Chapter 26


The Tree of Life: An Introduction �to Biological Diversity


Teaching Objectives


The Origin of Life


 1.	Describe the four stages of the hypothesis for the origin of life on Earth by chemical evolution.


 2.	Describe the contributions that A. I. Oparin, J.B.S. Haldane, and Stanley Miller made toward developing a model for the abiotic synthesis of organic molecules. Describe the conditions and locations where most of these chemical reactions probably occurred on Earth.


 3.	Describe the evidence that suggests that RNA was the first genetic material. Explain the significance of the discovery of ribozymes.


 4.	Describe how natural selection may have worked in an early RNA world.


 5.	Describe how natural selection may have favored the proliferation of stable protobionts with self-replicating, catalytic RNA.


Introduction to the History of Life


 6.	Explain how the histories of Earth and life are inseparable.


 7.	Explain how index fossils can be used to determine the relative age of �fossil-bearing rock strata. Explain how radiometric dating can be used to determine the absolute age of rock strata. Explain how magnetism can be used to date rock strata.


 8.	Describe the major events in Earth’s history from its origin until 2 billion years ago. In particular, note when Earth first formed, when life first evolved, and what forms of life existed in each eon.


 9.	Describe the mass extinctions of the Permian and Cretaceous periods. Discuss a hypothesis that accounts for each of these mass extinctions.


The Major Lineages of Life


10.	Describe how chemiosmotic ATP production may have arisen.


11.	Describe the timing and significance of the evolution of oxygenic photosynthesis.


12.	Explain the endosymbiotic theory for the evolution of the eukaryotic cell. Describe the evidence that supports this theory.


13.	Explain how genetic annealing may have led to modern eukaryotic genomes.


14.	Describe the timing of key events in the evolution of the first eukaryotes and later multicellular eukaryotes.


15.	Explain how the snowball-Earth hypothesis explains why multicellular eukaryotes were so limited in size, diversity, and distribution until the late Proterozoic.


16.	Describe the key evolutionary adaptations that arose as life colonized land.


17.	Explain how continental drift explains Australia’s unique flora and fauna.


18.	Explain why R. H. Whittaker’s five-kingdom system has been replaced by a new system with three domains.


Student Misconceptions


 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.	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 there are three conditions that 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 life as we know it.


 3.	Metabolism evolved in prokaryotes. With remarkably few exceptions, the enormous diversity of metabolic reactions in living organisms arose in prokaryotes.


 4.	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.


Chapter Guide to Teaching Resources


Overview: Changing life on a changing earth


Concept 26.1 Conditions on early Earth made the origin of life possible


Transparencies


Figure 26.2	Can organic molecules form in a reducing atmosphere?


Figure 26.4	Laboratory versions of protobionts


Figure 26.5	A ribozyme capable of replicating RNA


Instructor and Student Media Resources


Activity: A scrolling geologic record 


Video: Grand Canyon


Video: Volcanic eruption


Video: Lava flow


Concept 26.2 The fossil record chronicles life on Earth


Transparencies


Figure 26.7	Radiometric dating


Figure 26.8	Diversity of life and periods of mass extinction


Table 26.1	The geologic record


Figure 26.10	Clock analogy for some key events in Earth’s history


Instructor and Student Media Resource


Video: Hydrothermal vent


Concept 26.3 As prokaryotes evolved, they exploited �and changed young Earth


Concept 26.4 Eukaryotic cells arose from symbioses �and genetic exchanges between prokaryotes


Transparency


Figure 26.13	A model of the origin of eukaryotes through serial endosymbiosis


Concept 26.5 Multicellularity evolved several times �in eukaryotes


Transparencies


Figure 26.17	The Cambrian radiation of animals


Figure 26.18	Earth’s major crustal plates


Figure 26.19	The history of continental drift during the Phanerozoic


Instructor and Student Media Resources


Activity: The history of life


Video: Tubeworms


Concept 26.6 New information has revised our understanding of the tree of life


Transparencies


Figure 26.20	Whittaker’s five-kingdom system


Figure 26.21	One current view of biological diversity (part a)


Figure 26.21	One current view of biological diversity (part b)


Student Media Resource


Activity: Classification schemes


For additional resources such as digital images and lecture outlines, go �to the Campbell Media Manager or the Instructor Resources section of www.campbellbiology.com.


Key Terms


colony


genetic annealing


geologic record


half-life


magnetic reversal


Pangaea


protobiont


radiometric dating


ribozyme


serial endosymbiosis


snowball Earth hypothesis


stromatolite


three-domain system


Word Roots


proto- 5 first (protobionts: aggregates of abiotically produced molecules)
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