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Day
Daily Assignment
11/14/2014
1
Read Chapter 11 section 11.1 (pp. 308-312) in your textbook. Complete "The Work of Gregor
Mendel" Worksheet Section 11.1 in your Student Guide. COMPLETE and turn in your lab by
day 10. Check with your facilitator for lab instructions and on-campus times.
11/17/2014
2
Read section 11.2 (pp.313-318) in your textbook. Complete the "Applying Mendel's
Principles" Worksheet Section 11.2 in your Student Guide.
11/18/2014
3
Read section 11.3 (pp.319-321) in your textbook. Complete the "Other Patterns of
Inheritance" Worksheet Section 11.3 in your Student Guide.
11/19/2014
4
Read section 11.4 (pp.323-329) in your textbook. Complete the "Meiosis" Worksheet Section
11.4 in your Student Guide.
11/20/2014
5
Complete the "Vocabulary Review" Worksheet in your Student Guide. Review your work for
Days 1-4. Take Quiz #1 in your Student Guide. (Parent grades quiz using Quiz Answer Key.)
REMINDER: your lab is due to your facilitator by day 10.
11/21/2014
6
Read Chapter 12 section 12.1 (pp.338-343) in your textbook. Complete the "Identifying the
Substances of Genes" Worksheet Section 12.1 in your Student Guide.
12/1/2014
7
Read section 12.2 (pp.344-348) in your textbook. Complete "The Structure of DNA"
Worksheet Section 12.2 in your Student Guide.
12/2/2014
8
Read section 12.3 (pp.350-353) in your textbook. Complete the "DNA Replication" Worksheet
12.3 in your Student Guide.
12/3/2014
9
Review work.
12/4/2014 10
Complete the "Vocabulary Review" Worksheet in your Student Guide. Review your work for
Days 6-9. Take Quiz #2 in your Student Guide. (Parent grades quiz using Quiz Answer Key.)
LAB DUE to facilitator today.
12/5/2014 11
Read Chapter 13, section 13.1 (pp.362-365). Complete the "RNA" Worksheet Section 13.1 in
your Student Guide.
12/8/2014 12
Read section 13.2 (pp.366-371). Complete the "Ribosomes and Protein Synthesis"
Worksheet 13.2 in your Student Guide
12/9/2014 13
Read section 13.3 (pp.372-376). Complete the "Mutations" Worksheet section 13.3 in your
Student Guide.
12/10/2014 14
Read section 13.4 (pp.377-383). Complete the "Gene Regulation and Expression" Worksheet
13.4 in your Student Guide.
12/11/2014 15
Complete the "Chapter Review" Worksheet in your Student Guide. Review your work for Days
11-14. Take Quiz #3 in your Student Guide. (Parent grades quiz using Quiz Answer Key.)
12/12/2014 16
Study and review Chapters 11-13 for Unit 4 Test. Use the Student Guide and Quizzes to help
you study for the Unit 4 Test.
12/15/2014 17
Study and review Chapters 11-13 for Unit 4 Test. Use the Student Guide and Quizzes to help
you study for the Unit 4 Test. You must take the Unit 4 Test in the Testing Center at Excelsior
within the next 4 school days.
Printed 3/14/2014 @ 11:57:03 AM
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11.1 The Work of Gregor Mendel
Lesson Objectives
Describe MendelвЂ™s studies and conclusions about inheritance.
Describe what happens during segregation.
Lesson Summary
The Experiments of Gregor Mendel The delivery of characteristics from parents to
offspring is heredity. The scientific study of heredity is genetics. Gregor Mendel founded
modern genetics with his experiments on a convenient model system, pea plants:
в–¶ Fertilization is the process in which reproductive cells (egg from the female and sperm
from the male) join to produce a new cell.
в–¶ A trait is a specific characteristic, such as (in peas) seed color or plant height.
в–¶ Mendel prevented self-pollination in the peas. He controlled fertilization so he could study
how traits passed from one generation to the next.
в–¶ He created hybrids, which are crosses between true-breeding parents (the P generation)
with different traits.
вЂў These hybrids were the F1 (first filial) generation.
вЂў They each showed the characteristic of only one parent.
в–¶ Mendel found that traits are controlled by factors that pass from parent to offspring.
Those factors are genes. The different forms of a gene are alleles.
в–¶ MendelвЂ™s principle of dominance states that some alleles are dominant and others are
recessive. The recessive allele is exhibited only when the dominant allele is not present.
Segregation Mendel allowed members of the F1 generation to self-pollinate. The trait controlled by the recessive allele appeared in the next generation (F2) in about one-fourth of the
offspringвЂ”even when it did not appear in the F1 generation.
в–¶ Separation of alleles is segregation.
в–¶ When gametes (sex cells) form, alleles segregate so that each gamete carries only one allele
for each gene.
в–¶ The F2 generation gets a new combination of alleles: one from each parent.
The Experiments of Gregor Mendel
Match the term with its deп¬Ѓnition.
Term
Definition
C
1.
genes
B
2.
hybrids B. The offspring of true-breeding parents with different traits
A
3.
traits
C. Factors that determine traits
E
4.
alleles
D. Sex cells, egg or sperm
D
5.
gametes E. The different forms of a gene
A. Specific characteristics that vary among individuals
Lesson 11.1 вЂў Workbook A вЂў Copyright В© by Pearson Education, Inc., or its afп¬Ѓliates. All Rights Reserved.
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6. Why are peas a good model system for studying heredity?
They are small, easy to grow, and they produce large numbers of offspring.
7. How did Mendel cross-pollinate flowers?
He removed the male parts from one flower and dusted their pollen (containing
sperm) onto the female parts of another flower.
8. What is the difference between a gene and an allele?
A gene is a factor that passes from parent to offspring and determines a trait. An
allele is one form of a gene.
9. State the principle of dominance.
Some alleles are dominant and some are recessive. An organism with one dominant
allele for a trait will exhibit that form of the trait.
The table shows some crosses between true-breeding parents that carry pairs of dominant
alleles (such as SS) or pairs of recessive alleles (such as ss). Complete the table to show the
combination of alleles in the offspring. Then use it to answer Questions 10вЂ“11.
Dominant and Recessive Forms of Pea Plant Traits
Trait
Parent Plants (P Generation)
Seed Color
Yellow
YY
Offspring
(F1 Generation)
Green
yy
Yellow
Yy
Gray
GG
Gray
Smooth
SS
Smooth
Yellow
cc
Green
X
Seed Coat Color
White
gg
Gg
X
Pod Shape
Constricted
ss
Ss
X
Pod Color
Green
CC
Cc
X
10. What is the dominant shape of a pea pod? How do you know?
The dominant shape of a pea pod is smooth. You know because the smooth trait
shows up in the F1. ThatвЂ™s why its allele is a capital letter.
11. What symbol represents the recessive allele for pod color?
The symbol for the recessive allele for pod color is c (lower-case).
Lesson 11.1 вЂў Workbook A вЂў Copyright В© by Pearson Education, Inc., or its afп¬Ѓliates. All Rights Reserved.
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Segregation
12. What is segregation? What is the result of segregation?
Segregation is the separation of alleles during formation of gametes. The result is
that each gamete carries only one allele for each gene.
13.
The capital letter G represents the allele in peas that causes the
dominant trait, gray seed coat. The lower-case letter g represents the recessive allele that
causes the recessive trait, white seed coat.
In the circles, show the alleles in the gametes of the parent generation. Show how the alleles
recombine in the F1 plants.
GG
gg
Gray
seed coat
White
seed coat
P
G
G
g
g
Gg
Gg
Gg
Gg
Gametes
F1
14. A black cat and a white cat have four black kittens in the F1 generation. In the F2
generation, there are three black kittens and one white kitten. Explain how the F2
generation proves that genetic information passes unchanged from one generation to
the next, even when a specific trait is not exhibited.
The trait produced by a pair of recessive alleles (white fur) was not exhibited in the
individuals of the F1 generation, but it reappeared in one fourth of the F2 offspring.
That proves the genetic information was never lost, even though it was not expressed.
Lesson 11.1 вЂў Workbook A вЂў Copyright В© by Pearson Education, Inc., or its afп¬Ѓliates. All Rights Reserved.
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11.2 Applying MendelвЂ™s Principles
Lesson Objectives
Explain how geneticists use the principles of probability to make Punnett squares.
Explain the principle of independent assortment.
Explain how MendelвЂ™s principles apply to all organisms.
Lesson Summary
Probability and Punnett Squares Probability is the likelihood that a particular event
will occur. Probability predicts the recombination of alleles:
в–¶ Of an allele pair, the probability of each allele in a gamete is ВЅ, or 50 percent.
в–¶ When F1 hybrid individuals are crossed, the probability of
вЂў two recessive alleles is Вј.
вЂў two dominant alleles is Вј.
вЂў one dominant allele and one recessive allele is ВЅ (Вј + Вј).
в–¶ Organisms that have two identical alleles for a gene are homozygous for that trait. If they
have different alleles for the same gene, they are heterozygous for that trait.
в–¶ Physical traits are an organismвЂ™s phenotype. Its genotype is its genetic makeup.
в–¶ A Punnett square is a mathematical tool that helps predict combinations in genetic
crosses.
Independent Assortment The principle of independent assortment states that genes
for different traits segregate independently during the formation of gametes. In two-factor
crosses, the phenotypes of the F2 offspring occur in a 9:3:3:1 ratio: 9 with with both traits
dominant, 3 with the first trait dominant and the second trait recessive, 3 with the first trait
recessive and the second trait dominant, and 1 with both traits recessive.
A Summary of MendelвЂ™s Principles
в–¶ Genes are passed on from parents and determine traits.
в–¶ Where two or more alleles for a gene exist, some may be dominant and others recessive.
в–¶ In sexually reproducing organisms, offspring receive a copy of each gene from each
parent. The alleles segregate when forming gametes.
в–¶ Alleles for different genes usually segregate independently.
Probability and Punnett Squares
1. What is probability? Probability is the likelihood that a certain event will occur.
2. In a parent pea plant with the allele pair Gg, what is the probability that one gamete will
contain the G allele? ВЅ, or 50 percent
Lesson 11.2 вЂў Workbook A вЂў Copyright В© by Pearson Education, Inc., or its afп¬Ѓliates. All Rights Reserved.
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3. Complete the graphic organizer to define the characteristics of homozygous and
heterozygous genotypes and phenotypes.
Homozygous
Heterozygous
Genotype
Both alleles are the same.
The alleles are different.
Phenotype
The phenotype depends on
whether both alleles are
dominant or recessive. The
corresponding phenotype will be
expressed.
The phenotype will be that
produced by the dominant allele.
4. The dominant allele for smooth pod shape in peas is S. The recessive allele for constricted
pod shape is s. In the Punnett square, show the result of crossing two heterozygous
parents (Ss). Write the genotype and the phenotype of each type of offspring in the space
provided.
S
s
S
Genotype:
Phenotype:
SS
Smooth
Genotype:
Phenotype:
Ss
Smooth
s
Genotype:
Phenotype:
Ss
Smooth
ss
Genotype:
Constricted
Phenotype:
For Questions 5вЂ“9, refer to the Punnett square above.
5. What is the probability of a heterozygous offspring? Explain your answer.
The probability of a heterozygous offspring Ss is ВЅ (Вј + Вј).
6. What is the probability of a homozygous offspring? Explain.
It is ВЅ (Вј SS + Вј ss).
7. What is the probability of a homozygous recessive offspring?
It is Вј (ss).
8. What is the probability of a smooth phenotype?
It is Вѕ ( Вј SS + ВЅ Ss).
9. What is the probability of a homozygous recessive individual (ss) producing a gamete with
a dominant allele (S)? Explain.
The probability is zero because this individual did not inherit a dominant allele.
Lesson 11.2 вЂў Workbook A вЂў Copyright В© by Pearson Education, Inc., or its afп¬Ѓliates. All Rights Reserved.
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Independent Assortment
10. State the principle of independent assortment below.
Genes for different traits segregate independently during the formation of gametes.
11. Using the principle of independent assortment, complete the Punnett square to show the
results of an F1 cross between two individuals heterozygous for both pod color (C = green
and c = yellow) and pod shape (S = smooth and s + constricted). The gametes and some of
the genotypes of the F2 offspring are given.
CS
cS
Cs
cs
CS
CCSS
CcSS
CCSs
CcSs
cS
CcSS
ccSS
CcSs
ccSs
Cs
CCSs
CcSs
CCss
Ccss
cs
CcSs
ccSs
Ccss
ccss
For Questions 12вЂ“15, refer to the Punnett square above.
12. Which genotype belongs to an offspring that is homozygous recessive for both traits?
What is the probability of that genotype?
That genotype is ccss. Its probability is 1/16.
13. What is the phenotype of an individual heterozygous for both traits?
The phenotype is green pod color and smooth pod shape.
14. What is the probability of an F2 offspring having the green pod color and smooth
pod shape? Explain. (Note: Remember that more than one genotype can produce this
phenotype.)
The probability is 9/16 (the combined probability of CCSS, CCSs, CcSS, and CcSs).
15. The Punnett square predicts a 9:3:3:1 ratio for phenotypes. Explain what that ratio means.
It means that the probability of an offspring that exhibits both dominant traits
(green pod color and smooth pod shape) is 9/16. The probability of one dominant and
one recessive (either green pod color and constricted pod shape or yellow pod color
and smooth pod shape) is 3/16 each. The probability of both recessive traits showing
in the phenotype (yellow, constricted pod) is 1/16.
Lesson 11.2 вЂў Workbook A вЂў Copyright В© by Pearson Education, Inc., or its afп¬Ѓliates. All Rights Reserved.
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Summary of MendelвЂ™s Principles
For Questions 16вЂ“20, complete each statement by writing the correct word or words.
16. The units that determine the inheritance of biological characteristics are
17. A form of a gene is a(n)
allele
genes
.
.
18. If two or more forms of a gene exist, some may be dominant and others may be
recessive
.
19. The offspring of most sexually reproducing organisms have two copies of each gene. One
came from each
parent
.
20. Alleles from different genes usually
gametes form.
segregate
independently from each other when
For Questions 21вЂ“25, match the term with its description.
E
21. Determine traits
A. parents
B
22. Can be two of these in one gene
B. alleles
C
23. Allele that is expressed
C. dominant
A
24. Where genes come from
D. segregate
D
25. What genes do during gamete formation
E. genes
26. Explain the importance of Thomas Hunt MorganвЂ™s experiments with fruit flies. Why was
his work an important addition to MendelвЂ™s research?
He experimented with fruit flies instead of plants. He was the first to discover that
MendelвЂ™s principles apply to organisms other than plants.
27. Four sisters begin attending your school. One has brown hair and brown eyes. Another
has brown hair and blue eyes. The third also has blue eyes, but blond hair. The fourth
has blond hair, too, but she has brown eyes. Explain how the principle of independent
segregation accounts for these sisters having four different phenotypes for two traits.
If their parents are heterozygous for both traits, the genes and alleles segregate
independently, resulting in all possible phenotype combinations: dominant-dominant,
dominant-recessive, recessive-dominant, and recessive-recessive.
