
Overview
Before beginning this section
review with your students the
objectives listed in the Student
Edition. Section 1 describes how
the work of Griffith and Avery led
to the discovery that hereditary
material is composed of DNA, 
and how the work of Hershey and
Chase revealed that genes are made
of DNA. Bio 3F

Show students photographs of 
various organisms. Ask them: Does
the DNA of all organisms have the
same structure? How does your
DNA differ from that of other
species? (Explain that the basic 
structure of DNA—a polymer made
of nucleotide subunits—is the same in
all organisms. However, the sequence
of the nucleotides differs. These dif-
ferences are minor within species and
become greater the more distantly
related organisms are.

Discussion
Question
Tell students that Griffith was an
English medical officer who was
studying the bacterium responsible
for a pneumonia epidemic in
London in the late 1920s. Ask
students what the leading cause of
death was then (infectious diseases),
and is today. (Heart disease and can-
cer, two non-infectious disease.) Ask
them why they think this shift has
occurred. (One reason is the discov-
ery of antibiotics.) Bio 3F
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Transformation
Mendel’s experiments and results answered the question of why you
resemble your parents. You resemble your parents because you have
copies of their chromosomes, which contain sets of instructions called
genes. But Mendel’s work created more questions, such as, What are
genes made of? Scientists believed that if they could answer this ques-
tion they would understand how chromosomes function in heredity.

Griffith’s Experiments
In 1928, an experiment completely unrelated to the field of genetics
led to an astounding discovery about DNA. Frederick Griffith, a bac-
teriologist, was trying to prepare a vaccine (vahk SEEN) against
pneumonia. Streptococcus pneumoniae (abbreviated S. pneumoniae),
is shown in Figure 1. S. pneumoniae is a prokaryote (of the type com-
monly called a bacterium) that causes pneumonia. A is a
substance that is prepared from killed or weakened disease-causing
agents, including certain bacteria. The vaccine is introduced into the
body to protect the body against future infections by the disease-
causing agent. 

Griffith worked with two types, or strains, of S. pneumoniae, as
shown in Figure 2. The first strain is enclosed in a capsule com-
posted of polysaccharides. The capsule protects the bacterium from
the body’s defense systems. This helps make the microorganism

(VIHR yoo luhnt), or able to cause disease. Because of the
capsule, this strain of S. pneumoniae grows as smooth-edged (S)

colonies when grown in a Petri dish. The sec-
ond strain of S. pneumoniae lacks the polysac-
charide capsule and does not cause disease.
When grown in a Petri dish, the second strain
forms rough-edged (R) colonies.

Griffith knew that mice infected with the S
bacteria grew sick and died, while mice
infected with the R bacteria were not harmed,
as shown in Figure 2. To determine whether
the capsule on the S bacteria was causing the
mice to die, Griffith injected the mice with
dead S bacteria. The mice remained healthy.
Griffith then prepared a vaccine of weakened
S bacteria by raising their temperature to a
point at which the bacteria were “heat-killed,”
meaning that they could no longer reproduce.
(The capsule remained on the bacteria). 

virulent

vaccine

Section 1 Identifying the 
Genetic Material

Objectives
● Relate Griffith’s conclusions

to the observations he made
during the transformation
experiments. 

● Summarize the steps
involved in Avery’s transfor-
mation experiments, and
state the results. 

● Evaluate the results of 
the Hershey and Chase
experiment. 

Key Terms

vaccine
virulent
transformation
bacteriophage

Magnification: 17,250�

Certain types of S. pneumoniae bacteria can cause the
lung disease pneumonia. 

Figure 1 Streptococcus pneumoniae
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Using the Figure
Use Figure 2 to review each step of
Griffith’s experiment. Encourage
students to put the explanation into
their own words so that they will
better understand the results and
the implications of the experiment.

Visual  Bio 3E

Teaching Tip
The Heat Factor DNA can 
tolerate temperatures around 90°C
without being altered, whereas 
proteins are denatured around
60°C. Ask students what effect
temperature had on Griffith’s
work. (The DNA of the heat-killed
bacteria was not altered and became
incorporated into the DNA of the live
bacteria.)

Paired Reading Give students
self-stick notes, and have them
mark areas of difficulty as they
silently read Section 1. Have 
students use a question mark to 
signify an area that is unclear and 
a check mark to indicate under-
standing. Remind students to study
the captions, diagrams, and illus-
trations as they read. After
completing the section, have stu-
dents work with a partner to
discuss what they did or did not
understand. Have students write
their remaining questions on the
board for later discussion.
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During his experiments, Griffith unwittingly
manipulated genes. Today, the manipulation
of genes is known as genetic engineering or
recombinant DNA technology. Transformation,
in particular, is a common modern-day genetic
engineering technique. For example, bacteria
can be used to introduce foreign genes into
plant cells. Whole plants can then be grown
from the altered genetic material, producing
plants with desirable traits such as long shelf
life or resistance to crop pests. TAKS 2 Bio 6D
(grade 10 only)

TECHNOLOGYTECHNOLOGY
CONNECTIONCONNECTION • Unit 6—Gene Expression

This engaging tutorial reviews the
structure and replication of DNA, as
well as the processes of transcription
and translation.

BIOLOGYBIOLOGY

When Griffith injected mice with heat-killed S bacteria, the mice
still lived. Thus, Griffith knew it was not the capsule on the S bacte-
ria that killed the mice. He then mixed the harmless live R bacteria
with the harmless heat-killed S bacteria. Mice injected with this mix-
ture of previously harmless preparations died. When Griffith exam-
ined the blood of the dead mice, he found that the live R bacteria had
acquired capsules. Somehow, the harmless R bacteria had changed
and became virulent S bacteria. Griffith had discovered what is now
called transformation. is a change in genotype
caused when cells take up foreign genetic material. But the cause of
the transformation was not known at the time.

Avery’s Experiments
The search for the substance responsible for transformation contin-
ued until 1944. Then, an elegant series of experiments showed that
the activity of the material responsible for transformation is not
affected by protein-destroying enzymes. The activity is stopped, how-
ever, by a DNA-destroying enzyme. Thus, almost 100 years after
Mendel’s experiments, Oswald Avery and his co-workers at the
Rockefeller Institute, in New York City, demonstrated that DNA is the
material responsible for transformation. DNA contains the instruc-
tions for the making of the capsule in the S strain of S. pneumoniae.

Transformation

Griffith discovered that harmless bacteria could turn virulent when
mixed with bacteria that cause disease. 

Figure 2 Griffith’s discovery of transformation

1. S bacteria kill
mouse.

2. R bacteria do
not kill mouse.

3. Heat-killed S bacteria
do not kill mouse.

4. Heat-killed S bacteria
and R bacteria kill mouse.

The word virulent is from
the Latin virulentus, which
means “full of poison.”
Knowing this makes it
easier to remember that a
microorganism’s virulence is
its ability to cause disease.
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IPC Benchmark Fact

Before students read about the Hershey-Chase
experiment, review the term “radioactive.” Have 
students describe the causes of radioactivity.
Radioactive elements have unstable nuclei that emit
alpha and beta particles or energy as gamma rays.
These emissions make it easier for scientists to
detect and trace the path of the radioactive elements
as they interact with other materials or are trans-
formed during metabolic processes. In addition, point
out that although any element can be radioactive, this
chemical property is more common as atomic mass
increases. TAKS 4 IPC 7D (grade 11 only)
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Graphic Organizer

Use this graphic organizer with Reading Skill Builder on this page.

