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Abstract    

Biotechnology is the application of scientific techniques to modify and improve plants, 

animals, and microorganisms to enhance their qualitative and quantitative value. Agricultural 

biotechnology has two wide goals namely crop protection and quality enhancements. The 

invention of nucleic acid based techniques, genetic engineering and their application in  

agriculture science  have been enormously increased the crop production. Recombinant DNA 

technology and genetic engineering has significantly augmented the conventional crop 

improvement, and has a great promise to assist plant breeders to meet the increased food 

demand predicted for the 21st century. Remarkable and encouraging progress has been made 

over the past two decades in manipulating genes from diverse and exotic sources, and 

inserting them  crop plants by variety of gene transfer methods  to confer resistance to insect 

pests and diseases, tolerance to herbicides, drought, soil salinity and aluminum toxicity; 

improved post-harvest quality; enhanced nutrient uptake and nutritional quality; increased 

photosynthetic rate, sugar, and starch production; increased effectiveness of biocontrol 

agents; improved understanding of gene action and metabolic pathways; and production of 

drugs and vaccines in crop plants. The development, testing and release of agricultural 

products generated through biotechnology-based processes should be continuously optimized 

based on the most recent experiences.  
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Introduction 

Agriculture biotechnology is basically the exploitation of multiple scientific 

techniques used for improvements of plants, livestock and agriculture friendly 

microorganisms. Because of rapid advancements of molecular biology and genetic 

engineering, scientists have developed the techniques and innovative methodology to 

increase agriculture productivity. Starting from ability to identify genes and their role may 

confer to impart desirable traits to crops and livestock for protection and quality 

enhancement. Biotechnology gives the idea for improvements of crops and livestock that are 
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not possible through traditional breeding techniques. The invention of DNA based molecular 

techniques and their application to agriculture are highly significant both within agriculture 

sector and outside it. Increased food production and profits according to demand are probably 

the primary hope for results by scientists who are pioneered agriculture biotechnology. 

Biotechnology basically refers to DNA-based molecular techniques used to modify the 

genetic composition of agriculturally useful plants, animals and microorganisms. Traditional 

breeding techniques has certain limitation specifically crossing barrier between the species. 

Plants and animals whose genomes are modifying by transferring foreign functional genes are 

referred as transgenic, genetically engineered, or genetically modified organisms (GMO). 

The genetic composition of important agricultural crops and animals have been modified by 

scientists over the past three decades.  

The application of biotechnology in agriculture has become increasingly prominent in the 

past decade. Genes were first inserted into corn using molecular techniques in 1989, and by 

the late 1990s farmers were growing millions of acres of transgenic crops. The first 

commercially produced transgenic crops were based on single-gene traits. Among these was 

the “Flavr-Savr” tomato, which used gene silencing to inhibit the expression of an enzyme 

involved in fruit ripening (Kramer and Redenbaugh 1994). The Flavr-Savr tomato was not a 

commercial success, but the technology was effective because the fruit not only had a slow 

rate of ripening but also was less susceptible to pathogen infection. Other early transgenic 

products were based on traits influencing agronomic performance (i.e., pathogen, insect, and 

herbicide resistance). Among the transgenic traits near commercial release are new Bt genes 

that provide protection against additional types of insect pests. One of these is a gene that 

protects corn against corn rootworm damage (Kishore and Shewmaker 1999). It is estimated 

that damage to corn roots by this pest result in losses approaching $1 billion annually. By 

reducing the impact of this pest, it is expected that not only will there be better corn yields 

but also better drought tolerance and fertilizer utilization due to the healthier root system. 

Research is also being done to genetically engineer tree crops to make them resistant to 

insects and herbicides and to increase their rate of growth. Transgenic technology is also 

being applied to several commercially important tree species, including poplar, eucalyptus, 

aspen, sweet gum, white spruce, walnut, and apple (Kais 2001). The global demand for wood 

and wood products is growing along with the human population. To reduce pressure on 

existing forests, forest plantations that grow transgenic trees are expected to play an 

increasingly important role in meeting the demand for tree products (Tzfira et al. 1998). 
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Safe and sufficient food supply is essential for human being and livestock. Like all 

technology agriculture biotechnology has very high economic and social impact. Crops 

improved using genetic engineering have been used safely with important benefits such as 

reduction of pesticides, insecticides and chemically synthesized fertilizer which influencing 

the health, economy of farmers and other citizen overall the world. 