Lesson 11.2 вЂў Workbook A вЂў Copyright В© by Pearson Education, Inc., or its afп¬Ѓliates. All Rights Reserved.
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11.3 Other Patterns of Inheritance
Lesson Objectives
Describe the other patterns of inheritance.
Explain the relationship between genes and the environment.
Lesson Summary
Beyond Dominant and Recessive Alleles Some alleles are neither dominant nor
recessive:
в–¶ In cases of incomplete dominance, neither allele is completely dominant over the other.
The phenotype is a blend of the two homozygous phenotypes.
в–¶ In cases of codominance, both alleles in the heterozygous genotype are expressed in the
phenotype.
в–¶ Genes with multiple alleles have more than two forms of the same gene. There may be
more than one dominant form and several different phenotypes.
в–¶ Polygenic traits are controlled by the interaction of two or more genes and exhibit a wide
range of phenotypes.
Genes and the Environment The phenotype of an organism results only partly from its
genotype. Environmental conditions can affect how genes are expressed.
Beyond Dominant and Recessive Alleles
1. Complete the graphic organizer to summarize exceptions to MendelвЂ™s principles.
MendelвЂ™s experiments cannot predict
the outcome of traits that involve
Incomplete
dominance
Codominance
Multiple alleles
Polygenic traits
Example:
Pink flowers
from red and
white parent
plants
Example:
Speckled chicken
feathers from
solid-color-feather
parents
Example:
Four different
coat colors in
rabbits
Example:
Variety of skin
color in humans
Lesson 11.3 вЂў Workbook A вЂў Copyright В© by Pearson Education, Inc., or its afп¬Ѓliates. All Rights Reserved.
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For Questions 2вЂ“8, write True if the statement is true. If the statement is false, change the
underlined word to make the statement true.
neither
2. When offspring show a blend of the parentsвЂ™ traits, one allele
is dominant over the other.
incomplete
True
3. In complete dominance, the heterozygous phenotype lies somewhere
between the two homozygous phenotypes.
4. A heterozygous individual that exhibits the traits of both
parents is an example of codominance.
multiple
True
5. Many genes exist in several forms and are said to have
codominant alleles.
6. While multiple alleles may exist in a population, an individual usually
carries only two alleles for each gene.
polygenic
7. Traits produced by two or more genes are codominant.
True
8. Polygenic traits often show a wide range of phenotypes.
9. A plant breeder produced a purple flower by crossing a red parent with a blue parent. Use
RR as the genotype for the red parent and BB for the blue parent. Complete the Punnett
square to show the resulting genotypes and phenotypes of the offspring.
R
Gamete allele:
Gamete allele:
Gamete allele:
Genotype:
Phenotype:
RB
Purple
Genotype:
Phenotype:
RB
Purple
Gamete allele:
Genotype:
Phenotype:
RB
Purple
Genotype:
Phenotype:
RB
Purple
B
B
R
For Questions 10вЂ“11, refer to the Punnett square above.
10. What type of inheritance is the example in Question 9?
It is incomplete dominance.
11. If the offspring had been red and blue spotted flowers, what kind of inheritance would be
most likely?
The most likely pattern would be codominance.
12. Explain the difference between multiple alleles and polygenic traits.
Multiple alleles are more than two different forms of the same gene. Polygenic traits
are traits produced by the interaction of several genes (each of which may or may not
have multiple alleles).
Lesson 11.3 вЂў Workbook A вЂў Copyright В© by Pearson Education, Inc., or its afп¬Ѓliates. All Rights Reserved.
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Genes and the Environment
For Questions 13вЂ“16, complete each statement by writing in the correct word or words.
phenotype
13. An organismвЂ™s
genes
14. Some
results from its genotype and its environment.
produce variable traits depending on environmental conditions.
15. Western white butterflies vary in their wing color because their environment varies
depending on when they hatch.
16. Temperature is an environmental variable that affects wing color in western white
butterflies.
For each of the following examples, write G if the trait is determined by genotype, and E if it
is determined by environment.
17.
E
Turtles whose eggs hatch at higher temperatures tend to be female.
18.
G
A blue-eyed girl is born to two blue-eyed parents.
19.
E
Bees in a colony are assigned different jobs. As they develop, workers
begin to look dramatically different.
20.
E
A pair of twins is separated at birth. They grow up in different countries
and speak different languages.
21.
G
A litter of puppies is born. They are all gray except one, which is brown.
22.
E
Tall pea plant seeds are planted in different locations around a yard. They
produce plants of different heights.
23.
G
A kitten is born with six toes.
24.
E
A rabbit is born weak with hunger.
25. A dog gave birth to four puppies. The father has brown eyes, and the mother has green
eyes. Two puppies have brown eyes. One has green eyes. One puppy has blue eyes. What
does this tell you about how the cellular information for eye color is passed on? Explain.
In Mendelian genetics, these puppies would all have brown eyes. However, they have
a wide variety of eye colors, including blue, which is not expressed in the parents. This
tells me that eye color in this breed is not a matter of simple dominance. Eye color
must be either a polygenic trait or its genes must have multiple alleles, or both.
Lesson 11.3 вЂў Workbook A вЂў Copyright В© by Pearson Education, Inc., or its afп¬Ѓliates. All Rights Reserved.
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11.4 Meiosis
Lesson Objectives
Contrast the number of chromosomes in body cells and in gametes.
Summarize the events of meiosis.
Contrast meiosis and mitosis.
Describe how alleles from different genes can be inherited together.
Lesson Summary
Chromosome Number Homologous chromosomes are pairs of chromosomes that
correspond in body cells. One chromosome from each pair comes from each parent.
в–¶ A cell that contains both sets of homologous chromosomes has a diploid number of
chromosomes (meaning вЂњtwo setsвЂќ).
в–¶ Haploid cells contain only one set of chromosomes. Gametes are haploid.
Phases of Meiosis Meiosis is the process that separates homologous pairs of chromosomes in a diploid cell, forming a haploid gamete. The phases are as follows:
в–¶ Meiosis I, which is preceded by a replication of chromosomes. Its stages are
вЂў Prophase I: Each replicated chromosome pairs with its corresponding homologous
chromosome forming a tetrad. During tetrad formation, alleles can be exchanged
between chromatids, a process called crossing-over.
вЂў Metaphase I: Paired homologous chromosomes line up across the center of the cell.
вЂў Anaphase I: Spindle fibers pull each homologous pair toward opposite ends of the cell.
вЂў Telophase I: A nuclear membrane forms around each cluster of chromosomes.
Cytokinesis then occurs, resulting in two new cells. The resulting daughter cells contain
chromosome sets that are different from each other and the parent cell.
в–¶ Meiosis II: Chromosomes do not replicate.
вЂў Prophase II: Chromosomes, each consisting of two chromatids, become visible.
вЂў Metaphase II, Anaphase II, Telophase II, and Cytokinesis: These phases are similar
to meiosis I. Four haploid cells form. They are the gametes. During fertilization, two
gametes unite forming a zygote.
Comparing Meiosis and Mitosis
в–¶ Mitosis is one cell division that results in two genetically identical diploid cells.
в–¶ Meiosis is two cell divisions that result in four genetically different haploid cells.
Gene Linkage and Gene Maps
в–¶
в–¶
в–¶
в–¶
Alleles tend to be inherited together if they are located on the same chromosome.
Chromosomes, not genes, segregate independently.
The farther apart genes are on a chromosome, the more likely is cross over.
Information on linkage and the frequency of crossing-over lets geneticists construct
maps of the locations of genes on chromosomes.
Lesson 11.4 вЂў Workbook A вЂў Copyright В© by Pearson Education, Inc., or its afп¬Ѓliates. All Rights Reserved.
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Chromosome Number
For Questions 1вЂ“8, write True if the statement is true. If the statement is false, change the
underlined word to make the statement true.
True
1. The offspring of two parents obtains a single copy of every gene from
each parent.
True
2. A gamete must contain one complete set of genes.
chromosomes
3. Genes are located at specific positions on spindles.
homologous
4. A pair of corresponding chromosomes is homozygous.
parent
5. One member of each homologous chromosome pair comes from
each gene.
diploid
6. A cell that contains both sets of homologous chromosomes is
haploid.
True
7. The gametes of sexually reproducing organisms are haploid.
12
8. If an organismвЂ™s haploid number is 6, its diploid number is 3.
Phases of Meiosis
On the lines provided, identify the stage of meiosis I or meiosis II in which the event described
occurs.
Prophase I
9. Each replicated chromosome pairs with its corresponding
homologous chromosome.
Prophase I
10. Crossing-over occurs between tetrads.
Metaphase I
11. Paired homologous chromosomes line up across the center of the
cell.
Anaphase I
12. Spindle fibers pull each homologous chromosome pair toward an
opposite end of the cell.
Telophase I
13. A nuclear membrane forms around each cluster of chromosomes and
cytokinesis follows, forming two new cells.
Prophase II
14. Chromosomes consist of two chromatids, but they do not pair to
form tetrads.
Telophase II
15. A nuclear membrane forms around each cluster of chromosomes and
cytokinesis follows, forming four new cells.
Lesson 11.4 вЂў Workbook A вЂў Copyright В© by Pearson Education, Inc., or its afп¬Ѓliates. All Rights Reserved.
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Draw two homologous pairs of chromosomes (in different colors if
you have them) in these diagrams to illustrate what happens during these three phases of
meiosis.
17. Identify which phase of meiosis is shown in the diagrams below.
Interphase I
Telophase II and Cytokinesis
Use this diagram to answer Questions 18вЂ“20.
18. What does the diagram show?
It shows crossing-over of genes between a pair
of homologous chromosomes.
19. During what phase of meiosis does this process
occur?
It occurs during prophase I of meiosis.
A
B
B
C
20. What is the result of this process?
The result is a new combination of alleles.
D
E
a
A
c
d
e
b
a
b
C
D
E
c
d
e
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Comparing Meiosis and Mitosis
21. Complete the table to compare meiosis and mitosis.
Mitosis
Meiosis
Form of reproduction
Asexual
First stage in sexual
Number of daughter cells
2
4
Change in chromosome number No change; stays diploid
Cut in half to haploid
Number of cell divisions
1
2
Difference in alleles between
parent cell and daughter cells
None
Each of the four daughter
cells is genetically different
from the parent.
For Questions 22вЂ“27, complete each statement by writing the correct word or words.
22. A diploid cell that enters mitosis with 16 chromosomes will divide to produce
2
16
daughter cells. Each of these daughter cells will have
chromosomes.
23. If the diploid number of chromosomes for an organism is 16, each daughter cell after
16
mitosis will contain
chromosomes.
2
24. A diploid cell that enters meiosis with 16 chromosomes will pass through
cell divisions, producing
chromosomes.
25. Gametes have a
haploid
4
daughter cells, each with
8
number of chromosomes.
26. If an organismвЂ™s haploid number is 5, its diploid number is
10
.
27. While a haploid number of chromosomes may be even or odd, a diploid number is always
even
.
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Gene Linkage and Gene Maps
28. What did Thomas Hunt Morgan discover that seemed to violate MendelвЂ™s principles?
Some genes appeared to be linked; they seemed to violate the principle of independent assortment.
29. How did Morgan explain his finding?
Linked genes were inherited together because they were close to each other on the
same chromosome.
30. How did Alfred Sturtevant use gene linkage to create gene maps?
He reasoned that alleles that frequently cross over must be farther apart than those
that hardly ever cross over.
Use this diagram to answer Questions 31вЂ“34.
Exact location on chromosome
Chromosome 2
0.0 Aristaless (no bristles on antenna)
1.3 Star eye
13.0 Dumpy wing
31.0 Dachs (short legs)
0
10
20
30
48.5 Black body
51.0 Reduced bristles
54.5 Purple eye
55.0 Light eye
67.0 Vestigial (small) wing
75.5 Curved wing
40
50
60
70
80
90
99.2 Arc (bent wings)
104.5 Brown eye
107.0 Speck wing
100
110
31. What does the diagram show?
It shows a gene map.
32. How was the information in this diagram gathered?
It was gathered from studies of the frequency of crossing-over.
33. Which pairs of characteristics are more likely to cross over: curved wing and dumpy wing;
or curved wing and vestigial (small) wing? Why?
Curved wing and dumpy wing are more likely to cross over because they are farther
apart on the chromosome.
34. Which pair of genes shown is least likely to cross over? How do you know?
Purple eye and light eye are least likely to cross over because they are only 0.5 units
apart. The distance between all the other adjacent genes is greater.
Lesson 11.4 вЂў Workbook A вЂў Copyright В© by Pearson Education, Inc., or its afп¬Ѓliates. All Rights Reserved.
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Use this diagram to answer Questions 35вЂ“38.
A
B
C
D
A 5 B
A
8
B
A
8
B
C 5 B
C
12
8
D
C 5 D
20
C
17
12
A
8
12
D
D
35. In which gene map is the probability of crossing-over between A and D greatest?
C
36. In which gene map is the probability of crossing-over between A and D the least?
D
37. In which map are genes C and D most closely linked?
38. In map D, which genes are least likely to cross over?
B
C and B
39. Some housecats have orange fur with darker orange stripes. The traits of these tabby cats
are usually seen in male cats. Tortoiseshell cats have patches of many different colors.
вЂњTorties,вЂќ as they are called, are almost always female. What does this tell you about the
way cellular information about color and sex are passed on in cats?
It tells me that the genes for color and sex are linked. The genes for these two traits
must be located on the same chromosome.
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Chapter Vocabulary Review
Crossword Puzzle Complete the puzzle by entering the term that matches each numbered
description.
Down
Across
1. a specific characteristic
2. one form of a gene
4. physical traits
3. the offspring of a cross between parents
with different, true-breeding traits
6. the separation of alleles during
formation of sex cells
4. word that describes a trait controlled by two
or more genes
9. containing two identical alleles for a
trait
5. containing two different alleles for a trait
11. the likelihood of an event occurring
7. genetic makeup
12. scientific study of heredity
8. a phenotype in which both alleles are
expressed
13. the union of male and female sex cells
10. reproductive cell, egg or sperm
1
T
R
2
A
I
T
3
L
4
P
H
E
N
O
T
Y
P
O
6
L
S
E
G
R
L
Y
E
B
L
R
E
G
A
T
E
Y
8
G
E
7
9
H
N
I
C
N
O M
O
D
T
O
M
C
P
I
I
5
O
N
H
E
D
T
E
Z
Y
G
O
U
S
R
O
10
Y
11
H
Z
G
R
O
B
E
N
A
12
N
A
B
I
L
I
T
Y
M
G
E
O
T
U
G
E
N
E
T
I
C
I
Z
A
T
I
O
N
S
C
13
F
E
R
T
I
L
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Biology Unit 4 Educator Resource Guide
Day 5 Quiz Answer Key
In Your Own Words: The table below shows the results of a cross between two black-furred
guinea pig parents (Bb X Bb). The letters in the chart represent the following traits:
B = Black
b = white
Use the results in the Punnett square to answer the questions below.
