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The Definition, Disadvantages, and Advantages of Bt Plants

In order to understand why Bt plants have the disadvantages and advantages they do, the history and science behind these plants are essential.  Bt plants were first created in 1996, by inserting the genes for Bt crystal proteins into the genomes of plants (Chien, K., 2004).  Consequently, these transgenic plants produce Bt crystal proteins that give the plants insecticidal properties (Chien, K., 2004).  These genetically modified plants were created using agrobacterium (Deacon, J., 2004).  Agrobacterium is a bacteria species that can insert foreign DNA into an organism (Deacon, J., 2004).  The genes for Bt toxin proteins are inserted into the agrobacterium’s T-plasmid (“Agrobacterium-mediated”, 2004).  The Agrobacterium can then infect a plant cell by injecting the T-plasmid into the plant cell.  The T-plasmid is incorporated into the genome and the Bt genes are transcribed (“Agrobacterium-mediated”, 2004).

The origin of Bt plants stems from the bacteria Bacillus thuringiensis (Zhwalen et al., 2000).  Bacillus thuringiensis is found normally in the sand and soil (Chien, K., 2004).    There are numerous strains of Bacillus thuringiensis.  These various strains produce approximately two hundred different toxic crystal proteins.  The crystal proteins are coded for by a plasmid in Bacillus thuringiensis (Chien, K., 2004).  These toxic proteins aggregate to form crystals.  Bt crystals, or insecticidal crystal proteins (ICP), are proteins coded for in a plasmid that forms during sporulation in some Bt strains (Chien, K., 2004). 
Bt crystal proteins are very toxic to certain organisms (Yong-Biao, L. et al., 2001).  Bt toxins must be eaten in order to be effective (Chien, K., 2004).  The proteins dissolve in the highly basic insect gut.  The proteins affect the intestine by binding to receptors on the intestinal cells (Chien, K., 2004).  The receptors for Bt endotoxins are proteins that normally perform a beneficial function, thus all insects of the same species have these receptors.  Upon binding to the receptor, the protein breaks down into a specific toxin, known as delta-endotoxin (Nott, J., 2004).  An endotoxin is a toxin that is not secreted-meaning it stays inside the organism it is produced in (Nott, J., 2004). This endotoxin binds to the intestinal lining and creates pores. The pores cause infection from resident bacteria normally trapped in the gut, ion imbalance, impaired digestion, and eventually insect death (Nott, J., 2004; Chien, K., 2004).


The above mechanism enables these types of genetically modified organisms (GMOs) to be moderately specific.  Bt crystal proteins are very specific for a type of insect, because Bt crystal proteins are specific to different receptors in insects’ gut walls (DeMaagd, R. A. et al., 1999; Nott, J., 2004).  Bt toxicity depends on distinguishing among receptors on intestinal cells and pH level in the gut.  (DeMaagd, R. A. et al., 1999).  Each insect species possesses different types of receptors that will match only certain Bt crystal proteins (Chien, K., 2004).  Therefore, a given toxin works only for insects that possess the correct receptor.  Bt crops are not harmful to humans, because humans do not have receptors for Bt proteins embedded in their intestinal cells.  Other vertebrates do not have these receptors either (Chien, K., 2004).  Secondly, these toxins are harmless to humans, because they only dissolve in high pH conditions.  In fact these proteins require a pH of 9.5 or greater in order to dissolve (Deacon, J., 2004).
These plants are designed to affect only certain insects in a population (Zhwalen, C. et al., 2000).  The insects that the Bt toxins are supposed to affect are called target organisms (Zhwalen, C. et al., 2000). Non-target insects are insects that the Bt plant is not supposed to affect.  Bt plants used to kill aphids have been shown to only affect aphids and not the natural predators of the aphids (Wu, K., and Guo, Y., 2003).  This fact is a testament to the specificity of Bt plants.  Bt plants in some cases only eradicate pests that they are designed to target (Wu, K., and Guo, Y., 2003).