 

Tools and techniques of Agricultural biotechnology 

Agricultural biotechnology depends on DNA-based molecular techniques that can be used to 

modify the genetic composition of agriculturally useful plants and animals. Earlier methods 

of modifying the genetic composition of plants and animals are commonly referred as 

conventional plant or animal breeding.  Using DNA based techniques organisms genetic 

composition can be modified by transferring foreign functional DNA or gene to create   

transgenic or genetically engineered organisms for either protection against biotic and abiotic 

stress or  quality enhancements. Biotechnology has led to a number of powerful tools that can 

be useful for changing the genetic composition of plants and animals, some of important 

techniques are mentioned below. 

a. Somatic hybridization removes the cell walls of cells from different organisms and induces 

the direct mixing of DNA from the treated cells, which are then regenerated into whole 

organisms through tissue culture. 

b. Tissue culture and micro propagation is the regeneration of plants in vitro or laboratory 

form diseases-free plants parts.  This techniques allow for the production of disease free 

planting materials for important crops. Tissue culture techniques  manipulates cells, anthers, 

pollen grains, or other tissues; so they live for extended periods under laboratory conditions or 

become whole, living, growing organisms; genetically engineered cells may be converted into 

genetically engineered organisms through tissue culture. Examples of crops which are 

successfully produced using tissue culture techniques include citrus, pineapple, banana, 

mangoes, papaya, coffee, avocados etc.  

c. Embryo rescue places embryos containing transferred genes into tissue culture to complete 

their development into whole organisms. Embryo rescue is often used to facilitate “wide 

crossing” by producing whole plants from embryos that are the result of crossing two plants 

that would not normally produce offspring. 

d. Molecular markers (marker-aided genetic analysis) studies DNA sequences to identify 

genes, QTLs (quantitative trait loci), and other molecular markers and to associate them with 
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specific functions, i.e., gene identification, isolation their manipulation and expression. 

Traditional breeding involves selection of individual plants or animals on visible or 

measurable treats. By analysis of entire genomes of an plants or  animals, scientists using 

molecular markers to select plants or animals that posses desirable genes for QTL with or 

without presence of morphological traits.  

e. Marker-aided selection is the identification and inheritance tracing of previously identified 

genes or DNA fragments through a generation to generations or series of generation (F1 to 

F7). 

f. Genetic engineering of gene manipulation can be used for insertion of foreign genes or 

DNA fragments into genomes of host cells and then uses tissue culture to regenerate the cells 

into a whole organism with a different genetic composition from the original cells. This is 

also known as recombinant DNA (rDNA) technology; it produces transgenics or genetically 

modified organisms (GMO). The process allows the transfer of useful characteristics into 

plants, animals of organisms by inserting genes from other organism without  any crossing 

barrier to increase productivity , quality by reducing crop damage from abiotic and abioic 

stress. 

g. Genomics-Structural genomics analyzes whole genomes of species together with other 

biological data about the species to understand what DNA and genes confers what traits in the 

organisms. Likewise Transcriptomics and proteomics or functional genomics analyses the 

proteins in a tissue to identify the gene expression in that tissue to understand the specific 

function of proteins encoded by particular genes. Beside structural and functional genomics 

metabolomics (metabolites) and phenomics (phenotypes), are also extensively used as 

important tools of bioinformatics. 

 
Commercialization of transgenic plants- 

Private companies have produced and sold virtually all transgenic seed currently in 

use, In 2015 genetically engineered varieties of maize (corn), cotton, canola, and soybean 

were widely planted in United states, Asia, Latin America and Africa. New biotech crops 

were approved and/or commercialized in several countries including the United States, 

Brazil, Argentina, Canada and Myanmar. 

The global area of transgenic crops first exceeded 1.7 million hectares in 1996; over the next 

twenty years the area increased to over 179.7 million hectares i.e in 2015. This 100-fold 

increase in just 20 years makes biotechnology the fastest adopted crop technology in recent 

times, reflecting farmer satisfaction with biotech crops. (International Service for the 
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Acquisition of Agri-Biotech Applications ISAAA 1996-2015 annual report). Since 1996, 2 

billon hectares of arable land, a massive area more than twice the landmass of China or the 

United States, have been planted with biotech crops. Additionally, it is estimated that farmers 

in up to 28 countries have reaped more than US$150 billion in benefits from biotech crops 

since 1996. This has helped alleviate poverty for up to 16.5 million small farmers and their 

families annually totaling about 65 million people, who are some of the poorest people in the 

world.  More farmers are planting biotech crops in developing countries precisely because 

biotech crops are a rigorously-tested option for improving crop yields,” For every  

consecutive year, developing countries planted more biotech crops (14.5 million hectares) 

than industrialized countries. In 2015, Latin American, Asian and African farmers grew 

biotech crops on 54 percent of global biotech hectarage (97.1 million hectares of 179.7 

million biotech hectares) and of the 28 countries that planted biotech crops, 20 were 

developing nations. Annually, up to 18 million farmers, 90 percent of whom were small, 

resource-poor growers in developing countries, benefited from planting biotech crops from 

1996 to 2015. 

