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Tiny aquatic animals called hydra reproduce asexually by a process called budding. The buds, which are miniature replicas or clones of the parent, grow out the parent's body and eventually break off.





Chapter 1Can't You Just Send My Clone to School?

DOI: 10.4324/9781315705576-1

The alarm is ringing in your ears, screaming like a banshee for you to get up. You cover your head with your pillow. If you just had a clone of yourself, you could send it to school in your place. Or could you? Even if scientists were cloning humans, you would never be able to use a clone as your substitute, because your clone would be born a baby and you would still be a teenager. As your clone grew, so would you. You and the clone would always be the same number of years apart.

A clone is a cell or organism that is genetically identical to the cell or organism from which it was made. Cloning is a form of asexual reproduction because all of the deoxyribonucleic acid (DNA) comes from the same parent. People often think of clones as being cranked out of factories just as cars are, in order to take over the world. But clones do not have to be copies of whole organisms. An organism is a living thing. It grows, uses energy, responds, reproduces, and has DNA in its cells. So scientists might clone just the DNA, or part of the DNA, from an organism. Or they might clone just one type of cell, some tissue, or even an organ.

Regardless of what is being cloned, the process always involves DNA. DNA contains the genes or chemical instructions that tell cells what to do, sort of like your parents telling you to get up in the morning. Each gene is one special type of instruction. Genes are found in DNA, DNA is found in chromosomes, and chromosomes are found inside the nucleus of a cell.


[image: ]
DNA holds the genetic instructions needed for an organism to function.

Scientists clone in order to make as many copies of genes, cells, tissues, organs, or organisms as possible, so that they have a number of samples to study. This way, they do not have to wait for natural processes to produce what they need in order to study diseases or develop new medicines. It is like looking for a needle in a haystack. If there is only one needle, it would take a while. But if there are thousands of needles, finding one would not take as long.


A Brief History of Cloning

A German scientist named Hans Spemann created the first artificial clone in the laboratory in 1902. He used a human hair to split a two-celled salamander embryo into two individual cells. Each cell grew into the identical twin of the other. By doing this, he proved that each cell in a new embryo carries all the DNA needed to create a whole new organism.


Down Load


	■ An identical twin is a natural clone.

	■ Cloning is a form of asexual reproduction that does not require two parents to produce young.

	■ DNA contains the genes that carry the instructions for building new cells.

	■ In nuclear transfer, the nucleus of a donor cell (with all of its DNA) is taken out of its own cell and put into a different cell that has had its nucleus removed.

	■ The first clone of a mammal was a sheep named Dolly.
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German scientist Hans Spemann performed the first nuclear transfers, thereby setting the stage for future work in cloning.

Spemann was also the first to perform a nuclear transfer using embryonic cells, opening the doors for later cloning work. In nuclear transfer, a nucleus is removed from one cell and put into a different cell. By the 1960s, scientists were using the adult body cells of frogs to perform nuclear transfers. Then in 1996, the world was introduced to Dolly. Created by Ian Wilmut and Keith Campbell at the Roslin Institute in Scotland, Dolly was the first mammal to be cloned from an adult body cell, using the frozen udder cell of an adult sheep. The udder is the bag-like sac that holds milk glands in cows, sheep, and goats. Although Dolly was a clone, she gave birth to a lamb named Bonnie in 1998. Bonnie was conceived naturally, proving that clones can breed and produce healthy young.


[image: ]
Dolly, the first cloned mammal, was able to mate naturally, giving birth to a healthy lamb named Bonnie.


Alert!

Cloning may be hazardous to your health. Most clones do not survive. Scientists tried more than 270 times before Dolly the sheep was finally cloned. After suffering from health problems associated with premature aging, such as arthritis and pneumonia, Dolly finally had to be put to sleep She was only 6 years old. Most sheep live 11 to 16 years. Although scientists do not know if Dolly’s ailments were related to her cloning, some are still concerned that using DNA from adult cells makes the clone start out with older cells, so they age faster.


[image: ]
Dolly the sheep, before she died at age 6.




Three Types of Artificial Cloning

Scientists have developed three different kinds of cloning: DNA, reproductive, and therapeutic. DNA cloning involves individual genes or groups of genes. Reproductive cloning produces whole organisms, and therapeutic cloning creates parts of organisms.


