Chapter 1—Biology and the Tree of Life

Lecture Outline

I.
The Cell Theory

A.
Pattern Component of the Cell Theory—A pattern observed in nature

1.
Cells are first described and identified in cork tissue (Hooke, 1665) and in water and a variety of living tissues (van Leeuwenhoek). (Fig. 1.1)
2.
Plant tissues are determined to be composed of cells (Malphigi, 1670s).

3.
Oken (1805) states that all organisms are composed of cells.

4.
Schleiden and Schwann examine hundreds of plant and animal samples and conclude that all organisms are composed of cells.

B.
Process Component of the Cell Theory—A mechanism or process that creates the pattern

1.
Virchow hypothesis—All cells arise from preexisting cells (1858).

2.
Alternative hypothesis—Spontaneous generation.

3.
Pasteur experiment is designed to test the two hypotheses: (Fig. 1.2) 

a.
Nutrient broth is placed in a straight-neck flask and a swan-neck flask; then each is boiled. Condensed water fills the curve of the swan-neck flask.

b.
Bacterial cells soon grow in the straight-neck flask, which is open to air, but not in the 
swan-neck flask, where condensed water prevents access of air to the nutrient broth. Air contains dust particles with microorganisms. 

c.
Conclusion—The evidence supports the hypothesis that all cells arise from preexisting cells.

4.
Important implications of the process component of the cell theory: 

a.
All individuals in a population of single-celled organisms are related by ancestry.

b.
All cells in a multicellular organism are descended from the same ancestral cell.

II.

The Theory of Evolution by Natural Selection

A.
Darwin and Wallace (1858) state the theory of evolution—All species past and present are related by descent from a common ancestor and species change through time ("descent with modification").

B.
Pattern Component of the Theory of Evolution

1.
Species are related by common ancestry.

2.
The characteristics of a species can be modified from generation to generation. 

C.
Process Component of the Theory of Evolution—Natural selection

1.
Natural selection occurs when three conditions are met: 

a.
Individuals within a population vary in their characteristics.

b.
The variable traits are heritable.

c.
Certain heritable traits help individuals survive better or reproduce more. Example—Shorter wheat plants may survive better in a windy environment.

2.
Artificial selection of a domesticated population demonstrates that change in a population can occur over time. Example: Wild mustard is the progenitor of Brussels sprouts. (Fig. 1.3)
III.
Two Unifying Themes to Biology Result from the Cell Theory and the Theory of Evolution

A.
The cell is the fundamental structural unit in all organisms, and all cells arise from preexisting cells.

B.
All organisms are related by common ancestry and have changed over time in response to natural selection. 

IV.
The Tree of Life

A.
Prior to the theory of evolution, Linnaeus (1735) developed a taxonomic classification system:

1.
Binomial system of nomenclature—Each organism is identified by a genus name and a species name, which together make a unique combination. (Box 1.1)
2.
Hierarchical system of taxa—kingdom, phylum, class, order, family, genus, species (Fig. 1.4)

3.
Organisms were placed into either of two kingdoms (animals or plants).

B.
After the theory of evolution, classification systems are modified to reflect phylogeny.

1.
Fundamental differences in prokaryotes vs. eukaryotes are observed. (Fig. 1.5)
2.
Five-kingdom system developed by Whittaker (1969). (Fig. 1.6)
3.
Molecular evidence is used as a new method of determining evolutionary relatedness: 

a.
If evolution occurs, nucleotide sequences of the same genes from different organisms should be very similar if the organisms are closely related, and more different if the organisms are distantly related.

b.
A phylogenetic tree of life can be created that reflects the evolutionary relationships between organisms.

c.
Woese et al. analyze nucleotide sequences of small-subunit ribosomal RNAs (SSU rRNAs) from different organisms, and the data suggest three major lineages in the tree of life. (Fig. 1.7)
d.
Woese creates a new taxon, the domain, and divides all organisms into one of three domains. (Fig. 1.8).

e.
The tree of life is constantly revised to reflect new data, but the placement of many branches is still debated. (Box 1.2)
f.
Humans are placed at one tip of the tree of life, appearing only 100,000 years ago. (Box 1.3) 

V.
Hypothesis Testing and Experimentation in the Biological Sciences

A.
Testing Ideas about How the Natural World Works

1.
A hypothesis is developed to explain an observed phenomenon. Example—Giraffes have long necks because the long necks enable them to reach food that is unavailable to 
others. 