T2 phage grown
in 32P

Most 32P found
in bacteria

32P in new
phages

E. coli Blender

Most 35S found
in phage

E. coli BlenderT2 phage grown
in 35S

Texas SE page TK

Viral Genes and DNA
Even though Avery’s experiments clearly indicated that the genetic
material is composed of DNA, many scientists remained skeptical.
Scientists knew that proteins were important to many aspects of cell
structure and metabolism, so most of them suspected that proteins
were the genetic material. They also knew very little about DNA, so
they could not imagine how DNA could carry genetic information.

DNA’s Role Revealed
In 1952, Alfred Hershey and Martha
Chase, scientists at Cold Spring Harbor
Laboratory, in New York, performed an
experiment that settled the controversy. It
was known at that time that viruses, which
are much simpler than cells, are com-
posted of DNA or RNA surrounded by a
protective protein coat. A 
(bak TIHR ee uh fayj), also referred to as
phage (fayj), is a virus that infects bacte-
ria. It was also known that when phages
infect bacterial cells, the phages are able to
produce more viruses, which are released
when the bacterial cells rupture.

What was not known at the time was
how the bacteriophage reprograms the
bacterial cell to make viruses. Does the
phage DNA, the protein, or both 
issue instructions to the bacteria? 

Hershey and Chase used the bacterio-
phage T2, shown in Figure 3, to answer
this question. Hershey and Chase knew
that the only molecule in the phage that
contains phosphorus is its DNA. Likewise,
the only phage molecules that contain sul-
fur are the proteins in its coat. Hershey
and Chase used these differences to carry
out the experiment shown in Figure 3.

Step Hershey and Chase first grew T2
with Escherichia coli (abbreviated
E. coli) bacteria in a nutrient
medium that contained radioac-
tive sulfur (35S). The protein coat
of the virus would incorporate the
35S. They grew a second batch of
phages with E. coli bacteria in a
nutrient medium that contained
radioactive phosphorus (32P) The
radioactive phosphorus would
become part of the phages’ DNA.

bacteriophage

BIO
graphic

The Hershey-Chase 
Experiment

Bacteriophages were used to show that DNA, not 
protein, is the genetic material of viruses. 

1

Virus's protein coat
labeled with 35S

T2 phages were labeled with radioactive isotopes.

Virus's DNA core
labeled with 32P

2 The phages infect E. coli bacterial cells.

Bacterium

3 Bacterial cells were spun to remove the virus's protein coats.

35S radioactivity
remained in phages.

32P radioactivity
moved into cells.

Figure 3
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Reading Organizer To summarize
Hershey and Chase’s experiment,
have students design a Graphic
Organizer like the one shown at the
bottom of this page. Have them
include a paragraph that explains
the experiment. 

Logical   TAKS 2 Bio 6A; Bio 3F

Teaching Tip
Heredity and DNA Inform stu-
dents that many scientists were
reluctant to accept the results of
experiments that suggested DNA
was the hereditary material. Ask
students to explain why most ini-
tially thought the hereditary mate-
rial was protein, not DNA. (Proteins
are made from 20 different amino
acids, combined in a variety of ways.
Additionally, scientists knew that pro-
teins were important to many aspects
of cell structure and metabolism.
They knew very little about DNA.)
Bio/IPC 3C; Bio 3F

Group Activity
Role Playing Divide the class into
three groups: One group will repre-
sent Hershey and Chase, the second
group a team of scientists who will
question the first group on their
results, and the third group a com-
mittee that will decide if the work
is to be published in a scientific
journal. The questions of the second
group will help the committee
make a decision, and the committee
will write a summary supporting its
decision. Interpersonal   Bio 3FLS
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Answers to Section Review

1. Mice were injected with either S bacteria, 
R bacteria, heat-killed S bacteria, or a mixture
of heat-killed S bacteria and R bacteria. The
mice injected with the S bacteria or the mixture
of heat-killed S bacteria and R bacteria died;
those injected with the R or the heat-killed 
S bacteria lived. Bio 3F

2. Avery showed that DNA-destroying enzymes,
but not protein-destroying enzymes, prevented
transformation. Bio 3F

3. Hershey and Chase showed that the DNA of
viruses was injected into bacterial cells and that
this DNA caused the bacterial cells to produce
more viruses containing DNA. Bio 3F

4. The heat denatured bacterial enzymes and 
proteins that were necessary for survival.
TAKS 1 Bio/IPC 2C; Bio 3F

5. Hershey and Chase would have concluded that
both the DNA and the protein coats had
entered the bacterial cells, and would have
been unable to determine which was the
genetic material. TAKS 1 IPC 3A; Bio 3A

6. A. Correct. B. Incorrect. The experiments of
Hershey and Chase confirmed the earlier work
of Avery. C. Incorrect. Griffith’s experiments
showed that harmless bacteria could turn 
virulent when mixed with bacteria that cause
disease, but they did not identify DNA as the
genetic material. D. Incorrect. See answer B. Bio 3F

Reteaching 
Arrange students into pairs. Provide
each pair with materials to make
cards on which they diagram each
step of Griffith’s experiment. Tell
students to use Figure 2 as a guide.
After they have finished making the
cards, tell them to shuffle the cards
and place them face up on their
tables in the correct order.

Quiz
True or False:

1. Griffith’s experiments with 
S. pneumoniae in mice showed
that harmless bacteria could turn
virulent when mixed with heat-
killed bacteria that cause disease.
(True).

2.Avery’s experiments clearly
demonstrated that the genetic
material is composed of DNA.
(True)

3. The experiments of Hershey and
Chase cast doubt on whether
DNA was the hereditary 
material. (False)

Alternative
Assessment
Tell students to imagine they are
news reporters working from 1920
to 1955. They are to choose a sci-
entific discovery from the work of
Griffith, Avery, or Hershey and
Chase, and write a front-page
newspaper, magazine, radio or TV
report describing the discovery and
its contribution to scientific under-
standing and to society. Bio/IPC 3C;
Bio 3F
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Answer.
Answers will vary. Other human
diseases caused by viruses include
rubella, mumps, AIDS, influenza,
hepatitis B, and infectious
mononucleosis. Viruses have also
been associated with several types
of cancer, such as liver cancer.

TAKS 3 Bio 4C

Real Life

Texas SE page TK

Step The 35S-labeled and 32P-labeled phages were used to infect
two separate batches of E. coli bacteria. Because radioac-
tive elements release particles that can be detected with
machines, they can be followed, or traced, in a biological
process. Scientists could determine whether it was the
DNA, the protein, or both that were being transferred into
the bacterial cells to reprogram the bacteria.

Step After a few minutes, the scientists tore the 35S-labeled phages
off the surfaces of the bacteria (with the help of a blender).
The bacteria infected with the 32P-labeled phage were like-
wise mixed in a blender. The investigators used a centrifuge to
separate the bacteria and phages. The heavier, bacterial cells
formed a solid layer at the bottom of the centrifuge tubes. The
lighter, viral parts remained in the upper, liquid layer. 

