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Preface 
 
The Science Standards of Learning Enhanced Scope and Sequence is a resource intended to help 
teachers align their classroom instruction with the Science Standards of Learning that were adopted by 
the Board of Education in January 2003. The Enhanced Scope and Sequence contains the following: 

• Units organized by topics from the 2003 Science Standards of Learning Sample Scope and 
Sequence. Each topic lists the following: 
° Standards of Learning related to that topic 
° Essential understandings, knowledge, and skills from the Science Standards of Learning 

Curriculum Framework that students should acquire 
• Sample lesson plans aligned with the essential understandings, knowledge, and skills from the 

Curriculum Framework. Each lesson contains most or all of the following: 
° An overview 
° Identification of the related Standard(s) of Learning 
° A list of objectives 
° A list of materials needed 
° A description of the instructional activity 
° One or more sample assessments 
° One or more follow-ups/extensions 
° A list of resources 

• Sample released SOL test items for each Organizing Topic. 
School divisions and teachers can use the Enhanced Scope and Sequence as a resource for developing 
sound curricular and instructional programs. These materials are intended as examples of ways the 
essential understandings, knowledge, and skills might be presented to students in a sequence of lessons 
that has been aligned with the Standards of Learning. Teachers who use the Enhanced Scope and 
Sequence should correlate the essential understandings, knowledge, and skills with available 
instructional resources as noted in the materials and determine the pacing of instruction as appropriate. 
This resource is not a complete curriculum and is neither required nor prescriptive, but it can be a 
valuable instructional tool. 
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Organizing Topic — Investigating Biochemistry 

Standards of Learning 

BIO.1 The student will plan and conduct investigations in which 
a) observations of living organisms are recorded in the lab and in the field; 
b) hypotheses are formulated based on direct observations and information from scientific 

literature; 
c) variables are defined and investigations are designed to test hypotheses; 
e) conclusions are formed based on recorded quantitative and qualitative data; 
f) sources of error inherent in experimental design are identified and discussed; 
h) chemicals and equipment are used in a safe manner; 
i) appropriate technology including computers, graphing calculators, and probeware, is used 

for gathering and analyzing data and communicating results; 
k) differentiation is made between a scientific hypothesis and theory; 
l) alternative scientific explanations and models are recognized and analyzed; and 
m) a scientific viewpoint is constructed and defended (the nature of science). 

BIO.3 The student will investigate and understand the chemical and biochemical principles essential 
for life. Key concepts include 
a) water chemistry and its impact on life processes; 
b) the structure and function of macromolecules; and 
c) the nature of enzymes. 

Essential Understandings, Correlation to Textbooks and 
Knowledge, and Skills Other Instructional Materials 

The student will use hands-on investigations, problem-solving 
activities, scientific communication, and scientific reasoning to 
• identify, locate, and properly utilize Material Safety Data 

Sheets (MSDS) and laboratory safety equipment, including 
aprons, goggles, gloves, fire extinguishers, fire blanket, safety 
shower, eye wash, broken-glass container, and fume hood;   

• review atoms, molecules, elements, compounds, and bonding 
in terms of the water molecule;   

• explain the ability of water to 
° stabilize air and land temperature   
° prevent lakes and oceans from freezing solid   
° allow organisms to get rid of excess heat;   

• evaluate the importance of water in living things due to its 
ability to dissolve many substances, thus providing a medium 
for nutrients and wastes to be transported;   

• investigate the pH of various water sources and solutions;   
• recognize that the pH of pure water is 7, but that various 

substances can lower or raise the pH. A solution with pH 
below 7 is acidic. A solution with a pH above 7 is basic.   
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• differentiate between diffusion and osmosis in terms of the 
types of substances involved and the role of a semi-permeable 
membrane;   

• apply the following principles of scientific investigation in 
terms of biochemistry: 
° Identify variables that must be held constant.   
° Identify the independent variable in an experiment.   
° Select dependent variables that allow collection of 

quantitative data.   
° Collect preliminary observations. 
° Make clear distinctions among observations, inferences, 

and predictions.   
° Formulate hypotheses based on cause-and-effect 

relationships.   
° Use probeware for data collection.   

• list the six elements that are the main components of a living 
cell: carbon, hydrogen, nitrogen, oxygen, phosphorus, and 
sulfur;   

• explain carbon’s atomic structure and its role in forming the 
macromolecules of life, and provide examples of compounds;   

• recognize that cells can make a variety of macromolecules 
from a relatively small set of monomers;   

• identify and describe the following macromolecules and their 
structures: 
° Carbohydrates provide and store energy.   
° Lipids insulate, store energy, and make up cell 

membranes.   
° Proteins may be structural or may function in transport, 

movement, defense, or cell regulation.   
° Nucleic acids (DNA and RNA) control cell activities by 

directing protein synthesis.   
• give examples of each specific protein function;   
• recognize the following: 

° Proteins are polymers made by linking together amino 
acid monomers.   

° A protein’s structure depends on its specific 
conformation.   

• generalize the structure and function of enzymes, including 
their 
° definite three-dimensional shape, which allows binding 

with a substrate   
° ability to control the rate of metabolic reactions by acting 

as catalysts;   
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• understand that pH and temperature are important to cell 
functioning because 
° most organisms can tolerate small changes in pH   
° most cells function best within a narrow range of 

temperature and pH   
° at very low temperatures, reaction rates are too slow   
° high temperatures or extremes of pH can change the 

structure of proteins and consequently their function.   
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Safety and the Material Safety Data Sheet 

Organizing Topic Investigating Biochemistry 

Overview Students become familiar with and use Material Safety Data Sheets (MSDS) and work 
with laboratory safety issues and procedures. 

Related Standards of Learning BIO.1h 

Objectives 
The students will 
• identify, locate, and properly utilize Material Safety Data Sheets (MSDS) and laboratory safety 

equipment, including aprons, goggles, gloves, fire extinguishers, fire blanket, safety shower, eye 
wash, broken-glass container, and fume hood. 

Materials needed 
• Assorted lab chemicals 
• Several MSDS for chemicals that are used in the lab or that may be encountered in daily life (can 

be obtained from the Internet) 
• Handouts with the chart shown under Procedure, Part 1.3 below 
• Apron, goggles, gloves, fire extinguisher, fire blanket, safety shower, eye wash, broken-glass 

container, fume hood, and other safety equipment needed 

Instructional activity 
Content/Teacher Notes 
“With the increasing emphasis on hands-on, minds-on inquiry instruction at all levels in the National 
Science Education Standards (NSES) and most state frameworks or courses of study, it becomes more 
incumbent upon science teachers to be as knowledgeable as possible about laboratory safety issues and 
their own responsibilities.”1 

One of the tools available to and necessary for all laboratory science teachers is the Material Safety Data 
Sheet (MSDS), which is designed to provide teachers, students, and emergency personnel with the 
proper procedures for handling or working with a particular substance. The MSDS includes information 
such as physical data (melting point, boiling point, flash point, etc.), toxicity, health hazards, first aid, 
reactivity, storage, disposal, protective equipment, and spill/leak procedures. The useful information on 
the MSDS not only improves biology lab safety, but also enhances understanding of chemicals used in 
the lab. 

School administrators and teachers want to create the safest possible learning environment, and they are 
dedicated to the premise that no action will be taken that might jeopardize the health or safety of any 
student. Determining appropriate action to maintain a safe environment requires knowledge of the risks 
involved in each instructional and school activity. The information provided in the MSDS can serve as 
the foundation for safety policies for a school or school division. 

A safe environment can be maintained through a process that includes the following steps: 1) anticipate 
hazards, 2) recognize hazards, 3) eliminate hazards, and 4) control hazards. Each of these steps can be 

                                                 
1 Science and Safety: Making the Connection. This booklet is a handy, concise reference for science teachers, primarily at the 
secondary (9–12) level. It was published by the Council of State Science Supervisors, an organization of state science 
supervisors/specialists throughout the United States, and is available on the Web at http://csss.enc.org/media/scisafe.pdf. 



Science Enhanced Scope and Sequence – Biology 

Virginia Department of Education 
5 

approached through a focus on categories of hazards found within the school environment. High-risk-
activity categories frequently found in the school environment include the following: 
• Recreational activities on the playground, school grounds, and athletic fields 
• Competitive athletic events 
• Physical education activities 
• Science laboratory activities 
• Other laboratory and shop activities 
• Student errands and extra-curricula activities 
• Off-campus learning activities (field trips) 
The school science program contains a large percentage of these high-risk activities. Being quite diverse, 
science activities are more difficult to supervise consistently than many other high-risk activities. In 
addition, the science lab contains more potentially hazardous material and equipment than students 
encounter elsewhere. 

A science safety policy can be a major factor in creating a safe environment for the science program, 
especially if it is part of a larger plan encompassing all high-risk areas of the school.2 

Fundamentally, safety should not be a one-time lesson. It should be viewed as ongoing and a thread that 
runs through all instruction at all levels. Common sense and caution go together to make the lab a safe 
place. Students need to know how to prevent accidents as well as how to deal with them when they 
occur. It is a good idea to have ongoing safety instruction with all class, field, and lab activities. 

In this lesson, the parts of the MSDS are analyzed in order to make sure students understand the 
information it contains. Before undertaking this lesson, locate all the MSDS for your classroom 
chemicals. Organize them in a binder, and place it in an accessible place for quick reference as needed. 
 
Introduction 
There are certainly several ways to introduce laboratory safety, the MSDS, and safety equipment. One 
might supply students with a sample MSDS or have students find MSDS on the Internet.  

1. Tell students that standard formatting of information in a universally accepted way facilitates 
speed and completion of communication, especially in emergency situations. When we deal with 
chemicals in science, a standard way of recording and communicating information is an MSDS or 
Material Safety Data Sheet. Reading and understanding it can help prepare for safe use, storage, 
and disposal of chemicals that will be used in laboratory investigations. 

 
Procedure 
Part 1 
1. Have the students select a chemical that has been or will be used in class. Alternatively, select a 

number of chemicals that the students encounter in their daily lives outside of the classroom. 
2. Have students research the MSDS sheet for the chemical(s) selected and prepare a demonstration 

of their understanding of the content of the sheet. 
 

                                                 
2 “The Need for Safety” Safety in Science Teaching, (Richmond: Commonwealth of Virginia, Department of Education, December 
2000), chap. 1, http://www.pen.k12.va.us/VDOE/Instruction/safetymanual.pdf. 
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3. For the chemical selected, have the students complete the following chart: 
 

Name of Compound  
Synonym(s)  
Formula  
Physical Properties (2)  
Chemical Properties (2)  
LD50/TLV  
Special Precautions  
Storage/Disposal Method  
Source of Information  

 
Part 2 
1. Have students display and/or label the following safety equipment: aprons, goggles, gloves, fire 

extinguishers, fire blanket, safety shower, eye wash, broken-glass container, and fume hood) and 
any other equipment particular to laboratories they will use. 

2. Ask students to describe proper use of the equipment and to demonstrate proper use, as 
appropriate, in the course of completing laboratory or field investigations. 

3. If desired, have students prepare a skit in which an “accident” is enacted and the proper safety 
response is demonstrated. You may wish to have students make an instructional video or poster, 
according to previously specified rubrics. 

 
Observations and Conclusions 
1. Make sure students recognize that the specifics on an MSDS depend on the chemical selected. 
2. For hydrogen peroxide, the completed chart is as follows: 
 

Name of Compound Hydrogen Peroxide 
Synonym(s) Hydrogen Peroxide solution 
Formula H2O2 
Physical Properties (2) B.P. 106ºC, colorless 
Chemical Properties (2) Soluble in water, bitter taste 
LD50/TLV TWA 1ppm 
Special Precautions Store in cool place away from sunlight, organics, and reducing agents. 
Storage/Disposal Store in cool place, tightly closed; beware of bulging containers. 
Source of Information CBS MSDS and Fisher MSDS 

Sample assessment 
• Have each student and parent read and sign the Parent-Student Safety Contract provided by the 

school. For a sample contract, see Safety in Science Teaching, Exhibit II, pp. 45–46 (the Virginia 
Department of Education manual, located at 
http://www.pen.k12.va.us/VDOE/Instruction/safetymanual.pdf). 

• Periodic “safety drills” and recording of student responses are useful. One idea to consider is 
issuance of “safety tickets” to document student performance. 
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Follow-up/extension 
• Have students research the four-colored, diamond-shaped shipping-hazard and transportation-code 

symbol seen on the sides of trucks on the highway. 
• Have students decipher and explain the numerous acronyms found on every MSDS sheet. 
• Have students research chemical structures and names that could signal a hazard (e.g., ring 

structures like benzene, alcohols). 

Resources 
Suggested Web sites with information on safety in science classes: 
• Safety in Science Teaching. Richmond: Commonwealth of Virginia, Department of Education, 

December 2000. http://www.pen.k12.va.us/VDOE/Instruction/safetymanual.pdf.  
• Science & Safety: Making the Connection. Council of State Science Supervisors. 

http://csss.enc.org/media/scisafe.pdf. This booklet is a handy, concise reference for science 
teachers, primarily at the secondary (9–12) level. 

• Understanding the Material Safety Data Sheet. University of Missouri, Extension, July 2005. 
http://muextension.missouri.edu/xplor/agguides/agengin/g01913.htm.  
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The Parts of an Experiment: Everyday Problems, Everyday 
Science 

Organizing Topic Investigating Biochemistry 

Overview Students learn and apply standard terminology to describe the parts of a traditional 
manipulative scientific experiment. 

Related Standards of Learning BIO.1a, b, c, e, f, k, l, m 

Objectives 
The students will apply the following principles of scientific investigation in terms of biochemistry: 
• Identify variables that must be held constant. 
• Identify the independent variable in an experiment. 
• Select dependent variables that allow collection of quantitative data. 
• Collect preliminary observations. 
• Make clear distinctions among observations, inferences, and predictions. 
• Formulate hypotheses based on cause-and-effect relationships. 

Materials needed 
• Internet access 
• Copies of the attached student activity sheet 

Instructional activity 
Content/Teacher Notes 
“The only formal experience most students will have with science is that provided by their science 
teachers.” (Cothron, Giese, and Rezba 2000, vii)3 

Students use the scientific process and experimental design every day of their lives without realizing it. 
They make observations and ask questions. They formulate hypotheses. They manipulate variables. 
They accept or reject their original hypotheses based upon their own observations and experiences. They 
(try to) control their environments. The onus for science educators is to enable students to understand, 
organize, and formalize in a meaningful way those techniques they are already using.  

Download and save the video clip On Aggression: What Makes Us Fight (see Resources for URL). This 
video addresses the components of a classical experiment in which variables are manipulated and 
measured and conclusions drawn. Students will explore how Dr. Kravitz’s lab set up the fighting activity 
with lobsters and fruit flies. Students will discover that the experimental design, even though presented 
light-heartedly, has been carefully planned to test the hypothesis. 

The scientific process and experimental design can be applied to all experiments done in biology and 
should be utilized frequently throughout the school year. Refer to the three key tables shown on the 
student activity sheet: Developing a Hypothesis, Experimental Design, and Scientific Process. 
 

                                                 
3 Julia H. Cothron, Ronald N. Giese, and Richard J. Rezba, Students and Research: Practical Strategies for Science Classrooms and 
Competitions, 3rd ed. (Dubuque: Kendall/Hunt, 2000), vii. Nicknamed “The Red Book,” this book covers teaching experimental 
design and provides the background for this activity. 
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Introduction 
1. Explain to the students that every field of academic endeavor has its own standard way of 

communicating and that biology is no different. For some types of observations and manipulations 
in research, biologists use what is often called the “scientific method” or “scientific process.” 
Applying this type of thoughtful reflection, in which we analyze how we communicate as well as 
what we communicate, gives us an effective tool for disseminating scientific information. (It is 
important to note that although this scientific process shows up frequently in biology, there are 
sciences, such as geology, astronomy, and paleontology, where the method undergoes 
modification in its application.) 

 
Procedure 
1. Show the 9:35-min. video On Aggression: What Makes Us Fight. (See Resources for download 

information.) 
2. As soon as the video is finished, have the students read and answer the questions found in Part 1 of 

the student activity sheet. You may wish to repeat the video to provide students adequate time to 
identify the parts of the experiment. Refer to the answer key at the end of this lesson for possible 
answers. 

3. Have the students continue with Part 2 of the student activity sheet. 
 
Observations and Conclusions 
1. Ask the students whether the process helped them organize the facts of the problem and make the 

possible solutions clearer. Have them explain. 
2. Hold a class discussion of the scientific process as it can be applied to everyday problems and 

situations. 

Sample assessment 
• Have students apply the scientific method to a science investigation. 

Follow-up/extension 
• Have students apply this analysis frequently throughout the school year, using the three key tables 

shown on the student activity sheet: Developing a Hypothesis, Experimental Design, and Scientific 
Process. 

• Have students investigate instances in which scientists conduct scientific investigations that do not 
follow this “experimental method” such as investigations in astronomy, chemistry, or geology. 

• Students may want to investigate the fields of qualitative analysis and statistical data interpretation 
(descriptive and inferential) if time and abilities allow. 

Resources 
Suggested Web sites with information on experimental design, the scientific method, and the scientific 
process: 
• Aspects of Experimental Design. http://agsci.eliz.tased.edu.au/default.htm. Scientists from the 

University of Tasmania explain experimental design. 
• On Aggression: What Makes Us Fight. video. VCU Life Sciences Secrets of the Sequence Video 

Series. Richmond: Virginia Commonwealth University. 
http://www.pubinfo.vcu.edu/secretsofthesequence/playlist_frame.asp. 
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• Plant Science Inquiry and Experimental Design. http://www.wv-
hsta.org/gradcourse/fall04/syllabus.htm. Scientists from the University of West Virginia plant 
science department provide experimental design links. 

• The Scientific Process. http://www2.nau.edu/~gaud/bio372/class/behavior/sciproc.htm. 
• “Scientific Process Log.” The NASA SciFiles. 

http://whyfiles.larc.nasa.gov/text/educators/tools/pbl/scientific_process.html. 
• http://helios.bto.ed.ac.uk/bto/statistics/tress2.html#DESIGN%20OF%20EXPERIMENTS. This 

page covers four things: The Scientific Method, experimental design, designing experiments so 
that statistics can be used, and some common statistical terms. 

 



Science Enhanced Scope and Sequence – Biology 

Virginia Department of Education 
11 

Everyday Problems, Everyday Science 
Student Activity Sheet 

Name:   Date:   

Part 1 
Background 
In the video, Dr. Kravitz explains why he is studying lobsters and fruit flies. Start the scientific process. 

1. Problem/Question: What is the question Dr. Kravitz may have asked when he started studying 
lobsters 20 years ago? 

    
2. Develop a hypothesis, using the question. Express your hypothesis in the form presented in the 

following Developing a Hypothesis chart: 
 
Developing a Hypothesis 

If the  
 
 
(List the independent variable.) 

is (are) 
 
 , 
(Describe how the independent variable is changed.) 

then the  
 
 
(List the dependent variable.) 

will 
 
 
(Describe the effect.) 

Adapted from Science Experiments by the Hundreds by Julia H. Cothron, Ronald N. Giese, and Richard J. Rezba (Kendall/ 
Hunt Publishing Company, 1996). Used by permission. 
 

3. What are the procedures/methods used in the lobster experiment? 
   
   
   
4. What are the procedures/methods used in the fruit fly experiment? 
   
   
   
5. What is the independent variable (the variable that is purposely changed) in the fruit fly 

experiment?  
    
6. What is the dependent variable (the variable that responds to the change in the independent 

variable) in the fruit fly experiment? 
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7. What are the constants in the lobster experiment? 
    
8. What are the constants in the fruit fly experiment? 
    
9. What is the control in the fruit fly experiment? 
    
10. What is the experimental group in the fruit fly experiment? 
    
11. How many repeated trials have been done in the lobster experiment? 
    
12.  How many repeated trials have been done in the fruit fly experiment? 
    
13. What are the materials used in the lobster experiment? 
    
14. What are the materials used in the fruit fly experiment? 
    
15.  What will the results of the fruit fly experiment show? 
    
 
Using the data above, fill in the Experimental Design Table below: 
 
Experimental Design Table 

Question(s)  

Hypothesis  

Independent 
variable (IV) 

 
 

Levels of the IV 
tested, and 
control 

    

Number of 
repeated trials 

    

Dependent 
variable(s) (DV) 

    

Constants  
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Part 2 
Procedure 
Dr. Kravitz’s experiments for the lobster and fruit fly aggressive behavior studies are very sophisticated 
experiments. Still, you were able to separate and determine the different parts of the scientific process. 
Understanding the parts of this process may help you make more informed decisions and become a 
better science student. 

Just try it.  

1. Write down five problems you have had in your personal life over the past month, using one 
Scientific Process table, shown below, per problem. These could be problems related to 
relationships, school work, sports, video games, clothes, or music, or they could be problems that 
are uniquely yours. 

2. From your list of problems, choose one, and develop it into the scientific process, using the 
Scientific Process table. 

3. Then, repeat the process with each of the other four problems. 
 
Scientific Process 

Step Your Written Response 

1. PROBLEM 
(What is the problem?)  

2. QUESTION 
(What is the question?)  

3. RESEARCH 
(How will you find out enough to 
ask a good question?) 

 

4. HYPOTHESIS 
(What do you think will happen?)  

5. PROCEDURE / METHODS  
(What will you do?)  

6. MATERIALS 
(What materials will you need?)  

7. RESULTS 
(What happened when you did 
it?) 

 

8. CONCLUSION 
(What does the data support?)  

9. REFLECTION 
(What would you do differently 
next time?) 

 

Adapted from “Scientific Process Log,” The NASA SciFiles. 
http://whyfiles.larc.nasa.gov/text/educators/tools/pbl/scientific_process.html. Used by permission. 
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Answer Key — Everyday Problems, Everyday Science 
 
1. Problem/Question: What is the question Dr. Kravitz may have asked when he started studying lobsters 20 years ago? 

Here are some examples that have hypotheses developed in question 2. Of course, students may develop other 
questions. 
a. Do lobsters exhibit aggressive behavior? 
b. Do lobsters fight the same way all the time or does it vary? 
c. Is aggressive behavior genetically linked? 
d. Are there genes associated with aggressive behavior? 

2. Develop a hypothesis, using the question. Express your hypothesis in the form presented in the following chart: 

 Developing a Hypothesis 

If the  
a. & b. lobster A 
c.  most aggressive lobsters of the previous fights 
d.  aggressive lobsters genes 

is (are) 
a. & b.  placed in a tank with another lobster, B, 
c.  allowed to reproduce, 
d.  mapped (sequenced), 

then the  
a. & b.  lobsters A and B 
c.  offspring 
d.  genes in the aggressive lobsters 

will 

a.  fight to defend their territory. 
b.  always fight using the same methods. 
c.  also show aggressive behavior. 
d.  be different than the genes in the nonaggressive lobsters. 

3. What are the procedures/methods used in the lobster experiment? 
Grow identical male lobsters in isolation for 3 years. Place lobsters in the “fight tank,” using the same water and 
environment (light, noise, temperature, etc.) as where they were reared. Keep lobsters separated by a divider. At time 
0, remove the divider and observe their behavior. 

4. What are the procedures/methods used in the fruit fly experiment? 
Grow identical male fruit flies in isolation to adults. Place male fruit flies, food, and a female fruit fly in a container 
and observe their behavior. 

5. What is the independent variable (the variable that is purposely changed) in the fruit fly experiment? The entire fruit 
fly genome has been mapped. If a certain gene is “knocked out” or taken out of the gene pool, then the effect on 
aggressive behavior can be studied. 

6. What is the dependent variable (the variable that responds to the change in the independent variable) in the fruit fly 
experiment? Changed behavior 

7. What are the constants in the lobster experiment? Same type of lobster, same age, same feeding schedule, same water, 
same environment (light, noise, temperature) 

8. What are the constants in the fruit fly experiment? Same type of fruit fly, same age, same feeding schedule, same 
environment (light, noise, temperature) 

9. What is the control in the fruit fly experiment? Fruit flies that do not have the “knock out” gene 
10. What is the experimental group in the fruit fly experiment? Fruit flies that have the “knock out” gene 
11. How many repeated trials have been done in the lobster experiment? In Dr. Kravitz’s lab, they have been studying 

lobsters’ aggressive behavior for 20 years. 
12.  How many repeated trials have been done in the fruit fly experiment? The fruit fly genome has been sequenced only 

for a few years. Hence, there are probably fewer repeated trials than the lobster experiment. 
13. What are the materials used in the lobster experiment? Lobsters, tanks, water, dividing partition, timer (to time how 

long the fight takes), video recorder 
14. What are the materials used in the fruit fly experiment? Fruit flies, fight container with dish of food and female fruit 

fly, timer, video recorder 
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15.  What will the results of the fruit fly experiment show? The results should indicate which genes or combination of 
genes are responsible for aggressive behaviors in fruit flies. Many of the genes may correlate with human genes. If so, 
these experiments may indicate which human genes or combination of genes are responsible for aggressive behavior 
in humans. 

Scientific Process 
Step Your Written Response 

1. PROBLEM 
(What is the problem?) 

1. Video games 
2. Boy/girl relationships  

2. QUESTION 
(What is the question?) 

1. Why can’t I get past level 1? 
2. Why won’t __________ talk to me?  

3. RESEARCH 
(How will you find out enough to 
ask a good question?) 

1. Ask other players of the same game. Use a search engine to find chat rooms for 
gamers or to read more about the game. 

