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Tech & Design

3

Section

Advances in Genetics

Reading Preview

producing organisms with
desired traits?

• What is the goal of the Human
Genome Project?

Key Terms
• selective breeding
• inbreeding • hybridization
• clone • genetic engineering
• gene therapy • genome

Target Reading Skill
Asking Questions Before you
read, preview the red headings.
In a graphic organizer like the one
below, ask a question for each
heading. As you read, write
answers to your questions.
Advances in Genetics
Question

Answer

What is selective
breeding?

Selective
breeding is . . .

Advances in
Genetics

Objectives

Key Concepts
• What are three ways of

3

What Do Fingerprints Reveal?
1. Label a sheet of paper with your name. Then roll one of your
fingers from side to side on an ink pad. Make a fingerprint by
carefully rolling your inked finger on the paper.
2. Divide into groups. Each group should choose one member to
use the same finger to make a second fingerprint on a sheet
of paper. Leave the paper unlabeled.
3. Exchange your group’s fingerprints with those from another
group. Compare each labeled fingerprint with the fingerprint
on the unlabeled paper. Decide whose fingerprint it is.
4. Wash your hands after completing this activity.
Think It Over
Observing Why are fingerprints used to identify people?

Would you like to have your picture taken with a 9,000-year-old
family member? Adrian Targett, a history teacher in the village
of Cheddar in England, has actually done that. All that’s left of
his ancient relative, known as “Cheddar Man,” is a skeleton. The
skeleton was discovered in a cave near the village. DNA analysis
indicates that Targett and Cheddar Man are relatives.
Like your fingerprints, your DNA is different from everyone else’s. Because of advances in genetics, DNA evidence can
show many things, such as family relationships.

After this lesson, students will be able to
C.4.3.1 Describe three ways of producing
organisms with desired traits.
C.4.3.2 State the goal of the Human
Genome Project.

Target Reading Skill
Asking Questions Explain that changing a
heading into a question helps students
anticipate the ideas, facts, and events they are
about to read.
Answers
Possible questions and answers include:
What is selective breeding? (Selective
breeding is the process of selecting organisms
with desired traits to be parents of the next
generation.) Why are organisms cloned? (To
produce offspring with desired traits) What is
genetic engineering? (A process in which
genes from one organism are transferred into
the DNA of another organism) What advance
has helped us learn about human genetics?
(The Human Genome Project)
Teaching Resources

• Transparency C37

Preteach

FIGURE 12
Distant Relatives
Adrian Targett visits his
distant relative, Cheddar
Man. Unfortunately,
Cheddar Man cannot
respond to questions
about life 9,000 years
ago.

L1
Skills Focus Observing
Materials plain white paper, ink pad,
hand lens
Time 15 minutes
Tips Help students recognize similarities
and differences among the fingerprints by
pointing out examples of whirls, loops,

Build Background
Knowledge

L1

Selective Breeding
Ask: What are some breeds of dogs that
have very different characteristics? (Possible
answers: Dachshund, Chihuahua, and Great
Dane) Explain that the different breeds
were produced by mating animals that
have certain traits. In this section, students
will learn about selective breeding and
other ways of producing organisms with
desirable traits.
and other standard features of
fingerprints.
Expected Outcome By comparing a
group’s unlabeled fingerprints with its
labeled fingerprints, students identify who
made the unlabeled print.
Think It Over Each person’s fingerprints
are unique.
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FIGURE 13
Inbreeding
Turkeys such as the one
with white feathers were
developed by inbreeding.
Breeders started with wild
turkeys.

Instruct

Selective Breeding
Teach Key Concepts

L2

Producing Selected Traits
Focus Tell students that dog breeders use
selective breeding to produce purebred dogs
that are good hunters or retrievers, for
example.
Teach Ask: Based on this example, what is
selective breeding? (A technique to produce
offspring with desirable traits) What are
inbreeding and hybridization? (Inbreeding
is crossing two individuals that have similar
characteristics. Hybridization is crossing two
genetically different individuals.)
Apply Have students imagine they have a
purebred tall pea plant with yellow pods and
a purebred short pea plant with green pods.
Ask: What technique would produce a tall
pea plant with yellow pods? (Inbreeding)

