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	GeneticUpdates for July, 1999
by Peter Follette


Monarch butterflies threatened by transgenic crops?

For decades now, farmers and gardeners have relied on the bacterium Bacillus thuringiensis (Bt) for its pesticidal qualities. When sprayed on plants and ingested by an insect, the bacteria destroy intestinal cells of the insect, thereby preventing the insect from eating extensively and eventually killing the insect by starvation. Because Bt bacteria are relatively non-toxic to humans and other animals, Bt have been a staple of farmers' anti-pest arsenal for many years, providing a safe and effective tool to prevent insect damage to crops.

More recently, the tiny Bt bacterium has found itself at the center of a global controversy swirling with genetic, economic, and environmental implications. In the 1980's, scientists were able to clone the gene encoding the Bt toxin and introduce the gene into plants, thereby producing a "pesticidal" plant, bypassing the need to apply the bacteria to the plants altogether (see Chapter 27 in Fairbanks). Plants made to express the Bt toxin have been enormously successfulãin 1998, close to 8 million hectares of Bt crops (mostly corn, potato, and cotton) were grown worldwide. All the while, controversy has mounted regarding the safety of the crops. Critics of the technology asserted that the new technology has not been well enough tested to warrant such wide scale use, and that the plants might pose significant dangers to the environment and to consumer health. Now, a new study, published in the journal Nature, appears to have substantiated these concerns. Specifically, the study shows that pollen from transgenic corn poses significant threats to monarch butterflies.

Monarch butterflies have long attracted attention among naturalists because they follow a striking migratory pattern. Monarchs spend their summers in parts of Canada and the northern United States, but, come fall, they head south, migrating up to 3000 miles to spend their winters in parts of California and Mexico. Amazingly, even though the butterflies traveling south were only born in the late summer, and have never before migrated, they stop at the same spotsãeven at times the same treesãthat their ancestors did in previous years. Unfortunately, monarch butterflies are also more and more threatened, as their wintering grounds, and many migratory stopping points, are constantly threatened by, for example, logging and development al pressures. This new study suggests that perhaps their summer grounds may not be so safe either.

Monarchs are rather single-minded when it comes to feeding. They eat almost nothing but milkweed, especially during their larval stages. Adult monarchs lay eggs on the leaves of the milkweed, giving rise to larvae that feed on the leaves, growing to sizes up to 3,000 times their birth weight. The larvae then form pupae, which undergo metamorphosis, eventually emerging as adult butterflies.

In the Midwest, milkweed is commonly found near corn fields, meaning that much of monarch butterfly development occurs close to corn fields. Because of this proximity, the milkweed leaves supporting the butterflies' development is often dusted with pollen form corn plants. This latest study indicates that the pollen of transgenic, Bt-expressing corn plants may be harmful to monarch larvae. 

In the study, researchers from Cornell University examined the growth, feeding, and survival rates of monarch larvae that were fed milkweed leaves to which pollen from transgenic or non-transgenic corn plants had been applied. To do this, the researchers dusted leaves with pollen by tapping a spatula of the pollen over pre-wetted leaves, making sure that the density of the pollen on the leaves was about the same as is naturally found on milkweed leaves located next to corn fields. Monarch larvae were then placed on the leaves and monitored.

The first thing the researchers noted was that the transgenic pollen caused a striking decrease in the survival rate of the larvae. When no pollen was applied to the leaves, or when non-transgenic pollen was applied, 100% of the larvae survived after 4 days. When Bt-transgenic pollen was applied, however, 100% survived for one day, but the survival rate progressively decreased thereafter, and ultimately only 56% of the larvae survived after 4 days. 

In addition, the Bt-toxin gene had a significant effect on larval growth and feeding. For example, the larvae that were fed leaves dusted with transgenic pollen only ate about half as much as those eating non-transgenic pollen, and only about 35% as much as larvae eating pollen-free leaves. Further, this decreased eating rate resulted in lower growth rates: the surviving larvae that were fed leaves dusted with transgenic pollen were less than half the weight of larvae fed leaves with no pollen.

Although this new study is only one of a number of studies indicating that Bt crops may pose environmental or health-related dangers, it stands out from the rest because of its direct relevance to an important ecological issue. Fortunately, the potential risks posed by the crops has been detected early, hopefully allowing enough time to more thoroughly examine the risks posed by the Bt corn and to develop strategies directed towards protecting the butterflies. One intriguing strategy would be to engineer the crops so that the Bt-toxin is expressed only in certain tissues of the corn plantãand specifically not in the pollen. 



