
on it to represent the dominant gene that produces round
seeds in pea plants, while the other side of the coin could
have a lower case “r” on it to represent the recessive allele
for wrinkled seeds. The other coin could have the same
arrangement. Students can “toss” both coins and record the
possible allele combinations that could occur in the zygote
i.e., RR, Rr, or rr. If the data sample is large enough,
students should see that results of their coin tossing activity
should come relatively close to Mendel’s 3:1 ratio.

■ Figure 17.1 on page 586 can be used to springboard a class
discussion on selective breading and the wide variety of
traits now seen in members of the species Canis familiaris
as a result of years of selective breeding by humans.

■ BLM 17.1.1 (OH) Mendel’s Pea Plants combines the
information from Figure 17.4 and Table 17.1. Photocopy
to provide students with a quick reference of the dominant
and recessive traits that Mendel studied in pea plants, or
use as an overhead teaching tool.

■ BLM 17.1.2 (HAND) Genetics Terminology is a
dictionary style BLM. It provides students with a quick
reference to all of the new terms introduced in this chapter.

■ BLM 17.1.3 (OH) Punnett Square outlines how to use a
Punnett square to predict the possible genotypes and
phenotypes in one- and two-trait crosses.

■ BLM 17.1.4(OH) Mendel’s Monohybrid Crosses
provides overheads of Figures 17.5 and 17.8 to support
your discussion of these crosses and their outcomes.

■ BLM 17.1.5 (HAND) Monohybrid Crosses Worksheet
provides students with an opportunity to solve more one-
trait cross genetics problems.

■ BLM 17.1.6 (OH) Test Cross provides an overhead of
Figure 17.9 on page 591 of the textbook to facilitate your
instruction of this topic.

■ Use BLM 17.1.8 (OH) Mendel’s Dihybrid Cross to
illustrate Mendel’s cross of true breeding tall pea plants with
green pods (TTGG) with true breeding short pea plants with
yellow pods (ttgg). You may want to black out the phenotype
ratio at the bottom of the Punnett square and ask students to
determine this ratio for the dihybrid cross. BLM 17.1.9
(HAND) Dihybrid Crosses Worksheet provides further
practice problems for student to complete.

■ BLM 17.1.10 (OH) Incomplete Dominance and Co-
dominance illustrates the different characteristics of traits
that show incomplete dominance and co-dominance, and
also provides an illustration of the Punnett squares and
phenotype ratios that result from monohybrid crosses
involving incompletely dominant and co-dominant traits.
Practice problems are available on BLM 17.1.11 (HAND)
Incomplete Dominance and Co-dominance Worksheet,
a worksheet-style BLM designed to reinforce these two
concepts.

■  This chapter introduces students to a number of new terms, such
as “homozygous.” Employ a number of strategies to help ESL

students and other students struggling with the vocabulary
understand the root meaning of these terms. For example, have
students write down part of this term, “homo,” and its root
meaning, “means the same,” is a clue that both alleles must be
the same.

■  You may also wish to consider a reading technique such as
SQ3R—Survey, Question, Read, Recall, and Review. This is a
useful technique for helping students fully absorb written
information. This technique helps students create a good mental
framework of a subject, into which they can fit facts correctly. It
also helps students to set study goals, as well as prompting them
to use the review techniques that will help to fix information in
their mind.

Answers to Questions for Comprehension
Student Textbook page 587

Q1. Selective breeding is the choosing and breeding of specific
plants and animals in order to favour particular physical
features or behaviours in their offspring. Examples could
include plants bred for climates like Canada’s (e.g., Red
File Wheat) or animals bred for specific purposes.

Q2. Students will select two from pangenesis (egg and sperm
contain particles from all parts of the male and female
body that develop into body parts from which they were
derived in the offspring), Leeuwenhoek’s homunculus (the
sperm contains a miniature person), Graaf ’s egg-
containing miniature person, and the notion of blending
(offspring are an irreversible blend of characteristics of
both parents).

Student Textbook page 588

Q3. A true breeding plant is one that exhibits the same
characteristics with each generation. A hybrid plant is the
offspring of a cross between two parent organisms that
have different inheritable traits. Therefore, the
characteristics of the offspring in succeeding generations
could be different from those of the parental generation.

