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Topics explored: 


Math: 

matrices, parsimony, optimal alignments


Biology: 
AIDS virus, DNA sequence alignment, phylogenic trees

Target Audience: Grades 9-10 math and biology students

Length: 5-6 45-minute class periods

Alignments: 

National Council for the Teaching of Math: 

Understand vectors and matrices as systems that have some of the properties of the real-number system;

Develop an understanding of properties of, and representations for, the addition and multiplication of vectors and matrices;

Judge the reasonableness of numerical computations and their results.

Judge the meaning, utility, and reasonableness of the results of symbol manipulations, including those carried out by technology

Draw reasonable conclusions about a situation being modeled
Approximate and interpret rates of change from graphical and numerical data.

Use representations to model and interpret physical, social, and mathematical phenomena 

Recognize and apply mathematics in contexts outside of mathematics 

Apply and adapt a variety of appropriate strategies to solve problems 
National Science Education Standards:

Content Standard A: 

Use technology and mathematics to improve investigations and communications 

Formulate and revise scientific explanations and models using logic and evidence

Recognize and analyze alternative explanations and models 

Content Standard C:

In all organisms, the instructions for specifying the characteristics of the organism are carried in DNA. Genetic information that underlies heredity is both encoded in genes and replicated. Changes in DNA (mutations) occur spontaneously at low rates. 

Content Standard: Unifying Concepts and Processes: Evolution and Equilibrium:

Evolution is a series of changes, some gradual and some sporadic, that accounts for the present form and function of objects, organisms, and natural and designed systems. Although evolution is most commonly associated with the biological theory explaining the process of descent with modification of organisms from common ancestors, evolution also describes changes in the universe

Content Standard F: 

Understanding basic concepts and principles of science and technology should precede active debate about the economics, policies, politics, and ethics of various science- and technology-related challenges. However, understanding science alone will not resolve local, national, or global challenges.

Synopsis of Module:

Students will use both biological and mathematical modeling to explore the spread of disease (focused on immunoviruses) as well as the relatedness of the viruses at the molecular level. The module focuses on immunoviruses in humans (HIV-1 and HIV-2), monkeys (SIV) and domestic cats (FIV). Students become researchers by building matrices, modeling alignments of viral DNA and building phylogenic trees using parsimony algorithms. Finally students will use their research skills to identify a “new strain” of immunovirus to determine relatedness to the others and propose a containment strategy for the disease. 

Materials Needed:

Access to Biology Student Workbench (internet access required)

Student handouts/ worksheets

Blackline masters/overheads
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Timeline:

Day 1: Perform “Disease Transmission” activity and graph to determine source of disease

Day 2: Students complete the “jigsaw” activity to learn about the disease, then use “best 

guess” method to determine relatedness of two strands of immunovirus DNA

Day 3: Student groups learn how scientists analyze DNA strands using a “scoring”


criterion

Day 4: Student groups analyze DNA and protein sequences from FIV, HIV-1, HIV-2, and 

SIV using a parsimony algorithm to determine evolutionary relationships.

Day 5: Students complete the “matrices for dummies” activity

Day 6: Students evaluate a “new strain” of immunovirus and determine its relatedness to 

other viruses and develop a management plan for the strain.

Background Knowledge:

Biology:

Immune System Function in Humans:

The immune system in humans, also called the lymphatic system, is very complex so we will just discuss one piece of the puzzle. Leucocytes are white blood cells, of which there are three types. All are produced in the bone marrow and are specialized. The ones most involved in HIV fighting are called lymphocytes. They constitute about 25-50 % of the blood leucocytes. Lymphocytes are not motile other leucocytes. Some lymphocytes leave and reenter the circulation, surviving for many years. When stimulated by bacterial or viral invasion, the lymphocyte divides several times into daughter cells and eventually generates a clone of identical lymphocytes. Some of these cells remain in the circulation; others patrol the tissues of the body. The larger number of lymphocytes capable of reacting to the same microbe is responsible for the immunological memory that is manifested, if the organism encounters the same microbe later in time.

Lymphocytes have several different types, but the ones we most deal with are T-lymphocytes because they deal specifically with virus infection. T-cells are also critical in the determination of when HIV becomes AIDS (Acquired Immunodeficient Syndrome). 

http://inet.uni2.dk/~iirrh/IIR/IIRimsys.htm
Anatomy of a virus:

A virus is typically composed of a capsid, an envelope, and nucleic acid. The capsid is a protein coat that encloses the virus. The envelope is often a combination of host-derived and viral proteins and lipids that surround the virus. The host-derived proteins and lipids are frequently obtained through the budding process when the virus emerges from the host cell. The nucleic acid can be either RNA or DNA. While DNA is analogous to the “blueprints” for life, RNA is analogous to the foreman on the job, performing all of the necessary tasks for translating the instructions. If the nucleic acid in the virus is RNA, the virus is considered a “retrovirus.” These viruses must translate their RNA into DNA after entering the cell and insert it into the host’s DNA for replication. This makes the virus very difficult to combat because the process allows viral DNA to become permanently encoded in the host’s DNA and therefore difficult to identify. The immunoviruses Human Immunovirus (HIV), Simian (monkey) Immunovirus (SIV) and Feline (domestic cat) Immunovirus (FIV) are all in this category. Below is a diagram showing the life cycle of the HIV virus. Although there are some variations to this for FIV and SIV, the function is still essentially the same. 

HIV background information:

HIV (as well as SIV and FIV) is a retrovirus that attacks the immune system. Like all viruses, it has an outer envelope and a core of nucleic acid. The core is made of RNA along with some proteins and enzymes that help it do its job. Two important enzymes are reverse transcriptase and protease. Reverse transcriptase allows the RNA to be transcribed into DNA which is then inserted into the host’s own DNA and replicated by the cell. Protease helps the virus break down proteins that are critical to the virus’s ability to reproduce and spread to other cells. A diagram of the structure of HIV is shown below:
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The viral RNA is composed of 9 genes. Gag, pol and env are used to make structural proteins for new virus particles. Tat, rev and nef are regulatory genes that assist the virus in infecting cells and replicating itself. Vif, vpr and vpu contain information necessary for the production of proteins that help the virus emerge from one cell and infect new cells. In this module, we focus on the structures of the first three genes (gag, pol and env), as more is known about their structure and function. 

Once HIV has entered the cell, it must go through the following steps for replication: 

1. Attachment/Entry: The virus attaches to the human cell and enters 

2. Reverse Transcription and DNA Synthesis: Viral RNA is transcribed to DNA and replicated 

3. Transport to Nucleus: The new DNA moves into the nucleus 

4. Integration: The new DNA is integrated with the host cell's DNA 

5. Viral Transcription: New copies of the viral RNA are produced. 

6. Viral Protein Synthesis: Viral proteins are produced. 

7. Assembly of Virus: Components of the virus gather near the cell membrane and form by a 'pinching' action of the membrane. 

8. Release of Virus: The new virus "buds" off from the host cell 

9. Maturation: Long strands of viral RNA and protein are cleaved into smaller segments by proteases. 

(reference: http://www.albany.edu/sph/AIDS/replication.html)

Below is a diagram of this basic process showing how the virus infects and spreads from cells. 

Figure 1. Nucleoside and non-nucleoside drugs interfere with the action of an HIV enzyme called reverse transcriptase, just after HIV enters a cell (1). Reverse transcriptase is necessary for HIV to change its genetic material into a form that gets inside the cell nucleus (2), where it becomes part of the cell's genetic material and makes long chains of proteins. The HIV enzyme protease is like a chemical "scissors" that cuts these long chains into short chains (3). Short protein chains are needed to form active new copies of HIV. Protease inhibitors gum up the "scissors" (4) and stop protease from cutting up the long chains of proteins. As a result, the new copies of HIV are empty (5) and can't go on to infect new cells. (Illustrations by Neil O. Hardy) Reference: http://www.thebody.com/iapac/oct97combo.html
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Students will likely ask how HIV is transmitted. Below is some information related to this topic, which is referenced from http://www.albany.edu/sph/AIDS/aids101_2.html. There are also many more reputable sites where students could go for more information if they are unconvinced or still have questions. 

HIV is spread by direct contact with infected body fluids, including blood, semen, vaginal secretions and breast milk. This means that HIV contained in one of these fluids must get into the bloodstream by direct entry into a vein, a break in the skin or through mucous linings, such as the eyes, mouth, nose, vagina, rectum or penis. Other body fluids such as urine, saliva, vomit, etc., do not pose a risk unless visible blood is present. 

HIV is not easily transmissible. Unlike most viral infections colds, flu, measles, etc., HIV is not transmitted through sneezing, coughing, eating or drinking from common utensils or merely being around a person with HIV infection. HIV is not transmitted through air, water, food or casual contact such as handshaking, hugging, or use of restrooms and drinking fountains, etc. Casual contact with people who have HIV infection does not place others at risk. No cases have ever been found where HIV has been transmitted through casual contact with a household member, relative, coworker or friend. 

HIV and AIDS are not the same, although HIV does cause AIDS. HIV is the virus that infects people through the methods described above. However, having HIV does not mean the person has AIDS. This determination can only be made by a doctor using the following criteria: 

· The person has had at least one of 21 AIDS-defining opportunistic infections
· And the person has had a T-cell count of 200 cells or less (a normal count varies by laboratory, but usually is in the 600 to 1,500 range) 

A person with AIDS can transmit the virus HIV, but the drugs used to manage the infection for that person will be different than one without AIDS symptoms. 

