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the genes of multiple organisms, and may provide new 

medical treatments in the future.
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 9.1  Manipulating dNa 6h, 9C
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 9.6  genetic screening and gene 
therapy 3D, 6h

DO NOT EDIT--Changes must be made through “File info” 
CorrectionKey=B



usiNg LaNguage
analogies Analogies compare words with similar 
relationships. You can write analogies with words or with 
colons. For example, the analogy “up is related to down in 
the same way that top is to bottom” can be written “up : 
down :: top : bottom.” To answer an analogy problem, you 
must figure out how the words are related. In this 
example, up is above down, and top is above bottom.

YOur turN
Use information found in prior chapters to complete the 
following analogy:

transcription : RNA :: translation : __________

r e a d i N g  T o o L B o x  this reading tool can help you learn the material in the following pages.

How can  
biotechnology  
reunite families?

A natural disaster strikes. Families are sepa-
rated. one application of biotechnology can 
help bring the families back together. DNA 
fingerprinting can identify people at the 
genetic level. And it allowed the child pic-
tured here, called Baby 81 by rescue workers, 
to be reunited with his parents months after 
a tsunami, or tidal wave, devastated many 
parts of Southeast Asia.

Q
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Manipulating DNA

VOCABULARY

restriction enzyme
gel electrophoresis
restriction map

KeY CONCept Biotechnology relies on cutting DNA at specific 
places.

MAIN IDeAS
 Scientists use several techniques to manipulate DNA.
 Restriction enzymes cut DNA.
 Restriction maps show the lengths of DNA fragments.

Connect to Your World  
Many applications of genetics that are widely used today were unimaginable just 30 
years ago. Our use of genetics to identify people is just one example. Biotechnology 
and genetics are used to produce transgenic organisms and clones. They are used to 
study diseases and evolution. They are used to produce medical treatments for 
people with life-threatening illnesses. Through many years of research and a combi-
nation of many kinds of methods, advances in biotechnology seem to happen on a 
daily basis. 

 MAIN IDeA 6H

Scientists use several techniques to  
manipulate DNA.

By the middle of the 1950s, scientists had concluded that DNA was the genetic 
material. Watson and Crick had determined the structure of DNA. Yet the 
field of genetics as we know it today was just beginning. For example, even the 
genetic code that you just learned about was not fully understood until the 
early 1960s. Since that time, scientists have developed a combination of 
methods to study DNA and genes. 
 DNA is a very large molecule, but it is still just a molecule. It is far too 
small to see, and you cannot pick it up or rearrange it with your hands. There-
fore, scientists must be able to work with DNA without being able to see or 
handle it directly. Chemicals, computers, and bacteria are just a few of the 
tools that have allowed advances in genetics research. 
 Artificial nucleotides are used to sequence genes. Artificial copies of genes 
are used to study gene expression. Chemical mutagens are used to change 
DNA sequences. Computers analyze and organize the vast amounts of data 
from genetics research. Enzymes, often from bacteria, are used to cut and copy 
DNA. Bacteria also provide one of the ways in which genes are transferred 
between different organisms. Throughout this chapter, you will learn about 
some of the techniques used in biotechnology, as well as some of its applica-
tions. You likely have heard of genetic engineering, DNA fingerprinting, and 
cloning, but how are they done? In many cases, one of the first steps in bio-
technology and genetics research is to precisely cut DNA.

Infer Why might so many different methods be needed to study DNA and genes?

R e A D I N G  T O O L B Ox

tAKING NOteS
Use a supporting main ideas 
chart to organize your notes  
on ways in which DNA is  
manipulated.

Restriction enzymes cut DNA.

Gel electrophoresis . . .…

Cutting DNA

6H, 9c

 6H describe how  
techniques such as DNA 
fingerprinting, genetic modifications, 
and chromosomal analysis are used 
to study the genomes of organisms 
and 9c identify and investigate the 
role of enzymes
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Restriction Enzyme 1 Restriction Enzyme 2

The DNA is cut into four fragments. The DNA is cut into seven fragments.
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 MAIN IDeA 9c

Restriction enzymes cut DNA.
Why would scientists want to cut DNA? To answer that  
question, you have to remember that a gene is a sequence  
of DNA nucleotides, and that a chromosome is one long 
DNA molecule. A whole chromosome is too large for 
scientists to study a particular gene easily, so they 
had to find a way to get much smaller pieces of 
DNA. Of course, slicing a chromosome into pieces is not 
as simple as picking up the molecule and cutting it with a 
pair of scissors. Instead, scientists use enzymes that act as molecu-
lar “scissors.” These enzymes, which slice apart DNA, come from many 
types of bacteria. 
 Bacterial cells, like your cells, can be infected by viruses. As protection 
against these invaders, bacteria produce enzymes that cut up the DNA of the 
viruses. As figure 1.1 shows, a DNA molecule can be cut apart in several places 
at once by several molecules of a restriction enzyme, or endonuclease. 
Restriction enzymes are enzymes that cut DNA molecules when they identify 
specific nucleotide sequences. In fact, any time the enzyme finds that exact 
DNA sequence, it cuts the DNA molecule. The sequence of nucleotides that is 
identified and cut by a restriction enzyme is called a restriction site. These 
enzymes are called restriction enzymes because they restrict, or decrease, the 
effect of the virus on the bacterial cell.
 There are hundreds of known restriction enzymes. Different restriction 
enzymes will cut the same DNA molecule in a variety of ways. For example, 
one restriction enzyme may find three of its restriction sites in a segment of 
DNA. Another restriction enzyme might find six of its restriction sites in the 
same segment. Different numbers of fragments with different lengths result. 
As you can see below, two different restriction enzymes can cut the same 
strand of DNA in very different ways. 

 Restriction enzymes recognize nucleotide sequences that are between four 
and eight base pairs long, and then cut the DNA. Some enzymes make cuts 
straight across the two strands of a DNA molecule. These cuts leave behind 
fragments of DNA that end in what are called “blunt ends.”

figure 1.1 A restriction enzyme 
(blue peaks) from an E. coli bacte-
rium helps protect against viruses 
by cutting DNA (red). This cutting 
“restricts” the effect of a virus on 
a bacterium. (colored 3D atomic force 
micrograph; magnification 63,0003)
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 Other restriction enzymes, as shown in figure 1.2, make staggered cuts that 
leave tails of free DNA bases on each side of the cut. These nucleotide tails of 
the cut DNA strands are called “sticky ends.” Sticky ends are like tiny pieces of 
Velcro® that are ready to hook on to their opposite sides. If two pieces of DNA 
with sticky ends and complementary base pairs come close to each other, the 
two segments of DNA will join by hydrogen bonding. Because of this charac-
teristic of DNA, restriction enzymes that leave sticky ends when they cut DNA 
are often used in biotechnology, as you will learn in Section 4.

Summarize How do different restriction enzymes produce different DNA 
fragments from the same DNA molecule? 9c

 MAIN IDeA 6H, 9c

Restriction maps show the lengths of DNA 
fragments.

After a long DNA molecule has been cut by restriction enzymes into many 
smaller fragments, several things can be done with the DNA. For example, the 
DNA sequence of a gene can be studied, or a gene cut out from the DNA can 
be placed into the DNA of another organism. But before anything else can be 
done, the DNA fragments have to be separated from one another. The frag-
ments are sorted according to their sizes by a technique called gel electropho-
resis (ih-lehk-troh-fuh-REE-sihs). 
 In gel electrophoresis, an electrical current is used to separate a mixture of 
DNA fragments from each other. A sample of DNA is loaded into a gel, which 
is like a thin slab of hard gelatin. A positive electrode is at one end of the gel. 
At the other end is a negative electrode. Because DNA has a negative charge, 

figure 1.2 Restriction enzymes Cut DNA
Some restriction enzymes leave behind nucleotide tails, or “sticky ends,” 
when they cut DNA.

Infer How would the above illustration change if Taq  left behind blunt ends 
rather than sticky ends when it cuts DNA? 9c

A restriction enzyme 
called Taq  cuts DNA 
when it finds its 
restriction site. Taq ’s 
restriction site is
 TCGA
 AGCT

Biology
HMDScience.com

GO ONLINE

Restriction Enzymes

CONNeCt tO

DNA BASe pAIRS
In the chapter From DNA to 
Proteins you learned that DNA 
nucleotides match up by 
complementary base pairing. A 
always pairs with T, and C always 
pairs with G.

HMDScience.com

GO ONLINE

Gel Electrophoresis
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Self-check Online
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GO ONLINE

ReVIeWING  MAIN IDeAS

1. List four ways in which scientists can 
manipulate DNA. 6H

2. What determines how DNA will be 
cut by a restriction enzyme?  

9c

3. How does gel electrophoresis 
separate DNA fragments from each 
other? 6H

CRItICAL tHINKING

4. Apply Suppose you cut DNA. You 
know that you should find four DNA 
fragments on a gel, but only three 
appear, and one fragment is very 
large. Explain what happened.