Variety is the spice of life for chloroplasts

Chloroplasts, which are found inside of plant cells, represent the descendants of ancient prokaryotic cells that were long ago internalized into plant cells. Perhaps not surprisingly then, chloroplasts have their own genomes, located within the chloroplasts themselves, that are inherited independently of the nuclear genes of a plant. In fact, chloroplast genes are maternally inherited, meaning that all of the chloroplast genes (and the chloroplasts themselves), are inherited from the maternal plant, with none coming from the paternal plant (see Chapter 18 in Fairbanks). Largely because of this common chloroplast ancestry, scientists have long assumed that the genomes of all the chloroplasts within a given plant are the same. But, until now, no one had ever taken a close look to prove that this was so. Now, in a recent publication in the journal Nature, a Swiss biologist has shown how faulty that assumption was. In the paper, the researcher shows that chloroplast genomes can vary significantly within plants, even within individual tissues of a plant. 

The researcher, Dr. Jurg Frey of the Swiss Federal Research Station for Fruit-Growing, was impressed by the realization that because each plant cell contains numerous chloroplasts, and each chloroplast contains numerous genomes, a single plant cell can contain thousands of chloroplast genomes. Consequently, the number of chloroplast genomes within an entire plant, and hence the potential for variability among the chloroplast genomes of a plant, is enormous. To see if this large number of genomes contains any variability, Dr. Frey compared a specific sequence within the chloroplast genome between various cells within individual plants. Specifically, in these cells, he analyzed chloroplast genomes for the presence or absence of a particular point mutation that confers resistance to a class of herbicides called triazine herbicides. 

Dr. Frey performed his studies in various strains of a plant called the common groundsel, including strains that were susceptible to triazine herbicides, strains that were resistant to triazines, crosses between the susceptible and resistant strains, and wild strains collected from the Netherlands, Switzerland, and Great Britain. Surprisingly, he found that a significant amount of variation was present at this genetic locus within the chloroplasts of all but one of these strains of plants.

To perform his studies, Dr. Frey first isolated DNA from each of six samples taken from individual leaves from each plant. He then used PCR to selectively amplify a 227 base pair long sequence from the chloroplast genome that spanned the sequence containing the possible point mutation. Because the point mutation alters a restriction site within the sequence, he was able to determine whether or not the mutation was present in the gene by digesting the amplified DNA with a specific restriction enzyme. In the presence of the mutation, the enzyme cut the DNA into two fragments (of 123 and 154 base pairs). In the absence of the mutation, the restriction digest produced three fragments (of 35, 88, and 154 base pairs) (see Chapter 11 in Cummings, or Chapter 9 in Fairbanks). 

When he performed the restriction digests on the various samples, Dr. Frey found that, strikingly, almost every sample contained a mixture of mutant and non-mutant sequences. This indicated that multiple sequences were present even within small groups of cells (i.e., a single sample) taken from one or another part of a leaf. In addition, the relative proportion of mutant and non-mutant sequences within each individual sample varied between the samples taken from individual plants, and even between samples taken from individual leaves. This variation was seen in all of the plants examined, except, interestingly, for the triazine-resistant plants. In these plants, the resistant sequence was essentially present in all the chloroplast DNA, presumably because this sequence has been subject to strong selection.

The observation that such variation exists among many different strains, representing numerous countries, suggests that this sequence variation represents a general feature of this species. Such variations could arise in any of a number of ways. In his paper, Dr. Frey argues against two of the more obvious explanations: that the chloroplasts within a given plant are uniform at early stages of plant development but then subsequently accumulate mutations during development of the plant; or that the chloroplasts in this species are, in fact, inherited by both parents. Instead, Dr. Frey argues that the variant sequences are directly transmitted by the maternal plant to its progeny. This natural variation may allow rapid adaptation to a changing environment. For example, in the present case, the exposure of a plant to triazine could lead to the rapid selection within a plant of cells, or chloroplasts, containing the resistant sequence, at the expense of those containing the susceptible sequence. Perhaps not coincidentally, the common groundsel was the first species known to have developed resistance to triazine in the wild. 



