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CHAPTER B =
Introduction to Genetics SKILL ACTIVITY—
Sécffon g2 : Applying formulas

Using Punnett Squares to Predict
the Outcomes of Crosses

The possible gene combinations in the offspring that result from a genetic cross can be
determined by drawing a diagram known as a Punnett square. A Punnet square shows the g ,
genes (represented by letters) in the parents’ gametes along the top and left-hand side of a
square and the possible gene combinations in the offspring, within the square.
A completed Punnett square gives the probable outcome of a given cross. However, actual
results may vary from the probable results, especially if only a few organisms are considered. -

ONE-FACTOR CROSSES

Crosses that involve one trait, such as seed coat color, are called one-factor crosses. For the
one-factor crosses in this activity, we will use some of the traits Mendel observed in pea plants.
The expressions of the dominant and recessive alleles for the genes controlling these traits are i
described in the following chart. The chart also assigns letters to represent the different alleles.

j Trait ' Dominant Allele Recessive Allele _
| Pod shape Smooth (V) Constricted (n)

Pod color Green (G) Yellow (g)

Flower position | Axial (4) Terminal (a)

E Plant height , Tall (T) Short (1) |

In the example that follows, we will predict the results of a cross between a plant that is
heterozygous for green pods and a plant that has yellow pods.

Sample Problem

A plant that is heterozygous for green pods is crossed with a plant that has vellow pods.
What are the probable genotypic and phenotypic ratios in the offspring resulting from this
cross?

Step 1 Choose a letter to represent the alleles in the cross.
In this case, the letters have already been selected—G for the dominant green allele and g
for the recessive yellow allele.

Step 2 Write the genotypes of the parents.
Since the plant with the green pods is heterozygous for the trait, its genotype must be Gg.
The problem does not state whether the plant with yellow pods is homozygous or
heterozygous. But we know that yellow pods are a recessive character, and that recessive
characters are expressed only in a homozygous recessive individual. Thus the genotype of
this plant must be gg. The cross, therefore, is Gg X gg.
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Step 3 Determine the possible gametes (reproductive cells) that the parents can
produce.
The two alleles of any gene are segregated during the formation of gametes. Thus the
green-pod parent (Gg) will produce two kinds of gametes—G and g. The yellow-pod
parent (gg) will produce g gametes.

Step 4 Enter the possible gametes at the top and side of the Punnett square.
At this point, the Punnett square for this problem would look like this:

G g

gl | |

|
2 B
Step 35 Complete the Punnett square by writing the alleles from the gametes in the
appropriate boxes.
This step represents the process of fertilization, in which a male gamete from one parent
combines with a female gamete from the other parent. To predict all possible offspring
genotypes, each type of possible gamete from one parent is combined with each possible

type of gamete from the other parent.
The completed Punnett square for this problem would look like this:

G.g
g|Gg |88
g|Geg | 22

As you can see, 1/2 of the offspring are genotype Gg and 1/2 are gg.

Step 6 Determine the phenotypes of the offspring.
Since green (G) is dominant over yellow (g), plants that have G in their genotypes have
green pods. Only plants with genotype gg have yellow pods. In this example, 1.2 of the
offspring have green pods and 1/2 have yellow pods.

Step 7 Using the results of Steps 5 and 6, answer the problem.
In this example, the genotypic ratio is 2 Gg2 gg, or 1:1. The phenotypic ratio is 2 green?
yellow, or 1:1.

Practice Problems

For each of the following problems, draw a Punnett square in the space provided and fill in
the information on the indicated lines. Refer to the table on page 183 of your textbook for a
description of pea traits.
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Phenotypic ratio: LL :O

g W seeotn

4 € Prentice-Hall, Inc.



3 Qe
3 ‘sl

| ‘\ Fhenotypic ratio: 8\ . S\J

Genotvpic ratio: l > a; \

Name . Class ___ — Daig. . ... . .. .
Aa % aa
Ou Genotypic ratio: Q o a ‘ a\-'
a |[Bo |\aa

. -
/T \,..-ﬁ\-:.-a\-- \’T_E \l Phenotypic ratio: & T

. Cross two plants that are hete%ous for green pods. I"
Genotvpic ratio:

| GT@.& \Gm TSI T -
. 3 [N By« 6oy

‘ # 3. Cross a plant that is heterozvgous for a_tlii flowers with

' a plant that has terminal flowers. OO0 ' ,
i Q O Genotvpic ratio: D c Sw» E;v

: ! I F‘_\_\& o0 Phenotypic ratio: a P a‘v
-' Q

P\Ct aoc, OCL‘IL Qo_

6. Cross a HDI'I'IIZ}Z\‘!DUS tall plant mm a shc: ant.

LTS
Genotypic ratio: C.J = z,

Phenotvpic ratio: q :O

bl ’T

- 9

E Prentice-Hall, Inc.



