
• Biotechnology is the manipulation of 
organisms or their components to make useful 
products

• The applications of DNA technology affect 
everything from agriculture, to criminal law,
to medical research
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Biotechnology



Making Multiple Copies of a Gene or 

Other DNA Segment

• To work directly with specific genes, scientists 
prepare well-defined DNA segments in multiple 
identical copies by a process called DNA cloning

• Plasmids are small circular DNA molecules that 
replicate separately from the bacterial 
chromosome

• Researchers can insert DNA into plasmids to 
produce recombinant DNA, a molecule with
DNA from two different sources
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• Reproduction of a recombinant plasmid in a 
bacterial cell results in cloning of the plasmid 
including the foreign DNA

• This results in the production of multiple 
copies of a single gene

• The production of multiple copies of a single 
gene is a type of DNA cloning called gene 
cloning
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Making Multiple Copies of a Gene or 
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Figure 20.5b
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Cloning

• A plasmid used to clone a foreign gene is called a 
cloning vector

• Bacterial plasmids are widely used as cloning 
vectors because they are readily obtained, easily 
manipulated, easily introduced into bacterial 
cells, and once in the bacteria they multiply 
rapidly

• Gene cloning is useful for amplifying genes to 
produce a protein product for research, medical, 
or other purposes
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Using Restriction Enzymes to Make a 

Recombinant DNA Plasmid

• Bacterial restriction enzymes cut DNA 
molecules at specific DNA sequences called 
restriction sites

• A restriction enzyme usually makes many cuts, 
yielding restriction fragments

• The most useful restriction enzymes cut DNA
in a staggered way, producing fragments with 
“sticky ends”
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• Sticky ends can bond with complementary 
sticky ends of other fragments

• DNA ligase is an enzyme that seals the bonds 
between restriction fragments
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Figure 20.6b
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Figure 20.6c
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Animation: Restriction Enzymes
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Cloning

• To check the recombinant plasmid, researchers 
might cut the products again using the same
restriction enzyme

• To separate and visualize the fragments 
produced, gel electrophoresis would be carried 
out

• This technique uses a gel made of a polymer to 
separate a mixture of nucleic acids or proteins 
based on size, charge, or other physical 
properties
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Figure 20.7b
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