New progress made in gene therapy research

The biotechnology industry was founded upon the ability, developed in the 1970's, to introduce genetic sequences into bacterial cells. This ability, referred to generally as "recombinant DNA technology", enables scientists to take any DNA sequence, natural or modified, and make as much of the DNA as they want. Further, the bacteria (or other cells) can be induced to synthesize the protein encoded by the DNA, thereby providing an essentially endless supply of any protein.

This ability to make any desired protein in cultured cells has already had a major impact on the treatment of numerous diseases. For example, it has provided cheaper and safer sources of proteins to treat many genetic diseases resulting from the loss of a single protein, such as hemophilia or juvenile-onset diabetes. Prior to recombinant DNA technology, such proteins were purified from natural sources such as human blood, requiring complicated purification procedures and potentially exposing the patients to blood borne pathogens. In fact, tragically, a number of hemophiliacs were exposed to HIV in the early 1980's in precisely this way. 

Despite these improvements, treating diseases by administering proteins produced using recombinant DNA technology is far from perfect. For one thing, the problem of protein digestion associated with oral administration typically necessitates injecting the proteins into patients. This is not exactly the most convenient, or comfortable, method of drug delivery. In addition, directly injecting a protein into an animal produces an immediate, dramatic increase in the level of the protein, which is not necessarily ideal for disease treatment. 

In view of these problems, scientists have long been working towards what is perhaps the ultimate goal of biotechnology research: gene therapy. With gene therapy, a missing gene could be reintroduced into the cells of a patient, thereby eliminating the need for protein administration altogether (see Chapter 13 of Cummings, or Chapter 26 in Fairbanks). Although gene therapy is already well on the way to becoming reality, numerous technical problems remain, such as how to control the expression of genes introduced into cells. Now, in a paper published in the journal Science, researchers have made significant progress towards overcoming this problem.

Previously, most attempts to express genes in an animal have relied on what are called "constitutive promoters," which drive the continuous expression of genes under their control. In practice, however, constant expression of a protein will not necessarily be ideal (insulin expression in diabetics, for example, would ideally be responsive to blood sugar levels). In fact, in many cases, doctors will want the ability to control exactly when a protein is expressed. This new study has demonstrated how this can be done.

In the study, researchers at the University of Pennsylvania, the Wistar Institute, and ARIAD Pharmaceuticals developed a system in which a gene can be introduced into cells of an animal and expressed only in the presence of a simple, orally administered molecule. In the absence of the molecule, the gene is not expressed. 

To accomplish this, the researchers first created two separate DNA molecules, called "vectors," for introduction into the animal cells. The first vector included a gene that they wished to express in the animals, called Epo (or erythropoietin), which encodes a hormone that stimulates the production of red blood cells. The second vector included two genes that act together to drive the expression of Epoãbut only in the presence of a third molecule, called rapamycin, which, conveniently, can be administered orally. In addition to the genes, the vectors included viral sequences, as the vectors were derived from viruses so as to exploit the ability of viruses to enter cells (the vectors were modified, however, to remove harmful viral genes). 

The researchers first injected a mixture of the two vectors into the muscles of mice. When these mice were given a particular concentration of rapamycin, the level of erythropoietin, and the number of red blood cells, in the blood increased. These levels began to decline after several days, but could be restored repeatedly with additional administrations of rapamycin. Significantly, this effect was dose dependent: a small amount of rapamycin produced a modest level of Epo, whereas a higher concentration of rapamycin produced a higher level of Epo in the blood. In the absence of rapamycin, there was essentially no expression of the Epo gene. This system worked in the mice for at least 6 months after the introduction of the vectors, indicating that this system would provide a long-term method for controlling transgene expression in an animal.

To see if this system works in primates, the researchers next injected the vectors into the muscles of rhesus monkeys. As in mice, the Epo gene was expressed strongly and reversibly in the monkeys, producing a significant increase in the number of red blood cells. 

While this work provides a compelling model for how transgene expression can be controlled in an animal, several problems remain before such a system might be used in people. For example, rapamycin is an immuno-suppressive drug, meaning that its administration would likely create its own health problems. Also, an expression system using a single vector (rather than two) would lead to expression in a greater number of cells, as expression would depend on the introduction of one vector, not two, into a given cell. Finally, in many cases, it would be desirable to restrict the expression of the introduced genes to particular cells in vivo. For example, in diabetics, limiting the expression of insulin to the pancreatic islet cells would most closely mimic normal expression, with obvious benefits. 