Wild
turkey

Inbreeding The technique of inbreeding involves crossing
two individuals that have similar characteristics. For example,
suppose a male and a female turkey are both plump and grow
quickly. Their offspring will probably also have those desirable
qualities. Inbred organisms have alleles that are very similar
to those of their parents.
Inbred organisms are genetically very similar. Therefore,
inbreeding increases the probability that organisms may inherit
alleles that lead to genetic disorders. For example, inherited hip
problems are common in many breeds of dogs.
Hybridization In hybridization (hy brid ih ZAY shun),
breeders cross two genetically different individuals. The hybrid
organism that results is bred to have the best traits from both
parents. For example, a farmer might cross corn that produces
many kernels with corn that is resistant to disease. The result
might be a hybrid corn plant with both of the desired traits.

L2

Teaching Resources

• Guided Reading and Study Worksheet:
Advances in Genetics
Student Edition on Audio CD

L1

Applying Concepts of Hybridization
Materials seed catalogs
Time 10 minutes
Focus Review hybridization.
Teach Have students use the catalogs to list
the characteristics of two different hybrid
varieties of a certain plant.
Apply Ask students to infer how selective
breeding of food plants has benefited people.
(It has increased the amount of food available
so people can be better fed or more people can
be fed.) learning modality: verbal

Genetic techniques have enabled people to produce organisms
with desirable traits. Selective breeding, cloning, and genetic
engineering are three methods for developing organisms
with desirable traits.
The process of selecting organisms with desired traits to
be parents of the next generation is called selective breeding.
Thousands of years ago, in what is now Mexico, the food that
we call corn was developed in this way. Every year, farmers
saved seeds from the healthiest plants that produced the best
food. In the spring, they planted those seeds. By repeating
this process over and over, farmers developed plants that produced better corn. People have used selective breeding with
many different plants and animals. Two selective breeding
techniques are inbreeding and hybridization.

Domestic turkey

learning modality: logical/mathematical

Independent Practice

Selective Breeding

FIGURE 14
Hybridization
McIntosh and Red Delicious
apples were crossed to
produce Empire apples.
Applying Concepts What
desirable traits might
breeders have been
trying to produce?

What is the goal of hybridization?

McIntosh

Empire

Red Delicious
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Changing Rice Production
The graph shows how worldwide rice
production changed between 1965 and 2000.
New, hybrid varieties of rice plants are one
factor that has affected the amount of rice
produced.
1. Reading Graphs According to the graph,
how did rice production change between
1965 and 2000?
2. Reading Graphs How many metric tons of
rice per hectare were produced in 1965?
How many were produced in 2000?
3. Calculating Calculate the approximate
difference between rice production in
1965 and 2000.

Rice Production
(metric tons per hectare)

Worldwide Rice Production
4
3
2
1
0

1970

1980

1990

2000

Year

4. Developing Hypotheses What factors
besides new varieties of plants might help
account for the difference in rice
production between 1965 and 2000?

Cloning
For some organisms, a technique called cloning can be used to
produce offspring with desired traits. A clone is an organism
that has exactly the same genes as the organism from which it
was produced. It isn’t hard to clone some kinds of plants, such
as an African violet. Just cut a stem from one plant, and put the
stem in soil. Water it, and soon you will have a whole new
plant. The new plant is genetically identical to the plant from
which the stem was cut.
Researchers have also cloned animals
such as sheep and pigs. The methods for
cloning these animals are complex. They
involve taking the nucleus of an animal’s
body cell and using that nucleus to produce a new animal.

Modern Genetics

Video Preview
Video Field Trip
Video Assessment

How can a clone of a plant
be produced?

FIGURE 15
Cloned Goats
These goats were produced
by cloning.

Modern Genetics
Show the Video Field Trip to let students
learn more about cloning.