Alignments:

DNA is the sequence that codes for all proteins, but every species has a different arrangement of those codes. Some code sequences are more alike than others, and scientists use those sequences to determine relatedness of various organisms. This presents a slight problem, however, because not all sequences are of the same length. Here is where alignment comes into the picture. 

Through mathematical modeling and technologies that allow us to “read” pieces of DNA, scientists figure the best way to “align” two strings of DNA for viewing in such a way that as many bases (A, T, G, or C) are lined up next to one another. This module will allow students to understand the math behind the biology of this, and the background of those models will be discussed in the next section. 

A typical alignment might look as follows:

Query: 1   gtaattagatccgccaatttcacagacaatactaaaatcataatagtacagctgaa 60

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct: 1   gtaattagatccgccaatttcacagacaatactaaaatcataatagtacagctga 60

Query: 61  tctgtacaaattaattgtacaagacccaacaacaatacaagaaaaagtataaat 120

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct: 61  tctgtacaaattaattgtacaagacccaacaacaatacaagaaaaagtataaatata

The Query is the DNA strand you are trying to match to the subject. For example, if you were looking at the DNA sequence for HIV, it would be your Query. You would run your sample through a database of DNA sequences and see if it matches any other sequences. In this alignment, no gaps were presented. However, most optimal alignments will show where the sections don’t line up exactly and will look more like this:

Query: 61

tctgtacaaat---agacccaacaacaatacaagaaaaag------tataaatatagga 120

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

tctgtacaa--gaattgtacaagacccaacaacatacaagaaaaagtataaatatagga

Sbjct: 61  

Mathematicians and biologists collaborate to determine where to put those gaps (-) by assigning placing the strands in a grid across the top and along one side. They then look to see if any of the bases match and assign values according to whether they do or do not match. They also have a value for placing a gap in the sequence. Through this process, they trace a pathway through the strands that shows where the gaps are most likely found. This is done by trying to find the lowest score when all the values are added up for that pathway and is called an “optimal alignment” based on “optimal parsimony.” 

This process is also employed when comparing two amino acid sequences for a protein alignment. 

Lesson 1: Disease Transmission

Teacher Information:

This activity is a variation of the same types of activities as the hand-washing experiment and others where students exchange “bodily fluids” to model how disease is transmitted. You should tell the students that they are modeling the transmission of HIV or another similarly transmitted disease. 

Students will randomly choose a “sexual partner” for this activity and exchange fluids. All fluids begin as clear liquids but when the “disease test” is given will turn red if the individual is infected. After all rounds have been completed, students will draw a graph on the board or overhead to trace back the origin of the disease. Each vertex on the graph should be a person and  each edge should be an exchange. 

Depending on the level of the class, you may start with more than one infected individual, as this will make tracing the infection back to the origin more difficult. Other variations may include allowing more than one exchange per round, doing only one-way transfers, and having students not record their partners for each round. For each of these variations, the questions should be changed to reflect the circumstances of the model. 

Note: be sure that all students keep half of their stock solution pure so that at the end of the activity (after the trace has been completed) the students can test their original fluid to determine if they have successfully found the originally infected person. 

Preparation  information 

Phenol red is an indicator solution that turns pink or red in alkalis. The ‘infected’ stock solution is 0.1 M sodium hydroxide (NaOH). This concentration should produce a pH that will ensure that even the diluted ‘infected’ solutions will turn red in phenol red. All of the ‘uninfected’ solutions should be yellow in the presence of phenol red. If you use tap water, use dilute (0.001 M) hydrochloric acid (HCl) as the ‘uninfected’ stock solution to guarantee ‘uninfected’ samples turn yellow in phenol red. You can also use distilled water to ensure a neutral pH. Also make certain that the test tubes do not have residual traces of acids or alkalis. 

This activity depends on one student in the class having an “infected” solution that will turn red when phenol red is added. Set up student test tubes so that one tube contains 0.1 M NaOH and all the others contain 0.001 M HCl. 

Reagents
· 0.001 M HCl: (CAUTION. ALWAYS ADD ACID TO WATER.) Prepare 1 M HCl by adding 11 mL concentrated (32.3%) HCl to 89 mL water. Prepare 0.001 M HCl by adding 1 mL of 1 M HCl to 99 mL of water. (Prepare enough 0.001 M HCl to give every student (minus one) 2 mL.) 

· 0.1 M NaOH: 0.4 grams of NaOH made up to 100 mL with water. (Prepare enough 0.01 M NaOH give 2 mL to at least one student.) 

· Phenol red solution: 0.1 grams phenol red dissolved in 100 mL distilled water. (Prepare enough phenol red solution to give each student 2 mL.) Test both stock solutions and diluted samples of the two stock solutions with the phenol red before use. 

If you use the phenol red to test each of their stock-solutions at the end of the 4th round, you will be able to help students assess any ambiguous results. Use a clean 1 mL pipette or dropper to add the phenol red to the students’ test tubes. 

Note: You can also use phenolthalein as an indicator instead of phenol red. It will also turn red in the presence of a base but will not turn yellow, it will remain clear in the presence of an acid. 

Answers to questions 

1. A maximum of 10 people could be ‘infected’ at the end of three rounds. 

2. The number would be lower than the maximum if two ‘infected’ people chose to exchange samples with the same person. 

3. Examples of disease transmission not simulated by this model: 

· Airborne diseases; 

· Water or food-borne diseases

· Diseases for which there is immunity or a vaccine

4. With an unlimited exchange of samples you would expect: 

· The maximum number of people would be ‘infected’ at the end of the round; 

· it would be much more difficult to trace the ‘infection’ route because there would be many more instances of multiple ‘infections’. 

5. Public health officials attempt to control infectious diseases by minimizing the number of contacts infected people make with the rest of the community by encouraging infected people to stay home. If the disease is serious, infected people are put into isolation wards. In addition, they attempt to determine the sources of disease to prevent initial transmission as well as develop vaccines for people.

Extensions: 

The National Institutes of Health (NIH) have a disease transmission model online which assists students understanding how vaccines help minimize risks of an epidemic. The website is: http://science.education.nih.gov/supplements/nih1/diseases/activities/activity4.htm 

Students may also want to do additional research on how HIV is transmitted and current research on the development of a vaccine for the disease. 

Student Worksheet

Procedure 

Safety notes: 

· Do not allow any solution to come into contact with your skin or clothing. 

· Notify your teacher immediately if a spill occurs. 

· If you splash any solution on yourself, immediately flood the affected area with water. 

1. Transfer half of your stock solution to your clean test tube. This will be your solution for exchanges. 

2. Round 1: Find one other class member at random and exchange one drop of solution. (The exchange is made by using your Pasteur pipette or dropper to place one drop of your solution into that person’s test tube and receiving one drop of their solution in return.) 

3. Record the name of your contact in Round 1. 

4. Your teacher will signal Round 2. Find a different contact and exchange one drop of solution. 

5. Record the name of your contact in Round 2. 

6. The teacher will signal Round 3. Find a different contact and exchange one drop of solution. 

7. Record the name of your contact in Round 3. 

8. Repeat the procedure for Round 4. 

9. Go to the “doctor” (your teacher) to be tested for the disease. S/he will do this by adding 1 mL phenol red indicator to your test tube and record the color. ‘Infected’ solutions are red; all others are yellow. 

10. Rinse out all your glassware thoroughly. 

11. On the board or overhead, record your name, your contacts and whether your solution was ‘infected’ or not. 

12. Using the class records on the board, try to trace the transmission route through the class. Attempt to determine the original disease carrier. 

13. To establish the original disease carrier, test the stock solutions of the possible disease carriers for the red color indicating ‘infected’. 

	Round Number
	“Sexual partner” name
	2nd “Sexual partner” name (if applicable)

	1
	
	

	2
	
	

	3
	
	

	4
	
	


Questions: 

1. What is the maximum number of ‘infected’ individuals possible after 4 rounds? 

2. Why might the observed number be lower than the maximum? 

3. What method of disease transmission is not simulated by this model? 

4. Suppose that instead of one exchange of solutions each round, you exchanged as many times as you wanted during a specified time period. 

· What differences might be seen in the outcome? 

· How would this change in rules affect your ability to trace the transmission routes? 

5. What do public health officials do to help control the spread of infectious diseases? 

6. How might having a vaccine for the disease affect the outcome of the activity?

Lesson 2: Jigsaw

Teacher Notes: 

Part I: Research on HIV/AIDS

Students should be divided into groups of six for the first part of the activity. These will be their “home groups.” Each group member should be given a job. The home groups will then separate and all individuals with the same job will form a secondary group, which will be their “expert” group. Students in each of those groups will be given some reading material and questions that should help them become “experts” on that aspect of HIV/AIDS. After all groups have become experts, the home groups will reassemble and each member of the group will teach the others what they learned. 

Expert groups:

Human Immune Function

HIV structure

HIV transmission

HIV replication

When HIV becomes AIDS

DNA alignments and their function

Part II: Alignment

In part II of the activity, the groups are given two sequences of DNA and asked to find the best match of those sequences using only the “best guess” method. 

They should then write a description of why they felt that was the best match and how they determined their findings. 