The hallmark of Bt plants is that they should be extremely specific and highly potent-that is to say the plant emphatically kills only its target.  A major advantage of these GMOs is that they are more specific than the Bt insecticidal sprays used, because they produce only one Bt toxin.  Bt insecticidal sprays commonly contain several different Bt toxins.  Each toxin affects a one or a few insects; therefore the insecticidal sprays affect numerous types of insects.  This specificity makes Bt plants safer than insecticidal sprays; because not as many non-target insects are not killed by Bt plants as Bt sprays (DeMaagd, R. A. et al., 1999).  To insure the safety of non-target insects viewed to be beneficial to the environment; Bt plants are tested against beneficial insects before the plants are introduced into the environment (DeMaagd, R. A. et al., 1999).  

Along with the advantages of specificity and toxicity comes the disadvantage of non-target effects ofBt plants. Bt toxins should be more specific than other insecticides-so non-target insects should be unaffected (DeMaagd et al., 1999).  However, there are beneficial organisms that are harmed by Bt plants.  The effects that Bt plants have on the environment is a case-specific situation.  In some habitats the Bt plants affect only target insects, such is the case with the cotton aphid.  In other situations, Bt plants affect a wide range of insects (Wu, K., and Guo, Y., 2003).  A wide variety of topics such as Bt specificity, direct and indirect contact with Bt toxins, and Bt toxin proliferation in the soil have all been studied to assess the disadvantages of using Bt plants (Wu, K., and Guo, Y., 2003, Yong-Biao, L. et al., 2001).

One concern with Bt plants is that they will kill the predators of crop pests instead of the pests themselves (Wu, K., and Guo, Y., 2003).  This occurrence would cause the pests to increase in number, due to the lack of predation.  The cotton aphid is one insect where the Bt plant is very specific for it only.  The predators of the cotton aphid are not affected by Bt plants, thus predation of the cotton aphid is unaffected (Wu, K., and Guo, Y., 2003).  

The evidence that Bt plants do not harm predators of pests has been further confirmed by studies that examine how Bt plants affect that indirectly ingest Bt toxins.  Predators that eat insects that ate Bt corn have showed no significant difference in mortality.  Nor has there been any significant difference in development time of insects reared on insects that ate Bt corn versus insects that did not eat Bt corn.  The safeness of Bt corn is still questionable since the insect eating the Bt toxins may not have had enough toxins in its system to affect its predators (Zwahlen, C. et al., 2000). 

As with most topics there is converse data showing that Bt plants cause higher mortality in non-target insects (Lutz, K., 1999).  Lacewings that ate European corn borers that fed on Bt corn developed slower and had a higher mortality rate (Lutz, K., 1999).   Generally, plants that produce the crystal protein Cry1Ab have been noted to increase the mortality of the lacewing when the lacewing eats prey off that plant.  Cry1Ab is a common crystal protein produced in maize, which means lacewings have a high chance of encountering this protein.  Lacewings are members of the order Neuroptera, which means that Cry1Ab should have no affect on it (Shelton, A. et al., 2002).  This crystal protein is supposed to only affect Lepidoptera larvae (Schuler, T.H., 2001). 

The lacewing is not the only insect to have adverse effects after eating Bt-fed prey.  Ladybird beetles that eat Bt-fed aphids have reproductive problems (Lutz, K., 1999).  The longevity of Minute pirate bugs (O. tristicolor) decreased when they were fed Bt-pests versus O. tristicolor that were not fed pests that ate Bt crops.  Big-eyed bug (G. punctipes) adults’ longevities decreased when they were fed Bt leaves and prey (Ponsard, S. and et al., 2002).  

