CHAPTER 14 
MENDEL AND THE GENE IDEA

I.
Student misconceptions

1.
Students (and some instructors) tend to use the terms gene and allele interchangeably. This leads to confusion for students, who may have difficulty understanding the distinction between these terms. Clearly define these terms for your students, and be consistent and accurate when you use them.

2.
Punnett squares are useful devices for predicting the genetic ratios of offspring when parent genotypes are known. However, the use of Punnett squares may lead students to think of genetic ratios as fixed and deterministic rather than probabilistic. Many students memorize familiar ratios and fail to appreciate the role of probability in the segregation and independent assortment of alleles. These students think that the offspring shown in a Punnett square are individuals and do not recognize them as the probabilities of offspring having a given genotype. 

3.
Look out for these common misunderstandings:

a.
Chromosomes with a single unreplicated chromatid are found in haploid cells; replicated chromosomes with two chromatids are found in diploid cells.

b.
Chromosomes consisting of two chromatids are formed when a maternal chromatid and a paternal chromatid come together during fertilization and join at the centromere.

4.
The everyday meaning of the term dominance is strength and power in a contest with a weaker opponent. Many students think of the relationship between dominant and recessive alleles in this context. As a result, these students may have some or all of these common misconceptions: 

a.
Dominant alleles are more likely to be inherited than recessive alleles.

b.
Dominant alleles are more likely to be adaptive than recessive alleles.

c.
Recessive alleles are deleterious.

d.
Mutations are recessive.

e.
Dominant alleles regulate the expression of recessive alleles.

f.
Dominant alleles are found at greater frequency than recessive alleles in populations.

5.
Students have great difficulty understanding the mechanism of dominance. They tend to think that the dominant allele masks or overrides the recessive allele in some way. They do not recognize that recessive alleles are expressed through transcription and translation, and that they may have functional gene products. 

6.
Students tend to think that every trait is represented by one gene and that each gene has two and only two alleles. This oversimplification causes problems later, when students try to understand the evolution of quantitative and multifactorial characters.

II.
Pre-test to identify student misconceptions prior to addressing the material covered in Chapter 14
1.
In genes with complete dominance:

a.
The phenotypes of heterozygous and homozygous recessive individuals are identical.

b.
The phenotypes of heterozygous and homozygous dominant individuals are identical.

c.
The phenotypes of heterozygous, homozygous dominant and homozygous recessive individuals are all different.

2.
When a dominant allele coexists with a recessive allele in a heterozygote:

a.
They do not interact at all.

b.
The dominant allele prevents expression of the recessive allele by an unknown mechanism.

c.
The dominant allele prevents transcription of the recessive allele.

III.
How can instructors address and correct the misconceptions that students have about Mendelian genetics?

1.
Before starting a section on Mendelian genetics, review with students (a) the structure of a replicated chromosome and (b) the similarities and differences between the chromosomes that make up a homologous pair. Clarify that sister chromatids are formed by DNA replication and that homologous chromosomes are initially brought together by fertilization, not replication.

2.
Students might be able to understand the nature of inheritance and gene expression more easily if the first examples they encounter show incomplete dominance. When you first introduce the monohybrid cross to your students, use red- and white-flowered snapdragons rather than purple- and white-flowered peas. Use superscript notation as used in blood types, rather than capital and lowercase letters. These teaching strategies will address several areas of potential student confusion. Students will find it easier to recognize that offspring inherit alleles from each parent and that these alleles are expressed and may affect phenotype. They will be less likely to think that traits “skip a generation” or to imagine that offspring inherit an active gene for each trait from only one parent. This exercise will help students focus on alleles and how they segregate and recombine.  

3.
When using Punnett squares in classroom instruction, take care to refer to probability rather than number of each type of offspring.

4.
Work through examples to illustrate how the effects of two different alleles at a single gene may be manifest when the phenotype is considered at the organismal, biochemical, and molecular levels. The example of Tay-Sachs disease is presented in the textbook. When considered at the organismal level, the allele for the functional enzyme is dominant to the Tay-Sachs allele. At the biochemical level, the allele shows incomplete dominance; at the molecular level, the alleles are codominant.

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

Explain clearly why you agree or disagree with each of the following statements:

1.
Dominant alleles dominate recessive alleles, preventing recessive alleles from being expressed in a heterozygote.

2.
Dominant traits are more likely to be inherited than recessive traits. As a result, they become more prevalent in the population.

3.
Over time, dominant alleles will tend to increase in frequency in a population because they are more adaptive than recessive alleles.
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