Studying Heredity
Punnett Squares
Animal breeders try to breed animals with very specific characteristics. Thus, breeders must be able to predict how often a trait will
appear when two animals are crossed (bred). Likewise, horticulturists (plant breeders) need to produce plants with very' specific
characteristics. One simple way of predicting the expected results
(not necessarily the actual results) of the zenotypes or phenotypes
in a cross is to use a Punnett square.
A Punnett square is a diagram that predicts the outcome of a
genetic cross by considering all possible combinations of gametes
in the cross. Named for its inventor, Reginald Punnett, the simplest Punnett square consists of four boxes inside a square. As
shown in Figure 8, the possible gametes that one parent can produce are written along the top of the square. The possible gametes
that the other parent can produce are written along the left side of
the square. Each box inside the square is filled in with two letters
obtained by combining the allele along the top of the box with the
allele along the side of the box. The letters in the boxes indicate
the possible genotypes of the offspring.

Figure 9 shows a Punnett square that predicts
the results of a monohybrid cross between two
pea plants that are both heterozygous (Yy) for
seed color. One-fourth of the offspring would be
expected to have the genotype YY, two-fourths (or
one-half) would be expected to have the genotype
Yy, and one-fourth would be expected to have the
genotype yy. Another way to express this is to say
that the genotypic ratio is 1 YY : 2 Yy : 1 yy.
Because the Y allele is dominant over the y allele,
three-fourths of the offspring would be yellow,
and one-fourth would be green. The phenotypic
ratio is 3 yellow : 1 green. 11
Punnett squares allow direct and simple predictions to be made about the outcomes of genetic
crosses. Although animal breeders and horticulturists are not always certain what characteristics
will turn up in the offspring, they can use the predictions from Punnett squares to cross individuals
that they know will be most likely to produce offspring with the desired phenotypes. f

Figure 9 Monohybrid cross:
heterozygous plants
Crossing two pea plants
that are heterozygous
for seed color (Yy) will
produce offspring in
the ratio shown in the
Punnett square.

Punnett squares can be used to predict the outcome of a monohybrid
cross (a cross that considers one pair of contrasting traits between
two individuals). For example, a Punnett square can be used to predict the outcome of a cross between a pea plant that is homozygous
for yellow seed color (YY) and a pea plant that is homozygous for
green seed color (yy). Figure 8 shows that 100 percent of the offspring in this type of cross are expected to be heterozygous (Yy),
expressing the dominant trait of yellow seed color.
Figure 8 Monohybrid cross: homozygous plants

A cross between a pea
plant that is homozygous
for yellow seeds (YY) and
a pea plant that is
homozygous for green
seeds (yy) will produce
only yellow heterozygous
offspring (Yy).
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Determining Unknown Gepotypes
One Pair of Contrasting Traits

Yy
(Heterozygous)

Animal breeders, horticulturists, and others involved in breeding
organisms often need to know whether an organism with a dominant
phenotype is heterozygous or homozygous for a trait. How do they
determine this? For example, how might a horticulturist determine
whether a pea plant with a dominant phenotype, such as yellow
seeds, is homozygous (YY) or heterozygous (Yy)? The horticulturist
could perform a test cross. In a test cross, an individual whose
phenotype is dominant, but whose genotyne is not known, is crossed
with a homozygous recessive individual.
For example, a plant with yellow seeds but of unknown genotype
(Y?) is test-crossed with a plant with green seeds (yy). If all of the offspring produce yellow seeds, the offspring must be Yy. Thus, the
genotype of the "unknown" plant must be YY. If half of the offspring
produce yellow seeds and half produce green seeds, the genotype of
the unknown plant must be Yy. In reality, if the cross produces even
one plant that produces green seeds, the genotype of the unknown
parent plant is likely to be heterozygous. After performing a test
cross, the horticulturist can continue breeding the original plant
with more certainty of its genotype.
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outcomes of Crosses

Figure 11

Like Punnett squares, probability calculations can be used to,predict
the results of genetic crosses. Probability is the likelihood that a specific event will occur. Probabilities can be expressed in words, as
decimals, as percentages, or as fractions. ' For example, if an event
definitely will occur, its probability can be expressed as either 1 out
of 1 (in words), 1 (as a decimal numeral), 100 percent (as a percentage), or i (as a fraction). If an event definitely will not occur, its
probability can be expressed as either 0 out of 0, 0, 0 percent, or
In order to simplify our discussion of probability, we will
express probabilities as fractions. Probability can be determined
by the following formula:

The probability of the results of flipping two coins
is easy to compute.

