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This lab activity was modified from an activity posted on the National Academy of Sciences Web site.   All credit is given to them for its original creation.

Problem:   How can molecular evidence be used to determine evolutionary relationships between organisms?

Instructional Objectives

· formulate descriptions, explanations, predictions, and models using evidence, think critically and logically to make relationships between evidence and explanations, and recognize and analyze alternative explanations and predictions. 

· In all organisms, the instructions for specifying the characteristics of the organism are carried in DNA, a large polymer formed from subunits of four kinds (A, G, C, and T). The chemical and structural properties of DNA explain how the genetic information that underlies heredity is both encoded in genes (as a string of molecular "letters") and replicated (by a templating mechanism). 

· The millions of different species of plants, animals, and microorganisms that live on earth today are related by descent from common ancestors. 

· Biological classifications are based on how organisms are related. Organisms are classified into a hierarchy of groups and subgroups based on similarities that reflect their evolutionary relationships. The species is the most fundamental unit of classification. 

Materials: 

· 4 sets of yellow, white, blue, and red paper clips, each set with 35 paper clips 
Background

For many people, the first thing that comes to mind is often the statement "Humans evolved from apes." This is a completely incorrect scientific view of evolutionary theory. Many evolutionists believe however that modern apes and humans have a common ancestor?  This activity will give you the opportunity to observe differences and similarities in some of the molecular characteristics of humans and apes. This will also provide you with the opportunity to construct a phylogenetic tree which is a skill required for the regents examination.  The apes discussed in this activity are the chimpanzee and the gorilla, as well as a common ancestor of both of these.

The morphological tree below provides some proposed evolutionary relationships between several different species of mammals.    Evolutionary relationships among organisms derived from comparisons of skeletons and other characteristics.

Procedure:

1.   Hypothesize the appearance of the part of the morphological tree that shows the relationships between gorillas, chimpanzees, and humans. On a sheet of notebook paper, they make a diagram of their hypotheses by drawing lines from Point A to each of the three organisms (G = gorilla, C = chimpanzee, H = human, A = common ancestor).

**** Modern research techniques allow biologists to compare the DNA that codes for certain proteins and to make predictions about the relatedness of the organisms from which they took the DNA. You will use models of these techniques to test their hypotheses and determine which one is best supported by the data they develop.

2.   Working in groups of four, "synthesize" strands of DNA according to the following specifications. Each different color of paper clip represents one of the four bases of DNA: 

yellow = adenine (A) 
blue = guanine (G) 

white = thymine (T) 
red = cytosine (C)

When the “synthesis” is completed, attach a label to Position 1 and lay your strands on the table with Position 1 on the left. Each group member will synthesize one strand of DNA. Thirty-five paper clips of each color should provide an ample assortment. To save time, make sure all strands are synthesized simultaneously

·  Group member 1 

Synthesize a strand of DNA that has the following sequence: 

	Position 1
	Position 20

	A-G-G-C-A-T-A-A-A-C-C-A-A-C-C-G-A-T-T-A


Label this strand "human DNA." This strand represents a small section of the gene that codes for human hemoglobin protein. 

·  Group member 2 

Synthesize a strand of DNA that has the following sequence: 

	Position 1
	Position 20

	A-G-G-C-C-C-C-T-T-C-C-A-A-C-C-G-A-T-T-A


Label this strand "chimpanzee DNA." This strand represents a small section of the gene that codes for chimpanzee hemoglobin protein. 

·  Group member 3 

Synthesize a strand of DNA that has the following sequence: 

	Position 1
	Position 20

	A-G-G-C-C-C-C-T-T-C-C-A-A-C-C-A-G-G-C-C


Label this strand "gorilla DNA." This strand represents a small section of the gene that codes for gorilla hemoglobin protein. 

·  Group member 4 

Synthesize a strand of DNA that has the following sequence: 

	Position 1
	Position 20

	A-G-G-C-C-G-G-C-T-C-C-A-A-C-C-A-G-G-C-C


Label this strand "common ancestor DNA." This DNA strand represents a small section of the gene that codes for the hemoglobin protein of a common ancestor of the gorilla, chimpanzee, and human. (You will use this strand later in this activity.)

3.   Compare the human DNA to the chimpanzee DNA by matching the strands base by base (paper clip by paper clip). Count the number of bases that are not the same. Record the data in a table. Repeat these steps with the human DNA and the gorilla DNA. 

Conclusion Questions:

1. Which DNA is most similar to the common-ancestor DNA? 

2. Which of the hypotheses developed in Part I do your data best support? 

3. Do your findings prove that this hypothesis is correct? Why or why not? 

4.  The data from this activity best supports the idea that humans and apes may have a common ancestor and refutes the misconception that humans evolved from apes.  Explain this scientific idea in a short paragraph. 

5. According to all the data collected, which of the following statements is most accurate?   Explain your answer in a short paragraph. 

(a) Chimpanzees and humans have a common ancestor. 

(b) Chimpanzees are the direct ancestors of humans. 

6. A comparison of many more DNA sequences indicates that human DNA and chimpanzee DNA are 98.8 percent identical. What data supports this result and explain why? 

7.  Using the morphological tree above, explain which organism is more closely related; horses and donkeys, or horses and dogs.  Justify your answer.

8.   Draw a H on the chart to indicate a common ancestor of sheep and humans, and a K on the chart to indicate a common ancestor of kangaroos and humans.

