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Image: Genome size ranges and evolutionary relationships among major groups of amniotes (mammals, birds

and reptiles). Median genome sizes are shown as red dots; ranges are illustrated as black bars. “Gb” = gigabases,

or 1 billion (109) bases. “Mya” = million years ago. From (Kapusta et al., 2017).

Prologue

For decades it has been clear that natural selection can act on genes. Only recently have we
begun to appreciate that it also acts on genomes. The size of the genome appears to be a
product of selection, not just the complexity of the organism (see the image above). That is,
more “complex” organisms, however that’s defined, do not necessarily have the largest genomes.
That’s not to imply that the complexity has nothing to do with size of an organism’s genome.
But other forces, including our ignorance of what “complex” really means, are at work.
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1 Readings and videos

� Required readings: §5.1, §5.2, §5.3 of the textbook (Krebs et al., 2018).

� Optional readings: Kapusta et al. (2017).

2 Core exercises

1. Based on their types, what would you predict is the minimum number of genes required
for the following organisms?

(a) Plasmodium falciparum, the unicellular, parasitic eukaryote that causes malaria.

(b) A eukaryotic cell.

(c) A multicellular organism.

(d) A multicellular organism with a nervous system.

2. What percentage of prokaryotic DNA, on average, codes for polypeptides? How does this
compare to the percentage of coding DNA in eukaryotes?

3. What appears to be the minimum genome size, in number of genes, to perform all the
functions of a living cell, and what evidence supports that number?

4. What is polycistronic mRNA? Is it more common in prokaryotes or eukaryotes?

5. In fruit flies of the genus Drosophila, more than half of the genes contribute to what 3
functions?

3 Intermediate exercises

6. Do number of base pairs in prokaryotic or eukaryotic genomes correlate better with num-
ber of genes. Explain the reason for this pattern.

7. Explain why eukaryotic polypeptides tend to be larger than prokaryotic polypeptides.
What is the molecular genetic mechanism causing this?

4 Advanced exercises

8. Read the article by Kapusta et al. (2017). What observation are they trying to explain?

9. What mechanism, according to Kapusta et al. (2017), causes genome sizes to vary among
birds and mammals?

10. State in your own words the hypothesis proposed and tested by Kapusta et al. (2017).
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