Hershey and Chase examined the layers from the 35S-
infected bacteria. The scientists found that most of the 
35S label was still part of the phage (the upper layer), mean-
ing the protein was not injected into the bacteria. When
they examined the layers from the 32P-infected bacteria, the
scientists found that the 32P label mostly in the layer con-
taining the bacterial cells (the lower layer). The DNA had
been injected into the hosts. Moreover, the new generation
of phages that was produced by these bacteria also con-
tained radioactive DNA.

Hershey and Chase concluded that the DNA of viruses is injected
into the bacterial cells, while most of the viral proteins remain out-
side. The injected DNA molecules causes the bacterial cells to pro-
duce more viral DNA and proteins. This meant that the DNA, rather
than proteins, is the hereditary material, at least in viruses.

These important experiments, and many others since, have
shown that DNA is the molecule that stores genetic information in
living cells. As you will see in the next section, the structure of DNA
makes DNA particularly well suited to this function.

Real Life
Many viruses infect
humans. 
Although the T2 viruses
used by Hershey and
Chase infect bacteria,
many other viruses infect
humans. For example,
viruses are responsible 
for causing polio, the
common cold, measles,
and rabies. 
Finding Information 
Research other human
diseases that
are caused 
by viruses.

Section 1 Review

Summarize Griffith’s transformation
experiments. 3F

Describe how Avery’s experiment supplied
evidence that DNA, and not protein, is the 
genetic material. 3F

Describe the contributions of Hershey and
Chase to the understanding that DNA is the
genetic material. 3F

Critical Thinking Evaluating Methods Why
did heat kill Griffith’s S bacteria?

Critical Thinking Applying Information What
might Hershey and Chase have concluded if they
had found 32P and 35S in the bacterial cells?

The first experiments that
correctly identified the molecule that carries
genetic information were performed by 3F

A Oswald Avery C Frederick Griffith
B Alfred Hershey D Martha Chase

TAKS Test PrepTAKS Test Prep

2C 3F

3A

193
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Overview
Before beginning this section
review with your students the
objectives listed in the Student
Edition. In this section, the double-
helical, nucleotide-subunit structure
of DNA is explained, as well as the
contributions of Chargaff, Franklin,
and Wilkins in helping Watson and
Crick determine that structure. The
rules for pairing between nitrogen
bases in DNA are also reviewed.
TAKS 2 Bio 6A; Bio 3F

Tell students that DNA is often
compared to a ladder. Ask them 
to look at Figure 4 to answer the
following questions: How is the
structure of DNA similar to that of
a ladder? How is it different from
that of a ladder? (Students have not
yet studied the structure of DNA, so
answers will be simple. The DNA has
“side rails” like a ladder and rungs
like a ladder. However, the DNA is
twisted, while a ladder is flat, and 
the rungs of a ladder are single units,
whereas those in DNA are made of
two units.) Visual Bio 3E

Demonstration
Construct a model of DNA as you
describe the structure for students.
Use either a model purchased from
a biological sciences supply house,
or use everyday materials such as
candy, paperclips, pipe cleaners or
pop beads. In your materials, use
differences in color or structure
differences to represent sugars,
phosphates, and each of the four
bases. Visual Bio 3ELS

MotivateMotivate
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Tell students that DNA was first isolated in
1869 by a Swiss scientist named Friedrich
Miescher. Miescher reported that the sub-
stance he isolated from white blood cells was
white, sugary, and slightly acidic. Because 
he found it only in the nuclei of these cells, 
he called it nuclein. Bio 3F
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Section 2 The Structure of DNA

A Winding Staircase
By the early 1950s, most scientists were convinced that genes were
made of DNA. They hoped that the mystery of heredity could be
solved by understanding the structure of DNA. The research of
many scientists led two young researchers at Cambridge University,
James Watson and Francis Crick, to piece together a model of the
structure of DNA. The discovery of DNA’s structure was important
because it clarified how DNA could serve as the genetic material.

Watson and Crick determined that a DNA molecule is a 
—two strands twisted around each other, like a winding staircase.

As shown in Figure 4, each strand is made of linked nucleotides (NOO
klee oh tiedz). are the subunits that make up DNA. Each
nucleotide is made of three parts: a phosphate group, a five-
carbon sugar molecule, and a nitrogen-containing base. Figure 4 shows
how these three parts are arranged to form a nucleotide. The five-
carbon sugar in DNA nucleotides is called (dee ahk see
RIE bohs), from which DNA gets its full name, deoxyribonucleic acid. 

deoxyribose

Nucleotides

helix
double

Objectives
● Describe the three

components of a 
nucleotide. 

● Develop a model of 
the structure of a DNA 
molecule. 

● Evaluate the contributions
of Chargaff, Franklin, and
Wilkins in helping Watson
and Crick determine the
double-helical structure 
of DNA. 

● Relate the role of the base-
pairing rules to the structure
of DNA. 

Key Terms

double helix
nucleotide
deoxyribose
base-pairing rules
complementary base

pair

Watson and Crick’s model of DNA is a double helix composed of two 
nucleotide chains that are twisted around a central axis 
and held together by hydrogen bonds. 

Figure 4 DNA double helix
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Interpreting Visuals  Draw stu-
dents’ attention to the four bases
shown in Figure 5. Ask students
which bases are complementary.
(Adenine pairs with thymine; guanine
pairs with cytosine.) Ask students to
give reasons why adenine does not
pair with guanine and thymine
does not pair with cytosine, based
on their structures. (Students should
be able to see that adenine and gua-
nine, the purines, have double-ring
structures, and that thymine and
cytosine, the pyrimidines, have single-
ring structurse. When purines pair
with pyrimidines exclusively, the
“rungs” of the DNA “ladder” remain
a consistent width. If purines paired
or pyrimidines paired, rungs that are
too wide or too narrow would result.)

Visual TAKS 2 Bio 6ALS

BUILDERSKILL

TeachTeach
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Observing
Properties of DNA
Skills Acquired
Observing, 
relating

Teacher’s Notes
Order the DNA Extraction
Biolab kit from WARD’S.
Demonstrate the lab proce-
dure for adding ethanol to the
test tube and for using the stir-
ring rod. Tell students not 
to shake or mix the onion
extract-ethanol combination. 

Answers to Analysis
1. The material is clear, viscous,

and elastic.
2. It sticks to itself and to the test

tube, and it forms long strings.
3. Answers will vary. Students

might suggest that a laboratory
test might confirm whether the
material is DNA.

CareerCareer
Molecular Biologist Molecular biologists
have determined the nucleotide sequence of the
human genome through an international coop-
erative effort called the Human Genome
Project. (A genome is all of the DNA in an
organism.) They now hope to identify the func-
tion of every gene on each human chromosome.
The total number of human genes—estimated
at 30,000 to 35,000—is much less than previ-
ously thought. Ask students to find out the
requirements to become a DNA researcher and
the opportunities for employment in industry
and research—in the U.S. and internationally.
Bio 3D

Transparencies

TT Bellringer
TT DNA Double Helix
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Observing Properties of DNA
You can extract DNA from onion cells using ethanol 
and a stirring rod.

Materials

safety goggles and plastic gloves, 5 mL of onion extract,
test tube, 5 mL of ice-cold ethanol, plastic pipet, 
glass stirring rod, test tube rack

Procedure

1. Place 5
mL of

onion extract in a test tube.

2. CAUTION: Ethanol is
flammable. Do not
use it near a flame.

Hold the test tube at a 45º
angle. Use a pipet to add 
5 mL of ice-cold ethanol to
the tube one drop at a time.
NOTE: Allow the ethanol to
run slowly down the side of
the tube so that it forms a
distinct layer.