DNA Cloning

For DNA cloning, scientists use living cells, such as bacteria, to transfer genes from one individual into the cells of another. A bacterium has normal DNA, but it also has an extra piece of DNA called a plasmid. When the bacterium reproduces, it copies its normal DNA as well as its plasmid.

Scientists have learned how to use plasmids to add new genes to bacterial cells. First, scientists use a special chemical that acts like a pair of scissors to snip the DNA they want to clone from a plant or animal. Then they use another chemical to cut apart the plasmid, which normally forms a complete circle like a rubber band. When the new DNA is added to the cell, it joins with the broken plasmid.


[image: ]
Most bacteria have one long, circular strand of DNA, as well as small extra pieces of DNA called plasmids.
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Recombinant DNA is prepared in the laboratory by breaking up and splicing together DNA from more than one source.

The newly combined DNA is called recombinant DNA, because the new gene or genes have been combined in a new way, with the DNA in the plasmid. It is similar to taking a bike chain, cutting it, and sticking a new piece of chain in the middle before putting it back together again. From then on, every time the altered bacterium reproduces, it copies the recombinant DNA in its plasmid and passes it on to the next generation. The bacteria become cloning factories for the scientists!

Scientists also use viruses, yeasts, and mammalian cells to clone, but bacteria are often preferred because they reproduce so quickly. Every 20 minutes or so, one bacterium can make 2 new bacteria. Those 2 can each make 2 more, or a total of 4. Four produce 8, 8 produce 16, and so on. The population doubles every time the bacteria reproduce. In just a few days, tens of thousands of new bacteria, all of them carrying clones of the introduced DNA, can be made in the laboratory for scientists to study.


[image: ]
Binary fission in bacteria is a simple form of cell division.



Reproductive Cloning

In reproductive cloning, scientists take all of the genes from a cell and use them to make a copy of an entire organism.
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		Tiny aquatic animals called hydra reproduce asexually by a process called budding. The buds, which are miniature replicas or clones of the parent, grow out the parent's body and eventually break off.



		DNA holds the genetic instructions needed for an organism to function.



		German scientist Hans Spemann performed the first nuclear transfers, thereby setting the stage for future work in cloning.



		Dolly, the first cloned mammal, was able to mate naturally, giving birth to a healthy lamb named Bonnie.



		Dolly the sheep, before she died at age 6.



		Most bacteria have one long, circular strand of DNA, as well as small extra pieces of DNA called plasmids.



		Recombinant DNA is prepared in the laboratory by breaking up and splicing together DNA from more than one source.



		Binary fission in bacteria is a simple form of cell division.



		A technician loads DNA into a gene-sequencing machine.



		The steps of cloning include: (1) An unfertilized egg is isolated. (2) Using a suction device to hold the egg (left) and a needle-like pipette (right), the DNA is removed from the egg. (3) The DNA from the body cell of a different individual is injected into the “empty” egg. (4) The egg with its new DNA is implanted into a female, where it grows into the cloned individual.



		A stem cell has the genetic ability to change into any kind of specialized body cell.



		Dr. Ian Wilmut sits with Dolly at the Roslin Institute in Scotland.



		Mitochondria, the organelles responsible for producing energy in cells, have a small amount of their own DNA that is distinct from the DNA found in the nucleus.



		Scientists have discovered a gene responsible for decreasing appetite in mice, which resulted in weight loss. The discovery may lead to new treatments for obesity in humans.



		A scientist tests samples of DNA in order to map the gene sequences of rice.



		With advances in genetic engineering, scientists may soon routinely place the genes from an animal cell (right) into a plant cell (left), and vice versa, to produce desired traits.



		A variety of genetically modified corn (left) stands undamaged by the worms that can devastate crops of normal corn (right).



		A scientist examines a variety of experimental golden rice, which has had its genes artificially manipulated.



		Transgenic fish carry the fluorescent genes of a jellyfish.



		Cloned cells may someday be used to renew aging tissues, such as wrinkled skin.



		The first successfully cloned cat, named Copy Cat or CC, is shown with her unrelated surrogate mother.



		A kitten named Little Nicky was the first cat to be cloned for sale, at the request of a woman who wanted to replace her deceased cat.



