Genetically Engineered Food:

Techniques, Benefits and Risks

INTRODUCTION

Coffee plants that yield naturally decaffeinated coffee beans. Citrus crops resistant to freezing temperatures. Shrubs that produce naturally sweetened strawberries. The manipulation of genetic material in food products to create bigger, stronger, better-tasting food is a promising concept indeed. It is one of the fastest growing industries today. In 1996, approximately 1.2 million hectares of these crops modified by genetic engineering, known as “transgenic” crops, were grown in the United States. This area increased to 4 million hectares in 1997. (Nottingham, 1998). These new emerging technologies promise greater crop yields, less spoilage, and increased quantities of food worldwide. As a result, some people firmly believe genetically engineered foods could be the solution to world hunger -- an encouraging prospect in light of the world’s ever-increasing population. Could this technology be too good to be true? 

Some seem to think so. Those opposed to genetic alteration of foods referred to these new modified products as “Frankenfoods”. They believe there will be significant consequences for the environment with the mass production of these foods, as well as risks to the health of humans that ingest them. Opponents also point out weighty ethical and moral concerns over the ownership of genetic material and the treatment of farm animals, as well as socio-economic considerations and equity issues for people in developing nations. 

This paper will discuss the process by which foods are genetically engineered, the traits conferred to plants and animals through this process and the possible environmental, human health and other consequences that may arise from the commercial cultivation of genetically engineered foods.  This paper will also discuss some specific emerging developments in food biotechnology, and the effectiveness of current policies governing genetically altered foods in the United States.

BIOTECHNOLOGY AND GENETIC ENGINEERING

The goal of genetic engineering is to introduce, enhance or delete a particular characteristic of an organism. Genetic engineering to achieve desired characteristics in crops and in animals, in fact, has been going on for centuries. Cross-breeding and hybridization has been practiced by farmers worldwide to develop greater quantities and more tolerant species of animals and plants. However, these practices are generally not very accurate in achieving the desired result. With the advent of new technology, known as recombinant DNA technology, it is now possible to transfer genetic information in a more precise and controlled manner. Specific genetic fragments can be isolated, manipulated and joined together with fragments from a different organism to selectively alter the genetic make-up of an organism. (Greenberg and Glick 1993). This is accomplished by altering the genetic material of the organism contained in the its DNA (deoxyribose nucleic acid). 

Basics of Genetic Engineering

DNA is responsible for the synthesis of the proteins made in the cell.  Proteins are essential for life for the purposes of an organism’s structure as well as for the metabolic reactions necessary for the organism to function. In 1953, James Watson and Francis Crick announced the discovery that the structure of the DNA molecule is a double helix consisting of two intertwining double strands of alternating sugars and phosphate groups. Along each of these strands are attached a sequence of bases: adenine (A), cytosine (C), guanine (G) and thymine (T), each made up of carbon, hydrogen, nitrogen and oxygen atoms. (Nottingham 1998). The bases form a weak chemical link between the strands, with adenine always pairing with thymine, and cytosine always pairing with guanine. The structure of DNA can be best described as a double spiral staircase, with the base pairs forming the steps. (Nottingham 1998).

The sequence of bases along the nucleic acid strands forms the genetic code, which dictates the specific characteristics of a particular organism. The DNA, is found in the chromosomes in the nucleus of the cell, along with protein such as enzymes, which regulate all the biochemical processes within an organism. Genetic engineers can manipulate the genes responsible for protein synthesis.  A gene is “expressed” when the protein it encodes is synthesized. By inserting certain genes that express certain enzymes, almost any biochemical reaction in an organism can potentially be altered to produce a desired change. (Reiss and Straughan 1996).

DNA synthesizes protein with the help of certain types of ribonucleic acid (RNA), known as messenger RNA (mRNA) and transfer RNA (tRNA). mRNA is made in the nucleus when a portion of the DNA double helix unwinds and the bonds between the bases are broken.  When this occurs, the two strands of DNA are separated and exposed. mRNA is synthesized a little at a time, with complementary mRNA bases being transcribed from the DNA bases; for example, a T on the DNA strand will result in an A on the mRNA. Three of the four bases in mRNA are the same as in DNA, i.e. A, C and G. But instead of T, mRNA contains a different base, uracil (U). The DNA double helix rewinds as transcription proceeds.  The resulting mRNA is a complementary or reverse copy of the gene to be expressed. (Reiss and Straughan 1996).

The mRNA moves from the nucleus to a ribosome in the cytoplasm of the cell, and awaits a tRNA to carry amino acids, the building blocks of proteins, from the other parts of the cytoplasm to the ribosome. The tRNA carrying the amino acids translates all the genetic code by connecting by a corresponding coding sequence onto the mRNA. The amino acids carried by the tRNA then join together to form a polypeptide chain, which is the basis of enzymes and other proteins. (Reiss and Straughan 1996).