5. Synthesize What is the relationship 
between restriction sites and a 
restriction map? 6H

Formative Assessment
CONNeCt tO

MUtAtIONS
6. Would a mutation in a gene 

always be detectable by 
using restriction maps? Why 
or why not? 6H

the fragments move toward the positive electrode, or the 
positively charged pole. The gel also has tiny pores run-
ning through it. The pores allow small molecules to move 
quickly. Larger molecules cannot easily move through the 
gel and they travel more slowly. Therefore, the length of a 
DNA fragment can be estimated from the distance it 
travels through a gel in a certain period of time. As shown 
in figure 1.3, DNA fragments of different sizes appear as 
different bands, or lines, on a gel. The pattern of bands on 
the gel can be thought of as a map of the original strand of 
DNA. Restriction maps show the lengths of DNA frag-
ments between restriction sites in a strand of DNA. 
 The bands on a gel indicate only the lengths of DNA 
fragments. Alone, they do not give any information about 
the DNA sequences of the fragments. Even though restric-
tion maps do not directly show the makeup of a fragment 
of DNA, the maps are very useful in genetic engineering, 
which you will read about in Section 4. They can also be 
used to study gene mutations. How? First, a mutation may 
add or delete bases between restriction sites, which would 
change the lengths of DNA fragments on a gel. Second, a 
mutation may change a restriction site, and the DNA 
would not be cut in the same places.
 Suppose, for example, that when a normal allele of a 
gene is cut by a restriction enzyme, five DNA fragments 
appear as five different bands on a gel. Then, when a 
mutant allele of the same gene is cut with the same  
enzyme, only three bands appear. Comparisons of restric-
tion maps can help diagnose genetic diseases, as you will see in Section 6. A 
restriction map from a person’s DNA can be compared with a restriction map 
from DNA that is known to be normal. If the restriction maps differ, it is an 
indication that the person has inherited a disease-causing allele of the gene. 

Synthesize How are restriction enzymes used in making restriction maps? 9c

figure 1.3 GeL eLeCtROpHOReSIS

A segment of DNA is cut with a restriction enzyme into 
fragments of different lengths.

Different sizes of DNA fragments show up as bands on a 
gel. Smaller fragments move farther down the gel.
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Gel Electrophoresis Use gel 
electrophoresis to make the 
DNA fingerprint of a person 
who committed a crime. 
Then decide which suspect’s 
DNA matches the DNA 
found at the crime scene.

Animal Cloning
 Review the risks and benefits of 
making animal clones. Then make a 
recommendation regarding the best 
use of funds for animal cloning  
projects.

Coral Colds Find out how 
corals get sick and how the 
pathogens compare to 
those that infect humans.

Video inquiry
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Copying DNA

VOCABULARY

polymerase chain reaction  
(PCR)

primer

KeY CONCept the polymerase chain reaction rapidly copies 
segments of DNA. 

MAIN IDeAS
 PCR uses polymerases to copy DNA segments.
 PCR is a three-step process.

Connect to Your World 
Forensic scientists use DNA from cells in a single hair at a crime scene to identify a 
criminal. Doctors test a patient’s blood to quickly detect the presence of bacteria 
that cause Lyme disease. Scientists compare DNA from different species to deter-
mine how closely the species are related. However, the original amount of DNA from 
any of these sources is far too small to accurately study. Samples of DNA must be 
increased, or amplified, so that they can be analyzed. 

 MAIN IDeA 3F, 6H, 9C

pCR uses polymerases to copy DNA segments.
How do scientists get an amount of DNA that is large enough to be studied 
and manipulated? They copy the same segment of DNA over and over again. 
polymerase chain reaction (pCR) is a technique that produces millions—or 
even billions—of copies of a specific DNA sequence in just a few hours. As  
the name indicates, the DNA polymerase enzymes that help copy DNA play 
key roles in this process.
 Kary Mullis, who invented PCR, is shown in figure 2.1. While working for a 
California biotechnology company in 1983, Mullis had an insight about how to 
copy DNA segments. He adapted the process of DNA replication that occurs in 
every living cell into a method for copying DNA in a test tube. Under the right 
set of conditions, DNA polymerases copy DNA in a test tube just as they do 
inside cells. However, in cells several other enzymes are needed before the 
polymerases can do their job. For example, before a cell can begin to copy its 
DNA, enzymes called helicases unwind and separate DNA molecules. Instead  
of using these enzymes, Mullis used heat to separate the DNA strands.
 Unfortunately, heat also broke down the E. coli polymerases that Mullis 
first used. Then came Mullis’s second stroke of genius: Why not use poly
merases from a bacterium that lives in temperatures above 80°C (176°F)? By 
using this enzyme, Mullis was able to raise the temperature of the DNA to 
separate the strands without destroying the DNA polymerases. Here again, 
just as with restriction enzymes that you read about in Section 1, a major 
advance came from applying an adaptation found in nature to biotechnology. 
Mullis introduced PCR to the world in 1985, and in 1993 he won the Nobel 
Prize in chemistry for his revolutionary technique.

Compare and Contrast How are replication and pCR similar? different? explain.

figure 2.1 Kary Mullis came up 
with the idea for PCR while on a 
surfing trip in 1983. He won the 
Nobel Prize in chemistry in 1993.

3F, 6H, 9C

 3F research and describe 
the history of biology and 
contributions of scientists;  
6H describe how techniques such as 
DNA fingerprinting, genetic 
modifications, and chromosomal 
analysis are used to study the 
genomes of organisms; 9C identify 
and investigate the role of enzymes

Chapter 9: Frontiers of Biotechnology 259

9.2

DO NOT EDIT--Changes must be made through “File info” 
CorrectionKey=A



bhspe-030902-002

1

2

3

CRItICAL 
VIeWING

Copying  The container is 
heated to about 72̊ C (152̊ F), 
the temperature at which the 
polymerases work best. The 
polymerases bind nucleotides 
until the DNA segment has 
been copied.

figure 2.2 polymerase Chain Reaction (pCR)

pCR is a cyclical process that quickly makes  
many copies of a DNA segment.

How many copies of DNA will exist after one more pCR cycle? After three more cycles?

Binding  The container is cooled 
to about 55̊ C (131̊ F). The primers 
bind to the DNA strands.

primer 1

polymerase

primer 2

DNA strands

Separating  The container with all 
of the reactants is heated to more 
than 90̊ C (194̊ F) for a few seconds 
to separate the strands of DNA.

target sequence of DNA

pCR AMpLIfIeS DNA SAMpLeS

With each PCR cycle, the number of copies of the  
DNA segment doubles. After 30 cycles, more than  
1 billion copies have been made.

nucleotides

Biology
HMDScience.com

GO ONLINE

Polymerase Chain Reactions
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Self-check Online
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GO ONLINE

ReVIeWING  MAIN IDeAS

1. Briefly describe the function of 
polymerase chain reaction (pCR).  

6H

2. Summarize the cycle involved in the 
PCR process.

CRItICAL tHINKING

3. Synthesize Describe how heating 
double-stranded DNA separates the 
strands. Why does heating also 
inactivate DNA polymerases from 
many organisms? 9C

4. Analyze Explain two reasons why 
primers are important in PCR. 

6H

formative Assessment
CONNeCt tO

HUMAN GeNetICS
5. Many human genetic diseases 

are caused by recessive alleles 
of genes. How might PCR be 
important in the diagnosis of 
these illnesses? 6H

 MAIN IDeA

pCR is a three-step process.
PCR is a surprisingly simple process. It uses just four materials: the DNA to be 
copied, DNA polymerases, large amounts of each of the four DNA nucleotides 
(A, T, C, and G), and two primers. A primer is a short segment of DNA that 
acts as the starting point for a new strand. If DNA polymerases build new 
DNA strands, why are primers needed for PCR? DNA polymerases can add 
nucleotides to strands that have already been started, but they cannot start the 
strands. In PCR, two primers are used to start the copying of DNA close to the 
desired segment. The two primers are like bookends for the DNA strand. They 
limit the length of the copied DNA to one small segment of the strand.
 PCR has three main steps, as shown in figure 2.2. All of the steps of the 
cycle take place in the same container but at different temperatures. The main 
function of the first two PCR cycles is to produce the small segment of DNA 
that is desired. By making a copy of the desired segment, many copies of that 
tiny piece of DNA can be made, rather than copying an entire chromosome.

1   Separating The container with all of the reactants is heated to separate 
the doublestranded DNA into single strands.

2   Binding The container is cooled and the primers bind to their comple
mentary DNA sequences. One primer binds to each DNA strand. The 
primers bind on opposite ends of the DNA segment being copied.

3   Copying The container is heated again and the polymerases begin to 
build new strands of DNA. Added nucleotides bind to the original DNA 
strands by complementary base pairing. The polymerases continue 
attaching nucleotides until the entire DNA segment has been copied.

