Examples of use of genetics in Unity College major-related fields

Genetic tracking of a protected whale

Frank Cipriano and Stephen R. Palumbi

Nature 397, 307-308 (28 January 1999)
Unusual circumstances have allowed us to trace the life of an individual whale, from its conception in the North Atlantic in 1964 to its sale as raw meat in Osaka, Japan, in 1993. We documented genetic polymorphisms in nuclear and mitochondrial genes of the Osaka meat and showed that they exactly matched those of a naturally occurring blue/fin whale hybrid harpooned near Iceland in 1989. This genetic match allowed us to trace the pathway of this individual from ocean to market. Such techniques can be useful in genetic monitoring programmes developed for the future regulation of the whaling industry and for international management of whale stocks.

Genetic tracking of the brown bear in northern Pakistan and implications for conservation 

Eva Bellemain, Muhammad Ali Nawaz, Alice Valentini, Jon E. Swenson and Pierre Taberlet

Biological Conservation Volume 134, Issue 4, February 2007, Pages 537-547
Asian bears face major threats due to the impact of human activities as well as a critical lack of knowledge about their status, distribution and needs for survival. Once abundant in northern Pakistan, the Himalayan brown bear (Ursus arctos isabellinus) has been exterminated in most of its former distribution range. It presently occurs sparsely, in small populations, the Deosai National Park supporting the largest isolate. This decline might imply a reduction in genetic diversity, compromising the survival of the population. Using a combination of fecal DNA analysis and field data, our study aimed at assessing the size and genetic status of the Deosai population and give guidelines for its conservation and management. Using fecal genetic analysis, we estimated the population to be 40–50 bears, which compares well with the field census of 38 bears. The northern Pakistani brown bear population may have undergone an approximate 200–300-fold decrease during the last thousand years, probably due to glaciations and the influence of growing human population. However, in spite of the presence of a bottleneck genetic signature, the Deosai population has a moderate level of genetic diversity and is not at immediate risk of inbreeding depression. Gene flow might exist with adjacent populations. We recommend careful monitoring of this population in the future both with field observations and genetic analyses, including sampling of adjacent populations to assess incoming gene flow. The connectivity with adjacent populations in Pakistan and India will be of prime importance for the long-term survival of Deosai bears. 

Population genetic structure and dispersal across a fragmented landscape in cerulean warblers (Dendroica cerulea)

Veit, M.L.; Robertson, R.J.; Hamel, P.B.; Friesen, V.L.

Conservation Genetics (2005)6:159-174
Cerulean warblers (Dendroica cerulea) have experienced significant declines across their breeding range and presently exist in disjunct populations, largely because of extensive loss and fragmentation of their breeding and wintering habitat. Despite this overall decline, a recent north-eastern expansion of the breeding range has been proposed, and some researchers have suggested that the eastern Ontario population may be acting as a source population maintaining sink populations eslewhere. However, little is known about either the geographic distribution of genetic variation or dispersal in these birds. We assayed variation in five microsatellite loci and a 366 base-pair fragment of the mitochondrial control region among 154 cerulean was found. Assignment tests suggested that six individuals were either inter-population migrants or descendants of recent migrants. The lack of population genetic structure is probably due to a combination of historical association and contemporary dispersal. Population decline does not appear to have reduced genetic variation yet. Overall results suggest that cerulean warblers from Ontario, Illinois, Arkansas and Tennessee should be considered a single genetic management unit for conservation.

The Complex Evolutionary History of Gorillas: Insights from Genomic Data

O Thalmann, A Fischer, F Lankester, S Pääbo and L Vigilant

Molecular Biology and Evolution 2007 24(1):146-158

Relatively little is known about the evolutionary and demographic histories of gorillas, one of our closest living relatives. In this study, we used samples from both western (Gorilla gorilla) and eastern (Gorilla beringei) gorillas to infer the timing of the split between these geographically disjunct populations and to elaborate the demographic history of gorillas. Here we present DNA sequences from 16 noncoding autosomal loci from 15 western gorillas and 3 eastern gorillas, including 2 noninvasively sampled free-ranging individuals. We find that the genetic diversity of gorillas is similar to that of chimpanzees but almost twice as high as that of bonobos and humans. A significantly positive Fu & Li's D was observed for western gorillas, suggesting a complex demographic history with a constant, long-term population size and ancestral population structure. Among different population-split scenarios, our data suggest a complex history of western and eastern gorillas including an initial population split at around 0.9–1.6 MYA and subsequent, primarily male-mediated gene flow until approximately 80,000–200,000 years ago. Furthermore, simulations revealed that more gene flow took place from eastern to western gorilla populations than vice versa. 