Also in 2015, India became the leading cotton producer in the world with much of its growth 

attributed to biotech Bt cotton. India is the largest biotech cotton country in the world with 

11.6 million hectares planted in 2015 by 7.7 million small farmers. In 2014 and 2015, an 

impressive 95 percent of India’s cotton crop was planted with biotech seed; China’s adoption 

in 2015 was 96 percent. 

“Farmers, who are traditionally risk-averse, recognize the value of biotech crops, which offer 

benefits to farmers and consumers alike, including drought tolerance, insect and disease 

resistance, herbicide tolerance, and increased nutrition and food quality,” Moreover, biotech 

crops contribute to more sustainable crop production systems that address concerns regarding 

climate change and global food security.” 

Most transgenics have been engineered to confer a single plant trait, but multiple trait 

varieties comprised 20% of the total transgenic crops in 2005. Over half of the global 

soybean crop was planted to transgenic herbicide-resistant soybeans in 2004, almost 30% of 

the cotton was planted to insect-resistant varieties engineered to include a gene from Bacillus 

thuringiensis (Bt), and 20% of the world’s canola and almost 15% of the maize are 

transgenic for one or both of the same traits. Transgenic rice was grown commercially for the 

first time in 2005, in Iran, and is being widely field tested in China. Although not directly 

contributing to food consumption, transgenic cotton adds to income and hence food security 
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and has rapidly spread in the United States, China, India, and elsewhere, covering over 5 

million hectares. Only a handful of other transgenics, including papaya and squash, are 

commercially grown. 

Approximately 60% of the total transgenic crop area was in the United States, about 20% in 

Argentina; Canada, Brazil, and China each had about 6%, whereas the rest of the world had 

less than 2% of the total area in 2005. In Europe, Germany, Portugal, France, and the Czech 

Republic had small areas, but only Spain planted more than 50,000 hectares. Transgenic 

soybean, cotton, and maize adoption rates have been extremely rapid by historic standards, 

similar to those of the green revolution in Asia and of hybrid corn in the United States. 

Table-1 Transgenic plants developed and released for fields cultivation  
 
Engineering useful  traits     Target Transgenic  crops 
Bt crops are protected against insect damage and 
reduce pesticide use. Plants produce a protein-
toxic only to certain insects-found in common 
soil bacterium Bacillus thuringenesis or Bt 

Corn, cotton, potatoes, sunflower, 
soyabean, canola, tomatoes, brinjal   
wheat etc. 

Herbicide tolerant crops allow farmers to apply a 
specific herbicide to control weeds without harm 
to the crop. Give farmers greater flexibility in 
integrated pest management. 

Soyabean, cotton, Corn, canola, rice, 
sugar beet,  wheat etc. 

Disease-resistant crops are armed against 
destructive viral plant diseases. Rust 

Sweet potato, cassava, rice, corn, 
squash, papaya, tomatoes, banana etc 

Drought and salinity  tolerance Rice 
Resistance to rust and karnal bunt Wheat 
High-performance cooking oils are improved for 
processing at high temperature, reduce need for 
hydrogenation and create healthier food 
products-lower in trans fats. The oils are either 
high oleic or low linoleic. 

Sunflower, peanut, mustard etc 

Healthier cooking oils have reduced saturated 
fat. 

Soybean 

Delayed ripening fruits and vegetables have 
superior flavor, color and texture, and stay fresh 
longer 

Tomatoes, raspberries, strawberries, 
cherry tomatoes, banana, pineapple. 

Increased-solids tomatoes having superior taste 
and texture for processed tomato paste and 
sauces 

Tomatoes. 

Nutritionally enhanced foods will offer increased 
levels of nutrients, vitamins and other healthful 
secondary metabolites. 

