CHAPTER 25 
THE HISTORY OF LIFE ON EARTH

I.
Student misconceptions 

1.
Students may find it difficult to understand how natural selection could have acted on populations of protobionts, favoring stable protobionts with self-replicating, catalytic RNA. Explain that three conditions are necessary and sufficient for natural selection to bring about evolutionary change in a population. If members of the population show variation, if that variation has a heritable basis, and if variant individuals differ in fitness, then natural selection will act to increase the proportion of favorable, heritable traits in the population. These conditions were met in populations of protobionts, before the origin of cellular life.

2.
Students tend to think that it is easy to obtain absolute dates for fossils and fossil-bearing strata. Explain to students that C-14 dating can be used on only relatively young fossils. Clarify that absolute dates can be determined only for strata containing volcanic ash. Explain that index fossils can be used to determine relative dates for other strata.

3.
The generation of oxygen by oxygenic photosynthesis offered great opportunity and great risk to early prokaryotes. In its free molecular and ionized forms and in compounds such as hydrogen peroxide, oxygen attacks chemical bonds, inhibits enzymes, and damages cells. The increase in atmospheric oxygen likely doomed many prokaryote groups. Other prokaryotes harnessed the oxidizing power of oxygen in aerobic respiration to extract far more usable energy from organic molecules. 

II.
Pre-test to identify student misconceptions prior to addressing the material covered in Chapter 25

1.
Identify each of the following statements as TRUE or FALSE.

a.
The oldest rocks on Earth provide evidence that the early oceans were a “primitive soup” of organic molecules. False
b.
Protobionts may form spontaneously under laboratory conditions from mixtures of organic molecules. True
c.
The atmosphere of early Earth contained little or no free oxygen. True
2.
Which of the following statements supports the hypothesis of an RNA world? Select all correct answers.

a.
Single-stranded RNA molecules can assume a variety of three-dimensional shapes specified by their nucleotide sequences.

b.
Some RNA molecules are important catalysts in modern cells.

c.
The oldest known fossils contain traces of RNA molecules.

III.
How can instructors address and correct the misconceptions that students have about the history of life on Earth?

1.
Biologists have developed hypotheses for the origin of life by chemical evolution that can and have been tested in laboratory experiments. However, it is important to clarify to students that, although chemical evolution is an increasingly plausible hypothesis, there is no tangible evidence for the origin of life on Earth. Hypotheses for the origin of life describe steps that could have happened. There is still considerable room for speculation and alternative views. In contrast, evolutionary change of living things over the last 3.8 billion years is an incontrovertible fact.

2.
Point out to students that the recent discovery of ribozymes has provided new insights into catalysis in living cells and into the origin of catalysis on early Earth. Discuss with students the potential significance of ribozymes to natural selection among protobionts.

3.
You may wish to use a metaphor like a 24-hour clock or your outstretched arms—fingertip to fingertip—to help students visualize the time scale of macroevolutionary events in Earth history. Students find it difficult to recognize how long life on Earth remained prokaryotic and unicellular, or to appreciate how recently animals, hominids, and Homo sapiens arose.

4.
In discussing the role of endosymbiosis in the origin of the eukaryotic cell, you may wish to point out to students that they are the descendents of both archaeal and bacterial cells.
IV.
Post-test to identify whether students have corrected their misconceptions
1.
Briefly explain what each fact below suggests about the evolution of life on early Earth.

a.
Before the formation of the ozone layer, considerable ultraviolet radiation reached Earth.

b.
The oldest rocks on Earth have reduced forms of iron and other minerals.
c.
Liposomes may form spontaneously when lipids and other organic molecules are added to water.
4.
All living things use protein enzymes to maintain a complex, stable internal environment. All living things contain DNA, which replicates with extreme fidelity. One hypothesis suggests that RNA was the first living molecule. Explain what this hypothesis means, describing the roles that RNA may have played in the first living cells.
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