		Snuppy, the first dog clone (right), with his genetic father (left).



		New techniques in cloning have created several generations of cloned mice.



		In its earliest stages, an embryo forms a clump of identical stem cells.



		Plaque (right) that builds up inside of a blood vessel in the heart reduces blood flow, which can result in a heart attack.



		When a patient lost his lower jaw to cancer, scientists grew a replacement jaw for him by implanting a special cage seeded with stem cells under the skin of his back.



		A laboratory-grown ear was successfully transplanted onto the back of a hairless mouse. The technique might someday be used to make replacement parts for humans.



		Scientists grow human stem cells in lab dishes for use in stem cell research.



		Leukemia is a disease in which the body produces a large number of abnormal white blood cells (stained dark purple at right).



		Genetically engineered fluorescent green pigs like the one above are used to study human diseases.



		Stems cells from the umbilical cord blood of newborns have been used to successfully treat a number of diseases, eliminating the need for embryonic stem cells.



		A scientist extracts frozen cell cultures from a vat of liquid nitrogen.



		Stem cells that are found in early human embryos are at the center of the controversy on cloning.



		Pope Benedict XVI celebrates Mass.



		A cloned pig carries both pig and human DNA. Scientists hope to use such transgenic pigs to grow organs for transplanting into humans.



		Two human karyotypes (chromosome maps). Look at the 23rd pair of chromosomes in each karyotype. Which came from a female? Which came from a male?



		Genetic diversity, as in these varieties of beans, strengthens a species' ability to survive when changes in the environment occur.



		A human embryonic stem cell resting on a mouse feeder cell.



		The cell membrane covering the outside of a cell acts as a barrier between the inside of a cell and the cell's environment.



		Cancerous tumors of the skin can be caused by damaged DNA that malfunctions.



		Many people believe that labeling should be used to notify consumers whether a product includes genetically modified ingredients or not.



		Human heart stem cells (stained blue) have been used to repair rat heart cells (stained pink) that were damaged from a heart attack. Doctors hope the method can be used to treat human heart attack victims in the near future.



		Actor and activist Christopher Reeve, co-founder of the Christopher and Dana Reeve Paralysis Resource Center, often spoke out in favor of stem cell research, which shows promise in helping victims of paralysis and other injuries.



		Identical twins (left) are genetically identical, but unique in personality, experiences, and often in likes and dislikes. Two brothers (right) were conceived at the same time, but born four years apart. The younger boy's embryo was kept frozen until it was implanted later into the mother.



		A scientist tests DNA samples for variations in genes that might indicate a person's susceptibility to certain forms of cancer.



		Stem cells found in bone marrow, the soft tissue inside of bones, can give rise to a variety of different kinds of body cells, including white blood cells, red blood cells, bone cells, and muscle cells.



		A colony of human embryonic stem cells grown without the help of mouse feeder cells, which have been known to contaminate human cells.



		Advances in stem cell research might one day eliminate the need for patients to undergo debilitating chemotherapy.



		By combining the DNA of two different types of cells—one that grows continuously and another that makes a particular kind of antibody—scientists are able to produce large amounts of pure antibodies (right) for use in cancer research.



		By removing virus DNA from a virus and inserting desirable genes, scientists can use the virus to deliver gene treatments into diseased cells.



		Three cloned calves have been genetically engineered to produce human antibodies.



		Using genetically modified cells to grow new joint tissues, scientists hope to one day provide a cure for the deforming and painful disease called arthritis.



		HIV (small dots) invading a white blood cell.



		A new, genetically engineered variety of rice has been developed to withstand the flooding that regularly destroys rice crops around the world.



		Chicken embryos can be injected with stem cells containing foreign genes to produce meatier chickens, better layers, or even to produce better medicines for humans.



		Scientists are in the process of engineering bacteria to digest toxic wastes. The bacteria could then be used to clean up pollutants in the environment.



		This gaur, a type of ox, was the first en gered species to be cloned.



		The cells of endangered animals are stored in frozen zoos with the hope that new technologies in the future will help to bring them back.



		A frozen baby mammoth discovered in Siberia has prompted some scientists to wonder if cloning technology could be used to bring back extinct species.
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