1. Describe the GENOTYPE of each parent.
2. What are the terms that describe the possible PHENOTYPES of the offspring in the chart?
3. What is the expected ratio of the PHENOTYPES of the offspring?
4. What is the ratio of the GENOTYPES of the offspring?
SAMPLE ANSWER:
1. The genotype of each parent is Bb, hybrid or heterozygous containing a dominant blackfur allele and a recessive white-fur allele.
2. The possible phenotypes are black-furred and white-furred.
3. The expected ratio of phenotypes is 3:1.
4. The ratio is 1:2:1 for the genotypes BB:Bb:bb
In Your Own Words: The table below shows the genotypes that give rise to certain blood types.
Explain which allele(s) is dominant. How could parents with blood types A and B have a child
with blood type O?
SAMPLE ANSWER: Blood type alleles A and B are codominant resulting in blood type AB. Blood
type allele O is recessive to both alleles A and B. Blood type O can be expressed if the parents
have the genotypes AO and BO.
Biology Unit 4 Educator Resource Guide
Multiple Choice:
1. C
2. C
3. D
4. C
5. B
6. D
7. A
8. D
9. D
10. C
11. B
12. B
13. C
14. D
15. D
Name
Class
Date
12.1 Identifying the Substance of Genes
Lesson Objectives
Summarize the process of bacterial transformation.
Describe the role of bacteriophages in identifying genetic material.
Identify the role of DNA in heredity.
Lesson Summary
Bacterial Transformation In 1928, Frederick Griffith found that some chemical factor
from heat-killed bacteria of one strain could change the inherited characteristics of another
strain.
в–¶ He called the process transformation because one type of bacteria (a harmless form) had
been changed permanently into another (a disease-carrying form).
в–¶ Because the ability to cause disease was inherited by the offspring of the transformed
bacteria, he concluded that the transforming factor had to be a gene.
In 1944, Oswald Avery tested the transforming ability of many substances. Only DNA caused
transformation. By observing bacterial transformation, Avery and other scientists discovered
that the nucleic acid DNA stores and transmits genetic information from one generation of
bacteria to the next.
Bacterial Viruses A bacteriophage is a kind of virus that infects bacteria. When a bacteriophage enters a bacterium, it attaches to the surface of the bacterial cell and injects its
genetic material into it.
в–¶ In 1952, Alfred Hershey and Martha Chase used radioactive tracers to label proteins and
DNA in bacteriophages.
в–¶ Only the DNA from the bacteriophage showed up in the infected bacterial cell.
в–¶ Hershey and Chase concluded that the genetic material of the bacteriophage was DNA.
в–¶ Their work confirmed AveryвЂ™s results, convincing many scientists that DNA was the
genetic material found in genesвЂ”not just in viruses and bacteria, but in all living cells.
The Role of DNA The DNA that makes up genes must be capable of storing, copying, and
transmitting the genetic information in a cell.
Bacterial Transformation
1. What happened when Griffith injected mice with the pneumonia-causing strain of
bacteria that had been heat-killed?
The mice stayed healthy.
2. What happened when Griffith injected mice with a mixture of heat-killed, pneumoniacausing bacteria and live bacteria of the harmless type?
The mice got pneumonia and many died.
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3. What was the purpose of Oswald AveryвЂ™s experiments?
Avery wanted to find out which molecule in the heat-killed bacteria was the most
important for transformation.
4. What experiments did Avery do?
He used enzymes that destroyed various molecules from the heat-killed bacteria,
including lipids, proteins, carbohydrates, and RNA. Transformation still occurred, but
when he used enzymes that broke down DNA, transformation did not occur.
5. What did Avery conclude?
He concluded that DNA transmits genetic information.
Bacterial Viruses
6. Fill in the blanks to summarize the experiments of Hershey and Chase. (Note: The circles
represent radioactive labels.)
DNA with
radioactive label
Bacteriophage infects bacterium
Radioactivity inside bacterium
Phage infects bacterium
No radioactivity inside bacterium
Protein
with
radioactive label
7. What did Hershey and Chase conclude? Why?
They concluded that the genetic material must be DNA because the phage injected
only DNA, not protein, into the bacterium.
8. How did Hershey and Chase confirm AveryвЂ™s results?
Avery said that DNA transmits genetic information from one generation to the next.
Hershey and Chase concluded that the genetic material of the bacteriophage was DNA
and not protein, confirming what Avery said.
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The Role of DNA
9. Complete this graphic organizer to summarize the assumptions that guided research on
DNA in the middle of the twentieth century. Use an oak tree to give an example of each
function.
DNA must perform three functions:
Function:
Storing information
Function:
Copying information
Function:
Transmitting information
Why this function is
important:
The DNA that makes
Why this function is
important:
Genetic information
Why this function is
important:
Genetic information
up genes controls
must be copied
must pass from one
development and
accurately with every
generation to the next.
characteristics of
cell division.
different kinds of
organisms.
Example:
The instructions that
Example:
After mitosis, each
Example:
The gametes of the oak
cause a single cell to
daughter oak-tree cell
tree carry information
develop into an oak tree
has the same genes and
from parents to offspring,
must be written into the
chromosomes as the
so the offspring develops
DNA of the organism.
parent cell.
as an oak tree.
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10. DNA is like a book titled How to
Be a Cell. Explain why that title
is appropriate for each of DNAвЂ™s
three functions.
a. Storing information: How
Date
Storing
Information
to Be a Cell contains all the
information needed to direct
the cellвЂ™s activities, from
growth to energy use.
b. Copying information: Multiple
copies of How to Be a Cell can
be вЂњprintedвЂќ every time a cell
Copying
Information
divides, so each daughter cell
Transmitting
Information
вЂњknowsвЂќ what to do.
c. Transmitting information:
Copies of How to Be a Cell
can be passed from parents
to offspring, so the offspring
have the instructions needed
to function.
11. By 1952, many scientists were convinced that genes are made of DNA, but they did not
yet know how DNA worked. Why was it important to determine the structure of DNA to
understand how DNA stored, copied, and transmitted information?
The structure of the molecule had to provide a way for instructions on вЂњhow to be a
cellвЂќ to be coded and stored. DNA had to have something in its molecular structure
that allowed it to copy itself with each cell division and pass from one cell to another
during mitosis and meiosis.
12. Why was the fact of transformation so important to the study of DNAвЂ™s role? What did
transformation demonstrate?
Transformation showed that what a cell becomes is determined by DNA. If DNA in a
cell was changed, then the cell itself changed. It demonstrated that DNA controlled
the fate of a cell.
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12.2 The Structure of DNA
Lesson Objectives
Identify the chemical components of DNA.
Discuss the experiments leading to the identification of DNA as the molecule that
carries the genetic code.
Describe the steps leading to the development of the double-helix model of DNA.
Lesson Summary
The Components of DNA DNA is a nucleic acid made up of nucleotides joined into long
strands or chains by covalent bonds. Nucleotides may be joined in any order.
в–¶ A DNA nucleotide is a unit made of a nitrogenous base, a 5-carbon sugar called
deoxyribose, and a phosphate group.
в–¶ DNA has four kinds of nitrogenous bases: adenine, guanine, cytosine, and thymine.
Solving the Structure of DNA
в–¶ Erwin Chargaff showed that the percentages of adenine and thymine are almost always
equal in DNA. The percentages of guanine and cytosine are also almost equal.
в–¶ Rosalind FranklinвЂ™s X-ray diffraction studies revealed the double-helix structure of DNA.
в–¶ James Watson and Francis Crick built a model that explained the structure of DNA.
The Double-Helix Model The double-helix model explains ChargaffвЂ™s rule of base pairing
and how the two strands of DNA are held together. The model showed the following:
в–¶ The two strands in the double helix run in opposite directions, with the nitrogenous bases
in the center.
в–¶ Each strand carries a sequence of nucleotides, arranged almost like the letters in a
fourletter alphabet for recording genetic information.
в–¶ Hydrogen bonds hold the strands together. The bonds are easily broken allowing DNA
strands to separate.
в–¶ Hydrogen bonds form only between certain base pairsвЂ“adenine with thymine, and
cytosine with guanine. This is called base pairing.
The Components of DNA
For Questions 1вЂ“5, complete each statement by writing in the correct word or words.
1. The building blocks of DNA are
nucleotides .
2. Nucleotides in DNA are made of three basic components: a sugar called deoxyribose , a
phosphate
base
, and a nitrogenous
3. DNA contains four kinds of nitrogenous bases:
guanine
, and
4. In DNA, nucleotides
cytosine
.
adenine
,
thymine
,
.
can be joined in any order.
5. The nucleotides in DNA are joined by
covalent
bonds.
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Solving the Structure of DNA
6. Complete the table to describe each scientistвЂ™s contribution to solving the structure
of DNA.
Scientist
Contribution
Erwin Chargaff
Showed that percentages of adenine and thymine are equal in
the DNA of a species, as are the percentages of guanine and
cytosine.
Rosalind Franklin
Took X-ray diffraction pictures that revealed the double-helix
structure of DNA.
James Watson and Francis
Crick
Built a model of the DNA molecule that explained both the
structure and the properties of DNA.
7. Complete the table by estimating the percentages of each based on ChargaffвЂ™s rules.
DNA sample
Percent of
adenine
Percent of
thymine
Percent of
guanine
Percent of
cytosine
1
31.5
31.5
18.5
18.5
2
30
30
20
20
3
33
33
17
17
The Double-Helix Model
For Questions 8вЂ“13, on the lines provided, label the parts of the DNA molecule that
correspond to the numbers in the diagram.
A
hydrogen bonds
9.
8.
A
T
deoxyribose sugar
phosphate group
11.
12.
10. nitrogenous base (adenine)
C
G
nucleotide
G
C
G
A
C
T
13. base pair (guanine and
cytosine)
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The drawing below shows half of a DNA molecule. Fill in the
appropriate letters for the other half. Explain why you drew your sketch the way you did.
Key
A = Adenine
C = Cytosine
G = Guanine
T = Thymine
C
G
A
T
G
C
G
C
C
G
C
G
T
A
A
T
C
G
The bases link with hydrogen bonds in pairs across the вЂњrungsвЂќ of the
ladder: A with T and G with C.
15. Complete this table to show how the structure of the DNA molecule allows it to perform
each essential function.
Function
Structure of the Molecule
Store information
Each strand of the double helix carries a sequence of bases,
arranged something like letters in a four-letter alphabet.
Copy information
The base pairs can be copied when hydrogen bonds break and
the strands pull apart.
Transmit information
When DNA is copied, the sequence of base pairs is copied, so
genetic information can pass unchanged from one generation
to the next.
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12.3 DNA Replication
Lesson Objectives
Summarize the events of DNA replication.
Compare DNA replication in prokaryotes with that of eukaryotes.
Lesson Summary
Copying the Code Each strand of the double helix has all the information needed to
reconstruct the other half by the mechanism of base pairing. Because each strand can be
used to make the other strand, the strands are said to be complementary. DNA copies itself
through the process of replication:
в–¶ The two strands of the double helix unzip, forming replication forks.
в–¶ New bases are added, following the rules of base pairing (A with T and G with C).
в–¶ Each new DNA molecule has one original strand and one new strand.
в–¶ DNA polymerase is an enzyme that joins individual nucleotides to produce a new strand
of DNA.
в–¶ During replication, DNA may be lost from the tips of chromosomes, which are called
telomeres.
Replication in Living Cells The cells of most prokaryotes have a single, circular DNA
molecule in the cytoplasm. Eukaryotic cells have much more DNA. Nearly all of it is contained in chromosomes, which are in the nucleus.
в–¶ Replication in most prokaryotic cells starts from a single point and proceeds in two
directions until the entire chromosome is copied.
в–¶ In eukaryotic cells, replication may begin at dozens or even hundreds of places on the
DNA molecule, proceeding in both directions until each chromosome is completely
copied.
Copying the Code
1. Why are the strands of a DNA molecule said to be complementary?
Because each strand can be used to make the other strand.
2. What is the first step in eukaryotic DNA replication?
The strands of the double helix separate, or unzip.
3. If the base sequence on a separated DNA strand is CGTAGG, what will the base sequence
on its complementary strand be?
The complementary strand will be GCATCC.
4. What enzyme joins individual nucleotides to produce the new strand of DNA?
DNA polymerase
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5. What enzyme makes it less likely that DNA will be lost from telomeres during replication?
telomerase
6. How does this enzyme work?
It adds short, repeated DNA sequences to telomeres.
7. What is a replication fork?
A replication fork is a point in a DNA molecule where the two strands separate during
replication.
8. Does DNA replication take place in the same direction along both strands of the DNA
molecule that is being replicated? Explain your answer. (Hint: Look at the illustration of
DNA replication in your textbook.)
No. DNA replication proceeds in opposite directions between replication forks.
9.
Make a sketch of the double helix of DNA. Show how it unzips
for replication and how complementary strands are built. Label the nitrogenous bases,
replication fork, DNA polymerase, the original strand, and the new strand.
StudentsвЂ™ sketches should resemble the top part of the figure in the
textbook. Labels should include nitrogenous bases, replication fork, DNA
polymerase, original strand, and new strand. Students should label some
pairs of A-T and G-C along the new strand.
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Replication in Living Cells
10. Complete the table to compare and contrast DNA replication in prokaryotes and
eukaryotes.
Prokaryotes
Eukaryotes
Location of DNA
Singular, circular
molecule in the
cytoplasm
Packaged in chromosomes in the
nucleus
Amount of DNA
Less than
eukaryotes
Up to 1000
times more than
prokaryotes
Starting Point(s) for Replication
Single
Dozens or hundreds
11. Is DNA replication always a foolproof process? Explain your answer.
No. Although many proteins check the DNA for damage or errors, damaged regions
can still be replicated. This may result in gene alterations and serious complications
for the organism.
12. Why is the pairing of bases during replication essential for the transmission of inherited
traits from parent to offspring?
The match is (nearly always) perfect between A and T and G and C, so that the code
is copied correctly every time. Offspring get the same sequence of bases their parents
had.
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Chapter Vocabulary Review
For Questions 1вЂ“6, match the term with its deп¬Ѓnition.
Definition
C
Term
1. In DNA, the fit between thymine and adenine
and the fit between cytosine and guanine.
A. transformation
E
2. An enzyme that joins individual nucleotides
to produce a new strand of DNA
C. base pairing
A
3. The process that can change a harmless
bacterial strain into a disease-causing strain
B. bacteriophage
D. replication
E. DNA polymerase
F. telomere
F
4. The tip of a chromosome
D
5. The process that copies a DNA molecule
B
6. A kind of virus that infects bacteria
For Questions 7вЂ“15, complete each statement by writing in the correct word or words.
7. Each time a chromosome is replicated, some DNA may be lost from the tip of the
chromosome, or
telomere
.
8. GriffithвЂ™s experiments showed that some chemical compound in cells must be responsible
for bacterial transformation .
9. Hershey and Chase studied a bacteriophage that was composed of a DNA core and a
protein coat.
