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Chapter 1. Mendelian Genetics
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These purple-flowered plants are not just pretty to look at. Plants like these led to a huge leap forward in biology.
The plants are common garden peas, and they were studied in the mid-1800s by an Austrian monk named Gregor
Mendel. With his careful experiments, Mendel uncovered the secrets of heredity, or how parents pass characteristics
to their offspring.
You may not care much about heredity in pea plants, but you probably care about your own heredity. Mendel’s
discoveries apply to you as well as to peas—and to all other living things that reproduce sexually. In this chapter,
you will read about Mendel’s experiments and the secrets of heredity that he discovered.
Alois Staudacher. www. f lickr.com/photos/alois_staudacher/9232685710/. CC BY 2.0.
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1.1 Genotype & Phenotype
Genetics Lesson Summary

• During sexual reproduction, genes from parents are combined to reproduce genetically unique offspring with
differing characteristics.
• Simple Mendelian genetics explains that characteristics are inherited from parents. Some characteristics are
dominant and mask over other recessive characteristics to produce the physical attributes ( phenotype) of
individuals.
Introduction
Genetics of Inheritance

Today, we known that characteristics of organisms are controlled by genes on chromosomes (see Figure 1.1). In
sexually reproducing organisms, each individual has two copies of the same gene. One copy comes from each
parent. The gene for a characteristic may have different versions. The different versions are called alleles. For
example, in pea plants, there is a purple-flower allele (B) and a white-flower allele (b). Different alleles account for
much of the variation in the characteristics of organisms.

FIGURE 1.1
Chromosome, Gene, Locus, and Allele. This diagram shows how the concepts of chromosome, gene, locus, and
allele are related. What is the different between a gene and a locus? Between a gene and an allele?

Genotype and Phenotype
When gametes (sperm and egg) unite during fertilization, the resulting zygote inherits two alleles for each gene. One
2
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allele comes from each parent. The alleles an individual inherits make up the individual’s genotype. The two alleles
may be the same or different. As shown in Table 1.1, an organism with two alleles of the same type (BB or bb) is
called homozygous. An organism with two different alleles (Bb) is called heterozygous.

TABLE 1.1: There are two alleles,
Alleles
B (purple)
b (white)

Genotypes
BB (homozygous)
Bb (heterozygous)
bb (homozygous)

Phenotypes
purple flowers
purple flowers
white flowers

The expression of an organism’s genotype produces its phenotype. The phenotype refers to the organism’s physical
characteristics, such as purple or white flowers. As you can see from Table 1.1, different genotypes may produce
the same phenotype. For example, BB and Bb genotypes both produce plants with purple flowers. Why does this
happen? In a Bb heterozygote, only the B allele is expressed, so the b allele doesn’t influence the phenotype. In
general, when only one of two alleles is expressed in the phenotype, the expressed allele is called the dominant
allele. The allele that isn’t expressed is called the recessive allele.
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1.2 Genetic Inheritance & Punnett Squares
Genetics Lesson Summary

• Probability is the chance that a certain event will occur. For example, the probability of a head turning up on
any given coin toss is 50 percent.
• Probability can be used to predict the chance of gametes and offspring having certain alleles.
• A Punnett square is a chart for determining the expected percents of different genotypes and phenotypes in the
offspring of two parents.
• Mendel used the percents of phenotypes in offspring to understand how characteristics are inherited.
• Many characteristics have more complex inheritance patterns than those studied by Mendel. They are complicated by factors such as codominance, incomplete dominance, multiple alleles, and environmental influences.

Introduction

Assume you are a plant breeder trying to develop a new variety of plant that is more useful to humans. You plan to
cross-pollinate an insect-resistant plant with a plant that grows rapidly. Your goal is to produce a variety of plant that
is both insect resistant and fast growing. What percent of the offspring would you expect to have both characteristics?
Mendel’s laws can be used to find out. However, to understand how Mendel’s laws can be used in this way, you first
need to know about probability.

Probability

Probability is the likelihood, or chance, that a certain event will occur. The easiest way to understand probability
is with coin tosses (see Figure 1.2). When you toss a coin, the chance of a head turning up is 50 percent. This is
because a coin has only two sides, so there is an equal chance of a head or tail turning up on any given toss.

FIGURE 1.2
Tossing a Coin. Competitions often begin with the toss of a coin. Why is
this a fair way to decide who goes first? If you choose heads, what is the
chance that the toss will go your way?