Q4. The P generation is the parental generation, the
organisms that are originally crossed. The F1 generation is
the first filial generation. It consists of the offspring of the
P generation. The F2 generation is the second filial
generation. It consists of the offspring of two organisms
from the F1 generation. 

Student Textbook page 589

Q5. A sample response: Individuals have two “factors” for each
trait, but their gametes contain only one factor for each
trait because the “factors” separate randomly during
gamete formation. Students may give the example of a
cross between two true breeding pea plants. The F1
generation will all show the characteristics of the true
breeding parent plant carrying the dominant allele. All the
F1 plants have one allele from each parent; the dominant
allele is expressed and the recessive one is hidden.
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Student Textbook page 590

Q6. The term dominant refers to a characteristic (trait) that is
expressed even if the individual is heterozygous for both
alleles (dominant and recessive). Recessive refers to a
characteristic (trait) that is only expressed if an individual
is homozygous for that allele.

Q7. A gene is what determines individual traits, while an allele
is one of the different forms of a gene.

Q8. Genotype refers to the combination of alleles for any
given trait, while phenotype refers to the outward
expression (physical, observable form) of a trait. For
example, an individual pea plant with the genotype RR
would have the phenotype of round seeds.

Q9. Being homozygous for a trait means that an individual
has two identical alleles for that trait. Being heterozygous
for a trait means that an individual has two different
alleles for a trait.

Answers to Practice Problems
Student Textbook page 591

1. Problem

Mendel crossed true breeding plants that had yellow pods
with true breeding plants that had green pods. Using the
information in Table 17.1, predict and write down the
genotypes and phenotypes of the F1 and F2 generations.
Predict the ratio of F2 plants with green pods to F2 plants
with yellow pods.

What is Required?

You must determine the genotypes and phenotypes of the
F1 and F2 generations of a cross between two plants. You
must then use your results from the F2 cross to predict a
phenotypic ratio.

What is Given?

Phenotypes of the parental plants:

yellow pods × green pods

The green pod allele (G) is dominant and the yellow pod
allele (g) is recessive.

You know that a true breeding plant is homozygous for a
given trait. Therefore, the plant with yellow pods is
homozygous recessive (gg), and the plant with green pods
is homozygous dominant (GG).

Plan Your Strategy

Draw a Punnett square to predict the genotypes of the F1

generation resulting from a cross between GG and gg. 

Draw another Punnett square using the gametes produced
in the F1 generation to perform a monohybrid cross.

Using your knowledge of the dominance relationship
between the G and g alleles, predict the phenotype of
each genotype. Express the phenotypic results of the F2

cross as a ratio of outcomes with green pods to outcomes

with yellow pods, and reduce the ratio to lowest terms if
necessary.

Act on Your Strategy

Step 1

P generation:    gg × GG

The F1 generation plants all have a heterozygous genotype
of Gg. Since the allele for green pods is dominant, all of
the F1 plants will have green pods. The gametes produced
by the F1 plants are G and g.

Step 2

F1 cross:    Gg × Gg

The F2 generation plants have three different genotypes:
GG, Gg, and gg. Since the allele for green pods is
dominant, the GG and Gg genotypes will both result in a
phenotype of green pods, while the gg genotype will
produce yellow pods.

Step 3

There are three outcomes with green pods and one
outcome with yellow pods. Therefore, the ratio of F2
plants with green pods to F2 plants with yellow pods is
3:1. This ratio is already in lowest terms.

Check Your Solution

The 3:1 ratio is the same ratio predicted for a second
generation cross from true breeding parents.

2. Problem

In one of his experiments, Mendel counted 6022 yellow
seeds and 2001 green seeds. Write the genotypes and
phenotypes of the plants in all the crosses he did in order
to get these results. How well did his data fit the
predicted ratios?

What is Required?