3. Let the test tube stand for
2–3 minutes.

4. Insert a glass stirring rod into
the boundary between the
onion extract and ethanol.
Gently twirl the stirring rod by
rolling the handle between
your thumb and finger.

5. Remove the stirring rod from
the liquids, and examine any
material that has stuck to it.
Touch the material to the lip
of the test tube, and observe
how the material acts as you
try to remove it.

6. Clean up your materials
and wash your hands
before leaving the lab.

Analysis

1. Describe any material that
stuck to the stirring rod.

2. Relate the characteristics of
your sample to the structural
characteristics of DNA.

3. Propose a way to determine
if the material on the stirring
rod is DNA.

While the sugar molecule and the phosphate
group are the same for each nucleotide in a
molecule of DNA, the nitrogen base may be any
one of four different kinds. Figure 5 illustrates
the four different nitrogen bases in DNA: ad-
enine (AD uh neen), guanine (GWAH neen),
thymine (THIE meen), and cytosine (SIET oh
seen). Adenine (A) and guanine (G) are classi-
fied as purines (PYUR eenz), nitrogen bases
made of two rings of carbon and nitrogen
atoms. Thymine (T) and cytosine (C) are classi-
fied as pyrimidines (pih RIHM uh deenz), 
nitrogen bases made of a single ring of carbon
and nitrogen atoms. 

Note how the DNA shown in Figure 4 resem-
bles a ladder twisted like a spiral staircase. The
sugar-phosphate backbones (the blue “ribbons”)
are similar to the side rails of a ladder. The
paired nitrogen bases are similar to the rungs of
the ladder. The nitrogen bases face each other.
The double helix is held together by weak
hydrogen bonds between the pairs of bases.
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The nitrogen base in a nucleotide can be either a bulky,
double-ring purine, or a smaller, single-ring pyrimidine. 

Figure 5 Purines and pyrimidines
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IPC Benchmark Mini Lesson

Biology/IPC Skills TAKS 1 Bio/IPC 1A: Demon-
strate safe practices during field and laboratory 
investigations.
Activity: Have students practice the proper way of
pouring one liquid into another. Fill two beakers
halfway with water. Holding a stirring rod upright in
one beaker, pour the water out of the other beaker
onto the stirring rod so that it runs into the first beaker
without splashing.

TAKS 1

TAKS 1
Bio/IPC 1A



Teaching Tip
The Nobel Prize Ask students 
to name some prestigious awards.
(Answers may include the Oscar 
or the Heisman Trophy.) Discuss the
Nobel Prize. Alfred Nobel
(1833–1896), the Swedish inventor
of dynamite, provided a $9 million
endowment in his will, with the
interest to be used as awards for
people whose work showed ingenu-
ity and most benefited humanity.
Nobel prizes were first awarded 
in the areas of chemistry, physics,
physiology or medicine, and litera-
ture. Later, prizes in peace and 
economics were added. James
Watson, Francis Crick, and Maurice
Wilkins received the Nobel Prize in
1962 for their work in elucidating
the structure of DNA. The Nobel
Prize is only given to living individu-
als, so Rosalind Franklin (who died
4 years earlier) did not receive it. 

Using the Figure
Use Figure 8 to show students how
the structure of DNA can be simpli-
fied. Ask students to follow one of
the strands on the upper drawing
and compare the nitrogen base
sequence to the sequence in the sim-
plified diagram on the bottom.
Point out that the sequence in both
drawings is the same—they must
follow the twist of the double helix.
Have students verify that Chargaff’s
base-pairing rules are indeed fol-
lowed in each DNA molecule. Ask
students to identify the deoxyribose
and the phosphate groups in each
model. (In the simplified diagram, the
horizontal line represents the sugar
and phosphate groups.) TAKS 2 Bio 6A

Bio 3F

GENERAL
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did you know?
Rosalind Franklin Studying the work of their
colleagues, Watson and Crick pooled knowl-
edge to determine the structure of DNA.
However, Watson has since commented that
Rosalind Franklin would have been able to
determine the structure of DNA if she and
Crick had simply talked with one another for
an hour. Although Franklin’s X-ray diffraction
photograph was crucial to solving the puzzle 
of the structure of DNA, she never received 
the credit that Watson and Crick did. She died
from cancer at the age of 37, before her accom-
plishments were fully recognized. Bio 3F

Texas SE page TK

Discovering DNA’s Structure
How were Watson and Crick able to determine the double helical
structure of DNA? As with most discoveries in science, other scien-
tists provided crucial pieces that helped them solve this puzzle.

Chargaff’s Observations
In 1949, Erwin Chargaff, a biochemist working at Columbia
University, in New York City, made an interesting observation about
DNA. Chargaff’s data showed that for each organism he studied, the
amount of adenine always equaled the amount of thymine (A�T).
Likewise, the amount of guanine always equaled the amount of
cytosine (G�C). However, the amount of adenine and thymine and
of guanine and cytosine varied between different organisms.

Wilkins and Franklin’s Photographs
The significance of Chargaff’s data became clear in the 1950s
when scientists began using X-ray diffraction to study the struc-
tures of molecules. In X-ray diffraction, a beam of X rays is
directed at an object. The X rays bounce off the object and are
scattered in a pattern onto a piece of film. By analyzing the com-
plex patterns on the film, scientists can determine the structure of
the molecule (much like shining a light on an object and then
analyzing its shadow). 

In the winter of 1952, Maurice Wilkins and Rosalind Franklin,
two scientists working at King’s College in London, developed high-
quality X-ray diffraction photographs of strands of DNA. These
photographs, such as the one in Figure 6, suggested that the DNA
molecule resembled a tightly coiled helix and was composed of two
or three chains of nucleotides.

Watson and Crick’s 
DNA Model
The three-dimensional structure of the
DNA molecule, however, was yet to be
discovered. Any model had to take into
account both Chargaff’s findings and
Franklin and Wilkins’s X-ray diffraction
data. In 1953, Watson and Crick used
this information, along with their
knowledge of chemical bonding, to
come up with a solution. With tin-and-
wire models of molecules, they built a
model of DNA with the configuration of
a double helix, a “spiral staircase” of
two strands of nucleotides twisting
around a central axis. Figure 7 shows
Watson (left) and Crick next to their tin-
and-wire model of DNA.

Figure 7 Watson and Crick’s model. The double-helical
model of DNA takes into account Chargaff’s observations and the
patterns on Franklin’s X-ray diffraction photographs.

Figure 6 Franklin and her
X-ray diffraction photo. The
photographs revealed the X
pattern characteristic of a helix.
Franklin died of cancer when
she was 37 years old.
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IPC Benchmark Fact

Explain to students that diffraction is a wave property
that occurs when waves bend as they pass by or
around an edge of an object. Wilkins and Franklin
produced X-ray diffraction photographs of DNA fibers
in order to help them ascertain the structure of DNA.

TAKS 5 IPC 5B (grade 11 only)



Answers to Section Review

1. The three parts of a nucleotide are a phosphate
group, a sugar, and a nitrogen base (which can
be adenine, guanine, cytosine, or thymine). 

2. Thymine on one strand of DNA base pairs
with adenine on the complementary strand.
Cytosine on one strand of DNA base pairs
with guanine on the complementary strand.
Hydrogen bonding between the base pairs
keeps the two strands of DNA together. 