10. The center of the DNA strand exhibits base pairing .
11. The enzyme that вЂњproofreadsвЂќ each new DNA strand so that each molecule is a
near-perfect copy of the original is DNA polymerase .
12. In eukaryotic cells,
DNA molecule.
replication
can begin at dozens or even hundreds of places on the
13. The double-helix model explains Chargaff вЂ™s rule of base pairing .
14. The DNA molecule separates into two strands during
replication
.
15. The principal enzyme involved in DNA replication is DNA polymerase .
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Day 10 Quiz Answer Key
In Your Own Words: Describe how eukaryotic cells are able to keep such large amounts of DNA
in the small volume of the cell nucleus.
SAMPLE ANSWER: In eukaryotic cells, DNA is tightly wound and coiled around proteins and
coiled again and again to form chromosomes. This means that a very large amount of DNA can
be stored in a small space.
In Your Own Words: Is photocopying a document similar to DNA replication? Think of the
original materials, the copying process, and the final products. Explain how the two processes
are alike. Identify major differences.
SAMPLE ANSWER: Photocopying a document is similar in some ways to DNA replication. In both
processes, you start with one copy and end up with two identical copies. However, the copying
process is different. In photocopying, the original is copied, so you end up with one original copy
and one completely new copy. In DNA replication, the original molecules splits in half, so you
end up with two copies that are half original and half new.
Multiple Choice:
1. D
2. B
3. D
4. B
5. A
6. C
7. D
8. C
9. A
Name
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13.1 RNA
Lesson Objectives
Contrast RNA and DNA.
Explain the process of transcription.
BUILD Vocabulary
A. The chart below shows key terms from the lesson with their definitions. Complete the
chart by writing a strategy to help you remember the meaning of each term.
Term
Definition
How IвЂ™m Going to Remember
the Meaning
Exon
Coding region of a gene that is
expressed; exons are kept and put
together to form mRNA
If a puzzle piece is an exact fit, you
keep it in place. Exons are pieces that
are kept.
Intron
Noncoding sequence of a gene that
is cut out and discarded
Messenger
RNA
mRNA; RNA molecules that carry
instructions for assembling proteins
Messenger RNA carries the message of how
to make proteins.
Ribosomal
RNA
rRNA; RNA molecules that make up
ribosomes, on which proteins are
assembled
Ribosomal RNA makes up ribosomes.
RNA
Ribonucleic acid; nucleic acid that
helps put the genetic code in DNA
into action
RNA molecules are the carriers of
the code for proteins.
RNA
polymerase
An enzyme that separates DNA
strands and uses one strand to
make RNA
RNA is a polymer. RNA polymerase is
the enzyme that builds the polymer.
Transcription
Process in which RNA molecules
are made using DNA as a template
Transfer RNA
tRNA; RNA molecule that transfers
amino acids to the ribosomes
An intron is the part of RNA that is
in between exons.
Transcribe means writing down what
someone says. In transcription, RNA
molecules are written from DNA.
Transfer RNA transfers amino acids.
Note: Students should highlight terms and definitions used throughout the chapter.
B. As you work through this lesson, you may find these terms in the activities. When you
need to write a key term or a definition, highlight the term or the definition.
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BUILD Understanding
Preview Visuals Previewing the visuals in a lesson can give you an idea about what you
will learn. Visuals include photographs, charts, graphs, and diagrams.
Before you read the lesson, preview the Transcribing DNA into RNA diagram. Then
use the chart below to predict how you think a cell makes RNA. As you read the lesson, add
notes to your chart about how RNA is made. After you read, compare your prediction to
your notes.
Prediction
StudentsвЂ™ predictions should explain how
they think a cell makes RNA.
Notes
StudentsвЂ™ notes should explain how a cell
makes RNA.
How my notes compare to my prediction:
BUILD Connections
Master Plans and Blueprints An analogy takes two things that seem to be different and
shows how they can be similar. In this visual analogy, DNA is compared with a master plan,
and RNA is compared with blueprints.
Answer the questions. Use the terms DNA, RNA, and nucleus in your answers.
1. The master plan stays in the office. Why is DNA like the master plan? DNA stays in the
nucleus.
2. Blueprints go out of the office to the building site. Why is RNA like a set of blueprints?
RNA goes outside the nucleus to the building site.
3. Find a partner. Using the analogy, explain the different functions of RNA and DNA to
your partner.
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RNA Synthesis
In transcription, RNA polymerase separates the two DNA strands. RNA then uses one strand
as a template to make a complementary strand of RNA. RNA contains the nucleotide uracil
instead of the nucleotide thymine.
Follow the directions.
1. Label the RNA
2. Label the DNA.
3. Use the key to label the missing nucleotides marked on the diagram.
RNA
G
U
C
C
A
A
G
T
RNA polymerase
Key
DNA
RNA
A = Adenine A = Adenine
C = Cytosine C = Cytosine
G = Guanine G = Guanine
T = Thymine U = Uracil
DNA
Answer the questions. Circle the correct answer.
4. In DNA,
adenine
5. In RNA,
uracil
6. In DNA,
uracil
is always paired with cytosine.
guanine
uracil
replaces thymine.
cytosine
adenine
is paired with adenine.
thymine
guanine
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RNA Synthesis
In DNA replication a cell copies its DNA. Both strands of the double helix are used as
templates to make complementary, or matching, strands of DNA. In DNA transcription a
single strand of DNA is used as a template to generate a strand of mRNA.
Follow the directions.
1. Fill in the missing information. One row has been completed for you.
Template
Complementary DNA
Messenger RNA (mRNA)
TTACGG
AATGCC
AAUGCC
CCGCCG
GGCGGC
GGCGGC
TGCATC
ACGTAG
ACGUAG
AGACTC
TCTGAG
UCUGAG
CTATTC
GATAAG
GAUAAG
GACCGATGT
CTGGCTACA
CUGGCUACA
Answer the questions.
2. What is the mRNA if the complementary DNA is TCTGAG?
3. What does a cell copy in DNA replication?
AGACUC
DNA
4. How many strands of DNA are used to make complementary strands of DNA?
1
5. How does the cell make RNA? During transcription, a single strand of DNA is used as a
template to generate a strand of mRNA.
6. What are introns? segments of RNA that are cut out before the formation of the final
mRNA molecule
7. What are exons? the segments of RNA that are left after the introns are removed
Follow the directions.
Create your own example of DNA. Fill in the chart.
Template
Possible response:
GAACGAATG
Complementary DNA
Possible response:
CTTGCTTAC
Messenger RNA (mRNA)
Possible response:
CUUGCUUAC
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13.2 Ribosomes and Protein Synthesis
Lesson Objectives
Identify the genetic code and explain how it is read.
Summarize the process of translation.
Describe the вЂњcentral dogmaвЂќ of molecular biology.
BUILD Vocabulary
A. The chart below shows key terms from the lesson with their definitions. Complete the
chart by writing a strategy to help you remember the meaning of each term. One has been
done for you.
Term
Definition
How IвЂ™m Going to Remember
the Meaning
Anticodon
Group of three nucleotide bases
in tRNA that is complementary
to one codon
Anti- means вЂњagainst or opposite.вЂќ The
anticodon is the opposite of the codon.
Codon
Group of three nucleotide
bases in mRNA that specifies
an amino acid
A codon codes for one amino acid.
Gene
expression
The way genetic information is
put into action
Genetic code
Language made up of letters
that stand for the nucleotide
bases in RNA and DNA
Polypeptide
Long chains of amino acids that
make up proteins
Translation
Process of decoding mRNA in
order to make a protein
Gene expression is the way genetic information is expressed, or put into action.
In a code, letters can stand for other letters.
Letters in the genetic code stand for nucleotides.
Poly- means вЂњmany.вЂќ Polypeptide is a
chain of many amino acids.
Translate means вЂњdecode.вЂќ Translation
here is decoding mRNA.
B. As you work through this lesson, you may find these terms in the activities. When you
need to write a key term or a definition, highlight the term or the definition.
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BUILD Understanding
Two-Column Table A two-column table is a way to take notes about what you have read.
Complete the table with the main idea of each section. The first one has been done for you.
Section Heading
Main Idea
The Genetic Code
The genetic code is read three вЂњlettersвЂќ at
a time. Each вЂњwordвЂќ is three bases long and
corresponds to a single amino acid.
Translation
Ribosomes use the sequence of codons in
mRNA to assemble amino acids into polypeptide chains.
The Molecular Basis of Heredity
Information is transferred from DNA to
RNA to protein.
The Genetic Code
A codon is a group of three nucleotide bases in messenger RNA. Each codon corresponds to
one amino acid.
Follow the directions.
1. Circle each codon in the diagram of RNA below.
A
U
G
U
C
G
A
A
C
Answer the questions. Circle the letter of the correct answer.
2. What is a polypeptide?
A. a chain of amino acids
B. a chain of enzymes
3. What does the letter A stand for in the genetic code?
A. amino acid
B. adenine
4. Can a codon contain two of the same nucleotide bases?
A. yes
B. no
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The Genetic Code
The diagram below shows the mRNA codes that correspond to amino acids and stop codons.
Read the diagram from the center outwards. For example, the mRNA code UAC corresponds
to the amino acid tyrosine.
Follow the directions.
C
U
G
A
Ser
G U
A C
C
lin
e
ne
di
sti
ine
hion
Pro
G
e
Met
U
C
tam
reo
U G
A
GA
UG
AC U G A C U
ine
C
Arginin
Th
A AGU Cysteine
C
G AG TryStoptop phan
U
U AC Leucine
G
C ACU
Glu
nin
e
GA
e
in
os
r
Ty
U
p
C
Sto
Hi
g
ra
pa
As
in
A G U C
ine
G
A
C
U
G
Valine A
C
U
G
Arginine A
C
e U
n
i
r
e
S
G
e A
n
i
C
Lys
eU
G UC A G
UC A
UC
AG
A
C
G
U
Isoleuc
e
e
nin
ine
Glycin
ic
tam
Glu cid ic
a
rt
pa d
As aci
Ala
Phenylalanine
Leu
cine
1. In the chart below the diagram, write the name of the amino acid that corresponds to each
mRNA code.
mRNA Code
Amino Acid
AAA
lysine
GCG
alanine
GAU
aspartic acid
CAA
glutamine
Answer the questions.
2. Which two mRNA codes correspond to histidine?
CAU & CAC
CAA & CUC
3. How many different mRNA codes correspond to arginine?
2
4
6
4. How many different mRNA codes correspond to methionine?
1
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Translation
During translation, transfer RNA (tRNA) anticodons match to messenger RNA (mRNA)
codons. Each tRNA molecule can carry one particular amino acid. The amino acids are joined
to form a polypeptide.
Follow the directions.
1. Number the four tRNA anticodons in the order in which they should appear to match the
codons in the mRNA strand.
A U G U U C A A A C U G
mRNA
phenylalanine
leucine
lysine
methionine
A A G
G A C
U U U
U A C
2
4
3
1
Answer the questions.
2. Which anticodon matches the mRNA codon UUC?
AAG
3. Which amino acid is carried by the anticodon UUU?
lysine
4. List the amino acids in the order they would appear in the polypeptide coded for by the
mRNA.
methionine, phenylalanine, lysine, leucine
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13.3 Mutations
Lesson Objectives
Define mutations and describe the different types of mutations.
Describe the effects mutations can have on genes.
BUILD Vocabulary
A. The chart below shows the key terms in this lesson with their definitions. Complete the
chart by writing a strategy to help you remember the meaning of each term. One has been
done for you.
Term
Definition
How IвЂ™m Going to Remember
the Meaning
Frameshift
mutation
Point mutation that inserts or
deletes nucleotide bases
Mutagen
Chemical or physical things in
the environment that can cause
mutations
A mutagen can cause a mutation.
Mutation
Change in genetic information
that can be inherited
In movies, a mutant is different, or
changed, from other humans.
Point
mutation
Mutation that changes one or a
few nucleotides
A point is a small dot. A point mutation
is a small change.
Polyploidy
Condition in which an organism
has extra sets of chromosomes
Poly- means вЂњmany.вЂќ Polyploidy is when
an organism has too many chromosomes.
Shift means вЂњmove.вЂќ When you insert or
delete a base, the other bases shift to fill
in the gap.
B. As you work through this lesson, you may find these terms in the activities. When you
need to write a key term or a definition, highlight the term or the definition.
BUILD Understanding
Preview Visuals Before you read the lesson, look at the two diagrams of point mutations
and chromosomal mutations. Use the information in the diagram of point mutations to
complete the concept map below.
Point Mutations
Substitution
Deletion
Insertion
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Types of Mutations
Gene mutations produce a change in one gene. Point mutations produce gene mutations that
involve a change in one or more nucleotides. Point mutations also occur at only one point in
the DNA sequence. The diagram below shows an original chromosome and three possible
point mutations.
Follow the directions.
1. Use the words in the box to add headings to the three lower parts of the diagram.
insertion
deletion
substitution
Before Mutations (normal)
T AC G C A T GGA A A
AUGC GUA CC U U U
Met
deletion
Arg
Thr
Phe
insertion
substitution
G
T A C C A T G G A A T ..
A U G G U A C C U U A ..
Met
Val
T
C
Pro
?
T AC AG C A T G G A A A
AUG U C G UA C C U U U
Met
Ser
Tyr
Leu
TAC GT A T GG AAA
AUG CA U A C C U U U
Met
His
Thr
Phe
Complete the sentences. Use the terms from the box above.
2. In a(n)
substitution
3. In a(n)
insertion
, a base is inserted into the DNA sequence.
4. In a(n)
deletion
, one base is removed from the DNA sequence.
, one base is changed to a different base.
Answer the questions.
5. Which of the following can result in a frameshift mutation? Circle each correct answer.
A. deletion
B. substitution
C. insertion
6. Why is a frameshift mutation more damaging than a substitution? A frameshift mutation
causes all of the codons after the mutation to be вЂњreadвЂќ differently by the ribosome.
So frameshift mutations can affect many genes. A substitution only affects one codon.
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Types of Mutations
Mutations that change whole chromosomes are called chromosomal mutations. The diagrams
below show chromosomal mutations. Each diagram represents an original chromosome and
a possible mutation of the chromosome.
Original Chromosome
AB C
Deletion
DE F
AC
Inversion
Original Chromosome
AB C
DE F
AED
Original Chromosome
AB C
DE F
DE F
CBF
Translocation
ABC
Original Chromosome
AB C
DE F
J KL DE F
Duplication
ABBC
DE F
Follow the directions.
1. Use the diagrams to help you complete the table.
Mutation
Description
deletion
Part of the chromosome is lost.
duplication
Extra copies of a part of a chromosome are made.
translocation
Part of a chromosome breaks off and attaches to
another chromosome.
inversion
Sections of a chromosome are reversed.
Answer the questions.
2. Which types of mutations can add genes to a chromosome? duplication and translocation
3. Which type of mutation can take genes away from a chromosome?
deletion
4. Which type of mutation changes the order of the genes, but not the number of genes in a
inversion
chromosome?