The issue of how Bt plants affect beneficial insects that come into direct contact with them involves the specificity of Bt plants.  Bt plants are more specific than traditional insecticides used on crops (DeMaagd, R. A. and et al., 1999).  Bt plants should not affect beneficial insects according to the specificity of Bt plants.  Bt plants have affected lacewing mortality when lacewings ate Bt maize (Schuler, T.H., 2001).    It was shown that when insects eat both Bt prey and Bt leaves their longevities decrease versus animals that eat only Bt leaves (Ponsard, S. et al., 2002).  Bt plants seem to have an effect on some beneficial insects when the insects come in contact with them.
Several Bt plants express the Bt crystal protein in the roots in order to target rootworms (Al-Deeb, M. A. et al., 2003).  Therefore, soil ecology has been an area of interest for Bt plant implementation.  The effects of Bt plants on the soil have been positive thus far. The number of microarthropods in the soil does not change when Bt plants are planted in the soil.  Nematodes do not change in number when Bt plants expressing the crystal protein Cry3Bb1 are introduced into their soil.  Three reasons may be the cause for this effect.  First, the Cry3Bb1 protein may not be released into the soil.  The crystal protein may not escape from the plants roots into the soil, thus keeping the soil Bt toxin free.  Second, the Cry3Bb1 protein may not be present in the soil in lethal amounts.  The crystal proteins may escape, but are not in high enough concentrations to kill any organisms. Last, the soil microarthropods and nematodes may not be sensitive to the Cry3Bb1 protein.  There may be a crystal protein that affects the soil organisms, Cry3bb1 may not be it (Al-Deeb, M. A. et al., 2003).

Insecticide resistance is another disadvantage of using Bt plants (Tabashnik, B. E. et al., 2002).  Selective pressure is an integral part in how insecticide resistance develops (Tabashnik, B. E. et al., 2002).  Bt plants create a high pressure for resistant insects against Bt toxins (DeMaagd, R. A. et al., 1999).  Insects can develop full or partial resistance to the Bt toxins expressed in the Bt plants (Andow, D. A. et al., 2000).  This is a problem for farmers trying to kill pests, and for the biodiversity in the environment ().  

Insects are known to be able to develop resistance to insecticides.  There are resistant insects to every chemical insecticide (Chien, K., 2004).  As of 1998, the diamondback moth was the only insect resistant to Bt toxins (Zhaom, J. et al., 2001).  Since 1998 numerous cases of resistance have emerged (Yong-Biao, L. et al., 2001).  There are many factors to developing resistance. In a population there may be a few insects that carry the genes for resistance (Yong-Biao, L. et al., 2001). Rare mutations can originate resistance genes in a population. In the natural environment the mutant insect is usually out competed and produces less offspring (Yong-Biao, L. et al., 2001). Upon exposure to insecticides, insects that do not carry the resistance genes die, thus allowing the individuals with the resistance genes to survive and reproduce, creating resistant progeny (Chien, K., 2004; Yong-Biao, L. et al., 2001).  As the number of resistant insects increases, the number of resistant insects mating together increases (Yong-Biao, L. et al., 2001; Tabashnik, B. E. et al., 2002).  Thus, resistance to Bt toxins evolves very quickly (Yong-Biao, L. et al., 2001; Tabashnik, B. E. et al., 2002).  Bt is a form of natural pesticide, as with any kind of pesticide the problem of resistance is almost unavoidable (Chien, K., 2004).

The Bt resistance trait is thought to be autosomal recessive (Tabashnik, B. E. et al., 2002; Yong-Biao, L. et al., 2001).  Autosomal recessive traits are traits located on a chromosome other than a sex chromosome (Purves, W., 1998).  This type of trait requires two copies of the resistance allele for the resistance phenotype to be conferred (Purves, W., 1998). There are probably no more than a few genes that code for resistance, because cross resistance has emerged in insects and the backcrosses of resistant progeny suggest one or a few loci (Zhaom, J. et al., 2001).  For example, cross resistance has been present in insects-namely the diamondback moth (Zhaom, J. et al., 2001).  The diamondback moth has developed a cross resistance for the crystal proteins Cry1C and Cry1A-in other words moths resistant to Cry1A are also resistant to Cry1C (Zhaom, J. et al., 2001). 

