INVESTIGATION 10.1  DNA Sequences and Classification
	Until the mid-l97Os, taxonomists usually classified organisms by comparing observable structures in a given organism with those of another organism. For example, a taxonomist might compare the structure of forelimbs in mammals. In recent years, taxonomists also have been able to compare the structure of certain proteins in different organisms.

New techniques now allow biologists to compare the DNA that codes for certain Proteins. A hypothesis known as the molecular clock hypothesis uses the comparison of DNA sequences to make predictions about the relatedness of the or from which the DNA was taken. According to the molecular clock hypothesis, any changes that occur in the genetic materials of isolated populations are due to mutations in the DNA that are passed from one generation to the next. The rate at which the mutations accumulate can be measured. On the basis of this information, the approximate point when two species diverged from a common ancestor can be determined. This investigation shows you a model of this technology. It may be helpful for you to review the relationship between DNA and proteins discussed in Chapter 8.

Materials (per team of 4)

paper clips: 50 black, 50 white, 50 green, 50 red

PART A Comparing DNA Strands

Procedure

1. Consult Table 10.2. Which organisms share the most groupings? On the basis of the data in the table, which organisms are least closely related?

2. Synthesize the DNA strands indicated below. Allow the paper clips to represent the four bases of DNA according to the following key:
black = adenine (A) white =thymine (T)
green = guanine (C) red = cytosine (C)
Hook together paper clips of the appropriate colors. Stretch the string of paper clips out on the lab table with position 1 on the left. Tape a small piece of paper next to the strand and label it as indicated. Each strand will represent a small section (20 bases) of a gene that codes for the protein hemoglobin.

3. Team member I will synthesize the following piece of DNA by hooking together paper clips in this sequence:
pos. 1                                       pos. 20
AG C CATAAACCAACCGATTA

Label the strand human DNA. This represents a small section (20 bases) of the gene that codes for the protein hemoglobin in humans.
	This investigation allows students to use a model of DNA hybridization to investigate the degree of relatedness of three organisms (chimpanzee, human, and gorilla) and to explore how a tool such as DNA hybridization can be used to study questions in evolutionary biology. Teams of 4 work well.

Time: One class period.

Part A Procedure

1. Human and gorilla share the most groupings. Katydid is least closely related to the others in the table.



	4. Team member 2 will synthesize the following strand:
pos. 1                                  pos. 20
TCCGGGGAAGGTTGGCTAAT
Table 10.2 Examples of Classification of Animals

Human

Gorilla

Southern Leopard Frog

Katydid

Phylum

Chordata

Chordata

Chordata

Arthropoda

Subphylum

Vertebrata

Vertebrata

Vertebrata

Class

Mammalia

Mammalia

Amphibia

Insecta

Subclass

Eutheria

Eutheria

Order

Primates

Primates

Salientia

Orthoptera

Suborder

Anthropoidea

Anthropoidea

Family

Hominidae

Pongidae

Ranidae

Tettigoniidae

Subfamily

Ranidae

Genus

Homo

Gorilla

Rana

Scudderia

Species

Homo sapiens

Gorilla gorilla

Rana pipiens

Scudderia furcata

Subspecies

Rana pipiens sphenocephala
Scudderia furcata furcata
Source: from C. P. Hickman, L.S. Roberts, and F. M. Hickman, Integrated Principles of Zoology, 7th ed. (St. Louis Times Mirror/Mosey College Publishing, 1984), p. 148.

Label this strand chimpanzee cDNA. cDNA stands for complementary DNA. cDNA is a single strand of DNA that will match up with its partner strand. Remember, the bases in DNA are complementary. That is, adenine (A) always pairs with thymine (I), and cytosine (C) always pairs with guanine (G). This cDNA was made from the gene that codes for chimpanzee hemoglobin.

5. Team member 3 will synthesize the following piece of cDNA:
pos. 1                                       pos. 20
TCCGGGGAAGGTTGGTCCGG
Label this strand gorilla cDNA. This cDNA strand was made from the gene that codes for gorilla hemoglobin.
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Figure 10.28 Paper-clip DNA sequences. Position I is at the top.


	6. Team member 4 will synthesize the following piece of DNA:
pos. 1                                       pos. 20
AGGCCGGCTCCAACCAGGCC
Label this strand hypothetical common ancestor DNA. This strand will be used in the second part of the investigation.