Protein enhanced sweet potato and rice, 
golden rice high provitaminA content, 
Vitamin A canola oil increased 
antioxidant fruits and vegetables. 
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Important global achievement of agricultural biotechnology 

Objective of agricultural biotechnology are same as traditional breeding i.e plant 

protection and quality enhancements. They may aim to improve crop performance in the 

field by conferring pest, disease, herbicides resistance or tolerance to environmental stress 

such as drought, salinity, water acidity alkalinity resistance. Another important aim is to 

develop crop products with enhanced value such as improved post harvest life, nutritional 

value or other health benefits. Some important outcomes of agriculture biotechnology are 

briefly discussed here. 

 

Insect or pest resistance 

In the last two decades, several crops have been genetically engineered to produce 

their own crystalline protein (Bt proteins), making them resistant to specific groups of 

insects. Bt term is derived from a bacterium called Bacillus thuringenes is, a soil bacterium 

that contains a proteins that is toxic to a narrow range of insects like Dipterans, Coleopterans 

and Lepidopterans but not harmful to animals or humans. Varieties of Bt insect-resistant 

corn, cotton and brinjal are now in commercial production. There are many crops are under 

being trails for Bt resistant properties like cowpeas, sunflower, soybeans, tomatoes, 

sugarcane, tobacco, walnut and rice etc. 

 

Herbicide  resistance 

Farmers using variety of chemicals (glyphosate, clorosufuran, imidazolinones etc) 

frequently to control weeds. But these herbicides may be responsible for decreasing the 

fertility of soil and causes soil pollution. Weeds growing in the same field with crops plants 

are responsible for drastic reduction of crop yield because weed compete for soil nutrients, 

water and sunlight; therefore farmer’s controls weeds by spraying herbicides directly onto 

crop plants but these herbicides reduce and kill the narrow spectrum of plants and sometime 

adverse effects on crops also. Scientists realized that if crop plants are genetically 

engineered to be broad-spectrum herbicide, weed management could be simplified and safer 

chemical can be used. Resistance to synthetic herbicides has been genetically engineered 

into corn, soybeans, cotton, canola, sugarbeet, rice, mustard and flax etc. Some of these 

varieties are commercialized in several countries. Trails for introducing varieties of 

herbicide resistance gene and their expression are going for many agriculturally important 

crops worldwide. 
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Virus resistance 

Many plants are susceptible to diseases caused by viruses, which are often spread by 

insects like aphids and cross pollinating insects from plant to plant across a field. The spread 

of viral disease can be very difficult to control and outbreaks cause severe crops damage and 

reduce the production. Insecticides are sometimes applied to control populations of 

transmitting insects, but has very little inhibitory impact on the spread of disease. The most 

effective methods against viral disease are cultural controls like removing disease plants 

from field, is laborious process and sometime may not work. Scientists have discovered 

genetic engineering methods that provide resistance to variety of viral disease in desirable 

crops. 

Plants with transgenic disease resistance against insect pests have been extremely successful 

as commercial products, especially in maize and cotton, and are planted annually on over 20 

million hectares in over 20 countries worldwide. Transgenic plant disease resistance against 

microbial pathogens was first demonstrated in 1986. Expression of viral coat protein gene 

sequences conferred virus resistance via small RNAs. This proved to be a widely applicable 

mechanism for inhibiting viral replication. Combining coat protein genes from three 

different viruses, scientists developed squash hybrids with field-validated, multiviral 

resistance. Similar levels of resistance to this variety of viruses had not been achieved by 

conventional breeding. 

A similar strategy was deployed to combat papaya ring spot virus, which by 1994 threatened 

to destroy Hawaii’s papaya industry. Field trials demonstrated excellent efficacy and high 

fruit quality. By 1998 the first transgenic virus-resistant papaya was approved for sale. 

Disease resistance has been durable for over 15 years. Transgenic papaya accounts for ~85% 

of Hawaiian production. The fruit is approved for sale in the U.S., Canada and Japan. 

Potato lines expressing viral replicase sequences that confer resistance to potato leaf roll 

virus were sold under the trade names New Leaf Y and New Leaf Plus, and were widely 

accepted in commercial production.  No other crop with engineered disease resistance 

against microbial pathogens had reached the market by 2013, although more than a dozen 

were in some state of development 

Delayed fruit ripening 

Delaying the ripening process in fruit and vegetable is of beneficial for producer and 

consumer because it allows more time for shipment of fruit from the farmer’s fields to the 

grocer’s shelf, and increases the shelf life of the fruit for consumers. Fruit that is genetically 
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engineered to delay ripening can be left to mature on the plant longer, will have longer shelf-

life in shipping, and may last longer for consumers. 