A genetic mutation can occur by the substitution, deletion or insertion of one or more bases in the DNA. The change in the bases affects the amino acids in the polypeptide chain. Mutations can also occur at the chromosome level. Mutations, which occur naturally at low rates, are usually harmful and thus quickly eliminated by natural selection.  However, occasionally an advantageous mutation occurs and the mutated genes are added to the gene pool. This has been the premise by which crop breeding practices have evolved to promote particular traits in both plants and animals. The mutation rate in plants can be artificially increased by the use of radiation or mutagenic chemicals. (Nottingham 1998).


Recombinant DNA technology

Rather than relying on mutation, which is largely uncontrollable, genetic engineers can directly confer a desired trait to a crop plant using recombinant DNA technology. (Greenberg and Glick 1993). The genetic engineer uses enzymes, many of which are derived from bacteria, as the tools to manipulate DNA. Enzymes are proteins that catalyze specific chemical reactions. Cells use enzymes to maintain and copy DNA. Different enzymes perform different functions: unzipping double strands of DNA, cutting DNA at specific points, copying DNA, and pasting sections of DNA into a genome. (Nottingham, 1998).

Restriction enzymes cut DNA at certain short sequence. These enzymes, first isolated and identified in 1970, are mobilized naturally by bacteria to restrict the growth of invading viruses.  Each restriction enzyme recognizes a specific coding sequence and cuts between particular bases within the sequence. The cuts can be staggered leaving several bases exposed and “sticky”, i.e. under certain conditions they pair with complementary bases of DNA from a different source.  This pairing forms the same weak bond that normally holds two DNA strands together. The use of ligase enzymes, which are used to repair DNA, will produce an even stronger bond. This whole process is generally called “splicing.” (Davis, 1991). 

METHODS OF TRANSFERING GENETIC MATERIAL

Genes are transferred into other organisms in several different ways. Several methods exist to  produce transgenic plants because plant cells are capable of regenerating into a whole plant. In contrast,  methods used to produce transgenic animals are somewhat limited.

Vectors


Genes with the desired trait can be introduced into another organism within vehicles called vectors.  This method involves infecting the species to be genetically engineered with the vector so that a desired piece of genetic material passes from the vector to the genetically engineered species.  The vector is usually derived from the small circular structures in bacteria called “plasmids”, which contain the bacteria’s DNA. Restriction enzymes are used to cut the vector, the foreign genes are inserted, and ligase is used to rejoin the vector. (Greenberg and Glick, 1993). 


The first transgenic plants produced – tobacco, petunia and cotton -- were modified using Agrobacterium as a vector. (Nottingham 1998) Agrobacterium tumefaciens and Agrobacterium rhizogenes are bacteria found in soil that naturally attacks certain plants, which cause a disease called crown gall disease. It infects wounds in plants and causes the development of the swellings or tumors.  In 1977, it was discovered that the tumors were caused by the bacterium inserting part of one of its own plasmids, either the Ti (tumor induction) plasmid and the Ri (root inducing) plasmid, into the host DNA. (Greenberg and Glick 1993). 

Agrobacterium in the soil becomes attracted to certain chemicals released by a wounded plant.  The bacterium infects the plant by binding to the plant’s wounded region, where a small part of the plasmid, known as T-DNA (Transferred DNA), is transferred to the plant.  Genes in the T-DNA cause the synthesis of hormones that promote growth of cells in the crown gall. The transfer the T-DNA is directed by another part of the plasmid, called the virulence region. (Greenberg and Glick 1993). Genetic engineers discovered that they can mimic the natural infection cycle by removing the T-DNA to disarm the pathogenic nature, and use modified T-DNA regions containing foreign genes, without affecting the transfer process. (Greenberg and Glick 1993).

In the laboratory, the gene encoding the desired trait is first cloned within a cloning vector in a bacterial host, usually E. coli. The vector is then incorporated into an Agrobacterium Ti or Ri plasmid in preparation for the transfer into plant tissue.  The plasmid is disabled by deleting genes that normally lead to tumor or gall production. Then, the Agrobacterium is inserted into the plant tissue by different methods, one of which consists of wounding the stem tissue and injecting the agrobacterium or painting it onto the cut surface. (Greenberg and Glick 1993). If the integration occurs as intended, seeds of the transformed plants should grow into plants with the engineered trait, which can then be used in conventional breeding programs.