 Each PCR cycle doubles the number of DNA copies. The original piece of 
DNA becomes two copies. Those two copies become four copies. And the cycle 
is repeated over and over to quickly copy enough DNA for study. After only 30 
cycles of PCR, for example, the original DNA sequence is copied more than 
1 billion times. This doubling is why the process is called a chain reaction.

Infer Why is it necessary to keep changing the temperature in the pCR process?

CONNeCt tO

RepLICAtION
Look back at the process of  
DNA replication in the chapter 
From DNA to Proteins to 
compare PCR with replication.

R e A D I N G  T O O L B Ox

VOCABULARY
The term primer comes from 
a Latin word that means “first.” 
In PCR, a primer is the starting 
point for the DNA copying 
process. 

Chapter 9: Frontiers in Biotechnology 261
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DNA Fingerprinting

VOCABULARY

DNA fingerprint

KeY CONCept DNA fingerprints identify people at the 
molecular level.

MAIN IDeAS
 A DNA fingerprint is a type of restriction map.
 DNA fingerprinting is used for identification.

Connect to Your World 
You hear about it in the news all the time. DNA evidence is used to convict a  
criminal, release an innocent person from prison, or solve a mystery. A couple of 
decades ago, the lines and swirls of someone’s fingertip were a detective’s best  
hope for identifying someone. Now, investigators gather biological samples and 
analyze DNA for another kind of evidence: a DNA fingerprint. 

 MAIN IDeA 6h

A DNA fingerprint is a type of restriction map.
Unless you have an identical twin, your complete set of DNA, or your genome, 
is unique. This variation in DNA among people is the basis of DNA finger-
printing. A DNA fingerprint is a representation of parts of an individual’s 
DNA that can be used to identify a person at the molecular level.
 A DNA fingerprint is a specific type of restriction map, which you learned 
about in Section 1. First, a DNA sample is cut with a restriction enzyme. Then 
the DNA fragments are run through a gel and the pattern of bands on the gel 
is analyzed. As you can see in figure 3.1, a DNA fingerprint can show relation-
ships among family members. The children (C) have similar DNA fingerprints 
to one another, but they are not identical. Also, their DNA fingerprints are 
combinations of the DNA fingerprints of the parents (M and F).
 The greatest differences in DNA among people are found in regions of the 
genome that are not parts of genes. As a result, DNA fingerprinting focuses on 
noncoding regions of DNA, or DNA sequences outside genes. Noncoding 
DNA sequences often include stretches of nucleotides that repeat several 
times, one after another, as shown in figure 3.2. Each person’s DNA differs in 
the numbers of copies of the repeats. For example, one person may have seven 
repeats in one location, and another person may have three in the same place. 
To get to the specific regions of DNA that can be identified through DNA 
fingerprinting, the DNA is cut in known locations with restriction enzymes.
 The differences in the number of repeats are found by separating the DNA 
fragments with gel electrophoresis. When there are more repeats, a DNA 
fragment is larger. The pattern of DNA fragments on a gel represents the 
uniqueness of a person’s DNA. Individuals might have some of the fragments 
in common, but it is very unlikely that all of them would be the same.

Synthesize Does a DNA fingerprint show a person’s genotype? Why or why not?

(mother) (child 1) (child 2) (father)

figure 3.1 DNA fingerprints can 
be compared to identify people. 
Both children share some bands 
with each parent.

6h

 6h describe how 
techniques such as DNA 
fingerprinting, genetic modifications, 
and chromosomal analysis are used 
to study the genomes of organisms
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Person A and person B have different numbers of 
repeated DNA sequences in their DNA.
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This DNA sequence of 33 bases can be repeated many times in a sample of a person’s DNA. 

6 repeats 7 repeats

2 repeats 5 repeats

3 repeats 4 repeats

C G G G G G G GC C C CT T TT A A A A G GG G G G GA AA AAG
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This DNA sequence of 33 bases can be repeated many times in a sample of a person’s DNA. 

6 repeats 7 repeats

2 repeats 5 repeats

3 repeats 4 repeats

 MAIN IDeA 6h

DNA fingerprinting is used for identification.
DNA fingerprinting to identify people has become a reliable and widely used 
process since the 1990s. Why? The specific nucleotide sequences that are 
repeated can be found in everyone. More importantly, from one person to 
another, the number of repeat sequences can differ greatly, even among 
broth ers and sisters. 

DNA Fingerprints and probability
Identification with DNA fingerprinting depends on probability. Suppose that 
1 in every 500 people has three copies of the repeat at location A. This means 
any person has a 1-in-500 chance of having a matching DNA fingerprint for 
that region of a chromosome. By itself, the number of repeats in one location 
cannot be used for identification, because too many people would match. 
 But then suppose that 1 in every 90 people has six copies of the repeat 
sequence at location B, and 1 in every 120 people has ten copies of the repeat 
sequence at location C. Individual probabilities are multiplied by each other 
to find the total probability. Therefore, when the three separate probabilities 
are multiplied, suddenly the chance that two people have the same DNA 
fingerprint is very small.

   1 ___ 500   3   1 __ 90   3   1 ___ 120   5   1 _______ 5,400,000   5 1 chance in 5.4 million people

figure 3.2 DNA Fingerprinting
A DNA fingerprint shows differences in the number of repeats of certain DNA sequences.

Infer How would the DNA fingerprints change if a different restriction 
enzyme cut the DNA in the middle of one of the repeated DNA sequences? 6h

DNA fragments with different numbers 
of repeated DNA sequences show up as 
different bands on a gel.

A DNA fingerprint finds differences in DNA by  
separating the fragments on a gel. 

CONNeCt tO

GeNOMe
Recall from the chapter Meiosis 
and Mendel that a genome is the 
entire set of DNA in a cell. You 
will learn more about genome 
research in Section 5.
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Formative Assessment

ReVIeWING  MAIN IDeAS

1. On what, in a person’s DNA, is a  
DNA fingerprint based?

2. Describe two ways in which DNA 
fingerprinting is used. 6h

CRItICAL tHINKING

3. Compare and Contrast How are 
DNA fingerprints and restriction maps 
similar? different? Explain. 6h

4. Synthesize Briefly describe how 
restriction enzymes, gel electropho-
resis, and PCR are used in DNA 
fingerprinting. 6h

CONNeCt tO

MUtAtIONS
5. Why might noncoding 

regions of DNA outside of 
genes be more variable than 
coding regions of DNA?

 Usually, DNA fingerprinting compares at least five regions of the 
genome. That way it is more certain that the pattern of DNA fragments 
in the fingerprint is unique. The more regions of DNA that are studied, 
the less likely it becomes that another person would have the same DNA 
fingerprint. For this reason, DNA fingerprinting is considered very 
reliable for identification purposes.

Uses of DNA Fingerprinting
DNA fingerprints are often used in legal cases. Because PCR can make a 
large sample of DNA even when there is a very small sample to start 
with, DNA fingerprints can be made from a few cells. Evidence, such as 
that shown in figure 3.3, can come from just a single drop of blood.
 Sometimes, DNA fingerprints are used against a suspect, but other 
times they are used to prove someone’s innocence. The Innocence 
Project at Benjamin Cardozo Law School in New York City has used 
DNA evidence to help free nearly 300 wrongfully convicted people. 
Through DNA fingerprinting, the Innocence Project showed that DNA  

from those people did not match DNA from the crime scenes. Proving a 
person’s guilt through DNA fingerprinting is harder than proving a person’s 
innocence. For example, a DNA sample can become contaminated with other 
DNA if it is not handled carefully. Investigators must also consider the prob-
ability that another person has the same DNA fingerprint and what chance is 
low enough to be acceptable. In fact, there is no legal standard for this prob-
ability of a random DNA fingerprint match.
 Outside of the courtroom, DNA fingerprints can prove family relation-
ships, such as paternity and the kinship necessary for immigration requests. 
Small samples and bone fragments can be sequenced to identify victims of 
catastrophes or resolve historical debates. DNA fingerprinting may also be 
used to study human migration patterns and genealogy. Genetic comparisons 
through DNA fingerprinting are used to study biodiversity and to locate 
genetically engineered crops. And, as you saw at the beginning of the chapter, 
DNA fingerprinting has even been used in disasters to identify the parents of 
lost children.

Summarize How does identification by DNA fingerprinting depend on probability? 

figure 3.3 DNA collected at 
crime scenes is used as evidence  
in many legal cases.
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Genetic Engineering

VOCABULARY

clone
genetic engineering
recombinant DNA
plasmid
transgenic
gene knockout

KEY COnCEpt DnA sequences of organisms can be changed.

MAIn IDEAS
 Entire organisms can be cloned.
 New genes can be added to an organism’s DNA.
 Genetic engineering produces organisms with new traits.

Connect to Your World 
Glowing mice are used in cancer research. Glowing plants are used to track geneti-
cally modified crops. And, in 1999, British researchers introduced glowing yeast cells 
that locate water pollution. The scientists put a gene for a fluorescent protein into 
yeast. Under normal conditions, the yeast cells do not glow. But they do glow when 
certain chemicals are present. The glow identifies areas that need to be cleaned. New 
biotechnology applications seem to be developed on a daily basis. What advances 
will you see during your lifetime?