U MNnwe nny ;

Al :
7. Cross a plant that is heterozygous for smooth pods with

a plant that has constricted pods. nn N D': a . 2 f’\) :
;_n."_—‘-' Phenotypic ratio: a . a“
N J\_\)ﬁ N

8. When a tall plant is crossed with a short plant, some of the ofispring are short. What are the
genotypes of the parents and the offspring? What is the phenotypic ratio in the offspring?

i O Parent genotypes: rﬂ— < L"{'

. 1 & L

1 \ Lt Ofspring genotypes: L ¢tk
’t st i Phenotypic ratio: ji_a-_
e Ik | tc

9. Three-fourths (3/4) of the plants produced by a cross between two unknown pea plants have axial
flowers and 1/4 have terminal flowers. What are the genotypes of the parent plants?

, A O Parent genotypes:

A [NA \Pre-
oJpe oo

10. What cross would result in 172 of the offspring having green pods and 12 of the offspring having

yellow pods? ) @) Q.S‘ " G

Flos |
%F@%l%‘ﬁj

TWO FACTOR CROSSES

Crosses that involve two traits, such as pod color and pod shape, are called two-factor
crosses. Predicting the outcome of two-factor crosses requires basically the same procedure as
that for crosses involving one trait. Keep in mind that in two-factor crosses the genes
controlling the two different traits are located on nonhomologous chromosomes. During
meiosis, nonhomologous chromosomes assort independently. This means that each of the L )
chromosomes of any pair of homologous chromosomes has an equal probability of ending up
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in a gamete with either chromosome from any other pair of homologous chromosomes. The
genes that are located on nenhomelogous chromosemes alsa assort independently, as wou can
'Ji sce in the following diagram,

' Brcause of independent assoriment, a plant that is heterozygous for two traits {genotype
Aafil) will prodace equal numbers of four types of pametes—~A4E, Af, aB, and ab,
In the example that {ollows, we will predict the results of a cross between two plants that
are heterozygous for both pod color and pod shape.

Sampla Prohlem

What are the genotypic and phenotypic ratios in the offspring resulting from a cross hetween
bwer pea Plants that are heterozygous for pod color and pod shape? What is the phenotype of
":’ the parents in this cross?

Step 1 Choose [eters (o represent the genes in the cross.
Lel’s use the letters we used in the one-factor crosses—G for green, ¢ for vellow, & for
' smooth, and & for constricted.

Step 2 Write the genotypes of the parents.
oinee the parents are heteraxygous for both lraits, their genolype must he Cgn. The
Croas catl be written as Geie x Goivn

Step 3 Determine the prssible gametes that the parents can produce,
Each parent produces four types of gametes—GN, Gr, gV, and gn.

Step 4 Enter the possibie yametes al the top and side of the Punnett square.

| GAY in ay tEn
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Step 5 Complete the Punnett square by writing the alleles from the gametes in the
appropriate boxes. \
The alleles from the gamete above the box and the alleles from the gamete to the side of )
the box are combined inside each of the boxes. Write the capital letter first for each pair
of alleles. The letters inside each box represent the probable genotypes of the offspring

resulting from the cross.

GN Gn gN gn
GN GGNN GGNn GgWN GgNn
Gn GGNn GGnn GgNn Ggnn
gV Gg\N GgNn ggWN gghn
gn Gghn Ggnn gghn ggnn

Step 6 Determine the phenotypes of the offspring.
mﬂﬁsmnmie.wlﬁhamgreenﬁnmmm,mﬁhamydhwmm,&’mm
green constricted pods, and 1/16 have yellow constricted pods.

Step 7 Using the results of Steps 5 and 6, answer the problem.

Note that in this example, as in many of the genetics problems you will encounter, you
are asked for more than just the ratios resulting from the cross. This is one reason why it

is important to read genetics problems carefully. In this example, the genotypic ratio is
1/16:216:1/16:2/16:4/16:2/16:1/16:2/16:1/16 = 1:2:1:2:4:2:1:2:1. The phenotypic ratio
is 9/16:3/16:3/16:1/16 = 9:3:3:1. The phenotype of the parent is green smooth pods.

Practice Problems

In mice, the ability to run normally is a dominant trait. Mice with this trait are called
running mice (R). The recessive trait causes mice to run in circles only. Mice with this trait are
called waltzing mice (r). Hair color is also inherited in mice. Black hair (B) is dominant over
brown hair (b). For each of the following problems, draw a Punnett square in the space
provided and fill in the information on the indicated lines.

Re X RR BB

1. Cross a heterozygous running, black with a/homozygous running, homozygous -
. Parental genotypes: Rr‘ E)b X'RQ%

(0 peoypicno: 10:0:0 :O
Yacbb

Rebo
R
Reto
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Phenotypic ratio: n:O: f:\," - i

Phenotypic ratio: ("
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