One of the disadvantages of using Agrobacterium as a vector is that monocots, including cereal crops such as rice, wheat, maize and onions, are not naturally infected by this bacteria. (Greenberg and  Glick, 1993). This method is only useful for dicots, such as potato, tomato, soybean and sugar beets.  (Nottingham, 1998). 

Vectorless Transmission

In the 1980s, methods of gene transfer were developed that did not require the use of bacteria and could be used on both monocots and dicots. These methods of delivering DNA to plant tissue use  ballistic projection, more commonly known as “gene guns”. (Greenberg and Glick 1993). In this method, tiny metal particles, usually made of tungsten, are coated with DNA and are then simply fired at high speeds into the organism or a tissue culture of cells of the organism.  It is a much simpler method than using a vector and is thus widely used in research.  However, a disadvantage of this method is the possible damage to the DNA caused by the firing process.  (Greenberg and Glick 1993).

Another method of transferring DNA to a new organism is by injecting it directly into the nucleus.  This approach is widely used in the genetic engineering of animals. A fertilized egg is taken from an animal and is injected with the foreign DNA using a small syringe. The injected DNA integrates itself randomly into the chromosomes.  This method has been used to produce transgenic plants as well, but is more difficult because of tough cell walls.  (Nottingham, 1998).

A third method without the use of a vector is known as electroporation.  Cells to be genetically engineered are placed in a solution of the foreign DNA.  The electric field affects the membrane that surrounds each cell and leads to the DNA being taken up by the cells. (Greenberg and Glick 1993).

Gene Silencing

Another method of gene manipulation involves suppression of an organism’s own genes to prevent them from being expressed, which blocks protein synthesis. (Grierson 1996).  This is accomplished either by preventing the formation of mRNA or disabling it before it can arrive at the ribosome, where protein synthesis takes place.  Gene silencing technology was first commercially used in agriculture to create tomatoes with a higher solid content and longer shelf-life by preventing the synthesis of an enzyme involved in the ripening process. This is further discussed below. Other slow-ripening fruit and vegetables are being developed using this technology.  It is also being researched as a possible method of suppressing the critical protein synthesis in the development of cancers, AIDS, leukemia and other harmful human gene activity. (Nottingham 1998).

Marker Genes

Although these insertion methods currently available have proven successful, they are still relatively haphazard, and generally result in low success rates of stable transformation. The unsuccessfully transformed organisms must be weeded out in favor of the useful transgenic ones.  This is accomplished through the use of a marker gene, which is transferred together with the genes coding for the desired character. Because the marker genes are transferred together with the gene for the desired trait, they are closely linked. (Nottingham, 1998).

The enzyme luciferase, obtained form the tails of fireflies, was used as an early marker gene.  When exposed to luciferin, this enzyme produces a light-emitting reaction, used by fireflies to signal to their mates. Tobacco plants, transformed with the luciferase gene, were fed a luciferin substrate to determine whether the transformation was successful. Plants that glowed had successfully integrated the gene, whereas those plants that did not glow had not. (Nottingham, 1998).

More recently, marker genes used are those that make the organism immune to an antibiotic. To determine whether the transfer has worked, an antibiotic is applied to the tissue culture, and if the material is killed, the transfer was unsuccessful. (Reiss and Straughan 1996). Because different crops have different natural resistance to antibiotics, a range of these antibiotic resistance marker genes has been developed for use in the production of transgenic crops. But marker genes are also used to distinguish successful genetic engineering of bacteria, fungi, animals and fish.

TRAITS OF GENETICALLY ALTERED PLANTS

Crop plants are the predominant group of transgenic food to date. The first foreign gene was introduced successfully into a Tobacco plant in 1983, creating the first transgenic plant only 29 years after the discovery of the structure of DNA. (Nottingham, 1998). By 1995, over sixty plant species had been genetically altered and nearly three thousand field tests had been performed worldwide. (Nottingham 1998).  The traits that have been integrated into various plants through genetic engineering is discussed below.

 Herb-Resistant Crops 

Weeds compete with crops for moisture, nutrients and light.  Uncontrolled weed growth can result in large yield losses and decrease in crop quality. Broad-spectrum herbicides are effective against a wide range of weed species, but unfortunately, can also kill or injure crops. Because of this risk, farmers are constrained in the use and application of herbicides. Because research has found that herbicide resistance is usually due to a single mutation, it is therefore considered an optimum target for genetic engineering.  As a result, herbicide resistance is the characteristic most commonly engineered into transgenic crop varieties grown in field trials. (Paoletti and Pimentel 1996).