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13.4 Gene Regulation and Expression
Lesson Objectives
Describe gene regulation in prokaryotes.
Explains how most eukaryotic genes are regulated.
Relate gene regulation to development of multicellular organisms.
BUILD Vocabulary
A. The chart below shows key terms from the lesson with their definitions. Complete the
chart by writing a strategy to help you remember the meaning of each term.
Term
Definition
How IвЂ™m Going to Remember
the Meaning
Homeotic
gene
Master control gene that
regulates how cells develop into
specific parts of the body
Homeotic genes control the development
of different organs.
Operon
Group of genes that are
regulated together
An operon is a group of genes that operate
together.
Operator
Region where the lac repressor
can bind to DNA
When the lac repressor binds to the
operator, it turns off.
RNA
interference
Blocking gene expression with
small RNA molecules
Interfere means вЂњblock.вЂќ RNA
interference blocks gene expression.
B. As you work through this lesson, you may find these terms in the activities. When you
need to write a key term or a definition, highlight the term or the definition.
BUILD Understanding
Concept Map Complete the concept map by filling in the main ideas of Lesson 4. Use the
following terms: transcription factors, DNA-binding proteins, master control genes.
Prokaryotic Gene
Regulation
involves
DNA-binding proteins
Eukaryotic Gene
Regulation
often involves
Transcription factors
involves
Master control genes
Genetic Control of
Development
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Prokaryotic Gene Regulation
DNA-binding proteins called repressors control transcription. They bind to areas of DNA
called operators. They stop RNA polymerase from transcribing the genes on the DNA strand.
Answer the following questions. For each question, circle the letter of the correct answer.
1. What is the function of the lac operon in E. coli ?
A. It regulates reproduction.
B. It regulates cell division.
C. It enables the bacterium to use lactose for food.
D. It uses three proteins to make lactose.
2. What does the lac repressor do?
A. It prevents the lac operon from working by preventing transcription.
B. It makes RNA polymerase, which prevents the lac operon from working.
C. It makes lactose.
D. It makes glucose.
3. What happens when lactose is E. coliвЂ™s only food source ?
A. The presence of lactose keeps RNA polymerase from functioning.
B. The presence of lactose enables the lac operon genes to function.
C. The presence of lactose allows DNA to be synthesized.
D. The presence of lactose makes the lac repressor go into action.
4. What does the promoter do?
A. It prevents the synthesis of lactose.
B. It is the place where RNA polymerase can bind to DNA and therefore start the
synthesis of mRNA.
C. It is the place where RNA polymerase can bind to DNA and enable the lac repressor
gene to work.
D. It lets the lac repressor bind to DNA.
In the space below, draw what happens to the repressor when lactose is present.
StudentsвЂ™ drawings should resemble the
illustration in the textbook.
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Eukaryotic Gene Regulation
In many eukaryotes, a short region of DNA containing the base sequence TATATA or
TATAAA is known as the TATA box. The TATA box marks the beginning of a gene. It also
helps position the RNA polymerase. When RNA polymerase binds in the correct position,
transcription can occur.
Follow the directions.
1. Label the TATA box, the gene, and the RNA polymerase in the diagram below.
RNA polymerase
Direction of
transcription
TATA Box
Gene
Complete the sentences.
2. The TATA box helps
RNA polymerase
3. The TATA box marks the beginning of the
bind in the correct place.
gene
.
CHAPTER
Mouse-Eyed Fly The chapter mystery involves an experiment in which scientists
transplanted a mouse gene into a fruit fly. The mouse gene is involved in the formation
of eyes. The fruit fly then grew eyes in odd places, such as its legs.
Imagine you are writing a Web article about this experiment. To learn more about
the experiment, you will interview one of the scientists. In the space below, write some
questions that you might ask the scientist. One question has been done for you.
вЂў When you planned the experiment, what was your hypothesis?
Sample questions: Why did you choose a mouse gene to transplant, instead of the
gene of another insect? Were the eyes that developed more like mouse eyes, or
more like normal fruit-fly eyes? How did you insert the mouse gene into the fruit
flyвЂ™s genome?
Encourage students to try to find answers to the questions they write. You might
find a geneticist to talk to the class about the experiment.
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Chapter Review
Use the clues and words to help you write the vocabulary terms from the chapter in the
blanks. You may use a word once, more than once, or not at all.
codon
anticodon
mutation
promoter
1. a change in genetic material
mutation
2. region of DNA where RNA polymerase can bind
promoter
codon
3. group of three nucleotide bases in mRNA
Answer the questions.
4. What causes cell differentiation during an organismвЂ™s development? Special master
control genes tell the bodyвЂ™s cells how to differentiate as the organism grows.
5. Which of the following is a type of point mutation?
A. duplication
C. insertion
B. inversion
D. translocation
6. Use these phrases to complete the Venn diagram: requires RNA polymerase; part of gene
expression; proteins are made; RNA is made; protein synthesis.
Transcription
Translation
Both
requires RNA polymerase
part
of gene
RNA is made.
expression
protein synthesis
Proteins are made.
7. Complete the sentence about the diagram below.
G H
A B C
D E
F
A B G H C
D E
F
In the diagram, one part of the chromosome breaks off and
This is called
translocation
attaches
to another.
.
Chapter 13 вЂў Workbook B вЂў Copyright В© by Pearson Education, Inc., or its afп¬Ѓliates. All Rights Reserved.
202
Biology Unit 4 Educator Resource Guide
Day 15 Quiz Answer Key
In Your Own Words: The table below shows the genetic code for mRNA.
Shown below is a strand of DNA that codes for a piece of a protein.
AGTCTCGCA
What is the complementary sequence of RNA nucleotides that would match the strand of DNA?
Use the table to determine the sequence of amino acids that would be produced from the
sequence of RNA you wrote above. Assume that the first letter of the strand is the beginning of
a codon.
What would happen to the protein if the first C in the DNA strand above were changed to an A?
SAMPLE ANSWERS:
The complementary sequence of RNA nucleotides that would match the strand of DNA would be
UCAGAGCGU. The sequence of amino acids produced would be Ser-Glu-Arg. If the first C in the
DNA strand were substituted with A, the complementary RNA strand would be UCAUAGCGU.
The protein would not be created; translation would end since the amino acid sequence
produced would be Ser-STOP-Arg.
Biology Unit 4 Educator Resource Guide
In Your Own Words: A fungus farmer wants to create вЂњredвЂќ mushrooms. He plans on growing
white mushrooms in red light because, he says, the red light will cause mutations that make the
mushrooms red. List at least two reasons you would tell the farmer as to why this will not work.
SAMPLE ANSWER:
п‚·
п‚·
Red light is not a mutagen
Mutations are random and red light would not cause a specific mutation
In Your Own Words: How does the possible impact of a chromosomal mutation that occurs
during meiosis differ from that of a similar event that occurs during mitosis of a body cell that is
not involved in reproduction?
SAMPLE ANSWER: A chromosomal mutation that occurs during meiosis will be carried by some
of the organismвЂ™s gametes and possibly to the organismвЂ™s offspring. A mutation that occurs
during mitosis in a body cell will be passed on to that cellвЂ™s daughter cells but not to the
organismвЂ™s offspring.
Multiple Choice:
1. B
2. A
3. A
4. A
5. B
6. C
7. C
8. C
9. D
10. B
11. B
12. B
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Day
Daily Assignment
12/16/2014
1
Read Chapter 14 section 14.1 (pp. 392-397) in your textbook. Complete "Human
Chromosomes" Worksheet Section 14.1 in your Student Guide. COMPLETE and turn in your
lab by day 10. Check with your facilitator for lab instructions and on-campus times.
12/17/2014
2
Read section 14.2 (pp.398-401) in your textbook. Complete the "Human Genetic Disorders"
Worksheet Section 14.2 in your Student Guide.
12/18/2014
3
Read section 14.3 (pp.403-409) in your textbook. Complete the "Studying the Human
Genome" Worksheet Section 14.3 in your Student Guide.
12/19/2014
4
Complete Karyotyping worksheets in your student guide. If you do not have internet see your
facilitator for alternative worksheets.
1/5/2015
5
Complete the "Vocabulary Review" Worksheet in your Student Guide. Review your work for
Days 1-4. Take Quiz #1 in your Student Guide. (Parent grades quiz using Quiz Answer Key.)
REMINDER: your lab is due to your facilitator by day 10.
1/6/2015
6
Read Chapter 15 section 15.1 (pp.418-420) in your textbook. Complete the "Selective
Breeding" Worksheet Section 15.1 in your Student Guide.
1/7/2015
7
Read section 15.2 (pp.421-427) in your textbook. Complete "Recombinant DNA" Worksheet
Section 15.2 in your Student Guide.
1/8/2015
8
Read section 15.3 (pp.428-434) in your textbook. Complete the "Applications of Genetic
Engineering" Worksheet 15.3 in your Student Guide.
1/9/2015
9
Read section 15.4 (pp.436-439) in your textbook. Complete the "Ethics and Impacts of
Biotechnology" Worksheet 15.4 in your Student Guide.
1/12/2015 10
Complete the "Vocabulary Review" Worksheet in your Student Guide. Review your work for
Days 6-9. Take Quiz #2 in your Student Guide. (Parent grades quiz using Quiz Answer Key.)
LAB DUE to facilitator today.
1/13/2015 11
Read Chapter 20, section 20.1 (pp.574-579). Complete the "Viruses" Worksheet Section 20.1
in your Student Guide.
1/14/2015 12
Read section 20.2 (pp.580-585). Complete the "Prokaryotes" Worksheet 20.2 in your Student
Guide
1/15/2015 13
Read section 20.3 (pp.586-592). Complete the "Diseases Caused by Bacteria and Viruses"
Worksheet section 20.3 in your Student Guide.
1/16/2015 14
Complete Constructing Model Viruses lab. See your facilitator for materials.
1/20/2015 15
Complete the "Vocabulary Review" Worksheet in your Student Guide. Review your work for
Days 11-14. Take Quiz #3 in your Student Guide. (Parent grades quiz using Quiz Answer
Key.)
1/21/2015 16
This course requires that you complete at least (6) Biology labs this semester which MUST be
completed in order for you to receive credit for the course. Biology labs are held one day a
week and repeated the following week. Approximately 10 labs are offered each semester.
Check with your facilitator for the lab schedule. Study and review Chapters 14, 15 & 20 for
Unit 5 Test. Use the Student Guide and Quizzes to help you study for the Unit 5 Test.
1/22/2015 17
Study and review Chapters 14, 15 & 20 for Unit 5 Test. Use the Student Guide and Quizzes
to help you study for the Unit 5 Test. You must take the Unit 5 Test in the Testing Center at
Excelsior within the next 4 school days.
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14.1 Human Chromosomes
Lesson Objectives
Identify the types of human chromosomes in a karotype.
Describe the patterns of the inheritance of human traits.
Explain how pedigrees are used to study human traits.
Lesson Summary
Karyotypes A genome is the full set of all the genetic information that an organism
carries in its DNA. Chromosomes are bundles of DNA and protein found in the nucleus
of a eukaryotic cell. A karyotype is a picture that shows the complete diploid set of human
chromosomes, grouped in pairs and arranged in order of decreasing size. A typical human
diploid cell contains 46 chromosomes, or 23 pairs:
в–¶ Two of the 46 are the sex chromosomes that determine an individualвЂ™s sex: XX = female
and XY = male. The X chromosome carries nearly 10 times the number of genes as the Y
chromosome.
в–¶ The other 44 are autosomes, or autosomal chromosomes.
Transmission of Human Traits Human genes follow the same Mendelian patterns of
inheritance as the genes of other organisms:
в–¶ Many human traits follow a pattern of simple dominance.
в–¶ The alleles for many human genes display codominant inheritance.
в–¶ Many human genes, including the genes for blood group, have multiple alleles.
в–¶ A gene located on a sex chromosome is a sex-linked gene. The genes on sex chromosomes
show a sex-linked pattern of inheritance, since females have two copies of many genes
(located on X chromosomes) while males have just one.
в–¶ In females, most of the genes in one of the X chromosomes are inactivated in each cell.
Human Pedigrees A chart used to analyze the pattern of inheritance that shows the
relationships in a family is a pedigree. Pedigrees can be used to determine the nature of genes
and alleles associated with inherited human traits.
Karyotypes
1.
Make a sketch of a human karyotype. Number the chromosome
pairs. Label autosomes and sex chromosomes.
Sketch should resemble the illustration in the textbook. It should show 22 pairs
of autosomes, arranged in order from largest to smallest. It should show an additional pair, labeled sex chromosomes. The pair of sex chromosomes may show two
X chromosomes or one X and one Y.
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For Questions 2вЂ“8, write the letter of the correct answer on the line at the left.
B
2. The complete set of genetic information an organism carries in its DNA is its
A. karyotype.
B. genome.
C. chromosomes.
D. autosomes.
A
3. From what is a karyotype made?
A. A photograph of cells in mitosis
B. A series of X-ray diffraction images
C. A preparation of gametes on a microscope slide
D. A Punnett square
B
4. How many chromosomes are in a normal human karyotype?
A. 23
B. 46
C. 44
D. 2 (either XX or XY)
D
5. Which of the following genetic abbreviations denotes a male human?
A. 23, XX
B. 23, XY
C. 46, XX
D. 46, XY
D
6. Why is the ratio of male to female births roughly 50:50?
A. All egg cells carry an X chromosome.
B. Half of all egg cells carry a Y chromosome.
C. All sperm cells carry an X chromosome.
D. Half of all sperm cells carry a Y chromosome.
C
7. How are the X and Y chromosomes different?
A. Only one is an autosome.
B. The X is smaller than the Y.
C. The Y carries fewer genes than the X.
D. Only females have a Y.
A
8. All human cells carry
A. at least one X chromosome.
B. at least one Y chromosome.
C. a pair of X chromosomes.
D. one X and one Y chromosome.
Lesson 14.1 вЂў Workbook A вЂў Copyright В© by Pearson Education, Inc., or its afп¬Ѓliates. All Rights Reserved.
215
2
Biology
Unit 5 ERG
Name
Class
Date
Transmission of Human Traits
9. Complete the graphic organizer to list, describe, and give examples of three types of
inheritance patterns in humans:
Three patterns of inheritance in humans include:
Dominant and
Codominant and
Sex-linked
recessive alleles
multiple alleles
inheritance
What This Means:
The dominant trait will
What This Means:
More than two alleles
Some traits are seen
appear in the phenotype
are in the population
more often in one
if one dominant allele
for the trait. In the
sex than the other.
is present. Two recessive
phenotype, two may be
Genes located on the
alleles produce the
expressed equally.
Y chromosome are
What This Means:
expressed only in males.
recessive phenotype.
Recessive genes located
on the X chromosome
are expressed more
often in males.
Example:
Red hair results from a
Example:
Three alleles for ABO
Example:
The genes for color vision
pair of recessive alleles.
blood type are present
are all located on the
One dominant allele is
in the population. Both
X chromosome. Color-
enough to produce the
alleles in the gene pair
blindness is a recessive
Rh+ blood type.
are expressed.
allele. It is is more common in men because they
inherit only one allele
for color vision.