2. Ask ______ friends what he/she likes to do. 
4. HYPOTHESIS 
(What do you think will happen?) 

1. If I try _____, then the _________ and I will get to level 2. 
2. If I play/do ________, then he/she will talk to me. 

5. PROCEDURE / METHODS  
(What will you do?) 

1. Play the game, using what you learned and making the changes. 
2. From the interest research, find a common interest to talk about the next time 

you see _____________. 
6. MATERIALS 
(What materials will you need?) 

1. Game hub and the video game 
2. Materials could be certain sports, music, movies, clubs, or other activities. 

7. RESULTS 
(What happened when you did it?) 

1. I got to level 2. Or, I will have to do more research. 
2. _________ talked to me. Or, _______ didn’t talk to me. 

8. CONCLUSION 
(What does the data support?) 

1. I got to level 2 by doing ________, which I found on the Internet/by talking 
with other gamers. Or, I didn’t get to level 2. 

2. _____ talked to me because we are both interested in _______. Or, _______ 
didn’t talk to me. 

9. REFLECTION 
(What would you do differently 
next time?) 

1. I will talk only to other gamers. Or, I will never talk to other gamers about 
reaching the next level. 

2. Finding common interests makes it easier for people to talk. Or, It takes more 
than just a common interest for people to talk; thus, I will do more than just 
find common interests. 
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The Physical and Chemical Properties of Water 

Organizing Topic Investigating Biochemistry 

Overview In this series of activities, which may extend over several days, students learn about the 
structure and unique physical and chemical properties (specific heat, heat of fusion, 
capillary action, cooling and heating rates, universal solvent, conductivity, and pH) 
inherent to water. They also learn how and why water is suitable for living systems. They 
may also investigate the insulation properties of water by using reference materials to 
investigate the conditions of the subnivean zone and its importance to winter survival. If a 
snowy field is available, they may directly observe this microhabitat and its differential 
physical characteristics that depend in part on the insulating properties of water. From this, 
they may infer water’s function in insulating aquatic ecosystems. 

Related Standards of Learning BIO.1a, i, l, m; BIO.3a 

Objectives 
The students will 
• review atoms, molecules, elements, compounds, and bonding in terms of the water molecule; 
• explain the ability of water to 

° stabilize air and land temperature 
° prevent lakes and oceans from freezing solid 
° allow organisms to get rid of excess heat; 

• evaluate the importance of water in living things due to its ability to dissolve many substances thus 
providing a medium for nutrients and wastes to be transported; 

• investigate the pH of various water sources and solutions; 
• recognize that the pH of pure water is 7, but that various substances can lower or raise the pH. A 

solution with pH below 7 is acidic. A solution with a pH above 7 is basic. 

Materials needed 
• Copies of the attached student activity sheet 
• Molecular model kits 
• Deionized water 
• Water from various sources (e.g., tap, well, pond, stream, lake) 
• Solutes 

° Sucrose (granulated sugar in packets) 
° Sodium chloride (table salt in packets) 
° Citric acid (whole lemons cut into quarters) 
° Gelatin packets 
° Vinegar 
° Ammonia solution 
° Sodium bicarbonate 
° Liquid soap 

• Sand or dry soil 
• Ice 
• Heat source or hot water bath 
• Test tubes (5 to 7 per group) 
• Beakers (250 mL) 
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• pH meter or pH paper (wide range) or pH probe 
• Conductivity meter or conductivity probe 
• Calorimeters (optional) 
• Thermometer or temperature probe 
• Rulers scaled in millimeters 
• Capillary tubes and clear straws of various internal diameters 

Instructional activity 
Content/Teacher Notes 
On this planet, water is the only substance that occurs abundantly in all three physical states. It is our 
only common liquid and is our most widely distributed pure solid, ever present somewhere in the 
atmosphere as suspended ice particles or on the earth’s surface as various types of snow and ice. It is 
essential to life as a stabilizer of body temperature, as a carrier of nutrients and waste products, as a 
reactant and reaction medium, as a stabilizer of biopolymer conformation, as a likely facilitator of the 
dynamic behavior of macromolecules, including their catalytic (enzymic) properties and, perhaps, in 
other ways yet unknown. 

Water is so essential for life that when we look for indications of life extraterrestrially, we typically look 
for water or signs of water. The suitability of a habitat here on Earth, or extraterrestrially, depends in 
large part on the chemical and physical properties of water. These unique properties are due to the nature 
of the polar and hydrogen bonding between and within the water molecules. 

For this series of activities, students will need to understand the fundamental differences between polar 
covalent and nonpolar covalent bonds and the formation of hydrogen bonds. The experimental 
techniques and data analyses may at first glance appear to be chemistry techniques, but they should be 
easily handled by 10th-grade students who were successful in 8th-grade Physical Science. You may wish 
to use molecular model kits to illustrate the bond angles of water and to explain why this makes water 
unique. See http://www.visionlearning.com/library/module_viewer.php?mid = 57 for a Flash 
explanation. 

Some of the physical and chemical properties inherent to water that will be examined in this lesson are 
specific heat, heat of fusion, capillary action, cooling and heating rates, universal solvent, conductivity, 
and pH. 

Plan to spend some time on explaining pH, a fundamental quantitative description of a chemical 
characteristic of water. Since living things exist surrounded by or surrounding water, and since the 
functioning of biological molecules, especially of proteins, is closely associated with a narrow range of 
pH, it is important that students grasp a quantitative or semi-quantitative picture of this. Full 
understanding depends on the chemical background they get in chemistry. Explanation of the ionization 
of substances and the auto-ionization of water, as well as the equilibrium systems involved in pH and 
buffer systems, may be possible and desirable. These activities give them the opportunity to get 
acquainted with measuring pH for commonly encountered substances of biological significance. 

Since there are several activities, there are a number of possible arrangements for students to conduct 
them, depending on time available. It is possible that every lab group can do every activity, but that will 
be most time-intensive. You may wish to have different lab groups do different activities and then share 
data. In this case, for the purpose of replication, at least two groups should complete each activity. In 
any case, if there are replicates, appropriate data pooling needs to be done. 
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Introduction 
1. In these activities, students will make a series of measurements or calculations from observations. 

These measurements/calculations yield values or relationships that can be interpreted in terms of 
water’s suitability for living systems. As an introductory stimulus, read the following excerpt, 
“Prologue — Water: The Deceptive Matter of Life and Death,” aloud: 

Unnoticed in the darkness of a subterranean cavern, a water droplet trickles slowly down a stalactite, 
following a path left by countless predecessors, imparting as did they, a small but almost magical touch 
of mineral beauty. Pausing at the tip, the droplet grows slowly to full size, then plunges quickly to the 
cavern floor, as if anxious to perform other tasks or to assume different forms. For water, the 
possibilities are countless. Some droplets assume roles of quiet beauty — on a child’s coat sleeve, 
where a snowflake of unique design and exquisite perfection lies unnoticed, on a spider’s web, where 
dew drops burst into sudden brilliance at the first touch of the morning sun, in the countryside, where a 
summer shower brings refreshment, or in the city, where fog gently permeates the night air, subduing 
harsh sounds with a glaze of tranquility. Others lend themselves to the noise and vigor of a waterfall, to 
the overwhelming immensity of a glacier, to the ominous nature of an impending storm, or to the 
persuasiveness of a tear on a woman’s cheek. For others the role is less obvious but far more critical. 
There is life — initiated and sustained by water in a myriad subtle and poorly understood way — or 
death inevitable, catalyzed under special circumstances by a few hostile crystals of ice, or decay at the 
forest’s floor, where water works relentlessly to disassemble the past so life can begin anew. But the 
form of water most familiar is none of these; rather it is simple, ordinary, and uninspiring, unworthy of 
special notice as it flows forth in cool abundance from a household tap. “Humdrum,” galunks a frog in 
concurrence, or so it seems, as it views with stony indifference the water milieu on which its very life 
depends. Surely, then, water’s most remarkable feature is deception, for it is in reality a substance of 
infinite complexity, of great and unassessable importance, and one endowed with a strangeness and 
beauty sufficient to excite and challenge anyone making its acquaintance.4 

2. Then, ask students to consider why water is different, and what it is about hydrogen bonding that 
makes water behave the way it does. Also ask why, when we explore other planets, one of the first 
substances we look for is liquid water. 

 
Procedure 
1. Have student use the procedures in the Web sites listed and on the student activity sheet to 

examine each of the properties of water. 
2. Have students answer the questions on the student activity sheet. 
 
Observations and Conclusions 
1. Students should be able to observe, calculate, and record, to an acceptable level of accuracy 

• the specific heat of water (1 cal/goC or 4.19 J/goC), the heat of fusion of water (80 cal/g or 
335 J/g) 

• that water dissolves ionic substances to disassociate ions, dissolves ionizable polar covalent 
bonds to form ions, and dissolves nonpolar covalent bonded substances to form 
nonconducting solutions, and that water can act as a dispersal medium for nonsoluble 
substances, such as gelatin or whole milk (perhaps using the Tyndall Effect to verify 
dispersal) 

• that water rises in capillary tubes but does so to a lesser extent when surface tension is 
broken with a soap or detergent 

• that water heats and/or cools at a rate different from sand or soil 
                                                 
4 Owen R. Fennema, “Prologue — Water: The Deceptive Matter of Life and Death, Water and Ice,” Food Chemistry (1985): 24. 
 



Science Enhanced Scope and Sequence – Biology 

Virginia Department of Education 
19 

• that the thermal conductivity of ice or snow is responsible for subnivean zone conditions and 
facilitates winter survival on land or in aquatic communities 

• that knowing the pH of a solution is essential to knowing how that solution will react with 
other substances. 

Sample assessment 
• Have students prepare graphs of relevant data, e.g., heating and/or cooling rates, rise in capillary 

tubes, conductivity, and pH. 
• Have students prepare and complete appropriate data tables according to accepted format, in which 

dependent and independent variables and multiple levels are recorded. 
• Have students show calculations with appropriate units, as needed. 

Follow-up/extension 
• Have students write a paragraph about the ways they use water in their lives, relating water’s 

physical and chemical characteristics to its suitability for living systems. 
• Have students research ionic and covalent bonds and polar and nonpolar molecules. 
• Have students extend understanding to areas such as 

° water as a cooling agent in perspiration 
° the importance of water as a wetting agent in membrane function (lungs of premature 

children) 
° water’s influence on global climate patterns and local microhabitats 
° the global requirement for clean and sustainable water 
° the presence or absence of water on other planets/moons. 

Resources 
• Periodic Table of the Elements Heat of Fusion. http://web.mit.edu/3.091/www/pt/pert10.html. 
• Periodic Table of the Elements Specific Heat Capacity. 

http://web.mit.edu/3.091/www/pt/pert13.html. 
• Student Reading — The Unique Properties of Water. 

http://waterontheweb.org/curricula/bs/student/water/unique.html. Contains information on the 
physical properties of water. 

• Water: Properties and Behavior. http://www.visionlearning.com/library/module_viewer.php?mid 
= 57. Contains information on the chemical and physical properties of water. 
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The Physical & Chemical Properties of Water 
Student Activity Sheet 

Name:   Date:   
 
Follow the instructions below, filling in the accompanying Student Data Table and answering the 
questions. 

Parts 1 & 2. Specific heat and heat of fusion of water 
Procedure 
1. Using the method of mixtures from a standard Physics or Chemistry lab manual or the Web sites 

listed below, determine the specific heat and heat of fusion of water. Write all definitions and 
equations in the accompanying Student Data Table. If using calorimeters, follow the instructions 
at http://www.iit.edu/~smart/martcar/lesson5/id37. 

2. Compare the specific heat values with several other liquids, using the table found on the Web at 
http://www.engineeringtoolbox.com/specific-heat-fluids-24_151.html. 

 Common Liquid  Specific Heat 
 a. _____________ _____________ 
 b. _____________ _____________ 
 c. _____________ _____________ 
3. Discuss the relevancy of these numbers and their relationship to those of others liquids to the 

suitability of water as a medium for living systems. 
 
References on calorimeters and specific heat 
• http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/calor.html 
• http://www.engineeringtoolbox.com/specific-heat-fluids-24_151.html 
• http://www.engineeringtoolbox.com/heat-work-energy-36_292.html 
 

Part 3. Capillary action 
1. Define capillary action.   
    
2. Using the deionized water, the capillary tubes or 

straws of different sizes, and the metric ruler, 
determine the height to which pure water will rise in 
the tubes. Record and graph your data on the 
graph at right, using height (mm) x inside diameter 
(mm). 

3. Repeat the experiment with another set of tubes 
and a diluted soap solution. How do the graphs 
compare? Explain the differences in terms of 
surface tension, adhesion, cohesion, and the 
impact that soap has on these properties. (See the 
following Web site about Water Properties: 
http://www.uni.edu/~iowawet/H2OProperties.html#s
tates. 

4. Explain the relevancy of water’s capillarity to its suitability as a medium for living systems. 
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Part 4. Heating and cooling rates 
1. Place equal masses of sand and water in two 

identical beakers. 
2. Insert identical thermometers into the materials. 
3. Expose the beakers either to a heat source (e.g., 

radiator vent, hot water bath, heat plate, sunny 
window sill) or to a cooling source (e.g., air 
conditioner vent, cold or ice water bath). 

4. Observe and record the temperature of each every 
5 minutes. 

5. Graph and compare the rates of heating, using the 
graph at right. 

6. Relate these results to the subnivean (“situated 
under the snow”) conditions that make life in cold 
environments more tolerable. 

 

Part 5. Solvents, solutions, and conductivity 
Materials 
• Conductivity meter/probe 
• Beakers, 250 mL 
• Four stir rods 
• Solvent: deionized water 
• Solutes: 

° Sucrose (nonpolar covalent) 
° Sodium chloride (ionic) 
° Citric acid (polar covalent) 
° Gelatin or milk (suspension/colloidal mixture) 

 
Procedure 
1. Set up four identical beakers with 100ml deionized water in each. The water is the solvent. 
2. Using the conductivity meter, test the conductivity of the deionized water. Record your 

observations in the Student Data Table. 
3. Record observations about each solute before adding to water: 

• Beaker 1 — nonpolar covalent: Using a glass stir rod, slowly stir in the contents of two 
packets of sugar. Observe the resulting solution. Test the conductivity. Record observations 
and measurement in #3 and #4 of the Student Data Table. 

• Beaker 2 — ionic: Using a glass stir rod, slowly stir in the contents from two packets of salt. 
Observe the resulting solution. Test the conductivity. Record observations and 
measurement in #3 and #4 of the Student Data Table. 

• Beaker 3 — polar covalent: Using a glass stir rod, stir as the lemon is squeezed into the 
water. Observe the resulting solution. Test the conductivity. Record observations and 
measurement in #3 and #4 of the Student Data Table. 

• Beaker 4 — suspensions/colloids: Using a glass stir rod, slowly stir in the contents from one 
gelatin packet. Observe the resulting solution. Test the conductivity. Record observations 
and measurement in #3 and #4 of the Student Data Table. 
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Extension activity 
1. Discuss the relevancy of ionic and covalent bonds to the suitability of water as a medium for living 

systems. 

Part 6. pH of water and common solutions 
Materials 
• pH meter/probe or pH paper 
• Beakers or test tubes 
• Stir rods 
• Five liquids 

° Deionized water 
° Vinegar 
° Ammonia 
° Citric acid (lemon juice, freshly squeezed) 
° Milk 

• Water samples taken from various sources (e.g., tap, well, pond, stream, lake) 
 
Procedure 
1. Set up five identical beakers or test tubes, each containing 100ml of one of the five liquids. 
2. Using the pH meter/probe or pH paper, test the pH of the deionized water. Record your 

observations in the Student Data Table. Then, test the pH of the other four liquids, and record 
your observations. 

3. Repeat for water samples taken from other sources. 
 
Extension activity 
1. What is the difference between hydrogen ions and hydroxonium ions? 
 
References on pH: tables and definitions 
• http://www.mpcfaculty.net/mark_bishop/pH_equilibrium.htm 
• http://www.engineeringtoolbox.com/ph-25_483.html 
• http://www.albion.edu/chemistry/CH121/pHvalues.htm 
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The Physical & Chemical Properties of Water 
Student Data Table 

Parts 1 & 2. Specific heat and heat of fusion of water 
Specific Heat 

Definition: Equation: Specific heat of water: Is water unique? ____ 
How? 

Heat of Fusion 
Definition: Equation (heat of fusion 

measurement): 
Heat of fusion of water: Is water unique? ____ 

How? 

Capillary Action 
Definition: Observe and describe 

capillary action, using 
different sizes of straws. 

How does capillary 
action work in nature? 

Is water unique? ____ 
How? (Design a way to 
test this, using soap.) 

Part 4. Heating and cooling rates 
Which cools (or heats) 
faster, sand or water? 

Graph the rate of cooling or 
heating for equal masses of 
sand and water. 

Conclusions: How is water different 
from sand? 

Part 5. Solvents, solutions, and conductivity 
Can water be used as a 
solvent?  

Physical appearance of 
solutes before mixing with 
water: 
sugar: 
 
salt: 
 
lemon juice: 
 
gelatin: 

Physical appearance of 
solutions after mixing 
with water: 
sugar: 
 
salt: 
 
lemon juice: 
 
gelatin: 

Is water unique as a 
solvent? ____ How?  

Can water be used as a 
conductor of electricity? 

Conductivity of deionized 
water: 

Conductivity of solution: 
sugar: 
 
salt: 
 
lemon juice: 
 
gelatin: 

Does water have 
conductive properties? 

Part 6. pH of water and common solutions 
Liquid Estimated pH Actual pH 

Deionized water   
Vinegar   
Ammonia   
Citric acid (freshly squeezed lemon juice)   
Milk   
Water taken from various sources (e.g., tap, well, pond, stream, lake)   
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Macromolecules 

Organizing Topic Investigating Biochemistry 

Overview Students examine the structure of each of the four major types of biological molecules and 
investigate ways the structure influences its behavior and function in living systems. 

Related Standards of Learning BIO.3b, c 

Objectives 
The students will 
• list the six elements that are the main components of a living cell: carbon, hydrogen, nitrogen, 

oxygen, phosphorus, and sulfur; 
• explain carbon’s atomic structure and its role in forming the macromolecules of life, and provide 

examples of compounds; 
• recognize that cells can make a variety of macromolecules from a relatively small set of 

monomers; 
• identify and describe the following macromolecules and their structures: 

° Carbohydrates provide and store energy. 
° Lipids insulate, store energy, and make up cell membranes. 
° Proteins may be structural or may function in transport, movement, defense, or cell 

regulation. 
° Nucleic acids (DNA and RNA) control cell activities by directing protein synthesis. 

• give examples of each specific protein function; 
• recognize the following: 

° Proteins are polymers made by linking together amino acid monomers. 
° A protein’s structure depends on its specific conformation. 

• generalize the structure and function of enzymes, including their 
° definite three-dimensional shape, which allows binding with a substrate 
° ability to control the rate of metabolic reactions by acting as catalysts; 

• understand that pH and temperature are important to cell functioning because 
° most organisms can tolerate small changes in pH; 
° most cells function best within a narrow range of temperature and pH; 
° at very low temperatures, reaction rates are too slow; 
° high temperatures or extremes of pH can change the structure of proteins and consequently 

their function. 

Materials needed 
• Copies of the attached student activity sheet 
• Materials listed on the activity sheet (optional) 

Instructional activity 
Content/Teacher Notes 
This is a “big topic.” Covering the material needed to understand this topic fully will require several 
days and, perhaps, several laboratory sessions; thus, this lesson has been subdivided into four parts. 

Students need to study molecular structures to be familiar with each monomer molecule. They should 
understand that the presence of carbon is the basis for all the structures. They should appreciate the 
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intricate complexity of the polymeric molecules and understand why they are called “macromolecules.” 
Based on the middle and high school Science SOL, students should have an understanding of the atomic 
models and bonding. Nevertheless, students may need refreshers on these topics as well as an 
introduction to Lewis models. 
 
Introduction 
1. Introduce macromolecules with the aid of a sandwich or pizza. On the board, write the different 

types of food found in a typical sandwich (e.g., bread, meat, vegetables, condiments). 
2. Ask students to brainstorm what each of these foods does for the body. List their responses. 
3. Then, write the four macromolecules on the board, and ask students which part of the sandwich fits 

in the different categories. Students should be able to categorize all components of the sandwich 
except, perhaps, the vegetables. 

 
Procedure 
(Have the students follow the instructions on the student activity sheet.) 
 
Observations and Conclusions 
(See student activity sheet.) 

Sample assessment 
• Use the student activity sheet for assessment. The answer key follows: 
 Part 1, Table 1 

Type of 
Macromolecule 

Elements 
(C, H, O, N, S, P) 

Monomer 
(example) 

Polymer 
(example) Functions 

Carbohydrate C, H, O Glucose, fructose, 
galactose 

Starch, glycogen, 
chitin, cellulose 

Provide and store energy 
Provide protection and support 

Lipid C, H, O, (P — 
phospholipids) 

Fatty acids, 
glycerol 

Triglycerides, 
phospholipids, 
steroids 

Is key component of cell 
membranes 

Provide long-term energy 
storage Provide insulation 

Protein 
 C, H, O, N (S) Amino acids 

Polypeptides 
(proteins) 
Coils (pleated 
sheet) 

Provide enzymes (chemical 
reactions) 

Provide hormones 
Provide storage (egg whites of 

birds, reptiles; seeds) 
Provide transport (hemoglobin) 
Are contractile (muscle) 
Are protective (antibodies) 
Provide membrane proteins 

(receptors, membrane 
transport, antigens) 

Are structural, assist movement 
Provide toxins (botulism, 

diphtheria) 

Nucleic acid C, H, O, N, P Nucleotide (base, 
sugar, phosphate) DNA, RNA 

Translate genetic information 
Provide sequence for amino 

acids and protein synthesis 
 
Part 1, Observations 
1. C, H, O, N, S, P 
2. C, H, O 
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3. Bohr model showing appropriate orbital number and electron distribution 
4. Lewis model showing four available electrons from hybrid orbitals 
5. Four electrons; can hybridize and form four bonds; bonds well with itself to form rings and chains 
6. Amino acids 
7. General structure of amino acid either drawn, copied and pasted on the computer, or made from a molecular 

model kit 
 

Part 2.A , Observations 
(Answers will vary.) 
 
Part 2.B, Observations 
1. Benedict’s test is for simple (reducing) sugars. The iodine test is to indicate complex carbohydrates (starch). 
2. Qualitative 
3. Carbohydrates are important. They give cells energy to carry on respiration, a requirement for life. 

 
Part 3, Observations 
1. 2H2O2  in the presence of peroxidase  2H2O + O2 (gas) 
2. Hydrogen peroxide 
3. An enzyme catalyzes and lowers the activation energy required for the decomposition reaction to occur. 
4. The bonds in the peroxidase were broken. The peroxidase was denatured (changed shape). The enzyme could 

no longer work normally. 
5. The bonds in the peroxidase were broken. The peroxidase was denatured (changed shape). The enzyme could 

no longer work normally. 
6. Tubes 5 and 6 were the controls. 
7. If the pH of the peroxidase environment is low, then the enzyme peroxidase will not be able to break the bonds 

in the hydrogen peroxide to produce water and oxygen gas. 
 Or 
 If the enzyme peroxidase is placed in an environment of boiling water, then the peroxidase will be denatured 

and will not be able to break the bonds in the hydrogen peroxide to produce water and oxygen gas. 
 

Part 4, Observations 
(Answers will vary.) 

Follow-up/extension 
• Students should be able to relate the terms Active Site, Substrate, and Product to the function of 

protein. 
• Students may want to investigate competitive and non-competitive inhibition and allosteric 

changes in enzyme functioning. 
• If time allows, amylase action on starch and its changes in the Iodine or Benedict’s Reagent 

reaction may be observed. 

Resources 
• Organic Chemistry, Biochemistry. The Biology Web. 

http://faculty.clintoncc.suny.edu/faculty/Michael.Gregory/files/Bio%20100/Bio%20100%20Lectur
es/Biochemistry/biochemi.htm. Provides good background information on the structures of all 
macromolecules. 



Science Enhanced Scope and Sequence – Biology 

Virginia Department of Education 
27 

Macromolecules 
Student Activity Sheet 

Name:   Date:   

Part 1. Macromolecules 
Materials 
• Internet access 
• Molecular model kit (optional) 
 
Introduction 
1. Research the macromolecules listed in Table 1. 
2. Complete the information for each macromolecule. The following Web site will be helpful: 

http://faculty.clintoncc.suny.edu/faculty/Michael.Gregory/files/Bio%20100/Bio%20100%20Lecture
s/Biochemistry/biochemi.htm. 

 
Table 1 

Type of 
Macromolecule 

Elements 
(C, H, O, N, S, P) 

Monomer 
(examples) 

Polymer 
(examples) Functions 

Carbohydrate 

    

Lipid 

    

Protein 

    

Nucleic acid 

    

 
Observations 
1. What elements are present in the macromolecules in the table? 
2. Which elements are present in all four types? 
3. Draw an atomic model for carbon. 
4. Draw a Lewis diagram for carbon. 
5. What is it about the electron structure of carbon that makes it so flexible in making different 

biomolecules? 
6. What are the monomer units of a protein called? 
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7. Using the text or Web site listed above, draw a general structure of an amino acid (or use a 
molecular model kit to make a model of it), and use the drawing or model to show how a peptide 
bond forms. 

