to the enormous number of laboratories working with DNA technology, it is important to be regulated.  
In many cases it is the public misconceptions more than the real problems that cause more public anxiety.  Some of the misconceptions are:  
First, the idea that exchange of DNA between unrelated organisms never occur in nature.  
Second, the belief that recombinant DNA technology is involved in the cloning of animals and potentially man. Recombinant DNA technology is concerned with the cloning of genes of small molecules of DNA.  The cloning of whole organism is quite a different process.  
Third, the suggestion that recombinant DNA technology will enhance the potential for bacteriological warfare.  Finally, the assertion that microorganisms produced by recombinant DNA technology can threaten oil stocks.  

In Conclusion
It is important to keep the public informed of current rDNA technology and research  so that it can be properly regulated and the fear derived from ignorance will not keep this exciting area science from progressing.
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