7. Compare the sequences of the human DNA and the chimpanzee cDNA. Match the human DNA and the chimpanzee cDNA base by base (paper clip by paper clip). Remember, black (adenine) always must pair with white (thymine), and green (guanine) always must pair with red (cytosine). Where the bases are complementary (that is, where the colors match correctly), allow the clips to remain touching, as shown in Figure 10.28. Where the bases are not complementary, separate the clips slightly to form a loop, as shown in Figure 10.28. Count the number of loops. Also count the total number of bases that do not match. Copy Table 10.3 in your data book and record the data in the appropriate columns.

Table 10.3 Human DNA

Hybridized to

Chimpanzee cDNA

Gorilla cDNA

Number of loops

Number of differences

8. Repeat Step 7, using the gorilla cDNA and the human DNA. Enter the data in the appropriate columns in the table in your data book.

Discussion

1. Based on the data you have collected for this one protein, is the gorilla gene or the chimpanzee gene more similar to the human gene?

2. Again, based on the data you have collected for this one protein, does the gorilla or the chimpanzee seem more closely related to humans?

3. Do the data prove that your answer to Question 2 is correct?

PART B An Evolutionary Puzzle 

Procedure

Scientists have determined that mutations in DNA occur at a regular rate. They use this rate to predict how long ago in evolutionary history two organisms began to Separate from a common ancestor. In this part of the investigation, you will use Your paper-clip model to provide data in support of one of two hypotheses about common ancestor for humans, chimpanzees, and gorillas.


	7—8. Chimpanzee cDNA hybridized to human DNA: 1 loop; 5 base differences. Gorilla cDNA hybridized to human DNA:

2 loops; 9 base differences.

Discussion

1. Based on the data collected, the chimpanzee gene is more similar to the human gene than is the gorilla gene.

2. Based on the data collected, the chimpanzee seems more closely related to humans than does the gorilla.

3. The data do not prove anything; they simply lend support to the hypothesis that the chimpanzee is more closely related to humans than is the gorilla.




	9. Read the following information about a current debate among scientists who study human evolution:
Most scientists agree that humans, gorillas, and chimpanzees shared a common ancestor at one time in evolutionary history. However, one group thinks the fossil record shows that gorillas, chimpanzees, and humans split from one common ancestor at the same time. Their model for this split is shown in Figure 10.29a.
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Figure 10.29 Hypotheses of primate divergence.


A second group thinks the fossil record shows there were two splits. In the first split, gorillas split from the common ancestor. Humans and chimpanzees then shared another common ancestor for perhaps 2 million years. They then split again and evolved into their present states. The model for this pattern of splitting is shown in Figure 10.29b.

10. Use your DNA model and the DNA sequences from Part A to investigate this debate. First, use your human DNA as a guide to synthesize a human cDNA. Do that step as a team. Make certain that the human cDNA is complementary to the human DNA strand.

11. The hypothetical common ancestor DNA synthesized in Part A is DNA for hemoglobin extracted from a hypothetical common ancestor. Now, match all three samples of cDNA (gorilla, human, and chimpanzee) with the common ancestor DNA, one sample at a time. Again, allow the paper clips to touch where the bases match correctly. Form loops where the bases do not match. Copy Table 10.4 in your data book and record your data.

Table 10.4 Hybridization Data: Common Ancestor

Common Ancestor DNA to: 

Human cDNA

Chimpanzee cDNA

Gorilla cDNA

Number of loops

Number of differences

Discussion

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

2. Which cDNAs give the most similar patterns of matching and looping when matched to the common ancestor DNA?

3. Which model in the evolutionary debate described above do your data support?

4. Do your findings prove that this model is the correct one? Explain.


	Part B Procedure

11. Common ancestor DNA hybridized to: human cDNA: 2 loops; 0 base differences; chimpanzee cDNA: 2 loops; 8 base differences; gorilla cDNA: 1 loop; 3 base differences.

Discussion

1. Gorilla DNA is most similar to com mon ancestor DNA.

2. Human cDNA and chimpanzee cDNA give the most similar pat terns of matching and looping when hybridized to the common ancestor DNA.

3. The data support the second model, which shows two separate divergences, rather than one three-way split

4. The findings using this model do not prove the validity of the hypothesis, but they do provide some direction for additional research, such as comparing the genes for other proteins, or expanding the search for fossils that can shed more light on the likely pattern of divergence.

This investigation allows students to practice using structural characteristics to group organisms into several classification levels. Students may work alone or in small groups of 3.

Time: One class period.