Math Skill Making and interpreting graphs
Focus Explain that line graphs are often
used to analyze a trend over time.
Teach Ask students what the x and the y
axes represent. (x: Year; y: Rice production in
metric tons per hectare)
Answers
1. Rice production increased.
2. 2 in 1965; 4 in 2000
3. 2 metric tons/hectare
4. Possible answer: fertilizers and improved
harvesting methods

Cloning
Teach Key Concepts

L2

Cloning in Plants and Animals
Focus Tell students that the first clone of an
adult mammal was a sheep named Dolly.
Teach Ask: How is a plant cloned? (Cut a
stem from one plant and grow it.) An animal?
(Use the nucleus of a body cell to produce a
new animal.)
Apply Ask: Why are identical twins not
clones by the text definition? (They are not
genetically identical to their parents.)
learning modality: logical/mathematical

Monitor Progress

Differentiated Instruction
L1
English Learners/Beginning
Comprehension: Modified Cloze
Give students a list of simple sentences
that describe the methods for producing
organisms with desirable traits, but leave
some key words blank. For example,
“Different breeds of dogs are produced
by _____.” Provide students with a list of
correct answers, and have them fill in each
blank. Model how to do the first

learning modality: verbal

English Learners/Intermediate L2
Comprehension: Modified Cloze Give
students the cloze sentences described for
the Beginning activity, but fill in incorrect
answers and have students correct
them. learning modality: verbal

L2

Skills Check Have students compare
inbreeding and hybridization.
Answers
Figure 14 Possible answer: Taste, shelf life,
resistance to insects
To produce an organism
with the best traits from
both parents
Grow a cutting of the
original plant.

sx05_TE_c04C.fm Page 126 Tuesday, July 20, 2004 10:02 AM

Genetic Engineering

Genetic Engineering

Geneticists have developed another powerful technique for
producing organisms with desired traits. In this process, called
genetic engineering, genes from one organism are transferred
into the DNA of another organism. Genetic engineering can
produce medicines and improve food crops.

For: Links on genetic
engineering
Visit: www.SciLinks.org
Web Code: scn-0343
Download a worksheet to guide students’ review of
genetic engineering.

Help Students Read

L2

Monitoring Your Understanding Before
students read Genetic Engineering, ask them
to stop and monitor their understanding
after each paragraph. Explain that if they
have not fully understood it, they can apply
one of the reading techniques that has
worked for them in the past, such as
outlining, summarizing, or identifying main
ideas.

Teach Key Concepts

FIGURE 16

Genetic Engineering
Scientists use genetic engineering
to create bacterial cells that
produce important human
proteins such as insulin.
Interpreting Diagrams How does
a human insulin gene become part
of a plasmid?

Bacterium
Plasmid

Genetic Engineering in Bacteria One type of genetically
engineered bacteria produces a protein called insulin. Injections
of insulin are needed by many people with diabetes. Recall that
bacteria have a single DNA molecule in the cytoplasm. Some
bacterial cells also contain small circular pieces of DNA called
plasmids. In Figure 16, you can see how scientists insert the
DNA for a human gene into the plasmid of a bacterium.

Bacterial
chromosome
1 Scientists remove plasmids,
small rings of DNA, from
bacterial cells.

L2

Selecting an Organism’s Traits
Focus Have students look at Figure 16. Give
them time to read the captions.
Teach Explain that in genetic engineering,
specific genes are transferred into the DNA
of another organism. Refer students to
Figure 16, and have students trace the steps
in creating bacteria that produce insulin. Ask
questions such as What is a plasmid? (A
small ring of DNA in a bacterial cell) Why are
the bacteria in step 5 able to produce
insulin? (They contain copies of the human
insulin gene.)
Apply Challenge students to think of
advantages that genetic engineering has over
selective breeding. (Producing the desired
traits may be more difficult with breeding;
genetic engineering can target the specific
genes coding for a trait.) learning modality:

Insulin gene

2 An enzyme cuts open the plasmid DNA.
The same enzyme removes the human
insulin gene from its chromosome.

Human DNA

3 The human insulin gene attaches
to the open ends of the plasmid
to form a closed ring.

4 Some bacterial cells take
up the plasmids that have
the insulin gene.

5 When the cells reproduce,
the new cells will contain
copies of the “engineered“
plasmid. The foreign gene
directs the cell to produce
human insulin.

logical/mathematical

Teaching Resources

• Transparency C38

Differentiated Instruction
L1
Less Proficient Readers
Drawing Diagrams Have students draw
simple diagrams that illustrate selective
breeding, cloning, and genetic engineering
on three separate index cards. Ask them to
label the diagrams in their own words.
Then have students use their diagrams to
make a chart that compares and contrasts
the methods. learning modality: verbal

