
Section

L1Skills Focus Predicting

Materials coin

Time 15 minutes

Expected Outcome The outcome of the 
coin tosses will vary. The more data, the 
closer the outcome will be to the expected 
ratio of one “heads” to one “tails.”

Objectives
After this lesson, students will be able to
C.3.2.1 Define probability and describe how 
it helps explain the results of genetic crosses.
C.3.2.2 Explain what is meant by genotype 
and phenotype.
C.3.2.3 Tell what codominance is.

Target Reading Skill
Building Vocabulary Explain that 
knowing the definitions of key-concept 
words helps students understand what they 
read.

Answers
Call on volunteers to read their definitions 
aloud. Make sure that students have 
explained the definitions in their own words.

Preteach

Build Background 
Knowledge
Coin Tosses and Probability
Invite students to describe situations in 
which they have used a coin toss to decide an 
issue. Ask: Why did you toss a coin in these 
situations? (Possible answer: It was the fairest 
way to make a decision.) Why is a coin toss 
fair? (Each person has a 50–50 chance of 
winning.)

For: Links on probability 
and genetics
Visit: www.SciLinks.org
Web Code: scn-0332

Download a worksheet to guide students’ review of 
probability and genetics.

2 Probability and 
Heredity

Think It Over For most students, their 
results were slightly different from their 
predictions. The combined class data 
should be closer to the expected ratio 
of one “heads” to one “tails.” Students 
might infer that the difference is due to 
chance or that the more coin tosses they 
make, the closer they will come to the 
predicted outcome.

L1

Integrating Mathematics

What’s the Chance?
1. Suppose you were to toss a coin 20 times. Predict how many 

times the coin would land with heads up and how many times 
it would land with tails up.

2. Now test your prediction by tossing a coin 20 times. Record 
the number of times the coin lands with heads up and the 
number of times it lands with tails up.

3. Combine the data from the entire 
class. Record the total number of 
tosses, the number of heads, and 
the number of tails.

Think It Over
Predicting  How did your results in 
Step 2 compare to your prediction? 
How can you account for any differences 
between your results and the class results?

2 Probability and Heredity

Reading Preview
Key Concepts
• What is probability and how 

does it help explain the results 
of genetic crosses?

• What is meant by genotype and 
phenotype?

• What is codominance?

Key Terms
• probability
• Punnett square
• phenotype
• genotype
• homozygous
• heterozygous
• codominance

Target Reading Skill
Building Vocabulary  After you 
read the section, reread the para-
graphs that contain definitions of 
Key Terms. Use all the information 
you have learned to write a 
definition of each Key Term in your 
own words.

On a brisk fall afternoon, the stands are packed with cheering
football fans. Today is the big game between Riverton’s North
and South high schools, and it’s almost time for the kickoff.
Suddenly, the crowd becomes silent, as the referee is about to
toss a coin. The outcome of the coin toss will decide which
team kicks the ball and which receives it. The captain of the
visiting North High team says “heads.” If the coin lands with
heads up, North High wins the toss and the right to decide
whether to kick or receive the ball.

What is the chance that North High will win the coin toss?
To answer this question, you need to understand the principles
of probability.

Principles of Probability
If you did the Discover activity, you used the principles of
probability to predict the results of a particular event. In this
case, the event was the toss of a coin.  Probability is a number
that describes how likely it is that an event will occur.

For: Links on probability and genetics
Visit: www.SciLinks.org
Web Code: scn-0332
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Differentiated Instruction

L1

Instruct

 

Principles of 
Probability

 

Teach Key Concepts

 

Understanding Probability

 

Focus

 

Use the Discover activity to focus 
attention on probability.

 

Teach

 

Explain that Mendel used the 
principles of probability to explain his 
results. Ask: 

 

What is probability? 

 

(A number 
that describes how likely it is that on event will 
occur) 

 

Does probability predict what will 
definitely occur? 

 

(No; it predicts what is likely 
to occur.)

 

Apply

 

Ask: 

 

What does probability predict 
is likely to occur if you toss a coin ten times? 

 

(The coin will land heads up 5 times and tails 
up 5 times.)

 

learning modality: verbal

 

Skills Focus

 

Percentage

 

Focus

 

Remind students that a percentage 
can be expressed as a fraction.

 

Teach

 

Point out that 5 in the denominator 
is the total number of parts that make up 
100%. Use 5 coins to demonstrate so that 
students can see that the total number is 5, 
not 8 (3 + 5). Show how 60% is 300% 
divided by 5%.