Expert group: Human Immune Function

Immune System Function in Humans:

The immune system in humans, also called the lymphatic system, is very complex so we will just discuss one piece of the puzzle. Lymph nodes are places in the body from which lymphocytes are released and which filter the blood to remove infectious particles. Leucocytes are white blood cells, of which there are three types. All are produced in the bone marrow and are specialized. The ones most involved in HIV fighting are called lymphocytes. They constitute about 25-50 % of the blood leucocytes. Lymphocytes are not motile like other leucocytes. Some lymphocytes leave and reenter the circulation, surviving for many years. When stimulated by bacterial or viral invasion, the lymphocyte divides several times into daughter cells and eventually generates a clone of identical lymphocytes. Some of these cells remain in the circulation, others patrol the tissues of the body. The larger number of lymphocytes capable of reacting to the same microbe is responsible for the immunological memory that is manifested, if the organism encounters the same microbe later in time.

http://inet.uni2.dk/~iirrh/IIR/IIRimsys.htm
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 (from website: http://inet.uni2.dk/~iirrh/IIR/IIRimsys.htm) 

Lymphocytes are the leucocytes most involved with HIV. There are three types of these cells: 

Natural Killer Cells, which kill many virus infected and cancer cells

B lymphocytes, which can secrete antibodies for specific infections

T lymphocytes, which react to bacterial and viral infections. These also help regulate the antibody production of the B lymphocytes so are very critical in maintaining healthy immune function. In addition, they can directly kill virus infected cells. T-cells are also critical in the determination of when HIV becomes AIDS (Acquired Immunodeficient Syndrome).

Questions: 

1. What is the difference between lymphocytes and other leucocytes? 
2. What are the three types of lymphocytes and what are their functions?

3. Why does it make sense that the lymph nodes are located in many areas of the body? 

4. What do you think the consequences of having a low T cell count might be? 

Answers: 

1. They are not motile and may survive for many years.

2. Natural Killer Cells, which kill many virus infected and cancer cells, B lymphocytes, which can secrete antibodies for specific infection, T lymphocytes, which react to bacterial and viral infections.
3.  So that the immune responses necessary to help keep the body healthy can be faster and the leucocytes will not have to travel as far to fight infection. 

4. The body would become more susceptible to infection and existing infections would last longer than normal. 
Expert Group: HIV Structure

Anatomy of a virus:

A virus is typically composed of a capsid, an envelope, and nucleic acid. The capsid is a protein coat that encloses the virus. The envelope is often a combination of host-derived and viral proteins and lipids that surround the virus. The host-derived proteins and lipids are frequently obtained through the budding process when the virus emerges from the host cell. The nucleic acid can be either RNA or DNA. While DNA is analogous to the “blueprints” for life, RNA is analogous to the foreman on the job, performing all of the necessary tasks for translating the instructions. If the nucleic acid in the virus is RNA, the virus is considered a “retrovirus.” These viruses must translate their RNA into DNA after entering the cell and insert it into the host’s DNA for replication. This makes the virus very difficult to combat because the process allows viral DNA to become permanently encoded in the host’s DNA and therefore difficult to identify. The immunoviruses Human Immunovirus (HIV), Simian (monkey) Immunovirus (SIV) and Feline (domestic cat) Immunovirus (FIV) are all in this category. Below is a diagram showing the life cycle of the HIV virus. Although there are some variations to this for FIV and SIV, the function is still essentially the same. 

HIV background information:

HIV (as well as SIV and FIV) is a retrovirus that attacks the immune system. Like all viruses, it has an outer envelope and a core of nucleic acid. The core is made of RNA along with some proteins and enzymes that help it do its job. Two important enzymes are reverse transcriptase and protease. Reverse transcriptase allows the RNA to be transcribed into DNA which is then inserted into the host’s own DNA and replicated by the cell. Protease helps the virus break down proteins that are critical to the virus’s ability to reproduce and spread to other cells. A diagram of the structure of HIV is shown below:
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The viral RNA is composed of 9 genes. Gag, pol and env are used to make structural proteins for new virus particles. Tat, rev and nef are regulatory genes that assist the virus in infecting cells and replicating itself. Vif, vpr and vpu contain information necessary for the production of proteins that help the virus emerge from one cell and infect new cells. 

Questions: 

1. What is the difference in a virus and a retrovirus? 
2. What does reverse transcriptase allow a retrovirus to do? Why does this make it more difficult to identify retroviruses? 
3. Why is a virus (or retrovirus) not considered “alive?” 
4. If you were a researcher working on stopping HIV from spreading and you knew that how all of its genes worked, how would you use that information to stop it? 

Answers:

1.  A virus has DNA but a retrovirus has RNA that must be translated into DNA and then inserted into the host’s DNA for replication.

2.  It allows the retrovirus to translate the RNA into DNA, which is then inserted into the host’s DNA making it almost indistinguishable from the original strand.

3.   It can not reproduce without a host, does not make its’ own food nor ingest nutrients. Students may answer with a variety of possibilities. The main idea is that they do not exhibit the characteristics that define living organisms.

4.   Answers may vary, but should focus on preventing some part of the virus from functioning properly (e.g. blocking the reverse transcriptase, cutting any of the genes so they can’t be read properly, etc.)

Expert Group: HIV transmission

HIV is spread by direct contact with infected body fluids, including blood, semen, vaginal secretions and breast milk. This means that HIV contained in one of these fluids must get into the bloodstream by direct entry into a vein, a break in the skin or through mucous linings, such as the eyes, mouth, nose, vagina, rectum or penis. Other body fluids such as urine, saliva, vomit, etc., do not pose a risk unless visible blood is present. 

HIV is not easily transmissible. Unlike most viral infections colds, flu, measles, etc., HIV is not transmitted through sneezing, coughing, eating or drinking from common utensils or merely being around a person with HIV infection. HIV is not transmitted through air, water, food, insect bites or casual contact such as handshaking, hugging, or use of restrooms and drinking fountains, etc. Casual contact with people who have HIV infection does not place others at risk. No cases have ever been found where HIV has been transmitted through casual contact with a household member, relative, coworker or friend. 

Activities that put a person at increased risk for HIV infection include: 

• Having unprotected anal, oral or vaginal sex (not correctly using a latex condom or dental dam) with a person who has HIV or whose HIV status is unknown; and 

• Sharing injection drug needles or "works" with a person who has HIV or whose HIV status is unknown. 

Women with HIV infection can pass the virus to their babies during pregnancy, delivery and through breastfeeding. Health care workers may be exposed to HIV through needle-sticks and other blood contact. 

Not everyone who is exposed will become infected.  Infection with HIV may depend on how the virus enters the body and the amount of virus that enters the body. But it is important to know that infection may occur after one exposure to HIV infected blood, semen or vaginal secretions. Exposure can occur during unprotected sex or sharing injection drug needles or "works."

A person who shows no signs of the virus can still transmit the disease to others. Initially, most people with HIV infection have no symptoms and may not be aware they are infected. Any person infected with HIV can transmit the virus to another person through sexual contact or sharing needles or drug injection equipment.

Questions:

1. Through which substances can HIV be transmitted? 
2. How can you tell if a person is infected with HIV? What should you do to be sure? 
3. What precautions should be taken to protect yourself from infection? 
4. What types of activities are safe to do with a person with HIV or AIDS? 

Answers: 

1. Infected body fluids, including blood, semen, vaginal secretions and breast milk.
2.  You can’t tell by looking at a person. To be sure, the person must be tested for the virus. Care should be taken around any bodily fluids until you are sure. 

3.  Use latex gloves when dealing with bodily fluids, abstain from sex or use latex condoms, do not share needles with anyone for any reason. 
4.  Anything that does not involve bodily fluids. Hugging, spending time with the person, caring for the person are all acceptable. Students should realize that they do not have to have no contact with an infected person, but should take care that no fluids are exchanged. 

5. Expert Group: When HIV becomes AIDS

HIV and AIDS are not the same, although HIV does cause AIDS. HIV is the virus that infects people through the methods described above. However, having HIV does not mean the person has AIDS. This determination can only be made by a doctor using the following criteria (designed by the Centers for Disease Control and Prevention, or CDC): 

· The person has had at least one of 21 AIDS-defining opportunistic infections
· And the person has had a T-cell count of 200 cells or less (a normal count varies by laboratory, but usually is in the 600 to 1,500 range). T-cells are a type of white blood cells that help fight infections in a healthy person. 

A person with AIDS can transmit the virus HIV, but the drugs used to manage the infection for the person who becomes infected with HIV will be different than for the person with AIDS symptoms.

This list comes from a government report and contains medical terms. If you have any questions, contact a treatment educator at a local AIDS service organization or call an AIDS information line such as the Project Inform National HIV/AIDS Treatment Hotline at 800-822-7422. 