 
Part 2. Fats and Carbs (Lipids and Carbohydrates): Good Guys with a Bad Rep 
A. A Simple Test for Fats 
 (Note: Start this at beginning of class to allow adequate time for slow heating.) 
 
Materials 
• Vegetables or fruits, diced or cut in very small pieces 
• Flour or bread (whole grain and white; crumbs are best) 
• Oil (1 mL) 
• Nuts — any kind, ground or chopped 
• Bacon, cut into small pieces 
• Hotdog or hamburger, cut into small pieces 
• Snack foods — crackers, chips, cheese doodles, or similar foods, crushed 
• Heat source — microwave, hot plate, hot water bath, or heating pad 
• Brown butcher paper or brown grocery sack 
• Paper plate or water-proof container 
 
Procedure 
1. Cut a 4 x 4 inch square from the butcher paper for each sample. 
2. Place a small amount of a sample on a square. 
3. Fold or wrap the samples as tightly as possible, and place them on a paper plate. If you are using 

a hot water bath, place the plate in a water-proof container. 
4. Heat the samples during the remainder of the period. 
5. Remove heat source, and open the squares. 
6. Record in Table 2 which samples left a translucent spot (grease spot, indicating presence of 

fat/oil) on the paper. 
 
Table 2 

Sample Name Grease Spot No Grease Spot Function of Lipids 
(see Table 1) 

    
    
    
    
    
    
    
    
    
 
Observations 
1. Which sample seems to contain the most fat/oil? Which contains the least or none at all? 
2. Did any samples give surprising results? 
3. Judging from the Function of Lipids column, are lipids important in our diets, or are they not really 

necessary? 
4. Do we need lipids/fats in our diets? 
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B. Two Simple Tests for Carbohydrates 
Materials 
• Sugar 
• Molasses 
• Honey 
• Cornstarch 
• Potatoes 
• Vegetables or fruits, diced or cut in very small pieces 
• Flour or bread (whole grain and white; crumbs are best) 
• Nuts, bacon, hotdog, or hamburger, chopped cut into small pieces 
• Snack foods — crackers, chips, cheese doodles, or similar foods 
• Benedict’s solution 
• Iodine 
• Test tubes or micro well plates 
• Beakers to hold test tubes 
• Heat source — hot water bath, heater, heating pad, or microwave 
• Pipettes 
 
Procedure 
Benedict’s test for simple (reducing) sugars 
1. Make a solution (add small amount of water and stir) in a test tube of the substance to be tested, 

and pipette approximately 2–3 mL Benedict’s solution into the tube. 
2. Alternatively, pipette 2–3 mL Benedict’s solution into a tube onto a small chunk of fruit, vegetable, 

bread, snack food, meat, nut, etc. 
3. Heat the tube gently in a hot water bath for about 2 minutes. A color change from blue to green to 

yellow/orange/red indicates the presence of a simple (reducing) sugar. 
4. Record results in Table 3. 
 
Iodine test for starch 
1. Add 1–5 drops of iodine solution directly to the sample solid food or solution. 
2. The result is almost instantaneous, but allow iodine to soak into solids. A color change from 

orange to blue-black shows the presence of starch. 
3. Record results in Table 3. 
 
Table 3 

Sample Name 
Positive 

Benedict’s 
Test 

Positive  
Iodine Test 

Presence of 
Carbohydrates

Function of Carbohydrates 
(from Table 1) 

     
     
     
     
     
     
     
     
     
 
Observations 
1. What is the difference in the Benedict’s test and the Iodine test? 
2. Are the lipid/fat and carbohydrate tests qualitative or quantitative? 
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3. Judging from the Function of Carbohydrates column, are carbohydrates important in our diets, or 
are they not necessary? Why, or why not? 

 
Part 3. Proteins, Amino Acids, and Enzymes: The Effect of Heat and Acid on the Enzyme 
Peroxidase 
Introduction 
Proteins are macromolecules essential to life. In addition to their locomotor and structural functions, 
their activity as enzymes in regulating biochemical reactions is important. In this lesson, you will 
examine two factors affecting the rate at which a common enzymatic reaction occurs. These two factors 
are heat and change in pH to an acidic environment. 

Hydrogen peroxide is produced as a “waste product” in eukaryotic cells. It is a metabolic poison (toxin), 
which needs to be decomposed fairly quickly to maintain health. Peroxidase is an enzyme found in 
many living organisms that decomposes (breaks down) hydrogen peroxide into oxygen and water. This 
process is easily studied in potatoes. If peroxidase is present and functioning properly, there will be 
decomposition (gas evolution) clearly obvious in the tubes. In the presence of heat or acid, which 
denatures (breaks apart the bonds) the protein (the enzyme peroxidase), there will be no 
decomposition. 
 
Materials 
• Hot water bath 
• Potato cubes (1 to 2 cubic centimeters) 
• 3 percent hydrogen peroxide solution 
• Pipette 
• Test tubes 
• Citric or acetic acid solution — lemon juice or vinegar 
 
Procedure 
1. Prepare for this lab by cutting out 6 potatoes into cubes of approximately the same size. The 

fresher they are, the better for this investigation; however, the cubes may be stored in cool water. 
Prepare the 6 cubes and 6 test tubes (half full) according to the guidelines in Table 4. 

 
Table 4 

Tube Test Tube 
Fluid 

Potato Cube 
Preparation Observations Was peroxidase 

present? 

1 Water Boiled for 5 min., 
cooled, rinsed 

  

2 Peroxide Boiled for 5 min., 
cooled, rinsed 

  

3 Water Soaked in acid for 
10 min., rinsed 

  

4 Peroxide Soaked in acid for 
10 min., rinsed 

  

5 Water None   

6 Peroxide None   

 
Observations 
1. Write the chemical equation for the enzymatic decomposition of hydrogen peroxide. Include the 

enzyme peroxidase. 
2. In the above equation, which is the substrate? 
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3. What is the function of an enzyme? 
4. What happened to the enzyme in the boiling water? 
5. What happened to the enzyme in the acid solution? 
6. Which tube(s) was/were the control? 
7. Write a hypothesis for this experiment. 

Part 4. Nucleic Acids: Extracting DNA from Dried Split Peas 
Introduction 
DNA contains the genetic instructions for everything a particular cell does, and all living things contain 
DNA. It is possible to separate DNA from split peas and other vegetables in order to see, feel, and 
smell DNA. 
 
Materials 
• Dried split peas 
• Salt 
• Liquid detergent 
• Meat tenderizer 
• Rubbing or ethyl alcohol 
• Cold water 
• Test tubes 
• Strainer 
• Blender 
• Toothpicks 
 
Procedure 
1. Predict how you think the DNA will look. Record your prediction as Observation 1. 
2. Measure 2/3 cup of dried split peas. Add about 1/8 teaspoon of salt and 1-1/3 cups of cold water. 

Mix the ingredients in a blender on high speed for 15 seconds. 
3. Pour the pea mixture through a strainer into another container. Add about 2 tablespoons of liquid 

detergent to the mixture. Let it sit for 5 to 10 minutes. 
4. Pour the mixture into 3 test tubes or smaller containers so that each is 1/3 full. Then add a pinch 

of meat tenderizer to each container and stir gently. 
5. Tilt each test tube and slowly pour rubbing alcohol (70–95 percent isopropyl or ethyl alcohol) 

down the inside wall of the tube so that it forms a layer on top of the mixture. Keep pouring in 
alcohol until the tube contains about the same amount of alcohol as it does pea mixture. 

6. In a few minutes, the DNA will rise into the alcohol layer from the pea mixture layer. You can use 
a toothpick to pull the DNA out. 

 
Observations 
1. Predict how you think the split pea DNA will look. 
2. Describe the DNA: What is its texture? Does it have an odor? 
3. Does the DNA look different from what you expected? If so, how? 
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Sample Released SOL Test Items 
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Organizing Topic — Investigating Cells 

Standards of Learning 

BIO.1 The student will plan and conduct investigations in which 
a) observations of living organisms are recorded in the lab and in the field; 
b) hypotheses are formulated based on direct observations and information from scientific 

literature; 
c) variables are defined and investigations are designed to test hypotheses; 
e) conclusions are formed based on recorded quantitative and qualitative data; 
i) appropriate technology including computers, graphing calculators, and probeware, is used 

for gathering and analyzing data and communicating results; 
l) alternative scientific explanations and models are recognized and analyzed. 

BIO.2 The student will investigate and understand the history of biological concepts. Key concepts 
include 
a) evidence supporting the cell theory; 
b) scientific explanations of the development of organisms through time (biological 

evolution); 
c) evidence supporting the germ theory of infectious disease; 
e) the collaborative efforts of scientists, past and present. 

BIO.3 The student will investigate and understand the chemical and biochemical principles essential 
for life. Key concepts include 
d) the capture, storage, transformation, and flow of energy through the processes of 

photosynthesis and respiration. 
BIO.4 The student will investigate and understand relationships between cell structure and function. 

Key concepts include 
a) characteristics of prokaryotic and eukaryotic cells; 
b) exploring the diversity and variation of eukaryotes; 
c) similarities between the activities of a single cell and a whole organism; and the cell 

membrane model (diffusion, osmosis, and active transport). 
BIO.5 The student will investigate and understand life functions of archaebacteria, monerans 

(eubacteria), protists, fungi, plants, and animals including humans. Key concepts include 
a) how their structures and functions vary between and within the kingdoms; 
b) comparison of their metabolic activities; 
f) how viruses compare with organisms. 

BIO.6 The student will investigate and understand common mechanisms of inheritance and protein 
synthesis. Key concepts include 
a) cell growth and division; 
b) gamete formation; and 
c) cell specialization. 

Essential Understandings, Correlation to Textbooks and 
Knowledge, and Skills Other Instructional Materials 

The student will use hands-on investigations, problem solving 
activities, scientific communication, and scientific reasoning to 
• summarize the development of early microscopes, and discuss 

how early microscopes, advanced microscopy, and other 
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technologies have contributed to our knowledge of cell 
function and structure;   

• state the cell theory;   
• illustrate how the modern cell theory exemplifies how 

scientific knowledge usually grows slowly through 
contributions from many different investigators from diverse 
cultures;   

• investigate and distinguish between eukaryotes and 
prokaryotes based on observations of size, presence of a 
defined nucleus, and the presence of organelles;   

• summarize the major cell concepts, as follows: 
° Cells contain specialized structures to perform life 

functions.   
° A single-celled organism has to conduct all life processes 

by itself. A multicellular organism has cellular 
specialization.    

° Many diseases are caused by microorganisms.    
• review cellular activities necessary for life;   
• investigate the capture, storage, transformation, and flow of 

energy through the processes of photosynthesis and respiration;   
• point out that cells are the basic units of structure and function 

for all living things;   
• diagram the fluid mosaic model of the cell membrane;   
• summarize the six important functions of the cell membrane.   
• distinguish between plant and animal cells; 
• relate the following essential cell structures to their functions: 

° Nucleus (contains DNA, site where RNA is made)   
° Ribosomes (site of protein synthesis)   
° Mitochondria (site of cell respiration)   
° Chloroplast (site of photosynthesis)   
° Endoplasmic reticulum (transports materials through the 

cell)   
° Golgi apparatus (cell products packaged for export)   
° Lysosomes (contain digestive enzymes)   
° Cell wall (provides support)   

• explain the following: 
° The simplest life forms exhibiting cellular structure are 

prokaryotes.   
° Earth’s first cells were prokaryotes.   
° Prokaryotic cells exist in two major forms: eubacteria and 

archaebacteria.   
° Prokaryotes are Earth’s most abundant organisms due to 

their ability to live in a variety of environments.    
° Eukaryotes are more complex than prokaryotes and 

developed into larger more complex organisms, from 
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single-celled protista to multicellular fungi, plants, and 
animals.   

• distinguish between viruses and cells;   
• illustrate the viral reproductive cycle;   
• discuss the different types of cells that undergo mitosis and 

cytokinesis and their rates of cell division;   
• describe the events that occur during the cell cycle, 

emphasizing mitosis and cytokinesis;   
• diagram the different phases of the cell cycle, labeling the parts 

of the cell that are pertinent. Labels may include the percentage 
of the time cells spend in each phase.   

• summarize the following regarding meiosis: 
° Meiosis occurs in sexual reproduction when a diploid cell 

produces four haploid daughter cells that can mature to 
become gametes.   

° Many organisms combine genetic information from two 
parents to produce offspring through sexual reproduction. 
Sex cells produced through meiosis allow genetically 
differing offspring.   
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Cell Parts 

Organizing Topic Investigating Cells 

Overview Students examine eukaryotic animal cell parts as membrane-bound organelles. They 
compare the animal cell to a plant cell and learn how the organelles function within the 
cell. Students use metaphors — student-chosen, short figurative phrases — to aid them in 
remembering the cellular components. 

Related Standards of Learning BIO.4a, b; BIO.5a 

Objectives 
The students will 
• distinguish between plant and animal cells; 
• relate the following essential cell structures to their functions: 

° Nucleus (contains DNA; site where RNA is made) 
° Ribosomes (site of protein synthesis) 
° Mitochondria (site of cell respiration) 
° Chloroplast (site of photosynthesis) 
° Endoplasmic reticulum (transports materials through the cell) 
° Golgi apparatus (cell products packaged for export) 
° Lysosomes (contain digestive enzymes) 
° Cell wall (provides support) 

Materials needed 
• Large picture of a cell with all identification tags removed 
• Small pictures of organelles without definitions 
• Definitions of organelles written on separate, small note cards (See attached definitions sheet.) 
• Small zip-top bags 
• Copies of the attached student activity sheet 

Instructional activity 
Content/Teacher Notes 
Cells can be large (such as an egg) or small (one bacterium, such as E. coli), complex (brain and nerves) 
or simple (onion). They can be square (plant), rounded (blood), or irregular (spirochetes). Cells are 
categorized as prokaryotic (bacteria, eubacteria, and archaea) or eukaryotic (Eukaryota). Cells are also 
categorized as autotrophic (able to produce their own food from the process of photosynthesis) or 
heterotrophic (rely on other food sources). There are organisms that are unicellular (protists) and many 
more that are multicellular. There is no “typical” cell. 

There are cellular components that are found across many different cell types. Included are the outer 
membrane and cell wall components, the nuclear components, and the cytoplasmic components.  

In this activity, students will match each organelle to its definition. Using this information, students will 
match the organelles to their location on the cell. Students will create metaphors — short figurative 
phrases that they may use to remember each organelle and its function. 

Metaphors in biology are often encountered in the description of cell structure and function. Describing 
the cell as a “city” is a case in point as it offers a good opportunity to get students thinking about the 
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structural and functional details of their knowledge as well as to require them to “think outside the box.” 
With this tool, they will not simply memorize definitions, but will relate them, metaphorically, to known 
content. It also gives them the opportunity to take a relatively low-level assignment and apply 
metacognitive skills to their own thinking. 
 
Introduction 
1.  Prepare student zip-top bags with pictures of organelles and note cards with definitions of 

organelles. (See attached definitions sheet.)  
2. Hold up an egg and a picture of an E.coli bacterium. Ask students what they have in common. 

They should guess that both are cells. 
3. Discuss the differences of the two cells. Then, turn the students’ attention to the similarities. If you 

have discussed the cell theory, review it at this time. Focus the students’ attention on the egg 
and/or other eukaryotic cells. Discuss the differences found in eukaryotic cells, especially the 
major differences between plant and animal cells. 

 
Procedure 
1. Hand out the student activity sheet and the bags with the cell parts in them. 
2. Have students follow the directions on the student activity sheet. 
3. Challenge students to create a metaphor or figurative phrase (e.g., “cell powerhouse” for 

mitochondria) or create an analogy (e.g., to a school, such as “the nucleus is like the office” or “the 
endoplasmic reticulum is like the hallway”). 

 
Observations and Conclusions 
1. Ask students: “Is the cell you labeled a plant or animal cell? How do you know?” 
2. Have students describe cells that make their own food. (autotrophs) Ask: “Which kingdom are 

most of them in? In which organelle does this take place (not in your cell model)? 
3. Continue the discussion by asking: “If the process of photosynthesis creates energy for the cell, 

which organelle breaks this energy down to be used in cellular functions? What is the product of 
cellular respiration?” 

Sample assessment 
• Mix the definitions and organelles. Have a contest to see how fast students can correctly match 

each organelle with its definition. 
• Have students create a poster or slide show that can be assessed by previously agreed upon rubrics. 
• Students can be evaluated based upon their use of metaphor, using criteria derived from various 

technical references. 
• The Web site http://www.quia.com/jg/65947.html has a number of assessment tools in the form of 

remediation games.  

Follow-up/extension 
• Eukaryotic cells can belong to organisms that are either unicellular or multicellular. What do those 

words mean? Give an example of an organism that is unicellular and one that is multicellular. 
• Trace the path of DNA RNA amino acids inside the nucleus to the ribosomes. 
• What happens to the amino acids after they leave the ribosomes? 
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• Students can select an additional topic from biology and prepare a metaphorical presentation and 
analysis of the topic. 

Resources 
Suggested Web sites featuring interactive cells: 
• Cellular Biology: Introduction. http://library.thinkquest.org/12413/index.html. 
• Review: So what is an organelle? http://www.usd.edu/~bgoodman/Review.htm#review. 
• Virtual microscope view of animal cell structure. http://www.johnkyrk.com/CellIndex.html. 
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Cell Parts 
Student Activity Sheet 

Name:   Date:   

Procedure 
1. Empty the organelle pictures and definitions from your bag. 
2. Match each organelle to its definition, and record the definition in the table below. 
3. Match each organelle to a part of the picture of the large cell, and record its shape. 
4. For each organelle, create a metaphor or figurative phrase (e.g., “cell powerhouse” for 

mitochondria) or create an analogy (e.g., to a school, such as “the nucleus is like the office” or 
“the endoplasmic reticulum is like the hallway.”), and record. 

 

Organelle Definition Shape Metaphor 

Plasma membrane 
   

Mitochondria 
   

Golgi body 
   

Vesicles 
   

Smooth & rough 
endoplasmic 
reticulum with 
ribosomes 

   

Nucleolus 
   

Nucleus, nuclear 
membrane, 
chromosomes/DNA 

   

Lysosome 
   

Microtubules and 
microfilaments 
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Definitions of Cellular Organelles 

Mitochondria 
The mitochondria of a cell are frequently referred 
to as the “power plants” of the cell, for it is here 
that all the reactions that create energy (in the 
form of ATP) take place. Mitochondria are 
slipper-shaped organelles that are double-
membraned. The mitochondria’s internal network 
consists of densely folded, membrane-like 
“sacks” that act as the site for energy transfer. 
The folds in these sacks are called “cristae.” The 
size, location, and number of the mitochondria in 
a cell are largely related to the functions and 
activities of that cell. Sperm cells, for example, 
have large numbers of mitochondria near the 
base of the whip-like flagellar tail to provide 
energy for motion, but there are few mitochondria 
elsewhere in the cell. 

Nucleus: Nuclear Envelope, Chromosomes, 
Chromatin, DNA, Nuclear Matrix, and Nucleoli 
The membranous nucleus is the most 
characteristic organelle of a eukaryotic cell. It is 
easily visible with a microscope as a dark blotch 
in the center of cell. Its most important feature is 
the storage and utilization of genetic material. 
The contents of the nucleus are suspended in a 
viscous solution enclosed by a very complex 
nuclear envelope. The major components of the 
nucleus are chromosomes, chromatin (dense 
strands of nucleoprotein fibers holding the 
genetic material — the DNA of the cell), and the 
nuclear matrix (a protein-containing fibrillar 
network). Nucleoli are electron-dense structures 
that function in the synthesis of ribosomes and 
rRNA. 

Plasma Membrane 
The plasma membrane is a double layered, fluid-
like envelope that surrounds, protects, and 
maintains the cell. The membrane is composed 
of phospholipids. The plasma membrane is the 
outermost membrane which maintains the cell as 
a distinct entity, apart from the environment, and 
allows metabolic events to proceed in organized, 
controlled ways. 

Golgi Bodies 
The Golgi body/apparatus/complex is a structure 
made up of 4 to 6 cisternae, or flattened sacs, 
which function to modify and transport molecules 
made in the ER. The Golgi is divided into a 
series of compartments, each containing specific 
processing enzymes. 

Rough and Smooth Endoplasmic Reticulum 
The endoplasmic reticulum is a complex labyrinth 
of tubules, sheets, and vesicles contained in all 
eukaryotic cells. The presence of ribosomes 
distinguishes two categories of endoplasmic 
reticulum. Smooth endoplasmic reticulum 
(SER) has no protein-producing ribosomes on its 
surface. Rough endoplasmic reticulum (RER), 
like the SER, is formed by a network of internal 
membranes. The membranes of the RER, 
however, form a series of flattened sheets 
connected by tubules. The sheets are studded 
with protein-synthesizing ribosomes. 

Microfilaments and Microtubules: 
Cytoskeleton 
Extending from the plasma membrane and the 
nucleus of eukaryotic cells is an interconnected 
system of bundled fibers, slender threads, and 
lattices arranged in a system called the 
“cytoskeleton.” The cytoskeleton functions to give 
eukaryotic cells internal organization, assist the 
plasma membrane in retaining cell shape, and 
allow the cell to move. 

Centrioles and Centrosomes 
Centrioles are cylindrical structures that have a 
characteristic “pinwheel” shape and act as an 
organizing center during cell division. 

Lysosomes 
Lysosomes dispose of macromolecules, 
excreting them in secretory vesicles by 
exocytosis. 

Vesicles 
Vesicles of eukaryotic cells are used for material 
transport. 
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Cell Membrane 
Organizing Topic Investigating Cells 

Overview Students investigate the composition and functions of the cell membrane. They model the 
parts of a cell membrane and also model a function of the semi-permeable membrane. 

Related Standards of Learning BIO.4d 

Objectives 
The students will 
• summarize the six important functions of the cell membrane; 
• diagram the fluid mosaic model of the cell membrane; 
• differentiate between osmosis and diffusion in terms of the types of substances involved and the 

role of a semi-permeable membrane (from Organizing Topic — Investigating Biochemistry). 

Materials needed 
• Student-selected materials, such as wire, tubes, straws, string, pipe cleaners, beads, glue guns and 

glue sticks, mini marshmallows, magnets, small ball bearings, rubber sheets, toothpicks 
• Glue 
• Markers 
• Poster board 
• Graph paper or graphing software and printer 
• Fresh onion, perfume, or other odorous substances that are acceptable for use in the classroom 
• Water 
• Tincture of iodine (CAUTION!) 
• Container for iodine mixture 
• Starch suspension — water into which spray starch has been mixed 
• Plastic sandwich bags with ties 

Instructional activity 
Content/Teacher Notes 
The cell is highly organized with many functional units or organelles. Most of these units are limited by 
one or more membranes. Each membrane is specialized in that it contains specific proteins and lipid 
components that enable it to perform its unique role(s) for that cell or organelle. Membranes are 
essential for the integrity and function of the cell. 

Membrane components may 
• be protective; 
• regulate transport in and out of the cell or subcellular domain; 
• allow selective receptivity and signal transduction by providing transmembrane receptors that bind 

signaling molecules; 
• allow cell recognition; 
• provide anchoring sites for cytoskeletal filaments or components of the extracellular matrix. This 

allows the cell to maintain its shape and perhaps move to distant sites. 
• help compartmentalize subcellular domains or microdomains; 
• provide a stable site for the binding and catalysis of enzymes; 
• regulate the fusion of the membrane with other membranes in the cell via specialized junctions; 
• provide a passageway across the membrane for certain molecules, such as in gap junctions; 
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• allow directed cell or organelle motility. 
This lesson is a two-part study. In Part 1, students use reference materials to read about the components 
of a “typical” cell membrane. They document understanding of the basic structure and function of the 
parts listed in the procedure below and any others of specific interest. They then use materials, such as 
those listed in the materials section above or student-chosen materials, to construct a model of the parts, 
building upon the ideas expressed in the Cell Parts lesson. In Part 2, students model a function of the 
semi-permeable membrane. 
 
Introduction 
1. Cut the onion or open the volatile compound selected for use in the classroom.  
2. After the fumes have diffused, begin a discussion of diffusion and associated terms such as kinetic 

energy and Brownian motion. Discuss the importance of being able to control what goes out 
(keeping the onion odor in one place) and comes in (getting water when you need it). This will 
lead to a differentiation between osmosis and diffusion. Relate the discussion to what is observed 
as the odor diffuses throughout the room. Segue into the assignment. 

 
Procedure 
Part 1. Construction of the Model 
1. Construct a model of the cell membrane that illustrates or demonstrates the following: 

• Phospholipid bilayer molecules 
• Glycoprotein markers 
• Channel proteins 
• Selective permeability 
• Cholesterol 
• Receptor proteins 

 The model can be two- or three-dimensional and should include at least one functional part that 
models a membrane-transport process. 

