Green Genes: a DNA Curriculum
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Background on some topics that relate to Agriculture – there are many more potential topics especially as technology increases. 

Plant Genetics:  For centuries, crop farmers have used genetics naturally by cross-breeding plants and selecting seeds to grow crops that taste good, are resistant to disease, and provide a big yield.  But genetic technology has changed plant science dramatically.  It’s now possible to splice a useful gene into a plant to make it resistant to such dangers as disease, attack by insects, or cold weather.  “Transgenic” plants or animals contain a gene from another species.  In 2002 there are more than 2,000 transgenic plant species.  In one they have added a flounder gene to a tomato.  If you ate any of these genetically modified foods (known as GM foods), you wouldn’t notice any taste change.  But they would have qualities which would make them more commercially successful, perhaps lasting longer or resisting frost damage better.  Once again, this science is controversial.   The first genetically altered food that went on sale was a tomato called a “FLAVR SAVR.tm.”  Scientists wanted to create a tomato that would not over ripen on its journey from the farm to the show but .in the end, it didn’t work as well as the scientist had hope, and it was not popular with shoppers.  But it was the first of many similar and more successful products.  HOW –There are some ingenious ways of getting a new gene into a plant cell.  One method is to insert the new gene into the DNA of a plant-attacking virus.  Then scientists disable the genes that make the virus harmful to the plant.  Finally, they send the virus in to invade the plant cell, where it inserts in own DNA, including the new gene.  Another way is to use a “gene gun” that fires microscopic metal spheres coated in DNA.  Particles of the spheres get sprayed into the plant cell, hopefully inserting some of the DNA.  A third way is to give a plant cell an electric shock to make it split open.  It will repair itself, but in the meantime new DNA can be inserted.  After a plant cell is genetically altered, scientists use chemicals to prompt it to start dividing.  Eventually it will grow into a whole new plant carrying the new gene recipe.  Edible plants such as bananas, lettuce, and tomatoes are being genetically altered to carry diseases-resistant vaccines for humans or produce antibodies called ‘plantibodies,” to prevent virus infections in humans.  We can expect lots of new announcements about edible genetic breakthroughs in the 21st century.

Transgenic animals – Adding genes from one species of animal into the DNA mix of another produces a “transgenic animal.”  In practice it is not yet straightforward to add new DNA to fertilized animal egg cells.  Very often the altered eggs die or fail to incorporate the new DNA.  Eggs that survive and begin to divide successfully are implanted into an adult female animal to grow into a transgenic creature.  WHY – Transgenic animals are created to make farming more profitable and efficient, for instance to make fatter pigs or sheep that will produce more wool.  This business is sometimes referred to as “pharming.”  Animals are also genetically modified to make human proteins for use in the human body.  Sheep, goats, or cows with an added human gene will produce milk that contains a human protein which can be extracted, purified, and then given to a human unable to produce enough of it naturally.  For instance, goats’ milk (Genzyme here in Spencer, MA) has been produced containing a human anti-blood-clotting protein, and by adding human genes scientist hope to make it possible for cows to produce “humanized milk” similar to human breast milk.   Transgenics may have uses in the engineering industry, too.  To make cables that are even stronger than steel, a spider gene was added to a cow.  The resulting cow’s milk contained a protein that makes spider web silk.  Once extracted and processed this protein was used to make the super-strong cable.  In medical research, fertilized animal egg cells have been genetically altered to make the resulting animal develop diseases found in humans.  These lab animals are then used for studying diseases and testing medicines.  Very often genetically altered mice are used for this kind of research.  These are often referred to as “designer mice”  Geneticists hope to use animal organs, such as livers or kidneys, in human bodies.  This is called “xenotransplantation.”  Normally, a human body would reject an animal part, but if it contained certain human genes, rejection might be less likely.  Xenotransplantation is still in development.  If it does happen, pigs are likely to be the donors because their organs are roughly the same size and shape as human organs.  Stem cells are the very first cells a fertilized egg cell makes when it divides.  Geneticists have had some success coaxing animal stem cells to grow into specific new organs.  For instance, a cow stem cell has been coaxed to grow into a cow kidney in a laboratory jar.  These animal stem cell experiments might eventually lead to human body parts being grown in lab conditions from human stem cells.  Using animals in genetics, is highly controversial.  Many people argue that it infringes animal rights or that it could introduce dangerous animal viruses into the human body.  Some suggest there could be unforeseen problems if transgenic animals bred with ordinary animals and new, artificially made genetic mixes began to spread unchecked through the animal kingdom.  Others answer that the possibility of medical benefits for humans outweighs the ethical issues and that health risks can be avoided if scientists are careful.

Cloning – Cloning is one of the most controversial of all new genetic techniques.  It is done using a tiny pipette, many times thinner than a human hair, to extract the nucleus from a female egg cell.  Then a new nucleus, taken from another cell, is inserted in its place.  After that, the egg cell is stimulated with electric pulses to make it start dividing.  Each new cell it makes will carry the genetic blueprint from the new nucleus.  This method of cloning is called ‘nuclear transfer.”  (Did you know that at one time UMass Amherst had cloned a dairy cow.) Dolly the sheep was born in 1996, the first creature to be produces using nuclear transfer.  Embryologist Ian Wilmut removed the nucleus from the egg cell of a Scottish Blackface ewe ( a sheep species that has a black face).  He inserted a nucleus from a Finn Dorset ewe ( a sheep species that is entirely white).  The result, Dolly, was white.  She had exactly the same genetic materials as the Finn Dorset ewe, and none from the Scottish Blackface ewe.  Dolly was a clone of the Finn Dorset female: her artificially produced identical twin.  Cloning is by no means straight-forward.  Before Dolly was born, Wilmut tried nuclear transfer 277 times.  Of these, only 29 embryos survived the process, and from this small number only Dolly survived.  In addition, it has become clear that a clone made using a nucleus that a clone made using a nucleus from the cell of an adult animal can suffer from premature aging, but it’s not fully understood why.  There is a lot still to learn about cloning.  WHY.. Ian Wilmut experimented with Dolly because he hoped to make it easier to create large flocks of genetically altered creatures for medical use, for example, to produce useful human proteins in milk.  Other scientists have been involved in cloning endangered animal species.  For instance, Noah the guar, one of a rare cattle-related species, was cloned by putting a guar nucleus into a cow’s egg cell, then implanting it into a cow’s womb to grow into a guar baby.  It’s possible that other endangered creatures such as giant pandas or tigers will be cloned, as well as beloved pets.  It may even be possible to clone extinct species from DNA surviving in body remains.  For instance, scientists have attempted to clone a woolly mammoth from DNA frozen in ice thousands of years ago, so far without success because the DNA may be too old and damaged.  Human cloning could theoretically help infertile couples to have a child.  To our knowledge a human clone has not been produced.  Nuclear transfer has been conducted on human egg cells, and the results have divided into a few new cells, but the process has not been allowed to go further.  To clone a human, one would first need an egg cell donated by a female.  One would then need to replace the cell’s nucleus with one from another person, stimulate it to grow, then implant it in a human female womb to develop into a baby.  AS yet, there would be no guarantee of success, since the chances of miscarriage would be very high.  If, one day, science progresses to make it possible, should it be allowed?....Arguments…. 