· Candidiasis of bronchi, esophagus, trachea, or lungs 

· Cervical cancer, invasive 

· Coccidioidomycosis, disseminated or extrapulmonary 

· Cryptococcosis, extrapulmonary 

· Cryptosporidiosis, chronic intestinal (greater than 1 month's duration) 

· Cytomegalovirus disease (other than liver, spleen, or nodes) 

· Cytomegalovirus retinitis (with loss of vision) 

· Encephalopathy, HIV-related 

· Herpes simplex: chronic ulcer(s) (greater than 1 month's duration); or bronchitis, pneumonitis, or esophagitis 

· Histoplasmosis, disseminated or extrapulmonary 

· Isosporiasis, chronic intestinal (greater than 1 month's duration) 

· Kaposi's sarcoma 

· Lymphoma, Burkitt's (or equivalent term) 

· Lymphoma, immunoblastic (or equivalent term) 

· Lymphoma, primary, of brain 

· Mycobacterium avium complex or M. kansasii, disseminated or extrapulmonary 

· Mycobacterium tuberculosis, any site (pulmonary or extrapulmonary) Mycobacterium, other species or unidentified species, disseminated or extrapulmonary 

· Pneumocystis carinii pneumonia 

· Pneumonia, recurrent 

· Progressive multifocal leukoencephalopathy 

· Salmonella septicemia, recurrent 

· Toxoplasmosis of brain 

· Wasting syndrome due to HIV 

Questions: 

1. What are the two requirements for an AIDS diagnosis to be made? 

2. Can AIDS be transmitted from one person to another? 
3. Why is a T-cell count used as a characteristic of AIDS? 
4. Why might the treatment of a person with AIDS be different from the treatment of a person with HIV? 

Answers: 

1. A T-cell count of 200 or less and one of the AIDS-defining opportunistic infections. 

2. No. The infected person can transmit HIV, but AIDS is a progression from that infection. AIDS is not transmittable, only HIV.

3. T-cells are part of the immune system that fight infections. AIDS is diagnosed when the person’s immune system is low enough to allow infections in that ordinarily would not be able to penetrate that system’s defenses. If T-cells are low, the infection is possible.

4. HIV is a virus that can be treated with drugs that directly affect its function. AIDS is a syndrome caused by that virus, but the symptoms are very different. When the person has been diagnosed with AIDS, the symptoms must be treated instead of or in addition to the virus itself. 

Expert Group: HIV replication

Once HIV has entered the cell, it must go through the following steps for replication: 

1. Attachment/Entry: The virus attaches to the human cell and enters 

2. Reverse Transcription and DNA Synthesis: Viral RNA is transcribed to DNA and replicated 

3. Transport to Nucleus: The new DNA moves into the nucleus 

4. Integration: The new DNA is integrated with the host cell's DNA 

5. Viral Transcription: New copies of the viral RNA are produced. 

6. Viral Protein Synthesis: Viral proteins are produced. 

7. Assembly of Virus: Components of the virus gather near the cell membrane and form by a 'pinching' action of the membrane. 

8. Release of Virus: The new virus "buds" off from the host cell 

9. Maturation: Long strands of viral RNA and protein are cleaved into smaller segments by proteases. 

(reference: http://www.albany.edu/sph/AIDS/replication.html)

Below is a diagram of how drugs interfere with the process to stop the virus from infecting and spreading to new cells. 

Figure 1. Nucleoside and non-nucleoside drugs interfere with the action of an HIV enzyme called reverse transcriptase, just after HIV enters a cell (1). Reverse transcriptase is necessary for HIV to change its genetic material into a form that gets inside the cell nucleus (2), where it becomes part of the cell's genetic material and makes long chains of proteins. The HIV enzyme protease is like a chemical "scissors" that cuts these long chains into short chains (3). Short protein chains are needed to form active new copies of HIV. Protease inhibitors gum up the "scissors" (4) and stop protease from cutting up the long chains of proteins. As a result, the new copies of HIV are empty (5) and can't go on to infect new cells. (Illustrations by Neil O. Hardy) Reference: http://www.thebody.com/iapac/oct97combo.html
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Questions:

1. Where in the cell do the viral particles gather before being assembled? 
2. Is the virus active as soon as it is released into the cell? If so, what happens? 
3. How is the creation of retroviral proteins different from the creation of proteins coded for in the host’s DNA? 

4. According to the diagram, how do drugs interfere with HIV to make it inactive? 
Answers:

1. Next to the cell membrane, where it pinches off part of the host’s membrane as part of its own. 

2. If not, what must happen for it to be active? No. It must be cleaved into smaller pieces in order for the proteins to work properly.

3. Retroviral proteins must first be transcribed from RNA to DNA then back into RNA by the host’s protein synthesis process. The host’s proteins, however, are only transcribed from its own DNA into RNA for the protein synthesis process. 

4. The diagram describes the process of disabling the proteases from cutting the long strands of proteins that activate the virus. The new HIV particles will not be active and cannot infect new cells.

Expert Group: DNA Alignments and their Function

All living things have the same basic structure to their DNA- adenosine, guanine, cytosine and thymine in various sequences. Scientists can compare different strands of DNA to determine how related various organisms are to one another. Because DNA is typically very long, smaller segments of the DNA are generally compared- usually a gene or a portion of a gene. This requires some method of figuring out what should go where. Scientists want to be sure that the alignment is valid, so they communicate with mathematicians to design a system to give values to various possibilities. 

The strands of DNA being compared are placed across the top or along the side of a table and the bases are compared. The cells of the table are given different values based on whether the bases match or don’t match and whether a gap should be placed in one of the sequences to help it line up better. A typical alignment (after analysis in the table) without gaps might look like this:

Query: 1   gtaattagatccgccttaaacacagacaatactaaaatccccatagtacagctgaatgaa 60

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

gtaattagatccgccaatttcacagacaatactaaaatcataatagtacagctgaatgaa 60

Sbjct: 1   

Note that the strands are similar but not exactly alike and are of the same length. Each base can then be matched with a base from the other strand. If the strands were of different lengths or if the strands were significantly different, they might look more like this:

Query: 61

tctgtacaaat---agacccaacaacaatacaagaaaaag------tataaatatagga 120

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

tctgtacaa—gaattgtacaagacccaacaacatacaagaaaaagtataaatataggag 120

Sbjct: 61  

Notice the gaps help other parts of the strands to match up well and make the strands both the same length. 

These alignments help scientists make decisions about how related two species are and help them create phylogenic trees that show relatedness of many different organisms. Again, in order to be sure they are correct about which species are most related, they rely on mathematicians to create a system for how to make those decisions. Mathematicians compare each base sequence to another, known base sequence and assign numbers to help determine which sequences are most similar. The possible DNA changes from one organism to another are then determined. This is called a “maximum parsimony tree.” The scientists and mathematicians can then take that information and create what are called “reality and desire diagrams” in which possible rearrangements of the DNA are compared to determine what most likely happened to allow the genome to change. Scientists can then look for evidence in the fossil or recorded history of that organism to support their conclusions. 

Questions:

1. Why are the strands compared in a table and given values? 

2. In the second sample alignment, why are the gaps placed in the sequences? Why are they placed where they are? 

3. What is the purpose of a maximum parsimony tree? 

4. Why might scientists want to determine what changes might have occurred in the DNA sequence of an organism that would allow it to become another species? 
Answers:

1. Because using a mathematical model allows scientists to be more certain of their choices for alignment. In addition, the values can be changed to reflect the conditions scientists know to have existed in order to most accurately depict the relationship between those two organisms. 

2. The gaps are placed to most accurately align the sequences, as they are of different lengths and some of the bases don’t match up well. They are placed where they are in order to allow the most number of matches in the pairs. The mathematical model helps them determine where and how many gaps should be included.
3. To determine what the DNA sequences of ancestral organisms were like in order to help create phylogenic trees showing genetic relatedness.

4. Because it helps them determine relatedness to other organisms as well as understand better how changes in DNA determine function and fitness of a species (student answers may vary).

Student Activity

Using your knowledge of DNA, viruses, and alignment, do an alignment of the two sequences below only using whatever method you believe most effective. You must have a mathematical reason for your choices, but you may choose any method that makes most sense to you. Include gaps if/when needed. 

You must write a detailed description of the method you used and your reasoning for using it after you have completed your alignment. 

Sequence 1:

aaactgggcttcccgactaaaaccccctcgactggctttt

Sequence 2:

gcaaaggcccctttcgcccgaaggcttacgaccatgc

Lesson 3: How can we use HIV’s Relatives to FIGHT It?

Teacher’s Guide

This lesson is a step-by-step introduction to the analysis of DNA strands, and the ways that scientists analyze the evolutionary relationships among different species.  Note that the method the students are using is simplified.  They are modeling the algorithms that computers use to solve the problems, but actually calculating evolutionary relationships among organisms is more complicated.

In this lessons, they are introduced to the different types of immunodeficiency viruses that will be analyzed in the next two lessons (FIV, HIV-1, HIV-2, and SIV).  They will be looking at the nef gene in these viruses and comparing them to each other using a scoring system:  +2 for base pairs that match, -1 for base pairs that don’t match (a mismatch) and -2 for a gap, symbolized by “-“.  This gap represents an insertion or deletion in one of the DNA strands.  Students will learn ways they can compare the DNA of species systematically in order to help determine evolutionary relationships.  In this case, a higher number means more base pairs in common and (for this module) a closer evolutionary relationship.

For this lesson, students need to know that DNA has four bases: Adenine, Cytosine, Guanine, and Thymine (A,C, G, T).  They need to know that the order of these bases determine the proteins that will be made, and therefore the order of the bases matter.  Mutations that result in evolutionary change (deletions, insertions, point mutations) occurs to the DNA and can result in changes in organisms.  Students should also have a basic knowledge of HIV. They also need to be familiar with “family tree” – closer related organisms are closer together on a tree.  

ANSWERS TO STUDENT QUESTIONS
Questions 1,2: Answers vary, depends on student.


Questions 3 – 5:  Answers will vary; students may find it difficult to pick the “best” alignment – because there is not yet a systematic way to analyze the DNA.  