3. Chargaff’s data on the ratio of nitrogen bases
in organisms, and Franklin and Wilkins’s X-ray
photos of DNA enabled Watson and Crick to
propose the structure of DNA. Bio 3F

TAKS 2
Bio 6A

TAKS 2
Bio 6A

4. The two strands are described as complemen-
tary (not identical) because each strand
provides one member of an obligatory pair. 

5. GGTCTAAC
6. A. Incorrect. Although these

pairs show purines with pyrimidines, the pair-
ing is with incorrect members of those groups.
B. Correct. These pairs show the correct
purines pairing with the correct pyrimidines. C.

Incorrect. These pairs show purines pairing
and pyrimidines pairing, which does not occur. 
D. Incorrect. These pairs show bases pairing
with themselves, which does not occur. TAKS 2 Bio 6A

TAKS 2 Bio 6A

TAKS 2
Bio 6A

Reteaching
Give pairs of students index cards
with the components of DNA writ-
ten on them: sugar on one card,
phosphate group on another card,
and each of the four nitrogen bases
on four different cards. Each set of
cards should include at least eight
sugars, eight phosphates, and two
of each of the nitrogen bases. Ask
students to arrange the cards in a
pattern to demonstrate the structure
of DNA. Students should be able to
reconstruct a DNA molecule. 

Quiz
1. What does the acronym DNA

stand for? (DNA stands for
deoxyribonucleic acid.)

2.Distinguish between purines and
pyrimidines. (Purines are nitrogen
bases made of two rings of carbon
and nitrogen atoms. Pyrimidines
are nitrogen bases made of a single
ring of carbon and nitrogen atoms.)

3. What was the significance of
Wilkins and Franklin’s X-ray dif-
fraction photographs regarding
DNA structure? (Their photo-
graphs suggested that the DNA
molecule resembled a tightly coiled
helix and was composed of two or
three chains of nucleotides.) 

Alternative
Assessment
Place students in groups of three.
Have the groups search magazines,
newspapers, or the Internet to col-
lect as many images as they can of
DNA, such as the photo used in
this chapter’s opener. Then ask stu-
dents to analyze the images and
determine whether they correctly
depict DNA. Ask each group to
write a brief description of how
each image shows the molecular
structure of DNA, and to attach
their descriptions to the images.
Discuss the groups’ descriptions,
and display their images and
descriptions in the classroom. Bio 3E

GENERAL

Bio 3F

Bio 9A

GENERAL

Bio 3E

CloseClose
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Pairing Between Bases 
Watson and Crick determined that a purine on one strand of DNA is
always paired with a pyrimidine on the opposite strand, as you can
see in Figure 8. More specifically, an adenine on one strand always
pairs with a thymine on the opposite strand, and a guanine on one
strand always pairs with a cytosine on the opposite strand. The struc-
ture and size of the nitrogen bases allows for only these two paired
combinations. These are supported by Chargaff’s
observations. One easy way to visualize base-pairing is by simplifying
the way in which DNA structure is represented, as shown in Figure 8.

Adenine forms two hydrogen bonds with thymine, and cytosine
forms three hydrogen bonds with guanine. The hydrogen bonds
between the nitrogen bases keep the two strands of DNA together.
The strictness of base-pairing results in two strands that contain

. That is, the sequence of bases on one
strand determines the sequence of bases on the other strand. For
example, if the sequence of nitrogen bases on one strand of a DNA
molecule is TCGAACT, the sequence of nitrogen bases on the other
strand must be AGCTTGA. 

complementary base pairs

base-pairing rules
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Section 2 Review

Describe the three parts of a DNA nucleotide. 

Relate the base-pairing rules to the structure of
DNA. 6A

Descibe the two pieces of information from
other scientists that enabled James Watson and
Francis Crick to discover the double-helical struc-
ture of DNA. 3F

Explain why the two strands of the double helix
are described as complementary. 6A

Critical Thinking Applying Information
Suppose a strand of DNA has the nucleotide
sequence CCAGATTG. What is the nucleotide
sequence of the complementary strand? 6A

Which pattern shows how
bases pair in complementary strands of DNA?
A A-C and T-G C A-G and T-C
B A-T and C-G D A-A and C-C

TAKS Test PrepTAKS Test Prep

Organizing Information
Create a timeline that
summarizes the people 
events that led to the
discovery that DNA is the
molecule where genetic
information is stored. 
Start with 1928, and 
end with 1953.

The diagram of DNA below 
the helix makes it easier to
visualize the base-pairing that
occurs between DNA strands.

Figure 8 Base-pairing 
in DNA

6A

6A
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Overview
Before beginning this section
review with your students the
objectives listed in the Student
Edition. Section 3 first explains how
DNA is copied and how errors are
corrected. Then, replication forks,
and their role in increasing the speed
of replication, are described.

DNA is considered to be a relatively
stable molecule. Ask students what
gives it this stability, even though the
hydrogen bonds between the nitro-
gen bases are easily broken. Have
students write their answers, and
then ask them to share and compare
their ideas. (The bonds connecting
the deoxyribose and phosphate
groups, which form the backbone of
DNA, are covalent bonds. Covalent
bonds are strong and keep the
strands of nucleotides intact.) 

Identifying Preconceptions Tell
students that before DNA can make
copies of itself, it must “unzip” the
hydrogen bonds holding the com-
plementary nitrogen bases together.
Ask students how they think this
happens. (Enzymes catalyze the reac-
tions in which the hydrogen bonds
are broken.) Then ask students how
they think nucleotides are added to
each “unzipped” strand. (Enzymes
catalyze the bonding of nucleotides 
to the “free” DNA strands.) Then,
introduce the names of the specific
enzymes involved. TAKS 2 Bio 6B
(grade 11 only)

MotivateMotivate

TAKS 2
Bio 6A

Bellringer

FocusFocus

Section 3
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The Same Yet Different Genetically, humans
and chimps are amazingly similar—their DNA
sequences only differ by between 1 and 5 percent.
So why don’t we see chimps attending classes in
our schools or carrying briefcases to their jobs
on Wall Street? One major reason is that our
brains are different. Results from a study pub-
lished in the April 12, 2002 issue of the journal
Science notes that genes are activated differ-
ently in the brains of chimps and humans.
Additionally, the amount of gene and protein
expression is greater in the brains of humans
than in the brains of chimps. TAKS 2 Bio 6D
(grade 10 only)
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• Data Sheet for Math Lab GENERAL

GENERAL
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Section 3 The Replication of DNA 

Roles of Enzymes in
DNA Replication
When the double helix structure of DNA was first discovered, scien-
tists were very excited about the complementary relationship
between the sequences of nucleotides. They predicted that the com-
plementary structure was used as a basis to make exact copies of the
DNA each time a cell divided. Watson and Crick proposed that one
DNA strand serves as a template, or pattern, on which the other
strand is built. Within five years of the discovery of DNA’s structure,
scientists had firm evidence that the complementary strands of the
double helix do indeed serve as templates for building new DNA. 

The process of making a copy of DNA is called .
DNA replication is summarized in Figure 9. Recall from your read-
ing of earlier chapters that DNA replication occurs during the
synthesis (S) phase of the cell cycle, before a cell divides.

