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Chapter 1 – Biology and the Tree of Life

Learning Objectives: Students should be able to...
· Name five fundamental characteristics shared by all living organisms.

· Describe the two components of the cell theory.

· Briefly explain the theory of natural selection, and clarify the two conditions that are necessary and sufficient for natural selection to bring about evolutionary change in a population.
· Explain the chromosome theory of inheritance.

· Read a phylogenetic tree, and understand the role of similarities and differences in constructing phylogenetic trees.

· Describe what biologists do(that is, how they approach problems and why they do experiments.

Lecture Outline

I. What Does It Mean to Say That Something Is Alive?

· All living organisms share five fundamental traits:

1. Organisms are made up of membrane-bound cells.

2. Organisms replicate themselves. 

3. Populations of organisms evolve.

4. Organisms have hereditary information encoded in genes.

5. Organisms acquire and use energy.

II. Life is Cellular
· Statement of the cell theory: All organisms are made of cells, and all cells come from preexisting cells.

A. All organisms are made of cells

1. Cells were first described and identified in cork tissue (Hooke, 1665) and in water and a variety of living tissues (van Leeuwenhoek). (Fig. 1.1)
2. All organisms are composed of cells, ranging in number from one to many trillions.
3. A cell is an organized compartment bounded by a thin, flexible plasma membrane and containing concentrated chemicals in an aqueous solution.

4. Most chemical reactions important to life occur inside cells.

5. Cells reproduce via cell division.

B. Where do cells come from? 

1. Spontaneous generation hypothesis versus all-cells-from-cells hypothesis

a. Pasteur’s experiment supported the all-cells-from-cells hypothesis. (Fig. 1.2)
b. Students should be able to identify problems that would have arisen if Pasteur had not kept all variables except the one being tested variable the same.
C. Life replicates through cell division
1. All individuals in a population of single-celled organisms are related by ancestry.

2. All cells in a multicellular organism are also connected by common ancestry. 

III. Life Evolves
A. What is evolution? 
1. Species are related by common ancestry.
2. The characteristics of a species can be modified from generation to generation. 
3. Darwin and Wallace (1858) proposed that this happens by natural selection.

B. What is natural selection?

1. Natural selection occurs whenever two conditions are met:

a. Individuals within a population vary in characteristics that are heritable.

b. Certain heritable traits help individuals survive and produce offspring better in a particular environment than other heritable traits.

2. How do these two conditions lead to evolution?

a. If certain heritable traits help individuals produce more offspring, then those traits become more common in the population over time. 

b. Natural selection acts on individuals, but evolutionary change occurs in populations. Examples of selection:
(1) Beak shape and size in finch populations on the Galápagos Islands have evolved by natural selection in response to changes in seed availability with varying rainfall.
(2) Canadian Research 1.1: Artificial selection on bighorn sheep in Alberta
(i) Trophy hunting for bighorn sheep has resulted in artificial selection against large rams, leading to a decline in weight and horn length of four-year-old rams over time (Fig. 1.9). 
3. Students should be able to graph how a trait in a population would change over time under different conditions(for example, average stem height in a plant population in a windy (short plants have an advantage) versus a nonwindy (tall plants have an advantage) environment.

IV.  Life Processes Information

· Chromosome Theory of Inheritance: Inside cells, hereditary information is encoded by genes located on chromosomes.
· A chromosome consists of a molecule of deoxyribonucleic acid (DNA), a double-stranded helix (Fig. 1.4).
A. The Central Dogma
1. DNA ( RNA ( Protein (Fig. 1.5)
2. DNA encodes a message in the sequence of its building blocks: A, T, C, and G. A pairs with T, C pairs with G.
3. The genetic information encoded into DNA is copied into RNA 
B. Life Requires Energy.
1. Cells have two fundamental nutritional needs: acquiring chemical energy in the form of ATP (adenosine triphosphate) and obtaining molecules that can be used as building blocks for the synthesis of complex compounds.
V. The Tree of Life

· Evolution leads to speciation, the generation of new species.
· This implies that all species come from preexisting species and that their ancestry can be traced back to a single common ancestor.
· A phylogenetic tree is a diagram describing the phylogeny of organisms.
· We should be able to reconstruct the “tree of life,” a family tree of all organisms. 
A. Using molecules to understand the tree of life