Developing a taste for genetics research

Over the years, scientists have made significant progress towards understanding the physiological basis of taste. For example, they have discovered that at least four of the five detectable types of tastesãsweet, bitter, sour, salty, and "umami"(a recently discovered taste referring to the taste of monosodium glutamate)ãare preferentially detected by specialized regions of the tongue. Sweet is preferentially detected in a region towards the tip of the tongue, sour towards the sides, bitter towards the rear, and salty along the front edge. Also, taste buds, which are made up of individual taste cells, are themselves organized into structures called papillae. What's more, the various types of papillae, such as circumvaliate, foliate, filiform, and fungiform, can have their own taste preferences. For example, circumvallate papillae are preferentially sensitive to bitter tastes, whereas fungiform papillae are sensitive to salty and sweet tastes. 

Despite this detailed understanding of how the tongue is organized to detect different types of tastes, the molecular basis of taste detection has remained mysterious. For example, although scientists have long suspected that individual taste types will be detected by particular receptor molecules in taste cells, no such receptors have been identified. This may be about to change, however. A paper recently published in the journal Cell reports the discovery of two new genes that appear likely to encode taste receptors.

In the study, researchers from the National Institutes of Health and from the University of California, San Diego, attempted to identify taste receptors on the basis of a prediction that such receptors would only be present in taste cells. Accordingly, the researchers isolated various genes that were exclusively expressed in taste cells. To do this, they first created a "library" of cDNAs isolated from taste cells, and then molecularly "subtracted" all the cDNAs from this library that were also present in non-taste cells (see Chapter 9 in Fairbanks, or Chapter 12 in Cummings). The remaining cDNAs, consequently, represented genes that were exclusively expressed in taste cells. They then identified a member of their cDNA library that appeared to encode a receptor-type protein. The possibility that this gene, called TR1, represented a taste receptor was strengthened by in situ hybridization experiments, which showed that TR1 is expressed in a small subset of taste cells. 

To identify additional receptors, the researchers next used the TR1 sequence to screen other cDNA libraries from taste cells, and identified an additional gene, called TR2, which is about 40% identical to TR1 at the amino acid level. Despite extensive efforts, they failed to identify any additional receptor genes in taste cells.

Both TR1 and TR2 encode examples of a common type of protein called G protein coupled receptors. G protein-coupled receptors are, as the name implies, receptor proteins that physically associate with proteins called G proteins. When these receptors are activated, the G protein leaves the receptor and provokes numerous intracellular responses, such as programs of gene expression. 

To examine where in the tongue the TR1 and TR2 genes are expressed, the scientists performed in situ hybridization on sections of rat tongues. Strikingly, they observed that TR1 and TR2 are each expressed in specific regions of the tongue, suggesting that these genes are indeed taste receptors, and that in fact they may each be responsible for detecting a particular type of taste. For example, TR1 is expressed in almost none of the circumvallate papillae (sensitive to bitter tastes), yet is expressed in all of the fungiform (sensitive to salty and sweet) papillae. In contrast, TR2 is essentially not expressed in the fungiform papillae, yet is expressed in all of the circumvallate papillae. 

Based on the known taste preferences for each of these papillae types, these results suggest that TR1 may be acting to sense salty and/or sweet tastes, but most likely not bitter tastes. In contrast, TR2 appears to be sensitive to bitter tastes, but not to salty or sweet tastes. This suggestion was reinforced by the examination of the expression profile of TR1 and TR2 in what are called "geschmackstreifen" taste buds, which are taste-sensitive cells found not in the tongue but on the palate. These cells, which are very sensitive to sweet tastes but not to bitter, were found to express TR1 but not TR2. 

Finally, the researchers asked whether TR1 and TR2 can be expressed in the same taste buds (which are made up of numerous taste cells) or even in the same taste cells. They found that numerous taste buds express both TR1 and TR2, indicating that taste buds themselves are not specific to one or another receptor type. In addition, they also found that, although rare, a few cells expressed both TR1 and TR2. This suggests that, if these genes are in fact taste receptors, individual cells may detect more than one taste type. 
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