Step Before DNA replication can begin, the double helix unwinds.
This is accomplished by enzymes called DNA helicases.

open the double helix by breaking the hydro-
gen bonds that link the complementary nitrogen bases
between the two strands. 

DNA helicases

DNA replication

Objectives
● Summarize the process 

of DNA replication. 

● Describe how errors are
corrected during DNA
replication. 

● Compare the number
of replication forks 
in prokaryotic and 
eukaryotic DNA. 

Key Terms

DNA replication 
DNA helicase
replication fork
DNA polymerase

BIO
graphic

Replication
fork

DNA
helicase

DNA 
polymerases

New
DNA

New
DNA 

Old
DNA

Old
DNA

The two original DNA 
strands separate.

DNA replication results in two identical DNA strands.

DNA Replication

1 DNA polymerases add 
complementary nucleotides 
to each strand.

2 Two DNA molecules form 
that are identical to the 
original DNA molecule.

3

Figure 9

6B

6B 6C

6B
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Using the Figure 
Use the overhead projector to help
students identify the replication
fork and helicase enzymes shown in
Step of Figure 9. Ask students to
identify the original DNA strands,
the new strands, and the location of
the DNA polymerases in Step .
Have them compare the two DNA
molecules in Step with the DNA
in Step 1 and with each other. (They
are identical.) Visual   

Teaching Tip 
Modeling Replication Draw a
sequence of eight nitrogen bases on
the board. Have students copy it
onto a piece of paper and draw the
base sequence for the complemen-
tary strand. Then, using Figure 9
as a model, have students separate
the two strands by drawing each
sequence of eight bases. Finally, have
students “replicate” each strand and
compare the two new molecules
with the original sequence.

Kinesthetic   TAKS 2 Bio 6B (grade
11 only)

LS

TAKS 2 Bio 6B
(grade 11 only)

LS

TeachTeach
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GENERAL

Analyzing the rate
of DNA replication
TAKS 1 Bio/IPC 2B, 2C; TAKS 2
Bio 6B (grade 11 only)

Skills Acquired
Calculating, predicting

Teacher’s Notes 
Remind students that rates
are ratios that compare
quantities of different
units, such as miles 
per hour.

Answers to Analysis
1. 8 seconds
2. 80 seconds
3. The total time would increase

considerably.

<x  + 6x - 7 - 0
2

18

493
76

0

5
2

Transparencies

TT Bellringer
TT DNA Replication
TT Replication Forks
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Once the two strands are separated, additional proteins
attach to each strand, holding them apart and preventing
them from assuming their double-helical shape. The areas
where the double helix separates are called 
because of their Y shape, as shown in Figure 9. 

Step At the replication fork, enzymes known as 
move along each of the DNA strands. DNA polymerases add
nucleotides to the exposed nitrogen bases, according to the
base-pairing rules. As the DNA polymerases move along, two
new double helixes are formed. 

Step Once DNA polymerases have begun adding nucleotides to a
growing double helix, the process continues until all of the
DNA has been copied and the polymerases are signaled to
detach. This process produces two DNA molecules, each
composed of a new and an original strand. The nucleotide
sequences in both of these DNA molecules are identical to
each other and to the original DNA molecule.

Checking for Errors
In the course of DNA replication, errors sometimes occur and the
wrong nucleotide is added to the new strand. An important feature of
DNA replication is that DNA polymerases have a “proofreading” role.
They can add nucleotides to a growing strand only if the previous
nucleotide is correctly paired to its complementary base. In the event
of a mismatched nucleotide, the DNA polymerase can backtrack. The
DNA polymerase removes the incorrect nucleotide and replaces it
with the correct one. This proofreading reduces errors in DNA repli-
cation to about one error per 1 billion nucleotides. 

DNA polymerases

replication forks

Analysis

1. Calculate the time it would
take a bacterium to add 4,000
nucleotides to one DNA strand
undergoing replication.

2. Calculate the time it would
take a mammalian cell to add
4,000 nucleotides to one DNA
strand undergoing replication.

3. Critical Thinking
Predicting Outcomes How
would the total time needed to
add the 4,000 nucleotides be
affected if a drug that inhibits
DNA polymerases were present?

Analyzing the Rate of 
DNA Replication
Background 

Cancer is a disease caused by cells that divide uncontrol-
lably. Scientists studying drugs that prevent cancer often
measure the effectiveness of a drug by its effect on DNA
replication. During normal DNA replication, nucleotides are
added at a rate of about 50 nucleotides per second in
mammals and 500 nucleotides per second in bacteria. 

<x  + 6x - 7 - 0
2

8

493 0

5
2

DNA replication forks

Magnification: 83,640�
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IPC Benchmark Fact

Remind students that there are three primary types of
chemical bonds: ionic, covalent, and metallic.
Describe the characteristics of each bond in terms of
electron behavior (ionic—electron transfer; cova-
lent—electron sharing; metallic—electron sea) and
then review the nature of the hydrogen bond. Ask 
students to compare and contrast the hydrogen bond
with the three primary bond types. Which one of
these is the hydrogen bond most like? Have students
defend their responses. TAKS 4 IPC 7D (grade 11 only)

TAKS 1 Bio/IPC 2B, 2C; 
TAKS 2 Bio 6B (grade 11 only)

MATH TAKS Obj 9, 8.3B; Obj 10, 8.14A, C



Demonstration
To model the separation of DNA
strands in the circular chromosomes
of bacteria, form a circle with a 
12-inch zipper. While holding the
ends of the zipper together with one
hand, unzip the zipper with the
other. Note that DNA “unzipping”
and replication begin at one spot but
actually proceed in both directions
at two replication
forks. Visual
TAKS 2 Bio 6B (grade 11 only)

Reteaching
Assign students to cooperative
groups to build DNA models. 
Let students choose their own 
construction materials to represent
the components and bonds that
make up DNA. Ask students to
use their models to demonstrate
DNA replication. Kinesthetic

TAKS 2 Bio 6A, 6B (grade 11 only);  Bio 3E

Quiz
1. How is the exact replication of

DNA ensured? (It is ensured 
by complementary base pairing
and “proofreading” by DNA 
polymerases.)

2. What are replication forks?
(Areas of DNA where the 
double helix separates prior to
replication.)

Alternative
Assessment
Have students write two sentences
to describe each of the three steps
summarizing DNA replication
shown in Figure 9.

GENERAL

GENERAL

Co-op Learning
LS

CloseClose

LS

Teach, continuedTeach, continued

Answers to Section Review

1. DNA helicases unwind the double helix by
catalyzing the break up of the hydrogen bonds
between the nitrogen bases. DNA polymerases
enable the addition of complementary
nucleotides. TAKS 2 Bio 6B (grade 11 only)

2. DNA polymerases act as “proofreaders” by
checking for mismatched nucleotides. If a
nucleotide is placed incorrectly, polymerases
remove the incorrect nucleotide and replace it
with the correct nucleotide. TAKS 2 Bio 6A, 6C

3. Multiple replication forks increase the speed of
replication. TAKS 2 Bio 6B (grade 11 only)

4. Mutations in gametes may be inherited and thus
are likely to have a more significant effect. It
would also depend on the type of mutation and
whether the gamete is involved in fertilization.
Body cells must usually accumulate multiple
mutations before they become harmful. 