 MAIn IDEA 3D, 6h

Entire organisms can be cloned.
The term cloning might make you think of science fiction and horror movies, 
but the process is quite common in nature. A clone is a genetically identical 
copy of a gene or of an organism. For example, some plants clone themselves 
from their roots. Bacteria produce identical genetic copies of themselves 
through binary fission. And human identical twins are clones of each other.
 People have cloned plants for centuries. The process is fairly easy because 
many plants naturally clone themselves and because plants have stem cell 
tissues that can develop into many types of cells. Some simple animals, such as 
sea stars, can essentially clone themselves through a process called regenera-
tion. Mammals, however, cannot clone themselves.

 To clone a mammal, scientists swap DNA between cells with a tech-
nique called nuclear transfer. First, an unfertilized egg is taken from an 
animal, and the egg’s nucleus is removed. Then the nucleus of a cell from 
the animal to be cloned is implanted into the egg. The egg is stimulated 
and, if the procedure is successful, the egg will begin dividing. After the 
embryo grows for a few days, it is transplanted into a female. In 1996 a 
sheep named Dolly became the first clone of an adult mammal. The 
success of Dolly led to the cloning of adult cows, pigs, and mice. Now, a 
biotechnology company has even said that it can clone people’s pets. 
 But pet owners who expect cloning to produce an exact copy of their 
furry friend will likely be disappointed. As you can see from the cat called 
CC in figure 4.1, a clone may not look like the original, and it will probably 
not behave like the original, either. Why? Because, as you have learned, 
many factors, including environment, affect the expression of genes.

figure 4.1 The cat named CC—for 
Copy Cat or Carbon Copy—is the 
first successful clone of a cat (right). 
The original cat is on the left.

HMDScience.com

GO ONLINE

Animal Cloning

3D, 6h

 3D evaluate the impact of 
scientific research on society and 
the environment and 6h describe 
how techniques such as DNA 
fingerprinting, genetic modifications, 
and chromosomal analysis are used 
to study the genomes of organisms
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 Cloning brings with it some extraordinary opportunities. For example, 
scientists are studying how to use organs from cloned mammals for transplant 
into humans. This use of cloning could save an enormous number of lives 
each year. Cloning could even help save endangered species. Cells from 
endangered species could be taken and used to produce clones that would 
increase the population of the species. 
 Cloning is also controversial. Many people think the success rate is too low. 
The success rate in cloning mammals has improved substantially, but it varies 
widely by species. Dolly’s shortened lifespan and arthritis generated concerns 
about premature aging and the “old DNA” used to make clones. However, 
Dolly died young due to cancer caused by a virus found among her flock. As 
cloning has become more common, ecological concerns have been raised. 
Cloned animals in a wild population would reduce biodiversity because the 
clones would be genetically identical. 

Apply Given the opportunity, would you have a pet cloned? Explain your answer 
based on your knowledge of genetics, biotechnology, and cloning. 3D

 MAIn IDEA 6h

new genes can be added to an organism’s DnA.
Genetic research relies on cloning, but not the cloning of organisms. Instead, it 
relies on the cloning of individual genes. A clone of a gene is a copy of that one 
segment of DNA. In some cases, scientists insert cloned genes from one 
organism into a different organism. This changing of an organism’s DNA to 
give the organism new traits is called genetic engineering. Genetic engineer-
ing is possible because the genetic code is shared by all organisms.
 Genetic engineering is based on the use of recombinant DNA technology. 
Recombinant DnA (ree-kAHM-buh-nuhnt) is DNA that contains genes from 
more than one organism. Scientists are trying to use recombinant DNA in 
several ways. For example, recombinant DNA could be used to produce crop 
plants that make medicines and vitamins. Scientists hope that large amounts 
of medicines will one day be made 
through this process, which has been 
called “pharming.” Scientists are also 
studying ways of using recombinant 
DNA to make vaccines to protect 
against HIV, the virus that causes 
AIDS.
 Bacteria are commonly used in 
genetic engineering. One reason is 
because bacteria have tiny rings of 
DNA called plasmids. plasmids, as 
shown in figure 4.2, are closed loops 
of DNA that are separate from the 
bacterial chromosome and that 
replicate on their own within the cell. 

figure 4.2 A plasmid is a closed 
loop of DNA in a bacterium that  
is separate from the bacterial 
chromosome. (colored TEM; magnifi-
cation 48,0003)

VISUAL VOCAB

Recombinant DnA is DNA that 
combines genes from more than  
one organism.

Foreign DNA is inserted into plasmids 
to make recombinant DNA.

COnnECt tO

BIODIVERSItY
In the chapter Biology in the 21st 
Century, you learned that 
biodiversity can be defined as 
the number of different species 
in an area. You will learn much 
more about genetic diversity 
within a species in the  
Evolution unit.
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Recombinant DNA is found naturally in bacteria that take in exogenous DNA 
(or DNA from a different organism) and add it to their own. Scientists 
adapted what happens in nature to make artificial recombinant DNA. First, a 
restriction enzyme is used to cut out the desired gene from a strand of DNA. 
Then plasmids are cut with the same enzyme. The plasmid opens, and when 
the gene is added to the plasmid, their complementary sticky ends are bonded 
together by a process called ligation. The resulting plasmid contains recombi-
nant DNA, as shown in figure 4.3.

Summarize How does genetic engineering rely on a shared genetic code? 6h

 MAIn IDEA 6h

Genetic engineering produces organisms with 
new traits.

After a gene is added to a plasmid, the genetically engineered plasmids can be 
put into bacteria. In a way, bacteria are turned into tiny gene factories that make 
copy after copy of the plasmid. As a result, the transformed bacteria make many 
copies of the new gene. The bacteria will express the new gene and make that 
gene’s product. The bacteria with the recombinant plasmid are called trans-
genic. A transgenic organism has one or more genes from another organism 
inserted into its genome. For example, the gene for human insulin can be put 
into plasmids. The plasmids are inserted into bacteria. The transgenic bacteria 
make human insulin that is collected and used to treat people with diabetes.

Genetic Engineering in plants
Genetic engineering of plants is directly related to genetic engineering of 
bacteria. To change a plant’s DNA, a gene is inserted into a plasmid and the 
plasmid is inserted into bacteria. After the bacteria infect the plant, the new 
gene becomes a part of the plant’s DNA and is expressed like any other gene.

Foreign DnA can be inserted into a plasmid to make recombinant DnA.

figure 4.3 Making Recombinant DnA

Recombinant DNA

Apply Why are sticky ends important for making recombinant DnA?

A plasmid and the foreign DNA 
with the gene are cut with the 
same restriction enzyme.

The sticky ends of the 
plasmid and the foreign 
gene match.

The plasmid and the  
foreign gene are bonded 
together to form 
recombinant DNA.

R E A D I n G  T O O L B Ox

VOCABULARY
The prefix trans- means 
“across,” and the root genic 
means “referring to genes.” 
When genes are transferred 
across different organisms, 
transgenic organisms are 
produced.

Plasmids are small rings of DNA 
used in genetic engineering.  
Foreign genes (blue, light blue, 
magenta, and green) have been 
inserted into these plasmids (red).  
(colored TEM, magnification 29,0003)

HMDScience.com

GO ONLINE

Bacterial Transformation
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 This technique has allowed scientists to give plants new traits, such as 
resistance to frost, diseases, and insects. For instance, a gene known as Bt 
makes a natural pesticide in some organisms. After Bt is added to crop plants, 
smaller amounts of chemical pesticides are needed to protect the crop from 
insects. Some genetically engineered crops, which are also called genetically 
modified (GM), are now common in the United States. These crops include Bt 
potatoes and corn, and they are even more important in developing countries. 
By increasing crop yields, more food is produced more quickly and cheaply.

Genetic Engineering in Animals
In general, transgenic animals are much harder to produce than GM plants 
because animals are more resistant to genetic manipulation. To produce a 

transgenic animal, a researcher must first get a fertilized egg 
cell. Then the foreign DNA is inserted into the nucleus and 
the egg is implanted back into a female. However, only a 
small percentage of the genetically manipulated eggs mature 
normally. And only a portion of those that develop will be 
transgenic. That is, only a small number will have the foreign 
gene as a part of their DNA. But those animals that are 
transgenic will have the gene in all of their cells—including 
reproductive cells—and the transgenic trait will be passed 
on to their offspring.
 Transgenic mice are often used as models of human 
development and disease. The first such animal was called 
the oncomouse. This mouse always develops cancer,  
because a gene that controls cell growth and differentiation 

mo d e li n g

HMDScience.com

Biology

GO ONLINE

Genetic Engineering

Q U i C K l A B

Modeling plasmids and Restriction Enzymes
Restriction enzymes are enzymes that cut DNA at precise locations.  
These enzymes allow scientists to move a gene from one organism into  
another. In this lab, you will use DNA sequences from a datasheet to  
simulate the use of restriction enzymes.

pROBLEM How do different restriction enzymes cut a plasmid?
pROCEDURE
 1. Make models of 3 plasmids. Cut out the DNA sequences from 

the copies of Figure 1 on the datasheet. Use tape to attach the 
appropriate piece of yarn to each end where indicated. The yarn rep  - 
resents the entire plasmid. The finished plasmid should be a circle.