You need to determine what crosses would yield the given
numbers of each phenotype, and predict the genotypic
outcomes of these crosses. You must then calculate the

G

G GG

g Gg

Gg

gg

g

G

g Gg

g Gg

Gg

Gg

G
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Assessment Options
■ Collect and assess students’ answers to the Analysis and

Conclusions questions.
■ Have students complete a formal lab write up.
■ Use Assessment Checklist 2 Laboratory Report from

Appendix A

Answers to Questions for Comprehension
Student Textbook page 593

Q10. A Punnett square is a tool (technique) that is used to
determine the genotypes of the offspring of a cross
between two organisms.

Q11. A test cross is a cross between an organism with an
unknown genotype and a homozygous recessive
organism in order to determine the unknown genotype.

Q12. A possible response: When the two alleles of one gene
segregate, this segregation is not influenced by the alleles
of other genes.

Student Textbook page 595

Q13. Incomplete dominance is a condition in which neither of
two alleles for the same gene completely conceals the
presence of the other.

Q14. Sickle cell anemia and familial hypercholesterolemia are
two genetic conditions in humans that exhibit
incomplete dominance. In sickle cell anemia, red blood
cells are deformed, inhibiting their movement through
capillaries. In familial hypercholesterolemia, body tissues
are unable to remove low-density lipoproteins from the
blood, resulting in higher-than-normal blood cholesterol
levels.

Q15. Co-dominance involves both alleles being fully
expressed. Incomplete dominance also involves both
alleles, but one is expressed without completely hiding
the presence of the second.

Q16. In roan colouring, two different colours of horse hair are
visible. One allele is expressed in one colour and the
other allele is expressed in the second colour.

Student Textbook page 596

Q17. During gamete formation, homologous chromosomes
segregate, as do alleles. Also during meiosis, the
movement of each pair of homologous chromosomes is
independent of all the other pairs; alleles, similarly, assort
independently.

Answers to Practice Problems
Student Textbook page 596

3. Problem

In zucchini (Cucurbita pepo), the allele for yellow-
coloured flesh is recessive to the allele for white-coloured
flesh. You are a plant breeder and would like to know if

any of the white-fleshed zucchini you have are
heterozygous for the yellow-fleshed allele. How would you
determine this? Describe the procedure you would follow.

What is Required?

You must decide how to determine if any plants
displaying the dominant phenotype have a heterozygous
genotype.

What is Given?

You know the dominance relationship between the alleles.
The allele for white-coloured flesh is dominant and the
allele for yellow-coloured flesh is recessive.

You know that the plants in question have dominant
phenotypes.

Plan Your Strategy

Think about the types of crosses you have studied. What
type of cross is performed to determine the genotype of
an individual with dominant phenotype?

Map out the steps you would use to perform such a cross.

Use a Punnett square to predict the results of a cross
between a white-coloured zucchini that is homozygous
dominant and yellow zucchini that is homozygous
recessive. Repeat this procedure for a white-coloured
zucchini that is heterozygous for the flesh-colour allele. 

State how you would determine the unknown genotype
from the results of the Punnett squares.

Act on Your Strategy

Step 1

A test cross is used to determine the genotype of
individuals with a dominant phenotype. The individuals
of unknown genotype are crossed with individuals having
the recessive phenotype. The genotype of the recessive
individuals is known, since the recessive phenotype will
only appear when two recessive alleles are present.

Step 2

To perform the test cross, you would use a plant with
yellow-fleshed zucchini to pollinate the plants having
unknown genotypes. You would then observe the flesh
colour of the zucchini that developed, and count the
number of each phenotype.

Step 3

Test cross:

If the unknown genotype is homozygous:

W

w Ww

w Ww

Ww

Ww

W
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recombinant types
parental type
recombination frequency
sex-linked traits
Barr body
multiple alleles
order of dominance
continuous traits
polygenic traits

Biology Background
■ Colour blind individuals are unable to perceive or

distinguish between various colours. Colour blindness is
most frequently an inherited condition; however, colour
blindness can also result from injury to the optic nerve,
retina, and certain regions of the brain. Through injury, it
is possible to become colour blind in certain parts of the
field of vision, but not in others. Acquired colour blindness
may also be reversible in some cases. This is never the case
in inherited colour blindness. There are three types of
inherited colour blindness: monochromacy, dichromacy,
and anomalous trichromacy. Normally, the retinal cones
(light sensitive cells in the eyes) have three different
pigments, each of which absorbs different wavelengths of
light. Monochromatic individuals are unable to distinguish
any colours due to an absence of two or all of these
pigments. Dichromatic individuals generally have trouble
distinguishing between two colours due to the absence of
one of the cone pigments. Individuals experiencing
anomalous trichromacy have all three pigments, although
the absorption of one or more is impaired. Both
dichromacy, and anomalous trichromacy may show X-
linked inheritance. In Canada, about 10 % of males and
0.5% of females have some sort of colour blindness.