L3
Gifted and Talented
Researching the Human Genome
Project Have students search for more
information about the Human Genome
Project via Web sites sponsored by the
U.S. Department of Energy and the
National Institutes of Health, the two
agencies that coordinate the project, and
report their findings to the class. learning

modality: verbal
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L2

Modeling Gene Splicing
Materials two pieces of yarn of different
colors, blunt scissors, tape, art materials
Time 10 minutes

Normal
zebra tetra 
Genetically 
engineered
zebra tetras

Once the gene is inserted into the plasmid, the bacterial cell
and all its offspring will contain this human gene. As a result, the
bacteria produce the protein that the human gene codes for—in
this case, insulin. Because bacteria reproduce quickly, large
amounts of insulin can be produced in a short time.
Genetic Engineering in Other Organisms Scientists can
also use genetic engineering techniques to insert genes into animals. For example, human genes can be inserted into the cells of
cows. The cows then produce the human protein for which the
gene codes in their milk. Scientists have used this technique to produce the blood clotting protein needed by people with hemophilia.
Genes have also been inserted into the cells of plants, such
as tomatoes and rice. Some of the genes enable the plants to
survive in cold temperatures or in poor soil. Other genetically
engineered crops can resist insect pests.

FIGURE 17
Genetically Engineered Fish
The bright red zebra tetras are the
result of genetic engineering.

For: Links on genetic engineering
Visit: www.SciLinks.org
Web Code: scn-0343

How do genetic engineering techniques enable
scientists to produce clotting proteins?

modality: kinesthetic

Address Misconceptions

Gene Therapy Someday it may be possible to use genetic
engineering to correct some genetic disorders in humans. This
process, called gene therapy, will involve inserting copies of a
gene directly into a person’s cells. For example, doctors may be
able to treat hemophilia by replacing the defective allele on the
X chromosome. The person’s blood would then clot normally.
Concerns About Genetic Engineering Some people are
concerned about the long-term effects of genetic engineering.
For example, some people think that genetically engineered
crops may not be entirely safe. People fear that these crops may
harm the environment or cause health problems in humans.
To address such concerns, scientists are trying to learn more
about the effects of genetic engineering.

Focus Remind students that DNA is found
in the cytoplasm of bacterial cells.
Teach Challenge students to create a model
of DNA with yarn and then to use the model
to demonstrate the steps in genetic
engineering as illustrated in Figure 16. They
might make and cut out large, simple shapes
to represent a human cell and a bacterial cell,
and arrange the DNA within the “cells” as
part of the model.
Apply Remind students that enzymes act on
specific sites. Ask: Do the restriction
enzymes have to be the same for both the
plasmid and the human gene? (Yes; the DNA
ends must match for them to join.) learning

Communicating
Suppose you work for a drug
company that uses genetically
engineered bacteria to
produce insulin. Write an
advertisement for the drug
that includes a simpliﬁed
explanation of how the drug
is produced.

The Future of Gene Therapy
Focus Students may think that all genetic
disorders will soon be cured with gene
therapy.
Teach Point out that gene therapy is
unlikely to be used extensively in the near
future because the techniques are new and
still being tested.
Apply Ask: Why is a disease such as
hemophilia a good candidate for gene
therapy? (It is caused by a defect in a single
gene.) learning modality: logical/
mathematical

Monitor Progress

L3
Skills Focus Communicating
Materials writing materials
Time 15 minutes
Expected Outcome Students will write
an advertisement explaining how insulin
is produced through genetically
engineered bacteria. Scientists insert the
human gene for insulin into the plasmid

of a bacterium, and the bacterium and all
of its offspring will produce the protein.
Extend Ask: Why do the bacteria have to
be genetically engineered in order to
produce insulin? (The bacteria do not
naturally produce insulin. The gene must be
inserted into their DNA in order for them to
make the human protein.) learning
modality: verbal

L1

L2

Oral Presentation Call on students to
describe ways that genetic engineering is
being used.
Answers
Figure 16 The human gene is removed
from a chromosome and attaches to the
open ends of a cut plasmid in a bacterial cell
to form a closed ring.
Human genes are inserted
into the cells of cows so that
the cows produce milk that contains blood
clotting proteins.
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Learning About Human
Genetics
Teach Key Concepts

L2

Goal of the Human Genome Project
Focus Remind students that genetic
engineering depends on identifying what
specific genes code for.
Teach Ask: What is the goal of the Human
Genome Project? (To identify the DNA
sequence of every human gene)
Apply Tell students that more than
1,400 disease genes have been
identified through this project. learning

Learning About Human Genetics
FIGURE 18
The Human Genome Project
Scientists on the Human Genome
Project continue to study human
DNA.