There is one genetic and one molecular way believed to cause resistance in insects (Yong-Biao, L. et al., 2001, Chien, K., 2004).  Mutations in the genome are the genetic explanation for resistance (Yong-Biao, L. et al., 2001).  Mutations at the loci that confer Bt resistance seem to be very rare, because there are only a few places on the chromosome that confer resistance for a crystal protein when the genome is mutagenized in laboratory studies (Yong-Biao, L. et al., 2001).  Moreover, the insects that have induced resistance from mutations have the same three mutations in their genome (Yong-Biao, L. et al., 2001).  The mutations may occur in the receptor for the crystal protein.  It has been shown that resistant diamondback moths have altered receptor proteins to reduce the binding affinity between the receptor and crystal protein (Ferre et al., 1991). Without the binding between the crystal protein and receptor, the endotoxin is never made (Ferre et al., 1991).  However, altering only one receptor leaves the moths susceptible to other toxins that do not use that receptor (Ferre et al., 1991).  The second method is a molecular mode thought to confer resistance.  It entails interfering with the toxin being converted into its active state.  As stated previously, the crystal protein has to be converted to a delta-endotoxin (Chien, K., 2004).  There are numerous conversions of the Bt protein into an active toxin (Chien, K., 2004).  It was found that the intermediate compounds in the pathway from crystal protein to active toxin were less toxic than the finished toxin (Yong-Biao, L. et al., 2000).  Some insects have found means to inhibit the full conversion of the protein to toxin.  This inhibition seems to be a minor mode of resistance, since the intermediates still have low toxicity (Yong-Biao, L. et al., 2000).   

Bt plants have drawbacks regarding plants also-namely horizontal or lateral gene flow (Shelton, A. M. et al., 2002).  Lateral gene flow is a general concern with genetically modified organisms in general (Shelton, A. et al., 2002).  Transfer of genes from Bt plants to non transgenic plants and gene transfer to soil bacteria are the two major possibilities for gene flow. 

Outcrossing occurs when the pollen of a transgenic plant fertilizes a non-transgenic plant (Shelton, A. et al., 2002).  Outcrossing was thought to be a minor threat early on, because of the conditions needed for outcrossing to occur.  For outcrossing to occur the plants had to be in the same habitat, have the same chromosome number, and be ready to mate at the same time.  These claims were partly true.  The plants involved in outcrossing do have to be closely related, however, it was easier for outcrossing to occur than previously thought.  Maize and teosinte can transfer genes to each other in the wild.  Also, cotton plant species in Florida have transferred genes among their populations.  To prevent outcrossing transgenic plants should be grown in areas where there are no relatives of the transgenic plants.  This isolation of transgenic plants would be very difficult, since plants can transmit pollen over long distances (Shelton, A. et al., 2002).  

The transfer of Bt genes to soil bacterium is a concern for planting Bt plants.  Bacillus thuringiensis is a soil bacteria, thus the threat that it would be able to transfer genes to other bacteria is valid.  However, the transfer of genes to bacteria in the soil is not a real concern, because it takes optimal conditions for bacteria to uptake DNA (Shelton, A. M. et al., 2002).  

There has been great work done to minimize the effect of the disadvantages of Bt plants.  Currently, there are several measures thought to remedy the negative results of Bt plants.  They are crop rotation, refuges, and various expression patterns of Bt proteins (DeMaagd, R. A. et al., 1999). 