■ Traits that are purely polygenic (traits that are determined
by more than one gene) are actually rare in nature. Instead,
most polygenic traits are actually “multifactoral traits,”
traits that are determined by interactions between the
environment and a gene or genes. Some examples of
multifactoral traits in humans include eye colour, height,
fingerprint pattern, body weight, and heart health. For
example, a number of genes, as well as environmental
factors, such as diet and overall health, influence height.

Teaching Strategies
■ Discussion of Thomas Morgan’s “fly room” experiments

with Drosophila melanogaster provides an excellent
opportunity to remind students that data that fail to
support hypotheses are just as helpful as supportive data.
In fact, Morgan won the Nobel Prize as a result of
discoveries that arose as a consequence of just such data.

■ Encourage students to recreate Morgan’s experiment by
completing the Biology File: Try This on page 601 of the
textbook. By crossing a male and a female from the F1

generation of flies, just as Morgan and his team did,

students will gain an increased understanding of sex-linked
inheritance. 

■ BLM 17.0.2 (HAND) Probability provides information
on Pascal’s triangle. Used together with Figure 17.24, this
BLM will help students understand the phenotypic ratios
of polygenic traits.

■ BLM 17.2.1 (OH) Chromosome Mapping and BLM
17.2.2 (HAND) Chromosome Mapping Worksheet are
designed to support your instruction of chromosome
mapping. Use the worksheet as a formative assessment
tool, or as a way for students to evaluate their own
understanding of this concept.

■ BLM 17.2.4 (OH) Sex Linked Inheritance: Colour
Blindness, BLM 17.2.5 (OH) Multiple Alleles: Blood
Type, and BLM 17.2.6 (OH) Polygenic Inheritance: Ear
Length in Corn provide overheads of the figures in the
text that illustrate these concepts. 

Answers to Questions for Comprehension
Student Textbook page 601

Q18. The chromosome theory of inheritance states that genes
are located on chromosomes, and chromosomes provide
the basis for the segregation and independent assortment
of genes. The gene-chromosome theory amends the
chromosome theory of inheritance and states that genes
exist at specific sites arranged in a linear manner along
chromosomes. 

Q19. Chromosome mapping is a process in which the concept
of crossing over is used to determine the relative
positions of genes on a chromosome.

Q20. A map unit is defined as the distance between points on
a chromosome where a crossover is likely to occur in one
percent of all meiotic events. 

Q21. Recombinant types are organisms that have a different
combination of linked gene alleles than their parents do.
Parental types are organisms that have chromosomes that
are identical to those of the P generation (linked gene
alleles are the same as those of their parents).

Figure 17.17
Student Textbook page 601

Expected ratio of male to female offspring is 1:1.

Biology File: Try This
Student Textbook page 601

red-eyed male

Xr

XR XRXR

Xr XRXr

XRY

XrY

Y

7-54 MHR • Unit 7 Cell Division, Genetics, and Molecular Biology



Step 3

If the parent female is heterozygous for the eye colour
trait, your first cross will produce a female with white
eyes. If the parent female is homozygous for the eye
colour trait, you will need to take one of the F1 females
produced by the first cross and mate her with the white-
eyed male, which will give the same results as the second
cross shown above.

Check Your Solution

You demonstrated a cross that will produce a white-eyed
female fly.

10. Problem

In a species of dog, a mutant gene that causes deafness is
found on the Y chromosome. Draw a Punnett square to
show the outcomes of a cross between

(a) a male dog whose father is deaf and a female dog
whose father is not deaf

(b) a female dog whose father is deaf and a male dog
whose father is not deaf

What is Required?