Probability with two coins

Probability of each
coin landing on
heads or tails
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The possible results of tossing a nickel and a
penny at the same time and the probability of
each outcome are shown in Figure 11. Since the
combination of heads and tails can occur in two
possible ways, those two probabilities are added
together.
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Consider the possible results that can occur
in a cross between two pea plants that are heterozygous for seed shape (Rr). The R allele for
round seed shape is dominant over the r allele
for wrinkled seed shape. The probability of each
parent carrying gametes with R or r alleles is 2.
The probability of offspring with RR alleles is
1X 1 1

Heads
Heads

Tails
Heads

1
4

1
4

Heads

Tails
Tails
1
4

Probability = number of one kind of possible outcome
total number of all possible outcomes

Tails

Consider the possibility that a coin tossed into the air will land
on heads (one possible outcome). The total number of all possible
outcomes is two—heads or tails. Thus, the probability that a coin
will land on heads is z,
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The green boxes have the same
combination (heads, tails), so
the probabilities are added
together.

Probability of a Specific Allele in a Gamete
The same formula can be used to predict the probability of an allele
being present in a gamete. If a pea plant has two alleles for seed color,
the plant can contribute either allele (yellow or green) to the gamete
it produces (the law of independent assortment). For a plant with
two alleles for seed color, the total number of possible outcomes is
two—green or yellow. The probability that a gamete will carry the
allele for green seed color is Z. The probability that a gamete from
this plant will carry the allele for yellow seed color is also 2. I
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Similarly, the probability of offspring with rr
alleles is
1 X 1—1
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The combination of Rr alleles can occur in two
possible ways. One parent can contribute the R
allele, and the second parent the r allele, or vice
versa. Thus, the probability of offspring with Rr
alleles is

Predicting the Results of
Crosses Using Probabilities

Probability of the Outcome of a Cross
Because two parents are involved in a genetic cross, both parents
must be considered when calculating the probability of the outcome of a genetic cross. Consider the analogy of two coins being
tossed at the same time. The probability of a penny landing on
heads is Z, and the probability of a nickel landing on heads is 1% The
way one coin falls does not depend on how the other coin falls. Similarly, the allele carried by the gamete from the first parent does not
depend on the allele carried by the gamete from- the second parent.
The outcomes are independent of each other.
To find the probability that a combination of two independent
events will occur, multiply the separate probabilities of the two
events. Thus, the probability that a nickel and a penny will both
land on heads is
1X 1= 1
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In rabbits, the allele B for black hair is dominant
over the allele b for brown hair. You can practice
using probabilities to predict the outcome of genetic
crosses by completing the genetic problems below.
Draw Punnett squares for each problem.
Analysis
I . Calculate the probability of

homozygous dominant (BB)
offspring resulting from a
cross between two heterozygous (Bb) parents.
2. Calculate the probability of

heterozygous offspring resulting from a cross between a

heterozygous parent and a
homozygous recessive (bb)
parent.
3. Calculate the probability of

heterozygous offspring resulting from a cross between a
homozygous dominant parent
and a homozygous recessive
parent.