BEWARE all ivory poachers. The cops are on your case, thanks to a DNA test that reveals the geographical origin of ivory.

From issue 2593 of New Scientist magazine, 03 March 2007, page 6-7

Developed using comparisons of elephant DNA from different regions, the test can theoretically pinpoint to between 500 and 1000 kilometres the origin of a particular sample. In its first use, the test showed that a huge cache of 532 tusks, seized in Singapore in 2002, came mainly from Zambia, not from multiple locations as originally suspected (Proceedings of the National Academy of Sciences, DOI: 10.1073/pnas.0609714104). "We were delighted with the results," says team leader Sam Wasser of the University of Washington, Seattle.

The test also showed that poaching was more widespread in Zambia than the country's government had admitted. "The number of killed elephants was at least 30 times higher than Zambia indicated," says Wasser.

Zambian police have used the findings to close in on poachers and traders. "We're now working closely with Interpol to analyse many other large seizures in this way," says Wasser.

To Combat Poaching In Florida, UF Officials Use Wildlife Forensics

ScienceDaily (Jun. 1, 2000) — GAINESVILLE, Fla. --- State game officials are bagging poachers who might once have escaped their reach, thanks to DNA analysis performed at a University of Florida laboratory. 

More commonly used to catch murderers and rapists, the lab's forensic DNA techniques have proved so successful in nabbing deer poachers that officials have recently turned to it for help in cases involving wild turkeys, turtles, alligators and other hunted species in Florida. Since undertaking the work about three years ago, the lab has helped crack about 30 poaching cases statewide, a number they say will grow steadily as the lab branches out into more and more species and types of cases. 

"I wish I had it 20 years ago," said Capt. Barry Cook of the Florida Fish and Wildlife Conservation Commission office in Gainesville. "The jails would be a lot fuller." 

DNA analysis to find poachers is just one role of the Biotechnologies for Ecological, Evolutionary and Conservation Sciences Genetics Analysis Laboratory, part of UF's Interdisciplinary Center for Biotechnology Research. The lab's main function is to provide genetics expertise to biologists in the field. 

But the lab became involved in poaching cases after game officials enlisted it in 1998 to determine if meat came from Florida's native white-tailed deer or another species. 

Ginger Clark, a UF senior biological scientist at the lab, developed a technique that could not only determine the species of deer based on tissue samples or blood, but also the deer's gender. The technique can identify any hoofed species, from cows to horses to antelopes, from most countries in the world. 

The work quickly became useful in poaching cases. 

Unlike the lengthy buck season, doe season on Florida's public lands lasts only two days. In several instances, game officers have sent the lab samples of fresh venison confiscated from hunters on suspicion it came from does killed out of season. Officers also have given the lab clothing stained with blood they suspected was from illegally killed does. 

The lab usually has confirmed the officer's suspicions, resulting in successful prosecutions of the poachers, although the evidence isn't always in the officers' favor. 

"There have been times that we have said, This is male white tail, so for this sample you don't have a case,'" said Daniel Brazeau, lab director. "So it cuts both ways." 

Using techniques similar to the deer technique, the lab has increased its scope recently. Newer cases include at least one that involved suspected poaching of wild turkey hens (only gobblers can be hunted in Florida.) Clark determined the meat came from female turkeys, strengthening the case against the suspected poacher. Other cases have involved alligator snapping turtle meat and Florida black bear meat. In yet another example, a Florida seafood dealer, suspicious that a large purchase of white fish fillets contained an illegal fish species, approached the researchers for help. They confirmed some fillets were indeed illegal. 
The lab also has determined that eggs being sold as freshwater turtle eggs in fact came from endangered sea turtles. Because sea turtles return to beaches where they hatched, the researchers can even tell where eggs were collected, Brazeau said. "This technology has a lot of power, which is why human DNA forensics is so significant," he said. 

The DNA forensics process involves a molecular biology technique called PCR, or Polymerase chain reaction. The technique allows researchers to make millions of copies of DNA from a tiny sample -- a pencil eraser-sized piece of flesh or drop of blood usually is enough -- then sequence the DNA to establish its precise genetic code. This code then can be compared against samples from known animal species to confirm or rule out a match. The samples are available from gene sequence banks on the Internet and other sources. Much of the sea turtle gene sequences, for example, were collected by UF zoology researchers. 