2. For good representations and explanations of a cell membrane see the following Web sites: 
• http://library.thinkquest.org/C004535/cell_membranes.html 
• http://sun.menloschool.org/~cweaver/cells/c/cell_membrane/ 
• http://telstar.ote.cmu.edu/Hughes/tutorial/cellmembranes/ 
• http://www.johnkyrk.com/cellmembrane.html 

 
Part 2. Modeling Semi-Permeability 
1. Fill a 500-mL beaker half full of water. 
2. Add tincture of iodine solution until the water is noticeably colored. Mix well. 
3. In a separate space away from possible contamination, put 100-200 mL of water in a sandwich 

bag. 
4. Add 5–10 mL of the starch suspension. Squeeze gently to mix. 
5. Tie off the bag. 
6. Rinse the outside of the bag well. 
7. Place the bag in the beaker of the iodine solution. 
8. Set up a bag without starch as a control. 
9. Wait and watch. (It may take overnight.) 
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Observations and Conclusions 
1. Obviously, the models in Part 1 will vary. Student creativity should be encouraged, but all 

constructions should be safe and sturdy enough to hold up to use in a presentation of what the parts 
represent and how they show some characteristic of the structure of the components modeled. If 
the function extension is included, then the part should actually function by modeling the process 
as well as represent the component’s structure. 

2. In Part 2, the students should observe (based on the iodine/starch reaction shown in the 
biomolecules activities) that in the time frame and under the conditions of the activity, iodine went 
into the bag and starch did not come out. 

Sample assessment 
• Provide students with analogies of cell membrane parts, and have them apply metaphorical 

analyses to identify the parts, which map onto the analogy. 
• Have students discuss why they saw what they saw in Part 2, based on size, polarity, and 

concentrations. 
• Have students discuss what happened, if anything, to the water itself in Part 2. 

Follow-up/extension 
1. Most of the models will be static. An optional extension is to have at least one part function to 

model a dynamic process. When presented with this challenge, students have been known to be 
rather creative in producing functioning analogs. 

2. You may wish to have students differentiate between the types of transport proteins by including 
distinctive models of these transport varieties: 
• Uniport 
• Synport 
• Antiport 
• Active 
• Passive 
• Facilitated diffusion 

3. Engage students in a discussion of the practical value of an understanding of osmosis and diffusion 
(separation science, dialysis, bactericidal effects). Have students look at homeostasis life processes 
that depend on transport mechanisms, such as waste removal, prevention of freezing in some 
winter survival mechanisms, or gas exchange. (This may be delayed until later in the course, if 
deemed more appropriate.) 

Resources 
Suggested Web sites with graphics and explanations of the cell membrane: 
• Cell Anatomy: Cell Membrane. http://library.thinkquest.org/C004535/cell_membranes.html. 
• Cell Membranes. http://www.johnkyrk.com/cellmembrane.html. 
• Geobel, Greg. The Cell Membrane. http://sun.menloschool.org/~cweaver/cells/c/cell_membrane/. 
• The Structure and Function of the Cell Membrane. 

http://telstar.ote.cmu.edu/Hughes/tutorial/cellmembranes/. 
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Mitosis and Cell Cycle 

Organizing Topic Investigating Cells 

Overview Students investigate the phases of the typical cell cycle, including nuclear and cytoplasmic 
division. 

Related Standards of Learning BIO.4a; BIO.6a 

Objectives 
The students will 
• discuss the different types of cells that undergo mitosis and cytokinesis and their rates of cell 

division; 
• describe the events that occur during the cell cycle, emphasizing mitosis and cytokinesis; 
• diagram the different phases of the cell cycle, labeling the parts of the cell that are pertinent. 

Records may include the percentage of the time cells spend in each phase. 

Materials needed 
• Prepared slides of onion root tip mitosis 
• Prepared slides of animal cell mitosis 
• Microscopes 
• Video of the mitosis process (See http://www.cellsalive.com, which is an excellent site for both 

phases of mitosis and the cell cycle.) 
• Drawing materials or microphotographic hardware and photo-editing software 
Optional lab 
• Fresh onion root tips 
• Toluidine blue, 2% 
• Water 
• Apron or lab coat 
• Carnoy fluid with chloroform 
• Compound microscope 
• Coverslips 
• Eyedropper 
• Hydrochloric acid, 18% 
• Latex gloves 
• Safety glasses 
• Slides 

Instructional activity 
Content/Teacher Notes 
In eukaryotic cells, the cell cycle is an ordered set of events, culminating in cell growth and division into 
two daughter cells. Non-dividing cells are not considered to be in the cell cycle. The stages, pictured 
above, are G1, S, G2, and M. The G1 stage stands for “Gap 1.” The S stage stands for “synthesis” and is 
the stage in which DNA replication occurs. The G2 stage stands for “Gap 2.” The M stage stands for 
“mitosis” and is the stage in which nuclear division (chromosomes separate) and cytoplasmic division 
(cytokinesis) occur. Mitosis is nuclear division plus cytokinesis, and it produces two identical daughter 
cells during five phases: these phases are interphase (technically not a part of mitosis as it includes cells 
in the G1, S, and G2 stages, prophase, metaphase, anaphase, and telophase. 

G2 
(Gap 2)

G1 
(Gap 1)

M 
(mitosis) 

Cells that 
cease 

division
S phase

(DNA synthesis)



Science Enhanced Scope and Sequence – Biology 

Virginia Department of Education 
45 

In prokaryotes, the process which provides for equal and identical distribution of DNA in the daughter 
cells is called “binary fission.” DNA is not organized into chromosomes in bacteria. 

Because of surface-area-to-volume limitations, and to replace lost or damaged cells, tissues and single-
celled organisms must have a way of reproducing. The most efficient way is mitosis. For unicellular 
organisms like prokaryotes, mitosis is the method of asexual reproduction also. Most instructional 
resources will show diagrams, give descriptions, and show photographs of what is happening in 
interphase, prophase, metaphase, anaphase, and telophase, followed by cytokinesis in animal and plant 
cells. Some resources will also give information as to what is happening in the “early, middle, and late” 
stages of these phases, alluding to the fact that this is a continuous process and that views are most often 
“mid-phase” to show an “average” or “effective” view of what is happening in this dynamic cycle. The 
time the cell cycle takes depends on a number of factors, not the least of which in multicellular 
organisms is the type of tissue involved; tissue exposed to the outside of the organism (usually 
epidermis) or located in meristematic growth regions undergoes mitosis more rapidly than the more 
persistent cells in nervous tissue, which in a mature vertebrate organism may not reproduce at all. 
 
Procedure 
Part 1. Mitosis 
Students may observe prepared slides, which is the most time- and resource-efficient way to undertake 
this activity. Alternatively, they may use the squash-and-smear technique with hydrochloric acid and 
toluidine stain to stain fresh preparations, which is a rewarding but time-consuming and unpredictable 
activity. In both of these processes, they can document observations of the phases of nuclear division 
and cytokinesis. 

1. Using prepared slides, have students observe and document the presence of cells in all stages. 
Have them label the parts of the cell as appropriate, showing at least the 
• cell wall 
• cytoplasm 
• nucleus 
• nuclear membrane 
• chromosomes 
• chromatin 
• cell plate. 

2. For fresh material, have students use the procedure found in a standard reference manual, or use 
the method described at the end of this lesson to prepare a squash and smear preparation of the 
onion root tip tissue. 

3. Have students document their observations of the phases of nuclear division and cytokinesis 
(mitosis). 

 
Part 2. The Cell Cycle 
1. Have students infer and then calculate the time the dividing cell spends in each phase of the cell 

cycle. Direct them to the Web site “Online Onion Root Tips: Determining time spent in different 
phases of the cell cycle” 
(http://www.biology.arizona.edu/cell_bio/activities/cell_cycle/cell_cycle.html) to determine the 
amount of time the cell spends in each phase of mitosis compared with the G1, S, and G2 part of 
the cycle. This site has direct feedback for understanding time in each part of the cell cycle. 
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2. Ask students: “Does a cell in a rapidly growing part of an organism go through mitosis 
continually? How long does mitosis take compared to the time when the cell does the rest of its 
job?” 

3. Have students use the Web site, or calculate with their prepared onion root tip slide, the number of 
cells in each part of the cell cycle. Then, have them calculate percentages from these numbers. 

 
 Observations and Conclusions 
1. Have students prepare labeled drawings or, if microphotography and photo-editing tools are 

available, labeled photomicrographs of the phases. Instruct them to present their observations and 
findings, including time-calculations if performed, in a format agreed upon previously and 
according to criteria in an agreed upon rubric. 

2. Have students answer the following questions: 
• Explain in terms of mitosis why you look different than you did five years ago. 
• What would happen if the cell would spend the majority of the time in mitosis? What kinds 

of diseases in which this happens can you name? 
• What is apoptosis? Why is it necessary? (See http://www.cellsalive.com/apop.htm. ) 

Sample assessment 
• Have students prepare a slide show with explanations of what is happening in each phase. 
• Have students prepare an animated hyperstack to show the dynamic nature of the process. 
• From the video available, have students identify and describe what is happening in the phases 

when they are presented in a random order. 

Follow-up/extension 
• Have students locate information on diseases that result from defects in this process and describe 

the changes that cause each disease. 
• Have students locate information on times to complete the process for various tissues in the 

vertebrate body and prepare a chart comparing them. 
• Have students locate information on environmental factors that alter the process or its rate and 

provide possible descriptions of the reasons why. 
• Have students compare the process in animal and plant cells, noting any differences 

(phragmoplasts, centrioles, cleavage furrows). 
• Have students explain how we can use juvenile hormones to influence this process to our 

advantage. 

Resources 
Suggested interactive Web sites with information on general cell cycle/mitosis: 
• Animal Cell Mitosis. http://www.cellsalive.com/mitosis.htm. 
• The Cell Cycle. http://www.cellsalive.com/cell_cycle.htm. 
• Cell Division: Binary Fission And Mitosis. 

http://www.emc.maricopa.edu/faculty/farabee/BIOBK/BioBookmito.html. 
 
Suggested Web sites for calculating time spent in each phase of the cell cycle: 
• The Cell Cycle & Mitosis Tutorial. 

http://www.biology.arizona.edu/cell_bio/tutorials/cell_cycle/main.html. 



Science Enhanced Scope and Sequence – Biology 

Virginia Department of Education 
47 

• The Plant Cell. http://www.outreach.caltech.edu/computableplant/download/2004/04PlantCell.pdf. 
• Timing the Stages of Cell Division. 

http://www.phschool.com/science/biology_place/labbench/lab3/analysis1.html. 
 

Preparing an Onion Root Tip Squash Mount Slide5 

This process uses onion root tips as the meristematic tissue. Make a squash mount slide of onion root 
tip cells to view in various stages of mitosis. In plants, mitosis occurs more frequently in meristematic 
areas, such as the root tips. To create a squash mount slide, the living cells of the specimen are first fixed 
(treated with a chemical to prevent further mitosis), then stained, and finally squashed on a slide for 
viewing.  

Materials 
• Toluidine blue, 2% 
• Water 
• Apron or lab coat 
• Carnoy fluid with chloroform 
• Compound microscope 
• Coverslips 
• Eyedropper 
• Hydrochloric acid, 18% 
• Latex gloves 
• Onion set 
• Safety glasses 
• Slides 
 
Procedure 
1. Put on a pair of latex gloves, safety glasses, and an apron or lab coat. 
2. Wash an onion set (seedling), peel off the outer layers, trim away the old root tips, and place it in a 

plastic bag for several days to allow its roots to grow. 
3. Remove the set from the bag and cut off its root tips. Place them in 18% hydrochloric acid for 4 

minutes. 
4. Transfer them to carnoy fluid with chloroform, and let them sit for 4 minutes. 
5. Place one of the root tips on a slide and trim away all but 1 to 2 mm of the tip. 
6. Cover the tip with 2 to 3 drops of 2% toluidine blue for 2 minutes. 
7. Blot away the stain, add a drop of water, cover with a coverslip, and apply pressure to the coverslip 

with a pencil eraser until the cells in the tip spread out in a single layer. 
8. Mount the slide on your microscope. 
9. Use the low power objective on your microscope to look for thin layers of cells and then use the 

high power objective to observe mitotic stages in individual cells. 

                                                 
5 This activity was taken from http://www.carolina.com/calendar_activities/2001/0111.asp, used by permission. The procedure for 
creating a squash mount slide is from the Onion Mitosis BioKit®, but materials for the procedure can be purchased independently 
elsewhere. 
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Meiosis 

Organizing Topic Investigating Cells 

Overview Students investigate and model meiosis and variations in the process of meiosis. 

Related Standards of Learning BIO.6a, b 

Objectives 
The students will summarize the following regarding meiosis: 
• Meiosis occurs in sexual reproduction when a diploid cell produces four haploid daughter cells that 

can mature to become gametes. 
• Many organisms combine genetic information from two parents to produce offspring through 

sexual reproduction. Sex cells produced through meiosis allow genetically differing offspring. 

Materials needed 
• Various reference books or reliable Web sites 
• Coins of different types (at least 4 coins of two different types, e.g., 2 pennies and 2 dimes) 
• Poster board or computer with drawing or painting software 
• Life cycle diagrams for 

° Rhizopus (and, ideally, fresh sample with sexual and asexual spores present) 
° a moss (ideally, a fresh sample showing sporophytes and gametophytes) 
° a fern (ideally, a fresh sample showing sporophytes and preserved gametophytes) 
° an animal, such as a human 
° Chlamydomonas or Ulva 
° Nitella (fresh or preserved samples showing reproductive structures) 

Instructional activity 
Content/Teacher Notes 
Asexual reproduction (vegetative reproduction) is a form of duplication that is accomplished by 
mitosis. Examples of asexual reproduction are binary fissions in bacteria and a strawberry that grows 
from a shoot of an existing strawberry. In these cases, the offspring are genetically identical (clones), 
since all growth and divisions are by mitosis. This is a fast and effective method of reproduction and the 
spread of an organism. Since the offspring are identical, the only mechanism for introducing diversity is 
mutation. 

Sexual reproduction, which occurs only in eukaryotes, is accomplished by the process of meiosis, the 
results of which form new individuals by a combination of two single sets of chromosomes. These 
single sets of chromosomes produce haploid sex cells (gametes). The gametes come from separate 
parents. The female produces an egg, while the male produces sperm. Upon fertilization of the egg, the 
genetic information from the two separate cells, or gametes, combines to form complete chromosomes. 
The haploid condition converts to a diploid condition. 

The process of meiosis converts the diploid cell to a haploid gamete and, in the process, enables the 
organism to change and alter genetic information and thus increase diversity in the offspring. This is the 
traditional pedagogy for teaching cell division. However, to be complete, students need to understand 
that meiosis does not always come from nor lead directly to gametocytes or gametes. Sometimes, 
notably in the three non-animal eukaryotic kingdoms, the products may be spores or cells which mature 
into haploid gametophytes, either as in mosses and ferns or as zygospores in organisms such as 
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Rhizopus. Indeed, in some instances, the zygote is the only diploid cell in the life cycle and persists only 
for a short while before undergoing zygotic meiosis. 

Students also need to understand the variations in the results. For example, even in animals, there is an 
important exception to the statement that it results in four haploid daughter cells that can mature to 
become gametes (e.g., it does not in human females) or in the implication that the cells are alike except 
for chromosome makeup (e.g., unequal cytoplasmic division resulting in anisogamy or polar bodies is 
very common, even in humans.) 

Toward a comprehensive understanding of meiosis, students will need to master these terms (see 
http://www.ucmp.berkeley.edu/glossary/gloss6/haploid.html): 
• Alternation of generations 
• Types of meiosis: zygotic, gametic, and sporic meiosis 
• Haplospores 
• Diplospores 
• Types of gametes: isogametes, anisogametes, and oogametes 
 
Introduction 
1. Review the sequence of normal meiosis. Use the “Meiosis Tutorial” found at the University of 

Arizona’s The Biology Project: Cell Biology Web site 
http://www.biology.arizona.edu/cell_bio/tutorials/meiosis/main.html, which also comes with an 
assessment. Alternatively, use the Dolan DNA Learning Center Web site 
http://www.dnaftb.org/dnaftb/8/concept/index.html at the Cold Spring Harbor Laboratory. 

2. Ask students what would happen if meiosis did not happen when gametes unite at fertilization. It 
will not take long for them to realize that the cascading polyploidy (>2n) would quickly become 
detrimental, especially when discussed in light of the numerous trisomy (3n) diseases in humans. If 
such damage can result from an extra copy of one chromosome, the detrimental effects of multiple 
copies of multiple chromosomes should be obvious. (For the time being, do not dwell on natural 
polyploidy in some plants; there are numerous exceptions that can be discussed later.) 

3. After this discussion, have the students use text references and other materials to investigate the 
processes that occur to accomplish reduction division in sexually reproducing organisms. Note 
especially the alternation of generations in many organisms. 

 
Procedure 
1. Use the coins or other materials of your choosing to model for students what happens in a 

generalized gametogenesis meiosis reduction division, as discussed above in the Introduction. 
2. Help students relate the various combinations of heads and tails to chromosome reshuffling. 
3. Have students examine the various life cycle diagrams for the organisms listed in the materials 

section. Use the following Web site for information: 
http://www.emc.maricopa.edu/faculty/farabee/BIOBK/BioBookmeiosis.html#Ploidy. 

4. Hold a class discussion on what is taking place in each phase and in each diagram. Note the 
differences and similarities in the life cycles. 

 
Observations and Conclusions 
1. Tell students to record data in the data table in the student activity sheet. 
2. Have students answer the question: “How can you explain the differences found in the life cycles 

of the different organisms?” 
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3. Have students reflect on the ecological niches these organisms fill. Ask: “Where are these 
organisms found? How old are they? Which do you think came first — flowering plants or mosses 
and stoneworts (Nitella)? Which was most successful?” Have students think about the ecological 
niches for each. 

Sample assessment 
• Use the completed data table (illustrations too, if fresh samples are used) for assessment. 
• Have students identify the kingdoms represented by these organisms: 

° Humans 
° Nitella 
° Rhizopus 
° Moss 
° Fern 
° Ulva 
° Chlamydomonas 

• Have students demonstrate the stages and processes in generalized gametic meiosis. 

Follow-up/extension 
• Have students investigate natural and artificially induced polyploidy in plants. 
• Have students explain how polyploidy can be induced. 
• Have student relate what goes on in meiosis to Mendel’s Laws of heredity. 
• Have students model and explain the impact of crossing-over and linked genes, using meoitic 

processes. 
 
Resources 
Suggested Web sites with information on meiosis and gametogenesis: 
• Meiosis Tutorial. http://www.biology.arizona.edu/cell_bio/tutorials/meiosis/main.html. 
 
Suggested Web sites with information on polyploidy, gametophytes and zygospores: 
• Algae and Bryophytes. http://www.science.siu.edu/plant-

biology/PLB117/Nickrent.Lecs/Algae.bryos.html. 
• Fertilization, Mitosis and Meiosis. http://waynesword.palomar.edu/lmexer8.htm. 
• Ploidy. http://www.emc.maricopa.edu/faculty/farabee/BIOBK/BioBookmeiosis.html#Ploidy. 



Science Enhanced Scope and Sequence – Biology 

Virginia Department of Education 
51 

Meiosis — Zygotic, Gametic, and Sporic 
Student Activity Sheet 

Name:    Date:   
 
List the three non-animal eukaryotic kingdoms: 
1.   Kingdom 
 
2.   Kingdom 
 
3.   Kingdom 
 
The following organisms may not be familiar to you, with the exception of humans, of course. Research each organism, using the Web sites 
listed, and fill in the table. Discuss your results. 

Data Table 

Organism Type of 
Meiosis 

Type of 
Gametes 

Name of 
Haploid Cells 

Dominant 
Phase 

Humans 
http://waynesword.palomar.edu/lmexer8.htm 

    

Nitella 
http://www.science.siu.edu/plant-biology/PLB117/Nickrent.Lecs/Algae.bryos.html 

    

Rhizopus 
http://highered.mcgraw-
hill.com/sites/0073031216/student_view0/exercise26/life_cycle_of_rhizopus.html 

    

Moss 
http://waynesword.palomar.edu/lmexer8.htm 

    

Fern 
http://waynesword.palomar.edu/lmexer8.htm 

    

Ulva 
http://wps.prenhall.com/wps/media/objects/488/499858/CDA27_1/CDA27_1a/CDA27_1a.htm 

    

Chlamydomonas 
http://highered.mcgraw-
hill.com/sites/0073031216/student_view0/exercise24/life_cycle_of_chlamydomonas.html 
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Prokaryota 
Activity adapted from “Environmental Sampling of School Sites — A Prediction Activity.” 2004. http://mathinscience.info. Used by 
permission. 

Organizing Topic Investigating Cells 

Overview Students investigate prokaryotes and explore the niches they fill in our environment. 

Related Standards of Learning BIO.1a, b, c, e, i,; BIO.4a; BIO.5a, b 

Objectives 
The students will explain the following: 
• The simplest life forms exhibiting cellular structure are prokaryotes. 
• Earth’s first cells were prokaryotes. 
• Prokaryotic cells exist in two major forms: eubacteria and archaebacteria. 
• Prokaryotes are Earth’s most abundant organisms due to their ability to live in a variety of 

environments. 
• Eukaryotes are more complex than prokaryotes and developed into larger more complex 

organisms, from single-celled protista to multicellular fungi, plants, and animals. 

Materials needed 
• Copies of the attached student activity sheet 
• Copies of the attached data table 
Parts 1 & 2 
• Nostoc sp. cultures 
• Prepared slides of eubacteria 
• Microscope slides 
• Microscopes, at least one of which has oil immersion 
• Digital microscope and interface (if available) 
• Winogradsky column (http://www.accessexcellence.org/AE/AEPC/WWC/1991/microbial.html) 
Part 3 
• Sterile test tubes with stopper, half-filled with deionized sterile water 
• Aerobic Count (AC) Petrifilm™ plates 
• Sterile cotton swabs 
• Sterile micropipette 
• Petrifilm™ spreader for AC plates 
• Sealable bags 
• Pen 
• Incubator or warm area for incubating Petrifilm™ plates 
• Biohazard bag for destroying bacteria 
• Autoclave 

Instructional activity 
Content/Teacher Notes 
Prokaryotes are very simple, single-celled life forms. The typical prokaryotic cell includes a circular 
piece of free-floating DNA called a “nucleoid,” ribosomes, a cell membrane and cell wall, and perhaps a 
flagellum or other motility apparatus. This is very different from the complex, membrane-bound 
organelles and defined nucleus of the eukaryotic cell. 
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Fossils of prokaryotes have been found 
that are 3.5 billion years old., making 
today’s prokaryotes descendants of the 
oldest living inhabitants of Earth. 
Prokaryotes have evolved with an 
amazing ability to adapt. They are 
ubiquitous, found in every conceivable 
environment. They are found in the 
deepest of the deep sea trenches, 
producing their own food from the sulfur 
vents via chemosynthesis. They survive 
the highest mountain lakes, the driest 
deserts, low (0) pH environments, and 
high pH environments in soda lakes. The 
prokaryotes that are survivors of these 
extreme conditions are called 
“extremophiles.” Scientists have studied 
the genomes of these extremophiles and 
have placed them in a domain or kingdom 
all their own, the Archaea. 

Other prokaryotes have been placed in the 
domain or kingdom Eubacteria (or Bacteria, in some textbooks). These are the bacteria that are 
commonly found in human environments. Some are beneficial, providing foods such as yogurt and 
sauerkraut, while others are deadly, like Clostridium botulinum, which causes botulism, and Bacillus 
anthrasis, which causes anthrax. Most other bacteria simply exist in all human environments, filling 
their ecological niche as decomposers. (See http://www.ucmp.berkeley.edu/archaea/archaea.html.) 

Because they are so efficient as decomposers and relatively simple organisms, science has found more 
and more uses for the lowly bacterium, e.g., in industry, bioremediation, genetic engineering, and 
nanotechnology. 

There are numerous ways that one can approach the study of bacteria. The activities in this lesson give 
students an opportunity to use industrial microbiology (yogurt) and environmental microbiology (Nostoc 
and Winogradsky column) to observe a variety of bacterial types, which have a variety of life histories. 

Cautions for this lab 
• Winogradsky columns. These are wonderful teaching tools to bring microorganisms into a 

macroview. They are also capable of generating deadly anaerobic bacteria, such as Clostridium 
botulinum. Do not allow students to examine the contents of a Winogradsky column. If you 
choose to make and display a Winogradsky column, be aware that you may be growing deadly 
pathogens and that a very strong and unpleasant odor will be produced. 

• Unknown bacteria. Microorganisms (bacteria) should always be treated with caution. When 
plating the unknown sample, do not touch the swab or Petrifilm™ plate with your fingers. Wear 
gloves during collection and observations of prokaryotes. After plating, clean up work areas, place 
micropipettes and swabs in bleach solution, and wash hands in hot, soapy water. 

• Plate incubation. Place inoculated Petrifilm™ plate in sealable bag. Do not seal during the 
incubation time. Seal bag before examining after incubation time. Do not remove Petrifilm™ 
plate from bag. 
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• Plate disposal. After examination, place all Petrifilm™ plates in biohazard disposal bag. 
Autoclave entire biohazard bag at 15 lb/in2 (15 psi) pressure at a temperature of 121ºC for 20 
minutes, or take to medical center to deposit with sharps (needles), or dispose materials based on 
direction from your school division’s chemical hygiene plan. 