You must predict the outcomes of two crosses involving a
Y-linked trait.

What is Given?

The mutant gene for deafness is found on the Y
chromosome.

normal hearing  = YD

deaf = Yd

(a) The male’s father is deaf and the female’s father is not
deaf. 

(b) The female’s father is deaf and the male’s father is not
deaf. 

Plan Your Strategy

Determine the phenotypes and genotypes of the male and
female for each case. 

Complete a Punnett square for each cross.

Act on Your Strategy

(a) Step 1

Since the trait is only carried on the Y chromosome, the
male must be deaf and the female must have normal
hearing.

The male must have the genotype XYd, and the female
must have the genotype XX.

Step 2

All male offspring will be deaf, and all female offspring
will have normal hearing.

(b) Step 1

The female must have normal hearing, since she cannot
inherit her father’s Y chromosome. The male must have
normal hearing.

The male must have the genotype XYD, and the female
must have the genotype XX.

Step 2

All offspring will have normal hearing.

Check Your Solution

The outcome is logical for a trait that is found on the Y
chromosome, which is only passed from male to male.

Figure 17.20
Student Textbook page 604

It is not surprising that male tortoiseshell cats are rare. The
tortoiseshell pattern occurs due to inactivation of alternate X
chromosomes. Thus, for a male cat to be a tortoiseshell, it
must have two X chromosomes (XXY), a condition analogous
to Klinefetter syndrome in human males, which is a rare
genetic occurrence.

Answers to Questions for Comprehension
Student Textbook page 604

Q22. Traits that are controlled by genes on either the X or Y
chromosome are called sex-linked traits. 

Q23. In every female somatic cell, one of the X chromosomes
is randomly inactivated. The inactive X chromosome is
condensed tightly into a structure known as a Barr body.
This ensures that only one allele of each gene carried on
the X chromosome is expressed in each cell.

Q24. A visible effect of the inactivation of one X chromosome
is the tortoiseshell coat colour in cats. The tortoiseshell
coat colour is the result of a random distribution of
orange and black patches. The gene that codes for coat
colour (orange or black) is located on the X
chromosome. A tortoiseshell cat is heterozygous for the
coat colour allele. That is, one X chromosome carries the
allele for black fur, and the other X chromosome carries
the allele for orange fur. At an early stage of the cat’s
embryonic development, one X chromosome in each cell
is deactivated. The descendants of these cells have the
same inactive X as their parent cells. When the kitten is

X

X XX

YD XYD

XX

XYD

X

X

X XX

Yd XYd

XX

XYd

X
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born, patches of orange show collections of cells in
which the X chromosome that is carrying the black allele
is deactivated, and patches of black show collections of
cells in which the X chromosome that is carrying the
orange allele is deactivated.

Student Textbook page 605

Q25. A gene with more than two alleles is said to have
multiple alleles. 

Biology File: Try This
Student Textbook page 605

Without variation, natural selection would have nothing on
which to act. A population is a group of potentially
interbreeding organisms of the same species occupying a
certain area. Members of a population vary from one another,
and it is this variation which is the raw material on which
natural selection operates. In sexually reproducing organisms
variation can be the result of genetic recombination—the
reallocation of alleles and chromosomes. Recombination
results from crossing over during meiosis, the random
segregation of chromosomes to gametes during meiotic
division, and the random combination of gametes during
fertilization. The entire genotype is subject to natural selection
since new combinations of alleles may improve the
reproductive success of the organism. For polygenic traits, the
most favourable combination may occur when the right alleles
group by recombination at a particular time.

Answers to Practice Problems
Student Textbook page 606

11. Problem

If a man has type AB blood and a woman has type A
blood, what possible blood types could their children
have?

What is Required?

You need to determine the possible blood types of the
children.

What is Given?

The man has type AB blood.

The woman has type A blood.

The IA allele and the IB allele are co-dominant and the i
allele is recessive.

Plan Your Strategy

Determine the possible genotypes of the man and the
woman. 

Make Punnett squares for all the possible combinations of
parental genotypes to determine the genotypes and
phenotypes of the children.

Act on Your Strategy

Step 1

The man must have the genotype IAIB.