All of the lab's 30 cases have been resolved in settlements in favor of the prosecution, with none going to trial, Clark said. Several of those accused of poaching have confessed on when confronted with the DNA evidence, Cook said. "This type of evidence is just that cut and dried," Cook said, adding that, as a result of the UF lab's work, all game officers in the state are now equipped with sampling kits to obtain DNA evidence during investigations.

DNA in Wildlife Investigations 

by Dr. Hsien-Hsien Lei
Posted August 9, 2007 in DNA and the Law 
There seems to be no end of possibilities for using DNA in everyday life. If you’re an animal lover, you may have heard of dog owners using DNA to figure out their pets’ breed. And then there’s the use of DNA to ID dogs that attack innocent bystanders.

In Idaho, wildlife DNA specialist Dr. Karen Rudolph uses tissue, hair, bone chip, or blood splatters to link poachers to the kill site. A suspect in one case cleaned and boiled his knife thinking that he’d destroyed all the evidence. But Dr. Rudolph still managed to retrieve a tiny speck of dried blood from the hinge of the folding knife. Enough to convict.

Another case involved attempted wolf poisoning. Tim Sundles made pesticide-laced meatballs that killed more than 20 pet dogs. DNA from the meatballs matched DNA from the blood found in his garage. DNA from human cells found in urine at the crime scene also matched Sundles’s DNA. He pled guilty.

CAPTIVE BREEDING & SPECIES REINTRODUCTIONS

Corresponding Readings in Primack, Richard B. Essentials of Conservation Biology.
Chapter 14: pages 361-393

http://www-personal.umich.edu/~dallan/nre220/outline23.htm

Introduction:

Captive breeding and subsequent re-introduction of a threatened species is an important and in some cases very successful tool for species conservation. Critics point to the need to conserve/restore habitat, list examples of failures, decry the cost, and argue we should rescue species before they are on the brink of oblivion. Fair enough. But, captive breeding saved the bison. Wolves roam Yellowstone and the Upper Peninsula of Michigan, the Peregrine Falcon is off the endangered species list, golden-lion tamarins thrive in the Brazilian forests, whooping cranes perform their mating dances along river banks in the west, and many more species might similarly be rescued. Zoos, botanical gardens and aquaria have found new purpose and direction, providing a safety net when other protective measures have failed.

Captive Breeding Programs: These programs arose out of the coincidence of two forces -- unplanned parenthood by zoo animals raised the issue of what to do with surplus (zoos often had to destroy surplus animals); and concern for extinctions in the wild.

Although some species can be very hard to breed, captive breeding has a high success rate. 

19% of all mammals, 10% of all bird species have been bred in captivity. 

90% of all mammals, 74% of all birds added to U.S. zoo collections since 1985 were born in captivity. 

some species are extinct in the wild but thrive in zoos: Przewalski's horse, Arabian Oryx, Pere David's deer 

A number of wild populations of species were born in captivity and now live free: Bald Eagle, Golden Lion Tamarin, Andean condors, red wolves. 

A successful captive breeding program by US F&W with a bobwhite quail generated the creation of a wildlife refuge in southern Arizona to allow its successful reintroduction. 

YOU NEED A SELF-SUSTAINING CAPTIVE POPULATION. 

 - enough breeding stock to provide a surplus. For big animals, this requires a lot of space

- good genetic management. 

Some new tricks boost genetic variability, increase the effective population size, and improve reproductive success.

1. Cross - fostering - Some animals can breed successfully in captivity, but are not able to raise their own young. In these cases, the young are raised by another (closely-related) species. Typical of birds. An example is Asiatic jungle fowl chicks incubated and reared (taught to forage, peck, scratch, and drink) by domestic hens; eggs of whooping cranes placed in nests of wild, closely-related sandhill cranes and raised by them.

2. Artificial Incubation - Also called the "head start program", used extensively with aquatic organisms and some birds which experience extremely high mortality during the critical hatchling period. Eggs are collected, incubated under artificial conditions, and reared to beyond the critical size or stage prior to release. (esp. useful for turtles, some fish).

3. Artificial Insemination - Sperm is collected from donor males, processed, and frozen for long-term storage and for worldwide distribution to inseminate females.