Genetic engineers have exploited the fact that most herbicides are broken down naturally by soil bacteria, which do so by transferring genes for detoxifying enzymes into transgenic crops. They use the genes from soil bacteria  in plants to achieve resistance to herbicides in several ways. These genes can express proteins that degrade the herbicide, or they can alter the sensitivity or quantity of the enzymes that the herbicide acts upon to kill the plant. (Nottingham 1998).

Glyphosate is an organophosphorous compound which acts as a broad-spectrum herbicide.  It can therefore be used to control most of the major weed species found in crops.  Glyphosate acts on plants by inhibiting an enzyme called EPSPS, blocking amino acid biosynthesis and resulting in the cessation of growth and eventual plant death.  Tolerance to glyphosate can be engineered into crops using genes from bacteria or plants.  For instance, glyphosate-tolerant tobacco was engineered by incorporating a gene from the bacterium Salmonella typhimurium, which expressed a version of EPSPS that was not susceptible to glyphosate. (Reiss and Straughan 1996).
Monsanto produces the glyphosate herbicide RoundupTM, the world’s biggest selling herbicide.  Monsanto recently has developed transgenic Roundup ReadyTM soybeans. (Nottingham 1998). This is accomplished by using mutant genes from certain bacterial strains that express EPSPS, leading to an overproduction of the enzyme in the plant.  Because there is more of the enzyme, the suppression of EPSPS by the glyphosate is counteracted.  Monsanto has subsequently introduced these patented RoundupTM-tolerant genes into other crops, including maize, canola, oilseed rape, sugar bees, tobacco and cotton.

Pest-Resistant Crops


Around one-third of the potential crop production worldwide is lost to pests. A rice pest, known as the gall midge, caused worldwide losses in rice yields equivalent to approximately $550 million at 1994 prices. (Rice and Straughan, 1996). Genetically engineered plants intrinsically tolerant of insect predators would save enormous amounts of money in loss of yield. Also, they would eliminate the necessity to spray these crops with costly and hazardous chemical pesticides.  Moreover, because biological insecticides are usually insect-specific, they are theoretically not hazardous to the intended consumers of the food.  (Greenberg and Glick, 1993).  



To develop insect resistant plants, the most common strategy has been the use of genes from Bacillus thuringiensis (B.t.), a soil bacterium that naturally generates particular protein that is toxic to insects. In the natural environment of the soil, the B.t. cells transform themselves into spores to survive environmental conditions, the toxin proteins accumulate and are stored in the bacterial spore, until an insect larvae eats the spore.  The spore is then dissolved in the gut of the insect, the toxin binds to the membrane of the gut walls and paralyses the gut and prevents nutrient uptake.  The insects stop feeding and then die. (Nottingham, 1998).


B.t. toxins are biodegradable and safe for humans and non-target organisms, and are therefore a safe means of protecting plants. They have been used in commercial pesticides since 1958, with spray formulations generated by fermenting the spores. Genes expressing B.t. toxins were first engineered into the crop plant tobacco in 1987 by a Belgian-based company called Plant Genetic Systems. The leaves of the transformed tobacco were highly toxic to the tobacco hornworm. More importantly, the plants grown from the seeds of the transformed tobacco were also resistant. 

In 1995, the U.S. Environmental Protection Agency (EPA) approved the first commercial crops genetically engineered with the gene expressing B.t. toxins. These included a genetically modified Russet Burbank potato resistant to the Colorado potato beetle, which was known as the New LeafTM potato and produced by Monsanto. Today, all of the major agrochemical and biotechnology companies are developing transgenic crop plants, including tomato, tobacco, potato, corn and cotton, into which B.t. toxins have been introduced and selectively expressed.


Limitations to the use of B.t. toxin do exist. First, particular B.t. toxins are specific only against certain groups of insects. There have also been problems obtaining high enough levels of B.t. toxin gene expression in transgenic plants.  In one study, ultraviolet rays from the sun were determined to inactivate the production of a toxin by an introduced B.t. gene. (Nottingham, 1998). Other means of genetic engineering insect tolerance in plants have also been developed. Genes expressing protease inhibitors, molecules that are widely distributed in the plant kingdom, have been introduced to confer tolerance to a wide range of insect pests.  Another method of pest control has been the introduction of genes expressing baculoviruses, organisms that cause disease in the larval stage of certain species of insects. This method has been more controversial because of its perceived danger in infecting non-target species. (Nottingham 1998).

