Biology

STANDARD V: Objective 3
Title: Investigating Common Descent

Background Knowledge: Students should understand the structure of DNA and basic genetics.  

Objective: In this activity students will build models of DNA sequences from the hemoglobin proteins of humans, gorillas, chimpanzees, ape, and a common ancestor, Using that information they will hypothesize evolutionary relationships between the organisms.
Equipment and Supplies: video on chimps or gorillas (optional but helpful) Prepared "DNA" strips made from 80 colored paper clips per group of 4 students (32 red, 22 black, 16 green and 10 white)*  colors are optional but should match the worksheet.  The strips need to be pre-made by a class or student assistant, overhead, student sheets, books 

Safety Issues
None
Duration:
One class period (50 min.) May be longer depending on the video chosen.

Procedures for Teachers
1. Obtain needed supplies.  Have a class or student assistant build the strips so that each group of four has the following:

	Group Member
	Name of Organism
	DNA Sequence

	1
	Human
	A-G-G-C-A-T-A-A-A-C-C-A-A-C-C-G-A-T-T-A

	2
	Chimpanzee
	A-G-G-C-C-C-C-T-T-C-C-A-A-C-C-G-A-T-T-A

	3
	Gorilla
	A-G-G-C-C-C-C-T-T-C-C-A-A-C-C-A-G-G-C-C

	4
	Common Ancestor*
	A-G-G-C-C-G-G-C-T-C-C-A-A-C-C-A-G-G-C-C


*This is a model of DNA constructed from hypothetical data, since we have not yet found DNA for a common ancestor.  The other sequences are real.

2. Show the video or clips from the video.  Another option would be to look at Internet sites showing chimp or gorillas.  Display the overhead (below) and have students generate answers about the similarities and differences between humans and the great apes.

3. Pass out student sheet 

4. Give each group of four students a set of "DNA".  Explain that it is a gene for hemoglobin. 

5. Read through the background and purpose with the students.  You may want to have them go to their books and look at examples of cladograms.  You may also want to do one together with a familiar animal such as the cat or dog family.

6. Allow students to make their predictions

7. Have students complete the lab by reading through and completing the procedures with their groups 

Scoring Guide:

Prediction:  3 points

Data Tables:  5 points

Analysis questions:  2 points each (26 points)

Conclusions:  6 points

 Total:  40 points

Answers to Analysis Questions:

1. All 3 are similar.  But the chimpanzee and the gorilla are more similar to each other than to the human.  Of the chimp and gorilla, the chimp DNA is closer to the human than the gorilla.

2. The 3 are most likely closely related the chimp and gorilla closest. The chimp being more closely related to the human than the gorilla.

3. Answers will vary

4. DNA from other proteins or similar molecules in the organisms could be studied. 

5. Gorilla

6. Gorilla and Chimpanzee

7. No, additional data and research is needed to support the hypothesis.  We would have to compare much more DNA.

8. A, humans and apes have a common ancestor.  Both share similarities with the common ancestor but both have differences also.

9. A, chimpanzees and humans have a common ancestor.  Humans did not directly evolve from chimpanzees but they are more closely related, the brake between the two is more recent.

10. The hemoglobin data supports this showing the similarities between the base pairs in the DNA sequence.

11. The criteria we used in this lab was genetic or molecular DNA evidence.  Scientists can also use structural similarities, embryo analysis, and fossils.

Answers to Conclusions:

Answers will vary but should be detailed and deal with major conceptual ideas.
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	Characteristics of Apes and Humans



	Characteristics
	Apes
	Humans

	Posture
	Bent over or quadrapedal

“knuckle-walking” common
	Upright or bipedal

	Leg and arm length
	Arms longer than legs; arms adapted for swinging, usually among trees
	Legs usually longer than arms; legs adapted for striding

	Feet
	Low arches; opposable big toes, capable of grasping
	High arches; big toes in line with other toes; adapted for walking

	Teeth
	Prominent teeth; large gaps between canines and nearby teeth
	Reduced teeth; gaps reduced or absents