 
Introduction 
1. Discuss with the students background information on the student activity sheet. 
 
Procedure 
Part 1. Blue-Green Algae 
1. Direct students in preparing a wet mount of the Nostoc sp. culture. 
2. Allow students to examine their sample under multiple magnifications. 
3. Have students document their observations. 
 
Part 2. Observation of Prepared Slides of Bacteria 
1. Obtain prepared slides of various bacterial types. 
2. Allow students to observe the slides under multiple magnifications. 
3. Have students document their observations. 
 
Part 3. Prokaryotes in the School Environment 
1. Have students follow directions on the student activity sheet. 
2. Prepare and incubate a control, using distilled water. 

 
Observations and Conclusions 
1. Have students make and record observations throughout all parts of the lesson. 

Sample assessment 
• Have students produce a photo essay, slide show, or poster presentation of their observations. This 

may be assessed for content, identification, microscopic technique, and identification, if desired. 
Since a mixed flora is expected (except for the Nostoc, sp.), a variety of documented observations 
should be included. 

Follow-up/extension 
• Have students investigate bacterial cultures as fuel cells using REDOX reactions. 
• Have students explore a nanotechnology application of interest, such as Atomic Force Microscopy 

(AFM) technology applied to studying bacterial adherence. 
• Have students examine bacterial roles in bioremediation or recombinant DNA technologies. 
• If culture facilities are available (incubators, agar plates or slants, or liquid media and culture 

dishes) and can be used safely, have students conduct extensive surveys. (CAUTION: May be 
hazardous at this level.) 

Resources 
• 3M Petrifilm Aerobic Count Plates, Instruction Manual, 1999. 

http://www.3m.com/microbiology/home/products/petrifilm/pp_vid.html. 
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• Experiment 1: The Winogradsky Column. 
http://www.woodrow.org/teachers/esi/1999/princeton/projects/microbe/win_col.html. 

• Using a Winogradsky Column to Analyze Microbial Communities. 
http://www.accessexcellence.org/AE/AEPC/WWC/1991/microbial.html. 

 
Suggested Web sites with information on prokaryotes and classification: 
• Evolution of Prokaryota and Eukaryota: Bacteria, Archaea, and Eukaryota. 

http://www.mun.ca/biology/scarr/Prokaryota_&_Eukaryota.htm. 
• The Three Domains of the Tree of Life. 

http://www.fossilmuseum.net/Tree_of_Life/tree_of_life_main_page.htm. 
• UCMP Phylogeny Wing: The Phylogeny of Life. 

http://www.ucmp.berkeley.edu/alllife/threedomains.html. 



Science Enhanced Scope and Sequence – Biology 

Virginia Department of Education 
56 

Prokaryotes in the School Environment 
Student Activity Sheet 

Name:   Date:   
 

Background 
Bacteria are ubiquitous: they are found in all microenvironments. Some microenvironments may have 
more bacteria — a bacterial load — than others. Warm, moist environments may have more bacteria 
than areas that are cold and dry. Environments with a rich supply of carbohydrates and protein may 
also have more bacteria. School buildings have an abundance of microenvironments where a large 
bacterial load may be found. Where might the largest bacterial load be found? 
 

Procedure 
In the classroom before sampling: 
1. From the list found under “School Location” in the Class Data Table, choose five locations at 

school that may have large numbers of bacteria. 
2. Rank the locations where the most bacteria may be found, #1 being the location most likely to 

have the highest number of bacteria. Explain your reasoning. 
3. From the original question, formulate a hypothesis, using the words if and then to describe how 

the sampling will test the question. Record your hypothesis on the Class Data Table. 
4. On the Class Data Table, describe the reasoning for finding high numbers of bacteria. Use words 

such as damp, warm, sweaty, nutrients (food) available, not cleaned/sanitized frequently, and 
special. 

 
At the sampling locations: 
5. Take a test tube half-filled with deionized sterile water, a stopper, and a cotton swab to one of the 

locations selected. 
6. Dip the cotton swab into the water in the test tube. 
7. Roll the wet cotton swab over the sampling location surface. 
8. Put the cotton swab into the test tube. 
9. Put the stopper in the test tube, and label the tube with the location. 
10. Repeat steps 5–9 for the four remaining locations. 
10. Return to the classroom. 
 
Back in the classroom after sampling: 
11. Record initials, date, and locations of samplings on Petrifilm™ plates. 
12. Shake a stoppered test tube containing one sample 25 times. 
13. Remove the stopper from the tube. 
14. With pipette, withdraw 1 mL of the water from test tube. 
15. With Petrifilm™ plate on flat surface, carefully peel open top film layer, being careful not to touch 

either the film layer or yellow-hatched gel layer. 
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16. With pipette perpendicular to Petrifilm™ plate, dispense the 1 mL sample onto the middle of the 
yellow-hatched layer. Drop top film layer onto yellow-hatched layer. Do not roll top film layer down 
onto yellow-hatched layer. 

17. Press with spreader, ridge side down. Do not twist. 
18. Lift spreader. Wait one minute as gel solidifies. 
19. Repeat steps 12–18 for each of the other samples. 
20. Place each plate in a separate bag. Do not seal: this is an aerobic count. 
21. Carefully dispose of all plate-preparation materials according to teacher directions.  
22. Incubate plates with clear side up for 48 ± 2 hours at 35ºC. 
23. Count plates according to the instructions available from the 3M™ Worldwide Web site at 

http://multimedia.mmm.com/mws/mediawebserver.dyn?ddddddNLXpsdyHedrHedddavSP&j7L9d- 
(If this does not work, go to http://www.3m.com/ and search “Petrifilm Aerobic Count Plate 
Interpretation Guide” to find the link to the PDF brochure.) 

Discussion and Conclusions 
After the plates have been counted, record data in Class Data Table. 
1. Which plate had the most bacterial colonies? 
 
 
2. Which plate had the least? 
 
 
3. How did the actual class results compare with the predicted results? 
 
 
4. Why was a control necessary? 
 
 
5. Explain any unexpected results. 
 
 
6. From the results, where are the highest number of microorganisms (bacterial load) found in the 

school? 
 
 
7. What is the effect of hot water/soap/detergent/sanitizer on the number of microorganisms? (See 

results from the clinic/cafeteria/restrooms.) 
 
 
8. Discuss why sanitation has become so important in the world today. 
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Prokaryotes in the School Environment 
Class Data Table 

 

School Location Predicted
Ranking Reasoning 

Number
of 

Aerobic
Bacteria

Actual 
Ranking

Women’s restroom       
• Sink       
• Door handle       
• Flush handle       
• Wastebasket       
Men’s restroom       
• Sink       
• Door handle       
• Flush handle       
• Wastebasket       
Main door handle       
Office door       
Clinic door       
Clinic desk       
Clinic telephone       
Women’s locker room shower       
Men’s locker room shower       
Cafeteria       
• Tables       
• Garbage cans       
Public phone receiver       
Water fountain handle       
Computer lab keyboard       
CONTROL       

 
Hypothesis:   
 
  
 
Do you accept your hypothesis? ___________ Why?   
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Viruses 

Organizing Topic Investigating Cells 

Overview Students learn about the life cycle of organisms that cause some of the deadliest diseases 
known. 

Related Standards of Learning BIO.5a, b, c 

Objectives 
The students will 
• distinguish between viruses and cells; 
• illustrate the viral reproductive cycle. 

Materials needed 
• Reference books 
• Markers, rulers, chart paper 
• Access to Internet 
• Presentation software, poster board, transparencies 
• Attached directions for skits 

Instructional activity 
Content/Teacher Notes 
Viruses are not considered living organisms outside their host cells. They are obligate intercellular 
parasites that require a host cell to reproduce. Most viruses are genetic information (DNA or RNA) 
surrounded by a protein coat. They do not fit into our six-kingdom system, but they do have a 
classification structure all their own. Some DNA viruses that may be familiar are Adenoviruses 
(respiratory infections, such as colds), Herpesviruses (herpes), Papillomaviruses (HPV), 
Polyomaviruses, Parvoviruses (feline or canine parvovirus, “slapped cheek” virus), and Poxviruses 
(chickenpox, smallpox). RNA viruses include H5NI (avian flu),  coronaviruses (SARS), and retroviruses 
(HIV). 

Why have we not known about viruses until relatively recently? Consider the scale below and the fact 
that the scanning electron microscope was not in use until after 1965. 

 
http://www.biology.arizona.edu/cell_bio/tutorials/cells/cells2.html 

In order to understand the reproductive cycles of viruses, students need to understand the definitions of 
the following terms as they apply to virus particles: capsid, nucleic acid core, adhesion, penetration, 
replication, assembly, lysis, viral membrane coat, lytic cycle, lysogenic cycle, virulent, and latent. 
For advanced discussion, you may wish to add Human Endogenous Retroviruses (HERV), which are 
found in 85 percent of Gulf War veterans. 
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Introduction 
At this level, not much can be done with laboratory investigations of viruses. Nevertheless, students can 
develop an understanding of the terms and concepts if their task is to “teach” the topic and to prepare a 
presentation to be used for that purpose. Individuals or teams of students can address the terms and 
concepts of viruses by explaining to other students what the terms are, how they relate to each other, and 
how they impact health-related topics. 
 
Procedure 
1. Have students or student teams use the materials listed above (or some of their own choosing) 

and/or presentation software to prepare a product that demonstrates an understanding of the viral 
lytic and lysogenic cycles. 

2. Have students or teams present their products to other students, thereby demonstrating and 
reinforcing their understanding. 

2. In the products and presentations, make sure students demonstrate an understanding of the 
importance of knowing how the various phases occur and how viruses are of great concern in 
health-related fields. 

 
Observations and Conclusions 
1. Have students demonstrate an understanding of the lytic cycle from adhesion to lysis and describe 

differences between it and a lysogenic cycle. 

Sample assessment 
• Use an established set of rubrics for products and/or presentations to assess student content 

knowledge and presentation skills. 
• Use a simple multiple-choice test to assess student knowledge of the terms and to some degree the 

relationships between the terms and their implications to health practices. 
• For a more authentic assessment, have students present their products and understanding to a 

community group or another class, using appropriate feedback procedures. 

Follow-up/extension 
• If the school has video equipment, record the skits (see below) for reference later in the unit. Also, 

if the students are to design the skit themselves, they will most likely try harder if they know it will 
be taped. If there is a particularly good skit, you may wish to use it in following years to show 
other students how it should be done. 

• Have students research a bacteria, virus, or related advance in science that has occurred within the 
last 5 years. The finished product should be a one-page summary with at least two sources. The 
information can be from print and nonprint sources (Internet). You may wish to give bonus credit 
if the student is the only one in the class to pick a particular subject. (This will help satisfy the 
curriculum objectives and also keep the teacher informed of new happenings.) 

• Have students investigate potential lysogenic viral interruption of exon functioning and resulting 
genetic malfunctioning. 

• Have students investigate the possibility of HERV contributing to selection pressures by altering 
the genome. 

• Have students investigate use of viral vectors in transformation technologies. 
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Resources 
• “Lytic and Lysogenic Cycle Activity.” Queen’s University, Kingston, Ontario, Canada. 

http://educ.queensu.ca/~science/main/concept/biol/b08/B08LAAT2.htm. A skit. 
• “Lytic and Lysogenic Cycles.” NASA Explores. http://media.nasaexplores.com/lessons/03-077/9-

12_1.pdf. 
 

The Lytic and Lysogenic Cycle of Viruses — Two Skits 6  
The focus of this dramatic activity is to show the different stages in the lytic cycle and the difference 
between it and the lysogenic cycle. There are a couple of ways to do this activity: 1) the teacher explains 
the roles and scenario to the actors (students), or 2) the teacher gives students materials for them to use 
to create their own skit showing that they understand the concepts. 

Materials 
• A sign indicating the nucleus of the host cell 
• A sign indicating the virus 
• A sign to represent the host cell’s DNA (held by the nucleus) 
• A sign in a plastic bag to represent the virus’s DNA in a membrane (held by the virus) 
• Four blank signs 
• A pen 
• A yo-yo 
• A pack of cards 
• String 
 
Procedure 
Lytic Cycle Skit 
1. Identify a “cell” area on the floor. 
2. Designate a student to be the nucleus of the cell. Give him/her the nucleus sign, the DNA sign, the 

four blank signs, the pen, and string. Have the nucleus and four other students sit in the center of 
the “cell.” 

2. Designate a student to be the virus, give him/her the virus sign, the yo-yo, and the pack of cards. 
3. The virus comes to the cell, enters it, and has a seat beside the nucleus. 
4. The virus grabs the host cell’s DNA and rips it up. 
5. The virus then pulls out the yo-yo and hypnotizes the nucleus to take the viral DNA sign. 
6. The nucleus starts making viral DNA signs with the pen and blank signs. 
7. The nucleus uses the string to attach these viral DNA signs to the four other students in the cell. 
8. The original virus laughs and breaks open the viral DNA membrane. 
9. The original virus says, “Go, my offspring, and flourish.” 
10. The four students go off, and the nucleus dies. 
Lysogenic Cycle Skit 
1. Repeat first three steps of lytic cycle. 

                                                 
6 Activity adapted from a skit on the Web written by faculty from Queen’s University, Kingston, Ontario, Canada: 
http://educ.queensu.ca/~science/main/concept/biol/b08/B08LAAT2.htm. 
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2. The virus says, “I like you; let’s play cards.” and plays 21 with the nucleus. 
3. The virus convinces the nucleus to take the viral DNA and attach it to the cell’s DNA. 
4. The nucleus says, “I will now reproduce.” The nucleus starts writing out the entire DNA sequence 

once, including the viral DNA part, and shows it to the class. 
5. The nucleus then says, “Pretend that I have done this many times and that there are now many 

more cells.” 
6. The nucleus and virus continue to play 21 until the teacher walks over to the nucleus and says, 

“I am an unknown environmental condition that has told the cell to detach the viral DNA from its 
own.” 

7. The skit continues from step four of the lytic cycle. 
 
These skits will show the students the different steps of the two cycles, but the activity becomes more 
effective if the teacher stops the skit at certain times and ask the class, “What is happening?,” or “Why 
did that happen?” For example: 

• Why did the viral DNA rip up the host cell’s DNA? 
• Who produced the protein coats? 
• What happened to the original cell after the virus left? 
• What are some reasons why the viral DNA might go through the lysogenic cycle? 
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Sample Released SOL Test Items 
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Organizing Topic — Life Functions and Processes 

Standards of Learning 

BIO.1 The student will plan and conduct investigations in which 
a) observations of living organisms are recorded in the lab and in the field; 
b) hypotheses are formulated based on direct observations and information from scientific 

literature; 
c) variables are defined and investigations are designed to test hypotheses; 
d) graphing and arithmetic calculations are used as tools in data analysis; 
i) appropriate technology including computers, graphing calculators, and probeware, is used 

for gathering and analyzing data and communicating results. 
BIO.2 The student will investigate and understand the history of biological concepts. Key concepts 

include 
c) evidence supporting the germ theory of infectious disease. 

BIO.3 The student will investigate and understand the chemical and biochemical principles essential 
for life. Key concepts include 
d) the capture, storage, transformation, and flow of energy through the processes of 

photosynthesis and respiration. 
BIO.5 The student will investigate and understand life functions of archaebacteria, monerans 

(eubacteria), protists, fungi, plants, and animals including humans. Key concepts include 
d) maintenance of homeostasis; 
e) human health issues, human anatomy, body systems, and life functions. 

Essential Understandings, Correlation to Textbooks and 
Knowledge, and Skills Other Instructional Materials 

The student will use hands-on investigations, problem solving 
activities, scientific communication, and scientific reasoning to 
• generalize the following regarding energy processes: 

° Plant cells and many microorganisms use solar energy to 
combine molecules of carbon dioxide and water into 
complex, energy-rich organic molecules and release 
oxygen into the environment.   

° The process of photosynthesis provides a vital connection 
between the sun and the energy needs of living things.   

° The breakdown of nutrient molecules enables all cells to 
utilize energy stored in specific chemicals to carry out the 
life functions of the cell.   

° Photosynthesis and cell respiration are complementary 
processes for cycling carbon dioxide and oxygen in 
ecosystems.   

° Light is the initial source of energy for most 
communities.   

• relate plant structures and functions to process of 
photosynthesis and respiration;   

• illustrate and describe the energy conversions that occur during 
photosynthesis and respiration;   
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• summarize the process of photosynthesis, including the 
following: 
° Cells trap energy from sunlight with chlorophyll, and use 

the energy, carbon dioxide, and water to produce energy-
rich organic molecules and oxygen.   

° Photosynthesis involves an energy conversion in which 
light energy is converted to chemical energy in 
specialized cells (e.g., plants and some protists).   

• summarize the processes of cells, including the following: 
° Eukaryotic cells (plant and animals) burn organic 

molecules with oxygen to produce energy, carbon 
dioxide, and water.   

° Cells release the chemical energy stored in the products 
of photosynthesis. This energy is transported in 
molecules of ATP.   

° When cells need energy to do work, certain enzymes 
release the energy stored in the chemical bonds in ATP.   

• recognize the equations for photosynthesis and respiration and 
identify the reactants and products for both;   

• recognize that many organisms, including human beings, are 
composed of groups of cells (tissues, organs, and systems) that 
are specialized to provide the organism with the basic 
requirements of life: obtaining food and deriving energy from 
it, maintaining homeostasis, coordinating body functions, 
communicating between cells, and reproducing;   

• explain the purpose and functioning of the following human 
systems: 
° Digestive 
° Respiratory 
° Circulatory 
° Excretory 
° Immune 
° Nervous 
° Endocrine 
° Skeletal 
° Integumentary;   

• discuss the major factors that impact human health, including 
° genetic predispositions   
° microorganisms   
° environmental influences;   

• recognize that the acceptance of the germ theory of disease has 
resulted in a modern emphasis on sanitation, including 
° safe handling of food and water   
° aseptic techniques   
° development of vaccines   
° chemicals and processes to destroy microorganisms.   
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Photosynthesis and Respiration 

Organizing Topic Life Functions and Processes 

Overview Students discover how to test a hypothesis, using living organisms. They design a 
controlled experiment and predict the outcome. They see the change in the bromthymol 
blue indicator color that signals the production of oxygen or carbon dioxide. (Students 
should have some background in pH levels and acidic and basic solutions before 
undertaking this activity.) 

Related Standards of Learning BIO.1a, b, c; BIO.3d 

Objectives 
The students will 
• generalize the following regarding energy processes: 

° Plant cells and many microorganisms use solar energy to combine molecules of carbon 
dioxide and water into complex, energy-rich organic molecules and release oxygen into the 
environment. 

° The process of photosynthesis provides a vital connection between the sun and the energy 
needs of living things. 

° The breakdown of nutrient molecules enables all cells to utilize energy stored in specific 
chemicals to carry out the life functions of the cell. 

° Photosynthesis and cell respiration are complementary processes for cycling carbon dioxide 
and oxygen in ecosystems. 

° Light is the initial source of energy for most communities. 
• relate plant structures and functions to process of photosynthesis and respiration; 
• illustrate and describe the energy conversions that occur during photosynthesis and respiration; 
• summarize the process of photosynthesis, including the following: 

° Cells trap energy form sunlight with chlorophyll, and use the energy, carbon dioxide, and 
water to produce energy-rich organic molecules and oxygen. 

° Photosynthesis involves an energy conversion in which light energy is converted to chemical 
energy in specialized cells (e.g., plants and some protists). 

Materials needed 
For each lab group: 
• Containers with lids (test tubes or even zip-top baggies) 
• Pond or aquarium water 
• Bromthymol blue solution, 4% 
• Elodea (or other aquarium plants) 
• Small water snails or other pond critters, such as guppies or daphnia 
• Light source 
• Copies of the attached student data sheet 

Instructional activity 
Content/Teacher Notes 
“The Elodea and the Snail” is a classic lab activity on planning and conducting investigations, in which 
students use living organisms to learn about photosynthesis and respiration. The time required to detect 
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results is several hours. This lesson can be used either at the beginning of the year to demonstrate the 
scientific method and experimental design or later in the year to demonstrate the interdependence of 
photosynthesis and respiration. 

A primary difference between plants and animals is the plant’s ability to manufacture its own food. 
Green plants absorb water and carbon dioxide from the environment and, utilizing energy from the sun, 
turn these simple substances into energy-rich glucose (carbohydrates — sugars and starches) and 
oxygen. This process is called “photosynthesis” (meaning literally “to put together with light”) and is the 
cornerstone of life on Earth. 

In photosynthesis, the sun’s energy combines the hydrogen from water 
(H20) with carbon dioxide (CO2), producing glucose (C6H12O6) and 
oxygen (O2), which is given off as a by-product. The chemical equation 
for the process of photosynthesis is:  

6CO2 + 6H20 + light  C6H12O6 + 6O2 

The photosynthetic process occurs only in the chloroplasts, tiny 
subcellular structures contained in the cells of leaves and green stems. 
(See chloroplasts at http://www.cellsalive.com/cells/chloropl.htm.) 

 The photosynthetic process 

This process is directly dependent on the supply of water, light, and carbon dioxide. Limiting any one of 
the factors on the left side of the equation (carbon dioxide, water, or light) can limit photosynthesis 
regardless of the availability of the other factors. If this happens, then the whole process slows down or 
stops.  

Plants use the glucose as a basic building block to synthesize a number of complex, carbon-based 
biochemicals used to grow and sustain life. 

Photosynthesis and respiration are complementary processes in the living world. Photosynthesis uses the 
energy of sunlight to produce glucose (sugars) and other organic molecules. These molecules in turn 
serve as food for other organisms. In aerobic (oxidative) respiration, both plants and animals convert 
the glucose back into energy for growth and for energizing life processes (metabolic processes). The 
chemical equation for respiration shows that the glucose from photosynthesis is combined with oxygen. 
Notice that the equation for respiration is the opposite of that for photosynthesis: 

C6H12O6 + 6O2 6CO2 + 6H20 + energy 

Most respiration processes take place in another subcellular organelle, the mitochondrion. (See 
mitochondria at http://www.cellsalive.com/cells/mitochon.htm.)  
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In summary, respiration is the breaking down of glucose for energy to grow and do the internal work of 
cells. It is very important to understand that both plants and animals (including microorganisms) carry 
out respiration. 

Table 1. Comparison of Photosynthesis and Aerobic (Oxidative) Respiration 
Photosynthesis Respiration 

Produces glucose from energy Burns glucose for energy 
Energy is stored. Energy is released. 
Occurs only in chloroplasts of green plants, 
algae, and some microorganisms 

Stage 1. Glycolysis; occurs in the cytoplasm of 
eukaryotic and prokaryotic cells 
Stage 2. Aerobic (oxidative) respiration; occurs 
mostly in the mitochondria of all eukaryotes 

Oxygen is produced. Oxygen is used. 
Water is used. Water is produced. 
Carbon dioxide is used. Carbon dioxide is produced. 
Requires light Occurs in dark and light 

 
Introduction 
1. Have students answer the following simple questions to find out what they already know: 

1. Why do you breathe? 
2. What do you breathe? 
3. Do plants breathe? 
4. What do plants breathe? 
5. What would happen to an aquarium plant (Elodea) if we moved the aquarium from its sunny 

window location to a dark closet? 
6. What would happen to an aquarium snail if we put it into a container of aquarium water and 

sealed the container? 
7. What would happen to an aquarium plant (Elodea) if we put it into a container of aquarium 

water and sealed the container? 
8. What would happen to an aquarium plant (Elodea) and a snail if we put them into a container 

of aquarium water and sealed the container? 
 
Pre-Lab Activity 
1. Have students design an experiment, using the materials listed under “Materials needed” and 

questions 5–8 above, as shown on the student activity sheet. 
2. Have the students begin by developing a hypothesis for each question, using a Developing a 

Hypothesis table, as shown on the student activity sheet. A completed table is shown on the next 
page. 
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Developing a Hypothesis 

If the  

5.  aquarium 
6.  container of aquarium water 
7.  container of aquarium water 
8. container of aquarium water 
(List the independent variable.) 

is (are) 

5.  placed in a dark closet, 
6.  sealed up, 
7. sealed up, 
8.  sealed up, 
(Describe how the independent variable is changed.) 

then the  

5.  aquarium plant (Elodea) 
6.  snail 
7.  aquarium plant (Elodea) 
8.  snail and aquarium plant (Elodea) 
(List the dependent variable.) 

will 

5. not be able to carry out photosynthesis due to lack of sunlight. 
6. 
7. 
8. 
(Describe the effect.) 

Adapted from: Science Experiments by the Hundreds, Julia H. Cothron, Ronald N. Giese, Richard J. Rezba, Kendall/Hunt Publishing 
Company, 2004. Used by permission. 
 

3. Explain that in order to test their hypotheses and get quick, 
accurate results, a solution called an “indicator” can be used. 

Bromthymol blue (BTB) is an indicator used to show the 
presence of either carbon dioxide in solution or an acidic 
solution. Low levels of carbon dioxide or acid will result in 
the bromthymol blue solution remaining blue, while higher 
levels of carbon dioxide or acid will result in the bromthymol 
blue solution taking on a yellow tint. Frequently this indicator 
is used to indicate photosynthetic activity (solution turns blue 
because CO2 is used up) or respiratory activity (solution turns 
yellow because CO2 is added to the solution). 