Disease Resistance and Stress Tolerance


Genetic engineering to create resistance to disease-causing viruses, bacteria and fungi has also been successful in many crops.  For viruses, genes coding for viral coat proteins can be inserted, often resulting in immunity to certain specific viral pathogens. (Snow and Palma 1997). Because many viruses infect a range of host species, the same coat protein gene can be transferred to several species. For bacteria- related diseases, crops have been altered by inserting antibacterial genes from organisms; for example, the cecropin B gene from the giant silk moth has been transferred to tobacco, potato and apple to reduce bacterial infections. (Snow and Palma 1997). To control fungi, crop plants, such as tobacco, tomato, petunia, corn potato, lettuce, squash, cucumber and melon, have been engineered with genes that code for chitinase and glucanase, enzymes that break down fungal cell walls. (Snow and Palma 1997).

Research has also been successful in producing crop plants resistant to conditions such as frost and drought. A gene from the winter flounder, an Arctic fish capable of surviving freezing temperatures was found to increase cold tolerance when expressed in potato and tomato. (Nottingham 1998). The gene expresses an antifreeze protein that binds to the water-ice interface and prevents ice crystals from forming. To combat drought, it is estimated that water use in crop production could be reduced by approximately 5% through genetic engineering. (Poletti and Pimentel 1996).

Designer Food

Since the mid-1980s there has been a race among several companies trying to manufacture a tastier version of the tomato.  In May 1994, the U.S. Food and Drug Administration (FDA) approved the Flavr SavrTM tomatoes for sale, which were produced by a company called Calgene, based in Davis, California. These tomatoes, now marketed under the McGregor brand name and sold in over 3000 stores throughout the U.S., became the first fresh genetically modified fruit or vegetable to reach the market.  They were approved for sale in Mexico and Canada in 1995. (Reiss and Straughan, 1996).

Tomatoes are picked before they are ripe for the purposes of transporting them from where they are grown to where they are sold before they turn soft, so that they will be less likely to be damaged in transit.  However, because the tomato flavor correlates with the amount of time it spends on the vine, this process results in a less flavorful tomato. Tomatoes picked before they are fully ripe must be injected with ethylene to ripen the tomatoes before they are sold.  


There have been two approaches to genetically alter tomatoes to achieve the desired characteristics. The first method uses a technology resulting in “anti-sense”, or complementary, RNA and is used to silence the gene that makes the tomato go soft after the ripening process. This gene expresses an enzyme called polygalacturonase (PG), which breaks down pectin, a major component of cell walls, resulting in the conversion of solid plant tissue into softer tissue during ripening. An “anti-sense” gene to the one responsible for PG synthesis is inserted into the tomato DNA. This anti-sense DNA results in mRNA complementary to the mRNA made by the PG gene.  The two messenger RNAs fit together, preventing both from creating a protein, and thereby inactivating the gene expressing the PG enzyme.  This prevents the breakdown of the cell walls but does not affect other changes associated with ripening, such as color and flavor. (Reiss and Straughan, 1996).


The second approach involves a different “gene silencing” mechanism. This approach is based on the insertion of a gene from the bacterium called Pseudomonas which prevents the synthesis of ethylene. As mentioned, ethylene promotes the ripening process. (Nottingham 1998). This approach, therefore, produces a slower ripening tomato, allowing the tomatoes to be picked when red because they would remain firmer for a longer time. 


Ethylene is produced naturally in many fruits, such as bananas, apples, pears, mangos, and melons. Research groups are now looking at using anti-sense DNA to produce slower-ripening versions of these so-called climatic fruit crops as well, in an effort to reduce waste due to spoilage. (Nottingham 1998).  The application of genetic engineering promises great benefits for the reduction of spoilage of perishable crops during post-harvest storage. 


Transgenic foods have also been engineered to take on other desired traits as well.  Various fruits are being engineered with built-in sweetness, other crops are being fortified with genes producing higher levels of protein for vegetarians, and many plants are being genetically altered to fix nitrogen faster to promote quicker growth. Moreover, companies are using genetically altered crops to expand beyond food production and into other areas. Transgenic crops may soon be used to yield therapeutic drugs, vaccines and other pharmaceutical products. (Snow and Palma 1997). And Monsanto is developing cotton plants containing foreign genes that express blue pigment, for the blue jean market. (Nottingham 1998).

TRAITS OF GENETICALLY ALTERED ANIMALS

The production of transgenic animals and fish has been successful in recent years.  In 1996 over 60,000 genetically engineered animals were born in the United Kingdom, mostly for the purposes of animal research. (Nottingham 1998). However, soon transgenic animals will be sold for human consumption. It was reported that 50 transgenic pigs were sold on the market in Australia in 1995. (Nottingham 1998). The genes transferred to animals are generally responsible for production growth hormones. However, transgenic cattle, sheep, pigs and chickens are also being produced with lower fat levels and increased disease resistance as well.