 

Answer

 

25%

 

Independent Practice
Teaching Resources

 

•

 

Guided Reading and Study Worksheet: 

 

Probability and Heredity

 

Student Edition on Audio CD

L2

 

Less Proficient Readers

 

Personalizing Study Aids

 

 Have 
students create flash cards for each of the 
Key Terms. One side will have the 
definition. The other side will have the 
word and mnemonic devices, pictures, or 
verbal clues that help in recalling the 
meaning of the term.

 

 Genotype

 

 and 

 

genetics

 

 begin with the same prefix, and 

 

physical

 

 and 

 

phenotype

 

 begin with 

 

ph

 

. To 
remember the meaning of the term 

 

Punnett square

 

, they might draw a Punnett 
square for a hybrid cross. 

 

learning 
modality: verbal

Monitor Progress L2

 

Oral Presentation

 

Ask students to describe 
the principles of probability.

 

Answer

 

A number that describes 
how likely it is that an event 
will occur

L2

Mathematics of Probability  Each time you toss a coin,
there are two possible ways that the coin can land—heads up
or tails up. Each of these two events is equally likely to occur. In
mathematical terms, you can say that the probability that a
tossed coin will land with heads up is 1 in 2. There is also a 1 in
2 probability that the coin will land with tails up. A 1 in 2 prob-
ability can also be expressed as the fraction  or as a percent—
50 percent.

The laws of probability predict what is likely to occur, not
necessarily what will occur. If you tossed a coin 20 times, you
might expect it to land with heads up 10 times and with tails
up 10 times. However, you might not get these results. You
might get 11 heads and 9 tails, or 8 heads and 12 tails. The
more tosses you make, the closer your actual results will be to
the results predicted by probability.

What is probability?

Independence of Events  When you toss a coin more than
once, the results of one toss do not affect the results of the next
toss. Each event occurs independently. For example, suppose
you toss a coin five times and it lands with heads up each time.
What is the probability that it will land with heads up on the
next toss? Because the coin landed heads up on the previous
five tosses, you might think that it would be likely to land heads
up on the next toss. However, this is not the case. The probabil-
ity of the coin landing heads up on the next toss is still 1 in 2, or
50 percent. The results of the first five tosses do not affect the
result of the sixth toss.

1
2

Percentage
One way you can express a 
probability is as a 
percentage. A percentage 
(%) is a number compared to 
100. For example, 50% 
means 50 out of 100.

Suppose that 3 out of 5 
tossed coins landed with 
heads up. Here’s how you can 
calculate what percent of the 
coins landed with heads up.

1. Write the comparison as a 
fraction. 

2. Multiply the fraction by 
100% to express it as a 
percentage.

Practice Problem  Suppose 
3 out of 12 coins landed with 
tails up. How can you express 
this as a percent?

3 out of 5 3
5
---�

3
5---

100%
1----------------� 60%�

FIGURE 6
A Coin Toss  
The result of a coin toss can 
be explained by probability.  
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Probability and 
Genetics

Help Students Read
Active Comprehension Read the first 
paragraph on this page. Ask: What more 
would you like to know about probability 
and genetics? Help students make 
connections between probability and their 
daily lives, such as weather forecasts. As 
students read the section, have them 
consider their questions. After reading, have 
students discuss the section, making sure 
each question is answered or that students 
know where to look for the answer.

Teach Key Concepts
Probability Explains Genetic Crosses
Focus Remind students that the outcome of 
tossing a coin is based on probability.

Teach Ask: How is this similar to the 
outcome of a genetic cross? (The allele that 
each parent will pass on to its offspring is based 
on probability.) What tool can be used to 
predict the results of a cross? (A Punnett 
square, a chart that shows all the possible 
combinations of alleles that can result from a 
genetic cross) Refer students to Figure 7, and 
have student volunteers read each step. Point 
out that combinations are simply pairings of 
the male and female alleles from a particular 
row and column.

Apply  Challenge students to devise a 
Punnett square that illustrates the possible 
offspring in a cross between a purebred pea 
plant whose seeds have gray coats and a 
purebred pea plant whose seeds have white 
coats. Students can also make Punnett 
squares showing a cross between the hybrid 
offspring of the first cross. learning 
modality: logical/mathematical

Teaching Resources

• Transparency C26

Skills Focus Interpreting data

Materials 2 coins, masking tape, scissors

Time 15 minutes

Expected Outcome 5 TT, 10 Tt, 5 tt; 
All plants that are TT and Tt will be tall, 
approximately 15, or 75%. All tt plants 
will be short, approximately 5, or 
25%. Some students might observe that 

their results are similar to Mendel’s 
results.