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10. Colorblindness is a sex-linked trait. Let C represent an allele for normal color vision. Let c
represent an allele for colorblindness. The genotype for a male with normal color vision is
XCY. The genotype for a female heterozygous for normal color vision is XCXc.
Complete the Punnett square to show the genotypes and phenotypes of their possible
offspring.
Male Gamete: XC
Male Gamete: Y
C
Female Gamete: X
Genotype: X X
Phenotype: Female with
normal color vision
(homozygous)
Genotype: XCY
Phenotype: Male with
normal color vision
Female Gamete: Xc
Genotype: XCXc
Phenotype: Female with
normal color vision
(heterozygous)
Genotype: XcY
Phenotype: Male with
colorblindness
C
C
11. Use your Punnett square to explain why a female with one c allele has normal color vision
but a male with one c allele is colorblind.
The female also inherited the dominant C allele, so her color vision is normal. The
male has no matching allele on his Y chromosome, so the recessive gene is expressed.
12. How does the cell вЂњadjustвЂќ to the extra X chromosome in female cells?
In female cells, most of the genes on one X chromosome are switched off.
13. What is a Barr body?
It is a dense region in the nucleus that is formed by the switched-off genes on an
X chromosome.
14. Why donвЂ™t males have Barr bodies?
Males donвЂ™t have Barr bodies because they have only one X chromosome and it
remains active.
15. Is a cat with three colors of spots more likely to be male or female?
The gene that controls a catвЂ™s coat color is located on the X chromosome. The multicolored cat is probably a female because different X chromosomes are switched off in
different cells, allowing different colors of spots to show up in the phenotype.
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Human Pedigrees
For Questions 16вЂ“21, match the labels to the parts of the pedigree chart shown below. Some
of the labels may be used more than once.
C.
A.
D.
B.
A
16. A person who expresses the trait
C
17. A male
C
18. A person who does not express the trait
B
19. A marriage
A
20. A female
D
21. A connection between parents and offspring
22. Dimples in the cheeks are inherited as a dominant trait on an autosome. Using the proper
form and symbols, draw a pedigree chart, beginning with a heterozygous, dimpled father
(Dd), and a nondimpled mother (dd). Show four children of the expected types: boys,
girls, dimples, and no dimples. Label your pedigree with phenotypes and genotypes.
Phenotype: Dimples
Phenotype: Nondimpled
Genotype: Dd
Genotype: dd
Phenotype: Dimpled Phenotype: Nondimpled Phenotype: Dimpled Phenotype: Nondimpled
Genotype: Dd
Genotype: dd
Genotype: Dd
Genotype: dd
Note: Boys and girls can be in any order, as long as half are male and half are female.
Half of them should be dimpled (Dd ), and half should not be dimpled (Nondimpled dd ).
The gender associated with dimples or no dimples is not important; it can be both boys,
both girls, or a boy and a girl.
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14.2 Human Genetic Disorders
Lesson Objectives
Explain how small changes in DNA cause genetic disorders.
Summarize the problems caused by nondisjunction.
Lesson Summary
From Molecule to Phenotype There is a molecular reason for genetic disorders. A
change in DNA can alter an amino acid sequence, which can change a protein and therefore,
the phenotype. Some common inherited disorders result from a change in DNA. They
include:
в–¶ sickle cell disease, in which a defective polypeptide makes hemoglobin in the blood less
soluble;
в–¶ cystic fibrosis, in which a deletion of three bases in a gene causes cell membranes to lose
their ability to transport chloride ions;
в–¶ HuntingtonвЂ™s disease, in which a single codon for a certain amino acid repeats more than
40 times, causing mental deterioration and uncontrolled movements.
Some alleles that cause disease in the homozygote can provide an advantage in the
heterozygote. The geographic associations between sickle cell disease and malaria and
between cystic fibrosis and typhoid demonstrate how the heterozygous state reduces the risk
of infection.
Chromosomal Disorders Sometimes, during meiosis, homologous chromosomes fail
to separate. This nondisjunction (not coming apart) can create a gamete with an abnormal
number of chromosomes, leading to offspring with missing or extra chromosomes. Examples
include:
в–¶ Down syndrome, most often a result of three copies of chromosome 21;
в–¶ TurnerвЂ™s syndrome, a female with a single X chromosome;
в–¶ KlinefelterвЂ™s syndrome, a male with an extra X chromosome.
From Molecule to Phenotype
1. The boxes below each show a step to explain how genetic disorders have a molecular basis.
Number them so that the steps are in the correct order.
A change in phenotype
results. 3
A geneвЂ™s DNA sequence
1
changes.
The amino acid
sequence that alters a
protein changes.
2
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For Questions 2вЂ“7, write the letter of the correct answer on the line at the left.
D
2. How many human genetic disorders are known?
A. three
B. about 20
C. about 100
D. thousands
B
3. The inherited disease in which hemoglobin molecules clump into long fibers,
changing the shape of blood cells is
A. cystic fibrosis.
B. sickle cell disease.
C. HuntingtonвЂ™s disease.
D. KlinefelterвЂ™s syndrome.
C
4. What happens to the CFTR gene in individuals who have cystic fibrosis?
A. The entire gene is deleted.
B. The entire gene is duplicated.
C. Three bases are deleted, causing one amino acid to be missing.
D. Three bases are duplicated, causing one amino acid show up about 40 times.
C
5. Why are individuals who are heterozygous for the cystic fibrosis allele unaffected
by the disease?
A. They have an extra copy of the allele on their X chromosome.
B. Cystic fibrosis only occurs in males, so females are unaffected.
C. They make enough of a particular protein to allow their cells to work properly.
D. Their cells can transport chloride ions through diffusion channels.
B
6. How might the allele that causes a disease stay in the population if it is fatal to
those who have the disease?
A. It is present only in heterozygotes.
B. It makes the heterozygote resistant to a fatal disease.
C. It disappears but is continuously replaced by mutations.
D. It occurs only in certain geographic areas.
A
7. What advantage do individuals with one sickle cell allele have?
A. a stronger resistance to malaria
B. immunity to typhoid fever
C. more rigid red blood cells
D. no advantage
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Chromosomal Disorders
8. Complete this graphic organizer to explain the process and outcomes of nondisjunction.
Deп¬Ѓnition: The failure of
homologous chromosomes to
separate during
meiosis.
Sketch of Process: Drawing should
resemble the illustration in
the textbook.
NONDISJUNCTION
Example of Outcome (in genotype):
An extra chromosome 21
Example of Outcome (in phenotype):
An extra chromosome 21
causes Down syndrome.
9. What is trisomy?
Trisomy is a result of nondisjunction, in which an individual has three copies of a chromosome instead of two.
10. What happens when a male has XXY sex chromosomes?
The male will have KlinefelterвЂ™s syndrome, which will most likely prevent him from
reproducing.
11. Most of the genetic disorders you have learned about are the result of a change in DNA
sequence, as with cystic fibrosis, or the presence of an extra chromosome, as with Down
syndrome. The exception is TurnerвЂ™s syndrome. Women with TurnerвЂ™s syndrome have
only 45 chromosomes. They are missing an X chromosome. This disorder is the only case
in which a person can survive with one less chromosome. What does this tell you about
how genetic information is inherited in humans?
Much of our genetic information must be carried on the X chromosome. A person
cannot survive without at least one X chromosome.
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14.3 Studying the Human Genome
Lesson Objectives
Summarize the methods of DNA analysis.
State the goals of the Human Genome Project and what we have learned so far.
BUILD Vocabulary
A. The chart below shows key terms for the lesson with their definitions. Complete the chart
by writing a strategy to help you remember the meaning of each term. One has been done
for you.
Term
Definition
How IвЂ™m Going to Remember
the Meaning
Bioinformatics
A field of study that combines
molecular biology and
information science
Bio- reminds me of biology. Informatics reminds
me of information science.
Gel
electrophoresis
A procedure used to separate
and analyze DNA fragments
by placing a mixture of DNA
fragments at one end of a
porous gel and applying an
electrical voltage to the gel
Genomics
The study of whole genomes
Electro- reminds me of electricity, -phore
reminds me of porous, and -sis is the ending to analysis.
Genomics and genome both come from
gene. Genomics is the study of genomes.
Restriction
enzyme
An enzyme that cuts DNA
A restriction can cut into something. A
restriction enzyme cuts DNA.
B. As you work through this lesson, you may find these terms in the activities. When you
need to write a key term or a definition, highlight the term or the definition.
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BUILD Understanding
Preview Visuals Looking at the visuals before you read provides clues about what you
are going to learn. Visuals include photographs, charts, graphs, and diagrams. Look at the
diagram of how scientists manipulate DNA. Read the captions and all the labels. Write three
questions you have in the left column of the chart. As you read, write answers in the right
column. The first one has been done for you.
Sample questions and answers:
Questions I Have
Answers IвЂ™ve Found
1. How do scientists cut DNA?
1. with a restriction enzyme
2. How do scientists separate DNA?
2. through gel electrophoresis
3. Why is it important to know base
3. so that we can study specific genes
sequences in DNA?
Manipulating DNA
DNA is a very large molecule. Scientists must break it into smaller parts to study it. They
use enzymes, called restriction enzymes, to do this. Then they use a technique known as
gel electrophoresis. The technique allows scientists to separate and analyze the differentsized pieces.
restriction enzymes
1. Scientists cut DNA by using
2. Scientists separate DNA strands using a technique called
.
gel electrophoresis
.
3. Find a partner. With your partner, put the following sentences in order to describe how
scientists manipulate DNA. Write the letters in order in the flowchart below.
A. Scientists add a dye-labeled base to the strand.
B. DNA fragments are put into a porous gel.
C. The fragments separate and appear as bands on the gel.
D. Restriction enzymes cut DNA molecules.
E. An electric voltage moves the DNA fragments across the gel.
D
B
E
C
A
4. What information can scientists get from separating strands of DNA?
Sample answer: They can learn about different mutations and how different strands
can cause different diseases or traits.
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Chapter Vocabulary Review
For Questions 1вЂ“11, match the term with its deп¬Ѓnition.
Definition
C
E
G
I
F
J
H
K
B
D
A
1. The X chromosome or the Y chromosome
2. A gene on the X chromosome or the Y
chromosome
3. The failure of homologous chromosomes to
separate during meiosis
4. A technology used to separate fragments of DNA
5. A chart that shows family relationships and
inheritance of traits
6. A field of study that includes the operation of
databases
7. An enzyme that cuts a DNA molecule into small
pieces
Term
A. genome
B. karyotype
C. sex chromosome
D. autosome
E. sex-linked gene
F. pedigree
G. nondisjunction
H. restriction enzyme
I. gel electrophoresis
J. bioinformatics
K. genomics
8. The study of whole genomes, including genes and
their functions
9. A picture that shows chromosomes arranged in
pairs
10. Any chromosome that is not a sex chromosome
11. The full set of genetic information in an
organismвЂ™s DNA
For Questions 12вЂ“19, complete each statement by writing in the correct word or words.
12. A circle represents a female in a(n)
pedigree
.
13. The protein that cuts DNA into pieces is a restriction
enzyme
.
14. An inherited disorder that appears more often in males than females is probably caused
by a sex-linked gene .
15. The 23 pairs of human chromosomes are arranged from largest to smallest in a
karyotype
.
16. Humans have 22 pairs of
autosomes
.
17. The cause of Down syndrome is nondisjunction during meiosis.
18. Humans have 3 billion base pairs in their
genome
.
19. The new field of bioinformatics resulted from the Human Genome Project.
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Day 5 Quiz Answer Key
In Your Own Words: Pat is colorblind. However, PatвЂ™s paternal grandparents (from the fatherвЂ™s
side) are neither colorblind nor carriers. Determine whether Pat is male or female. Explain your
reasoning and construct a pedigree with the possible genotypes demonstrating the sex-linked
gene being passed down.
SAMPLE ANSWER:
Since Pat is colorblind, his/her genotype must either be XcY or XcXc. PatвЂ™s paternal grandparents
are not colorblind nor carriers (genotypes XY and XX), meaning the gene for colorblindness came
only from the maternal side. The only possible genotype for Pat is XcY, Pat is male.
Pedigrees will vary, but demonstrate the sex-linked gene passed down on the maternal side.
In Your Own Words: Explain how the gene for sickle cell disease, which is a harmful gene when
it is homozygous, can be beneficial when it is heterozygous.
SAMPLE ANSWER: It is harmful in homozygous individuals because all of their hemoglobin has
the defective form of the protein and the resulting defective red blood cells do not function
normally, causing clots that can damage tissues. It is beneficial in heterozygous individuals
because they are generally healthy and being carriers of the trait makes them resistant to the
malaria parasite.
Multiple Choice:
1. A
2. D
3. B
4. C
5. B
6. A
7. B
8. B
9. D
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15.1 Selective Breeding
Lesson Objectives
Explain the purpose of selective breeding.
Explain how people increase genetic variation.
Lesson Summary
Selective Breeding Through selective breeding, humans choose organisms with wanted
characteristics to produce the next generation.
в–¶ This takes advantage of natural variation among organisms and passes wanted traits to
offspring.
в–¶ The numerous breeds of dogs and varieties of crop plants and domestic animals are
examples of selective breeding.
Hybridization crosses dissimilar individuals to bring together the best of both parents in the
offspring. Inbreeding is the continued breeding of individuals with selected characteristics. It
ensures that wanted traits are preserved, but can also result in defects being passed on.
Increasing Variation Mutations are the source of biological diversity. Breeders introduce
mutations into populations to increase genetic variation. Biotechnology is the application of
a technological process, invention, or method to living organisms. Selective breeding is one
example of biotechnology.
в–¶ Radiation and chemicals can increase the mutation rate. Diverse bacterial strains have
been bred from mutated lines.
в–¶ Drugs can prevent the separation of chromosomes during mitosis, leading to polyploidy
in plants. Such plants may be larger or stronger than their diploid relatives.
Selective Breeding
For Questions 1вЂ“5, write True if the statement is true. If the statement is false, change the
underlined word or words to make the statement true.
True
dissimilar
hybrids
inbreeding
True
1. Selective breeding works because of the natural genetic variation in a
population.
2. Hybridization crosses similar individuals to bring together the best of
both.
3. The individuals produced by crossing dissimilar parents are
purebreeds.
4. The continued crossing of individuals with similar characteristics is
hybridization.
5. Inbreeding increases the risk of genetic defects.
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6. Complete the table describing the types of selective breeding.
Selective Breeding
Type
Description
Examples
Hybridization
Crossing dissimilar individuals
to bring together the best of
both organisms
Disease-resistant Burbank
potato
Inbreeding
The continued breeding
of individuals with similar
characteristics
Elberta peaches
Increasing Variation
7. Complete this concept map about biotechnology.
Biotechnology
is
The application of a
technological process, invention or
method to a living organism
which can increase genetic variation through
Introducing mutations
Preventing chromosomes from
separating during meiosis
an example of which is
an example of which is
Radiation and chemicals increase the
mutation rate in bacteria, producing
new strains that can perform useful
functions, such as cleaning up
oil spills.