1. Evolutionary relatedness should be reflected in molecular similarities.

2. Woese and colleagues proposed using a molecule called small subunit ribosomal RNA to assess the relatedness of all living groups of organisms. 
a. rRNA sequences are very similar in closely related organisms but less similar in more distantly related organisms. (Fig. 1.6)
3. Later researchers added information from a wide variety of genes to this analysis. 
4. Surprising findings of the revised tree of life, based on molecular data:

a. There are three fundamental lineages in the tree of life: Bacteria, Archaea (barely known prior to this analysis), and Eukarya. (Fig. 1.7)
b. All eukaryotes have a membrane-bound nucleus. Bacterial and archaeal cells lack a nucleus and are grouped as prokaryotes. (Fig. 1.8)
c. Fungi are more closely related to animals than to plants.
d. The data did not support older models such as the five-kingdom model.
e. The tree of life is continuously being revised to reflect new data.

B. How should we name branches on the tree of life?

1. The three major lineages of life(Bacteria, Archaea, and Eukarya(are called domains.

2. A phylum (plural: phyla) is a major lineage within one of the three domains.

3. There is not yet agreement on how – or whether – to name the sublineages within phyla.

4. Students may be familiar with the older Class(Order(Family terms. Many evolutionary biologists no longer use these terms; for example, Class Mammalia is now simply called Mammalia, without the Class.

5. Each species has a unique, formal, two-part scientific name. This system was developed by Linnaeus (1735) and is still used today.

VI. Doing Biology

A. The nature of science

1. Biologists test the predictions made by hypotheses, either by making observations or by setting up carefully designed experiments.
2. Biologists explore only those types of questions that can be tested by collecting data from the observable world.

B. An introduction to experimental design 

1. Experiments allow researchers to test the effect of a single, well-defined factor on a particular phenomenon. 

2. Example: navigation by Saharan desert ants. (Fig. 1.11)
a. Hypothesis: Ants keep track of stride number and length to calculate how far they are from the nest.
b. Variable tested: stride length (stumps, normal, stilts)
3. Important features of experimental design:

a. The null hypothesis specifies what we should observe when the hypothesis being tested is not correct.

b. It is critical to include controls to rule out the effect of other factors.

c. Control and experimental treatments are exposed to exactly the same conditions with the exception of the variable being tested.

d. Larger sample sizes reduce the effect of “noise” in the data.
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Lecture Activities

Most instructors of introductory college biology classes struggle to find a balance between covering the large volume of material required and engaging students. These lecture activities are suggestions for ways to engage students while reinforcing concepts that are foundational to their biological understanding. We recognize that class sizes for introductory courses vary depending on the size of the institution. For this reason, we provide different suggestions that may be suitable for large or small class sizes. Sometimes activity ideas are completely different. At other times, we include suggestions on how to modify an activity to make it work with a large class. Following each set of lecture activities are  discussion ideas that may help you to engage the students in a simpler way that takes up less class time than an activity does.

Developing Hypotheses

Estimated duration of activity: 5–15 minutes (depending on the depth of the discussion)

Present students with a set of observations (or ask them to make some observations), and ask them to develop one or more hypotheses to explain the observed phenomena. The observations do not necessarily have to be biological. The goal is first to show students that they make observations, state hypotheses, and make predictions every day and then to get them to think about how a scientist would formally test a hypothesis.


Ideas for observations:

· How are students seated in the classroom: clustered, evenly distributed, or some other way? An analogy could be made to population distributions in the wild. Ecologists study these types of population distributions to learn more about a community.

· Why do zebras have stripes?  Ask students to plan an investigation into this question instead of lecturing on it.

· Do antibacterial soaps really work? Have students discuss how they could develop and test hypotheses related to this question. 
· Do low-carbohydrate diets put individuals at higher risk for heart disease? This example could lead into a discussion of why many biological questions have to be addressed with experimental species other than humans.

Ask students what observations they might make and what experiments they might do to test their hypotheses. For an experiment, the students must determine the controls they would need to give them confidence in the validity of their results.