The woman could have genotype IAIA or IAi.

Step 2

If the woman has the genotype IAIA:

If the woman has the genotype IAi:

The children could have blood type A, AB, or B.

Check Your Solution

The children must all receive either an IA or an IB allele
from their father, and an IA or an i allele from their
mother. The predicted blood types are consistent with this
information.

12. Problem

In one family, all three siblings have type B blood.

(a) Use Punnett squares to show how two different sets of
parent genotypes could produce this result.

(b) Which of the two sets of potential parents in your
answer to (a) is more likely to be the parents of these
siblings?

What is Required?

(a) You need to identify parental genotypes that would
produce children with type B blood.

(b) Decide which cross is more likely to produce three
type B children.

What is Given?

All three children have type B blood.

At least two sets of parental genotypes will give this
outcome.

The IA allele and the IB allele are co-dominant and the i
allele is recessive.

Plan Your Strategy

(a) Determine two possible combinations of parental
genotypes which could produce offspring with type B

IA

IA IAIA

IB IAIB

IAi

IBi

i

IA

IA IAIA

IB IAIB

IAIA

IAIB

IA
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the seedling reaches the light, stem elongation is
suppressed, and chlorophyll synthesis and leaf expansion
are stimulated. This is under the control of the
phytochrome system. Plants placed in the dark
environment do not synthesize chlorophyll, and leaf
expansion does not take place. 

■ Students should be aware that when doing any
investigation they should only have one manipulated
variable and one responding variable, and that all other
variables should be controlled. As well, they should
combine all of the data from the class in order to end up
with a more reliable data set.

■ Expected Results
Seeds germinated in the dark: All the time that the
seedling is in the dark it remains pale or nearly white and
its leaves do not expand. This is under the control of the
phytochrome system. Plants placed in the dark
environment do not synthesize chlorophyll and leaf
expansion does not take place. 
Seeds germinated in the light: Select seeds that are
heterozygous for chlorophyll production. For example,
corn or tobacco seedlings can be green (dominant) or
albino (recessive). If you ordered F1 seedlings from a
scientific supply company that produce a 3:1 green to
albino ratio, the expected genotypic ratio is 1GG: 2Gg to
1gg and the expected phenotypic ratio is 3 green seedlings:
1 albino seedling.

Safety Precautions
■ Remind students to wash their hands after handling

materials in the laboratory.

Answers to Analysis Questions
1. Accept any answer that clearly explains how the results

supported or failed to support students’ hypotheses.

2. Student answers depend on their experimental design and
unexpected experimental errors. However, students should
observe that plants placed in the dark environment do not
synthesize chlorophyll. They should also observe that the
triggering event is reversible (chlorophyll production starts
and stops as light conditions change). Thus, all plants will
inherit the chlorophyll-producing genes but their
expression is regulated by environmental factors (light
levels).

3. Students should identify that the amount of water added
to the petri dish, the temperature, the number of days
that the seedlings were allowed to develop, and the type of
seeds that were used were examples of controlled variables.
The manipulated variable was the amount of light the
plants were exposed to and the responding variable was
chlorophyll production. Controlled variables ensure that
any change in the responding variable is the result of
changing the manipulated variable. Only one variable is
changed during the investigation. All other variables
remain the same.

Answers to Conclusions Questions
4. A sample student answer: All the time that the seedling is

in the dark, it remains pale or nearly white. When the
seedling reaches the light, chlorophyll synthesis is
stimulated. Plants placed in the dark environment do not
synthesize chlorophyll. Thus, chlorophyll-producing genes
are not expressed.

5. If all of the variables are controlled, it is unlikely that
students would generate an alternative hypothesis.
However, if some variables were not controlled for, then
students could hypothesize that these variables, for
example temperature or the amount of water used, might
have influenced the synthesis of chlorophyll. Students
should identify that they would repeat the experiment
much as above, except with the new parameter (e.g.,
temperature, amount of water) being the only variable, in
order to test their hypothesis.