Drugs that prevent the
separation of chromosomes during
meiosis induce polyploidy, which can
yield stronger, larger plants.
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For Questions 8вЂ“11, match the example with the probable method used to introduce the
mutation. Each answer can be used more than once.
A
8. Bacteria that clean up radioactive substances
A. radiation or chemicals
B
9. Larger, stronger banana trees
B. polyploidy
A
10. Bacteria that clean up metal pollution
B
11. Watermelons that grow faster and larger
12. Is it easy for breeders to produce mutants with desirable mutations? Explain.
No, many mutations are harmful, and it requires luck and perseverance to produce a few mutants with desirable characteristics that are not found in the original
population.
13. Why are radiation and chemicals useful techniques for producing mutant bacteria?
The small size of bacteria enables millions of organisms to be treated at the same
time, thus increasing the chances of producing a useful mutant.
14. What technique do scientists use to produce mutant plants?
Scientists use drugs that prevent chromosomal separation during meiosis.
15. What are polyploid plants?
Polyploid plants are plants grown from cells that have many times the normal number of chromosomes due to the use of drugs that prevent the separation of chromosomes during meiosis.
16. The muscles that racehorses use to move their legs are strong, heavy, and powerful. The
bones of racehorses are very lightweight. How are these traits advantageous in racehorses?
Describe a process that breeders might have used, over time, to produce racehorses with
these characteristics.
SAMPLE ANSWER:
A light skeleton would have made it easier for horses run fast. Strong,
heavy muscles would have given them the power to run fast. Over time, breeders
selected animals that showed the traits they wanted in a racehorse. Generation after
generation, breeders selected parents that had those same traits. Eventually, they
bred horses that have the distinctive characteristics of todayвЂ™s racehorses.
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15.2 Recombinant DNA
Lesson Objectives
Explain how scientists manipulate DNA.
Describe the importance of recombinant DNA.
Define transgenic and describe the usefulness of some transgenic organisms to humans.
BUILD Vocabulary
A. The chart below shows key words from the lesson with their definitions. Complete the chart
by writing a strategy to help you remember the meaning of each term. One has been done
for you.
Term
Definition
How IвЂ™m Going to Remember
the Meaning
Clone
A member of a population of
genetically identical organisms
that come from a single cell
C, A clone is a genetic copy.
Genetic
marker
A gene that makes it possible
to know which bacteria carry
recombinant DNA plasmids
I use a marker to highlight something. A
genetic marker is something used to highlight
the bacteria plasmid.
Plasmid
A small circular DNA molecule
found in some bacteria
Recombinant
DNA
DNA made by combining DNA
from different sources
Recombinant = combined
Transgenic
A term used to refer to organisms
that carry genes from other
organisms
Trans- means вЂњacross.вЂќ Transgenic
organisms carry genes across from other
organisms.
A plasmid molecule is circular like a
plate.
B. As you work through this lesson, you may find these terms in the activities. When you
need to write a key term or a definition, highlight the term or the definition.
Check students' questions and answers for relevance and accuracy.
BUILD Understanding
Preview Visuals Previewing visuals and taking notes about them can help you remember
what you read and review for tests. Visuals include photographs, charts, graphs, and
diagrams. Preview each visual in Lesson 2. In your notebook, write one question about each
visual. As you read the lesson, try to find answers to your questions.
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Copying DNA
When Douglas Prasher wanted to find the specific gene that makes the Pacific Ocean jellyfish
glow, he used the Southern blotting method. The flowchart below shows the steps in the
Southern blotting method.
Follow the directions.
1. Use the sentences in the box to complete the flowchart.
Bands on the gel are stopped by blotting to filter paper.
DNA fragments are separated by gel electrophoresis.
Radioactive probes bind to DNA fragments with complementary base sequences.
DNA fragments
Bands on the gel
Radioactive probes
are separated by
are stopped by
bind DNA fragments
gel electrophoresis.
blotting to
with complementary
filter paper.
base sequences.
Answer the questions.
2. Before the DNA fragments are separated, what happens?
A. Filter paper is used.
B. The DNA is cut using restriction enzymes.
3. What type of probes are used to bind DNA fragments with complementary sequences?
gel bands
DNA probes
radioactive probes
4. The filter paper is placed in a tray of
A. alkaline solution.
B. DNA fragments.
C. base sequences.
5. Today, scientists are more likely to search for genes in computer databases than to use
the Southern blotting method. Why do you think use of databases is more common?
Sample answer: The databases have the complete genomes of many different species,
so it is quicker and less expensive to check the databases.
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Changing DNA
Combining DNA Fragments The diagram below shows how recombinant DNA is
formed by combining DNA from two different sources.
Follow the directions.
1. Use the phrases in the box to label the diagram. Some phrases will be used more than once.
cut by restriction enzyme
DNA fragments join
recombinant DNA
Cut by restriction enzyme
sticky end
DNA ligase
Cut by restriction enzyme
G AA T T C
G AA T T C
C T T A A G
C T T A A G
DNA fragments join.
Sticky end
G
AA T T C
C T T A A
G
Sticky end
DNA ligase
G AA T T C
C T T A AG
recombinant DNA
Answer the questions.
2. Circle the correct answer. DNA fragments are joined at
sticky ends.
A ends.
restricted ends.
3. Circle the correct answer. The restriction enzyme cut each DNA sequence at
sequences.
the same
different
4. What enzyme is used to connect the two sequences of DNA?
DNA ligase
5. Is the following statement true or false? Recombinant DNA technology makes it possible
to change the genetic composition of living organisms.
true
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Changing DNA
Plasmids and Genetic Markers Plasmids are small circular pieces of bacterial DNA.
Plasmids are cut using restriction enzymes. A foreign gene is inserted into the plasmids. The
plasmids, which now include recombinant DNA, are then placed into other bacteria cells.
This process is shown in the diagram below.
Follow the directions.
1. Use the terms in the box to label the diagram.
plasmid
recombinant DNA
transformed bacterium
Bacterial
Chromosome
Bacterial
Cell
plasmid
DNA cut with
restriction
enzyme
human gene
recombinant DNA
untransformed bacterium
transformed bacterium
Answer the questions.
2. What type of gene is inserted into the plasmid? Circle the correct answer.
human gene
bacterial cell
3. The recombinant DNA is added to a(n)
answer.
untransformed
bacterium. Circle the correct
transformed
4. Why might a scientist insert a gene that codes for a human growth hormone into bacteria
cells? The bacteria would be able to produce the human growth hormone, which could
then be used in gene therapy.
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15.3 Applications of Genetic Engineering
Lesson Objectives
Describe the benefits of genetic engineering as they relate to agriculture and industry.
Explain how recombinant DNA technology can improve human health.
Summarize the process of DNA fingerprinting and explain its uses.
Lesson Summary
Agriculture and Industry Genetic engineers work to improve the products we get from
plants and animals.
в–¶ Genetically modified crops may be more nutritious or higher yielding. They may be
resistant to insects, diseases, or spoilage. Some can produce plastics.
в–¶ Genetically modified animals may produce more milk, have leaner meat, or contain
higher levels of nutritious compounds. Transgenic salmon grow rapidly in captivity.
Transgenic goats produce spider silk in their milk.
Health and Medicine Recombinant DNA studies are leading to advances in the
prevention and treatment of disease.
в–¶ Examples include vitamin-rich rice, human proteins made in animals, animal models of
human disease (for research), and bacteria that produce human insulin.
в–¶ Gene therapy is the process of changing a gene to treat a disorder. However, gene therapy
is still an experimental and high-risk technique.
в–¶ Genetic testing can identify hundreds of inherited disorders.
Not all genes are active in every cell. DNA microarray technology lets scientists study
thousands of genes at once to determine their activity level.
Personal Identification DNA fingerprinting analyzes sections of DNA that may have
little or no function but that vary from one individual to another.
в–¶ DNA fingerprinting is used in forensicsвЂ”the scientific study of crime-scene evidenceвЂ”
to identify criminals. It is also used to identify the biological father when paternity is in
question.
в–¶ Common ancestry can sometimes be determined using mitochondrial DNA (mtDNA)
and Y-chromosome analysis.
Agriculture and Industry
1. Give two examples of how genetically modified organisms lead to more environmentally
friendly agricultural practices.
a. SAMPLE ANSWER: Some GM crops do not need pesticides.
b. SAMPLE ANSWER: Some GM pigs have leaner meat.
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2. Name two other benefits that may be gained from genetically engineering food crops.
a. SAMPLE ANSWER: Less expensive food
b. SAMPLE ANSWER: Crops resistant to insects, disease, or spoilage.
3. Give two examples of how DNA modification has increased the importance of transgenic
animals to our food supply.
a. SAMPLE ANSWER: Recombinant-DNA techniques increase milk production in cows.
b. SAMPLE ANSWER: Transgenic salmon grow faster than wild salmon.
Health and Medicine
For Questions 4вЂ“6, write True if the statement is true. If the statement is false, change the
underlined word or words to make the statement true.
bacteria
gene therapy
True
4. Human growth hormone is now widely available because it is mass
produced by recombinant viruses.
5. In DNA fingerprinting, an absent or faulty gene is replaced by a
normal, working gene.
6. Prospective parents can find out if they carry the alleles for a genetic
disease through genetic testing.
7. Complete the flowchart to show the steps required to analyze gene activity using a
microarray.
1. Preparing the cDNA Probe
A. mRNA samples are isolated from two
different types of cells or issues.
2. Preparing Microarray
A. DNA fragments corresponding
to different genes are bound to
wells in a microarray plate.
B. Enzymes are used to prepare
complementary DNA molecules (cDNA).
Constrasting п¬‚uorescent labels are
attached to both groups.
B. Single strands of DNA are
attached to wells in the plate.
3. Combining the Probe and Microarray Samples
Labeled cDNA molecules bind to complementary
sequences on the plate.
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Personal Identiп¬Ѓcation
8. Complete the flowchart about how DNA fingerprints are made.
enzymes
are used to cut the DNA into fragments
Restriction
containing genes and repeats.
The restriction fragments are separated according to size using gel
electrophoresis .
The DNA fragments containing repeats are then labeled using radioactive
probes
. This labeling produces a series of bandsвЂ”the DNA
п¬Ѓngerprint.
6
pl
e
5
m
e
Sa
pl
m
Sa
Sa
m
pl
e
4
3
e
2
pl
e
Sa
m
pl
m
Sa
Sa
m
pl
e
1
9. Study the DNA fingerprint below. Which two samples may be from a set of identical
twins? How do you know?
DNA Fingerprint
Samples 1 and 4 may be from identical twins because they are exactly the same.
10. In 2001, scientists reported the successful use of gene therapy to treat three dogs that had
been born blind. The animalsвЂ™ blindness was the result of a mutated gene. Explain the
steps that the scientists probably would have used to restore sight to the dogs.
The scientists engineered a harmless virus to carry the normal gene. They injected the
viruses into the dogsвЂ™ eyes. The viruses inserted the normal gene into the cells of the
eye. The normal gene replaced the mutated gene, and vision was restored.
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15.4 Ethics and Impacts
Lesson Objectives
Describe some of the issues that relate to biotechnology.
Identify some of the pros and cons of genetically modified food.
Describe some of the ethical issues relating to biotechnology.
BUILD Understanding
Two-Column Table Think about the ethical issuesвЂ”the pros and consвЂ”involved in
genetic engineering as you read Lesson 4. Pros are positive points. Cons are negative points.
Write the positive points about genetic engineering in the left column. Write the negatives in
the right column. One has been done for you.
Pros and Cons of Genetic Engineering
Pros
Cons
Add nutrients to foods.
Sample answers: Identify remains of
soldiers; produce crops with higher yields;
possibly treat genetic diseases
Sample answers: possibility of
threatening beneficial insects; privacy
issues; patents forcing small farmers out
of business
CHAPTER
A Case of Mistaken Identity Suppose you are collecting evidence at a burglary
crime scene. Make a list of the different types of evidence you might collect. Circle
evidence that could be tested using DNA fingerprinting.
Students' lists should show a variety of evidence types including hair, blood, and urine,
along with other evidence that may not
contain DNA, such as weapons, bullets, and
evidence of a break-in.
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Proп¬Ѓts and Privacy
Genetic engineering raises some ethical concerns. Some people think it is safe, while others
think it is dangerous. In addition, some people worry about individual privacy. The chart
below lists some ethical issues involved with genetic engineering.
Follow the directions.
1. Fill in the chart by saying if you agree or disagree and why.
Ethical Issue Statement
Agree or Disagree?
It is a good idea for
pharmaceutical companies
to patent their genetic
research.
Explanation
Students' answers will vary. Check that
explanations include arguments from the
text as well as students' own opinions.
The U.S. military requires
all personnel to submit
DNA samples.
GM foods are good.
GM foods are not safe.
Circle the best answer.
2. Which of the following is not an ethical issue?
A. using genetic engineering to cure disease
B. using genetic engineering to make вЂњsuper cropsвЂќ
C. using genetic engineering to make вЂњsuper babiesвЂќ
D. using genetic fingerprinting to prevent someone from getting a job
3. How does the Genetic Information Nondiscrimination Act protect people?
A. It protects people from discrimination based on their genetic information.
B. It provides genetic replacements for people who have gene problems.
Answer the question.
4. DNA evidence taken from crime scenes is added to a database. Do you think that is a good
idea? Give a reason for your answer.
Evaluate students' answers for clarity and logic.
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Chapter Vocabulary Review
For Questions 1вЂ“8, complete each statement by writing in the correct word or words.
1.
Selective breeding
consists of allowing only those organisms with particular
characteristics to produce the next generation.
hybridization
2. In the process called
to obtain bigger or stronger offspring.
, dissimilar organisms are crossed in order
3. When organisms that are genetically similar are crossed over and over to produce the next
generation, the process is called
4.
inbreeding
.
Biotechnology
is the application of a technological process, invention, or
method to living organisms.
5. The technology that makes copies of DNA is called
polymerase chain reaction
.
6. The DNA that results from the transfer of DNA from one organism into another is
recombinant DNA
.
7. The small, circular DNA molecule in a bacterial cell is a(n)
plasmid
.
8. A gene that allows scientists to distinguish a cell that carries recombinant DNA from one
that does not is a(n)
genetic marker
.
For Questions 9вЂ“15, match the term with its deп¬Ѓnition.
Definition
Term
B
9. One of a population of genetically identical
cells produced from a single cell
E
10. A technique that allows the identification of
individuals using differences in their DNA
D
11. A technique that allows scientists to study
thousands of genes at once
A. transgenic
B. clone
C. gene therapy
D. DNA microarray
E. DNA fingerprinting
A
12. Containing genes from another species
F. forensics
C
13. Treating a disease by changing a gene
G. genetic marker
F
14. The scientific study of evidence from a crime
scene
G
15. A gene that scientists use to find transformed
bacteria
Write the letter of the correct answer on the line at the left.
