Application of Biotechnology

A. Biotechnology for Crop Improvement
1. Pest Resistance: Most of the current commercial applications of modern biotechnology in agriculture are on reducing the dependence of farmers on agrochemicals. For example, Bacillus thuringiensis (Bt) is a soil bacterium that produces a protein (Bt toxin) with insecticidal qualities. There are several Bt toxins and each one is specific to certain target insects. Crop plants have now been engineered to contain and express the genes for Bt toxin. When a susceptible insect ingests the transgenic crop cultivar expressing the Bt protein, it stops feeding and soon thereafter dies as a result of the Bt toxin binding to its gut wall. Bt corn is now commercially available in a number of countries to control corn borer (a lepidopteran insect), which is otherwise controlled by spraying (a more difficult process). 
2. Herbicide Tolerance: Transgenic plants are developed that are resistant to herbicides allowing farmers to spray crops so as to kill only weeds but not their crops.  Many herbicide tolerant plants have been developed in tomato, tobacco, potato, soybean, cotton, corn oilseed rape, petunia, etc. Glyphosate is one of the most potent broad spectrum environment friendly herbicide known, it is marketed under the trade name Round up.  Glyphosate kills plants by blocking the action of an enzyme named 5-enolpyruvyl shikimate-3-phosphate synthase (EPSPS) which is very essential for the biosynthesis of some amino acids like tyrosine, phenylalanine, tryptophan etc.  Amino acids are building blocks of protein.  Transgenic plants resistant to Glyphosate have been developed by transferring gene of EPSPS that over prodoce this enzyme thus inhibiting the effect of Glyphosate.  Transgenic plants using bxn gene from Klebsiella and bar gene from Strepotomyces have been obtained in potato, oilseed, sugarbeet, soybean, cotton and corn and are found to be herbicide resistance.  These transgenic plants reduce the use of weeding labour, farmers cost and increase yield.
3. Disease Resistance: During the last decade many resistance genes (R) have been identified and cloned. Plant disease resistance genes (R genes) encode proteins that combat with pathogens. R genes have been used in resistance breeding programs. A chitinase gene obtained from Serratia marcescens (soil bacterium) is introduced in tobacco and Brassica napus showed enhanced resistance to Rhizoctonia solani (Root rot) and Pseudomonas syringea (Wild fire). 
Viruses are the major pests of crop plants which cause considerable yield losses.  Many strategies have been applied to control virus infection using coat protein and satellite RNA.  Viruses are submicroscopic pockets of nucleic acid (DNA or RNA) enclosed in a protein coat and can multiply within a host cell. Use of viral coat protein as a transgene for producing virus resistant plants is one of the most spectacular successes achieved in plant biotechnology.  Coat protein gene from tobacco mosaic virus (TMV) has been transferred to tobacco, making it nearly resistant against TMV.  Nucelocapsid gene has been introduced in crops like tomato, tobacco, lettuce, groundnut, pepper etc. which resistant to spotted wilt virus. Use of satellite RNA (SATRNA) makes many transgenic plants resistant to Cucumber Mosaic Virus (CMV).  Transgenic resistant plants have also been developed against alfalfa mosaic virus, potato virus X, Rice tungro virus, tobacco rattle virus and Papaya ring spot virus.  
4. Stress resistance: A number of genes responsible for providing resistance against stresses such as to water stress heat, cold, salt, heavy metals and phytohormones have been identified.  Gene for glycerol-1-phosphate acyl-transferase enzyme from Arabidopsis was introduced into tobacco plants which is resistance against chilling injury.  Many plants combat with drought stress by synthesizing a group of sugar derivatives called polyols (Mannitol, Sorbitol and Sion).  Plants that have more polyols are more resistant to stress.  Using a bacterial gene capable of synthesizing mannitols making plants resistant to drought.
5. Improvement of Nutritional Quality: One of the major sources of protein for human & animal consumption is constituted by the proteins contained in seeds of many plant species. The cereals & legumes which are major sources of storage seed proteins contain limited amount of certain amino acids which are essential for human beings. Majority of these cereals are deficient in lysine whereas legumes are deficient in sulpher amino acids (Cysteine and Methionine). A wide range of approaches have been employed for improving nutritional quality of various crop plants. 
6. Flower Pigmentation: Marigold (Tagetes erecta) is an asteraceous plant of industrial and medicinal importance. This plant is native to Mexico, where it is used in traditional medicine and for ornamental purposes. Marigold contains bioactive compounds that exhibit nematicidal, fungicidal and insecticidal activity. The flowers are utilized as a source of pigments for food coloring in industry, mainly of poultry skin and eggs. Lutein is the main pigment in marigold flowers. It is synthesized and can be potentially modified to produce new high-value-added carotenoids or increase pigment production.
7. N2  Fixation: Molecular nitrogen in the atmosphere is converted into Biologically converted forms by nitrogen fixing micro-organisms e.g. Rhizobium. The most sophasticated approach to biofertilization is to create plants that possess the genetic capacity for nitrogen fixation. Attemps are being made to transfer genes for nitrogen fixation (hifgenes) from bacteria to plants.
8. Photosynthesis: The unicellular cyanobacterium Synechocystis sp. was photosynthetic organism whose genome was completely sequenced. It continues to be an important model organism. Cyanobacteria developed the biotechnology of photosynthesis. It was a remarkable achievement that the necessary and vital carbon could then be seized directly from the dense CO2 concentration in the atmosphere, then combined with water to be converted into usable sugar-food. These cyanobacteria, the forerunners of green plants, were about to start a revolution.
9. Male sterility and fertility restorati: This is helpful in hybrid seed production.  Transgenic plants with male sterility and fertility restoration genes have become available in Brassica napus.  It facilitates production of hybrid seed without manual emasculation and controlled pollination as often done in maize
10. Fruit ripening: Tomatoes which ripen slowly are helpful in transportation process.  Transgenic tomato with reduced pectin methyl esterase (Enzyme inhibit oxidative activities) activity and increased level of soluble solids and higher pH increases processing quality.  This increases the shelf  life of tomatoes. These tomatoes can also stay on the plant long giving more time for accumulation of sugars and acids for improving flavour.  It is produced at commercial level in European and American countries.  
B. Biotechnology for Human Medical: Monoclonal antibodies used for disease diagonosis, e.g., venereal diseases, hepatitis B and other viral diseases, cancer. DNA probes used for disease diagnosis, e.g., Kalajar, sleeping sickness, malaria etc. Synthetic vaccines also cleaner and safer to human being e.g., human hepatitis B virus, human insulin, human interferon, E. coli vaccines for pigs, rabies virus etc. Gene therapy to cure genetic disease e.g., huntington’s chorea, cystic fibrosis. Babies of specified could be controlled by sperm separation techniques of artificial insemination with X- or Y-carrying sperm. DNA fingerprinting also can be used for identification of parents/criminals.  
C. Biotechnology for Animal Science: Most vaccines are made from viruses or bacteria that have been weakened or killed. However, since the live virus or bacteria is often included in these vaccines, they are not without side effects. An animal could become sick from the vaccine. Recombinant DNA technology allows the production of synthetic vaccines that do not have this risk. Recombinant DNA vaccines have been developed for swine and cattle diarrhea and research on other vaccines is continuing.
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