 2. Use the scissors to cut a plasmid at the correct sites for EcoRI.
 3. Use the sequences for sites of HindIII and SmaI to repeat step 3 

with the other two plasmids.

AnALYzE AnD COnCLUDE
1. Apply How many DNA fragments would you get if you cut the 

same plasmid with both EcoRI and SmaI?
2. Infer Why might scientists use different restrictions enzymes to

cut out different genes from a strand of DNA?

MAtERIALS
• 3 copies of Plasmid Sequence 

Datasheet
• scissors
• 10 cm clear tape
• 3 sets of five 5-cm yarn pieces

268 Unit 3: Genetics

DO NOT EDIT--Changes must be made through “File info” 
CorrectionKey=A



Self-check Online
HMDScience.com

GO ONLINE

Re
pr

in
te

d 
w

ith
 th

e 
pe

rm
is

si
on

 o
f A

m
ge

n,
 In

c.

REVIEWInG  MAIn IDEAS

1. Why is the offspring of asexual 
reproduction a clone?

2. What are plasmids, and how are 
they used in genetic engineering? 

6h

3. Describe two applications of 
transgenic organisms. 6h

CRItICAL tHInKInG

4. Compare and Contrast How is the 
cloning of genes different from the 
cloning of mammals? 

5. Summarize How are restriction 
enzymes used to make both 
recombinant DnA and transgenic 
organisms? 6h

Formative Assessment
COnnECt tO

ECOLOGY
6. Do you think cloning 

endangered species is a good 
idea? What effect might this 
have on an ecosystem? 

3D

was mutated. Researchers use the oncomouse to study 
both cancer and anti-cancer drugs. Other types of transgenic  
mice are used to study diabetes, brain function and  
development, and sex determination.
 In another type of genetic manipulation, some mice have 
genes that have been purposely “turned off.” These mice, 
called gene knockout mice, are made by disrupting the 
function of a gene. knockout mice are very useful for 
studying gene function and genetic diseases because a 
researcher can observe specific changes in gene expres-
sion and traits. For example, scientists are using a gene 
knockout mouse to study obesity, as you can see in 
figure 4.4. 

Concerns About Genetic Engineering
Scientists have genetically engineered many useful organisms by transferring 
genes between species to give individuals new traits. At the same time, there 
are concerns about possible effects of genetically engineered organisms on 
both human health and the environment. And at an even more basic level, 
some people wonder whether genetic engineering is ethical in the first place.
 Questions have been raised about GM crops, even though scientists have 
not yet found negative health effects of GM foods. Critics say that not enough 
research has been done, and that some added genes might cause allergic 
reactions or have other unknown side effects. Scientists also have concerns 
about the possible effects of GM plants on the environment and on biodiver-
sity. For example, what would happen if genetically engineered Bt plants killed 
insects that pollinate plants, such as bees and butterflies? In some instances, 
transgenic plants have cross-pollinated with wild type plants in farming 
regions. Scientists do not yet know what long-term effect this interbreeding 
might have on the natural plants. In addition, all organisms in a transgenic 
population have the same genome. As a result, some scientists worry that a 
decrease in genetic diversity could leave crops vulnerable to new diseases or pests.

Infer Why is it important that a transgenic trait is passed on to the transgenic 
organism’s offspring? 6h

figure 4.4 The knockout mouse 
(left) does not have a functional 
gene for a protein called leptin, 
which helps to control food 
intake. Researchers are using this 
type of mouse to study obesity.

Chapter 9: Frontiers of Biotechnology 269

9.4

DO NOT EDIT--Changes must be made through “File info” 
CorrectionKey=A



That’smazing!A

R E A D I N G  T O O L B Ox

TAKING NOTES
Use a mind map to organize 
your notes on genomics.

Genomics and Bioinformatics

VOCABULARY

genomics
gene sequencing
Human Genome Project
bioinformatics
DNA microarray
proteomics

KEY CONCEpT Entire genomes are sequenced, studied, 
and compared.

MAIN IDEAS
 Genomics involves the study of genes, gene functions, and entire genomes.
 Technology allows the study and comparison of both genes and proteins.

Connect to Your World 
Humans and chimpanzees are identical in 98 to 99 percent of their DNA. How do 
scientists know this? They have sequenced all of the DNA in both species. Recent 
technologies are allowing scientists to look at huge amounts of genetic information 
at once. What might tomorrow’s discoveries tell us about evolution, gene expression, 
and medical treatments?

 MAIN IDEA 6h

Genomics involves the study of genes, gene 
functions, and entire genomes.

A gene, as you know, is a single stretch of DNA that codes for one or more 
polypeptides or RNA molecules. A genome is all of an organism’s genetic 
information. Genomics is the study of genomes, which can include the 
sequencing of all of an organism’s DNA. Scientists compare genomes both 
within and across species to find similarities and differences among DNA 
sequences. Comparing DNA from many people at one time helps researchers 
to find genes that cause disease and to understand how medications work. 
Biologists who study evolution can learn when closely related species diverged 
from each other. Scientists can also learn about interactions among genes and 
find out how an organism’s genome makes the organism unique.

DNA Sequencing
All studies of genomics begin with gene sequencing, or determining the order 
of DNA nucleotides in genes or in genomes. An early sequencing method was 
developed in the 1970s by British scientist Frederick Sanger. The Sanger 
method is somewhat similar to PCR, which you read about in Section 2. 
 A radioactive primer is added to a single strand of DNA. Polymerase then 
builds a short segment of a new DNA strand. The lengths of the new strands 
are controlled so that they can be separated by gel electrophoresis. Based on 
the pattern of DNA fragments on the gel, the DNA sequence of the original 
strand can be put together like the pieces of a puzzle. 

compare genomes
study an organism’s genome

Video Inquiry
HMDScience.com

GO ONLINE

Coral Colds

2g, 6h

 2g analyze, evaluate, make 
inferences, and predict trends from 
data and 6h describe how 
techniques such as DNA 
fingerprinting, genetic modifications, 
and chromosomal analysis are used 
to study the genomes of organisms

Genomics
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 You might be surprised to learn that humans do not have the 
largest genome—the most DNA—among organisms. Scientists 
have determined the DNA sequences for the genomes of several 
species, including the ones listed in FIGURE 5.1. In some cases, the 
genomes are used to study basic questions about genes and 
genetics. In other cases, a genome is sequenced because that 
organism is used as a model in medical research. In all cases, the 
genomes of organisms that have been sequenced, including 
bacteria, insects, plants, and mammals, give us important clues 
toward finding out how genes function. 
 Yeast, for example, are very useful for scientists who study gene 
regulation. Genes that control development in the fruit fly are very 
similar to those genes in humans. The genomes of several plants 
have been sequenced so that scientists can learn ways to improve 
crop yields and to increase the resistance of those crops to disease 
and weather. The genomes of rats and mice are quite similar to the 
human genome. As a result, both of these species are used as 
models for human diseases and gene function.

The Human Genome project
The genomes of yeast and fruit flies are easier to sequence than the human 
genome. This difficulty is not due to the number of genes that humans have. 
In fact, while there is still a debate about the exact number of human genes, 
scientists agree it is surprisingly small. It is estimated that there are 30,000 
genes in the human genome. But think about the amount of DNA that each of 
us has in our cells. The human genome has at least 3 billion base pairs. This 
means that there is an average of about one gene in each sequence of 100,000 
bases. Now just try to imagine the huge task of finding out the exact order of 
all of those DNA bases. In 1990 an international effort began to do exactly 
that.
 The two main goals of the Human Genome project are (1) to 
map and sequence all of the DNA base pairs of the human 
chromosomes and (2) to identify all of the genes within the 
sequence. The first goal was accomplished in 2003 when scien-
tists announced that they had sequenced the human genome. 
However, the Human Genome Project only analyzed the DNA 
from a few people. Knowing those few complete DNA sequences 
was only the first step in understanding the human genome. 
 Today scientists continue to work on determining the roles of 
genes and other functional elements. Some scientists are studying 
how DNA sequences vary among people in a project called 
HapMap. The goal of the HapMap is to develop a method that 
will quickly identify genetic differences that may play a part in 
human diseases. Scientists are also comparing the human ge-
nome sequence with the chimpanzee genome and Neandertal 
genome to understand human evolutionary development.

Synthesize How is genomics related to genes and DNA? 6h

FIGURE 5.2 Computer analysis of DNA was 
necessary in sequencing the human genome.