4. Stimulate discussion by asking: “How might your hypotheses 
change if you plan on using the indicator?” Still qualitative, 
but able to see that pH changes are occurring. Students could 
test the time needed to change and/or the exact color change. 

 
Procedure 
Safety Note: Students must wear protective eyewear! 
1. Have the students number the containers 1 through 4 and fill each about 4/5 full with aquarium 

water. 
2. Have students add enough of the bromthymol blue solution (2 to 3 mL) to each bottle to obtain a 

green color. 

Low------------pH---------High 
CO2-----------------------no CO2 
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3. Direct students to add the following items to the containers and then to seal them tightly: 
#1. Sprig of Elodea 
#2. Snail 
#3. Sprig of Elodea and Snail 
#4. Nothing (the control) 

4. Place the containers near a light source. 
5. Have students predict the color the water in the containers will turn in a few hours. Have them 

explain their predictions. 
6. Have students fill in the Experimental Design table on the student activity sheet. A sample filled-in 

table is shown below: 
 

Experimental Design Table 

Question(s) 
What would happen if I put a snail and an aquarium plant in a container of aquarium water 
and sealed up the container? Would they be able to survive alone? Would they be able to 
survive together? 

Hypothesis 
If a snail and an aquarium plant are placed in a container of aquarium water and the 
container is sealed up, then both organisms will be able to survive because photosynthesis 
and respiration are complementary processes. 

Independent 
variable (IV) 

Container of water 

Levels of the IV 
tested, and control 

#1. Water + Elodea #2. Water + snail #3. Water + snail + 
Elodea 

#4. Water only 
(control) 

Number of 
repeated trials 

One One One One 

Dependent 
variable(s) (DV) 
and prediction 

Elodea. 
The indicator in the water 
will turn blue, indicating an 
accumulation of oxygen 
from photosynthesis.(A 
small amount of carbon 
dioxide from plant 
respiration may be present, 
but will be used in the 
photosynthetic process.)  

Snail. 
The indicator in 
the water will turn 
yellow, indicating 
an accumulation 
of carbon dioxide 
from respiration.  

Snail and Elodea. 
The indicator will stay 
about the same color. 
The processes of 
photosynthesis from the 
plant releases oxygen, 
which is consumed by 
the snail (and the plant 
itself) in the process of 
respiration. 

None. 
The indicator 
in the water 
will stay the 
same color. 

Constants 

Container 
Aquarium water 
Amount of indicator 
Sunlight 

 
Observations and Conclusions 
1. Within a few hours, the following results should be noticed: Containers 3 and 4 should remain 

green, though container 3 may turn a slightly different shade of green. Container 1 should be blue, 
and container 2 should be yellow. Have students explain their observations. 

2. Ask the student the following investigator questions: 
• Why did the control (water only) stay the same color? 
• Explain what happened in container 3 (water + Elodea + snail), using the photosynthesis and 

respiration chemical equation. 
• What is at equilibrium? Which container is closest to achieving equilibrium? 
• What would happen if all containers were kept in a dark place? (See Extension 1 below.) 
• Could this experiment go on indefinitely? Why, or why not? 
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Observations and Conclusions 
1. Hold a class discussion that included the following: 

• Carbon dioxide dissolves in (and reacts with) water, forming carbonic acid, H2CO3. Carbonic 
acid then immediately dissociates into a hydrogen ion and a bicarbonate ion. The reaction 
occurring in solution is 

CO2(g) + H2O(l)  H2CO3 H+(aq) + HCO3
–(aq) 

• The free hydrogen ions (H+) lower the pH of the solution, making it more acidic. The degree 
to which the pH changes is proportional to the amount of CO2 that dissolves in the water. In 
other words, as more CO2 dissolves in water, the pH of the solution will continue to decrease. 
If CO2 is removed from the solution, the pH will increase. A pH indicator, such as 
bromthymol blue, can therefore indicate the relative amount of CO2 dissolved in water based 
on the color of the solution. 

• In this activity, photosynthesis occurring in the Elodea exposed to light removes CO2 from 
the solution and thereby raises the pH. This higher pH is indicated by the blue color of the 
indicator in container 1. The Elodea also is respiring or carrying out life processes. 

• The snail, on the other hand, only respires, producing CO2 and thereby lowering the pH. This 
lower pH is indicated by the yellow color of the indicator in container 2. 

• Container 3 will have a relatively neutral pH, since the snail is respiring and the plant is both 
respiring and also photosynthesizing. The color of the indicator in container 4 should not 
change. 

Sample assessment 
• Have students predict whether the closed environments 

illustrated at right contain the necessary materials to 
support the life, and have them explain their predictions. 

 a) The snail will use up all of the oxygen; this 
environment cannot support the snail. b) The plant will 
use up all of the carbon dioxide; the environment cannot 
support the plant. c) Carbon dioxide and oxygen will 
circulate between the plant and the snail; this 
environment is able to support the living things in it, at least for a period of time until wastes build 
up that cannot be recycled. 

Follow-up/extension 
1. Have the students design another experiment similar to the one above that tests what happens to 

plants when they are placed in a dark environment, like a drawer or closet. Have them formulate a 
hypothesis, predict the results, and do the experiment. 

2. Have students use the following Web site to research leaf structure and adaptations: 
http://mathinscience.info/teach/612_science/biolife_envisci/LEAVES/Leaves_Lesson.html. 

3. Have students research adenosine triphosphate (ATP). What is it? How do we use it? How much is 
produced in respiration? Who needs more ATP, children or adults? 

4. Have students research enzymes. What is an enzyme? How do enzymes work? How do they turn 
on? How do they turn off? 

Resources 
Suggested Web sites for information on photosynthesis and respiration: 

  
Snail Elodea Snail and Elodea
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• Cell Energy. http://www.hsv.k12.al.us/schools/middle/wtms/student/cell_energy/cell_energy.html. 
• Indicators and Stains. http://regentsprep.org/Regents/biology/units/laboratory/indicators.cfm. 
• Interactive Java Tutorial: Photosynthesis. http://www.mic-d.com/java/photosynthesis/. 
• Leaves: Adaptations for Food Making. 

http://mathinscience.info/teach/612_science/biolife_envisci/LEAVES/Leaves_Lesson.html. 
• Linhares, James. A Constructivist Version of the Snail & Elodea Lab. 

http://www.accessexcellence.org/AE/AEC/AEF/1996/linhares_lab.html. 
• Moulinos, Spiridoula. Lesson Plans for The Living Environment. 

http://www.scienceteacherprogram.org/biology/Moulinos02.html. 
• Plant and Animal — Mini Ecosystem. http://www.biologycorner.com/worksheets/ecosystem.html. 
• Raise-A-Snail Kit: Instruction Manual. http://www.carolina.com/manuals/manuals5/Raise-A-

Sail%20Kit%20Instruction%20Manual.pdf. 
• Respiration versus Photosynthesis. 

http://www.flinnsci.com/Documents/demoPDFs/Biology/BF0141.00.pdf. 
 
Suggested Web site for information on glycolysis and ATP: 
• Glycolysis: A Step-by-Step Look at Respiration. 

http://programs.northlandcollege.edu/biology/Biology1111/animations/glycolysis.html. 
 
Suggested Web site for information on enzymes: 
• Animations. http://highered.mcgraw-

hill.com/sites/0072437316/student_view0/chapter8/animations.html#. 
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Photosynthesis and Respiration 
Student Activity Sheet 

Name:   Date:   

Pre-Lab Questions and Experimental Design 
1. What would happen to an aquarium plant (Elodea) if we moved the aquarium from its sunny 

window location to a dark closet? 
2. What would happen to an aquarium snail if we put it into a container of aquarium water and 

sealed the container? 
3. What would happen to an aquarium plant (Elodea) if we put it into a container of aquarium water 

and sealed the container? 
4. What would happen to an aquarium plant (Elodea) and a snail if we put them into a container of 

aquarium water and sealed the container? 
 
Develop a hypothesis for each of these questions, using the following Developing a Hypothesis chart. 
 

If the  

 
1.   
2.   
3.   
4.   
(List the independent variable.) 

is (are) 

 
1.  , 
2.  , 
3.  , 
4.  , 
(Describe how the independent variable is changed.) 

then the  

 
1.   
2.   
3.   
4.   
(List the dependent variable.) 

will 

 
1.  . 
2.  . 
3.  . 
4.  . 
(Describe the effect.) 

 
4. Place the containers near a light source. 
5. Have students predict the color the water in the containers will turn in a few hours. Have them 

explain their predictions. 
6. Have students fill in the Experimental Design table on the student activity sheet. A sample filled-in 

table is shown below: 
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In order to test your hypotheses and get quick, accurate results, a 
solution called an “indicator,” can be used. Bromthymol blue 
(BTB) is an indicator used to show the presence of either carbon 
dioxide in solution or an acidic solution. Low levels of carbon 
dioxide or acid will result in the bromthymol blue solution 
remaining blue, while higher levels of carbon dioxide or acid will 
result in the bromthymol solution taking on a yellow tint. 
Frequently this indicator is used to indicate photosynthetic activity 
(solution turns blue because CO2 is used up) or respiratory activity 
(solution turns yellow because CO2 is added to the solution). 
Many labs use one set of test tubes without bromthymol blue and 
one set with bromthymol blue added. Why? 

How might your hypotheses change if you plan on using the 
indicator? 
 

Procedure 
Safety Note: You must wear protective eyewear! 
1. Number the containers 1 through 4, and fill each about 4/5 full with aquarium water. 
2. Add enough of the bromthymol blue indicator solution (2 to 3 mL) to each bottle to obtain a green 

color  
3. Add the following items to the containers, and then seal them tightly: 

#1. Sprig of Elodea 
#2. Snail 
#3. Sprig of Elodea and Snail 
#4. Nothing (the control) 

4. Place containers near a light source. 
5. Predict the color the water in the containers will turn in a few hours. Explain your predictions. 
6. Fill in the Experimental Design table on the next page. 
 

Low------------pH------------High 
CO2--------------------------no CO2 
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Photosynthesis and Respiration 
Experimental Design Table 

 

Question(s) 
 

Hypothesis 
 

Independent 
variable (IV) 

 

Levels of the 
IV tested, 
and control 

#1 
Water + Elodea 

#2 
Water + snail 

#3 
Water + snail + Elodea 

#4 
Water only (control) 

Number of 
repeated 
trials 

One One One One 

Dependent 
variable(s) 
(DV) 
and 
prediction 

    

Constants 
 

 

Observations and Conclusions 
Within a few hours, the water in the containers should be different colors. Explain your 
observations. 
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Energy and ATP 

Organizing Topic Life Functions and Processes 

Overview Students learn how ATP is synthesized and how it stores the energy needed for 
metabolism, the sum total of all the chemical reactions in the cell of an organism. Also, 
students demonstrate that carbohydrates, such as glucose or common table sugar, contain 
energy that can be released in the form of heat. They simulate the breaking of the high 
energy bonds of ATP to release that energy. 

Related Standards of Learning BIO.1d; BIO.3d 

Objectives 
The students will summarize the processes of cells, including the following: 
• Eukaryotic cells (plant and animals) burn organic molecules with oxygen to produce energy, 

carbon dioxide, and water. 
• Cells release the chemical energy stored in the products of photosynthesis. This energy is 

transported in molecules of ATP. 
• When cells need energy to do work, certain enzymes release the energy stored in the chemical 

bonds in ATP. 

Materials needed 
Activity 1 
• Lab coats, protective eyewear 
• Sugar cube (sucrose, a disaccharide) 
• Heat resistant watch glass or dish 
• Thermometer (°C) 
• Lighter 
• Test tube with 10 mL of water 
• Ring stand and clamps 

Instructional activity 
Content/Teacher Notes 
In the interdependent processes of 
photosynthesis and respiration shown in 
this graphic, one of the products of cellular 
respiration is “useful chemical bond energy.” 

Energy is the ability to do work. Potential 
energy is energy of position or stored energy, 
and it can be converted into kinetic energy. 
Kinetic energy is energy of motion. Chemical bond energy, a type of potential energy, is the energy 
stored in the bonds of molecular substances. 

Imagine that you are standing on the second floor of a building. You have potential energy due to your 
position. You can convert it to kinetic energy all at once by jumping to the floor below, or you can 
release it a little at a time by walking down the stairs. 

Activity 2 
• Protective eyewear 
• Scissors 
• Tape measure 
• Four blocks of wood, one twice the size 

of the other three 
• Three identical rubber bands 
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The problem is that the release of the chemical bond energy of carbohydrates in a cell must be done in a 
manner that does not destroy the cell during the process. In cellular respiration, the energy in glucose is 
released in small amounts instead of all at once. 

Cellular Respiration: In cells, potential energy in the chemical bonds of food is transferred to the 
bonds of a substance called “adenosine triphosphate” (ATP). The potential energy of ATP is readily 
converted into kinetic energy to do work, such as electrical work (nerve impulse), transport work (heart, 
active pumps), chemical work, or mechanical work (muscle contraction). 

C6H12O6    
 ADP  

Energy 
Transfer + Energy 

Release 
 Phosphate 

group 
 

 ↑↓  

 
+ 
 

6O2 

 

↑↓ 
 ATP  

6CO2 + 
6H20 

   

muscle 
contraction 

 
building 
polymers 

 
membrane 
transport 

 
nerve 

impulses 
This transfer of energy involves an ordered, step-by-step procedure that starts with glucose and ends 
with the formation of carbon dioxide, water, and energy stored in adenosine triphosphate (ATP). It is 
called “cellular respiration” and is defined as the process by which cells release the energy in glucose. A 
simplified equation for cellular respiration is the following: 

C6H12O6 + 6O2  6CO2 + 6H20 + 38 ATP 

A better representation of cellular respiration is shown below. The process involves dozens of 
intermediate steps requiring enzymes and the addition of two ATP molecules to start the reaction. To 
accomplish this, the cell uses special proteins called “enzymes.” Enzymes are organic catalysts 
(proteins) that lower the energy of activation for reactions. 

   enzymes      
C6H12O6 + 6O2   6CO2 + 6H20 + 38 ATP 
   +2 ATP      

Adenosine Triphosphate (ATP): Adenosine triphosphate is not the only energy-storing molecule in 
cells (creatine phosphate is found in muscle cells), but it is the most common. ATP is constructed from 
the RNA nucleotide adenine: Adenine + Ribose Sugar = A-P~P~P. The structure of ATP compared to 
those of ADP and AMP is as follows: 
• Adenosine triphosphate (ATP) has three phosphate groups attached to it: A-P~P~P. 
• Adenosine diphosphate (ADP) has two phosphate groups attached to it: A-P~P. 
• Adenosine monophosphate (AMP) has a single phosphate group: A-P. 
Note the high energy bonds between the second and third phosphate groups. 

Before starting these activities, review the processes of photosynthesis and cellular respiration. Then 
introduce cellular energy and ATP (adenosine triphosphate [tri = three]) by showing some rechargeable 
batteries. Ask students what rechargeable batteries do and how they work. Use an analogy between ATP 
and the batteries. As the batteries are used, they give up their potential energy until all of it has been 
converted into kinetic energy and heat/unusable energy. Spent rechargeable batteries can be used again 
only after the input of additional energy. ATP is the higher energy form (like the recharged battery), 
while ADP (adenosine diphosphate [di = two]) is the lower energy form (like the used-up battery). 
When the terminal (third) phosphate is cut loose, ATP becomes ADP, and the stored energy is released 



Science Enhanced Scope and Sequence – Biology 

Virginia Department of Education 
79 

for use in some biological process. The input of additional energy (plus a phosphate group) “recharges” 
ADP into ATP. 
 
Introduction 
1. Ask students where ATP comes from. Show an overview of photosynthesis with an animated 

tutorial. Possible Web sites for tutorials include the following: 
• http://www.fw.vt.edu/dendro/forestbiology/photosynthesis.swf 
• http://www.johnkyrk.com/photosynthesisdark.html 

2. Remind students that carbohydrates are named for the number of carbon atoms they contain and 
that their names usually end in the letters ose. 

 
Procedure 
Activity 1. Relative Amount of Energy in Carbohydrates 
Safety Note: Students must wear lab coats and protective eyewear! They must perform the experiment in 
an approved fume hood. 
1. Put on safety glasses. 
2. Place a test tube with 10 mL of room-temperature water in a clamp, and attach it to a ring stand. 
3. Measure and record the temperature of the water. 
4. Place a sugar cube on a heat-resistant dish under the test tube. 
5. Light the sugar cube with the lighter, and let it burn as completely as possible. 
6. Measure and record the increase in heat of the water. 
 
Activity 2. Relative Amount of Energy in the Bonds of ATP 
Safety Note: Students must wear lab coats and protective eyewear! They must complete this experiment 
in an open area: outside is best.  
1. Put on safety glasses. 
2. Label the large wooden block 

with an A (adenosine). 
3. Label each of the other three 

with a P (phosphate group). 
4. Use three rubber bands to 

represent the chemical bonds 
holding the phosphates to the 
adenosine molecule. The first rubber band goes around the adenosine block and one phosphate 
group. The second goes around the adenosine and two phosphate groups. The third goes around 
the adenosine and all three phosphate groups. 

5. Cut the rubber bands with scissors to simulate the breaking of the bonds. Start with the band 
encircling all three phosphate groups. 

6. Measure the distances the rubber bands traveled, which represent the amounts of energy in the 
molecule. 

Safety Note: The trajectory of a rubber band can be totally unpredictable. Be prepared! Keep safety 
glasses on at all times. 
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Observations and Conclusions 
1. Have the students view an animated tutorial on glycolysis, such as that at 

http://www.johnkyrk.com/glycolysis.html. Discuss reactions to the tutorial. 
2. Have students state how much the temperature of the water rose in Activity 1. Based on the fact 

that a calorie is equal to the amount of energy needed to heat 1 mL of water 1°C, have students 
calculate how many calories were in the sugar cube. 

3. Have students state which rubber band traveled the farthest in Activity 2. Have them explain why 
in terms of potential and kinetic energy. 

4. Ask: “Is there more or less energy in ADP (two phosphate groups) than in ATP? Which would you 
want to have the most of if you were going to run a race?” 

5. Ask: “Is phosphate important in a diet? Why, or why not?” Have students research foods that are 
high in phosphate. 

Sample assessment 
• Have students explain in terms of potential and kinetic energy why an athlete needs to eat more 

than a “couch potato.” 

Follow-up/extension 
• Have students research the difference between a calorie and a Calorie. Which term do we use when 

we refer to what we eat? Is this different than the true meaning? 
• Have students research the difference between the amount of ATP produced in the presence of 

oxygen (aerobic) and without oxygen (anaerobic fermentation). 
• Have students research leg and stomach cramps in runners. Why does this happen? What could an 

athlete do to prevent cramps? 

Resources 
Suggested Web site with information on cellular respiration: 
• Cell Respiration Lecture Notes 1. 

http://www.personal.psu.edu/faculty/w/x/wxm15/Online/Cell%20Respiration/lecture01.htm. 
• Cellular Respiration. http://science.nhmccd.edu/biol/bio1int.htm#metab. A list of all levels of 

tutorials in all science areas. 
 
Suggested Web sites with information on photosynthesis and ATP: 
• http://telstar.ote.cmu.edu/biology/animation/ATPSynthesis/biochem.html. 
• Photosynthesis: Light Reactions. http://www.fw.vt.edu/dendro/forestbiology/photosynthesis.swf. 
 
Suggested Web sites with information on glycolysis: 
• Animated overview of glycolysis. http://www.johnkyrk.com/glycolysis.html. 
• Glycolysis: A Sept-by-Step Look at Respiration. 

http://programs.northlandcollege.edu/biology/Biology1111/animations/glycolysis.html. 
 
Suggested Web site with information on enzymes: 
• Animations. http://highered.mcgraw-

hill.com/sites/0072437316/student_view0/chapter8/animations.html#. 
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Organ Systems 

Organizing Topic Life Functions and Processes 

Overview Students dissect a fetal pig to study both form (anatomy) and function (physiology). They 
discover the individual organ systems and teach what they have learned to their peers.  

Related Standards of Learning BIO.1a, i; BIO.5d, e 

Objectives 
The students will 
• recognize that many organisms, including human beings, are composed of groups of cells (tissues, 

organs, and systems) that are specialized to provide the organism with the basic requirements of 
life: obtaining food and deriving energy from it, maintaining homeostasis, coordinating body 
functions, communicating between cells, and reproducing; 

• explain the purpose and functioning of the following human systems: 
° Digestive 
° Respiratory 
° Circulatory 
° Excretory 
° Immune 
° Nervous 
° Endocrine 
° Skeletal 
° Integumentary 

Materials needed 
• Internet access 
• Computer(s) with capabilities as specified on p. 84, step 4 
• Lab aprons and safety glasses 
• Disposable gloves 
• Dissection kits (scalpel, scissors, needles, pins) 
• Dissection trays 
• Preserved fetal pigs 
• Zip-top plastic bags 
• Attached student activity sheet 

Instructional activity 
Content/Teacher Notes 
Animals are made of complex systems of cells, which must be able to perform all of life’s processes and 
work in a coordinated way to maintain a stable internal environment. Early in a human’s development, 
groups of cells specialize into three fundamental embryonic or “derm” layers: endoderm, mesoderm, and 
ectoderm. These embryonic layers differentiate into a number of specialized cells and tissues. Tissues 
are groups of cells that are similar in structure and function and that may be held together by a matrix. 
The four primary groups of tissues are epithelial, connective, muscular, and nervous. 

Different tissues functioning together for a common purpose are called “organs” (e.g., stomach, kidney, 
lung, heart). All vertebrates share the same basic body plan, with tissues and organs functioning in a 
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similar manner. Organ systems, also called “body systems,” are composed of individual organs 
working together to accomplish a coordinated activity. For example, the stomach, small intestine, and 
large intestine together play a role in digestion. 

The body systems include the following: 

• The skeletal system, made up of bones, cartilage, and joints, is the framework of the body. It 
protects internal organs, stores minerals, and provides places to which muscles attach. 

• The muscular system is composed of skeletal, smooth, and cardiac muscle tissue. Skeletal muscle, 
attached to the skeleton with dense strips of connective tissue called “tendons,” is responsible for 
the movement of body parts. Smooth muscle, sometimes called “visceral muscle,” is found in 
internal organs (e.g., lines the walls of many blood vessels, makes up the iris of the eye, and forms 
the wall of the gut). Cardiac muscle forms the bulk of the heart, which controls blood circulation. 

• The circulatory system (blood, blood vessels, and the heart) is the body’s transportation system, 
moving oxygen, carbon dioxide, nutrients, wastes, hormones, vitamins, minerals, and water 
throughout the body. It also aids in regulation of temperature. 

• The respiratory system includes an animal’s nose, lungs, and trachea. The respiratory system 
brings air into the animal and releases waste carbon dioxide back into the air. 

• The digestive system converts foods to simple substances that can be absorbed and used by the 
cells of the body. It is composed of the mouth, pharynx, esophagus, stomach, small intestine, and 
large intestine and is aided by several accessory organs (i.e., liver, gall bladder, and pancreas). 

• The excretory system, made up of the skin, lungs, sweat glands, and kidneys, removes metabolic 
wastes from the body. The kidneys are responsible for eliminating the bulk of wastes from the 
human body. 

• The immune system protects against infection and disease. 
• The reproductive system generates reproductive cells (gametes) and provides a mechanism for 

them to be fertilized and maintained until the developing embryo can survive outside the body. 
The primary reproductive organs are the ovaries (female) and the testes (male). 

• The nervous system regulates and coordinates the body’s responses to changes in the internal and 
external environment. Major structures of the nervous system are the brain, spinal cord, and 
nerves. 

• The endocrine system consists of the hypothalamus, pituitary, thyroid, parathyroid, and adrenal 
glands, as well as the pancreas, ovaries, and testes. This system helps to maintain homeostasis, 
regulate temperature, and control growth, development, metabolism, and reproduction by secreting 
and releasing hormones. 

• The integumentary system, composed of the skin, hair, nails, and sweat and oil glands, is the first 
line of defense in protecting the body. It protects against injury, infection, and fluid loss and also 
aids in temperature regulation. 

On July 21, 2004, the Virginia Board of Education approved the Guidelines for Alternatives to 
Dissection. This was pursuant to House Bill 1018 of the 2004 General Assembly that amended the Code 
of Virginia to include § 22.1-200.01 directing the Board of Education to establish guidelines to be 
implemented by school divisions for alternatives to animal dissection. The General Assembly’s 
legislation states the following: 

§ 22.1-200.01 Alternatives to animal dissection. 
Local school divisions shall provide students with alternatives to animal dissection techniques within the 
relevant public school curriculum or course. The Board of Education shall establish guidelines to be 
implemented by local school divisions regarding such alternative dissection techniques. Such guidelines shall 
address, but shall not be limited to, (i) the use of detailed models of animal anatomy and computer simulations 
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as alternatives to dissection; (ii) notification of students and parents of the option to decline to participate in 
animal dissection; and (iii) such other issues as the Board deems appropriate. 

A list of free, Web-based dissection simulations is available at 
http://www.doe.virginia.gov/dissectionalternatives.html. If you have any questions regarding the 
Guidelines for Alternatives to Dissection, please contact Eric Rhoades, Science Specialist, Office of 
Middle and High School Instruction, at 804-225-2676 or Eric.Rhoades@doe.virginia.gov, or Paula 
Klonowski , Science Specialist, Office of Elementary Instructional Services, at 804-371-0249 or 
Paula.Klonowski@doe.virginia.gov. 
 
