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Chapter 7 

Genetic Technologies  
 
7.1 The Human Genome
7.2 Genetic Testing
7.3 Cancer
7.4 DNA Technology
7.5 Genetically Engineered Mosquitoes
7.6  Genome Editing with CRISPR-Cas9
7.7 Concerns about DNA Technology

7.4  DNA Technology

Advances in DNA technology have led to many practical applications as well as some serious concerns. 
Genetic engineering allows us to change the traits of organisms by directly manipulating their DNA. In 
this section, we will look at two applications of genetic engineering: genetically modified organisms and 
cloning. 

Genetically Modified Organisms 
A genetically modified organism, or GMO, is an organism whose DNA has been changed through 
genetic engineering. GMOs are usually engineered for some practical purpose.

Scientists produced one of the first useful GMOs when they placed the gene for human insulin into the 
bacterium Escherichia coli, a common inhabitant of the human digestive tract. At the time, insulin, which 
is used to treat some forms of diabetes, had to be collected from the carcasses of pigs and cows. When 
genetically modified E. coli began to crank out human insulin, the advantages were clear—human insulin 
could now be produced easily and in large amounts within a laboratory setting. In 1982, insulin became 
the world’s first genetically engineered pharmaceutical product (Figure 7.4). Genetically engineered 
bacteria now produce many other products, including many different human molecules and medicines, 
and scientists continue to work to expand this list. 

FIGURE 7.4 

Genetically engineered bacteria 
(and other microorganisms) 
make a wide variety of 
important pharmaceutical 
products. This is an insulin 
production facility. 
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Figure 7.5 shows a typical process for developing genetically modified bacteria. In this example, a human 
gene is extracted from human DNA and combined with bacterial DNA. The bacterial DNA, which now 
contains the human gene, is then re-introduced into bacteria. 

Many genetically modified (GM) plants and animals have also been developed by scientists. Genetically 
engineered plants have been developed for a variety of purposes. Some produce useful products—for 
example, GM tobacco plants are used to make medicines for certain autoimmune diseases. Other GM plants 
have genes that offer resistance to pests, disease, or herbicides. 

FIGURE 7.5 

This figure shows how bacteria can be genetically modified to produce human insulin. Genetically modified 
bacteria often carry their foreign genes in plasmids, small circles of DNA separate from the main bacterial 
chromosome. 
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Genetically engineered varieties of many crop plants, including corn, soybeans, and cotton, have been given 
a gene from the soil bacterium Bacillus thuringiensis, shown in Figure 7.6. This gene codes for a toxic protein 
that kills certain insects and makes the crops resistant to these pests. Many other GM plants carry foreign 
DNA that makes them resistant to the herbicide Roundup. Farmers who plant these “Roundup Ready” crops 
can use Roundup to kill weeds without damaging their crops.

Still other GM plants have been engineered to 
grow in harsh environments. Some GM varieties of 
tomato, canola, and rice are able to grow in salty 
soils with the help of a special ion transport protein 
from a naturally salt-tolerant plant. (Salty soils are 
a common side effect of intensive agriculture.) 
Considerable effort is now being made to develop 
plants that are resistant to drought and high 
temperatures, both of which have worsened with 
global warming. Drought-tolerant species such as 
wild barley and the resurrection fern (Figure 7.7) 
have special genes that can be transferred to crops 
such as wheat. GM wheat carrying drought-related 
wild barley genes needs only one-eighth as much 
water as regular wheat. Other research is focusing 
on the development of genetically engineered 
plants for biofuels and for use in cleaning up 
pollutants. 

Genetically engineered animals make proteins for 
human use, provide agricultural products, and aid 
in the study of human diseases. 

Certain GM sheep and goats make foreign proteins in their milk, and researchers are working on a GM 
chicken that can produce foreign proteins in its eggs. In agriculture, researchers increased wool production 
in sheep by inserting special DNA sequences from mice. Other scientists are trying to use a roundworm gene 
to engineer healthier pork—GM pigs that carry the gene produce higher amounts of healthy omega-3 fatty 
acids. 