FIGURE 5.1 COMpARING GENOME SIzES

Organism 
Approximate Total DNA 
(millions of base pairs)

E. coli 4.6

Yeast 12.1

Fruit fly  165

Banana  873

Chicken  1200

Human  3000

Vanilla  7672

Crested newt  18,600

Lungfish  139,000

Source: University of Nebraska
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 MAIN IDEA 6h

Technology allows the study and comparison of 
both genes and proteins.

You have learned about specific genes that produce specific traits. But you also 
know that genes act as more than simple, separate units. They interact and 
affect each other’s expression. Most biological processes and physical traits are 
the result of the interactions among many different genes. 

Bioinformatics 
Genes are sequenced, genomes are compared, and proteins are analyzed. What 
happens to the huge amounts of data that are produced? These data can be 
analyzed only if they are organized and searchable. Bioinformatics is the use of 
computer databases to organize and analyze biological data. Powerful com-
puter programs are needed to compare genomes that are billions of base pairs 
in length, especially if the genomes differ by only a small amount.
 Bioinformatics gives scientists a way to store, share, and find data. It also 
lets researchers predict and model the functions of genes and proteins.  
A scientist can now search databases to find the gene that is the code for a 
known protein. Bioinformatics can help researchers find the genetic basis of 
some diseases and the causes of molecular diseases.

DNA Microarrays
DNA microarrays are tools that allow scientists to study many genes, and their 
expression, at once. A microarray is a small chip that is dotted with all of the 
genes being studied. The genes are laid out in a grid pattern. Each block of the 
grid is so small that a one-square-inch chip can hold thousands of genes.

D A T A  A N A LY S I S

CONSTRUCTING HISTOGRAMS
To construct a histogram a scientist will count the number of 
data points in each category and then graph the number of 
times that category occurs. The categories are shown on the 
x-axis and the frequencies are shown on the y-axis. The data 
table to the right shows the ranges of base pair lengths for 
the 24 human chromosomes (chromosomes 1–22, the X 
chromosome, and the Y chromosome). The data are 
organized by these ranges.

 1. Graph Data Construct a histogram that shows the 
frequency of base pair lengths for the 24 human 
chromosomes.

 2. Interpret Which range of base pair length is most 
common for human chromosomes? 

 3. Analyze Summarize the overall trend for human 
chromosome length shown in the histogram.

TABLE 1. HUMAN CHROMOSOME SIzES

Millions of Base Pairs
Number of 

Human Chromosomes

0–50 2

51–100 6

101–150 8

151–200 6

201–250 2

Source: U.S. Department of Energy Office of Science

CONNECT TO

COMpUTER MODELS
Recall from Biology in the 21st 
Century how computer models 
are used to investigate biological 
systems that cannot be studied 
directly. Computer models are 
often used in genetics and 
genomics. 

HMDScience.com

GO ONLINE

Gene Technologies

2g
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GO ONLINE

REVIEwING  MAIN IDEAS

1. Describe the goals of the 
Human Genome project. 6h

2. Why is bioinformatics important 
in genetic research? 6h

CRITICAL THINKING

3. Apply Describe the difference 
between gene sequencing and 
DNA fingerprinting. 6h

4. Compare and Contrast How is the 
study of specific genes different from 
the study of a genome? 6h

Formative Assessment
CONNECT TO

CELL BIOLOGY
5. How might genomics and 

proteomics help researchers 
predict how a medical 
treatment might affect cells 
in different tissues? 6h

 Complementary DNA (cDNA) labeled with a fluorescent dye is added to 
the microarray. A cDNA molecule is a single-stranded DNA molecule that is 
made from an mRNA molecule. The mRNA acts as a template for the cDNA. 
Therefore, a cDNA molecule is complementary to an mRNA molecule and is 
identical to a gene’s DNA sequence. The cDNA binds to its 
complementary DNA strand in the microarray by the same 
base pairing that you learned about previously. 
 Anywhere cDNA binds to DNA in the microarray shows 
up as a glowing dot because of the dye. A glowing dot in the 
microarray is a match between a cDNA molecule and the 
DNA on the chip. Therefore, a glowing dot shows which 
genes are expressed and how much they are expressed. 
Microarrays, as shown in FIGURE 5.3, help researchers find 
which genes are expressed in which tissues, and under what 
conditions. For example, DNA microarrays can compare gene 
expression in cancer cells with gene expression in healthy 
cells. Scientists hope that this method will lead to cancer 
treatments that target the faulty genes.

proteomics
You have read how genomics is the study of genomes. proteomics (proh-tee-
AH-mihks) is the study and comparison of all the proteins that result from an 
organism’s genome. Proteomics also includes the study of the functions and 
interactions of proteins. Identifying and studying proteins is more difficult 
than identifying and studying genes. A single gene, depending on how its 
mRNA is edited, can code for more than one polypeptide. Different proteins 
are found in different tissues, depending on gene expression. And, often, the 
functions of proteins have to be studied within a biological system. 
 Proteomics has potential benefits for many areas of biology. Shared evolu-
tionary histories among organisms are studied by comparing proteins across 
species. Proteomics allows scientists to learn about proteins involved in 
human diseases. By better understanding the proteins that might play a part in 
cancer, arthritis, or heart disease, scientists might be able to develop new 
treatments that target the proteins. Proteomics even has the potential to help 
doctors match medical treatments to a patient’s unique body chemistry.

Apply How is bioinformatics a form of data analysis?

FIGURE 5.3 Gene expression can 
be studied with microarrays. The 
red dots show genes that are 
expressed after exposure to a 
toxic chemical.
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Genetic Screening and Gene Therapy

VOCABULARY

genetic screening
gene therapy

KeY COnCepT Genetics provides a basis for new medical 
treatments.

MAIn IDeAS
 Genetic screening can detect genetic disorders.
 Gene therapy is the replacement of faulty genes.

Connect to Your World 
Anyone could be a carrier of a genetic disorder. Genetic screening is used to help 
people figure out whether they are at risk for passing on that disorder. If they are at 
risk, what do they do? Do they not have children? Do they have children and hope 
that a child does not get the disorder? What would you do?

 MAIn IDeA 3D, 6h

Genetic screening can detect genetic disorders.
Every one of us carries alleles that produce defective proteins. Usually, these 
genes do not affect us in a significant way because we have other alleles that 
make up for the deficiency. But about 10 percent of people will find them-
selves dealing with an illness related to their genes at some point in their lives.

 Genetic screening is the process of testing DNA to deter-
mine a person’s risk of having or passing on a genetic disorder. 
Recall that genetic screening often involves both pedigree 
analysis and DNA tests. Because our knowledge of the human 
genome is still limited, it is not yet possible to test for every 
possible defect. Often, genetic screening is used to look for 
specific genes or proteins that indicate a particular disorder. 
Some tests can detect genes that are related to an increased risk 
of developing a disease, such as a gene called BRCA1 that has 
been linked to breast cancer. There are also tests for about 900 
genetic disorders, including cystic fibrosis and Duchenne’s 
muscular dystrophy (DMD). In DMD, it is quite easy to see 
differences in DNA tests between people with and without the 
disorder, as shown in figure 6.1.

 Genetic screening can help save lives. It can also lead to some 
difficult choices. Suppose a person has a family history of cancer  

and is tested for a gene that may lead to an increased risk of cancer. Is that 
information helpful or harmful? If a person has a chance of being a carrier of a 
genetic disorder, should screening be required? As genetic screening becomes 
more common, more questions like these will need to be answered.

Infer Why might genetic screening raise ethical concerns about privacy? 3D

figure 6.1 Genetic screening can 
be used to detect Duchenne’s 
muscular dystrophy (DMD). Notice 
the missing bands on the gel 
(boxes) for three people with 
DMD as compared with a person 
without the disorder (N).

nDMD

3D, 6h

 3D evaluate the impact of 
scientific research on society and 
the environment and 6h describe 
how techniques such as DNA 
fingerprinting, genetic modifications, 
and chromosomal analysis are used 
to study the genomes of organisms
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ReVIeWInG  MAIn IDeAS

1. How does genetic screening use 
both old and new methods of 
studying human genetics? 6h

2. Briefly describe the goals and 
methods of gene therapy. 6h

CRITICAL ThInKInG

3. Compare and Contrast How is 
gene therapy similar to, and different 
from, making a transgenic organism? 

4. Synthesize How are restriction 
enzymes and recombinant DNA 
important for gene therapy? 

Formative Assessment
COnneCT TO

CeLL SpeCIALIzATIOn
5. How is the type of cell into 

which a new gene is inserted 
important in gene therapy? 