Genetic engineering techniques can be used for delayed fruit and vegetable ripening. The 

process for developing genetically engineered plants with reduced concentrations  of 

ethylene in the fruit is complicated and requires several technologies that have been 

developed over the past twenty years. These technologies include gene introduction into 

plants, selection of transformed cells, regeneration of plants from genetically transformed 

cells, and gene expression. 

A genetically modified tomato, or transgenic tomato, is a tomato that has had its genes 

modified, using genetic engineering. The first commercially available genetically modified 

food was a tomato engineered to have a longer shelf life  (Flavr Savr). In 1994, the Flavr 

Savr became the first commercially grown genetically engineered food to be granted a 

license for human consumption. A second copy of the tomato gene polygalacturonase was 

inserted into the tomato genome in the antisense direction. The polygalacturonase enzyme 

degrades pectin, a component of the tomato cell wall, causing the fruit to soften. When the 

antisense gene is expressed it interferes with the production of the polygalacturonase 

enzyme, delaying the ripening process. Flavor can be addressed by increasing intensity 

(concentration) of an important chemical component of flavor. This can be accomplished by 

increasing production of a specific compound  (e.g.,sucrose), by shifting the balance of 

compounds  (glucose versus sucrose), or by blocking production  of undesirable compounds  

(such as starch). Genes have been isolated to explore increased sweetness. These include 

sucrose phosphate synthase (increased sucrose), invertase (interconversion of sugars), and 

ADPG-pyrophosphorylase (sugar to starch conversion). 

DNA Plant Technology (DNAP), Agritope and Monsanto developed tomatoes that delayed 

ripening by preventing the production of ethylene,  a hormone that triggers ripening of fruit. 

All three tomatoes inhibited ethylene production by reducing the amount of 1-

aminocyclopropane-1-carboxylic acid (ACC), the precursor to ethylene. DNAP's tomato, 

called Endless Summer, inserted a truncated version of the ACC synthase  gene into the 

tomato that interfered with the endogenous  ACC synthase.  Monsanto's tomato was 

engineered with the ACC deaminase gene from the soil bacterium Pseudomonas 

chlororaphis that lowered ethylene levels by breaking down ACC.  Agritope introduced an 

S-adenosylmethionine hydrolase (SAMase) encoding gene derived from the E. coli 

bacteriophage T3, which reduced the levels of S-adenosylmethionine, a precursor to ACC.  
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Endless Summer was briefly tested in the marketplace, but patent arguments forced its 

withdrawal. 

 

Crops and Food with Improved nutritional components for Human consumption. 
Genetic engineering has allowed new options for improving the nutritional value, 

flavor, and texture of crops and crops based foods. There are multiple crops which are targeted  for  

improving multiple nutritional factors  for quality enhancement like corn,  soyabean,  rice, 

cassava, mustard, potatoes, green and leafy vegetables etc. By altering the lipid, protein, 

vitamins, minerals and carbohydrate composition of crop seeds, it may be possible to create 

more nutritious food and obtain byproducts with improved functional characteristics. Some of 

important crops which are improved for multiple nutritional components through genetic 

engineering are discussed below- 

 

Corn/Maize 
Corn seed has a high caloric density because of its high starch and oil content, but the 

protein it contains is deficient in several amino acids (lysine, methionine, tryptophan) 

essential for swine, poultry, and human nutrition. Transgenic corn lines that contain higher 

than normal levels of these amino acids and/or that produce proteins with higher contents of 

these acids have been created, although they are not yet in commercial production. Varieties 

of high-oil corn have been developed through breeding methods, but transgenic technology is 

also being used to increase the quantity and quality of corn oil. The stability and nutritional 

value of corn oil could be improved by increasing the proportion of monounsaturated fatty 

acid, and there are efforts under way by the researchers to improve common crop varieties of 

maize through genetic engineering. 

 

Soyabean 
Natural soybean oil contains a significant proportion of di and tri unsaturated fatty 

acids (linoleic and linolenic), and although these unsaturated fatty acids are generally 

considered healthier to eat than the saturated fatty acids found mainly in animal fat, they have 

a tendency to oxidize and become rancid. These unsaturated fatty acids are also liquid at 

room temperature, which limits their functional properties for making certain types of foods, 

such as margarine. The stability of soybean oil and its functional properties are improved by 

hydrogenating the oil. This reduces the double bonds in the unsaturated fatty acids, yielding 

monounsaturated trans-fatty acids. Although trans-unsaturated fatty acids have been 
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consumed for many years, there is increasing evidence that they are unhealthy. To address 

this problem, soybean was genetically engineered to produce oil that contains predominantly 

a cismonounsaturated fatty acid. This was achieved through genetic engineering by silencing 

the genes that produce linoleic and linolenic acid from oleic acid by a desaturation reaction. 