Introduction: The Pig — Indirect Instruction7 
The domestic pig, Sus scrofa domesticus, belongs to the class Mammalia (mammals), which have hair 
and mammary glands. The pig is a member of the order Artiodactyla, the even-toed ungulates. It shares 
this order with the cow and deer. It is an omnivore, eating both plant and animal matter. The life span of 
the pig is 15 to 20 years, and an adult may weigh up to 900 lb (400 kg). 

During this inquiry activity, you will be a facilitator, answering questions and helping students find 
correct answers. You will not teach students the parts of the pig; instead, you will have them discover 
and learn the parts on their own. After becoming “pig specialists,” students will share their knowledge 
with their classmates, therefore becoming teachers themselves. Through this approach to dissection, 
students will become heavily involved in their learning and increase their level of understanding — the 
essence of the inquiry-method of learning. 

1. Outline the Investigation: Explain to students that they will be dissecting a pig. They will be able 
to see most, but not all, of the major organ systems in the pig. (Those systems not covered in the 
dissection are the muscular, skeletal, integumentary, and endocrine systems.)  

2. Prepare for Dissection: Divide students into pairs, assign a different organ system of the pig to 
each pair, and assign the organs and functions that each pair should find within their assigned 
system, as follows: 
• All pairs: external anatomy. Determine male or female characteristics of the pig. 
• Pair 1: respiratory system. Learn about the larynx, trachea, esophagus, bronchus, lung, 

diaphragm, cranial lobe, caudal lobe, medial lobe, and accessory lobe. 
• Pair 2: circulatory system. Research the heart, pericardial membrane, right ventricle, left 

ventricle, right atrium, left atrium, aortic arch, pulmonary artery, coronary artery, coronary 
vein, umbilical vein, umbilical artery, and aortic arch. 

• Pair 3: digestive system. Study the hard palate, soft palate, glottis, epiglottis, esophagus, 
liver, gallbladder, stomach, pancreas, intestine, tongue, mesentery, duodenum, colon, and 
rectum. 

• Pair 4: reproductive system. Research the penis, epididymis, scrotum, spermatic cord, ovary, 
oviduct, uterus, vagina, and urogenital openings. 

• Pair 5: excretory system. Learn about the kidney, ureter, urethra, and urinary bladder. 
• Pair 6: nervous system. Identify different parts of the brain and spinal cord. 

3. Let Students Teach: Have each student pair designate one of its members as the Recorder and the 
other as the Traveler. Explain that as each pair identifies the organs and functions of their assigned 
system(s), the Recorder keeps a summary of the pair’s information. He/she then identifies/teaches 

                                                 
7 Trish Patrick, “Instruction Using the Earthworm and the Pig,” Carolina Tips 67, 1 (Spring 2004), 
http://www.carolina.com/tips/04pdfs/jan04tips.pdf. This article covers the indirect-method of instruction. 
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the assigned organs and explains their functions to Travelers from other pairs. The Traveler goes to 
the other pairs to learn about the pig’s other body systems and then returns to teach this acquired 
information to his/her Recorder.  

 
Procedure 
1. Before beginning the dissection, identify the appropriate tools, and lead a student discussion of the 

important issues. (Students may use scalpels, but this dissection can be done with scissors.) Safety 
Note: Safety glasses and a lab apron are mandatory for this lab! 

2. Remind students that they will be responsible for gathering information and teaching others about 
their assigned organs, system(s), and their functions. Give them the opportunity to use lab 
manuals, other science books, and Internet sites to find information. Since skin incisions for 
beginning the dissection are different for male and female pigs, have students first use lab manuals 
to determine the sex of their pig and how they should proceed. At this point, have students tell you 
the sex of their pig and explain how they plan to begin the dissection. 

3. Have students wash off the specimen, if this has not been done earlier to remove any remaining 
preservative fluid, and place the specimen in a dissection tray.  

4. Have students follow the instructions and procedure for the Virtual Pig Dissection (VPD) at the 
Web site http://www.whitman.edu/biology/vpd/main.html. (Computer requirements for the VPD: 
Newest version of Netscape or Internet Explorer; newest version of the Shockwave Plug-in; 
monitor set to 16-bit (thousands) of colors or more and to a resolution of at least 640 x 480, but 
preferably higher; stage size for the presentations 640 x 480. You need to be able to see the entire 
stage.) 

5. Have all pairs complete the VPD Study Guides “anatomical references” and “sexing your pig” 
according to the instructions provided on the Web site. Have them identify the sex of their animals. 
(Note: They should tie a piece of twine to a front and back leg, passing the twine underneath the 
dissection pan to the other side and tying it to the leg on the opposite side to hold the legs apart.) 

6. Have students use scissors (not a razor blade or a scalpel!) to make incisions to open the thoracic 
and abdominal cavities. Use the diagram of the ventral cuts of a fetal pig dissection, found at 
http://www.ekcsk12.org/science/lelab/incisionsfetalpig.gif, to assist this. Keep the scissors parallel 
to the skin surface to prevent damage to the internal organs. Remove the flaps of skin to reveal the 
internal organs. While most of the pig’s skeleton is cartilage as it is a fetal pig, bone development 
had started in the chest or thoracic area. This means that more careful force will be required to cut 
through the sternum (breast bone). 

7. Have pairs identify at least 12 major internal organs in their fetal pig. The diagrams found at 
http://www.ekcsk12.org/science/lelab/FetalPigorgans.jpg or  
http://www.labartlibrary.com/symbiosis/vertebrateright6.html may be helpful. 

 
Observations and Conclusions 
1. Have students use the attached student activity sheet to state at least one function for each organ 

listed on the sheet and indicate the system (transport, endocrine, excretory, nervous, digestive, etc.) 
to which the organ belongs; for example: dorsal nerve cord — carries nerve impulses from brain to 
body, and vice versa — nervous system). 

Sample assessment 
• Use the “Quizzes” section at http://www.whitman.edu/biology/vpd/main.html for assessment. 
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Follow-up/extension 
• Have students write a 200-word composition describing the nervous, circulatory, excretory, and 

respiratory systems of the fetal pig and comparing and contrasting these systems with the same 
systems in humans. 

Resources 
• Patrick, Trish. “Instruction Using the Earthworm and the Pig,” Carolina Tips 67.1 (Spring 2000): 

1–4. http://www.carolina.com/tips/04pdfs/jan04tips.pdf. 
• Schrock, John Richard. “Dissection.” The Kansas School Naturalist 36.3 (Feb. 1990): 3–16. 
• The Virtual Pig Dissection. http://www.whitman.edu/biology/vpd/main.html. Contains step-by-

step instruction and follow-up assessment quizzes. 
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Organ Systems 
Student Activity Sheet 

Name:   Date:   

Directions 
State at least one function for each organ listed below, and indicate the system (transport, endocrine, 
excretory, nervous, digestive, etc.) to which the organ belongs: 
 

Organ Function Body System 
Brain cerebellum   

Brain cerebrum   

Brain medulla   

Coronary arteries   

Diaphragm   

Dorsal nerve chord   

Esophagus   

Gall bladder   

Heart   

Kidneys   

Large intestine   

Liver   

Lungs   

Pancreas   
Pyloric (stomach) 
sphincter valve   

Small intestine   

Spleen   

Stomach   

Testes/ovaries   

Thymus gland   

Ureters   
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The Germ Theory of Infectious Disease and Koch’s 
Postulates 
Organizing Topic Life Functions and Processes 

Overview In this microbiology laboratory activity, students test each of Koch’s Postulates. They use 
fruit and fruit mold to simulate diseased host organisms and the pathogens or infectious 
agents that cause the disease. During the incubation time, students make observations and 
record changes in the mold growth. 

Related Standards of Learning BIO.1a, c; BIO.2c; BIO.5e 

Objectives 
The students will 
• discuss the major factors that impact human health, including 

° microorganisms 
° environmental influences; 

• recognize that the acceptance of the germ theory of disease has resulted in a modern emphasis on 
sanitation, including 
° safe handling of food and water 
° aseptic techniques 
° development of vaccines 
° chemicals and processes to destroy microorganisms. 

Materials needed 
• Copies of the attached student data sheet 
For each lab group: 
Postulate 1: 
• 3 oranges 
• Culture of Penicillium italicam, grown on potato dextrose agar 
• Beaker or jar large enough to hold two oranges 
• Dissecting needle 
• Bunsen burner 
• 10% bleach solution in a container 
• Cool, soapy water 
• Clean scrub brushes 
• Fine-point permanent markers 
• Graph paper with 1 cm squares 
• Zip-top bags 
Postulate 2: 
• Sterile swab 
• Petri dish of potato dextrose agar 
Postulate 3: 
• 3 oranges 
• Dissecting needle 
• Bunsen burner 
• 10% bleach solution in a container 
• Cool, soapy water 
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• Clean scrub brushes 
• Fine-point permanent markers 
• Graph paper with 1 cm squares 
• Zip-top bags 
Postulate 4: 
• Sterile swab 
• Petri dish of potato dextrose agar 

Instructional activity 
Content/Teacher Notes 
Diseases can be spread by air, water, food, and human and animal vectors. In 1854, John Snow, a 
Westminster physician, found a relationship between polluted water and disease. Then in 1884, Robert 
Koch, a German microbiologist, isolated from water taken from Germany’s Elbe River the bacteria 
Vibrio cholera, which cause cholera. This proved the relationship between polluted water and disease. 
Koch went on to formulate an established set of procedures to isolate and identify the causative agent of 
a particular microbial disease. The following four steps, which are still used today, are known as Koch’s 
Postulates: 
1. A specific organism must always be observed in association with the disease. 
2. The organism must be isolated from an infected host and grown in pure culture in the laboratory. 
3. When organisms from the pure culture are inoculated into a susceptible host organism, it must 

cause the disease. 
4. The infectious organism must be re-isolated from the diseased organism and grown in pure culture. 
In this microbiology laboratory activity, students will test the four postulates established by Koch. They 
will observe and record mold growth on fruit and in a laboratory Petri dish. From these observations, 
they will determine whether the mold grown on the fruit and in the Petri dish is the same mold, thus 
proving Koch’s postulates. They will learn beginning aseptic laboratory technique and isolation of a 
microorganism. 
Instructor directions for incubating the oranges and measuring the mold growth are as follows: 
1. Using the graph paper, use a fine-point permanent marker to draw a 10 x 10 cm grid on each zip-

top bag. This grid will serve for counting a representative sample of the mold on each orange. 
2. Place the inoculated oranges inside the zip-top bags, but do not seal. The bags must remain aerobic 

during the incubation time. At the end of the incubation period, the bags will be sealed to minimize 
spore dispersal during counting. 

3.   Line up the 10 x 10 cm grid with a representative part of the orange. Count the number of squares 
where the mold is apparent as fuzzy colonies of white or blue-green. The number can be recorded 
on the data table as an actual count (x) ÷ 100 cm, or as a percent. 

Because mold growth is slow, the actual in-class time spent will be minimal after the initial laboratory 
setup. The laboratory activity will take place over a minimum of four weeks, depending upon the 
amount of time needed for the mold, Penicillium italicam, to grow and sporulate. This amount of time 
will depend upon the viability of the culture and the warmth of the incubation area. Students will 
monitor and record daily the changes in the oranges and PDA plates. They will record mold growth 
when approximately half of the observable mold has sporulated (changed from fuzzy white to blue-
green). During this incubation time, students will be introduced to the Germ Theory of Infectious 
Disease. The Department of Epidemiology at UCLA has an interactive Web site 
(http://www.ph.ucla.edu/epi/snow.html) that shows students the effects of widespread epidemics and 
how deadly microbial diseases were during these epidemics. 

You may also choose to introduce the following topics to enhance this microbiology laboratory activity. 
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• Planning investigations, formulating hypotheses, testing hypotheses (BIO.1) 
• Classification of microorganisms, including eubacteria, archaea, and fungi (BIO.5) 
• Characteristics and growth of fungi (BIO.5) 
• Eukaryotic and prokaryotic cells and viruses (BIO.4, 5) 
• Limiting factors for growth of microorganisms (BIO.5) 
• Contributions of scientists, such as John Snow, Robert Koch, and Louis Pasteur (BIO.2) 
 
Introduction 
1. Have students use the Web site mentioned above to read “John Snow” and “The Handle” and 

watch “The Broad Street Pump Outbreak.” 
2. Introduce students to Koch’s Postulates, and discuss how these helped to explain epidemics of 

microbial diseases. 
3. Explain to students that they will test each of Koch’s Postulates, using fruit and fruit mold to 

simulate diseased host organisms and the pathogens or infectious agents that cause the disease. 
 
Procedure 
Have students work in groups of two or three to accomplish the following steps: 
Postulate 1 
1. Clean lab tops with disinfectant or bleach solution. 
2. Obtain three oranges. Wash two oranges with cool, soapy water. Scrub oranges thoroughly with 

scrub brush. Rinse in clear running water. Set aside the unwashed orange. 
3. Place the two washed oranges in a large beaker or jar. Cover with a 10% bleach solution, and let 

stand for 10 minutes. 
4. Rinse the bleached oranges in clear running water for 10 minutes. 
5. Place the dissecting needle into the flame on the Bunsen burner and allow it to cool. Pierce the skin 

of both bleached, rinsed oranges three or four times with the needle. 
6. Flame the mouth of the tube containing the Penicillium italicam and, using a sterile swab, 

aseptically remove a small sample of the culture and smear it over the puncture wounds in one 
orange. Do not inoculate the other punctured orange. 

7. Place both oranges in separate gridded zip-top bags. Label all three bags with three labels: 
Bleached” or “Unbleached,” “Punctured” or “Unpunctured,” “Inoculated with Mold” or 
“Uninoculated with Mold.” Also, put the date on all three bags and the initials of group members. 
The bags will be allowed to remain at room temperature for about a week. 

8. Record daily observations on a data table. When the fuzzy white mold turns blue-green/green, the 
mold has sporulated and can be isolated and grown in pure culture on a special agar — potato 
dextrose agar (PDA). 

 
Postulate 2 
1. Clean lab tops with disinfectant or bleach solution. 
2. Obtain a Petri dish of potato dextrose agar. Label the bottom (agar side) of the plate with the date 

and group initials. 
3. Using a sterile swab, transfer some of the mold spores (blue-green/green) onto the plate of potato 

dextrose agar. Hold the Petri plate lid at 45˚ angle to protect the agar from contamination during 
the spore transfer. Streak across the plate in a zigzag manner until the entire plate has been 
streaked. 
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4. Incubate the plates upside down at room temperature for one week or until the mold produces 
spores. 

5. Record daily observations on a data table. When the culture on the PDA plate has sporulated, 
refrigerate plate, and proceed with Postulate 3. 

 
Postulate 3 
1. Clean lab tops with disinfectant or bleach solution. 
2. Obtain two oranges, wash, and rinse. Follow instructions for Postulate 1, steps 3 through 8, using 

the spores from the PDA plates. Refrigerate plates for comparison for Postulate 4. 
 
Postulate 4 
1. Clean lab tops with disinfectant or bleach solution. 
2. Follow instructions for Postulate 2, steps 2 through 5, using spores from this diseased organism to 

be grown in pure culture on the PDA plate. 
 
Observations and Conclusions 
1. Have students observe that both the oranges and the PDA produced a white fuzzy mold that turned 

green/green-blue when it sporulated. Have them also observe the time from inoculation to when 
the first mold appeared and when the mold first sporulated. (see student data sheet) 

2. Use the following activity questions to lead students into drawing conclusions: 
• Aseptic laboratory procedures: 

° Why are lab tops disinfected? 
° Why are the dissecting needles flamed? 
° Why should the oranges be scrubbed? 
° What was the purpose of putting the oranges in the bleach? 

• Koch’s Postulates: 
° Why have Koch’s Postulates remained unchanged since 1884? 
° What did the oranges and the mold represent, using the terminology from Koch’s 

Postulates? 
° Did the same mold infect the organism the second time? Support your answer, using 

your data table. 
• Germ Theory of Infectious Disease: 

° What is the “miasma” theory of infectious disease? 
° What is the “germ” theory of infectious disease? 
° When the outbreak of cholera around the Broad Street pump occurred, what did Dr. 

John Snow do to the pump? 
° How did the scientific community react when Dr. Snow published his findings? 
° Discuss the significance of John Snow’s work. 

3. Have students read the article at http://www.nesc.wvu.edu/ndwc/ndwc_DWH_2.html. What kinds 
of changes took place in municipal water supplies as a result of John Snow’s work? 

Sample assessment 
• Have students write a paragraph describing a childhood disease they may have had. They should 

include where they contracted the disease, whether they gave it to anyone else, how it is 
transmitted, and how they would protect others from getting it. 
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Follow-up/extension 
• Have students answer the following questions about Experimental Design (BIO.1): 

° In testing Postulate 1, what did the unwashed, unbleached, unpunctured, and uninoculated 
orange test? 

° For Postulates 1 and 3, what did the washed, bleached, punctured, but uninoculated orange 
test? 

° What were the constants in this experiment? 
° What was the independent variable (IV) for each postulate? Dependent variable (DV)? 

• Have students formulate a hypothesis for each postulate. 
• Have students invent a method to measure accurately the amount of mold growth on 1) an orange 

and 2) a Petri dish. 
• Triclosan and Disease: Research a common ingredient in antibacterial soap, describing its uses and 

discussing any problems that may be associated with its use. The following Web site may be 
helpful: http://antoine.frostburg.edu/chem/senese/101/consumer/faq/triclosan.shtml. 

Resources 
• Identifying Disease Agents: But does it make ’em sick? http://whyfiles.org/012mad_cow/7.html. 
• John Snow. http://www.ph.ucla.edu/epi/snow.html. Information about John Snow from University 

of California at Los Angeles, School of Public Health, Department of Epidemiology. 
• John Snow (1813–1854). http://www.bbc.co.uk/history/historic_figures/snow_john.shtml. 
• John Snow: The London Cholera Epidemic of 1854. http://www.csiss.org/classics/content/8. 
• Koch’s Postulates. 

http://www.troy.k12.ny.us/thsbiology/labs_online/school_labs/koch_lab_school.html. Activity 
adapted from an online laboratory exercise developed by Troy High School, New York. 

• Koch’s Postulates. http://smccd.net/accounts/case/biol675/Koch/Koch1.html. 
 



Science Enhanced Scope and Sequence – Biology 

Virginia Department of Education 
92 

Germ Theory and Koch’s Postulates 
Student Data Sheet 

Name:   Date:   
 

Postulate 1 
Unwashed, unbleached, uninoculated orange (negative control) 

Date Mold mycelia (fuzzy) 
growth/no growth Amount of mold Mold spores Observations 

     
     
     
     
     
     
     
     
 
Washed, bleached, uninoculated orange (positive control) 

Date Mold mycelia (fuzzy) 
growth/no growth Amount of mold Mold spores Observations 

     
     
     
     
     
     
     
     
 
Washed, bleached, inoculated orange (independent variable) 

Date Mold mycelia (fuzzy) 
growth/no growth Amount of mold Mold spores Observations 
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Postulate 2 
Potato dextrose agar plate 

Date Mold mycelia (fuzzy) 
growth/no growth Amount of mold Mold spores Observations 

     
     
     
     
     
     
     
     

Postulate 3 
Washed, bleached, uninoculated orange (positive control) 

Date Mold mycelia (fuzzy) 
growth/no growth Amount of mold Mold spores Observations 

     
     
     
     
     
     
     
     
 
Washed, bleached, inoculated orange (independent variable) 

Date Mold mycelia (fuzzy) 
growth/no growth Amount of mold Mold spores Observations 

     
     
     
     
     
     
     
     

Postulate 4 
Date Mold mycelia (fuzzy) 

growth/no growth Amount of mold Mold spores Observations 
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Sample Released SOL Test Items 
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Organizing Topic — Genetics 

Standards of Learning 

BIO.1 The student will plan and conduct investigations in which 
e) conclusions are formed based on recorded quantitative and qualitative data; 
f) sources of error inherent in experimental design are identified and discussed; 
g) validity of data is determined; 
j) research utilizes scientific literature. 

BIO.2 The student will investigate and understand the history of biological concepts. Key concepts 
include 
a) evidence supporting the cell theory; 
b) scientific explanations of the development of organisms through time (biological 

evolution); 
c) evidence supporting the germ theory of infectious disease; 
d) development of the structural model of DNA; and 
e) the collaborative efforts of scientists, past and present. 

BIO.6 The student will investigate and understand common mechanisms of inheritance and protein 
synthesis. Key concepts include 
d) prediction of inheritance of traits based on the Mendelian laws of heredity; 
e) genetic variation (mutation, recombination, deletions, additions to DNA); 
f) the structure, function, and replication of nucleic acids (DNA and RNA); 
g) events involved in the construction of proteins; 
h) use, limitations, and misuse of genetic information; and 
i) exploration of the impact of DNA technologies. 

Essential Understandings, Correlation to Textbooks and 
Knowledge, and Skills Other Instructional Materials 

The student will use hands-on investigations, problem solving 
activities, scientific communication, and scientific reasoning to 
• outline the major historical steps in determining DNA 

structure, including the following: 
° Studies of the amounts of each DNA base in different 

organisms led to the concept of complementary base-
pairing.   

° Genetic information encoded in the DNA molecules 
provides instructions for assembling protein molecules. 
The genetic code is the same for all life forms.   

° The double helix model explained how hereditary 
information is passed on, and provided the basis for an 
explosion of scientific research in molecular genetics.   

• summarize DNA structure and function, including the 
following: 
° Genetic code is a sequence of DNA nucleotides.   
° DNA is a polymer of four nucleotide monomers. A 

nucleotide contains one of the following bases: adenine, 
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guanine, cytosine, or thymine; phosphate; and the 5-
carbon sugar deoxyribose.   

° DNA is double-stranded molecule connected by 
complementary nucelotide pairs (A-T, C-G) like rungs in 
a ladder. The ladder twists to form the double helix.   

° DNA stores the information for directing the construction 
of proteins within a cell. These proteins determine the 
phenotype of an organism.   

• summarize the main features of DNA replication;   
• describe the structure and function of each type of RNA;    
• given a DNA sequence, write a complementary mRNA strand 

(A-U, T-A, C-G and G-C);   
• summarize the processes of transcription and translation;   
• explain that DNA technologies allow scientists to identify, 

study, and modify genes. Forensic identification is one 
example of the application of DNA technology.   

• recognize that genetic engineering techniques provide great 
potential for useful products (e.g., human growth hormone, 
insulin, and resistant fruits and vegetables);   

• discuss the Human Genome Project as a collaborative effort to 
map the entire gene sequence. This information will be useful 
in detection, prevention, and treatment of many genetic 
diseases. It also raises practical and ethical questions.    

• define cloning as the production of genetically identical cells 
and/or organisms;   

• summarize major genetic principals, as follows: 
° Geneticists apply mathematical principles of probability 

to Mendel’s laws of inheritance in predicting simple 
genetic crosses.   

° Mendel’s laws of heredity are based on his mathematical 
analysis of observations of patterns of inheritance.   

° Simple genetic recombinations are governed by the laws 
of probability.    

• discuss accuracy, confidence, and sources of experimental 
error based on number of trials and variance in data;   

• critically examine and discuss the validity of results reported in 
scientific and popular literature and databases;   

• define genotype and phenotype;   
• differentiate between homozygous and heterozygous;   
• distinguish between dominant and recessive alleles and their 

effect upon phenotype;   
• predict possible gametes in monohybrid and dihybrid crosses, 

given parental genotypes;   
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• use a Punnett square to show all possible combinations of 
gametes and the likelihood that particular combinations will 
occur in monohybrid and dihybrid crosses;   

• summarize the following possible results of genetic 
recombination: 
° Sorting and recombination of genes in sexual 

reproduction results in a great variety of gene 
combinations in offspring.   

° Inserting, deleting, or substituting DNA segments can 
alter genes.    

° An altered gene may be passed on to every cell that 
develops from it, causing an altered phenotype.   

° An altered phenotype may be beneficial or detrimental.   
° Sometimes entire chromosomes can be added or deleted, 

resulting in a genetic disorder such as Trisomy 21 
(Down’s syndrome) and Turner syndrome.   
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DNA: Cracking the Code of the Twisted Ladder 

Organizing Topic Genetics 

Overview Through a DNA-related video, students learn about the discovery of the structure of DNA 
and the importance of this knowledge in science today. They learn of a practical 
application of the double helix (twisted ladder) discovery. They also experience the 
collaborative/competitive nature of science and scientists working towards a common 
goal. In the first activity, students investigate the structure of DNA and replication. In the 
second activity, they investigate RNA and its role in transcription and translation. 

Related Standards of Learning BIO.1e, f, g, j; BIO.2d, e; BIO.6e, f, g 

Objectives 
The students will 
• outline the major historical steps in determining DNA structure, including the following: 

° Studies of the amounts of each DNA base in different organisms led to the concept of 
complementary base-pairing. 

° Genetic information encoded in the DNA molecules provides instructions for assembling 
protein molecules. The genetic code is the same for all life forms. 

° The double helix model explained how hereditary information is passed on, and provided the 
basis for an explosion of scientific research in molecular genetics. 