Extend Let students toss both coins 
another 20 times and observe whether 
their percentages are closer to Mendel’s 
results. learning modality: logical/
mathematical

L2

Start by drawing 
a box and dividing 
it into four squares.

Write the male parent‘s alleles along 
the top of the square and the female 
parent‘s alleles along the left side. 

1 2

Probability and Genetics
How is probability related to genetics? To answer this question,
think back to Mendel’s experiments with peas. Remember that
Mendel carefully counted the offspring from every cross that
he carried out. When Mendel crossed two plants that were
hybrid for stem height (Tt), three fourths of the F1 plants had
tall stems. One fourth of the plants had short stems.

Each time Mendel repeated the cross, he obtained similar
results. Mendel realized that the mathematical principles of
probability applied to his work. He could say that the probabil-
ity of such a cross producing a tall plant was 3 in 4. The proba-
bility of producing a short plant was 1 in 4. Mendel was the
first scientist to recognize that the principles of probability can
be used to predict the results of genetic crosses.

Punnett Squares  A tool that can help you understand how
the laws of probability apply to genetics is called a Punnett
square. A Punnett square is a chart that shows all the possible
combinations of alleles that can result from a genetic cross.
Geneticists use Punnett squares to show all the possible out-
comes of a genetic cross, and to determine the probability of a
particular outcome.

 Figure 7 shows how to construct a Punnett square. In this
case, the Punnett square shows a cross between two hybrid pea
plants with round seeds (Rr). The allele for round seeds (R) is
dominant over the allele for wrinkled seeds (r). Each parent
can pass either of its alleles, R or r, to its offspring. The boxes
in the Punnett square represent the possible combinations of
alleles that the offspring can inherit.

What is a Punnett square?

FIGURE 7

How to Make a 
Punnett Square
The diagrams show how to 
make a Punnett square. In 
this cross, both parents are 
heterozygous for the trait 
of seed shape. R represents 
the dominant round allele, 
and r represents the 
recessive wrinkled allele.  

Coin Crosses
Here’s how you can use coins 
to model Mendel’s cross 
between two Tt pea plants.

1. Place a small piece of 
masking tape on each side 
of two coins.

2. Write a T (for tall) on one 
side of each coin and a t 
(for short) on the other.

3. Toss both coins together 
20 times. Record the letter 
combinations that you 
obtain from each toss.

Interpreting Data How many 
of the offspring would be tall 
plants? (Hint: What different 
letter combinations would 
result in a tall plant?) How 
many would be short? 
Convert your results to 
percentages. Then compare 
your results to Mendel’s.

L2

L1
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Differentiated Instruction
L1Special Needs

Understanding Independence of 
Events  Provide one student in a pair with 
four pipe cleaners of different lengths, but 
all the same color. Ask the student to hold 
them so that they all appear to be the same 
length. Ask: What is the chance that the 
longest pipe cleaner will be chosen? (1 out 
of 4, or 25%) Have the other student test 

Use Visuals: Figure 8
Interpreting Punnett Squares
Focus Remind students that a Punnett 
square identifies possible gene combinations.

Teach Have students identify the alleles that 
each parent could pass on to the offspring. 
(BB and bb) Walk through each column and 
row to make sure students understand how 
the alleles combine. Ask: Why are all the 
offspring black? (Black is the dominant 
allele, and all the offspring have it.)

Apply Ask: What percent of the F2 
offspring are likely to be black? (75%) 
learning modality: visual

Observing Crosses in Tobacco Plants

Materials F2 tobacco seeds that produce 
green (GG, Gg) and albino (gg) seedlings in a 
ratio of 3:1, seed starting soil, shallow pan, 
plastic wrap, water. Order the seeds from a 
science supply house, and plant them 7 to 
14 days in advance, or as directed on the 
packet.

Time 15 minutes

Focus Explain that a cross between two 
hybrid green tobacco plants (Gg and Gg) 
produces both green and white offspring.

Teach Draw a Punnett square of this cross; 
75% of the seedlings are likely to be green 
and 25% are likely to be white. Have students 
count the numbers of green and white 
seedlings from the F2 seeds you planted and 
compare those numbers to the predictions.