The Human Genome Project Imagine trying to crack a
code that is 6 billion letters long. That’s exactly what scientists
working on the Human Genome Project have been doing.
A genome is all the DNA in one cell of an organism. The main
goal of the Human Genome Project has been to identify the
DNA sequence of every gene in the human genome. The
Human Genome Project has completed a “first draft” of the
human genome. The scientists have learned that the DNA of
humans has at least 30,000 genes. The average gene has about
3,000 bases. Scientists will some day know the DNA sequence
of every human gene.
DNA Fingerprinting DNA technology used in the Human
Genome Project can also identify people and show whether
people are related. DNA from a person’s cells is broken down
into small pieces, or fragments. Selected fragments are used to
produce a pattern called a DNA fingerprint. Except for identical twins, no two people have exactly the same DNA fingerprint. You will learn more about DNA fingerprinting in
Technology and Society.

modality: verbal

Monitor Progress

Recent advances have enabled scientists to learn a great deal
about human genetics. The Human Genome Project and DNA
fingerprinting are two applications of this new knowledge.

L2

Answer

at least 30,000

Assess

About how many genes are in the human genome?

Reviewing Key Concepts
1. a. Selective breeding, cloning,
and genetic engineering b. Selective
breeding—crossing two individuals
to obtain particular characteristics;
cloning—producing an organism with
the same genes as another organism; genetic
engineering—transferring genes from one
organism into the DNA of another
c. Cloning; many houseplants can be cloned
by cutting the stem from one plant and
putting the stem in soil.
2. a. All the DNA in one cell of an
organism b. A research study with the goal
of identifying the DNA sequence of every
gene in the human genome. c. Scientists
may eventually be able to insert copies of the
normal gene into the genes of people with a
genetic disorder.

Reteach

3

Section 3 Assessment

Target Reading Skill Asking Questions Work
with a partner to check your answers in your
graphic organizer.
Reviewing Key Concepts
1. a. Listing List three methods that scientists can
use to develop organisms with desirable traits.
b. Describing Briefly describe each method.
c. Applying Concepts Lupita has a houseplant.
Which method would be the best way of
producing a similar plant for a friend?
Explain your answer.
2. a. Deﬁning What is a genome?
b. Explaining What is the Human Genome
Project?

c. Relating Cause and Effect How might

knowledge gained from the Human Genome
Project be used in gene therapy?

Food and Selective Breeding Go to
a grocery store with a parent or
other family member. Discuss how
fruits and vegetables have been
produced by selective breeding.
Choose a fruit or vegetable, and
identify the traits that make it
valuable.

L1

Call on students to explain the different
methods of producing organisms with
desirable traits.
Teaching Resources

• Section Summary: Advances in Genetics
• Review and Reinforce: Advances in
Genetics
• Enrich: Advances in Genetics

Food and Selective Breeding L1
Vegetables and fruits that students
might focus on because of their variety
are squash and pears. Suggest that students ask the store’s produce manager
what traits each variety is known for.

Keep Students on Track Check that
students are completing their displays.
Have them write out their presentations
using correct terms they have learned in
the chapter. Advise students to practice
their presentations. Remind them to check
their final written descriptions against their
displays to make sure that they match and
both are correct.
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Guilty or Innocent?

Guilty or Innocent?

Problem

Prepare for Inquiry

A crime scene may contain hair, skin, or blood
from a criminal. These materials all contain DNA
that can be used to make a DNA ﬁngerprint. A
DNA ﬁngerprint, which consists of a series of
bands, is something like a bar code. How can a
DNA ﬁngerprint identify individuals?