Practising BioSkills: Reading and Making Graphs (BioSkill 2)
Estimated duration of activity: 10 minutes 

One of the challenges for introductory students is learning how to read graphs. Figure 1.11 (the ant experiment) shows a box-and-whiskers plot, a type of graph commonly used to show behavioural data. This graph will be new to most students. You can use this figure to give students practice at interpreting graphs. First, walk students through how to read the graph, using the steps outlined in BioSkill 2:

1. What do the axes represent?

2. What do the graphs represent?

Students may benefit from the following tips:

· The ant experiment uses box-and-whiskers plots:

· The box encloses the middle 50% of the data (25th to 75th percentile).

· The line inside the box is the median, which divides the data into a top half and a bottom half.

· In this case, the whiskers enclose 80% of the data (10th to 90th percentile). 

3. What is the overall trend or message?

Practising Taxonomy

Estimated duration of activity: 10 minutes

To illustrate how biologists classify organisms, take a few minutes to have your students build a classification system of the students in the class. Ask them to start with the largest classification and work toward more specific distinctions. The criteria that they suggest may include some of the following:

· Appearance: This criterion is analogous to biologists using structural characteristics to classify organisms.

· Academic affiliations (like university or college major): This criterion is loosely analogous to classifying organisms by looking at the functions of specific appendages or by looking at their ecological roles (terrestrial predator, marine reef-builder, etc.).

· Ethnicity: This criterion is loosely analogous to classifying organisms based on their evolutionary relationships.

As you are diagramming the classifications the students are making, you may draw them using a tree or cladogram, explaining that the most inclusive category for this example is a trait that they all have in common, whereas the root of a phylogenetic tree is the shared common ancestor of the taxa included in the tree. 

Asking Good Scientific Questions

Estimated duration of activity: 10–15 minutes

Begin with a discussion on the elements of high-quality scientific questions. Introduce the idea that, although scientists may begin their inquiry with general questions, they must focus on one or more specific questions in order to make any progress. 

1. Have students discuss the following idea in small groups (two to four students): What are the elements of a good scientific question?

2. After 2 or 3 minutes, have a few groups report to the class. Guide the class discussion toward sound principles such as these:

· Good questions are focused.

· Good questions may suggest specific hypotheses.

· Good scientific questions can be tested by specific experiments or observations. 
3. Present a list of potential scientific questions (see below). Have the groups rate the questions in terms of their utility for conducting scientific research. Have them provide the reasons for their ratings.

Suggested questions: (Note: Some of these examples contain details with which the students may not be familiar. Explain to students that it is not necessary to know all the details in order to be able to judge the quality of the question.)

· How many species of fish are there in a certain lake?

· Do embryonic cells differentiate into specialized cells (e.g., liver cells) by the inactivation of genes or by the physical removal of genes from chromosomes?

· What determines the vertical distribution of barnacles on rocks in the intertidal zone?

· Can infections with the HIV virus be treated with drugs that inhibit the viral enzyme known as reverse transcriptase?

· What makes cells become cancerous?

· How do steroid hormones stimulate lymphocytes to die?

· Is the anticancer gene known as p53 activated in response to DNA damage initiated by radiation?

· Can animals distinguish colours?

· Do the retinas of rats contain the specialized cells (cones) responsible for colour vision in humans?

· Are the venomous snakes Agkistrodon piscivorus and Crotalus atrox closely enough related that they should be classified in the same genus?

· Does smoking cause cancer?

· Are carbon-based compounds present on Mars?

· Do all viruses contain DNA?

Discussion Ideas

Virchow and Darwin

In 1858, both Virchow and Darwin introduced their ideas on biological ancestry. How do you think these ideas challenged the popular understanding of the day? How are the two ideas related to each other, and how have they shaped the field of biology since then? 

Experimental design

Your best friend tells you he sings to his plants every night and is convinced that his plants are healthier as a result. Develop a set of experiments that you will carry out to help your friend test his hypothesis. Don’t forget to include appropriate controls. 
Guide for discussion: Students should recognize that this hypothesis is testable, even if it seems silly. A well-designed experiment would test the effect of singing on some defined aspect of plant growth or health, and should include:

· A clearly stated hypothesis;
· An experiment that adequately tests the hypothesis, varying plants’ exposure to singing and using an objective measurement of plant health or growth; 

· Sufficient number of plants in each experimental group; 
· Well-chosen and carefully described standardized variables. 
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