Apply Ask students to explain why the 
numbers may not match. (The Punnett 
square just predicts the probability. The actual 
combinations could be different.) learning 
modality: logical/mathematical

this answer, and then replace the pipe 
cleaner. Ask if the probability is still 25% 
that the same pipe cleaner will be chosen if 
he or she draws again. (Yes) Explain that 
this models how events occur 
independently. Have students repeat this 
exercise as needed to understand the 
concept. learning modality: kinesthetic

Monitor Progress L2

Drawing Have students draw a Punnett 
square for a cross between any two hybrids 
(Aa × Aa) and include the probabilities of 
each offspring type.

Answers
Figure 8 0%

A chart that shows all the 
possible combinations of

 alleles that can result from a genetic cross

L2

What Are the What 

BB

BB

Bb Bb

Bb Bb

bb

b

b

Using a Punnett Square  You can use a Punnett square to
calculate the probability that offspring with a certain combina-
tion of alleles will result. In a genetic cross, the allele that each
parent will pass on to its offspring is based on probability.
The completed Punnett square in Figure 7 shows four possible
combinations of alleles. The probability that an offspring will
be RR is 1 in 4, or 25 percent. The probability that an offspring
will be rr is also 1 in 4, or 25 percent. Notice, however, that the
Rr allele combination appears in two boxes in the Punnett
square. This is because there are two possible ways in which
this combination can occur. So the probability that an off-
spring will be Rr is 2 in 4, or 50 percent.

When Mendel crossed hybrid plants with round seeds, he
discovered that about three fourths of the plants (75 percent)
had round seeds. The remaining one fourth of the plants
(25 percent) produced wrinkled seeds. Plants with the RR allele
combination would produce round seeds. So too would those
plants with the Rr allele combination. Remember that the dom-
inant allele masks the recessive allele. Only those plants with the
rr allele combination would have wrinkled seeds.

Predicting Probabilities  You can use a Pun-
nett square to predict probabilities. For example,
Figure 8 shows a cross between a purebred black
guinea pig and a purebred white guinea pig. The
allele for black fur is dominant over the allele for
white fur. Notice that only one allele combina-
tion is possible in the offspring—Bb. All of the
offspring will inherit the dominant allele for
black fur. Because of this, all of the offspring will
have black fur. There is a 100 percent probability
that the offspring will have black fur.

FIGURE 8
Guinea Pig Punnett Square  
This Punnett square shows a cross 
between a black guinea pig (BB) 
and a white guinea pig (bb).  
Calculating  What is the 
probability that an offspring will 
have white fur?

Copy the female parent’s 
alleles into the boxes to 
their right.

Copy the male parent’s 
alleles into the boxes 
beneath them.

The completed Punnett 
square shows all the 
possible allele combinations 
in the offspring. 

543

L1
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Phenotypes and 
Genotypes
Teach Key Concepts
Comparing Phenotype and Genotype
Focus Review that a hybrid has a recessive 
allele but shows the dominant trait.

Teach Ask: What is a phenotype? (An 
organism’s physical appearance) What is a 
genotype? (An organism’s genetic makeup) 
What is the term used to describe an 
organism whose genotype consists of two 
identical alleles for a trait? (Homozygous) 
What term is used to describe an organism 
whose genotype consists of two different 
alleles for a trait? (Heterozygous)

Apply Ask: Why can you be certain of the 
genotype of an organism that shows a 
recessive trait? (It must have a homozygous 
recessive genotype, because the recessive allele 
is not hidden by a dominant allele.) learning 
modality: logical/mathematical

Math Skill Making and interpreting graphs

Focus Point out that bar graphs are often 
used to compare different types of data.

Teach Ask: What two types of data are 
being compared in the graph? (Numbers of 
plants with yellow seeds and with green seeds)

Answers
1. 6,000; 2,000
2. 8,000; 75% have yellow peas and 25% 
have green peas.
3. Both parents probably had the 
genotype Bb.

Codominance
Teach Key Concepts
Focus Refer students to Figure 10.

Teach Ask: Which alleles are expressed in 
these offspring? (Both) What is 
codominance? (In codominance, the alleles 
are neither dominant nor recessive.)