D
16. Hybridization and inbreeding are both types of
A. gene therapy.
C. transgenics.
B. forensics.
D. selective breeding.
B
17. Because of their replication process, plasmids are excellent carriers of
A. genetic markers.
C. clones.
B. recombinant DNA.
D. transgenics.
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In Your Own Words: If a human patientвЂ™s bone marrow was removed, altered genetically, and
reimplanted, would the change be passed on to the patientвЂ™s children? Explain your answer.
SAMPLE ANSWER: The change would not be passed on because genetically altering bone
marrow would not affect the DNA in gametes involved in reproduction.
In Your Own Words: Why are bacteria able to make human proteins when a human gene is
inserted in them with a plasmid?
SAMPLE ANSWER: Bacteria are able to make human proteins when a human gene is inserted
into them because the genetic code is universal. Proteins are made up of amino acids, and DNA
codes for the amino acids of a protein. A DNA sequence, such as ATG, specifies a certain amino
acid. It doesnвЂ™t matter if the cell is a bacterial cell or a human cell; it will interpret the code the
same way.
Multiple Choice:
1. A
2. B
3. C
4. C
5. B
6. A
7. A
8. B
9. C
10. A
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20.1 Viruses
Lesson Objectives
Explain how viruses reproduce.
Explain how viruses cause infection.
Lesson Summary
The Discovery of Viruses In 1935, the American biochemist Wendell Stanley isolated a
virus for the first time.
в–¶ A virus is a particle made of nucleic acid, protein, and, in some cases, lipids.
в–¶ A typical virus is composed of a core of DNA or RNA surrounded by a protein coat called
a capsid.
в–¶ Viruses that infect bacteria are called bacteriophages. They enter living cells and, once
inside, use the machinery of the infected cell to produce more viruses.
Viral Infections Viruses have two methods of infection once inside a host cell.
в–¶ In a lytic infection, a virus enters a cell, makes copies of itself, and causes the cell to burst,
releasing new virus particles that can attack other cells. In the case of bacteriophage T4,
viral DNA directs the synthesis of new viruses using materials in the cell.
в–¶ In a lysogenic infection, a virus integrates part of its DNA called a prophage into the
DNA of the host cell. The viral genetic information replicates along with the host cellвЂ™s
DNA. Eventually, the prophage will remove itself from the host cell DNA and make new
virus particles.
In a retrovirus, the genetic information is copied backwardвЂ”from RNA to DNA instead of
from DNA to RNA. The virus that causes the disease AIDS is a retrovirus.
Viruses must infect a living cell in order to reproduce. Although viruses are parasites, they are
not made of cells and are not considered living things.
The Discovery of Viruses
1. What is a bacteriophage?
a virus that attacks bacteria
2. What are viruses?
They are particles of nucleic acid, protein, and in some cases lipids that can
reproduce only by infecting living cells.
3. What is a capsid?
a virusвЂ™s protein coat
4. How does a typical virus get inside a cell?
The capsid proteins вЂњtrickвЂќ the cell by binding to receptors on its surface.
5. What occurs when viruses get inside cells?
Once inside, the viral genes are expressed. This may lead to the cellвЂ™s destruction.
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Viral Infections
6.
In the visual analogy, why is the
outlaw locking up the sheriff, instead of the other way
around?
The outlaw is locking up the sheriff because, like a
virus, the outlaw has come in and taken over. The
sheriff is basically hostage to the outlawвЂ”as is a cellвЂ™s
DNA once a virus has entered a cell.
7.
The diagram below shows the lytic
cycle of a viral infection. Label the bacterial DNA, host bacterium, viral DNA, and virus.
Then, circle the step that shows lysis of the host cell.
virus
virus
host bacterium
viral DNA
bacterial DNA
8. In a lysogenic infection, how can one virus infect many cells?
The viral DNA is inserted into the host cellвЂ™s DNA. It remains there and is copied
each time the cell multiplies.
9. How is the common cold like the HIV virus?
They are both RNA viruses.
10. What would happen to a virus that never came in contact with a living cell? Explain your
answer.
The virus would never reproduce. Viruses do not have the structures necessary to
metabolize, grow, repair damages, or reproduce without a host.
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20.2 Prokaryotes
Lesson Objectives
Explain how the two groups of prokaryotes differ.
Describe how prokaryotes vary in structure and function.
Explain the role of bacteria in the living world.
Lesson Summary
Classifying Prokaryotes The smallest and most common microorganisms are
prokaryotes, which are unicellular organisms that lack a nucleus. Prokaryotes are classified
either in domain Bacteria or domain Archaea.
в–¶ They can be surrounded by a cell wall, which contains peptidoglycan. Inside the cell wall is
a cell membrane surrounding the cytoplasm.
в–¶ Archaea look similar to bacteria, but are genetically closer to eukaryotes. Archaea lack
peptidoglycan and have different membrane lipids than bacteria.
Structure and Function Prokaryotes are identified by characteristics such as shape, the
chemical nature of their cell walls, the way they move, and the way they obtain energy.
в–¶ Bacilli are rod-shaped. Cocci are spherical. Spirilla are spiral or corkscrew-shaped.
в–¶ Most prokaryotes are heterotrophs. Others are autotrophs. Autotrophs may be
photoautotroph, or chemoautotrophs.
в–¶ Prokaryotes that require a constant supply of oxygen to live are called obligate aerobes.
Those that cannot survive in oxygen are called obligate anaerobes. Organisms that can
survive without oxygen when necessary are called facultative anaerobes.
Prokaryotes reproduce asexually by binary fission, which results in two identical вЂњdaughterвЂќ
cells. Many prokaryotes can form endospores when conditions are unfavorable in order to
protect their DNA. They can also exchange genetic information by conjugation.
The Importance of Prokaryotes Prokaryotes are vital to maintaining the ecological
balance of the living world.
в–¶ Some are decomposers that break down dead matter.
в–¶ Others are producers that carry out photosynthesis.
в–¶ Some soil bacteria convert natural nitrogen gas into a form plants can use through a
process called nitrogen fixation.
в–¶ Humans use bacteria in industry, food production, and other ways.
Classifying Prokaryotes
For Questions 1вЂ“5, complete each statement by writing the correct word or words.
1. Unicellular organisms that lack a nucleus are called
2. The two different domains of prokaryotes are
prokaryotes
Bacteria
and
.
Archaea
.
3. A cell wall made of peptidoglycan protects some bacteria from damage.
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4. Archaea are more closely related to
5. Some bacteria have a second
6.
eukaryotes
membrane
than
Date
bacteria
.
outside the cell wall.
Use the box to draw and label a diagram of a typical bacterium.
StudentsвЂ™ diagrams should resemble the diagram of a bacterium in the textbook.
Structure and Function
Write the letter of the correct answer on the line at the left.
B
A
C
7. What are rod-shaped bacteria called?
A. cocci
B. bacilli
C. spirilla
D. endospores
8. What are spherical bacteria called?
A. cocci
B. bacilli
C. spirilla
D. endospores
9. Whiplike structures on a bacterium that produce movement are called
A. pilli.
C. flagella.
B. capsids.
D. endospores.
10. Complete the table about the different ways prokaryotes obtain energy.
Energy Capture by Prokaryotes
Group
Description
Photoautotroph
Organism that carries out photosynthesis in a manner similar to that of plants
Chemoautotroph
Organism that obtains energy directly from chemical reactions
Heterotroph
Organism that takes in organic molecules and then breaks them down
Photoheterotroph
Organism that uses light energy in addition to processing
organic molecules
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11. What occurs in the process of binary fission?
It is a type of asexual reproduction in which a prokaryote grows to nearly double its
size, replicates its DNA, and divides in half, producing two identical вЂњdaughterвЂќ cells.
12. What occurs during conjugation?
A hollow bridge forms between two bacterial cells, and genes move from one cell to
the other.
The Importance of Prokaryotes
13. How do decomposers help the ecosystem recycle nutrients when a tree dies?
They feed on and digest the dead tissue, breaking it down into its raw materials,
which are released back into the environment.
14. What would happen to plants and animals if decomposers did not recycle nutrients?
Plants would drain the soil of minerals and die, and animals that depend on plants
for food would starve.
15. Why do all organisms need nitrogen?
They need nitrogen to make proteins and other molecules.
16. Why is the process of nitrogen fixation important?
Nitrogen fixation by bacteria converts nitrogen into a form that can be used by
plants or that can be attached to amino acids that all organisms use.
17. What kind of relationship do many plants have with nitrogen-fixing bacteria?
They have a symbiotic relationship.
18. Describe three different ways that humans use bacteria.
Humans use bacteria to produce foods, such as yogurt; to synthesize drugs and
chemicals; and to clean up waste.
19. Suppose you were studying an infectious unicellular organism with a cell wall under a
microscope. How could you confirm that the organism was a prokaryote? How could
scientists determine whether it should be classified in domain Bacteria or domain Archaea?
If the organism were a prokaryote, it would not have a nucleus. Its DNA would be in
its cytoplasm. If the organism were a member of the domain Bacteria, its cell wall
would have peptidoglycan.
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20.3 Diseases Caused by Bacteria
and Viruses
Lesson Objectives
Explain how bacteria cause disease.
Explain how viruses cause disease.
Define emerging disease and explain why emerging diseases are a threat to human health.
Lesson Summary
Bacterial Diseases Microorganisms that cause diseases are known as pathogens. Bacterial
pathogens can produce many diseases that affect humans and other animals. They do so in
one of two general ways:
в–¶ They destroy living cells and tissues directly or by causing an immune response that
destroys tissue.
в–¶ They damage the cells and tissues of the infected organism directly by breaking down the
cells for food.
в–¶ They release toxins (poisons) that travel throughout the body, interfering with the normal
activity of the host.
Many bacterial pathogens can be controlled by washing, using disinfectants, preparing and
storing food safely, or sterilizing exposed items. Bacterial diseases can be prevented and
treated through the following methods:
в–¶ A vaccine is a preparation of weakened or killed pathogens or inactivated toxins. A
vaccine can prompt the body to produce immunity to the disease. Immunity is the bodyвЂ™s
natural way of killing pathogens.
в–¶ When a bacterial infection does occur, antibiotics can be used to fight the disease.
Antibiotics are compounds that block the growth and reproduction of bacteria.
Viral Diseases Viruses produce disease by directly destroying living cells or by affecting
cellular processes in ways that disrupt homeostasis. In many viral infections, viruses attack
and destroy certain body cells, causing the symptoms of the disease. Viral diseases in humans
include the common cold, influenza, AIDS, chicken pox, and measles. Viruses produce other
serious diseases in other animals and in plants. Protection against viruses, either by hygiene
or vaccination, is the best way to avoid viral illness. A handful of antiviral drugs have been
developed that help reduce the symptoms of specific viruses.
Emerging Diseases An unknown disease that appears in a population for the first time
or a well-known disease that suddenly becomes harder to control is called an emerging
disease. The increase of worldwide travel and food shipments is one reason new diseases
are spreading. Another is virus and bacteria evolution. Scientists are struggling to keep up
with changes. They recently discovered prions, which are disease-causing forms of proteins.
Prions cause disease in animals, including humans.
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Bacterial Diseases
For Questions 1вЂ“5, complete each statement by writing the correct word or words.
1. One way bacteria can cause disease is by breaking down and damaging cells (or tissues)
of the infected organism.
toxins
2. Bacteria can also cause disease by releasing
3. A(n)
pathogen
that harm the body.
is a disease-causing agent.
4. One way to control bacterial growth is by subjecting the bacteria to high temperatures
during a process known as sterilization .
vaccine
5. A(n)
is a preparation of weakened or killed pathogens or inactivated
toxins that can prompt the body to produce immunity to a disease.
6. What organs do the bacteria that cause tuberculosis typically damage?
the lungs
7. What are antibiotics?
They are compounds that block the growth and reproduction of bacteria.
8. How are the causes of tuberculosis and diphtheria similar? How are they different?
Both are caused by bacteria. However, the bacteria that cause tuberculosis break
down tissue, whereas the bacteria that cause diphtheria release toxins.
9. Describe the similarities and differences of antibiotics and disinfectants.
Both kill bacteria. Antibiotics are compounds that kill bacteria in an organism.
Disinfectants are chemical solutions that kill bacteria on surfaces.
10. Why should meat be cooked until it is well-done?
Cooking meats until they are well done raises the temperature of the meat to a point
at which bacteria are killed.
Match the bacterial control method with an example of the method.
Bacterial Control Method
Example
D
11. physical removal
A. Putting milk in a refrigerator
B
12. disinfectant
B. Using bleach to clean a countertop
A
13. safe food storage
C. Using boiling water to clean dishes
E
14. safe food processing
D. Washing hands
C
15. sterilization by heat
E. Boiling soup
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Viral Diseases
16. What are some human diseases caused by viruses?
SAMPLE ANSWER:
AIDS, influenza, and the common cold
17. How do antiviral medications work? Why donвЂ™t they also kill host cells?
They attack specific viral enzymes. Hosts do not have these enzymes.
Write the letter of the correct answer on the line at the left.
B
18. A person has a low helper-T cell count. What viral disease does he or she most
likely have?
A. HPV
C. hepatitis B
B. AIDS
D. chicken pox
D
19. A person has blister-like lesions on the skin. What viral disease does he or she
most likely have?
A. HPV
C. hepatitis B
B. AIDS
D. chicken pox
Emerging Diseases
For Questions 20вЂ“24, write True if the statement is true. If the statement is false, change the
underlined word or words to make the statement true.
True
20. Pathogens are able to evolve over time.
emerging
21. A(n) noninfectious disease is an unknown disease that appears in a
population for the first time.
antibiotics
22. The widespread use of vaccines has led to the emergence of resistant
strains of bacteria.
True
prions
23. Slight genetic changes would be needed for the bird flu virus to become
infectious to humans.
24. Scrapie is most likely caused by pathogens known as viroids.
25. RNA viruses have shown an ability to evade antiviral drugs. How do you suppose this is
possible, when viruses are not alive? How may the reproductive methods of viruses help
the process?
SAMPLE ANSWER:
Viruses reproduce quickly, so their genetic makeup can also change
quickly. The DNA of RNA viruses must be translated by the host cell. This allows the
opportunity for mutations to occur. Also, many RNA viruses are made inside one cell
before bursting forth. They may exchange genetic information at that time. This
genetic variation allows them to evolve.
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In Your Own Words: Why donвЂ™t foods such as uncooked rice and raisins spoil?
SAMPLE ANSWER:
Bacteria, like all living things, need water. The relative dryness of uncooked rice and raisins
inhibit bacterial growth.
In Your Own Words: Explain why antibiotics can be useful in treating bacterial diseases but not
in treating viral diseases.
SAMPLE ANSWER: Antibiotics disrupt proteins or cell processes that are specific to bacteria; they
do not affect viruses.
Multiple Choice:
1. B
2. B
3. C
4. D
5. A
6. C
7. C
8. B
9. C
10. A
11. A
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