The fruit fly is paving the way for modern genetic health care
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Overview
A fruit fly may seem to have no significance other than as a pest that hovers around ripe bananas. Thus, it will be surprising to find out that fruit fly genetics is paving the way for modern genetic health care. The fruit fly, known as Drosophila melanogaster, is a very powerful genetic model organism for studying many human related processes. It was the model organism with which Thomas Hunt Morgan established the field of modern model organism genetics in 1910 from the discovery of a sex linked mutation in eye color. One may have trouble connecting how this simple organism can be a model for such a complex organism as a human.  Much of the Drosophia’s genome has been evolutionarily conserved, and many of the genes found in Drosophila have orthologous human counterparts. Drosophila makes genetics much easier to study since has a very short life cycle and one fly can produce up to a thousand progeny. Ethically, it would be impossible to cross two humans and determine their progeny’s phenotypes, and physically, a woman cannot bear a thousand children. In society, PETA doesn’t care about Drosophila labs, since people do not mind when flies are sacrificed to research. The entire genome of the Drosophila has been sequenced. Therefore, it is easy to locate these orthologs in the fly’s genome as it is only about 5% the size of the human genome although the actual number of genes is very similar in both species. In order to understand such a complex higher organism as a human, we have to look to much simpler organisms like the fruit fly for answers. Discoveries from model organism research are surfacing at such a rapid pace that within a few years we will have answers and possibly cures for some of the nastiest of human diseases. Even knowing the function of a handful of genes can make a tremendous impact on health care practices and diagnosis in the near future. 

The power of Drosophila as a model organism for genetic research is based on the large number of advantageous techniques available in Drosophila research. The authors of the genetics textbook Genes to Genomes write that geneticists can use “modern molecular methods in conjunction with the rich legacy of genetic techniques originally developed for Drosophila researchers have made stunning progress in understanding how genes control the development and behavior of higher organisms.” (Hartwell et al.). This points out that a drosophila geneticist has a rich array of techniques available to aid in research.  
Examples from Current Research
Not only are flies being studied to investigate diseases, but also they are being used to help gain insight on other interesting topics. In Genome Biology, Dr. Trudy Mackay says, “fruit flies are a useful model for investigating the contribution genes make to human alcohol sensitivity because, like humans, fruit flies can get 'drunk' if exposed to high levels of alcohol. Similar to many of us after a tipple or two, the intoxicated flies show movement problems, loss of postural control, and sleepiness; they also develop alcohol tolerance after repeated exposure to alcohol.” (Morozova et al., 2007). After seeing this connection, she continues, "We can now translate these findings from Drosophila to the human population by asking whether any of the 23 human orthologs are indeed associated with alcohol sensitivity - either drinking behavior or addiction - in the human population." To explore whether some of the differentially expressed genes were causally linked to alcohol sensitivity, the researchers looked at mutated versions of the genes. “Tests of 35 mutated genes revealed 32 that directly affected sensitivity to alcohol; three of these genes had previously been associated by the research team with alcohol sensitivity or tolerance.” Soon, Mackay and colleagues may provide clues to the genetic basis of alcohol related issues in humans.
Another interesting topic being investigated with flies is the nature of cancer. Cancer researchers state, “In recent years, Drosophila researchers have developed powerful genetic techniques that allow for the rapid identification and characterization of genes involved in tumor formation and development. The high level of gene and pathway conservation, the similarity of cellular processes and the emerging evidence of functional conservation of tumor suppressors between Drosophila and mammals, argue that studies of tumorigenesis in flies can directly contribute to the understanding of human cancer.” (Potter et al., 2000). Much research in the cancer field seeks to explain many aspects of the disease that are still not well understood. Through the use of flies with their simpler biology, the day when scientists will be able to determine how to stop cancerous cells, dawns inevitably closer.
The State of Fly Research at the University of Alabama
Here at The University of Alabama, state of the art research is being conducted with Drosophila. The lab of Dr. John Yoder researches development, notably evolutionary morphology and how novel traits are formed from expression patterns of different genes. Many of these genes encode transcription factors, which initiate the transcription of mRNA that will later become proteins. Ultimately, he is looking to find the mechanisms by which traits genetically evolve. More closely he studies the evolution of abdominal structure in drosophila in that they have distinct transcript classes (Yoder JH, 2006). An interesting thing that is already understood is that genetic mutations can arise naturally during transcriptional mistakes. As many know, a mutation in a single gene can cause a dramatic change in someone’s appearance or disastrous effects on one’s health, such as the case with sickle cell anemia. What is often overlooked, however, is that if a gene for a transcription factor is modified, this mutation can affect the entire set of genes controlled by that transcription factor, and consequentially, can have a very widespread effect. This is just one type of mechanism that Dr. Yoder studies as part of the developmental evolution of novel traits.   

Dr. Ed Stephenson’s lab also studies developmental biology.  One area of his research is the evolution of the swallow gene in Drosophila and its role in RNA localization. During Drosophila embryogenesis, swallow functions as an anchor for bicoid RNA in the anterior end of the oocyte. (Meng and Stephenson 2002) This anchoring is important for the initial phases of embryonic development. Some would think this type of research is limited to Drosophila yet it has many links to discovering more about human development. For example, a Princeton researcher, Dr. Gavis, has shown RNA localization to be an important element in the formation of neurons in the brain in conjunction with the protein NOS (Gravis et al., 2007). 
Developmental studies with Drosophila can be very beneficial to understanding human development. Early detection is modern medicine’s best chance in stopping most diseases on their track of destruction. What comes in question is, how early can we catch a disease or what makes us more susceptible to a disease? Scientists who study early development seek to answer this question and many more. One idea that is studied through out a wide spectrum of disease researchers is not only trying to reverse a disease but also to find preventative factors.  In some cases a disease will only surface later in someone’s life or get progressively worst with age. If one could find a small genetic defect that occurs during early childhood development, it could have dramatic effects on the individual later in life; therefore, giving enough reason for the validity of studying early development. 

Dr. Janis O’Donnell’s lab uses Drosophila as a model organism for studying basic human neurological functions and diseases. One major focus is neurodegenerative diseases such as Parkinson’s disease where dopamine-synthesizing neurons die. Since approximately 80% of the dopamine neurons are already dead when a Parkinson’s patient is first diagnosed with the disease, a driving factor is to find preventative genetic or environmental factors that can protect against this neuronal death. Dr. O’Donnell’s lab has found that a pesticide known as paraquat acts as an environmental stressor in Drosophila, increasing the susceptibility of the fly to Parkinson’s disease-like symptoms (Chaudhuri et al., 2007). With this Parkinson’s fly model, her lab tests supplements, pharmacological agents, and other genes to determine if they protect the neurons from this environmental stress. Dr. O’Donnell also studies dopamine regulation, an important neurotransmitter found in the brain of flies as well as humans. She is interested in determining which genes are responsible for each enzyme in the entire process of dopamine synthesis and homeostasis.   
Conclusion
Although the genome of the fruit fly has been sequenced, the present goal of the Drosophila genome project and researchers around the world is to obtain information about the function of all estimated 13,600 genes. Information learned from the fly genome, and from the genomes of other model organisms, can then be applied to the more complex human genome. Already, modern health care considers genetic analysis a valuable component in the diagnosis of disease. In the future, a patient may be able to have their genome sequenced and receive a list of genes that have been identified as possibly problematic. A doctor could then plan a preventative treatment regime based off the patient’s predicted susceptibility to different disorders. Thus, the comparatively simple fly may one day contribute to explaining causes of diseases and furthermore cures.  
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