CHAPTER 15 

THE CHROMOSOMAL BASIS OF INHERITANCE

I. Student misconceptions

1. Students have great difficulty understanding how the laws of Mendelian inheritance can be explained by the behavior of chromosomes during meiosis. Many cannot correctly describe the relationship between a pair of alleles and a homologous pair of chromosomes during meiosis, and they do not recognize that meiosis is the mechanism for the segregation of alleles. 

2. Students are taught about dominant and recessive alleles when they learn about Mendel’s laws of inheritance. As a result, they think that dominance is the norm and that incomplete dominance and codominance are rare exceptions. In fact, complete dominance is exceptional and incomplete dominance is the norm. Less than one-third of clinical human genetic conditions are explained by a model of one gene, two alleles, with complete dominance. The conventional examples of human traits that display complete dominance are rather trivial: tongue curling, PTC tasting, and attached earlobes. 

II. Pre-test to identify student misconceptions prior to addressing the material covered in Chapter 15
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1. The chromosome in the figure above is made up of two chromatids, joined at the centromere. The two chromatids were formed by: 

a.
DNA replication of a single chromatid 
b.
Fertilization, bringing together a maternal and a paternal chromatid 

c.
One double helix of DNA
2. Explain clearly whether the following statements are TRUE or FALSE. 

a. A heterozygous parent is equally likely to contribute the dominant or the recessive allele to an offspring. True
b. Over time, dominant alleles will tend to increase in frequency in a population. False
c. Dominant alleles dominate recessive alleles, preventing recessive alleles from being expressed in a heterozygote. False
III. How can instructors address and correct the misconceptions that students have about the chromosomal basis of inheritance?
1. To help students recognize the relationship between the alleles of a gene and the genes on a chromosome, encourage students to talk about and draw chromosomes wherever possible. Incorporate drawings of chromosomes in your instruction, and use such drawings to illustrate lectures on cell division, cell cycles, fertilization, and life cycles. Include diagrammatic representations of chromosomes carrying alleles in Punnett squares, and expect students to do the same. 

2. In discussions about cell division and life cycles, reinforce the link between the behavior of chromosomes during mitosis, meiosis, and fertilization and the transfer of genetic information during cell division and between generations.

3. Require students to reason about the processes relevant to the chromosomal basis of inheritance, rather than asking only abstract or rote questions.

4. Consider starting your discussion of Mendel’s laws of inheritance with examples of incomplete dominance. Such examples will make it easier for students to understand the chromosomal basis for Mendel’s laws. Students will also be less likely to subscribe to the many misconceptions about the relationship between dominant and recessive alleles in heterozygote individuals.

IV. Post-test to identify whether students have corrected their misconceptions

1. State Mendel’s law of independent assortment. Explain how the behavior of chromosomes during meiosis leads to the independent assortment of pairs of genes. 

2. State Mendel’s law of segregation. Explain how the behavior of chromosomes during meiosis leads to the segregation of alleles.

3. Explain clearly why each of the following statements is false.
a. Dominant traits are more likely to be inherited than recessive traits. As a result, they become more prevalent in the population.

b. Over time, dominant alleles will tend to increase in frequency in a population because they are more adaptive than recessive alleles.

c. Dominant alleles dominate recessive alleles, preventing recessive alleles from being expressed in a heterozygote.
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