Evidence for natural Selection - Bollworm

The bollworm, a pest that eats and damages cotton crops, has shown that natural selection can act even faster than scientists can genetically engineer something. Some cotton crops have been genetically modified to produce a toxin that's harmful to most bollworms. A small number of bollworms had a mutation that gave them immunity to the toxin. They ate the cotton and lived, while all non-immune bollworms died. The intense population pressure has produced broad immunity to the toxin in the entire species within the span of just a few years [source: EurekAlert]. 


Public release date: 7-Feb-2008
Mari N. Jensen
University of Arizona 
First documented case of pest resistance to biotech cotton
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A pest insect known as bollworm is the first to evolve resistance in the field to plants modified to produce an insecticide called Bt, according to a new research report. 
Bt-resistant populations of bollworm, Helicoverpa zea, were found in more than a dozen crop fields in Mississippi and Arkansas between 2003 and 2006. 
"What we're seeing is evolution in action," said lead researcher Bruce Tabashnik. "This is the first documented case of field-evolved resistance to a Bt crop.” 
Bt crops are so named because they have been genetically altered to produce Bt toxins, which kill some insects. The toxins are produced in nature by the widespread bacterium Bacillus thuringiensis, hence the abbreviation Bt.
The bollworm resistance to Bt cotton was discovered when a team of University of Arizona entomologists analyzed published data from monitoring studies of six major caterpillar pests of Bt crops in Australia, China, Spain and the U.S. The data documenting bollworm resistance were first collected seven years after Bt cotton was introduced in 1996.
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"Resistance is a decrease in pest susceptibility that can be measured over human experience," said Tabashnik, professor and head of UA's entomology department and an expert in insect resistance to insecticides. "When you use an insecticide to control a pest, some populations eventually evolves resistance."
The researchers write in their report that Bt cotton and Bt corn have been grown on more than 162 million hectares (400 million acres) worldwide since 1996, “generating one of the largest selections for insect resistance ever known." 
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The genetically modified cotton that was designed to make the Bt (that's short for Bacillus thuringiensis, a bacterium) toxins that kill boll weevils has been thwarted by the bugs, according to new research to be published in Nature Biotechnology. The bollworm is the first pest to evolve resistance in the field to so-called Bt crops, according to University of Arizona entomologists.
Bt-resistant populations of bollworm (Helicoverpa zea) were found in more than a dozen crop fields in Mississippi and Arkansas between 2003 and 2006. The first resistant worms showed up just seven years after the genetically modified crops were introduced, in 1996, according to the analysis of monitoring studies. 
"What we're seeing is evolution in action," said lead researcher Bruce Tabashnik.
The bollworm is a major cotton pest in the southeastern U.S. and Texas, but not in Arizona. The major caterpillar pest of cotton in Arizona is a different species, known as pink bollworm (Pectinophora gossypiella), which has remained susceptible to the Bt toxin in biotech cotton.
U.S. farmers planned to plant 13.2 million acres of cotton in 2007, according to the National Cotton Council of America. And more and more of that crop – now 87% in 2007 – is grown genetically modified seeds, according to the USDA. Worldwide, 400 million acres of Bt corn have been planted since 1996.
Pesticide resistance is a common problem, but this is the first time a pesticide manufactured by the plant itself – rather than sprayed on crops by farmers – has inspired the evolution of resistance in a pest. Scientists had expected the bollworm to develop resistance because Bt resistance is a dominant trait, so even hybrid resistant/nonresistant offspring are resistant to the Bt toxin; to stave off the development of resistance, farmers planted plots of non-Bt cotton to minimize the selective pressure for resistant bollworms.
The researchers, whose research was funded by the Department of Agriculture, did not see their results as a condemnation of genetically modified crops. The bollworm is the only one of six caterpillars studied that showed resistance, and the length of time it took to develop resistance – seven or more years – "refutes some experts' worst-case scenarios," according to the researchers. Further, they said the use of bt cotton reduced the spraying of pesticides, which kill additional insects besides the bollworm and related pests.
"The resistance occurred in one particular pest in one part of the U.S.," Tabashnik said. "The other major pests attacking Bt crops have not evolved resistance. And even most bollworm populations have not evolved resistance."
Still, as with other pesticides that prompted resistance in pests, the solution to this problem that geneticists have hit upon is to up the ante with increased toxicity. Instead of a single Bt toxin, cotton is now being engineered to produce two.
Read more: http://www.thedailygreen.com/environmental-news/latest/biotech-crop-resistance-47020803#ixzz1KaUcp7A1