5. A. Incorrect. After repli-
cation, 2 double-stranded molecules exist,
resulting in a total 
of 4 strands of DNA. B. Incorrect. This is 
the number of strands before replication. 
C. Correct. See answer A. D. Incorrect. This
would be the number of strands after two
rounds of replication. TAKS 2 Bio 6B  (grade 11 only)

TAKS 2 Bio 6C
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Topic: DNA Replication
Keyword: HX4059

The Rate of Replication
Replication does not begin at one end of the DNA molecule and end
at the other. The circular DNA molecules found in prokaryotes usually
have two replication forks that begin at a single point. The replication
forks move away from each other until they meet on the opposite side
of the DNA circle, as shown in Figure 10. 

In eukaryotic cells, each chromosome contains a single, long
strand of DNA. The length presents a challenge: The replication of a
typical human chromosome with one pair of replication forks
spreading from a single point, as occurs in prokaryotes, would take
33 days! To understand how eukaryotes meet this challenge, imag-
ine that your class has to carry 25 boxes to another building.
Carrying one box over, returning, carrying the second box, and so
on, would be very slow. It would be much faster if everyone in the
class picked up a box so that all of the boxes could be carried in one
trip. That is similar to replication in eukaryotic cells, as shown in
Figure 10. Each human chromosome is replicated in about 100 sec-
tions that are 100,000 nucleotides long, each section with its own
starting point. With multiple replication forks working in concert,
an entire human chromosome can be replicated in about 8 hours.

Prokaryotic and eukaryotic DNA have a different number of replication forks.

Figure 10 Replication forks

Explain the two roles that enzymes play in 
DNA replication as is illustrated in Figure 9 in 
this section. 6B

Explain the relationship between DNA
polymerases and mutations. 6B 6C

State the effect of multiple replication forks 
on the speed of replication in eukaryotes. 6B

Critical Thinking Evaluating Information
If a mutation occurs during the formation of an
egg cell or sperm cell, is that mutation more
significant or less significant than a mutation that
occurs in a body cell? Explain your answer. 

How many DNA strands exist
after one molecule of DNA has been replicated? 
A 1 C 4
B 2 D 8

TAKS Test PrepTAKS Test Prep

Section 3 Review

6C

6B
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Alternative
Assessment
Provide students with three-
dimensional objects that represent
sugars, phosphate groups, and
eight nitrogen bases. Provide a key
for what each object represents.
Instruct students to construct a
DNA model with the objects. Have
them demonstrate replication by
separating the bases. Instruct them
to draw the model they have made
on paper and assign names to the
bases. Then have them draw the
finished product of replication 
with the sugar, phosphate, and
bases labeled. 

GENERAL
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Answer to Concept Map

The following is one possible answer 
to Performance Zone item 15.

Key Concepts

Study CHAPTER HIGHLIGHTS

ZONE
Key Terms

Section 1
vaccine (190)
virulent (190)
transformation (191)
bacteriophage (192)

Section 2
double helix (194)
nucleotide (194)
deoxyribose (194)
base-pairing rules (197)
complementary base pair (197)

Section 3
DNA replication (198)
DNA helicase (198)
replication fork (199)
DNA polymerase (199)

BIOLOGYBIOLOGY
Unit 6—Gene Expression 
Use Topics 1–2 in this unit to review the
key concepts and terms in this chapter.

Identifying the Genetic Material

● The experiments of Griffith and of Avery yielded results
that suggested DNA was the genetic material.

● Hershey and Chase used the bacteriophage T2 and radioactive
labels to show that viral genes are made of DNA, not protein.

● DNA stores the information that tells cells which proteins
to make and when to make them.

The Structure of DNA 

● DNA is made of two strands of nucleotides twisted into the
form of a double helix.

● Each nucleotide in DNA is made of the sugar deoxyribose, a
phosphate group, and one of four nitrogen bases. The four
nitrogen bases found in DNA nucleotides are adenine (A),
thymine (T), guanine (G), and cytosine (C).

● The two strands of DNA are complementary—each A on one
strand pairs with a T on the opposite strand, and each G on
one strand pairs with a C on the opposite strand.

● Watson and Crick determined the structure of DNA in 1952
with the help of data gathered by Wilkins, Franklin, and
Chargaff.

The Replication of DNA

● Before a cell divides, it copies its DNA by a process called
DNA replication.

● In DNA replication, enzymes work to unwind and separate
the double helix and add complementary nucleotides to the
exposed strands.

● The result of DNA replication is two exact copies of the cell’s
original DNA. Each new double helix is composed of one
original DNA strand and one new DNA strand.

● DNA polymerase proofreads DNA during its replication so
that very few errors occur.

3

2

1
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IPC Benchmark
Review

To prepare students for the TAKS, have
students review Solution Chemistry:
Solutions and Factors That Affect
Solubility and Electrolytic Behavior
TAKS Obj 4 IPC 9B on pp. 1054–1055 
of the IPC Refresher in the Texas
Assessment appendix of this book.



ANSWERS

Using Key Terms

1. c TAKS 3 Bio 4D
2. a TAKS 2 Bio 6A, 6B (grade 11 only)
3. b TAKS 3 Bio 4C
4. c TAKS 2 Bio 6A
5. Answers will vary, but should

reflect the following under-
standing: In the process of DNA
replication, DNA helicase opens
the DNA double helix, producing
a replication fork at which DNA
polymerase adds nucleotides to
the exposed nitrogen bases. 

Understanding Key Ideas

6. a TAKS 3 Bio 4D
7. b TAKS 3 Bio 4C
8. a 
9. c TAKS 2 Bio 6A

10. b 
11. a. about 1:1

b. A and T, C and G
c. yes 

12. both 
13. DNA polymerases add comple-

mentary nucleotides to a DNA
strand during replication, and
they act as “proofreaders” by
checking for mismatched
nucleotides. If a nucleotide is
placed incorrectly, polymerases
remove the incorrect nucleotide
and replace it with the correct
nucleotide. 

TAKS 2 Bio 6A, 6B (grade 11 only)

14. A gene is a segment of DNA that codes for a
protein or RNA molecule. Thousands of
genes, which are packaged with proteins 
and coiled up before cell division, make up a
chromosome. Two chromatids make up a
chromosome; chromatids are the replicated
DNA formed before a cell undergoes 
cell division. TAKS 2 Bio 6A

15. The answer to the concept map is found at
the bottom of the Study Zone page. TAKS 1
Bio/IPC 2C; TAKS 2 Bio 6B (grade 11 only)

Section Questions
1 1, 3, 6, 7
2 4, 8, 11, 16, 17, 18
3 2, 5, 9, 10, 12, 13, 14, 15, 19, 20, 21, 22

Assignment Guide
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CHAPTER 9

Review and Assess
3D, 3E, 3F, 4C, 4D, 6A, 6B

Using Key Terms
1. What is the name of the process that was

involved in changing Griffith’s R bacteria to
S bacteria?
a. DNA replication c. transformation
b. polymerization d. crossing-over

2. The enzymes that add complementary
nucleotides during DNA replication and
proofread the new DNA strand are called
a. DNA polymerases.
b. phages.
c. DNA helicases.
d. nitrogen bases.

3. Hershey and Chase showed that the genetic
material of the T2 bacteriophage was
a. protein. c. DNA helicase.
b. DNA. d. DNA polymerase.

4. A ______ is not a component of a DNA
nucleotide. 
a. five-carbon sugar c. double helix
b. phosphate group d. nitrogen base

5. Write a sentence that shows your under-
standing of the following terms: DNA heli-
case, replication fork, and DNA polymerase.