Recombinant BST in Milk

Bovine somatotrophin (BST), is a growth hormone produced by cows, which channels nutrients into growth and milk production. BST was one of the first genetically engineered biotechnology products for agriculture. (Reiss and Straughan, 1996). Monsanto was the first to isolate the gene expressing BST and identify its coding sequence. Synthesized BST genes were then inserted into vectors and cloned in the E. Coli bacterium. The bacterial colonies were later killed and the hormone was extracted and purified.  The hormone was then sold as rBST (recombinant bovine somatotropin) under the name POSILACTM in small syringes. (Nottingham 1998).

Cows are injected once every 14 or 28 days, and milk yields can increase 15 to 25%.  In addition, the amount of milk produced relative to the food consumed increases by about 15%, resulting in greater feed efficiency. (Reiss and Straughan 1996). In marketing its product to dairy farmers, Monsanto highlights these figures to demonstrate the potential for increased profits.  It also notes the financial benefits of this technology, which requires no capital investment and no significant lag time between introduction of the technology and results. Finally, Monsanto stresses that genetically engineered BST is virtually identical to the BST produced naturally by cows, and that it has no physiological effects on humans.

Recombinant BST has created much controversy since the time it was commercially introduced.  There are those that claim that while it is true that genetically engineered BST itself does not pose a risk to human health, its use has been linked to significantly raised levels of insulin growth factor-1 in the cow’s milk.  Some believe that the presence of these high levels of insulin growth factor-1, which is chemically identical in cattle and in humans, may trigger premature growth in infants, breast development in children and breast cancer in women.  (Reiss and Straughan 1996). Other concerns over the use of rBST focus on the possible harmful effects on the animal’s health, including the increase the incidence of mastisis, or inflammation of the udder, and other metabolic and fertility disorders. (Nottingham 1998).

Despite these concerns, the FDA approved Monsanto’s rBST for sale in the U.S. in November 1993. Since then, growth hormones of other domesticated animals have also been identified and integrated into bacteria for commercial production. It is likely that Upjohn, Eli Lilly or American Cyanamid will be seeking approval for the use of recombinant porcine somatotropin (rPST) for injection into pigs to produce leaner pork. (Pinholster 1994).

CONCERNS OVER GENETICALLY ALTERED FOODS 


As already mentioned, transgenic crops offer enormous benefits, including higher productivity, increased pest control, reduced pesticide use, and longer shelf life. However, as with rBST, there are several concerns.  Those most often raised relate to the ecological risks, as well as the concerns for the health of animals and humans. These technologies also raise ethical and socio-economic issues that must be taken into consideration.

Ecological Risks


Essentially, the ecological concerns over genetically engineered crop plants fall into three categories:  (1) transgenic crops themselves will become weeds by invading and damaging natural ecosystems,  (2) the genes will escape into other plants that will become weeds, and (3) pests will evolve to become resistant to pesticide-producing plants. 


With the commercialization of genetically engineered plants, there is a potential risk that transgenic crops will become more vigorous and invasive in both agricultural and non-agricultural settings. Many of the world’s weed and pest problems arose from introduction of exotic species, i.e. organisms that were transferred from their native habitats to ones where there were not normally found.  They can achieve population growth in their new habitat because of numerous factors, including increased food sources, absence of natural enemies and lack of competitors. Examples of such invasions are the kudzu vine in the southeast U.S. and the prickly pear cactus in Australia.  (Reiss and Straughan 1996).

Transgenic crops could be analogous to exotic species, and their introduction could result in them becoming invasive weeds among other crops. If  they are planted one year and remain in the soil, they may grow in the following year among a subsequent crop in the same field.  If they were engineered to be herbicide-resistant, they could be very difficult to get rid of. They may also invade natural habitat and threaten native plant populations through competition. However, a recent study was performed on the invasiveness of oilseed rape, a crop known to colonize non-agricultural land. The research group found that plants engineered for antibiotic and herbicide tolerance were no more invasive than unmodified control plants. (Crawley, et. al 1993). 

Genetically altered crops could also spread transgenes through hybridization with wild sexually-compatible relatives, to produce offspring with the introduced gene. Some ecologists have argued that rare plant species might be threatened by hybridization with transgenic plants. (Snow and Palma, 1997).

This genetic exchange also has the potential of creating more serious weed problems. Whether escaped transgenes persist and spread in wild populations largely depends on the viability of the wild-crop hybrids and on the particular traits conferred by the transgenes. (Snow and Palma, 1997). Although traits such as delayed fruit ripening might be beneficial to wild plants, resistance to disease, herbicides, environmental stress or pests, is likely to enhance the fitness of weedy relatives. For plants such as maize and soybeans that have not sexually compatible wild relatives in the U.S. this is not a concern.  But it is more of a risk in other crops, such as with crop beet plants in California, which readily hybridize with wild beets to create a weed beet.  Currently weed beet is controlled with glyphosate; but experiments to genetically engineer glyphosate resistant crop beet will create a substantial risk that glyphosate resistance may spread to weed beet populations. (Snow and Palma, 1997).