Bed bug populations have been primed with the right sort of genetic variation by their evolutionary history — a history which includes extensive exposure to a different insecticide, DDT. Like pyrethrums, DDT kills insects by acting on the sodium pores in their nerve cells — and it just so happens that many of the same mutations that protect an insect against DDT also happen to protect it from pyrethrums. When DDT was first introduced, such mutations were probably extremely rare. However, with the widespread use of DDT in the 1950s and 60s, such mutations became much more common among bed bugs through the process of natural selection. Though DDT is rarely used today because of its environmental effects, these mutations have stuck around and are still present in modern bed bug populations. Because of the action of natural selection in the past (favoring resistance to DDT), many bed bug populations today are primed with the right sort of genetic variation to evolve resistance to pyrethrums rapidly.( http://bedbugger.com/2010/10/05/bed-bugs-evolution-and-pesticide-resistance/)
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Colorado State University Study Identifies Gene in Fruit Fly Resistant to Insecticide (http://www.news.colostate.edu/Release/2265)
FORT COLLINS - A team of Colorado State University researchers have identified and cloned a gene in fruit flies responsible for developing resistance to a common insecticide used on a wide variety of pest insects.
Findings from the 10-year study led by biology Professor Tom Wilson are important because they will help researchers identify similar resistance genes in other common insect pests, such as flies and mosquitoes. These insects have genetic structures so complex it would have taken years to isolate the same genes without the Colorado State study on fruit flies.
"We now can use the resistance gene found in the fruit fly to isolate similar genes in other insects, which we could not have done before," Wilson said. "We'd like to be able to use this discovery to forecast how insect populations develop resistance to insecticides and find a way to combat resistance."
The study by Wilson and colleagues Mudgapalli Ashok and Christopher Turner appears in this month's issue of the Proceedings of the National Academy of Sciences. The study focused on the fruit fly's genetic resistance to methoprene, an insecticide based on the insect juvenile hormone, which plays a key role in development. Since vertebrates don't have this hormone, methoprene is nontoxic to humans and other vertebrates.
When methoprene is sprayed right before the critical stage of metamorphosis, it wreaks biological havoc on fruit flies and other insects and causes them to die. Insects exposed to methoprene during any other stage of development experience no ill effects, thus making the timing of exposure to the insecticide critical.
The Colorado State team exposed fruit flies to a toxic dose of methoprene and selected those insects that showed resistance to concentrations approximately 50 times higher than normally used to control pests.
Using a process that Wilson likens to "searching for a needle in a haystack," the researchers began looking for the single gene responsible for resistance to methoprene out of the fruit fly's 10,000 genes. In their search, they used a smaller group of genetic elements in the fruit fly known as P elements, which migrate slowly throughout the organism. When these P elements insert themselves into genes, they disrupt the gene's normal activity.
For example, the fruit fly's normal resistance gene actually makes the insects susceptible to poisoning by the insecticide. Resistance to the insecticide occurs when the gene becomes mutated, generally by a single amino acid change in the protein encoded by the gene. When a P element inserts itself, the normal protein is not made.
Wilson's team used these P elements--about 40 in all--to "tag" regions of DNA where the resistance gene was suspected to be located. Once they found the gene they believed was responsible for resistance, the researchers cloned and sequenced the gene to prove it was a match.
The discovery led to a surprising find. When Wilson entered the fruit fly resistance gene into a genetic database, he found that a similar gene had been cloned in other insects but had not been associated with insecticide resistance. The gene is a member of a family of genes known as transcription factors, which are responsible for turning other genes on and off. Normally, methoprene exposure causes certain genes to be activated at the wrong time in development, killing the insect. Wilson and his team believe that when resistant insects are exposed to methoprene, the resistance gene may protect the insect when these genes fail to become activated.
Wilson said these mutant flies are rare in nature, but they become more numerous after insecticides kill susceptible insects. As more and more of these mutant flies survive insecticide exposures, they become a larger segment of the insect population and pass on their resistance genes to new generations.
How fast resistance to methoprene in pest insects is occurring is not known, but Wilson said further studies could help researchers quickly identify mutant resistant insects and track the speed of resistance evolution.
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