Answer to Extensions Question
6. Students might predict that a greater understanding of the

effect of light on chlorophyll production could improve
food production or the quality of food crops. They might
even make a connection between ecological disasters, such
as oil spills, and the synthesis of chlorophyll. Another
possibility would be the impact of major volcanic activity,
or an asteroid colliding with Earth, on the ability of
plants to synthesize chlorophyll.

Assessment Options
■ Use Assessment Checklist 1 Designing an Experiment from

Appendix A to assess how the students actually designed
their investigation.

■ Use Assessment Checklist 2 Laboratory Report from
Appendix A if you have asked the students to do a formal
write-up of this investigation.

Answers to Questions for Comprehension
Student Textbook page 609

Q26. A trait such as human blood type results from a single
gene that has more than two alleles. A continuous
(polygenetic) trait, on the other hand, such as ear length
in corn, is controlled by many genes.

Q27. A continuous trait is a trait for which the phenotypes
vary gradually from one extreme to another.

Q28. Students may suggest environmental factors such as diet
(i.e., malnourishment) or teratogens. Accept any
reasonable answer.
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■ Review BLM 17.3.1 (OH) Pedigree Symbols with
students before they complete Thought Lab 17.2 Creating
a Pedigree. This BLM can also be photocopied and
distributed to students for easy reference. You may also
want to assign the sample problem on page 614 and the
practice problems on page 615 before beginning this lab.

■ BLM 17.3.2 (OH): Pedigree – Autosomal Dominant
Traits, BLM 17.3.3 (OH): Pedigree – Autosomal
Recessive Traits, and BLM 17.3.4 (OH): Pedigree – Sex-
Linked Recessive Traits provide overheads of the pedigree
figures in the textbook, which can be used to review the
patterns that typically occur in these different modes of
inheritance.

■ BLM 17.3.5 (HAND) Pedigree Problems Worksheet can
be assigned to students who would like additional practice
in creating and analyzing pedigrees, or it can be given as an
in class quiz.

■ BLM 17.3.7 (HAND): Inherited Genetic Diseases is an
information handout that summarizes a few human genetic
diseases. This handout could be used as a starting point for
independent research.

Answer to Question for Comprehension
Student Textbook page 611

Q29. Students could name any cereal, fruit, or vegetable crop,
as well as any animal that people raise for meat, milk, or
hair.

Figure 17.27
Student Textbook page 611

In order to determine the milk productivity of the bull’s
female offspring, the milk producer would have to have the
breeding history of the bull and records of the milk
productivity of its recent female ancestors.

Biology File: Web Link
Student Textbook page 611

The Newfoundland Pony is an “all purpose” pony and has
many desirable characteristics including strength, stamina,
courage, intelligence, obedience, willingness, and common
sense. Newfoundland Ponies are hard-workers and easy-
keepers. Perhaps the greatest attributes of the Newfoundland
Pony are its good temperament, and ability to survive on
relatively small amounts of most available grasses and foods. It
can also stand harsh winters in relative comfort, mostly due to
its thick winter coat.

The ancestors of the Newfoundland Pony arrived with the
island’s early settlers from the British Isles. These ancestors
were primarily Exmoor, Dartmoor, and New Forest ponies,
and to a lesser extent, Welsh Mountain, Galloway (extinct),
Highland, and Connemara ponies. They were hardy creatures,
already well adapted to the harsh climate of the islands of the
North Atlantic. Over subsequent centuries, and with little
outside influence, the hardiest of these early pony immigrants

to Newfoundland interbred and eventually evolved into one
common pony type, now recognized as the Newfoundland
Pony. Why then are there so few Newfoundland Ponies left? 

In 1935, there were 9025 ponies in Newfoundland, and a
healthy population existed up to the mid seventies and early
eighties. Then the population plummeted! 
Perhaps the greatest causes of this decline were: 
■ Machinery took over the jobs once done by ponies.
■ Communities enacted no-roaming laws, limiting breeding

and food supply.
■ Owners were encouraged to have stallions gelded.
■ Thousands of the Newfoundland Ponies were sold to meat

processing plants in Quebec, from where the horse meat
was sent to Belgium and France for human consumption.