	Skull
	Bent forward from spinal column; rugged surface; prominent brow ridges
	Held upright on spinal column; smooth surface

	Face
	Sloping; jaws jut out; wide nasal openings
	Vertical profile; distinct chin; narrow nasal opening

	Brain Size
	80-705 cm3 (living species)
	2400-2000 cm3 (fossil to present)

	Age at puberty
	Usually 10-13 years


	Usually 13 years or older

	Breeding season
	Estrus at various times


	Continual


Investigating Common Descent

Name:_______________________________________________ Period:________

Purpose:  In this activity you will use models of DNA sequences from the hemoglobin proteins of humans, gorillas, chimpanzees and apes.  You will also use the DNA of a common ancestor, which has been hypothesized for the purpose of this lab.  Using that information you will infer evolutionary relationships between the organisms.

Background Information:  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 the DNA.  Scientists show this evolutionary relatedness by building cladograms.  A cladogram is like an evolutionary family tree.  
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In the example above organisms D and E share a commonality that organisms C does not have.  Organisms C, D, and E share a different commonality that B does not have.  Organism A is the common ancestor of B, C, D, and E.

Prediction:  Work with a partner and develop three hypotheses to explain how gorillas, chimpanzees and humans are related.  Diagram your hypotheses below by drawing a cladogram including all of the following organisms:  G=gorilla, C=chimpanzee, H=human, A=common ancestor

Procedure:

1. The DNA sequences in the chart below represent a small section of the gene that codes for the hemoglobin protein in blood.
	Name of Organism
	DNA Sequence

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

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

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

	Common Ancestor*
	A-G-G-C-C-G-G-C-T-C-C-A-A-C-C-A-G-G-C-C


2. Compare the human DNA to the chimpanzee DNA by matching the strands base by base. (You can rewrite the sequences on a separate sheet of paper to compare).
3. Count the number of bases that are not the same.  Record the data in Table1.

4. Repeat these steps with the human DNA and gorilla DNA.

5. Assume that the common ancestor DNA represents a section of the hemoglobin gene of a hypothetical common ancestor.  Compare this common ancestor DNA to all three samples of DNA (gorilla, human, and chimpanzee), one sample at a time.  

6. Record the data in Table 2.  Draw a cladogram based on your data.

Data:


Table 1:

	Hybridization data for Human DNA

	Human DNA compared to:
	Number of matches
	Unmatched bases

	Chimpanzee DNA
	
	

	Gorilla DNA
	
	


Table 2:

	Data for common ancestor DNA

	Common ancestor DNA compared to:
	Number of matches
	Unmatched bases

	Human DNA
	
	

	Chimpanzee DNA
	
	

	Gorilla DNA
	
	


Data:  Draw the cladogram your data supports:
Analysis Questions:
1.  How does the hemoglobin DNA of the gorilla and the chimpanzee compare with the human’s hemoglobin DNA?

2.  What do these data suggest about the relationship between humans, gorillas, and chimpanzees?

3.  Do the data support any of your hypotheses?  Why or why not?

4.  What kinds of data might provide additional support for your hypotheses?

5. Which DNA is most similar to the common ancestor DNA?

6. What two DNA’s were most similar in the way that they compared to the common ancestor DNA? 

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

8.  Based on the hypothesis that your data best supported, which of the following statements is most accurate?  Explain your answer.

(a) Humans and apes have a common ancestor
(b) Humans evolved from apes.

9.  According to all the data collected, which of the following statements is most accurate?  Explain your answer.

(a) Chimpanzees and humans have a common ancestor.
(b) Chimpanzees are the direct ancestors of humans.

10.  A comparison of many more DNA sequences indicates that human DNA and chimpanzee DNA are 98.8 percent identical.  What parts of your data support this result?

11.  What criteria did you use to classify organisms in this lab?  What are additional criteria scientists use to classify organisms?

Conclusions:  Please explain 2 concepts you learned in complete sentences below.