Insect resistance is probably the greatest ecological concern.  Constant exposure to pesticides and herbicides has often led to the evolution of resistant pests, and the cultivation of some types of transgenic plants will likely facilitate this process. Commercial-scale production of pesticide producing plants, like the New LeafTM potato with genes producing B.t. toxins, will lead to strong selective pressures in a habitat. Resistant insects are likely to evolve in as little as 3-5 years if there is constant exposure. (Snow and Palma, 1997).  There is also a risk of cross-resistance, i.e. exposure to one B.t. toxin may result in evolved resistance not only to that B.t. toxin, but others as well. (Snow and Palma, 1997).  The concern over the loss of the efficacy of B.t. toxins for pest control is substantial, because of its effectiveness in controlling insect populations and because it is relatively less damaging to the environment than other methods of pest control. If pests develop a resistance to B.t. toxins, crop growers may have to resort to applying more expensive and hazardous insecticides to combat the problem.

In fact, problems with commercially grown transgenic cotton crops were reported in both 1996 and 1997.  Monsanto’s B.t. BollgardTM failed to protect against the cotton bollworm and other insects. In 1996, cotton crops were grown on .8 million hectares amounting to approximately 13% of the total cotton crop in the U.S. Eight thousand acres were destroyed by insect attacks, amounting to losses of over $1 billion.  It was discovered that the crops were producing insufficient amounts of the B.t. toxin. There were similar difficulties in the following year when crops in Mississippi were devastated, but the non-transgenic cotton crops were unaffected. Many farmers have filed legal proceedings against Monsanto as a result of these crop failures. (Nottingham 1998).

Cultivating mixtures of protected and unprotected host plants can minimize some of these ecological risks associated with pest-tolerant plants. (Snow and Palma, 1997). This could promote the suppression of insect populations to levels that would be economically beneficial, but still allow susceptible insects to survive and reproduce. Another strategy could be to limit insecticide-producing genes to specific tissues in plants and to engineer the plants with more than one type of resistance. (Snow and Palma, 1997). The EPA is considering policies to combat the risk of insect resistance by requiring growers to maintain non-B.t. refuges. 

There is a possibility that insect-resistant plants may have substantial ecological impacts on non-target organisms, as well. For example, high mortality in target insect populations might reduce competition with naturally resistant pest species, causing formerly minor pests to become more abundant. Targeted pests could also shift to other host plants. Also, losses of insect populations may lead to a decline in beneficial predators that kill crop pests, such as birds. These possibilities are difficult to assess, and more studies need to be performed on how commercial cultivation of these transgenic crops can impact ecosystems.

Human Heath Concerns


There are two primary areas of concern over the effects of genetically modified foods on human health:  (1) the possibility of allergic reactions to genetically modified foods; and (2) the possibility that bacteria living in the human gut may develop resistance to antibiotics from the marker genes.


An allergy is an imbalance in the immune system. In a normal immune system, a foreign body triggers the production of antibodies that defend against the attack of the foreign body. Between 1 and 2 percent of the populations of most Western countries have an allergic reaction to certain food types. (Nottingham, 1998).  In the U.S., about 2% of adults and 8% of children were confirmed to have adverse reactions to food by testing serum samples. (Nestle 1996). The most common allergies are against milk, eggs, peanuts and other nuts, shellfish, mollusks, fish, soy and cereals. (Nottingham 1998).


Transferring genes to a food product may alter the degree to which that product causes allergic reactions in sensitive people because these genes encode proteins which can be allergenic. Pioneer Hi-bred developed transgenic soybeans using a gene from Brazil nuts rich in methionine, which promote optimal growth, for use in animal feed. Tests performed on people allergic to Brazil nuts showed similar allergic reactions to the transgenic soybeans that they would have to the Brazil nuts themselves. (Nordlee, et.al 1996).  Although the company developed its soybeans for use in animal feeds, there is no easy method for separating soybeans intended for animal feed and those intended for human consumption.  Pioneer Hi-Bred decided not to market the soybeans (Fields 1996).


In 1992, the FDA developed a policy on transgenic plant foods that requires testing an labeling for allergy sensitivity, but only if they have been created using DNA from any foods known to be allergenic.  (FDA 1998) Testing is not required for foods modified with genes from bacteria or other microorganisms, even though the allergenic potential of these newly introduced proteins is uncertain. The number of people suffering from allergies in generally is on the rise, and will probably become even more prevalent as transgenic food becomes more widespread. (Nestle 1996).