If you toss a coin twice, you might expect to get one head and one tail. But each time you toss the coin, the chance
of a head is still 50 percent. Therefore, it’s quite likely that you will get two or even several heads (or tails) in a row.
What if you tossed a coin ten times? You would probably get more or less than the expected five heads. For example,
you might get seven heads (70 percent) and three tails (30 percent). The more times you toss the coin, however, the
closer you will get to 50 percent heads. For example, if you tossed a coin 1000 times, you might get 510 heads and
490 tails.
4
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Probability and Inheritance

The same rules of probability in coin tossing apply to the main events that determine the genotypes of offspring.
These events are the formation of gametes during meiosis and the union of gametes during fertilization.
Probability and Gamete Formation

How is gamete formation like tossing a coin? Consider Mendel’s purple-flowered pea plants again. Assume that
a plant is heterozygous for the flower-color allele, so it has the genotype Bb (see Figure 1.3). During meiosis,
homologous chromosomes—and the alleles they carry—segregate and go to different gametes. Therefore, when the
Bb pea plant forms gametes, the B and b alleles segregate and go to different gametes. As a result, half the gametes
produced by the Bb parent will have the B allele and half will have the b allele. Based on the rules of probability,
any given gamete of this parent has a 50 percent chance of having the B allele and a 50 percent chance of having the
b allele.

FIGURE 1.3
Formation of gametes by meiosis. Paired
alleles always separate and go to different
gametes during meiosis.

Probability and Fertilization

Which of these gametes joins in fertilization with the gamete of another parent plant? This is a matter of chance, like
tossing a coin. Thus, we can assume that either type of gamete—one with the B allele or one with the b allele—has
an equal chance of uniting with any of the gametes produced by the other parent. Now assume that the other parent
is also Bb. If gametes of two Bb parents unite, what is the chance of the offspring having one of each allele like the
parents (Bb)? What is the chance of them having a different combination of alleles than the parents (either BB or
bb)? To answer these questions, geneticists use a simple tool called a Punnett square.
Using a Punnett Square

A Punnett square is a chart that allows you to easily determine the expected percents of different genotypes in the
offspring of two parents. An example of a Punnett square for pea plants is shown in Figure 2.1. In this example,
both parents are heterozygous for flower color (Bb). The gametes produced by the male parent are at the top of the
chart, and the gametes produced by the female parent are along the side. The different possible combinations of
5
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alleles in their offspring are determined by filling in the cells of the Punnett square with the correct letters (alleles).
At the link below, you can watch an animation in which Reginald Punnett, inventor of the Punnett square, explains
the purpose of his invention and how to use it. http://www.dnalc.org/view/16192-Animation-5-Genetic-inheritancefollows-rules-.html
An explanation of Punnett squares can be viewed at http://www.youtube.com/watch?v=D5ymMYcLtv0 (25:16).
Another example of the use of a Punnett square can be viewed at http://www.youtube.com/watch?v=nsHZbgOmV
wg (5:40).

MEDIA
Click image to the left for use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/279

FIGURE 1.4
This Punnett square shows a cross between two heterozygotes, Bb.

Do you

know where each letter (allele) in all
four cells comes from? Two pea plants,
both heterozygous for flower color, are
crossed. The offspring will show the dominant purple coloration in a 3:1 ratio. Or,
about 75% of the offspring will be purple.

Predicting Offspring Genotypes

In the cross shown in Figure 2.1, you can see that one out of four offspring (25 percent) has the genotype BB, one
out of four (25 percent) has the genotype bb, and two out of four (50 percent) have the genotype Bb. These percents
of genotypes are what you would expect in any cross between two heterozygous parents. Of course, when just four
offspring are produced, the actual percents of genotypes may vary by chance from the expected percents. However,
if you considered hundreds of such crosses and thousands of offspring, you would get very close to the expected
results—just like tossing a coin.
6
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Predicting Offspring Phenotypes

You can predict the percents of phenotypes in the offspring of this cross from their genotypes. B is dominant to
b, so offspring with either the BB or Bb genotype will have the purple-flower phenotype. Only offspring with the
bb genotype will have the white-flower phenotype. Therefore, in this cross, you would expect three out of four (75
percent) of the offspring to have purple flowers and one out of four (25 percent) to have white flowers. These are the
same percents that Mendel got in his first experiment.
Non-Mendelian Inheritance

The inheritance of characteristics is not always as simple as it is for the characteristics that Mendel studied in pea
plants. Each characteristic Mendel investigated was controlled by one gene that had two possible alleles, one of
which was completely dominant to the other. This resulted in just two possible phenotypes for each characteristic.
Each characteristic Mendel studied was also controlled by a gene on a different (nonhomologous) chromosome.
As a result, each characteristic was inherited independently of the other characteristics. Geneticists now know that
inheritance is often more complex than this.
Codominance and Incomplete Dominance

A characteristic may be controlled by one gene with two alleles, but the two alleles may have a different relationship
than the simple dominant-recessive relationship that you have read about so far. For example, the two alleles may
have a codominant or incompletely dominant relationship. The former is illustrated by the flower in Figure 1.5, and
the latter in Figure 1.6.
Codominance

Codominance occurs when both alleles are expressed equally in the phenotype of the heterozygote. The red and
white flower in the Figure 1.5 has codominant alleles for red petals and white petals.

FIGURE 1.5
Codominance. The flower has red and white petals because of codominance of red-petal and white-petal alleles.

