
Amplifying DNA: The Polymerase Chain 

Reaction (PCR) and Its Use in DNA Cloning

• The polymerase chain reaction, PCR, can 
produce many copies of a specific target 
segment of DNA

• A three-step cycle—heating, cooling, and 
replication—brings about a chain reaction that 
produces an exponentially growing population 
of identical DNA molecules
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Taq polymerase

• The key to PCR is an unusual, heat-stable DNA 
polymerase called Taq polymerase

– Bacterium Thermus aquaticus lives in hot spring 
pools that reach 76°C

• PCR amplification occasionally incorporates 
errors into the amplified strands and so 
cannot substitute for gene cloning in cells
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Results After 30 more 
cycles, over 1 billion 
(109) molecules match
the target sequence.



People modify crops by breeding and 

genetic engineering

• People have intervened in the reproduction 
and genetic makeup of plants for thousands 
of years

• Hybridization is common in nature and has 
been used by breeders to introduce new 
genes

• Maize, a hybrid of artificial selection, is a 
staple in many developing countries



Figure 38.16

Wild maize plants without human artificial selection

Maize after ~12,000 years of human artificial selection



Plant Biotechnology and Genetic 

Engineering

• Plant biotechnology has two meanings

– In a general sense, it refers to innovations in the 
use of plants to make useful products 

– In a specific sense, it refers to use of GM 
organisms in agriculture and industry

• Transgenic organisms are those that have 
been engineered to express a gene from 
another species



Reducing World Hunger and Malnutrition

• Genetically modified plants may increase the quality 
and quantity of food worldwide

• Some transgenic crops have been developed to 
produce the Bt toxin, which is toxic to insect pests

• Other crops are able to tolerate herbicides or resist 
specific diseases

Non-Bt maize Bt maize



• For example, “Golden Rice”
is a transgenic variety being 
developed to address vitamin 
A deficiencies among the 
world’s poor

• For example, transgenic 
cassava have increased levels 
of iron and beta-carotene and 
reduced cyanide-producing 
chemicals

Nutritional quality of plants is being improved



Issues of Human Health

• Genetic modification may transfer allergens
from a gene source to a plant used for food

• Some GMOs have health benefits

– For example, maize that produces the Bt toxin has 
90% less of a cancer-causing toxin than non-Bt maize

• Bt maize has less insect damage and lower infection by 
Fusarium fungus that produces the cancer-causing toxin

– Widespread adoption of Bt cotton in India has led to 
a 41% decrease in insecticide use and an 80% 
reduction in acute poisoning cases



Possible Effects on Nontarget

Organisms; Transgene ‘escape’

• Many ecologists are concerned that the growing of 
GM crops might have unforeseen effects on 
nontarget organisms

• Perhaps the most serious concern is the possibility
of introduced genes escaping into related weeds 
through crop-to-weed hybridization

• This could result in “superweeds” that would be 
resistant to many herbicides