FIGURE 7.6 

The soil bacterium Bacillus thuringiensis 
(orange) makes protein crystals, shown 
in purple, that are toxic to many insects. 
Genetically modified crops with this gene also 
make the toxic crystals, making them resistant 
to many pests. 

FIGURE 7.7
Naturally drought-resistant plants such as the 
resurrection fern provide genes that can be 
transferred to crop plants, enabling them to survive 
the high temperatures and severe droughts that 
accompany global warming. These ferns appear 
dead, but they will revive  
as soon as it rains. 
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The first GM animal to arrive at supermarkets was an Atlantic salmon that grows twice as fast as regular 
salmon and requires less food. The GM “AquAdvantage” salmon has DNA from two other species—a growth 
hormone gene from a different salmon species and some DNA from a fish called ocean pout. With this DNA, 
the AquAdvantage  
 
salmon can grow year-round rather than seasonally, and it can reach market weight in half the time of 
regular Atlantic salmon. It took 25 years for the U.S. Food and Drug Administration (FDA) to approve the 
salmon for consumption, which occurred in 2015. The first sales occurred in Canada in 2017. 

Finally, GM animals, particularly GM mice, are used to study many human diseases. Genes introduced into 
GM mice can make them susceptible to human diseases that they don’t otherwise get. These mice can then 
be used to study these human diseases as well as possible cures. 

Cloning 
Cloning is the creation of an organism that is genetically identical to one that already exists. Plant cloning is a 
routine part of agriculture. However, cloning is much harder in animals—particularly mammals. Cloning has 
a number of potential uses. In agriculture, cloning could create herds of genetically identical animals that 
have desirable traits. Endangered or even extinct animals could be cloned to increase their numbers. And 
some people have expressed interest in cloning deceased pets. 

In 

1997, Dolly the sheep became the first cloned mammal (Figure 7.8). Cloning was done through a process 
called nuclear transplantation. In nuclear transplantation, the nucleus of a cell from the animal being cloned 
is placed into an egg cell that has had its own nucleus removed (Figure 7.9). The resulting embryo is then 
implanted into a surrogate mother. 

FIGURE 7.8

Dolly the sheep was the first cloned mammal. 

FIGURE 7.9 
This photo shows a key step in the process of animal 
cloning. In nuclear transplantation, a cell nucleus 
from the animal being cloned (in this case, a cow) is 
transplanted into an egg that has had its own nucleus 
removed. 
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Since Dolly, other mammals have been cloned, including dogs, cats, mice, and horses, as well as rare species 
such as the European mouflon (a small wild sheep) and the banteng (a type of wild cattle). A group of 
Japanese, Russian, and American scientists is even hoping to use tissue from a frozen mammoth to clone a 
live woolly mammoth. The plan is to insert the nucleus of a mammoth cell into an elephant egg cell that has 
had its own nucleus removed. If an embryo results, it could then be implanted into a female elephant. 

Unfortunately, cloned animals often suffer from developmental abnormalities or other health problems. 
Today, there is only limited use of animal cloning in agriculture to replicate a few particularly desirable 
animals.

In January 2018, a pair of monkeys—long-tailed macaques—became the first cloned primates. Human 
cloning, however, has never been performed and would certainly run into serious ethical obstacles. More 
than 30 countries have formally banned human cloning. Although there is no such ban in the United States, 
laws currently prevent federal funds from being used to work on human cloning. 

READING CHECK

Is an animal produced through nuclear transplantation genetically identical to the animal that 
provides the nucleus, the animal that provides the egg, or the surrogate mother? Explain. 

CHECK YOUR ANSWER 

The animal is genetically identical to the animal that provides the nucleus. DNA is contained within the 
nucleus. 

You can learn more about the history of genetically modified organisms here:

http://sitn.hms.harvard.edu/flash/2015/from-corgis-to-corn-a-brief-look-at-the-long-history-of-gmo-
technology/
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