	1
	AGCGT 

-CAGT

-2-1-1+2+2 = 0
	3
	AGCGT 

C-AGT

-1-2-1+2+2=-2
	5
	AGCGT 

CA-GT

-1-1-2+2+2=0
	7
	AGCGT 

CAG-T

-1-1-1-2+2 =-3

	2
	AGCGT 

CAGT-

-1-1-1-1-2 =-6

	4
	AGCG-T 

C--AGT

-1-2-2-1-2+2 =-6
	6
	-AGCGT 

C--AGT

-2-2-2-1+2+2 = -3
	8
	AGC-GT 

--CAGT

-2-2+2-2+2+2 = 0


6. Which alignment receives the best score? _1,3, 8.  Was it the same alignment that you chose before?  Answers will vary
HIV2AAATGTAGTGTGGTTGGATGGCCTACTATAAGGGAAA
SIV  AGGTGGAAGATGGATCCTCG--CAATCCCTAGGAGGA
         +2-1-1+2+2-1+2-1-1-1+2+2+2-1+2-1-1-1-1+2-2-2+2-1+2-1-1-1-1-1+2+2+2-1-1-1+2
7. Total Score: 5*
HIV2AAATGTAGTGTGGTTGGATGGCCTACTATAAGGGAAA
HIV1GATC-GACGGGGGATACTTG-CAGTTCCACGAAGAAT

 -1+2-1-1-2-1+2-1-1+2-1+2+2-1+2-1-1-1+2+2-2+2-1-1-1-1-1-1-1-1-1-1-1+2+2+2-1

8. Total Score:-4*
*Answers may not be exact – the IMPORTANT part is that the number for #8 is more positive than #9.

9. Using the above scoring criterion, is the HIV-1 or the SIV more closely related to HIV-2? HIV-1 .

10. Do you think you would get the same result if you looked at different genes from the same organisms?  Answers will vary – but NO= different genes mutate at different rates
11. You are closer to your brother on the tree to her than your cousin.

12. You share a more recent common ancestor with your brother (mother) than with your cousin (grandmother)
13. Answers will vary.
14. Tree a, because it shows that HIV-1 and HIV-2 are closer together on a tree than HIV-1 and SIV.

15. .Answers will vary.
**EMPHASIZE at this point that this is a fairly tedious procedure that can be open to mistakes.  Fortunately, computers help people solve these kinds of problems (students may be happy to know that they don’t have to analyze millions of base pairs this way).  Students will use this method to analyze relationships of viruses in future lessons.

How can we use HIV’s Relatives to FIGHT It?

Adapted from Robert Hochberg and Kathy Gabric

What can be done with the knowledge of HIV, its mechanism, and how it turns to AIDS?  Would it be okay to “test” out different medicines on people even if we don’t know they will work?  Probably not . . . 
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However, there IS an answer.  Other organisms (monkeys, cats, horses, cows) get infected with HIV-like viruses.  They share many of HIV’s genes (env, gag, pol) but have evolved to attack the immune systems of their hosts.  If it is known which of these “family” viruses were the most related to HIV, those host animals could be used as models to learn to fight HIV / AIDS.   But, how do scientists know which is most related to one or both of the two HIV viruses that affect people? Generally the more related an organism, the more 

AIM: To determine the relationships of different immunodeficiency viruses (FIV, HIV-1, HIV-2, SIV) by comparing the DNA alignments of different genes.

The two “family viruses” in this activity are Feline Immunodeficiency Virus (FIV), which affects cats, and Simian Immunodeficiency Virus (SIV), which affects monkeys.  FIV and SIV will be compared with the two forms of HIV:  HIV-1 and HIV – 2, which both affect humans.

1. Which virus do YOU think HIV-1 is most related to? ______________

Why? _________________________________________________________________

2. Which virus do YOU think HIV-2 is most related to? ______________

Why? _________________________________________________________________
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Scientists compare the genomes of different organisms to show how they are related to each other.  In order to do this, they need to align (line up) sequences of similar genes.  But how do scientists know the “right” alignment?  The problem would be easy if the sequences were the same length, but sequence changes over time (gaining, losing, or substituting bases). Generally, the more different sequences are the further apart the organisms are evolutionarily.  

The answer to this problem is  – MATH!  Scientists use math to help them calculate which organisms are the most related to others.

DNA sequences in different organisms change from their common ancestor due to random mutations as time passes.  Even though the DNA sequences have changed, due to a deletion, insertion, or substitution, similar genes from related organisms can be lined up so that the most bases align with each other. Insertion or deletions result in gaps in one of the DNA strands, which are represented by “-”.  Other strands might have substitutions; such base differences are called “mismatch”. There are many ways sequences could line up, but what is the best way?

Try being a scientist!  Look at the following possible alignments of two short strands of DNA, “AGCGT” and “CAGT”:

	1
	AGCGT 

-CAGT
	3
	AGCGT 

C-AGT
	5
	AGCGT 

CA-GT
	7
	AGCGT 

CAG-T

	2
	AGCGT 

CAGT-
	4
	AGCG-T 

C--AGT
	6
	-AGCGT 

C--AGT
	8
	AGC-GT 

--CAGT


3. Which alignment above do YOU think is “the best”? ___ Why? ___________

________________________________________________________________________

4. Check your answer with at least two other people in the class.  Did you all choose the same alignment? _______ .  

5. Was it hard to pick the “best” alignment?  _____ Why or why not? ___________

________________________________________________________________________
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Scientists and mathematicians have come up with a method to figure out which alignments are best.  It might have been easy to “eyeball” the problem with a small sequence, but what about longer sequences? A scoring method, which can be changed depending on the gene being studied, is used to evaluate long alignments.

6. For the problem above, use the scoring criterion in the box on the left and write the score for each alignment in its box.  (The first box is already completed):

	1
	AGCGT 

-CAGT

-2 -1 -1 +2 +2 = 0
	3
	AGCGT 

C-AGT
	5
	AGCGT 

CA-GT
	7
	AGCGT 

CAG-T



	2
	AGCGT 

CAGT-
	4
	AGCG-T 

C--AGT
	6
	-AGCGT 

C--AGT
	8
	AGC-GT 

--CAGT




7. Which alignment receives the best score? ______.  Was it the same alignment that you chose before?  _______ .
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Following is a small sequence of a small gene, nef (which helps the virus infect its host cells) of the HIV-1, HIV-2, and SIV genome.  The full sequence is almost 800 base pairs long.  

HIV2AAATGTAGTGTGGTTGGATGGCCTACTATAAGGGAAA
SIV AGGTGGAAGATGGATCCTCG--CAATCCCTAGGAGGA
8. Total Score: ________

HIV2AAATGTAGTGTGGTTGGATGGCCTACTATAAGGGAAA
HIV1GATC-GACGGGGGATACTTG-CAGTTCCACGAAGAAT

9. Total Score:__________.

10. Using the above scoring criterion, is the HIV-1 or the SIV more closely related to HIV-2? ____________ .

11. Do you think you would get the same result if you looked at different genes from the same organisms?  ______ Why or why not? ___________________________

How can the relationships between the viruses be shown?  Scientists and mathematicians use special graphs called “trees” to help show the relationships between different organisms.  The closer together an organism is on the tree, the closer related they are since they had a more recent common ancestor.  Look at the family tree below:
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12. Looking at the family tree, are you closer related to your brother or your cousin? ____________  Which one is closer to you on the family tree? _____________

13. Do you share a more recent common ancestor with your brother or your cousin?  ____________  How do you know? __________________________________

___________________________________________________________________

14. Use the family tree to compare the relatedness of your uncle to two other members in the family tree. _____________________________________________________________

_____________________________________________________________________

15. After understanding the tree graph, use the knowledge.  Circle the letter next to the “tree” below that you think shows the correct evolutionary relationships between the three viruses.  (Use your answer to #10 to help you)
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a.  






b.

16. Why did you choose the answer that you did?

_____________________________________________________________________

Comparing Protein and DNA Sequence of Viruses (Lesson 4)

Teacher’s Guide

In this part of the module, students will be need to be in three total groups, one for each gene – env, gag, pol.  Try to divide them up as evenly as possible.  There are 6 total comparisons that need to be made; three for each gene as listed in Table 1 below.  If possible, have at least two students (with their own individual worksheets) working on each comparison so that they can check their answers with each other.  At the end of the activity, they will get together in their gene / protein groups and try to come up with a consensus tree.  These comparisons (1A,1B,1C,2A,2B,2C, 3A,3B,3C) should be on the FRONT of the student page, while the “Family Tree Graph of Immunodeficiency Viruses” should be on the BACK.

In this sheet, students will compare the similarities of the gag, pol, and env genes in order to determine the evolutionary relationships among the four viruses being studied.  There are three worksheets for the six comparisons (gag, pol, and env) – each student will compare two viruses to each other.  They will come up with a “score” showing the relatedness of the genes.  

Group Work

After getting their numbers get students in small groups with others of their same number (1A, 1B, 1C together) – there will be MORE THAN ONE of each number group (otherwise the groups are too big). They will put the scores from all comparisons into a table.  Using these numbers, students will create a relatedness tree for their gene on the “FAMILY TREE” Graph of Immunodeficiency Viruses” student worksheet.  

Sharing Consensus Graphs
There are two choices for sharing the graphs of the virus relationships, depending on your students – have them write it on an OVERHEAD sheet (there is a copy of an overhead sheet on page 48 with the title “FINAL CLADOGRAMS”), or some other central location (this will require that the group members have the same graphs).  Eventually it will all have to be written on the overhead, and then students will come up with a consensus sequence using all the genes.