The new product is soybean oil with approximately 85% monounsaturated fatty acid, which 

has good stability, and reduced off-flavor and is healthier to consume. 

The meal recovered after soybean oil has been extracted is rich in proteins that have 

excellent functional characteristics for creating a variety of foods. However, several of the 

most abundant soy proteins are deficient in sulfur-containing amino acids (methionine and 

cysteine), which are essential amino acids for humans and certain livestock. Other soy 

proteins are ant-nutritional factors, and one is a common food allergen. Thus, transgenic 

research has been done to remove the anti-nutritional factors and allergenic proteins from 

soybeans and to improve its protein quality. 

The deficiency in the sulfur-containing essential amino acids in soy protein cannot be 

addressed through conventional breeding because better genes simply do not exist in the 

natural gene pool. However, the problem can be approached through genetic engineering by 

altering the activity of the enzymes that synthesize methionine and cysteine or by 

overproducing a protein that contains them. A complementary approach is to block 

expression of the major soy proteins that lack methionine and cysteine, thereby increasing the 

percentage of these amino acids in the remaining proteins. Both of these strategies are being 

explored. The feasibility of producing a methionine-rich protein in transgenic soybeans and 

other pulse seeds has been demonstrated, but the trait has not been commercialized. Gene 

silencing has been shown to be an effective way to eliminate the major soybean allergen, and 

other anti-nutritional proteins have been removed by mutagenesis. The promoter used to 

silence the fatty acid desaturase genes in the high oleic acid transgeneic soybean effectively 

eliminates expression of one of the major classes of soy proteins that does not contain 

methionine and cysteine. Consequently, the transgenic seed that was modified for high oleic 

acid content also has an improved protein quality. 

 

Improvement of vitamins content in multiple crops through genetic engineering 
There are 13 vitamins and 17 minerals required at minimum levels to prevent 

nutritional disorders, and all of these have attracted biotechnology research. Clinical and 

epidemiological studies show an important role in health maintenance for several minerals 

(iron, calcium, selenium, and iodine) and vitamins (A, B6, E, and folate), but these are 
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typically not present in sufficient quantities in many diets throughout the world. Common 

reliance on rice, wheat, maize, and soybean for macronutrients limits the diets of many 

people to the micronutrients these seeds contain. In particular, these foods are deficient in 

iron, zinc, selenium, copper, riboflavin, and vitamins A and C. More than two billion people 

face serious dietary problems due to inadequate quantities of micronutrients. For example, 

iron deficiency leads to anemia in 40% of all women and 50% of pregnant women and is 

thought to cause up to 40% of the half-million deaths at childbirth each year. Inadequate iron 

in children’s diets impairs mental development. Vitamin A deficiency is considered a global 

epidemic. Annually, 250 million children suffer from vitamin A deficiency, which 

contributes to illness and death for some 10 million people annually. Vitamin A deficiency 

causes blindness in up to half a million children each year, half of whom die after losing their 

sight. Besides impairing vision, vitamin A deficiency can lead to protein malnutrition and 

poor immune system function. Folic acid deficiency increases the risk of birth defects, heart 

disease, and stroke. 

Much remains to be learned about the uptake and accumulation of minerals and the 

synthesis of vitamins in plants, but significant progress is being made in some areas of 

research, such that transgenic plants producing increased levels of several micronutrients 

have been created. For example, mulled rice grains contain no beta-carotene, but it has been 

genetically engineered by the introduction of three genes, one from daffodil and two from 

bacteria, to produce significant levels of beta-carotene, which is made into vitamin A 

commonly called “golden rice”. Additional genetic engineering may be necessary to raise the 

beta-carotene level in transgenic rice such that a daily serving provides the recommended 

daily allowance (RDA) of vitamin A.  

Similar genetic approaches were used to increase the level of tocopherol, the lipid-

soluble antioxidant known as vitamin E, in plant oils. The RDA for vitamin E is 10 to 13.4 

international units (equal to about 7 to 9 mg of tocopherol), which is generally accessible 

through consumption of plant-derived dietary components, including soybean oil. However, 

an excess intake of vitamin E (100 to 1,000 IU/day) has been found to be associated with a 

reduced risk of cardiovascular disease and some cancers, improved immune function, and 

reduced progression of several human degenerative conditions. Thus, there could be health 

benefits from increasing the level of vitamin E in commonly consumed foods, such as 

soybean. By over expressing the gene responsible for the last step in vitamin E synthesis in 

the model plant Arabidopsis thaliana, the effective vitamin E level was increased nearly 10-



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 3.114, ISSN: 2320-5083, Volume 5, Issue 6, July 2017 

 

65 
www.jiarm.com 

fold. A similar approach is now being used to create transgenic soybean and canola plants 

with enhanced levels of vitamin E. 