2.
Alternative hypotheses that suggest a different explanation are developed. Example—Giraffes have long necks because they are an effective weapon for one male against another during mating (Simmons and Scheepers). 

3.
The predictions made by each hypothesis are determined.

a.
Food competition hypothesis predicts that 

(1)
Neck length is variable among giraffes.

(2)
Neck length is a heritable trait.

(3)
Giraffes feed high in trees, especially when food is scarce. 

b.
Sexual selection hypothesis predicts that

(1)
Longer necks result in more forceful impact.

(2)
Males with longer necks compete better, win more often, and father more 
offspring. 

4.
Observations are made and/or an experiment is designed, to obtain data regarding the predictions.

a.
Observation of zoo populations indicates that

(1)
Only bull giraffes feed with neck extended; most giraffes feed with the neck bent.

(2)
Substantial amounts of feeding occur at low levels, even when food is scarce.

b.
Observations of wild populations indicates that

(1)
Long-neck males were more successful in fights and mated more often.

(2)
Male head/neck is proportionally larger than the females, and continue to grow bone and muscle longer.

5.
Conclusion—The observational data support the sexual selection hypothesis.

VI.
Introduction to Experimental Design

A.
Experimentation is used to isolate and test the effects that a single well-defined factor has on the phenomenon in question. 

B.
Four key points to experimental design: 

1.
Experimental controls must be included.

2.
All treatments must be handled in an identical manner.

3.
Randomization must be used to equalize other miscellaneous effects among control and experimental groups. 

4.
The experiment must be repeated on many individuals—larger sample sizes produce more accurate results. 

C.
Example—A sheep in wolf's clothing?

1.
Observed phenomenon in nature—The fly, Zonosemata vittigera, has dark wing bands and waves its wings in a manner similar to that of its major predator, a jumping spider.

2.
Question—Why does the fly have markings, and why does it wave its wings when provoked?

3.
Hypotheses developed: 

a.
Wing-waving is for courtship (this is common in other flies).

b.
Wing-waving is to mimic jumping spiders so as to scare off other types of predators.

c.
Wing-waving is to mimic jumping spiders so as to deter predation by actual jumping spiders.

4.
The hypotheses were tested by transplanting different wings onto Zonosemata flies and houseflies, then exposing them to either jumping spiders or other predators. 

a.
Wings were cut off houseflies and attached to wing stumps on Zonosemata flies.

b.
Wings were cut off Zonosemata flies and attached to wing stumps on houseflies. 

c.
Wings were cut off Zonosemata flies and reattached to their own wing stumps. 

d.
Some Zonosemata flies and houseflies were left untreated. 

5.
Predictions made by each hypothesis:

a.
The courtship hypothesis predicts that all flies will be eaten by all predators.

b.
The other-predators hypothesis predicts that normal Zonosemata and Zonosemata whose own wings were cut off and reglued, will be attacked by jumping spiders but avoided by other predators.

c.
The sheep-in-wolf's-clothing hypothesis predicts that normal Zonosemata and 
Zonosemata whose own wings were cut off and reglued will be avoided by jumping spiders but attacked by other predators. 

6.
Upon exposure of the five different groups of flies to various predators, the following results were observed: 

a.
Jumping spiders tended not to attack flies that had marked wings and displayed wing-
waving. 

b.
Jumping spiders tended to attack flies that lacked either wing markings or wing-waving. 

c.
Other predators attacked and ate all flies, regardless of their markings or behavior. 

D.
The sheep-in-wolf's-clothing experiment illustrates the importance of the four key components of 
experimental design: 

1.
Control groups:

a.
Clear housefly wings control for the effect of wing markings. 

b.
Houseflies with transplanted banded wings from Zonosemata control for the behavior of wing-waving. 

c.
Zonosemata with its own wings cut off and reattached control for the effect of surgery on normal display and behavior. 

2.
Treatments must be handled identically:

a.
Each group of flies must be presented to the predator in the same test arena.

b.
Each group of flies must be exposed to the predator for the same length of time.

c.
The same definitions of predator response must be used in all cases. 

3.
Randomizing miscellaneous effects—Groups of flies were presented to each predator in 
random order, to ensure that predator response was not based on the order in which it encountered a group. 

4.
Repetition on numerous individuals reduced the amount of distortion in the results caused by unusual individuals or circumstances, such as that some flies were attacked before being able to display or wave their wings.