Table 1: Student Worksheet Numbers for Evolutionary Comparisons

	Gene
	Gene Comparisons

	
	HIV-1 to HIV-2 HIV-1 to SIV
	HIV-1 to FIV HIV-2 to SIV
	HIV-2 to FIV SIV to FIV

	env
	1A
	1B
	1C

	gag
	2A
	2B
	2C

	pol
	3A
	3B
	3C


The answers to the student’s worksheets are given below.  Below each Group of answers are the calculations for each section.
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Envelope (env)

	Envelope (env)

	1A back
	HIV1/HIV2 ACCTATAGGACCAGGGAG-A CTCTATATATTGTAAGAGTG
-1-1+2+2+2+2+2-1-1-1-1-1-1-1-1+2+2+2-2-1

=+3
	HIV1/SIV 

ACCTATAGGACCAGGGAG-A AGGTATATGTTATGAGCAAG

+2-1-1+2+2+2+2-1+2-1-1-1-1+2-1+2-1-1-2-1

=+3

	1B back
	HIV1/FIV ACCTATAGGACCAGGGAG-A  A-GAATAAATCAA-AAAGCA

+2-2-1-1+2+2+2-1-1-1+2-1+2-2-1-1+2+2-2+2

=+4
	HIV2/SIV 

CTCTATATATTGTAAGAGTG AGGTATATGTTATGAGCAAG

-1-1-1+2+2+2+2+2-1+2+2-1+2-1+2+2-1-1-1+2

=+13

	1C back
	HIV2/FIV CTCTATATATTGTAAGAGTG A-GAATAAATCAA-AAAGCA 
-1-2-1-1+2+2+2-1+2+2-1-1-1-2+2-1+2+2-1-1

=+2
	SIV/FIV AGGTATATGTTATGAGCAAG A-GAATAAATCAA-AAAGCA 

+2-2+2-1+2+2+2-1-1+2-1+2-1-2+2-1-1-1-1-1

=+2


Group Specific Antigen (gag)
[image: image17.png]HiV-infected Cell





	Group Specific Antigen (gag)

	2A
	HIV1/HIV2                 C-ACCATCAGGGGCAAATAG AAATTACCCAGTGCAGCAAG

-1-2+2-1-1+2-1+2-1-1+2-1+2+2+2-1-1-1+2+2

=+6
	HIV1/SIV                   C-ACCATCAGGGGCAAATAG  -AACTTCCCAGTGCAGCAGG

-2-2+2+2-1-1-1+2-1-1+2-1+2+2+2-1-1-1-1+2

=+2

	2B back
	HIV1/FIV                  C-ACCATCAGGGGCAAATAG CCTAT-CAAACAG-AAATGG
+2-2-1-1-1-2-1-1+2-1-1-1+2-2+2+2+2+2-1+2

=+1
	HIV2/SIV AAATTACCCAGTGCAGCAAG   -AACTTCCCAGTGCAGCAGG

-2+2+2-1+2-1+2+2+2+2+2+2+2+2+2+2+2+2-1+2

=+27

	2C back
	HIV2/FIV AAATTACCCAGTGCAGCAAG CCTAT-CAAACAG-AAATGG
-1-1-1-1+2-2+2-1-1+2-1-1+2-2+2-1-1-1-1+2

=-4
	SIV/FIV                 -AACTTCCCAGTGCAGCAGG CCTAT-CAAACAG-AAATGG
-2-1-1-1+2-2+2-1-1+2-1-1+2-2+2-1+2-1+2+2

=+1


[image: image18.wmf]Polymerase (pol)

	Polymerase (pol)

	3A back
	HIV1/HIV2 TTACAAGGAAAGATCATTAT TGCCAATAATGAGAGACCAG 

+2-1-1+2+2+2-1-1+2-1-1-1-1-1-1+2-1-1+2-1

=+1
	HIV1/SIV TTACAAGGAAAGATCATTAT GGTGAATAATCAGGGCCCAG

-1-1-1-1+2+2-1-1+2-1-1-1-1-1-1-1-1-1+2-1

=-8



	3B back
	HIV1/FIV TTACAAGGAAAGATCATTAT GAAGAATAATGCAG-ACCAG

-1-1+2-1+2+2-1-1+2-1-1-1+2-1-2+2-1-1+2-1

=0
	HIV2/SIV TGCCAATAATGAGAGACCAG GGTGAATAATCAGGGCCCAG

-1+2-1-1+2+2+2+2+2+2-1+2+2-1+2-1+2+2+2+2

=+22

	3C back
	HIV2/FIV

TGCCAATAATGAGAGACCAG GAAGAATAATGCAG-ACCAG

-1-1-1-1+2+2+2+2+2+2+2-1-1-1-2+2+2+2+2+2

=+15
	SIV/FIV GGTGAATAATCAGGGCCCAG GAAGAATAATGCAG-ACCAG

+2-1-1+2+2+2+2+2+2+2-1-1-1+2-2-1+2+2+2+2

=+18


Each group will most likely come up with their own “tree” of relatedness.  To clear up some of the problems inherent with using such a small sequence of DNA students have been given a “starting tree”.   There will probably be various “trees” each of the groups come up with for their consensus sequences.   In the case of this worksheet, the higher the number, the more related the viruses are to each other.  Students are modeling what computers do in this lesson, but computers use a much more complicated algorithm to compare actual DNA sequences (involving many calculations) that is much more [image: image19.wmf]accurate in comparing DNA.   The final relatedness graph that the class should get as a consensus (combining all the different genes / proteins) is below:

Please note that the form of SIV used in this guide come from various (non-chimp) primate species (see appendix).  

“FAMILY TREE” Graph of Immunodeficiency Viruses

[image: image20.wmf]Make a tree showing how you think the viruses (FIV, HIV-1, HIV-2, SIV) are related.  HIV-2 is already in the tree for you.  Combine the information from your DNA.  Write the gene from your sheet (env, gag, pol) in the box here.
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REMEMEMBER that the more related the sequences are, the higher the number.  Come up with a group consensus for your gene based on your worksheets and tables.
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Now, copy down the FINAL class graph from ALL the genes.
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Was your hypothesis supported or rejected? Did you would get the same result if you looked at different genes from the same organisms?  ______ Why do you think this is? ___________________

Now Which are REALLY HIV’s closest relatives?
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Previously, we looked at how scientists analyze DNA from different organisms.  The goal is to figure out how the different viruses – FIV, HIV-1, HIV-2, and SIV are related to each other.  First, recall the “tree” from the previous lesson from the nef gene.

1. Make a hypothesis: Do you think you would get the same result if you looked at different genes from the same organisms?  ______ Why or why not? ___________________________

The hypothesis above will be tested today. Use the scoring method (on left) for the three genes  (env, gag, pol) to compare the viruses..

Small Envelope (env) DNA sequence

HIV-1: ACCTATAGGACCAGGGAG-A

HIV-2: CTCTATATATTGTAAGAGTG

HIV-1: ACCTATAGGACCAGGGAG-A

SIV:   AGGTATATGTTATGAGCAAG

	DNA Scores

	
	FIV
	HIV-1
	HIV-2
	SIV

	FIV
	0
	
	
	

	HIV-1
	
	0
	
	

	HIV-2
	
	
	0
	

	SIV
	
	
	
	0


When directed, get with people who have the same number, and fill out the table, then fill out the back.  REMEMBER: A higher score means a closer relationship
Now Which are REALLY HIV’s closest relatives?
Previously, we looked at how scientists analyze DNA from different organisms.  The goal is to figure out how the different viruses – FIV, HIV-1, HIV-2, and SIV are related to each other.  First, recall the “tree” from the previous lesson from the nef gene.

1. Make a hypothesis: Do you think you would get the same result if you looked at different genes from the same organisms?  ______ Why or why not? ______________

The hypothesis above will be tested today. Use the scoring method (on left) for the three genes  (env, gag, pol) to compare the viruses..

Small Envelope (env) DNA sequence

HIV-1: ACCTATAGGACCAGGGAG-A
FIV:  A-GAATAAATCAA-AAAGCA
HIV-2: CTCTATATATTGTAAGAGTG
SIV:  AGGTATATGTTATGAGCAAG
	DNA Scores

	
	FIV
	HIV-1
	HIV-2
	SIV

	FIV
	0
	
	
	

	HIV-1
	
	0
	
	

	HIV-2
	
	
	0
	

	SIV
	
	
	
	0


When directed, get with people who have the same number, and fill out the table, then fill out the back.  REMEMBER: A higher score means a closer relationship
Now Which are REALLY HIV’s closest relatives?
Previously, we looked at how scientists analyze DNA from different organisms.  The goal is to figure out how the different viruses – FIV, HIV-1, HIV-2, and SIV are related to each other.  First, recall the “tree” from the previous lesson from the nef gene.

1. Make a hypothesis: Do you think you would get the same result if you looked at different genes from the same organisms?  ______ Why or why not? _____________________________

The hypothesis above will be tested today. Use the scoring method (on left) for the three genes  (env, gag, pol) to compare the viruses..