4. Embryo Transfer (mammals) - A single female can only have a limited number of offspring during her lifetime - eg, a milk cow with high production can only have about ten calves during her lifetime, even though she has thousands of egg follicles in her ovaries. The solution: 1. female is superovulated (hormonal induction of release of multiple eggs), and the eggs are collected via a surgical procedure called laparoscopy 2. Eggs are fertilized in a test tube with sperm from any of several donor males. 3. Embryos can be frozen for long-term storage, or immediately (or eventually) implanted into the uterus of a closely-related but non-endangered species for full-term development, birth, and subsequent foster rearing by the surrogate mother.

Fish Hatcheries: an "evil" twin and a "good" twin? 

There is a long history of propagation of fishes in hatcheries for commercial and recreational fisheries, of course, and many view the success of these efforts from a conservation perspective as decidedly mixed. Hatcheries typically are used to supplement natural production of harvested species, and their goal usually is mitigation of other human activities that have led to declines in natural production (NRC 1996). Our appreciation of the negative aspects of hatchery propagation have been greatly clarified by examination of the health of the 7 species of Pacific Salmon occurring in western North America. The fact that many valuable stocks are in decline, despite rising output of hatchery-reared juveniles, shows that hatcheries alone cannot compensate for the problems of habitat loss, over-fishing, and dams and other barriers. Furthermore, because of lack of attention to genetic concerns, and the over-fishing of native populations in mixed fisheries of wild and reared fishes, hatcheries have done actual harm.

Consideration of ex situ conservation reminds us that genetics is of fundamental importance to the long-term conservation of species. Healthy species normally contain much genetic diversity, both within local breeding populations (demes) and between demes (NRC 1996). Genetic diversity represents the basis for adaptive evolution, and is evidence of adaptation to local conditions by individual populations. Loss of this diversity, through extirpation of local populations, fragmentation of previously inter-connected populations, and careless selection of breeding stock for hatcheries represent serious threats to long-term species survival (NRC 1996).

Genetic risks associated with hatchery propagation can be grouped into four classes: loss of within-population variability, loss of among-population variability, domestication, and extinction (Busack and Currens 1995). Loss of genetic variability within populations stems mainly from using too small a hatchery broodstock and from inappropriate mating protocols, potentially resulting in inbreeding depression, genetic drift, and artificial selection (National Research Council [NRC] 1996). These problems are almost certain to confront efforts to culture threatened species as well. Hatchery propagation contributes to loss of among-population variability mainly through the release of reared fish from nonindigenous broodstock into areas where local populations may persist, a practice now much less common (NRC 1996). Domestication, or genetic adaptation to hatchery conditions, can result from nonrandom selection of broodstock as well as from differences between hatchery and natural environments. Ironically, these effects of hatchery propagation together can contribute to the extinction of populations they are design to rescue.

 
Welcome to the Biological Frontiers Institute Website.  http://zoogenetics.com/
Our goal is to provide genetic knowledge, guidance, and ideas to the breeders of small animal populations. This includes:

1. Zoo personnel who have the responsibility for the propagation of any animals:

· for display at their own Zoo, 

· to assure the survival of endangered species, 

· to provide animals for release into the wild environment.

2. Others who have native captive breeding programs for any purpose including but not limited to wild animal farms and populations in the wild under some control.

3. Farmers around the world who have small populations to propagate from generation to generation for food, work, clothing, etc.

4. Working animals including but not limited to:
· Guide dogs for the blind.
· Companion animals.
· Herding animals.
· Guard animals..
If you produce your next generation from your present generation, and repeat this time after time, then you have a genetic breeding program going on in your animal population - and it is going somewhere whether you like it or not!  Our goal is to help you make the genetic changes go in the direction you want them to go, and not where chance and "nature" is taking them.
Example Situations
Endangered Species

You work at a Zoo and have just been handed the last two individuals of a certain species known to be alive in the world. Your job is to save the species, not for just the short term but forever. Fortunately, one is a male and the other a female.
The first step is obvious. You mate them together. You keep them producing offspring using all your biological knowledge until the first ones are old enough to mate. The natural way to proceed then is to mate the offspring together. If the species is one in which mating is for life and it is 
difficult and time consuming to remate, this may be all you can do. But if you can set up matings to please you, then there is a better way. Mate daughters to their father and sons to their mother. And then maintain two sublines, a "Sire" subline and a "Dam" subline. The genetic reasons for doing this and where do you go next are discussed in detail in Section ___.

Breeding Rabbits

You have just inherited or purchased 4 male and 8 female rabbits. They are approaching breeding age. What questions do you need to answer before you decide to mate whom to whom in the beginning and then where do you go from there?

Relationships between them: 

You don't know 

Are any of them brothers and sisters? 