Apply Have students create colored patterns 
comparing genotypes and phenotypes in 
simple dominance and in codominance. 
learning modality: visual

L2

Phenotypes and Genotypes
Two useful terms that geneticists use are phenotype  (FEE noh
typ) and genotype (JEN uh typ). An organism’s phenotype is
its physical appearance, or visible traits. An organism’s geno-
type is its genetic makeup, or allele combinations.

To understand the difference between phenotype and geno-
type, look at Figure 9. The allele for smooth pea pods (S) is
dominant over the allele for pinched pea pods (s). All of the
plants with at least one dominant allele have the same pheno-
type—they all produce smooth pods. However, the plants can
have two different genotypes—SS or Ss. If you were to look at
the plants with smooth pods, you would not be able to tell the
difference between those with the SS genotype and those with
the Ss genotype. The plants with pinched pods, on the other
hand, would all have the same phenotype—pinched pods—as
well as the same genotype—ss.

Geneticists use two additional terms to describe an organ-
ism’s genotype. An organism that has two identical alleles for a
trait is said to be homozygous  (hoh moh ZY gus) for that trait.
A smooth-pod plant that has the alleles SS and a pinched-pod
plant with the alleles ss are both homozygous. An organism
that has two different alleles for a trait is heterozygous (het ur
oh ZY gus) for that trait. A smooth-pod plant with the alleles Ss
is heterozygous. Mendel used the term hybrid to describe het-
erozygous pea plants.

If a pea plant’s genotype is Ss, what is its 
phenotype?

One of Mendel’s Crosses

N
u

m
b

er
 o

f 
Pl

an
ts

Phenotype of Offspring

Yellow
seeds

8,000

6,000

4,000

2,000

0
Green
seeds

What Are the Genotypes?
Mendel allowed several F1 pea plants with yellow 
seeds to self-pollinate. The graph shows the 
approximate numbers of the F2 offspring with 
yellow seeds and with green seeds.

1. Reading Graphs  How many F2 offspring had 
yellow seeds? How many had green seeds?

2. Calculating  Use the information in the graph 
to calculate the total number of offspring that 
resulted from this cross. Then calculate the 
percentage of the offspring with yellow peas, 
and the percentage with green peas.

3. Inferring  Use the answers to Question 2 to infer 
the probable genotypes of the parent plants. 

FIGURE 9
The phenotype of an organism is 
its physical appearance. Its 
genotype is its genetic makeup.  
Interpreting Tables How many 
genotypes are there for the 
smooth-pod phenotype?

Phenotypes and Genotypes

Phenotype

Smooth pods SS

Smooth pods Ss

Pinched pods ss

Genotype

SS Ss ss

(Hint: Construct Punnett squares with the 
possible genotypes of the parents.)

sx05_TE_c03C.fm  Page 88  Monday, July 19, 2004  8:32 PM



Monitor Progress L2

Answers
Figure 9 Two
Figure 10 Heterozygous; they have alleles 
for white and black feathers.

Smooth pods

Capital letters with 
superscripts

Assess

Reviewing Key Concepts
1.  a. A number that describes how likely it 
is that an event will occur  b. A Punnett 
square shows all the possible combinations 
of alleles that can result from a genetic cross. 

 c. 50%

2.  a. Genotype—an organism’s genetic 
makeup; phenotype—an organism’s physical 
appearance  b. A heterozygous organism will 
have the same phenotype as an organism 
that is homozygous for a dominant allele.  
c. TT or Tt

3.  a. An inheritance pattern in which alleles 
for a trait are neither dominant nor 
recessive. The alleles for black and white 
chicken feathers are codominant because 
both colors show b. Black and white 
feathers   

4.  and 

5. 52% and 48%

Reteach
Use the Punnett squares in this section to 
review the principles of probability.

Teaching Resources

• Section Summary: Probability and Hered-
ity

• Review and Reinforce: Probability and 
Heredity

• Enrich: Probability and Heredity

13
25

12
25

L2

L1

Section 2 Assessment

Target Reading Skill Building Vocabulary  Use 
your definitions to help you answer the questions.

Reviewing Key Concepts
1. a. Reviewing  What is probability?

b. Explaining  If you know the parents’ alleles 
for a trait, how can you use a Punnett square 
to predict the probable genotypes of the 
offspring?

c. Predicting  A pea plant with round seeds has 
the genotype Rr. You cross this plant with a 
wrinkled-seed plant, genotype rr. What is 
the probability that the offspring will have 
wrinkled seeds? (Use a Punnett square to 
help with the prediction.)