Key Concept
A person’s DNA forms a unique pattern of
bands that can be used to identify the
person.
Skills Objectives
Students will be able to
• draw conclusions about which suspect was
present at the crime scene based on the
comparisons
• infer why people’s DNA patterns differ so
greatly

Skills Focus
drawing conclusions, inferring

Materials
• 4–6 bar codes
• hand lens

Procedure
1. Look at the photograph of DNA band patterns shown at right. Each person’s DNA produces a unique pattern of these bands.
2. Now look at the Universal Product Code, also
called a bar code, shown below the DNA
bands. A bar code can be used as a model of
a DNA band pattern. Compare the bar code
with the DNA bands to see what they have in
common. Record your observations.
3. Suppose that a burglary has taken place, and
you’re the detective leading the investigation. Your teacher will give you a bar code
that represents DNA from blood found at
the crime scene. You arrange to have DNA
samples taken from several suspects. Write a
sentence describing what you will look for as
you try to match each suspect’s DNA to the
DNA sample from the crime scene.
4. You will now be given bar codes representing DNA samples taken from the suspects.
Compare those bar codes with the bar code
that represents DNA from the crime scene.

Analyze and Conclude
1. Drawing Conclusions Based on your ﬁndings, were any of the suspects present at the
crime scene? Support your conclusion with
speciﬁc evidence.
2. Inferring Why do people’s DNA patterns differ so greatly?
3. Drawing Conclusions How would your conclusions be affected if you learned that the
suspect whose DNA matched the evidence
had an identical twin?
4. Communicating Suppose you are a defense
lawyer. DNA evidence indicates that the
bloodstain at the scene of a crime belongs to
your client. Do you think this DNA evidence
should be enough to convict your client?
Write a speech you might give to the jury in
defense of your client.

More to Explore
Do you think the DNA ﬁngerprints of a parent
and a child would show any similarities? Explain
your thinking.

5. Use your comparisons to determine whether
any of the suspects was present at the crime
scene.

Analyze and Conclude
1. Yes—the suspect whose DNA sample
matches the DNA sample from the crime
scene
2. No two people, except for identical twins,
have the same sequence of bases in their
DNA.
3. It would be impossible to conclude which
twin was at the crime scene.
4. Students may say no because DNA
evidence identifies only who was at the crime

L2

Class Time 20 minutes
Teaching Resources

• Lab Worksheet: Guilty or Innocent?
Advance Planning
Remove bar codes from commercial
products and cut the numbers from them.
Each student’s set of bar codes should
contain one that is identical to the bar code
from the crime scene. You could mount the
bar codes on heavy paper and laminate them
so they can be reused.
Alternative Materials
If you can obtain actual DNA fingerprints,
the lab will be more realistic. Provide a hand
lens for any student who has vision
impairments.

Guide Inquiry
Troubleshooting the Experiment
Advise students to examine the patterns of
bands very carefully because the differences
may be minor and easily overlooked.

scene and not who committed the crime.
Students also may say that errors can be
made in analyzing the DNA evidence.

Extend Inquiry
More to Explore The DNA fingerprints
should look more similar than the DNA
fingerprints of unrelated people because
parents and children share many genes.

Expected Outcome
One of the suspect DNA samples is identical
to the DNA sample from the crime scene.
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Technology and
Society
DNA Fingerprinting

DNA Fingerprinting

Key Concept

What do you have that no one else has? Unless
you are an identical twin, your DNA is unique.
Because one person’s DNA is like no one else’s, it
can be used to produce genetic “fingerprints.”
These fingerprints can tie a person to the scene
of a crime. They can prevent the wrong person
from going to jail. They can also be used to
identify skeletal remains. Today, soldiers and sailors
give blood and saliva samples so their DNA fingerprints can be saved. Like the identification tags that
soldiers wear, DNA records can be used to identify
the bodies of unknown soldiers or civilians.

DNA fingerprinting is used in many
situations. Students research and analyze the
use of this technology.

Build Background Knowledge
Ask: What is the function of genes in a cell?
(A gene contains the code that determines the
structure of a protein.) What determines
what type of protein will be produced? (The
order of the nitrogen bases along a gene) Have
a student volunteer read the first paragraph,
and then review the steps in producing a
DNA fingerprint. Explain that only a portion
of the DNA is identified, not the entire
genome. The chance that two individuals
will have a matching DNA portion varies
from one in 800,000 to one in one billion.