Did they all come from the same source or did you get them from here and there?

Your purpose and goals:

Are you going to raise all the offspring yourself, select some to produce the next generation? If so, how many parents in your herd should you  replace each generation with young animals? Are you going to eat the rest of them yourself or sell them to others to eat? 

Are you going to sell to others to raise for meat? 

Are you you going to sell to others to use as parents to produce offspring to eat and/or sell to others to eat? 

Are you going to sell to others to start or help them in their own breeding program?

Traits to maintain or improve:

If you want to improve growth rate, body composition, adult size and shape, etc. how much attention to reproductive traits do you give. Such traits and reproductivity are negatively related. Selection for one trait may result in a decline in others.

How do you measure the traits you are interested in?

The above are just a sample of the questions you want to think about.

Fish Farm

You make your living from a small pond. You harvest fish and sell them on the local market. Each week during the growing season you use a net to catch the fish, pick out those that have reached market size, and turn the rest loose to continue growing. At the end of the growing season, you leave the smaller fish to grow to adulthood and produce the eggs for the next season. Obviously, you are selecting your population to grow slower. What are your options to reverse this situation and genetically improve the productivity of your pond? The methods of modern aquaculture technology are not available to you. But there are things you can do.
Managing fisheries using genetic data: case studies from four species of Pacific salmon 

James B. Shaklee, Terry D. Beacham, Lisa Seeb and Bruce A. White 

Fisheries Research Volume 43, Issues 1-3, October 1999, Pages 45-78

Pacific salmon exhibit complex patterns of population subdivision and undergo substantial marine migrations that result in stock intermixing. Stock assessment, fishery management, and conservation of salmon are all complicated by stock multiplicity and intermingling in fishing areas. Genetic data have been successfully used by several agencies in the Pacific Northwest for over a decade to address assessment, management, and conservation needs. Four case studies are described to document the design, implementation, results, and benefits of genetic analysis. These consist of: (1) the chinook salmon winter gill-net fishery in the lower Columbia River (allozymes), (2) commercial pink salmon fisheries in British Columbia (allozymes), (3) chum salmon fisheries in Alaska (allozymes, mtDNA, and microsatellites) and, (4) the recreational coho salmon fishery off Vancouver Island (microsatellite and MHC genes). Estimates of stock group and/or individual stock contributions to harvests are obtained using maximum likelihood methods. Simulations indicate that estimates are often within 5–10% of the true contributions and are quite precise (±2–10%) with sample sizes of 100–400. Genetic results have been used both in-season and post-season to determine fishery openings and closures to provide harvest benefits or meet conservation needs, to address catch allocation and equity issues among user groups and between countries, to provide data for in-season run-size updates, and to investigate migration patterns and timing. 
POPULATION GENETICS, DEMOGRAPHIC CONNECTIVITY, AND THE DESIGN OF MARINE RESERVES
Stephen R. Palumbi, 2003

Ecological Applications: Vol. 13, Supplement: Marine Reserves, pp. 146-158.

Genetic analyses of marine population structure often find only slight geographic differentiation in species with high dispersal potential. Interpreting the significance of this slight genetic signal has been difficult because even mild genetic structure implies very limited demographic exchange between populations, but slight differentiation could also be due to sampling error. Examination of genetic isolation by distance, in which close populations are more similar than distant ones, has the potential to increase confidence in the significance of slight genetic differentiation. Simulations of one-dimensional stepping stone populations with particular larval dispersal regimes shows that isolation by distance is most obvious when comparing populations separated by 2–5 times the mean larval dispersal distance. Available data on fish and invertebrates can be calibrated with this simulation approach and suggest mean dispersal distances of 25–150 km.

Design of marine reserve systems requires an understanding of larval transport in and out of reserves, whether reserves will be self-seeding, whether they will accumulate recruits from surrounding exploited areas, and whether reserve networks can exchange recruits. Direct measurements of mean larval dispersal are needed to understand connectivity in a reserve system, but such measurements are extremely difficult. Genetic patterns of isolation by distance have the potential to add to direct measurement of larval dispersal distance and can help set the appropriate geographic scales on which marine reserve systems will function well.

From wildlife conservation, to saving endangered species, to removing toxins from the environment, learn how genetic technologies have helped us to understand ecology and manage environments. 