2. a. Defining  Define genotype and phenotype.
b. Relating Cause and Effect  Explain how two 

organisms can have the same phenotype but 
different genotypes. Give an example.

c. Applying Concepts  A pea plant has a tall 
stem. What are its possible genotypes?

3. a. Explaining  What is codominance? Give an 
example of codominant alleles and explain 
why they are codominant.

b. Applying Concepts  What is the phenotype of 
a chicken with the genotype FBFW?

2

FBFB

FB FB

FB FW FB FW

FB FW FB FW

FW FW

FW

FW

Codominance
For all of the traits that Mendel studied, one allele was
dominant while the other was recessive. This is not
always the case. For some alleles, an inheritance pat-
tern called codominance exists. In codominance,
the alleles are neither dominant nor recessive. As a
result, both alleles are expressed in the offspring.

Look at Figure 10. Mendel’s principle of domi-
nant and recessive alleles does not explain why the
heterozygous chickens have both black and white
feathers. The alleles for feather color are codomi-
nant—neither dominant nor recessive. As you can
see, neither allele is masked in the heterozygous
chickens. Notice also that the codominant alleles
are written as capital letters with superscripts—
FB for black feathers and FW for white feathers. As
the Punnett square shows, heterozygous chickens
have the FBFW allele combination.

How are the symbols for codominant 
alleles written?

FIGURE 10
Codominance  
The offspring of the cross in this 
Punnett square will have both 
black and white feathers.   
Classifying  Will the offspring be 
heterozygous or homozygous? 
Explain your answer.

4. Ratios  A scientist crossed a tall pea plant 
with a short pea plant. Of the offspring, 
13 were tall and 12 were short. Write the 
ratio of each phenotype to the total 
number of offspring. Express the ratios 
as fractions.

5. Percentage  Use the fractions to calculate 
the percentage of the offspring that were 
tall and the percentage that were short.
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Make the Right Call!

Prepare for Inquiry
Key Concept
Punnett squares can predict the results of a 
genetic cross when the genotypes of both 
parents are known.

Skills Objectives
Students will be able to
• model the combination of alleles in a 

genetic cross
• predict the offspring of a genetic cross
• interpret data from models of genetic 

crosses
• compare actual data with predicted 

outcomes

Class Time 40 minutes

Teaching Resources

• Lab Worksheet: Make the Right Call!

Alternative Materials
Marbles of other colors may be substituted, 
but use two easily distinguishable colors. 
(Some students may be colorblind.) Other 
small colored objects that have a uniform 
shape and texture, such as buttons, can be 
used.

Guide Inquiry
Invitation
Discuss circumstances in which students 
make predictions in their lives. Then ask: 
Why is it helpful to scientists to make 
accurate predictions in their experiments? 
(Accurate predictions make scientists more 
confident that they are asking the right 
questions and correctly understanding the 
phenomena that they are studying; they also 
help scientists to better plan their 
experiments.)

Introduce the Procedure
Have students read the entire procedure. 
Ask: What do the marbles represent? (The 
alleles from each parent) Why should you 
not look inside the bag when you remove 
the marbles? (To make sure the combinations 
occur randomly)

Expected Outcome
In the first cross (BB × bb), students observe 
that all offspring are Bb. In the second cross 
(BB × Bb), all offspring are blue, but some 
are homozygous (BB) and some are 
heterozygous (Bb). In the third cross 
(Bb × Bb), some offspring are blue and some 
are white. All white offspring are 
homozygous (bb). Blue offspring are either 
homozygous (BB) or heterozygous (Bb).

Make the Right Call!

Problem
How can you predict the possible results of 
genetic crosses?

Skills Focus
making models, interpreting data

Materials
• 2 small paper bags   • marking pen
• 3 blue marbles   • 3 white marbles

Procedure
1. Label one bag “Bag 1, Female Parent.” Label 

the other bag “Bag 2, Male Parent.” Then 
read over Part 1, Part 2, and Part 3 of this lab. 
Write a prediction about the kinds of off-
spring you expect from each cross.

PART 1 Crossing Two 
Homozygous Parents

2. Copy the data table and label it Data Table 1. 
Then place two blue marbles in Bag 1. This 
pair of marbles represents the female par-
ent’s alleles. Use the letter B to represent the 
dominant allele for blue color.

