PUNNETT SQUARE READING AND QUESTIONS

A Punnett square is used to determine all possible gene combinations in the offspring of a set of parents.  Remember, each gene is made up of at least two alleles — one allele from the mother and one from the father.  Biologists represent a particular allele in a Punnett square by using a symbol.  The dominant allele is represented by a capital letter.  The recessive allele is represented by the corresponding lowercase letter.  In Mendel's pea plant experiments, for example, T represents the dominant allele for tallness and t represents the recessive allele for shortness.


The Punnett squares in figure 1 show the types of reproductive cells, or gametes, produced by the F1 generation parents along the top and left-hand side of the square.  It includes directions on how to fill in the square.  Finally, it shows each possible gene combination for the F2 offspring in the four boxes that make up the square.
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You can see the probable results of the cross of two F1 generation plants from the Punnett square:  1/4 of the F2 generation plants have two dominant alleles (TT); 2/4 or 1/2 of the F2 plants have one dominant allele and one recessive allele (Tt); and 1/4 of the F2 plants have two recessive alleles (tt).  Because tall is dominant over short, 3/4 of the F2 plants would be tall and 1/4 of the F2 plants would be short.  These numbers are often expressed as ratios.  For example, there are 3 tall plants for every 1 short plant in the F2 generation.  Thus the ratio of tall plants to short plants is 3:1. 


Look again at figure 1.  You will see that three of the possible combinations result in tall plants.  Because all these plants appear tall, we can say that they have the same phenotype, or physical characteristics.  They do not, however, have the same genotype, or genetic makeup.  The genotype of 1/3 of the tall plants (or 1/4 of all offspring) is pure dominant, or TT, whereas the genotype of 2/3 of the tall plants is mixed dominant and recessive, or Tt.


Organisms that have two identical alleles for a particular trait (TT or tt in our example) are said to be homozygous.  Organisms that have two different alleles for the same trait are heterozygous.  In other words, homozygous organisms are pure-bred for a particular trait and heterozygous organisms are hybrid for a particular trait.  See table 1 for a comparison of genotypes and phenotypes.
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Comparison of genotype to phenotype.

  Genotype

Abbreviation                 Genotype                      Phenotype

        

TT                Homozygous dominant            Tall

        

Tt

                 Hybrid, heterozygous               Tall

         

tt                 Homozygous recessive            Short


QUESTIONS:  Answer the following questions using complete sentences.

1.
Explain why there are at least two alleles that make up the gene that codes for a particular trait.

2.
Define the term "hybrid."

PRACTICE PUNNETT SQUARES:  Make all Punnett Squares with a ruler.  Each side of the square should be at least 4 cm long.

3.
A common recessive trait in dogs is deafness.  A homozygous line of normal-hearing dogs was crossed with a homozygous line of deaf dogs.  F1 and F2 generations were produced.

a.
What percentage of the F1 generation is expected to have normal hearing?

b.
What is the phenotype ratio of the F2 generation?

4.
Black color in horses is dominant over chestnut color.  If a homozygous black horse is mated to a chestnut horse, what percent of the offspring will be chestnut colored?  Use a Punnett square to show how you derived your answer.

5.
Make a Punnett Square to show all possible combinations of gametes that could result from the cross of a black guinea pig that is hybrid for black fur and guinea pig that is homozygous recessive for black fur (which results in white fur coloration).

a.
What is the probability that the offspring will have black fur?  [Answer should be a ratio.]

b.
What percent of the offspring will be homozygous recessive?

6.
George is the youngest child in a family that includes 4 children.  All of the children have the recessive phenotype — attached earlobes.  Yet both parents have unattached earlobes, the dominant trait.  What are the possible genotypes for the parents?  Use Punnett squares to prove your answer.

7.
Explain why it is possible for two parents with a dominant trait like freckles to produce 10 children, all of whom do not have freckles.  Use a Punnett square to illustrate your answer.

8.
A woman is homozygous dominant for short fingers.  Will any of her children have long fingers?  Use a Punnett square to prove your answer.

9.
In guinea pigs, black fur color is dominant over white fur.  Describe the parents of a family of 7 black and 2 white guinea pigs.  Use a Punnett square to illustrate your answer.  [Hint:  The F1 ratio is 7:2 or approximately 3:1.]
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