 

Plants food as edible vaccine and source of monoclonal antibodies 
 
Plant foods could be used as edible vaccines if their genomes are modified through genetic 

engineering by transferring foreign functional DNA that encodes protein for immune 

response. Many seeds contain proteins that are allergenic in certain people. When these 

allergenic proteins are digested, small fragments derived from them are absorbed into patches 

of cells on the small intestine that are part of the immune system. Antibodies are produced 

against these proteins, and this leads to an immune response in the individual, with 

potentially severe consequences after subsequent exposure to the allergenic proteins. This 

same process can be used to create immunity against common viral and bacterial pathogens 

by producing antigenic proteins derived from them in edible plant parts.  

There is also interest in using plants to produce human monoclonal antibodies. 

Preliminary research has demonstrated that several types of plant tissues, including seeds and 

leaves, have the capacity to express genes encoding the protein subunits of monoclonal 

antibodies and assemble them into functional complexes. It remains to be seen whether plants 

can produce these antibodies in sufficient quantities to meet therapeutic requirements. 

However, if it proves possible, the technology has tremendous potential because of the 

expense of producing monoclonal antibodies in mammalian tissue cultures. It would be 

essential to grow these plants in restricted locations, but the value of the products would 

easily be sufficient to offset the cost of growing the crop in isolation. 

 

Improvements in food processing 
The first food product resulting from genetic engineer- ing technology to receive 

regulatory approval, in 1990, was chymosin, an enzyme produced by genetically engineered 

bacteria. It replaces calf rennet in cheese making and is now used in 60 percent of all cheese 

manufactured. Its benefits include increased purity, a reliable supply, a 50 percent cost 

reduction, and high cheese- yield efficiency. 

 

Environmental benefits 
When genetic engineering results in reduced pesticide dependence, we have less 

pesticide residues on foods, we reduce pesticide leaching into groundwater, and we minimize 

farm worker exposure to hazardous products. With Bt cotton’s resistance to three major 
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pests, the transgenic variety now represents half of the U.S. cotton crop and has thereby 

reduced total world insecticide use by 15 percent! Also, according to the U.S. Food and Drug 

Administration (FDA), “increases in adoption of herbicide-tolerant soybeans were associated 

with small increases in yields and variable profits but significant decreases in herbicide use”. 

 

Development of abiotic stress resistance varieties  

Abiotic stresses (drought, water, salinity, acidity and alkalinity, heat, cold etc) 

significantly limit crop production worldwide. Cumulatively, these factors are estimated to be 

responsible for an average 70% reduction in agricultural production. Drought stress not only 

causes a reduction in the average yield for crops but also causes yield instability through high 

inter annual variation in yield. Globally, about 35% of arable land can be classified as arid or 

semiarid. Of the remainder, approximately 25% consists of drought-sensitive soils. Even in 

non arid regions where soils are nutrient-rich, drought stress occurs regularly for a short 

period or at moderate levels. Furthermore, it has been predicted that in the coming years 

rainfall patterns will shift and become more variable due to increased global temperatures. 

Thus, improved stress tolerance may improve agricultural production. 

Research to create crop plants that are transformed to tolerate abiotic stresses, such as heat, 

drought, cold, salinity, and aluminum toxicity, is ongoing. Current research efforts in drought 

tolerance include the isolation of crop plant mutants to understand the molecular basis for salt 

responses, studies on the transduction network for signaling guard cell responses and their 

subsequent control of carbon dioxide intake and water loss, and genetic activation and 

suppression screens that influence interrelationships among multiple signaling systems that 

control stress-adaptive responses in plants. The actual development and field testing of novel 

crop plant varieties is likely to be 5 to 10 years in the future owing to the complex genetic 

mechanisms and multigene systems involved in abiotic stress tolerance in plants. Accurate 

assessments of the environmental risks posed by any of these stress-tolerant plants will not be 

possible until they are actually created because the genetic mechanism of stress tolerance will 

greatly determine the scope of potential risks. 