Small Envelope (env) DNA sequence

HIV-2: CTCTATATATTGTAAGAGTG
FIV:   A-GAATAAATCAA-AAAGCA
SIV: AGGTATATGTTATGAGCAAG
FIV: A-GAATAAATCAA-AAAGCA
	DNA Scores

	
	FIV
	HIV-1
	HIV-2
	SIV

	FIV
	0
	
	
	

	HIV-1
	
	0
	
	

	HIV-2
	
	
	0
	

	SIV
	
	
	
	0


When directed, get with people who have the same number, and fill out the table, then fill out the back.  REMEMBER: A higher score means a closer relationship
Now Which are REALLY HIV’s closest relatives?
Previously, we looked at how scientists analyze DNA from different organisms.  The goal is to figure out how the different viruses – FIV, HIV-1, HIV-2, and SIV are related to each other.  First, recall the “tree” from the previous lesson from the nef gene.

1. Make a hypothesis: Do you think you would get the same result if you looked at different genes from the same organisms?  ______ Why or why not? ______________________________

The hypothesis above will be tested today. Use the scoring method (on left) for the three genes  (env, gag, pol) to compare the viruses..

Small Group Specific Antigen (gag) DNA sequence

HIV-1: C-ACCATCAGGGGCAAATAG

HIV-2: AAATTACCCAGTGCAGCAAG

HIV-1: C-ACCATCAGGGGCAAATAG

SIV:   -AACTTCCCAGTGCAGCAGG

	DNA Scores

	
	FIV
	HIV-1
	HIV-2
	SIV

	FIV
	0
	
	
	

	HIV-1
	
	0
	
	

	HIV-2
	
	
	0
	

	SIV
	
	
	
	0


When directed, get with people who have the same number, and fill out the table, then fill out the back.  REMEMBER: A higher score means a closer relationship
Now Which are REALLY HIV’s closest relatives?
Previously, we looked at how scientists analyze DNA from different organisms.  The goal is to figure out how the different viruses – FIV, HIV-1, HIV-2, and SIV are related to each other.  First, recall the “tree” from the previous lesson from the nef gene.

1. Make a hypothesis: Do you think you would get the same result if you looked at different genes from the same organisms?  ______ Why or why not? ______________________________

The hypothesis above will be tested today. Use the scoring method (on left) for the three genes  (env, gag, pol) to compare the viruses..

Small Group Specific Antigen (gag) DNA sequence

HIV-1: C-ACCATCAGGGGCAAATAG

FIV:  CCTAT-CAAACAG-AAATGG

HIV-2: AAATTACCCAGTGCAGCAAG

SIV:  -AACTTCCCAGTGCAGCAGG

	DNA Scores

	
	FIV
	HIV-1
	HIV-2
	SIV

	FIV
	0
	
	
	

	HIV-1
	
	0
	
	

	HIV-2
	
	
	0
	

	SIV
	
	
	
	0


When directed, get with people who have the same number, and fill out the table, then fill out the back.  REMEMBER: A higher score means a closer relationship
Now Which are REALLY HIV’s closest relatives?
Previously, we looked at how scientists analyze DNA from different organisms.  The goal is to figure out how the different viruses – FIV, HIV-1, HIV-2, and SIV are related to each other.  First, recall the “tree” from the previous lesson from the nef gene.

1. Make a hypothesis: Do you think you would get the same result if you looked at different genes from the same organisms?  ______ Why or why not? ______________________________

The hypothesis above will be tested today. Use the scoring method (on left) for the three genes  (env, gag, pol) to compare the viruses..

Small Group Specific Antigen (gag) DNA sequence

HIV-2: AAATTACCCAGTGCAGCAAG

FIV:   CCTAT-CAAACAG-AAATGG

SIV: -AACTTCCCAGTGCAGCAGG

FIV: CCTAT-CAAACAG-AAATGG

	DNA Scores

	
	FIV
	HIV-1
	HIV-2
	SIV

	FIV
	0
	
	
	

	HIV-1
	
	0
	
	

	HIV-2
	
	
	0
	

	SIV
	
	
	
	0


When directed, get with people who have the same number, and fill out the table, then fill out the back.  REMEMBER: A higher score means a closer relationship
Now Which are REALLY HIV’s closest relatives?
Previously, we looked at how scientists analyze DNA from different organisms.  The goal is to figure out how the different viruses – FIV, HIV-1, HIV-2, and SIV are related to each other.  First, recall the “tree” from the previous lesson from the nef gene.

1. Make a hypothesis: Do you think you would get the same result if you looked at different genes from the same organisms?  ______ Why or why not? ___________________________

The hypothesis above will be tested today. Use the scoring method (on left) for the three genes  (env, gag, pol) to compare the viruses..

Small Polymerase (pol) amino acid sequence

HIV-1: TTACAAGGAAAGATCATTAT

HIV-2: TGCCAATAATGAGAGACCAG

HIV-1: TTACAAGGAAAGATCATTAT

SIV:   GGTGAATAATCAGGGCCCAG

	DNA Scores

	
	FIV
	HIV-1
	HIV-2
	SIV

	FIV
	0
	
	
	

	HIV-1
	
	0
	
	

	HIV-2
	
	
	0
	

	SIV
	
	
	
	0


When directed, get with people who have the same number, and fill out the table, then fill out the back.  REMEMBER: A higher score means a closer relationship
Now Which are REALLY HIV’s closest relatives?
Previously, we looked at how scientists analyze DNA from different organisms.  The goal is to figure out how the different viruses – FIV, HIV-1, HIV-2, and SIV are related to each other.  First, recall the “tree” from the previous lesson from the nef gene.

1. Make a hypothesis: Do you think you would get the same result if you looked at different genes from the same organisms?  ______ Why or why not? ___________________________

The hypothesis above will be tested today. Use the scoring method (on left) for the three genes  (env, gag, pol) to compare the viruses..

Small Polymerase (pol) amino acid sequence

HIV-1: TTACAAGGAAAGATCATTAT

FIV:  GAAGAATAATGCAG-ACCAG

HIV-2: TGCCAATAATGAGAGACCAG

SIV:  GGTGAATAATCAGGGCCCAG

	DNA Scores

	
	FIV
	HIV-1
	HIV-2
	SIV

	FIV
	0
	
	
	

	HIV-1
	
	0
	
	

	HIV-2
	
	
	0
	

	SIV
	
	
	
	0


When directed, get with people who have the same number, and fill out the table, then fill out the back.  REMEMBER: A higher score means a closer relationship
Now Which are REALLY HIV’s closest relatives?
Previously, we looked at how scientists analyze DNA from different organisms.  The goal is to figure out how the different viruses – FIV, HIV-1, HIV-2, and SIV are related to each other.  First, recall the “tree” from the previous lesson from the nef gene.

1. Make a hypothesis: Do you think you would get the same result if you looked at different genes from the same organisms?  ______ Why or why not? ___________________________

The hypothesis above will be tested today. Use the scoring method (on left) for the three genes  (env, gag, pol) to compare the viruses..

Small Polymerase (pol) amino acid sequence

HIV-2: TGCCAATAATGAGAGACCAG

FIV:  GAAGAATAATGCAG-ACCAG

SIV: GGTGAATAATCAGGGCCCAG

FIV: GAAGAATAATGCAG-ACCAG

	DNA Scores

	
	FIV
	HIV-1
	HIV-2
	SIV

	FIV
	0
	
	
	

	HIV-1
	
	0
	
	

	HIV-2
	
	
	0
	

	SIV
	
	
	
	0


When directed, get with people who have the same number, and fill out the table, then fill out the back.  REMEMBER: A higher score means a closer relationship
Make a graph showing the evolutionary relationships of the immunodeficiency viruses. (on Overhead)

FINAL CLADOGRAMS




FINAL CLADOGRAM:
Final “family tree” of the Immunodeficiency Viruses (OVERHEAD)


Lessons 5 & 6 : Matrices for Dummies

Teacher’s Guide

     This lesson is a plain vanilla approach to matrices. It is embedded here but could be placed almost anywhere in the module. It could also be a sub-unit and taught on its own or in a different class. Students will rely on their basic notions to justify the existence of matrices and intuitively develop the rules for simple matrix operations. This student  worksheet starts with the notion of organizing data into a matrix. This chart was taken from  http://www.pbs.org/wgbh/novq/aids/ow 

By the time students finish this packet they should understand what a matrix is, the dimensions of a matrix and how to add and subtract matrices. Similar examples to the worksheet can be given for homework. The answers to page 5 are:  2)  160   3)  60   4)  30   5)  20  and   6) 270

At this point the procedure for multiplication of matrices should be elicited and placed on the board.  Question 9 opens the door for future investigations, The “LESLIE MATRIX”. 

An  excellent references is :  http://www.uoregon.edu/~bsl/demography/Darwin_oryx.html
        The answer to question 11 is it can’t be done. “The number of columns in the first matrix MUST equal the number of rows in the second matrix. But you could do number 12. A 1X4 times a 4X2 gives us a 1x2  or [ 178  92]  which is the 270 deaths broken down by sex. 

        Students should be encouraged to try the enrichment at the end of page 6. Some interesting results should follow. (Similar to what we did in class with the PAM matrices.)

  Lesson 6 begins with The Markov Chain.

1) .525 + .1 = .625 Exhibit symptoms   and .225 + .15 = .375 don’t

2) The same answer [.625 .375]

 Students should easily come up with many, many counter-examples to show that matrix multiplication is NOT commutative or [A]x [B] is NOT the same as [B]x[A].  Any good matrix algebra could supply a proof for matrix associatively.

