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Image: One of the first clues that eukaryotic genes were interrupted. (A) The structure of a gene hexon in a

type of adenovirus. (B) A famous electron micrograph (EM) image showing hybridization between DNA and

its processed mRNA transcript. (C) Interpretation of the EM image; red is RNA and black is DNA. This shows

that the introns of the hexon gene loop away from the mRNA because they have no complementary bases.

Prologue

Once it became clear that the Central Dogma concept was essentially correct, researchers began
looking into the function of RNA. Quickly they discovered that most transcripts never left the
nucleus, were relatively long and short-lived. However, they also found many shorter, much
more stable RNAs in both the nucleus and cytoplasm. The leading hypothesis at the time
proposed that mRNA was built by transcribing a long precursor (called pre-mRNA) and then
trimming much of the ends off, leaving a functional, stable but smaller portion in the middle
(Berk, 2016). However, DNA hybridization studies (see §1.10 of the textbook) showed that
mature mRNA would indeed hybridize with DNA at the gene from which they were built;
however, sections of DNA would loop out away from the RNA-DNA hybrid, showing that
sections of the DNA were not complementary to the mRNA (see Figure above). This was the
first evidence that coding regions are interrupted by introns.
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1 How is information organized on DNA?

1.1 Readings and videos

� Required readings: §3.1, §3.4, , §3.8 of the textbook (Krebs et al., 2018).

� Required video: CSHL DNA Learning Center, “Chromosome 11 Flyover.”

� Optional reading: Berk (2016); Chow et al. (1977).

1.2 Core exercises

1. Which of the following contributes most in terms of total DNA to the tip of human
chromosome 11—introns, exons or transposons?

2. Mutations in which part of a protein-coding gene can affect the structure of the gene
product—the 5′ UTR, the 3′ UTR, an exon or an intron? Explain your response.

3. In the sequence encoding mouse β-globin, the cDNA is much shorter than genomic DNA.
Explain why.

4. List as many mechanisms as you can by which a single “gene,” as defined by the textbook,
can produce a variety of different proteins.

2 Natural selection appears to act directly on DNA itself

2.1 Readings

� Required readings: §3.3, §3.5, §3.6, §3.7, §3.10 of the textbook (Krebs et al., 2018).

� Required research reading: ; Mitchell and Bridge (2006).

� Optional reading: Nikolaou and Almirantis (2006).

2.2 Core exercise

1. State Chargaff’s 4 Rules:

(a) First parity rule.

(b) Second parity rule.

(c) Cluster rule.

(d) GC rule.

2. Compare and contrast typical gene structure in yeast (Saccharomyces cerevisiae), fruit
flies (Drosophila melanogaster), and humans (Homo sapiens).

3. Explain the evidence that supports the notion that globin, myoglobin and leghemoglobin
are homologs. Which are orthologs?
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2.3 Intermediate exercises

4. Apply Chargaff’s rules to predict the following:

(a) In duplex (double-stranded) DNA, suppose 30% of the bases are G and 20% are A.
Is it possible to predict, using Chargaff’s rules, the percentages of C and T? If so,
make the proper prediction. If not, explain why not.

(b) In a research study, you sequence the DNA for the first time from a previously
unknown species. It it possible to predict, using Chargaff’s rules, whether CG pairs
will be more or less common that AT pairs in the DNA duplex? If so, make the
proper prediction. If not, explain why not.

(c) In single-stranded DNA, suppose 25% of the bases are T and 13% are C. Is it possible
to predict, using Chargaff’s rules, the percentages of A and G? If so, make the proper
prediction. If not, explain why not.

(d) One strand of a DNA duplex contains much more A than the complementary strand
does. Knowing that, is it possible to predict, using Chargaff’s rules, which other
base—T, G, or C—is more common on the first strand? If so, make the proper
prediction. If not, explain why not.

5. Rose and Hincke (2009) performed a ho-
mology comparison of an eggshell protein
called OC-116 between chickens (Gallus
gallus) and zebra finches (Taeniopygia gut-
tata) using the dot-matrix technique de-
scribed in the textbook (Krebs et al., 2018,
Fig. 3.6). The results are shown at right.

(a) If the OC-116 gene were under nega-
tive selection, would you predict that
the shaded region corresponds to an
intron or an exon? Explain.

(b) Would your reasoning change if the
OC-116 gene were under positive se-
lection? Why?

Figure 1: Dot-matrix plot of OC-116 between
chickens (y-axis) and zebra finches (x-axis).
Adapted from Rose and Hincke (2009).

6. Use the research article by Mitchell and Bridge (2006) to answer the following questions:

(a) What major question were the authors addressing in this research?

(b) Mitchell and Bridge (2006) found that Chargaff’s second parity rule held for which
types of genomes?

(c) In which types of genomes did the rule not hold?

(d) What evidence did Mitchell and Bridge (2006) present to support these discoveries?

(e) Explain the hypothesis presented by Mitchell and Bridge (2006) potentially explain-
ing how introns evolved.
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3 Why are there fewer genes than proteins?

3.1 Readings

� Required reading: §3.8 of the textbook (Krebs et al., 2018).

� Optional reading: Neufeld et al. (1999).

3.2 Advanced exercise

A newly discovered gene, as traditionally defined by the textbook, has been shown to produce
2 different proteins—one of 121 amino acids and another of 165 amino acids.

1. Suggest two alternative hypotheses that could explain this observation.

2. This example is based on the human VEGFA gene. Look up this gene—e.g., Neufeld et al.
(1999). Determine from this or any other sources you can find if either of your hypotheses
is supported by current data. Explain your search technique and what you found.

Image Credits

Image, page 1: Image from Berk (2016), Figure 2.
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