Despite this uncertainty regarding the nature of stress-tolerant transgenic plants, they have 

raised concerns about environmental risks. Abiotic conditions, such as soil nutrient levels, 

water, cold, heat, salt, and metal toxicity, combined with their seasonal variations have strong 

determining effects on plant community structure worldwide, and the geographic distribution 

of many plant species is influenced strongly by these factors . Thus, when plants are 
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transformed to better tolerate these abiotic conditions, it raises risk questions about the 

possibility of impacts on plant community structure and expansion of the geographic range of 

a plant species. While these issues have been considered in discussions of the present 

generation of transgenic crops , most of these traits have not been expected to alter the 

invasiveness or weediness of the transformed plants. The environmental risks associated with 

such stress-tolerant crops are both complicated and subtle. To clarify their analysis, the 

committee focuses here on drought-tolerant crops. Drought-tolerant phenotypes could be 

based on higher water use efficiency (WUE), which leads to greater biomass production per 

unit of water, or an increased ability to extract water from the soil. Obviously the 

environmental effects of these mechanisms will differ. Plants with improved water extraction 

will still require the same amount of water to grow, so potential environmental effects may 

often be related to competition for sunlight or nutrients in the soil due to the plant’s metabolic 

needs associated with greater biomass. In contrast, ecological theory suggests that a plant 

with a higher WUE would be predicted to be a better competitor for water than a no 

transformed plant. This hypothesized improved competitive ability is the source of some 

concerns about the environmental risks of drought-tolerant transgenic plants, whether it is the 

crop or a wild relative that might receive the transgenes by horizontal gene flow. 

But increased competitive ability for water is not necessarily sufficient to cause a plant to 

expand its geographic range. A lupine plant in the oak savanna with better WUE may grow 

more luxuriantly than its co specifics but might not expand into surrounding habitats because 

there is too much shade, water, or soil nitrogen, which might neutralize its advantage in the 

savanna. A maize variety with higher WUE may grow better in the dry land production 

systems of parts of Nebraska and Kansas but may still not displace spring wheat in the 

neighboring counties because it still needs water over a longer growing season than wheat. It 

is also possible that a farmer might clear droughty land and plant such a maize variety, 

leading to marginal increases in the area planted to maize and marginal decreases in the area 

in xeric prairie remnants. It is unlikely that maize can be transformed into a plant that could 

grow in arid or semiarid environments without irrigation. Thus, while there is clear potential 

for plants transformed to tolerate drought to expand their geographic range, there is also a 

limit to this potential due to the inherent characteristics of the plant, and seasonal limitations 

of other abiotic and biotic factors that restrict it from expanding. Assessment of these risks 

will require attention to the plant, trait, and environment. In a similar way, impacts on plant 

community structure and non-target species and interactions among traits (discussed below) 
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might occur, but their assessment will be case specific. For example, certain transgenic salt-

tolerant plants can also tolerate other stresses including chilling, freezing, heat, and drought 

(Zhu 2001). 

 

Conclusion and Future thrust 
Modern biotechnology represents unique applications of science that can be used for 

the betterment of society through development of crops with improved nutritional quality, 

resistance to pests and diseases, and reduced cost of production. The application of 

transgenics is not conceptually different to the use of native genes through wide crossing and 

marker-assisted selection. A number of recent works considerably widen the potential of 

plant biotechnology. Access to information and expertise in developing countries, where the 

need to increase food production is most important needs, will be a key factor in the use of 

biotechnology for sustained food security. The national/international agencies and govern-

ments need to be helped and encouraged to formulate appropriate policies and establish 

regulatory framework to use biotechnology for sustainable food production. Rapid growth in 

world population and their effects of climate change will pose a serious challenge to crop 

production and food security, especially in developing countries across the world.  The 

augmentation of conventional breeding with the use of marker-assisted selection and 

transgenic plants promises to facilitate substantial increases in food production. However, 

knowledge of the physiology and biochemistry of plants will be extremely important for 

interpreting the information from molecular markers and deriving new and more effective 

paradigms in agriculture biotechnology. The application of DNA marker technologies in 

exploiting the vast and largely under-utilized pool of favorable alleles existing in the wild 

relatives of crops will provide a huge new resource of genetic variation to fuel the next phase 

of crop improvement. Genetic engineering research, genes need to be inserted into the best 

existing germplasm. There is sustainable  needs of strategy for understanding genes and their 

interaction in genomic environment for rapid and cost effective development, and adoption of 

biotechnology derived products. In particular, significant benefits will be derived through the 

transfer of multiple genes in desirable agronomic important crops for  protection against 

biotic and abiotic factors  and improvement of  quality in terms of protein, vitamin, minerals, 

fat and important secondary metabolites.  
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