Incomplete Dominance

Incomplete dominance occurs when the dominant allele is not completely dominant. Expression of the dominant
allele is influenced by the recessive allele, and an intermediate phenotype results. The pink flower in the Figure 1.6
has an incompletely dominant allele for red petals and a recessive allele for white petals.
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FIGURE 1.6
Incomplete Dominance. The flower has pink petals because of incomplete
dominance of a red-petal allele and a recessive white-petal allele.
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2

Punnett Squares

Explain a Punnett square.
Describe how to use a Punnett square for a monohybrid and dihybrid cross.
Predict genotypes of parents and offspring using a Punnett square.
Determine phenotypes of offspring using a Punnett square.

Punnett Square Summary

• A Punnett square is a chart that allows you to determine the expected percentages of different genotypes in
the offspring of two parents.
• A Punnett square allows the prediction of the percentages of phenotypes in the offspring of a cross from known
genotypes.
• A Punnett square can be used to determine a missing genotype based on the other genotypes involved in a
cross.

What do you get when you cross an apple and an orange?
Though the above fruit may not result, it would be nice to scientifically predict what would result. Predicting the
possible genotypes and phenotypes from a genetic cross is often aided by a Punnett square.
Punnett Squares

A Punnett square is a chart that allows you to easily determine the expected percentage of different genotypes in
the offspring of two parents. An example of a Punnett square for pea plants is shown in Figure 2.1. In this example,
both parents are heterozygous for flower color (Bb). The gametes produced by the male parent are at the top of
the chart, and the gametes produced by the female parent are along the side. The different possible combinations of
alleles in their offspring are determined by filling in the cells of the Punnett square with the correct letters (alleles).
At the link below, you can watch an animation in which Reginald Punnett, inventor of the Punnett square, explains
the purpose of his invention and how to use it. http://www.dnalc.org/view/16192-Animation-5-Genetic-inheritancefollows-rules-.html
An explanation of Punnett squares can be viewed at http://www.youtube.com/watch?v=D5ymMYcLtv0 (25:16).
Another example of the use of a Punnett square can be viewed at http://www.youtube.com/watch?v=nsHZbgOmV
wg (5:40).
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FIGURE 2.1
This Punnett square shows a cross between two heterozygotes, Bb.

Do you

know where each letter (allele) in all
four cells comes from? Two pea plants,
both heterozygous for flower color, are
crossed. The offspring will show the dominant purple coloration in a 3:1 ratio. Or,
about 75% of the offspring will be purple.

Predicting Offspring Genotypes

In the cross shown in Figure 2.1, you can see that one out of four offspring (25 percent) has the genotype BB,
one out of four (25 percent) has the genotype bb, and two out of four (50 percent) have the genotype Bb. These
percentages of genotypes are what you would expect in any cross between two heterozygous parents. Of course,
when just four offspring are produced, the actual percentages of genotypes may vary by chance from the expected
percentages. However, if you considered hundreds of such crosses and thousands of offspring, you would get very
close to the expected results, just like tossing a coin.

Predicting Offspring Phenotypes

You can predict the percentages of phenotypes in the offspring of this cross from their genotypes. B is dominant to
b, so offspring with either the BB or Bb genotype will have the purple-flower phenotype. Only offspring with the
bb genotype will have the white-flower phenotype. Therefore, in this cross, you would expect three out of four (75
percent) of the offspring to have purple flowers and one out of four (25 percent) to have white flowers. These are the
same percentages that Mendel got in his first experiment.
11
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A Punnett square can also be used to determine a missing genotype based on the other genotypes involved in a cross.
Suppose you have a parent plant with purple flowers and a parent plant with white flowers. Because the b allele is
recessive, you know that the white-flowered parent must have the genotype bb. The purple-flowered parent, on the
other hand, could have either the BB or the Bb genotype. The Punnett square in Figure 2.2 shows this cross. The
question marks (?) in the chart could be either B or b alleles.

FIGURE 2.2
Punnett Square: Cross Between White-Flowered and Purple-Flowered Pea Plants. This Punnett square shows
a cross between a white-flowered pea plant and a purple-flowered pea plant. Can you fill in the missing alleles?
What do you need to know about the offspring to complete their genotypes?

Can you tell what the genotype of the purple-flowered parent is from the information in the Punnett square? No;
you also need to know the genotypes of the offspring in row 2. What if you found out that two of the four offspring
have white flowers? Now you know that the offspring in the second row must have the bb genotype. One of their
b alleles obviously comes from the white-flowered (bb) parent, because that’s the only allele this parent has. The
other b allele must come from the purple-flowered parent. Therefore, the parent with purple flowers must have the
genotype Bb.

References
1. Mariana Ruiz Villarreal (LadyofHats) for CK-12 Foundation. Punnett square cross between two heterozygotes. CC BY-NC 3.0
2. Jodi So. Test cross with a Punnett square. CC BY-NC 3.0

12