New & Noteworthy, 2007by Jennifer Jongsma; PRODUCERS: Barrett Golding
http://www.dnafiles.org/programs/genetics-and-applied-ecology

In DNA: Code of the Wild, The DNA Files looked at the ways in which genetic technologies have helped us to understand ecology and manage environments. In 2001, scientists were already taking advantage of the vast number of genetic tools available for tasks ranging from forensic testing of animals on the brink of extinction to identifying illegal whale meat for sale.

Since then, there have been many more applications of genetics and DNA to ecological problems. In 2007, the U.S. Fish and Wildlife Service removed the Yellowstone population of grizzly bears from the endangered species list, based in large part on the information on sex ratios, genetic variation, and relatedness of individual bears gathered by the U.S. Geological Survey's Interagency Grizzly Bear Study Team. However, four other grizzly populations in the lower 48 states have not yet recovered and remain on the endangered and threatened species list. Another successful application of genetic tools is the recovery of the California Condor. The California Department of Fish and Game has carefully managed its captive breeding program to prevent the loss of genetic diversity. The population of condors has gone from 27 in 1983 to more than 273 in 2005.

In whale meat markets, scientists are finding less illegal meat for sale. However, the definitions of illegal are changing. The Japanese government recently added a few individuals of a wide variety of species to its list of allowable hunted animals, so it is more important than ever for researchers to apply genetic tests to discover the source(s) of the meat. Genetic testing offers the best way to verify if a product in the marketplace is a legal species or if it is from an endangered species.

Owing to the breadth of ecologically pertinent data and its highly diverse nature, a new field has emerged within ecology. Bioinformatics, the application of computational tools to the management and analysis of biological data, is allowing researchers to access an ever-broader array of data. Scientists can share information from evolutionary studies on the microscopic E. coli to data on the Earth's biosphere. In 2001, John Avise said, "I fully anticipate that within the next 20 years that entire tree of life will be illuminated almost completely." The entire tree isn't illuminated yet, but there are many more lights shining on it.

Ecology is the study of whole living systems. Biologists who study how plants, animals, microbes and other living things interact are using genetics as a powerful new tool.

What they're learning has many applications, including wildlife conservation, planning park boundaries, and saving endangered species. Scientists are also using DNA as a tool to create new life forms in order to clean up toxins in the environment.

In this program, we learn how scientists are applying DNA tools to ecology.

In Yellowstone National Park, scientists study populations of grizzly bears to see if they are getting too inbred for their long-term survival. They are using mitochondrial DNA (genetic material in the energy-producing part of the cell) to study different family lines of bears and to map their movements throughout the park over time.

Their research has led to a plan to connect the Yellowstone bears with other populations of grizzlies to the north, in Canada, through setting aside large tracts of protected land to act as a corridor.

Steve Palumbi is using DNA techniques to understand ocean wildlife. Among his projects, he is applying the same forensic techniques used in crime scenes to track down whale poachers.

In Monterey, California, Ed DeLong heads a team that studies marine life of the smallest type: ocean-dwelling microbes. The DNA in these tiny life forms is helping scientists redraw the tree of life. From studying certain genes, researchers are able to figure out evolutionary relationships that had been previously unknown.

Jo Handelsman studies soil microbes, many of which have never been classified. She says these tiny creatures are so important, without them whole ecosystems would come crashing down. In their own micro-ecosystem, an array of interactions is going on all the time. Microbes are eating other microbes, injecting each other with viruses, and generally carrying on in their own very small world.

The fields of phytoremediation and bioremediation look to genetics to help harness nature to clean up nature. At the Savannah River Nuclear Power plant, ecologist Travis Glenn is studying mutations in alligators living in water contaminated by low-level radioactive waste. Norman Terry studies the humble weed Arabidopsis, or wild mustard, in hopes of finding a gene he can use to prompt wetland plants to absorb toxins such as selenium.

Other biologists are engineering microbes to clean up toxic waste such as lead and mercury. Gary Sayler has created "critters on a chip," or microbes on a small glass slide that glow when they are eating chemical contaminants.. Others scientists hope to harness the powers of superbugs like D. radiodurans, a microbe that can live in high-radiation environments.

While none of these bugs are out of the lab yet, they are already raising important questions. What kind of ecological problems might we be creating in trying to clean up the planet with genetically-modified organisms, or GMOs? What happens if a metal-eating microbe multiplies beyond its target cleanup site? What if it swaps genes with another microbe?

When Aldo Leopold wrote in the historic Sand County Almanac, "To keep every cog and wheel is the first precaution of intelligent tinkering," he probably never imagined we would be able to rewrite the code of life - with so little knowledge of the outcome. 
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