Understanding Key Ideas
6. In his experiments on Streptococcus

pneumoniae, Griffith found that
a. the DNA of the heat-killed S bacteria

entered some of the R bacteria.
b. the S bacteria were transformed.
c. the capsule did not protect the bacterium.
d. mice injected with the R bacteria died.

7. Hershey and Chase showed that
a. bacteriophages can infect human cells.
b. DNA controls heredity.
c. bacteria undergo transformation.
d. a vaccine for pneumonia could be

produced.

8. James Watson and Francis Crick  
a. built a structural model of DNA.
b. discovered DNA replication.
c. used X-ray diffraction.
d. discovered DNA polymerases.

9. If the sequence of nucleotides on one strand of
a DNA molecule is GCCATTG, the sequence
on the complementary strand is 
a. GGGTAAG. c. CGGTAAC.
b. CCCTAAC. d. GCCATTC.

10. Multiple replication forks along the DNA
a. correct replication errors.
b. reduce DNA replication time.
c. ensure that the new and old DNA

strands are complementary.
d. signal DNA polymerase to stop.

11. The table below summarizes the percent-
age of each nitrogen base found in an
organism’s DNA.

a. What is the ratio of purines to
pyrimidines?

b. Within each organism, which
nucleotides are found in similar
percentages?

c. Do the ratio and percentages in (a) and
(b) follow Chargaff’s rule?

12. Does DNA replication occur immediately
before asexual reproduction, before sexual
reproduction, or before both?

13. What are two functions of DNA poly-
merases during DNA replication?

14. Differentiate between DNA, genes, chro-
matids, and chromosomes. (Hint: See
Chapter 6, Section 1.)

15. Concept Mapping Make a concept
map that shows the structure of DNA and
how it is copied. Try to include the follow-
ing words in your concept map: nucleotides,
phosphate group, five-carbon sugar, nitrogen
base, purine, pyrimidine, double helix, repli-
cation, DNA polymerases, and gene.

Performance
ZONE

CHAPTER REVIEW

Percentage of Each Nitrogen Base

A T G C

Human 30.4 30.1 19.6 19.9

Wheat 27.3 27.1 22.7 22.8

E. coli 24.7 23.6 26.0 25.7
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Critical Thinking

16. X-rays could have caused DNA
mutations that led to her cancer.

17. The same number of mouse
kidney cells would yield 4.6 pico-
grams of DNA; 2.3 picograms
would be extracted from the same
amount of mouse sperm. Sperm
cells are haploid, n, and contain
half the amount of genetic mate-
rial found in body cells.

18. Watson and Crick’s model of
DNA needed to account for the
equal amounts of A/T and G/C in
DNA molecules, and that the
amounts of A/T and G/C varied
among organisms. The model
had to resemble a tightly coiled
helix. Their model accounted for
all known facts and could be
considered a good representation
of the structure of DNA. 

19. The process of DNA replication
synthesizes new molecules of
DNA. It requires DNA helicases
for the unwinding of DNA prior to
replication. Reducing the helicases
would slow down replication. 

Alternative Assessment

20. Answers will vary. Techniques
may include the Maxam-Gilbert
method or the more frequently
used Sanger (dideoxy) sequencing
method. Fluorescent dyes are
now used in the Sanger method
to tag the modified nucleotides.
Sequencing technology can be
used to find mutations that result
in genetic disorders.

21. Molecular biologists study cells at
the molecular level. Most molecu-
lar biologists have at least a 4-year
degree in science and at least some
graduate training. Employers
include universities, pharmaceuti-
cal companies, and health care
facilities. The growth potential of
this field is good. Starting salary
will vary by region.

22. The polymerase chain reaction
(PCR) is a technique that allows 
a small sample of DNA to be
copied many times. Genetic
analysis, which determines the
presence of restriction length
polymorphisms (DNA finger-
printing), or mutations on specific
genes, can be performed with
PCR-amplified DNA samples.

TAKS 1
Bio/IPC 2C;
TAKS 2
Bio 6A

TAKS 1
IPC 3A; 
Bio 3A, 3F

Standardized Test Prep
1. A. Correct. B. Incorrect. B is the replication

fork. C. Incorrect. C is DNA polymerase.
D. Incorrect. D is a nucleotide.

2. F. Incorrect. Transformation is a process in
which an organism, such as a bacterium, 
takes up free DNA from another organism. 
G. Incorrect. Cellular respiration is a process
by which organisms harvest food energy. 
H. Incorrect. Photosynthesis produces carbohy-
drates from carbon dioxide and light energy. 
J. Correct. DNA replication is the process dur-
ing which a DNA molecule unwinds, and each
single strand is used as a template to copy two
identical molecules of DNA. TAKS 2 Bio 6A, 6B 

(grade 11 only)

TAKS 2 Bio 6B (grade
11 only)

3. A. Correct. A is DNA helicase. B. Incorrect.
The two original DNA strands do not recon-
nect during DNA replication. C. Incorrect. 
C (not A) is DNA polymerase. D. Incorrect. 
C (not A) is DNA polymerase.
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Critical Thinking
16. Forming Reasoned Opinions X-rays dam-

age DNA in organisms. Rosalind Franklin
died of cancer at an early age. How might
her work with X-ray diffraction have led to
her death?

17. Evaluating Results A scientist extracted 4.6
picograms (or 4.6 � 10-12 grams) of DNA
from mouse muscle cells. How much DNA
could be extracted from the same number of
mouse kidney cells and the same number of
mouse sperm? Explain your answer.

18. Evaluating Models Explain why you do or
do not think Watson and Crick’s model of
DNA illustrated in Figure 7 in this chapter is
a good representation of the structure of
DNA. What existing information about DNA
did Watson and Crick’s model have to take
into account? 

19. Predicting Results Identify the process by
which new molecules of DNA are synthe-
sized, and predict the effect on this process
of reducing available DNA helicases. 

Alternative Assessment
20. Selecting Technology Research two

methods used to sequence the nucleotides
in a gene. Compare and contrast the two
methods. Give examples of how this
technology might be used in a clinical
setting. Prepare a poster to summarize 
the nucleotide-sequencing methods 
you researched.

21. Career Connection Molecular Biologist
Research the field of molecular 
biology, and write a report on your
findings. Your report should include 
a job description, training required, 
kinds of employers, growth prospects, 
and starting salary. 

21. Interactive Tutor Unit 6 Gene Expression
Write a report summarizing the use 
of polymerase chain reaction (PCR) in
genetic engineering. Research how PCR
analysis is applied in procedures such 
as DNA fingerprinting and genetic
screening.

Use the model below and your knowledge of
science to answer questions 1–3.

1. Which part of the model represents DNA
helicase? 6B
A A C C
B B D D

2. Which cellular function does this model
represent? 6A 6B
F transformation
G cellular respiration
H photosynthesis
J DNA replication

3. What is the function of the structure 
labeled A?
A separating DNA strands 
B reconnecting DNA strands
C adding nucleotides to make new DNA

strands
D checking the new DNA strands for errors

TAKS Test PrepTAKS Test Prep

Test
Some questions require you to choose the answer
that is not true. For these questions, you should
first eliminate answers that you know are true. 

A

C

D

B

3E

2C 6A

3D
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