Crop rotation is a method used to thwart insecticide resistance (Chien, K., 2004). The rotation of transgenic plants with non-transgenic plants keeps resistance genes from becoming stable in the insect population (DeMaagd, R. A. et al., 1999).  Crop rotation occurs two different ways.  One type of crop rotation changes the Bt toxin expressed in the plant, without changing the actual plant grown.  For example, one season corn producing protein crystal Cry1A might be grown.  The next season corn expressing Cry1C might be grown (Chien, K., 2004).  The other method of rotation is to plant Bt plants one season and non-transgenic plants the next season (Wu, K., and Guo, Y., 2003).  By rotating crops, the pressure of one specific Bt toxin on an insect is reduced. The pest insect has less time to develop resistance before a new strain is used for a different insect (Chien, K., 2004).  If non-trangsenic plants are grown one season it gives the susceptible insects a chance to mate and out-compete the resistant strains (Wu, K., and Guo, Y., 2003).

Refuges are one general precaution taken with Bt plants (Chien, K., 2004).  Refuges are sections of non-transgenic plants planted around or among Bt plants.  Refuges are required in any field containing Bt plants.  There are various patterns that refuges occur in.  The non-transgenic crops and Bt plants may be planted in alternating rows-known as strip refuges.  Another popular pattern is to surround the Bt plants with non-transgenic crops around the outside-called the border pattern.  This type of refuge provides a barrier between Bt plants and non-transgenic plants in nature.  Refuges allow susceptible insects to mate with resistant insects, because they can live in close proximity of resistant insects without being killed by the Bt toxins.  Also, refuges are supposed to limit dispersal of seeds and pollen into the wild (Chien, K., 2004).  

In the United States, the Environmental Protection Agency requires farmers to follow these guidelines about refuges.  Farmers need at least twenty percent of their crops to be refuge, non-transgenic crops.  Refuge areas must contained in, near, or adjacent to Bt plant fields.  The refuge must be at least one half mile of the Bt field.  Lastly, if refuges are in the strip pattern, there must be at least four strips of non-transgenic plants (Chien, K., 2004).

The third popular method used to deter Bt resistance is variable Bt protein expression.  Three different expression patterns have been purposed to control Bt resistance. The use of multiple toxins being expressed in one plant at once is designed to decrease cross resistance.  This idea is very similar to the idea behind the Bt sprays; therefore it has the same drawbacks with specificity (Wu, K., and Guo, Y., 2003).  Overexpression of one Bt toxin is another idea being experimented with (Zwahlen, C. et al., 2000).  The chloroplasts inside the plants are transformed in order to get overexpression of the Bt toxins (Zwahlen, C. et al., 2000).  The last expression method being tested is expression of toxins only in certain tissues to reduce selection pressure for resistance insects (DeMaagd, R. A. et al., 1999; Wu, K., and Guo, Y., 2003).  Also, this would insure that toxin comes in contact with target insects rather than all insects.  For example, there are Bt plants that express the toxin only in the roots in order to target rootworms only (DeMaagd, R. A. et al., 1999).  

Bt plants provide farmers a more cost effective and environmentally safe means to control pests (Shelton, A. et al., 2002).  Farmers do not have to spray insecticides on their crops, so the amount used decreases dramatically.  By 1998-two years after the creation of Bt plants-pesticide use to control the bollworm and budworm had decreased two million pounds (Shelton, A. et al., 2002).  In 1999 farmers saved approximately 112 million dollars in pest control (Shelton, A. et al., 2002).  The reduction of pesticide use reduces runoff pollution and underground water pollution (Shelton, A. et al., 2002).  However, with these rewards comes great costs. The diamondback moth evolved to be resistant to at least two common crystal proteins used in Bt plants (Zhoam, J. et al., 2001).  These insects have developed cross-resistance to Cry1A and Cry1C (Zhoam, J. et al., 2001).  The potential for a population of superpests deters many people from accepting Bt plants (Andow, D. et al., 2000).  The high selection pressure for resistance that these plants enact on populations decreases biodiversity and increases the number of resistant individuals in the wild (Yong-Biao, L. et al., 2001).  The advantages of these GMOs are tremendous, but the disadvantages that these plants have cannot be overlooked.  Although Bt plants are currently being planted in fields the debate over them continues.  
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