 MAIn IDeA

Gene therapy is the replacement of faulty genes.
A defective part in a car or in a computer can be easily replaced. 
If someone has a faulty gene that causes a disorder, is it possible 
to replace the gene? The goal of gene therapy is to do exactly 
that. Gene therapy is the replacement of a defective or missing 
gene, or the addition of a new gene, into a person’s genome to 
treat a disease.
 For any type of gene therapy to work, researchers such as Dr. 
Betty Pace, shown in figure 6.2, must first get the new gene into 
the correct cells of a patient’s body. Once in the body, the gene 
has to become a part of the cells’ DNA. One method of gene 
therapy that scientists have tried is to take a sample of bone 
marrow stem cells and “infect” them with a virus that has been 
genetically engineered with the new gene. Then the stem cells are 
put back into the patient’s bone marrow. Because they are stem 
cells, they divide and make more blood cells with the gene.
 The first successful trial of gene therapy took place in 1990. The treatment 
was used on two children with a genetic autoimmune disorder, and the children 
are now adults leading normal lives. However, much of gene therapy is still 
experimental. For example, researchers are studying several methods to treat 
cancer with gene therapy. One experimental approach involves inserting a gene 
that stimulates a person’s immune system to attack cancer cells. Another method 
is to insert “suicide” genes into cancer cells. These genes activate a drug inside 
those cells so that only the cancer cells are killed. 
 Gene therapy has many technical challenges. First, the correct gene has to 
be added to the correct cells. And even after researchers have figured out how 
to transfer the desired gene, the gene’s expression has to be regulated so that it 
does not make too much or too little protein. Scientists must also determine if 
the new gene will affect other genes. The many trials have produced few 
long-lasting positive results. But because of its great potential, research on 
gene therapy continues. 

Synthesize how does gene therapy rely on genetic screening?

figure 6.2 Dr. Betty Pace, a 
molecular and cell biologist and 
professor of pediatrics at Georgia 
Health Sciences University, is 
studying potential gene therapy 
treatments for sickle cell disease.
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Recombinant DNA

Key ConCepts

summary

R E A D I N G  T o o l b o x  SyNthESIzE youR NotES

two-Column Chart Use your notes to make two-column 
charts for the processes described in the chapter. On one 
side of the chart, define and explain the process. On the 
other side, draw a sketch of the process

Concept Map Use concept maps like the one below to 
visualize the relationships among different biotechnologies.

Cutting DNA Process

Restriction enzymes cut DNA at 
specific places. 

restriction enzymes

cut

used for

DNA into small fragments

restriction 
maps

PCR 
copying

BIG IDEA Advances in biotechnology and the study of 
genomes allow scientists to manipulate DNA and combine the 
genes of multiple organisms, and may provide new medical 
treatments in the future.

276 Unit 3: Genetics

9
 9.1 Manipulating DNA

biotechnology relies on cutting DNA at specific 
places. Bacterial enzymes called restriction enzymes 
are used to cut DNA. Each restriction enzyme cuts 
DNA at a specific DNA sequence. After DNA is cut 
with a restriction enzyme, the fragments of DNA can 
be separated using gel electrophoresis. A restriction 
map of the DNA is made based on the lengths of 
the fragments.

 9.2 Copying DNA
The polymerase chain reaction rapidly copies  
segments of DNA. The polymerase chain reaction 
(PCR) is based on the process of DNA replication. By 
combining the DNA to be copied, DNA nucleotides, 
primers, and specific polymerase enzymes, a desired 
segment of DNA can be copied in the laboratory.

 9.3 DNA Fingerprinting
DNA fingerprints identify people at the molecular 
level. DNA has many repeating base sequences. The 
number of repeats differs from person to person. 
DNA fingerprinting uses restriction enzymes and gel 
electrophoresis to detect these differences. By using 
DNA fingerprinting on several regions of DNA, one 
particular person can be identified.

 9.4 Genetic Engineering
DNA sequences of organisms can be changed. 
Clones, or identical genetic copies, of many  
organisms can be made. Organisms can also be 
implanted with genes that give them new traits. 
Often, genes are inserted into plasmids to make 
recombinant DNA. Genetically engineered plasmids 
are inserted into bacteria, 
producing a transgenic organ-
ism. Transgenic bacteria, 
plants, and animals are used 
in many ways.

 9.5 Genomics and Bioinformatics
Entire genomes are sequenced, studied, and  
compared. Through DNA sequencing, the genomes 
of several organisms, including humans, have been 
found and studied. Genomic data are organized and 
analyzed through bioinformatics. DNA microarrays 
are used to study interactions among genes in a 
genome. In addition, genomics has led to the study 
and comparison of proteins through proteomics. 

 9.6 Genetic Screening and Gene therapy
Genetics provides a basis for new medical  
treatments. Genetic screening is used to test people 
for genes that are linked to genetic disorders. One 
method to correct these faulty genes or to replace 
missing genes is gene therapy. Gene therapy is exper-
imental, but has the potential to cure many diseases.
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Chapter voCabulary

reviewing vocabulary
label Diagrams

In your science notebook, write the vocabulary term 
that matches each item that is pointed out below.

 1. 2. 3.

Keep It Short

For each vocabulary term below, write a short, precise 
phrase that describes its meaning. For example, a short 
phrase to describe PCR could be “DNA copying tool.”
 4. genetic screening
 5. genomics
 6. DNA fingerprint
 7. clone 

WorD orIgInS

 8. The prefix electro- means “electricity.” The suffix 
-phoresis means “transmission” or “carrying.” How 
do these meanings relate to the meaning of the  
term electrophoresis? 

 9. The suffix -ics means “science or study of.” What is 
studied in genomics? in proteomics? in bioinformatics?

reviewing MaIn IDeaS
 10. Why can restriction enzymes be thought of as molecular 

“scissors”? 9C

 1 1 . Explain what gel electrophoresis shows about DNA, and 
how it is used to separate DNA. 6h

 12. PCR requires DNA polymerase from bacteria that live in 
hot springs. Why can’t DNA polymerase from organisms 
that live in cooler temperatures be used in PCR? 

 13. Briefly describe the three main steps of PCR. 6h

 14. What parts of DNA molecules are the basis of the 
differences detected by DNA fingerprinting?

 15. Why is probability important in DNA fingerprinting?

 16. What is the role of nuclear transfer in the process of 
cloning an animal? 6h

 17. Describe the general process used to make bacteria that 
have recombinant DNA. Include the terms restriction 
enzyme and plasmid in your answer. 6h

 18. How are gene knockout mice useful in determining the 
function of genes?

 19. How does genomics rely on DNA sequencing? 6h

 20. Explain why computer databases are important in 
genomics and proteomics.

 21. How are pedigree analysis and DNA testing used 
together in genetic screening? 6h

 22. What is gene therapy, and how might it be used as a 
treatment for cancer or for genetic disorders?

R E A D I N G  T O O L B O X
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9
9.1 restriction enzyme

gel electrophoresis
restriction map

9.2 polymerase chain reaction (PCR)
primer

9.3 DNA fingerprint

9.4 clone
genetic engineering
recombinant DNA
plasmid
transgenic
gene knockout

9.5 genomics
gene sequencing
Human Genome Project
bioinformatics
DNA microarray
proteomics

9.6 genetic screening
gene therapy

DO NOT EDIT--Changes must be made through “File info” 
CorrectionKey=A



Fr
eq

ue
nc

y

Number of manipulated crops

0

2

4

6

8

10

12

14

16

18

20

0

2

4

6

8

10

1–5 6–1
0
11–
15
16–
20
21–
25
26–
30
31–
35
36–
40

N

di
re

ct
io

n 
of

 
tr

av
el

D
-

+

Critical thinking
 23. analyze How are DNA microarrays related to genomics? 

6h

 24. Compare and Contrast How are restriction maps and 
DNA fingerprints similar? How are they different? Explain 
your answers. 6h

 25. Compare and Contrast A plant can send out a runner 
that will sprout a new plant that is a clone of the 
“parent.” Single-celled organisms divide in two, forming 
two clones. How is the cloning of an animal similar to 
and different from the cloning that happens in nature?

 26. Synthesize Some fruits and vegetables are the result of 
crossing different species. A tangelo, for example, results 
from crossing a tangerine with a grapefruit. How are the 
genetic engineering processes of making transgenic 
organisms similar to and different from crossbreeding?

 27. apply Identical twins are technically clones of each 
other but can differ in both appearance and behavior. 
How is it possible that two people with the same 
genome could be different?

 28. Synthesize Transgenic bacteria can be used to make 
human insulin. Explain how bacteria can produce a 
human protein.

Interpreting visuals
The gel below shows two different restriction maps 
for the same segment of DNA. One of the maps is for 
a normal gene (N) and the other is for a disease gene 
(D). Use the information in the gel to answer the next 
two questions.

 29. analyze Which restriction map (N or D) has the smallest 
fragment of DNA? Which has the largest fragment? 
Explain your answers.

 30. Interpret What do the restriction maps tell you about 
differences between a normal allele (N) and a disease (D) 
allele? Explain.

analyzing Data Construct a Histogram
Ten of the most commonly modified crops include rice, 
potatoes, maize, papayas, tomatoes, corn, soybeans, 
wheat, alfalfa, and sugar cane. The histogram below 
shows how many times these crops have been modified. 
Among the 15 countries studied from 2001 through 2003, 
for example, different researchers modified rice a total 
of 37 times. Use the data to answer the next two 
questions.