Math TAKS Obi 9, 8.11A; Obi 10, 8.14A
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4. Calculate the probability of

homozygous dominant offspring resulting from a cross
between a heterozygous
parent and a homozygous
recessive parent.

inheritance of Traits
Imagine that you want to learn about an inherited trait present in
your family. How would you find out the chances of passing the trait
to your children? Geneticists often prepare a pedigree , a family
history that shows how a trait is inherited over several generations.
Pedigrees are particularly helpful if the trait is a genetic disorder
and the family members want to know if they are carriers or if their
children might get the disorder. Carriers are individuals who are
heterozygous for an inherited disorder but do not show symptoms
of the disorder. Carriers can pass the allele for the disorder to
their offspring.
Figure 12 shows an example of a pedigree for a family with
albinism. In the genetic disorder albinism, the body is unable to produce an enzyme necessary for the production of melanin. Melanin
is a pigment that gives dark color to hair, skin, scales, eyes, and
feathers. Without melanin, an organism's surface coloration may be
milky white and its eyes may be pink, as shown in Figure 12.
Scientists can determine several pieces of genetic information
from a pedigree:

Dominant or Recessive? If the trait is autosomal dominant, every
individual with the trait will have a parent with the trait. If the trait is
recessive, an individual with the trait can have one, two, or neither
parent exhibit the trait.

About 10 percent
of Dalmatians
Aare deaf.

Heterozygous or Homozygous?

If individuals with autosomal traits
are homozygous dominant or heterozygous, their phenotype will
show the dominant characteristic. If individuals are homozygous
recessive, their phenotype will show the recessive characteristic.
Two people who are heterozygous carriers of a recessive mutation
will not show the mutation, but they can produce children who are
homozygous for the recessive allele.

Because many
purebred dogs

are inbred—that
is, they have
closely
related parents—some of
them are homozygous for
certain recessive disorders.
Finding Information
if you have a purebred
dog, find out if that breed
is prone to a genetic
disorder. ~ 6C TAKS 2

Autosomal or Sex-Linked? If a trait is autosomal, it will appear in
both sexes equally. Recall that an autosome is a chromosome other
than an X or Y sex chromosome. If a trait is sex-linked, it is usually
seen only in males. A sex-linked trait is a trait whose allele is located
on the X chromosome. Most sex-linked traits are recessive. Because
males have only one X chromosome, a male who carries a recessive
allele on the X or Y chromosome will exhibit the sex-linked condition.
A female who carries a recessive allele on one X chromosome will
not exhibit the condition if there is a dominant allele on her other X
chromosome. She will express the recessive condition only if she
inherits two recessive alleles. Thus, her chances of inheriting and
exhibiting a sex-linked condition are significantly less.

t
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Background

The photo shows a family with an albino member.
Pedigrees, such as the one below, can be used to track
different genetic traits, including albinism. Use the pedigree below to practice interpreting a pedigree.
Analysis
1. Interpret the pedigree to
determine whether the trait is
sex-linked or autosomal and
whether the trait is inherited in a
dominant or recessive manner.
2. Determine whether Female A
is homozygous or heterozygous.
3. Critical Thinking Applying
Information If Female B has
children with a homozygous
individual, what is the probability that the children will be
heterozygous?

Figure 12 Albinism pedigree

Female A
Male

Female B
O Female

■ Male with

trait

•

Female with

trait

Albinism is a genetic disorder transmitted by a recessive allele.
Horizontal lines

indicate matings.

Vertical lines indicate
offspring (arranged from
left to right in order of
their birth).

Predict the expected phenotypic and genotypic
ratios among the offspring of two individuals who
are heterozygous for freckles (Ff) by using a
Punnett square. p zc sA sD

The purple
symbols represent
affected individuals.

Summarize how a test cross can reveal the
genotype of a pea plant with round seeds. p so

Male

O Female

■ Male albino

•Female albino

In the wild, albino animals have
little chance of survival. They lack
the pigments that provide proteclion from the sun's ultraviolet

Calculate the probability that an individual
heterozygous for a cleft chin (Cc) and an individual homozygous for a cleft chin (cc) will produce
offspring that are homozygous recessive for a
cleft Cllln. (CC)
2C 6A

Critical Thinking Analyzing Graphics When

analyzing a pedigree, how can you determine if an
individual is a carrier (heterozygous) for the trait
being studied? p zc
© TAKS Test prep A cross between two pea
plants that produce yellow seeds results in 124 offspring: 93 produce yellow seeds and 31 produce
green seeds. What are the likely genotypes of the
plants that were crossed? Q 2C 6D
A both Yy
C both yy
D one YY, one Yy
B both YY