[Sources: http://www.ansi.okstate.edu/breeds/horses/
newfoundland/index.htm
http://www.newfoundlandpony.com/]

Figure 17.29
Student Textbook page 612

Individual II-2 is heterozygous (one dominant allele and one
recessive allele) because two of her children have the recessive
phenotype. The only way that these children can have the
recessive phenotype is if both the mother and the father have
the recessive allele in their genotype.

Answers to Questions for Comprehension
Students Textbook page 612

Q30. Roman numerals are used to indicate different
generations. Arabic numerals are used to indicate
different individuals within each generation.

Q31. Autosomal inheritance refers to traits—dominant and
recessive—that are coded for by genes on autosomes. 

Figure 17.30
Student Textbook page 613 

You know that individual III-1 is heterozygous because two of
his children have the recessive phenotype. In order for the
children to have PKU (autosomal recessive trait), they have to
inherit a recessive allele from both the father and the mother.

Answers to Questions for Comprehension
Students Textbook page 614

Q32. Autosomal recessive traits tend to skip one or more
generations in pedigrees. X-linked recessive traits can
skip generations, but some of the females in that
generation must be carriers if the trait appears in a later
generation. X-linked recessive traits can occur in the
male children of females who are carriers or have the
trait themselves. Female children may be carriers, but
will only have the disease if their father has it and their
mother is a carrier or also has it, which is a rare
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occurrence. Conversely, autosomal recessive traits appear
in both sexes with the same frequency.

Q33. Yes, a female can have hemophilia if her father has the
disease and her mother is a carrier or has the disease.

Answers to Practice Problems
Student Textbook page 615

18. Problem

A curved “hitchhiker’s thumb” is recessive to a straight
thumb. The following pedigree traces the presence of
hitchhiker’s thumb in a family. Identify the phenotypes
and genotypes of all the people shown in the pedigree.
Whose genotypes can you not be certain of?

What is Required?

Identify the genotypes and phenotypes of each individual
in the pedigree.

What is Given?

The pedigree is given, and you know the trait is
controlled by a recessive allele.

Plan Your Strategy

Identify the phenotypes of all individuals.

Look for an individual with a phenotype that differs from
the corresponding phenotype in both parents. All
individuals of this phenotype must result from a
homozygous recessive genotype.

Write the symbol for the dominant allele below every
individual who does not show the trait.

Both parents of the individuals showing the trait must
have at least one recessive allele. All the children of a
person showing the trait had to receive one recessive allele
from this parent.

Act on Your Strategy

Step 1

Each individual represented by a closed symbol has the
“hitchhiker’s thumb” phenotype, while each individual

represented by an open symbol has the straight thumb
phenotype.

Step 2

Write a homozygous recessive genotype (tt) below the
symbol for all the individuals who show the trait (I 1, IV
1, and IV 3).

Step 3

Write the symbol for the one dominant allele (T) below
all open symbols.

Add a small t for individuals II 1, 2, and 3, since they
must have received one recessive allele from individual I
1.

Step 4

Individuals III 1 and 2 must also be heterozygous, since
they must each donate a recessive allele to individuals IV
1 and IV 3.

Step 5

You cannot determine whether I 2, II 4, III 3, IV 2, and
IV 4 are heterozygous or homozygous dominant, since
either genotype is possible with the given information.

Check Your Solution

Upon checking the pedigree, all genotypes are correct.

19. Problem

In certain families in Norway, woolly hair (hair that looks
like sheep’s wool) is passed down through the generations.
In order for children to have this trait, at least one of their
parents must have woolly hair. How is this trait most
likely inherited? Draw a pedigree for a family where one
of three children and both parents have woolly hair.
Identify the genotypes and phenotypes for each individual
in the family. Whose genotype can you not be certain of?

What is Required?

You must determine the method of inheritance of the
trait, draw a pedigree, and identify the genotype and
phenotype of each family member.

I

II

III

IV

1 tt 2 T_

1 Tt 2 Tt 3 Tt

1 Tt 2 Tt 3 T_

4 T_

1 tt 2 T_ 3 tt 4 T_

I

II

III

IV

1 _ 2 _

1 _ 2 _ 3 _

1 _ 2 _ 3 _

4 _

1 _ 2 _ 3 _ 4 _
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