Introduce the Debate
Have a student volunteer read the
paragraphs Analyzing DNA and Limitations
of DNA Fingerprinting. Explain that in the
U.S., a national database of DNA
fingerprints is maintained only of adult
convicted criminals. Some people have
advocated for the DNA fingerprints of all
citizens to be maintained. Critics point out
that the greater the number of people in the
database, the greater the chance of similar
profiles. They cite privacy issues and the
variability of the quality of DNA
fingerprinting from lab to lab. Proponents
argue that DNA fingerprints are simply a
means of identification, like birth certificates
and dental records. Laws are already in place
to protect against using genetic information
to discriminate against people. A national
database would make it easier to fight crime
and terrorism.

In the past, identiﬁcation tags
and dental records were the
main methods for identifying
skeletal remains.

This enzyme cuts the DNA
every time it encounters the
DNA sequence GAATTC.

1 After a sample of DNA is
extracted from the body, an
enzyme cuts the DNA strand
into several smaller pieces.

DNA added here

2 The cut-up DNA
fragments are loaded into a
gel that uses electric current
to separate fragments.
Larger fragments of DNA
move through the gel
more slowly than the
smaller fragments.

Large fragment
of DNA
Small fragment
of DNA

Background
History of Science
DNA fingerprinting was invented in 1984
by Professor Sir Alec Jeffreys at the
University of Leicester in the United
Kingdom. It was first used in an
immigration dispute to prove that a boy
returning to the UK from Ghana really was
the son of legal immigrants. In 1987 in
Leicester, the first criminal case involving
DNA evidence resulted in the conviction of

the true murderer and exoneration of an
innocent person. One very interesting use
of the technique confirmed that a skeleton
was the remains of an Auschwitz camp
doctor, Josef Mengele, who escaped to
South America in 1979. DNA from the
skeleton was compared with DNA from
Mengele’s wife and son, who were still alive
in Germany.
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Analyzing DNA

Facilitate the Discussion

In one method of DNA analysis, DNA from saliva,
blood, bones, teeth, or other fluids or tissues is taken
from cells. Special enzymes are added to cut the DNA
into small pieces. Selected pieces are put into a
machine that runs an electric current through the
DNA and sorts the pieces by size. The DNA then gets
stained and photographed. When developed, a unique
banded pattern, similar to a product bar code, is
revealed. The pattern can be compared to other
samples of DNA to determine a match.

• Have students participate in a mock
hearing to decide whether a national DNA
fingerprinting database should be
established. This would require every
citizen to have DNA samples taken and
stored. Students can role-play medical
insurance companies, people with genetic
disorders, judges who try criminal cases,
victims of crimes in which the criminal
was never identified, and citizens on both
sides of the issue.
• After the hearing, ask students to try to
reach a compromise on the fairest way to
use DNA fingerprinting.

Limitations of DNA Fingerprinting
Like all technology, DNA fingerprinting has its
limitations. DNA is very fragile and the films
produced can be difficult to read if the DNA samples
are old. In rare instances, DNA from the people testing
the samples can become mixed in with the test
samples and produce inaccurate results. DNA testing
is also time consuming and expensive.

3 Once the DNA
fragments have
separated, the gel is
stained. The unique
banded pattern is a
DNA ﬁngerprint.

 Scientist reading a DNA ﬁngerprint

1. Identify the Need
Make a list of at least five
situations in which DNA
fingerprinting could be useful.
2. Research
Research the situations you
listed in Question 1 to find out if
DNA analysis is or can be used
in each.
3. Write
Choose one application of DNA
analysis and write one or two
paragraphs to explain when the
application can be used.

PHSchool.com

For: More on DNA fingerprinting
Visit: PHSchool.com
Web Code: ceh-3040

Weigh the Impact
1. Students may provide a situation using an

example from the feature. Other situations include finding out whether people
are related and diagnosing a genetic
disorder.
2. Require students to access at least three
sources for their answers.
3. Paragraphs should include specific situations in which DNA fingerprinting is
being used and the limitations of using
DNA fingerprinting for that application.
For: More on DNA
PHSchool.com fingerprinting
Visit: PHSchool.com
Web Code: ceh-3040
Students can research this issue online.

Extend
Encourage students to investigate the laws in
your state regarding the admissibility of
DNA evidence in a court of law. Students
may also want to find out more about the
outcomes in which DNA was used in real-life
situations.