3)  after 3 weeks  [ .583   .417 ]              4weeks  [.5749   .4251 ]

                                .556  .444                                .5668   .4332

      after 5 weeks  [ .57247   .42753 ]         after 10 weeks   [.5714…    .428…….]

                               .57004   .42996                                        .5714…    .428….

  As you can see, the values tend to converge very quickly.

Student Worksheet:    

 Throughout history mankind has been striving to organize large amounts of data and successfully operate with theses numbers to predict events.  Our problem is twofold:

1. How can large collections of data be organized and managed in an efficient way?  And:

2. What Calculations are meaningful to people who use this data?

Look at this chart.  <http://www.pbs.org/wgbh/nova/aids/ >
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	Infected People

	A       
	

	B
	

	C
	

	D
	

	E
	

	F
	

	G
	

	H
	

	I
	

	J
	


Fill in the numbers in this table:
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	Infected People
	Newly infected in 1998

	A
	22.5 million
	

	B
	.21
	

	C
	6.7
	

	D
	.56
	

	E
	1.4
	

	F
	.33
	

	G
	.27
	

	H
	.5
	

	I
	.89
	

	J
	.012
	


Look at these slides below and add their data to your matrix.
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Your answer should look like this.  Which column vectors have meaning?  Do any row vectors have meaning?

      #  infected        newly infected     adult prevalence       % infected

                                                                  rate                     female


A    22.5 MILLION             4                       8%                       50%

B        .210                        .019                    .13%                  20 %    

C       6.7                         1.2                        .69%                 25%     

D       .560                        .200                     .06%                 15%

E     1.4                            .160                     .57%                 20%

F       .330                        .045                   1.96%                 35%

G      .270                        .080                     .14%                  20%

H       .5                           .03                       .25%                  20%

I        .890                     .044                       .56%                  20%

J       .O12                    .0006                     .1%                       5%


Let’s look at a simpler MATRIX called “A”.    Three geographic regions (X, Y, and Z) were surveyed and the following matrix was determined by looking at the infected population per region.                                     

REGION           [ all #’s in Millions ]

                                               X       Y          Z 


 # Adult Males           5        2       1

             # Adult Females       5         1       .2

             # Children                 2         2      .5


After some period of time,  New people are infected according to the following “B” matrix.   

.                                     REGION           [ all #’s in Millions ]

                                               X       Y          Z 


 # Adult Males           1        .5        .1

             # Adult Females       .8         .2       .02

             # Children                 .4         .6      .13


Unfortunately, AIDS kills people.  A new matrix  [C] gives the number of people that died after that same period of time.

.                                     REGION           [ all #’s in Millions ]


                                               X       Y          Z 


 # Adult Males           .9        .4        .2

             # Adult Females       1         .3         .1

             # Children                 .5        .5       .1

Multiplication involving matrices

1. What do you think 4[A] means ?
Would 4[C] represent the number of people who died after 4 time periods ?  What is wrong with this type of logic?

Let’s see if we can  obtain something more valuable.   We will start with 2 matrices [P] and [Q].       [P] is a 1 X 4 matrix  describing the population of 4 cities W, X, Y and Z and their populations.                                 City

                                                 W      X     Y      Z

                                            [  800   400  100   200  ]

[Q]  is the mortality rate for each of  these cities.                                 %   Mortality

                                                                                                              W     20%

                                                                                                               X    15%

                                                                                                               Y     30%

                                                                                                                Z     10%

2. How many people died in city W?  (800 * .20 = 160)

3. How many people died in city X?

4. How many people died in city Y?

5. How many people died in city Z?

6. How many people died in all cities?

CONGRATULATIONS!!! You just multiplied two matrices. [P] x [Q] = [270]

7. What are the dimensions of this new matrix?

8. What did the original matrices have in common that enabled you to multiply them and interpret the results?

9. Does  [Q] x [P] make sense from a real world point of view ?  Does it make sense from a mathematical point of view?  [Q] x [P] is a 4 x 4 matrix that looks like this:


       160      80      20    40

       120      60      15    30

       240    120      30    10

         80      40      10     2

 10.    What if we kept matrix [P] but created a 4 x 2 matrix [R]  which breaks down the mortality rate by sex.           

[R]  is the mortality rate for each of  these cities by sex                               %   Mortality

                                                                                                                      male   female

                                                                                                               W     15%    5%

                                                                                                               X       8%     7%

                                                                                                               Y      10%    20%

                                                                                                                Z       8%       2%

11 .Can you find [R] x  [P]?

12. Can you find [P] x  [R]? What is its dimension?  What do these two numbers represent?

………………………………………………………………………………………………

Enrichment:    Given [A] =  1  1  1                   1.  Find [A] x [A]  or [A] ^2

                                              0  1  1


                                        0  0  1                   2.  Find  [A] ^3

                                                                            3.  Find   [A] ^4

4.  Make a prediction about   [A] ^n where n is any positive integer.  How would you prove your conjecture?        

Markov Chains and Matrices

Let’s look at a simple case. On a given day,  75% of an original population (P) will exhibit symptoms.  After a week, only 70% of those 75% will still be exhibiting symptoms, while 40% of those that did not originally exhibit  will now show symptoms.

Confused?   Let’s draw a tree.   ( Remember :   P(A)  + P(~A)  = 1 )

                                                                                                  


                                                                   .7


                                                                   .3                                      

 B                                      

 P


                                                                 .4


                                                                .6

1. From the above - After this time frame, what percent of the population is now exhibiting symptoms? __________Not exhibiting symptoms?  _____________

As you can see, this will start to get more complicated as we add more branches. An easier way to solve this is with a matrix.

The first set of branches are called “the initial state” or “initial distribution” 

                                    E      N          E = Exhibits Symptoms/ N = Not E  

                        D0  =[ .75    .25]

 Now we need the Transition matrix (T) were we go from one time frame to another.

                               

2.  Find the result D0 T.   Does this agree with the above tree? _______ Call this D1
 If we wanted to find out what percent of the population was exhibiting symptoms after

The next week you could add more branches to our tree or find D1 T = D2  but…

D2 = D1 T and D1 = D0 T or by substituting D2 = (D0 T)T  or D2 = D0  (T) ^2

{You may assume Matrix multiplication is Associative but not commutative. These proofs are left for you to explore}

     3.     O.k.    Find the percent of the population exhibiting symptoms after 3 weeks,

4 weeks, 5 weeks,….10 weeks

    4.   What do you notice?

……………………………………………………………………………………

Now for an interesting problem:

An AIDS Ward in a hospital has 4 types of patients. 

                 A = well…ready for discharge

                 B = Improving but still sick and must stay in hospital

                 C = Critical, losing ground

                 D = Deceased

The transpose matrix is:

                       A        B        C        D

              A      1           0        0        0

              B      .5         .3        .2       0

              C      0         .3         .6      .1

              D      0         0          0        1

                                                                  

1. Explain what element of the matrix means entry means.

2. If a patient is classified daily, predict the probability of a critical patient surviving a week in the hospital (7 days) and then being released.

3. Predict the future of any patient in the long run.


+2 for a match


-1 for a mismatch


-2 for  a gap





+2 for a match


-1 for a mismatch


-2 for  a gap





SIV





HIV-1





HIV-2





HIV-1





SIV





HIV-2





HIV-2





GENE: _____________





HIV-2





SIV





HIV-1





FIV





1A





DNA Scoring


Match = +2
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Yes, it’s pretty….but  how could you organize your data?





You might set up a simple table where the first column is the geographic location and the second column is your  populations.  


 To save some writing , let’s assign 


each  geographic region a letter.





A = Sub-Saharan Africa 


B =  N. Africa & Mid. East


C = South & South East Asia


D = East Asia & Pacific


E = Latin America


F =  Caribbean


G =  E. Europe & Central Asia


H =  Western Europe


I  =  North American


J = Australia & New Zealand
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This is a new chart. How can we append our original table to reflect this new data?








If you said add another column to our previous table, you are correct!
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From your table at left:


What was the total number of HIV infected in 1998?





 How many people were newly infected?








Explain how you derived your answer.














……………………………………………….





Now for some mathematical definitions:


   Any rectangular array of numbers enclosed in brackets is called a MATRIX.  Each entry of the Matrix is called an element or a component.


       The order or size of the matrix is simply the number of rows by the number of columns or in our example at left; it is a 10 by 2 or 


10 X 2.


   To get you answer to find the total number of infected people you added all the elements of the first column. Those elements form a column vector.  Do the row vectors have any meaning?


………………………………………………..
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List all the row and column matrices.





What do these represent?








How many million males are now infected in region X ?,   Y ?,  Z ?





How many people are now infected in each region?





Can you create a new matrix to reflect these numbers ?





How is this new matrix related to [A] and [B] ?





Can you derive a set of rules (algorithm) to add matrices?








B





What is the current number of people infected by AIDS after adding all new cases and removing the deceased ?








Find [A] + [B] - [C]





How do you subtract matrices?








As you can see the matrix is a great way to organize and manage data.
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This is a “what if result”.  The first row is “what if the 20% mortality rate applied to city W, then X, then Y, then Z.  There are certain applications where this would matter, but not in this case.


Some people would like to “zero out “  those elements that don’t have meaning . More on this later…..
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Final probabilities








(.75)(.7) = .525




















(.75)(.3) =.225














(.25)(.4) =.100














(.25)(.6) =.15
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DNA Scoring


Match = +2


Mismatch = -1


Gap = -2





GENE: pol, Group 3
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Final Cladogram
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