The other major human health concern relates to the marker genes integrated into transgenic crops in order to separate the transformed plants from the untransformed plants. Generally, the genes used for this purpose are derived from bacteria that confer resistance to antibiotics. For example, the Flavr SavrTM tomatoes contain a gene that makes them resistant to kanamycin and neomycin. 


Most of the studies performed on these antibiotic resistance marker genes have concluded that these genes themselves present no risks to humans or animals.  However, there is some concern that antibiotic resistance genes could potentially be transferred to bacteria that lives in the guts of humans and animals, which could reduce the effectiveness of clinical or veterinary antibiotic drug treatments. The FDA recently issued a draft guidance document on the use of antibiotic resistance marker genes in transgenic plants. (FDA 1998). Although the agency takes the position that the likelihood of transfer is remote, it provides recommendations to industry evaluate the use of these genes to determine whether a particular gene might compromise the use of relevant antibiotics. If so, FDA recommends it should not be used. As a precaution, alternatives to antibiotic resistance marker genes are being developed for those transgenic crops destined for human consumption.

Other Social, Economic and Ethical Concerns

Those in favor of genetic engineering of foods argue that these new technologies can be used to alleviate starvation in developing countries, where the human population is growing at fastest rates. The bioengineering companies producing transgenic food use this premise in their marketing and promotional literature. However, critics argue that this premise ignores the more complex political, social and economic factors that are at the root of world hunger.

Those critics generally view this technology as a means to concentrate power in the hands of a few large agrochemical companies. Farmers, in both industrialized and developing countries, will become dependent on these products provided by these companies and will have no control over the prices charged for these goods.  Moreover, these companies are striving to maximize their profits and putting an end to traditional farming practices by which farmers hold back some of their seeds from one year’s crop in order to plant the next year. Companies are patenting their technologies, which will require farmers to pay royalties if further generations of seed are grown from patented transgenic crops. Even more damaging are new developments such as the “Terminator” technology, successfully engineered into cotton and tobacco seeds by Monsanto, which will end the practice of saving seeds by ensuring second-generation seeds are rendered sterile. (Global Response 1998). This technology will undoubtedly place poor farmers unable to afford purchasing seeds every growing season at risk for losing their livelihood.  

Others oppose the practice of genetic engineering on ethical grounds. For instance, many religious groups are forbidden to eat certain animals. Yet the genes of some of these animals may be incorporated into some common crops.  Other ethical questions are also raised by the use of genes from animals in crop plants. For instance, the fish gene used in crops to promote resistance to frost could raise serious concerns for vegetarians.  Another ethical concern is the application of genetic engineering to modify farm animals and the resulting impact to the welfare of the animal. Issues as to how to minimize suffering and regulate their production are still unresolved.

REGULATION OF GENETICALLY MODIFIED FOOD PRODUCTS

Regulation of genetically modified organisms in the U.S. is not governed by a comprehensive statute or overseen by a single agency – instead, it is a responsibility shared by several agencies under the authority of several different statutes: USDA, FDA and the EPA.  The USDA is responsible for regulating transgenic plants and animals used in food production through its Animal and Plant Health Inspection Service (APHIS) division. This division issues permits to companies that wish to move or field-test genetically engineered plants. The FDA regulates the labeling of transgenic foods, which is only required if they contain known allergens or if a food is substantially altered. Finally, the EPA regulates the pesticides.

Many claim that this patchwork approach to regulation leaves much room for error in ensuring the safety of genetically altered foods. Since its commercial introduction, transgenic food has been mixed in with produce from unmodified crops. In a survey conducted by Dr. Wolfgang Samo, with the Swiss-based agrochemical company, Novartis, 93% of Americans want foods that are genetically altered to be clearly identified with labels. (EnviroNews Service 1997).  People are demanding that  individuals at least be given a choice as to whether or not to consume these modified foods, even if the government fails to regulate their emergence into the market.

CONCLUSIONS
It is clear that genetically engineered foods are drastically changing the landscape of food production.  There are clearly some substantial benefits to the use of the new technologies in these foods.  However, it is a bit too optimistic to conclude that this will solve the problem of world hunger.  

There are also some substantial concerns that cannot be ignored. This fast-emerging industry must not be left to its own devices and be permitted to regulate itself with respect to ensuring the safety of these new products. The industry will surely make choices based upon profits and not the interest of the general public and the surrounding environment. This is the responsibility of the government regulators. To fully realize the enormous potential that genetically engineered crops can bring, we as a society, must take a much more precautionary approach. 
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