3. Place two white marbles in Bag 2. Use the 
letter b to represent the recessive allele for 
white color.

4. For Trial 1, remove one marble from Bag 1 
without looking in the bag. Record the result 
in your data table. Return the marble to the 
bag. Again, without looking in the bag, 
remove one marble from Bag 2. Record the 
result in your data table. Return the marble 
to the bag.

5. In the column labeled Offspring’s Alleles, 
write BB if you removed two blue marbles, 
bb if you removed two white marbles, or Bb 
if you removed one blue marble and one 
white marble.

6. Repeat Steps 4 and 5 nine more times.

PART 2 Crossing Homozygous and  
Heterozygous Parents 

7. Place two blue marbles in Bag 1. Place one 
white marble and one blue marble in Bag 2. 
Copy the data table again, and label it Data 
Table 2.

8. Repeat Steps 4 and 5 ten times.

Data Table

1
2
3
4
5
6

Trial Allele From Bag 1
(Female Parent)

Allele From Bag 2
(Male Parent)

Offspring’s
Alleles

Number 

L2
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Analyze and Conclude
1. Punnett square for Part 1:

Punnett square for Part 2:

Punnett square for Part 3:

2. Only heterozygous blue offspring (Bb) are 
possible. The Punnett square shows the same 
results.

3. Student results may produce slightly 
different answers. As the number of trials 
increases, the results will more likely show 
that 50 percent of the offspring are likely to 
be homozygous (BB), while 50 percent are 
likely to be heterozygous (Bb). The Punnett 
square shows that 50 percent will be 
homozygous and 50 percent will be 
heterozygous.

4. Student results may vary due to chance, 
but all should observe that three different 
genotypes are possible: BB, Bb, and bb. From 
the Punnett square, students can predict that 
25 percent are likely to be BB, 50 percent are 
likely to be Bb, and 25 percent are likely to be 
bb. The marble model will probably not 
totally agree with the Punnett square due to 
chance.

5. Probably; as the number of trials is 
increased, the results are more likely to 
match those predicted in a Punnett square 
because of chance.

6. The marble model and the Punnett square 
both show the genotypes of the parents and 
offspring, and demonstrate how the parent 
can donate one of two possible alleles to the 
offspring. The Punnett square gives all the 
possible genotypes of the offspring and their 
probabilities of occurring. The model gives 
the genotypes of the offspring based on 
chance, much like the actual combining of 
alleles in a real genetic cross.

b b
B Bb Bb
B Bb Bb

B b
B BB Bb
B BB Bb

B b
B BB Bb
b Bb bb

Extend the Inquiry
More to Explore Crosses that will produce 
a heterozygous plant (Yy) include YY × yy, 
YY × Yy, Yy × Yy, and Yy × yy.

PART 3 Crossing Two Heterozygous 
Parents

9. Place one blue marble and one white marble 
in Bag 1. Place one blue marble and one 
white marble in Bag 2. Copy the data table 
again and label it Data Table 3.

10. Repeat Steps 4 and 5 ten times.

Analyze and Conclude
1. Making Models  Make a Punnett square for 

each of the crosses you modeled in Part 1, 
Part 2, and Part 3.

2. Interpreting Data According to your results 
in Part 1, how many different kinds of off-
spring are possible when the homozygous 
parents (BB and bb) are crossed? Do the 
results you obtained using the marble model 
agree with the results shown by a Punnett 
square?

3. Predicting  According to your results in 
Part 2, what percentage of offspring are 
likely to be homozygous when a homozy-
gous parent (BB) and a heterozygous parent 
(Bb) are crossed? What percentage of off-
spring are likely to be heterozygous? Does 
the model agree with the results shown by a 
Punnett square?

4. Communicating  According to your results in 
Part 3, what different kinds of offspring are 
possible when two heterozygous parents 
(Bb × Bb) are crossed? What percentage of 
each type of offspring are likely to be pro-
duced? Does the model agree with the 
results of a Punnett square?

5. Inferring  For Part 3, if you did 100 trials 
instead of 10 trials, would your results be 
closer to the results shown in a Punnett 
square? Explain.

6. Communicating  In a paragraph, explain how  
the marble model compares with a Punnett 
square. How are the two methods alike? 
How are they different?

More to Explore
In peas, the allele for yellow seeds (Y) is domi-
nant over the allele for green seeds (y). What 
possible crosses do you think could produce a 
heterozygous plant with yellow seeds (Yy)? Use 
the marble model and Punnett squares to test 
your predictions.
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