 31. analyze What is the most common range of genetic 
modifications for crop plants? The least common?

 32. Calculate What percentage of crop types fall in the 
range of 11–15 genetic modifications?

Making Connections
 33. Write an Informational pamphlet Suppose that you 

work for a biotechnology company that specializes in 
DNA fingerprinting to help reunite families that have 
been separated. Write a pamphlet that describes how 
DNA fingerprinting works. Explain why the results of 
DNA fingerprinting can be trusted. 6h

 34. Synthesize Look again at the picture of Baby 81 on the 
chapter opener. After reading this chapter, you know 
that DNA fingerprinting is just one part of biotechnol-
ogy. Choose a topic from the chapter, such as genetic 
engineering or PCR. Discuss how that topic is related to 
Mendel’s work on heredity, and how it is related to the 
structure and function of DNA.

FrequenCy oF Crop MoDIFICatIon

Source: Cohen, Nature Biotechnology, 23:1.
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Biology End-of-Course Exam Practice

Record your answers on a separate piece of paper.

MULTIPLE CHOICE

2G, 6H
 1 The graph below shows the amount of DNA 

production over time during a polymerase chain 
reaction (PCR).

  

  Changes that take place during PCR are shown 
with arrows. Based upon the graph, it can be 
inferred that —
A PCR doesn’t function at high temperatures
B DNA production decreased after three minutes
C one PCR cycle takes about three minutes
D temperature does not affect DNA production

6A, 6E
 2 Some genetic diseases can be treated with 

medication or lifestyle changes. But the only way 
to cure genetic diseases is to — 
A transplant the affected tissue
B change the affected DNA sequence
C induce additional mutations in the affected gene
D remove the affected gene

6H
 3 Some scientists want to genetically engineer 

apples to produce the insecticide pyrethrin. 
In order to ensure that all offspring from the 
original tree also produce apples with the 
chemical, they must be sure that the gene that 
produces pyrethrin is in the cells of what tissue?
A root
B leaf
C stem
D seed

THINK THROUGH THE QUESTION

To answer this question you don’t need to know the 
details used in the example, such as insecticides and 
the names of chemicals. Instead, focus on the main 
point of the question, which addresses genetic 
 engineering and reproduction.

6H
 4 A scientist wants to insert a 

gene into a plasmid as shown 
in the diagram at right. In 
order to open the plasmid to 
insert the gene, the scientist 
must use —
A restriction mapping
B PCR
C restriction enzymes
D restriction sites

6H
 5 Bt soybeans are transgenic. These soybean plants 

express a bacterial gene that codes for a natural 
pesticide. This is an example of —
A mutation
B gene sequencing
C proteomics
D genetic engineering

D
N

A

Time (minutes)

DNA Production over Time

1 2 3

temperature
decreased

temperature
increased
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Medical Technology— 
The Genetic Forefront
A college student comes down with the flu. 
Worried about missing class, he goes to an 
emergency clinic and is given a prescription 
for an antiviral flu drug. Thirty minutes 
after taking the first pill, he is gasping for 
breath and his heart is racing. He is rushed 
to the hospital, where doctors tell him  
he has had an adverse reaction to his  
antiviral medication.

A patient is rushed to 
emergency care following 
an adverse drug reaction.
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A Cure Worse than the Disease
Usually, medications cause only mild side effects, such 
as drowsiness, headaches, or nausea. Occasionally, 
patients are allergic to medicines and break out in 
hives or go into shock. But sometimes reactions to 
drugs are more serious. In the United States, about  
2.2 million patients per year are hospitalized because 
of adverse drug reactions, and more than 100,000 die. 
No doctor intends for a drug’s side effects to be worse 
than the disease it is meant to cure. Nonetheless, the 
current process of prescribing drugs based on medical 
and family history is one of trial and error.

Customized Drugs 6H

An emerging field called pharmacogenomics is 
revolutionizing the prescription process. Pharmaco-
genomics is the study of how genetic variations can 
cause different people to react in different ways to the 
same drugs. In most cases, for example, genetics 
determines the way in which—and the speed at 
which—a person’s body breaks down a medication. If 
a person’s body metabolizes a drug too quickly, the 
drug may not be effective. If the drug is metabolized 
too slowly, a standard dose may be too much. 
 In the future, a patient in need of a prescription 
could have a blood test, and health care workers could 
run the blood test results through a computer using 
biochip, or microarray, technology. In hours, a doctor 
could have enough information about a patient’s 
genetic background to predict how the person would 
respond to a certain drug and decide whether to adjust 
the dose. Individuals may even be able to have their 
genomes mapped and put onto cards to take to doctor 
visits. Biochip technology is not yet available in most 
doctors’ offices, but many drugs are already being 
labeled with pharmacogenomic information advising 
doctors that patients with certain genetic variations 
may need a lower or higher dose of the medication. 

Gene Therapy 6H

While pharmacogenomics can provide doctors with 
more information about their patients, gene therapy 
may someday provide them with another tool. Some 
diseases, such as Alzheimer’s or hemophilia, have a 
strong genetic basis. Doctors are beginning clinical 
trials in which they treat Alzheimer’s by injecting 

Biochips 6H

Doctors can now analyze a patient’s DNA by using biochip 
technology. A biochip is a solid surface to which tiny 
strands of DNA are attached. When this type of screening 
becomes clinically feasible, it will take several steps.

 DNA will be extracted from the patient’s blood. 

 A biochip will be used to map the patient’s genome. 
Computer software could scan the genome looking 
for single nucleotide polymorphisms (called SNPs, or 
“snips”), places where human DNA is more variable. 

 
 A doctor will then compare the patient’s genomic 

results with the latest available medical research. 

 Ideally, the resulting prescription would be customized 
to the patient. If a patient has a variation that is found in a 
small percentage of the population, however, the doctor is 
unlikely to have enough data about possible reactions.

Read More >>  at  HMDScience.com
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genes, during surgery, into the area of the brain that 
has the most affected brain cells. The new genes will 
instruct brain cells to make more of a protein that 
keeps nerve cells alive longer.
Doctors are also beginning to treat hemophilia using 
gene therapy. One method is to inject genes into the 
liver. In other clinical trials, new DNA is inserted 
into a virus that can then be used to “infect” a 
patient’s diseased cells.
The field of gene therapy is developing slowly  
because it requires researchers to accomplish several 
feats. First, they must engineer, and test, a gene that is 
safe to insert into humans. Then, they must find a 
way to get the gene to the part of the body that needs 
it—often using nanotechnology. Much of this  
research is still being done in animals, but there have 
been a few successful gene therapy trials in humans.

Other Uses 3D

New uses for DNA technology offer both solutions 
and hard choices. Some of the more difficult ques-
tions involve the following kinds of projects:
•	 Researchers	can	alter	the	DNA	of	viruses	to	make	

them harmless and usable as vaccines. 
•	 Scientists	are	developing	transgenic	animals	that	

can make organs for human transplants.
•	 Researchers	are	engineering	crops	that	contain	

vaccines that could be administered orally. These 
vaccines would be easier to grow and distribute in 
developing countries than are current vaccines. 

Unanswered Questions 3D

Some exciting new pharmacogenomic research is 
being done by the Human Genome Project. However, 
many challenges must be addressed before pharma-
cogenomics can have widespread clinical application.
•	 Many	current	studies	of	patients’	drug	responses	 

have conflicting results, likely due to small sample 
sizes, different criteria for measuring a good 
response, and different population groups.

•	 Patients’	responses	to	a	drug	may	be	caused	by	
many genes. Scientists will need to study the effect 
of multiple genes to determine response.

•	 Genotype	testing	may	increase	short-term	health-
care costs, raising questions about who will pay and 
who will have access to the technology.

Read More >>  at  HMDScience.com

Cancer Geneticist in Action
DR. OLUFUNMILAYO OLOPADE

TITLE Director, Center for Clinical  
Cancer Genetics, University of Chicago

EDUCATION M.D., University of 
Ibadan, Nigeria

Breast cancer occurs in many different forms. It has 
been most widely studied in Caucasian women but 
takes a very different form in women of African 
ancestry. Breast cancer hits women of African ancestry 
earlier and more aggressively than it does Caucasian 
women. Dr. Olufunmilayo Olopade wants to learn  
why. Working with scientists in her native Nigeria,  
Dr. Olopade compared gene expression in samples of 
cancer tissue from African women with samples of 
cancer tissue from Caucasian women. She found that 
cancer cells from the African women often lacked 
estrogen receptors. This finding means that many of 
the standard treatments are not effective for this 
group of women. 

 Dr. Olopade’s work will have a huge impact on 
breast cancer screening and treatment in women of 
African ancestry. “Cancer doesn’t start overnight,” she 
says. “We can develop strategies for preventing it.”

Read More >>  at  HMDScience.com

CAREERS

A scientist examines different types of genetically 
modified rice plants.
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