• summarize DNA structure and function, including the following: 
° Genetic code is a sequence of DNA nucleotides. 
° DNA is a polymer of four nucleotide monomers. A nucleotide contains one of the following 

bases: adenine, guanine, cytosine, or thymine; phosphate; and the 5-carbon sugar 
deoxyribose. 

° DNA is double-stranded molecule connected by complementary nucleotide pairs (A-T, C-G) 
like rungs in a ladder. The ladder twists to form the double helix. 

° DNA stores the information for directing the construction of proteins within a cell. These 
proteins determine the phenotype of an organism. 

• summarize the main features of DNA replication; 
• describe the structure and function of each type of RNA; 
• given a DNA sequence, write a complementary mRNA strand (A-U, T-A, C-G and G-C); 
• compare the structure of RNA with that of DNA; 
• summarize the processes of transcription and translation; 
• discuss accuracy, confidence, and sources of experimental error based on number of trials and 

variance in data. 

Materials needed 
• Internet access 
• Copies of the attached student activity sheet 

Instructional activity 
Content/Teacher Notes 
DNA — a major chemical of the nucleus — was discovered at about the same time Mendel and Darwin 
published their work. However, during the early 1900s, proteins were considered better candidates for 
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being the molecules able to transmit large amounts of hereditary information from generation to 
generation. It was not until after WWII that many scientists began to investigate the defining of 
inheritance and the way it works. As more theories were published, it was the unexpected and (to some) 
unethical sharing of discoveries that led to defining the structure of the double helix. James Watson and 
Francis Crick were the first to define this structure and hypothesize how this structure was responsible 
for protein formation. From this discovery came the entire body of knowledge known as genomics. 

Watson and Crick saw that the structure of the DNA molecule was a double helix, often referred to as a 
twisted ladder. It was composed of two single-strands of DNA held together by hydrogen bonds between 
the complementary bases A-T and G-C. This immediately suggested to them a mechanism for DNA 
duplication in that the paired strands, once separated, provide templates to make new strands of DNA 
identical to the original twisted ladder. The structure and the copying mechanism it suggested also 
offered an explanation for how mutations could occur in DNA, as occasional errors in copying a 
template could lead to altered base pairs. 

The structure of DNA explains how inheritance works, which is a fundamental question for scientists. In 
addition, it offers understanding into the genetic basis of diseases and other mutations. Students will 
investigate the structure of DNA and replication in the first activity. In the second activity, they will 
investigate RNA and its role in transcription and translation. 
 
Introduction 
1. Download and cue the 9:13-min. video The Secret of Life — The Discovery of DNA Structure. (See 

Resources for download information.) 
2. Before showing the video, ask the students: “Who were Francis Crick and James Watson?” You 

may need to repeat their names as “Crick and Watson.” Students may identify them as the 
scientists who discovered DNA, which is not true. Some may say they discovered the double helix. 
Ask for further explanation: Crick and Watson discovered the structure of the DNA molecule, 
which turns out to be a double helix, often described as a “twisted ladder.” 

3. Review the following terms with the students, recording them on the board. Review how base pairs 
match up (A to T, C to G): 
• Purines: nitrogenous bases made of two rings 
• Pyrimidines: nitrogenous bases made of one ring 
• Adenine: a purine that bonds with thymine 
• Thymine: a pyrimidine that bonds with adenine 
• Guanine: a purine that bonds with cytosine 
• Cytosine: a pyrimidine that bonds with guanine 

4. While students are watching the video, have them make a list of things that we take for granted 
every day that would not be possible if we had no knowledge of DNA. Be sure they include the 
formulation of new medicines, such as insulin for diabetes, DNA techniques for forensic and crime 
investigations, and genetically engineered plants that fight off disease. 

 
Procedure 
1. Distribute a copy of the student activity sheet to each pair of students. Read through the 

introduction with the students, and then have the pairs complete the sheet. 
 
Observations and Conclusions 
(See student activity sheet.) 
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Sample assessment 
• Use the video What If? A World Without Code – DNA. (See Resources for download information.) 
• See the lesson “DNA Replication and Protein Synthesis” for techniques to reinforce vocabulary by 

using Semantic Feature Analysis — an excellent pre- and a post-assessment tool. 

Follow-up/extension 
• See the lesson “DNA Replication, mRNA Transcription, and Translation” for a powerful 

reinforcement activity. 
• It is highly recommended to follow this current lesson with a DNA extraction lab so that students 

can extract DNA from a variety of cells and see DNA molecules. A Web site developed by 
students and including a lesson showing that DNA is found in a variety of tissues is 
http://library.thinkquest.org/19037/dna_extraction.html?tqskip1 = 1&tqtime = 1119. 

• Discuss Linus Pauling’s work and what he thought was the mechanism for inheritance. Have 
students explain why he was wrong. Prompt them to think about what they know about acids and 
bases. Do acids or bases have a lower pH? Which ones are generally more negatively charged? Are 
DNA and RNA acids or bases? 

• Have students research Rosalind Franklin and her contribution to the discovery of the DNA double 
helix. 

Resources 
• The Secret of Life – Discovery of DNA Structure. video. VCU Life Sciences Secrets of the 

Sequence Video Series. Richmond: Virginia Commonwealth University. 
http://www.pubinfo.vcu.edu/secretsofthesequence/playlist_frame.asp. 

• What If? A World Without Code — DNA: Secrets of the Sequence Video Series on the Life 
Sciences, Grades 9–12. Richmond: Virginia Commonwealth University. 
http://www.pubinfo.vcu.edu/secretsofthesequence/lessons/sots_lesson_148_1.doc. Classroom-
tested lesson. 

 
Suggested Web sites with information on Watson and Crick and the discovery of the DNA structure: 
• A Science Odyssey — People and Discoveries. 

http://www.pbs.org/wgbh/aso/databank/entries/do53dn.html.  
• Chemical Achievers: James Watson, Francis Crick, Maurice Wilkins, Rosalind Franklin. 

http://www.chemheritage.org/EducationalServices/chemach/ppb/cwwf.html. 
 
Suggested Web sites with information on DNA, genes, and heredity: 
• DNA from the Beginning. An animated primer on the basics of DNA, genes, and heredity. 

http://www.dnaftb.org/dnaftb/. 
• Understanding Genetics. The Tech Museum of Innovation in San Diego. 

http://www.thetech.org/genetics/. Covers the basics of genetics, how genes are inherited, genetic 
testing, ethics, and new therapies. 

 
Suggested Web sites with information on DNA extraction techniques: 
• How to Extract DNA from Anything Living. Genetic Science Learning Center at the University of 

Utah. http://gslc.genetics.utah.edu/units/activities/extraction/. DNA extraction experiment. 
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DNA: Cracking the Code of the Twisted Ladder 
Student Activity Sheet 

Name:   Date:   

Introduction 
DNA directs your cells to make certain proteins. How does DNA do this? DNA is a model or “template” 
for making a similar molecule that is called “messenger RNA” or “mRNA.” RNA is composed of 
nitrogenous bases that must match up with the nitrogenous bases in DNA. After mRNA is formed, it 
leaves the nucleus and attaches to a ribosome. Other RNA molecules, called “transfer RNA” or 
“tRNA,” bring amino acids to the mRNA on the ribosome. The two types of RNA match up, joining the 
amino acids together into polypeptides, which form proteins. 

Part 1. From DNA to DNA: Replication 
1. Review 
1.1 In what part of the cell is DNA found?   
 
1.2 What are the units of DNA called?   
 
1.3 Those units are composed of what three parts?   
 
1.4 What are the two types of bases?   
 
1.5 Which nitrogenous base is composed of one ring?   
 
1.6 Which nitrogenous base is composed of two rings?   
 
1.7 Adenine bonds with ___________________ (_____ to _____). 
 
1.8 Cytosine bonds with ___________________ (______to _____). 
 
2. Replication 
Two strands of DNA are represented in the chart on the next page. One strand has been completed, 
and the other you will complete. The strand on the left is the template or parent strand. The strand you 
will “create” is the complementary or daughter strand. 

Starting with the ‘3’ end, write in the complementary bases. When you have finished, you will have 
created the daughter strand. Replication begins at the ‘3’ end. The new daughter strand begins with its 
‘5’ end. In other words, the template is “read” from ‘3’ to ‘5’, while the complementary strand is built 
from ‘5’ to ‘3’: this is referred to as “anti-parallel.” 

2.1 Do you think that entire strands of DNA are copied this way? _____ Why, or why not? 
   
 
2.2 Once these two strands are separated, which will be the parent or template strand? (Think about 

it.) 
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2.3  If you were to use the strand you created as a template, what would you create? 
   
 Explain why this is important in cell division. 
   
 

DNA to DNA: Replication 
 3’ 5’ 

A  
T  

G  
A  

T  
T  

G  
C  

A  
G  

C  
G  
G  
G  
A  

C  
G  

T  
T  

A  
A  

 5’ 3’ 
 Template (parent) strand Complementary (daughter) strand 

 

Part 2. From DNA to RNA to Proteins: Transcription and Translation 
3. Review 
3.1 What are the two types of RNA?   
 
3.2 RNA is different from DNA in that it contains a different form of sugar. What is that sugar? 
   
 
3.3 RNA still has the three main components of a nucleotide. What are those three components? 
   
 
3.4 RNA does not contain the base thymine; it is replaced by uracil. In RNA, adenine bonds with 

__________________ ( _____ to _____ ). 
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4. Transcription 
In the chart below, write in the matching bases for the RNA; don’t forget about uracil. RNA that uses 
DNA as a template is called “messenger RNA,” or “mRNA.” 

4.1 In what part of the cell is mRNA found?   
 
4.2 What is the purpose of mRNA? (Think about what a messenger does.) 
   
 
 
5. From Transcription to Translation 
Attached to each trio of mRNA bases in the chart are transfer RNA, or tRNA molecules. The bases of 
tRNA match up to mRNA in the same way that mRNA matched up to DNA. Write in the matching tRNA 
bases. 

Transcription and Translation 
 DNA  mRNA  tRNA  Amino Acid 

A   
T   

G   

 

A   
T   
T   

 

G   
C   

A   

 

G   
C   

G   

 

G   
 G   
A   

 

C   
G   

T   

 

T   
A   
A   

 

 

5.1 In what part of the cell is tRNA found?   
 
5.2 What is the function of tRNA?   
 
Every three mRNA bases are grouped together to form a codon. Each codon code matches a tRNA 
molecule — its anticodon. Each anticodon represents a particular amino acid. When amino acids are 
bonded together, they form proteins. Each string of amino acids has a “start” codon and a “stop” 
codon. 
Match the tRNA anticodons to their appropriate amino acids in Table 1 on the next page. Write in the 
amino acid in the space provided in the chart above. 
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Congratulations! You’ve created a protein. In the space below, review the steps it took to get from DNA 
to protein. 
 
 
 
 
 
 
 
 
 
 
Table 1. From Anticodons to Amino Acids 
Match up the letters from the tRNA in the table below to find the 3-letter amino acid formed. Met will 
start building the protein. A Stop sequence will stop building the protein. 
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Answer Key — DNA: Cracking the Code of the Twisted Ladder 
 
Part 1. From DNA to DNA: Replication 
1. Review 
1.1 In what part of the cell is DNA found? In eukaryotic cells DNA is found in the nucleus. (Small amounts of DNA are 

also found in the mitochondria and chloroplasts leading scientists to hypothesize that these organelles may be a 
evolutionary link to a symbiotic relationship of prokaryotic and eukaryotic cells.) 

1.2 What are the units of DNA called? Nucleotides 
1.3 Those units are composed of what three parts? Sugar (deoxyribose), phosphate, and nitrogenous base 
1.4 What are the two types of bases? Purines and pyrimidines 
1.5 Which nitrogenous base is composed of one ring? Pyrimidines 
1.6 Which is composed of two rings? Purines 
1.7 Adenine bonds with thymine (A to T). 
1.8 Cytosine bonds with guanine (C to G). 
 
2. Replication 
2.1 Do you think that entire strands of DNA are copied this way? Yes Why, or why not? Entire strands of DNA are copied 

the exact same way each time, thus ensuring the daughter strands have exactly the same information as the parent 
strand. 

2.2 Once these two strands are separated, which will be the parent or template strand? (Think about it.) Both will be the 
parent strands. 

2.3 If you were to use the strand you created as a template, what would you create? The exact duplicate of the original. 
Explain why this is important in cell division. All cells get exactly the same genetic information with each division. 

 
 3’ DNA to DNA: Replication 5’ 

A T 
T A 

G C 
A T 

T A 
T A 

G C 
C G 

A T 
G C 

C G 
G C 
G C 
G C 
A T 

C G 
G C 

T A 
T A 

A T 
A T 

 5’ 3’ 
 Template (parent) strand Complementary (daughter) strand 
 
Part 2. From DNA to RNA to Proteins: Transcription and Translation 
3. Review 
3.1 What are the two types of RNA? Messenger RNA and transfer RNA 
3.2 RNA is different from DNA in that it contains a different form of sugar. What is that sugar? Ribose 
3.3 It still has the three main components of a nucleotide. What are those three components? Sugar (ribose), phosphate, 

and nitrogenous base 
3.4 RNA does not contain the base thymine; it is replaced by uracil. In RNA, adenine bonds with uracil ( A to U) 
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4. Transcription 
4.1  In what part of the cell is messenger RNA found? In the nucleus, when the code is transcribed from the original DNA, 

then it leaves the nucleus for the ribosomes in the cytoplasm of the cell, where it in turn transcribes the code to the 
tRNA 

4.2 What is the purpose of messenger RNA? (Think about what a messenger does.) Messengers get information in 
packaged form (usually) and take that information to another place where it is interpreted and used. 

 
5. From Transcription to Translation 

Transcription and Translation 
 DNA  mRNA  tRNA  Amino Acid 

A U A 
T A U 

G C G 
MET 

A U A 
T A U 
T A U 

ILE 

G C G 
C G C 

A U A 
ALA 

G C G 
C G C 

G C G 
ALA 

G C G 
 G C G 
A U A 

GYL 

C G C 
G C G 

T A U 
ARG 

T A U 
A U A 
A U A 

STOP 

 
5.1 In what part of the cell is tRNA found? In the cytoplasm 
5.2 What is the function of tRNA? The tRNA transfers the information from the mRNA codon into an anticodon that 

correspond to a specific amino acid. 
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Sex-Linked Chromosomes 

Organizing Topic Genetics 

Overview Students work with XY chromosomes and X-linked characteristics. They develop a 
pedigree, using the data from their Punnett squares, which they can also use for other 
familial traits. 

Related Standards of Learning BIO.1d, e; BIO.4c; BIO.5e; BIO.6a, b, c, d, e, h 

Objectives 
The students will 
• summarize major genetic principals, as follows: 

° Geneticists apply mathematical principles of probability to Mendel’s laws of inheritance in 
predicting simple genetic crosses. 

° Mendel’s laws of heredity are based on his mathematical analysis of observations of patterns 
of inheritance. 

° The laws of probability govern simple genetic recombinations. 
• define genotype and phenotype; 
• differentiate between homozygous and heterozygous; 
• distinguish between dominant and recessive alleles and their effect upon phenotype; 
• predict possible gametes in monohybrid and dihybrid crosses given parental genotypes; 
• use a Punnett square to show all possible combinations of gametes and the likelihood that 

particular combinations will occur in monohybrid and dihybrid crosses; 
• summarize the following possible results of genetic recombination: 

° Sorting and recombination of genes in sexual reproduction results in a great variety of gene 
combinations in offspring. 

° Inserting, deleting, or substituting DNA segments can alter genes. 
° An altered gene may be passed on to every cell that develops from it, causing an altered 

phenotype. 
° An altered phenotype may be beneficial or detrimental. 
° Sometimes entire chromosomes can be added or deleted, resulting in a genetic disorder such 

as Trisomy 21 (Down’s syndrome) and Turner syndrome. 

Materials needed 
• Copies of the attached student activity sheet 

Instructional activity 
Content/Teacher Notes 
The following summary of Mendel’s work comes from an award winning SciLinks genetics Web site 
recommended by NSTA: Lubey, Steve. “Mendel’s Genetic Laws.” Lubey’s Bio-Help! 
http://www.borg.com/~lubehawk/mendel.htm. 

“Once upon a time (1860s), in an Austrian monastery, there lived a monk named Mendel, Gregor 
Mendel. Monks had a lot of time on their hands, and Mendel spent his time crossing pea plants. As he 
did this over & over & over & over & over again, he noticed some patterns to the inheritance of traits 
from one set of pea plants to the next. By carefully analyzing his pea plant numbers (he was really good 
at mathematics), he discovered three laws of inheritance. 
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“Mendel’s Laws” are 
• the Law of Dominance 
• the Law of Segregation 
• the Law of Independent Assortment. 

“Now, notice in that very brief description of his work that the words chromosomes or genes are 
nowhere to be found. That is because the role of these things in relation to inheritance & heredity had 
not been discovered yet. What makes Mendel’s contributions so impressive is that he described the basic 
patterns of inheritance before the mechanism for inheritance (namely genes) was even discovered.” 

Steve Lubey has done an excellent job of explaining what, to some students, is a confusing set of 
principles full of new words and difficult concepts. This lesson attempts to take a small part of that and 
relate it to something students may have had contact with — i.e., someone who has color blindness, 
which is estimated to affect 10 percent of all males. 

The X and Y chromosomes do not just determine sex, but also contain many other genes that have 
nothing to do with sex determination. The Y chromosome is very small and seems to contain very few 
genes, but the X chromosome is large and contains thousands of genes for important products such as 
rhodopsin (a protein in the membrane of a photoreceptor cell in the retina of the eye — basically a light 
absorbing pigment), blood clotting proteins, and muscle proteins. Females have two copies of each gene 
on the X chromosome (i.e., they are diploid), but males have only one copy of each gene on the X 
chromosome (i.e., they are haploid). This means that the inheritance of these genes is different for males 
and females, so they are called “sex-linked” characteristics. Some researchers refer to those conditions 
found on the X chromosome as “X-linked” conditions. 

X-linked conditions are those for which the gene is present on the X chromosome. X-linked conditions 
show inheritance patterns that differ from autosomal conditions and abnormalities. This occurs because 
males have only one copy of the X chromosome (plus their Y chromosome) and females have two X 
chromosomes. Because of this, males and females show different patterns of inheritance and 
manifestation. While there are both dominant and recessive X-linked conditions, there are some 
characteristics that are common to X-linked conditions in general. These include 
• X-linked genes are never passed from father to son. The Y chromosome is the only sex 

chromosome that passes from father to son. 
• Males are never carriers; if they have an X-linked condition, it will be expressed. Males are termed 

“hemizygous” for genes on the X chromosome. 
• X-linked dominant conditions are very rare, while X-linked recessive conditions are fairly 

common. 

X-linked recessive conditions are those in which a female must have two copies of the allele in order for 
the phenotype to be expressed for a female. Only one allele is needed in order for the phenotype to be 
expressed for a male. Many X-linked recessive conditions are well-known, including color blindness, 
hemophilia, and Duchenne muscular dystrophy. Typical features of X-linked recessive inheritance are 
the following: 
• They are never passed from father to son. 
• Males are much more likely to be affected because they need only one copy of the allele to express 

the phenotype. 
• An affected male gets the condition from his mother, and all of his daughters are obligate carriers. 
• All that an affected male can pass on to his daughters is his X chromosome with the affected allele. 
• Sons of heterozygous females have a 50-percent chance of receiving the affected allele. These 

conditions are typically passed from an affected grandfather to 50 percent of his grandsons. 
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Introduction 
1. Ask: “Which chromosome determines our gender?” The 23rd chromosome. How is gender 

determined by that chromosome?” Females contribute an X chromosome in the egg. Male sperm 
either have an X chromosome or a Y chromosome. If the Y chromosome is present, the embryo is 
male (XY). If the X chromosome is present, the embryo is female, because both of the 23rd 
chromosomes are the same (XX). 

2. Was Henry VIII’s strategy of changing wives in order to produce a male heir a correct one? No. 
Explain. Males produce sperm that carry either X or Y chromosomes, while eggs always have X 
chromosomes. While sperm vitality can be affected by pH and temperature of a woman’s body, 
gender is ultimately determined by the male; thus, Henry was directly responsible for his lack of a 
male heir. 

 
Procedure 
1. Distribute a copy of the student activity sheet to each pair of students. Read through the procedure 

with the students. 
 
Activity 1. Sex-Linked Chromosomes and Inheritance 
1. Review meiosis with the students. 
2. Have the students watch the animated tutorials at 

http://www.biology.arizona.edu/cell_bio/tutorials/meiosis/main.html. 
3. Emphasize that meiosis occurs only in gametes — the egg and sperm cells. Emphasize that after 

meiosis in humans, the chromosome number is 23 instead of the 46 chromosomes in somatic cells. 
Have students answer questions 1–4 on the activity sheet. 

4. Use Lubey’s explanation and practice page for an introduction to or a review of Punnett squares 
(http://www.borg.com/~lubehawk/psquare.htm). Introduce sex-linked genes. Explain how Punnett 
squares work for sex-linked chromosomes. Have students fill in the Punnett squares on the activity 
sheet and answer questions 5–9. 

 
Activity 2. Pedigrees 
1. Introduce pedigrees by 

using the example of 
Queen Victoria and 
hemophilia. 

 Background: In 
humans, two well-
known X-linked traits 
are red-green color 
blindness and 
hemophilia (hemo = 
blood, philia = 
brotherly love). 
Hemophilia is the 
failure (lack of genetic 
code) to produce certain 
substance needed for 
proper blood-clotting, 
so a hemophiliac’s 
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blood does not clot, and he/she could bleed to death from an injury that a normal person might not 
even notice. One of the most famous genetic cases involving hemophilia goes back to Queen 
Victoria. While both of her parents were perfectly normal, it is assumed that a chance mutation in 
either the egg or sperm that came together to make her caused her to unknowingly be a carrier for 
the hemophilia allele (XX). She married Prince Albert, who was normal XY, so the Punnett square 
for their marriage would look like the one completed in the red-green color blindness example No. 
2 on the activity sheet. The Punnett square would predict that one-half of their sons (one-fourth of 
their children) would be hemophiliacs and one-half of their daughters (the other half of their 
children) would be carriers. Their children married other royalty, and spread the gene throughout 
the royal families of Europe. 

 Again, color blindness and hemophilia, while rare overall, are more common in males, because 
they only have one X chromosome. For a woman to be color blind, for example, her mother would 
have to be a carrier for the trait and her father would have to be color blind. If by some chance, 
considering the overall rareness of the allele, two such people met and married, 50 percent of their 
daughters would be color blind. 

2. Have students complete the pedigrees and answer the questions on the activity sheet. 
 
Observations and Conclusions 
1. Have students answer all questions on the activity sheet. 

Sample assessment 
• Have students take an online assessment in Mendel’s Laws and Punnett squares at 

http://www.borg.com/~lubehawk/mendel.htm#reminder. Have them look for vocabulary review 
questions. 

Follow-up/extension 
• Have students add another generation to the pedigree, using F2, ♂4 or F2, ♀1. Design the Punnett 

square first, and then add male/female and offspring in the area below F2. 
• Have students develop a pedigree, using personal family data. Some traits that are easily followed 

are diabetes, sickle-cell anemia, eye color, and certain cancers. Use same materials as found in the 
lesson “DNA Replication, mRNA Transcription, and Translation.” 

Resources 
• Suggested Web sites with information on Punnett squares and Mendelian genetics: 
• Lubey, Steve. “Mendel’s Genetic Laws.” Lubey’s Biohelp! 

http://www.borg.com/~lubehawk/mendel.htm. 
• Monohybrid Crosses. http://www.athro.com/evo/gen/punexam.html#monohybrid. 
 
Suggested Web sites with information on sex-linked characteristics and meiosis: 
• Genetics, Inheritance & Variation. 

http://www.biologymad.com/master.html?http://www.biologymad.com/GeneticsInheritance/geneti
csinheritance.htm. 

• Linked and Sex-Linked Genes. http://biology.clc.uc.edu/courses/bio105/sex-link.htm. 
• Sex-Linked Inheritance. http://www.uic.edu/nursing/genetics/Lecture/Types/SingleGene/Sex-

linked/sexlinked.htm. 
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Sex-Linked Chromosomes 
Student Activity Sheet 

Name:   Date:   
 
Activity 1. Sex-Linked Chromosomes and Inheritance 
 
Background 
Watch the animated tutorials at http://www.biology.arizona.edu/cell_bio/tutorials/meiosis/main.html. 
Review the phases of meiosis I and meiosis II, and then answer the following questions. 
1. Where does meiosis take place?   
2. How many chromosomes are in the cells in the beginning of meiosis I? _____ 
3. How many chromosomes are there in the cells at the end of meiosis I? _____ 
4. How many chromosomes are there in the cells at the end of meiosis II? _____ 
Watch http://www.borg.com/~lubehawk/psquare.htm about the Punnett square. A monohybrid cross will 
show the inheritance of the X and Y chromosomes (♀ = female; ♂ = male). Fill in the Punnett square 
shown at right. 

5. Females always contribute a(n) ______chromosome. 
6. Males contribute a(n) ______ or ______chromosome. 
7. Of the four possible offspring, how many are females (♀)? _____  
 How many are males (♂)? _____ 
8. The probability of the offspring being a female is _____:_____. 
9. The probability of the offspring being a male is _____:_____. 
 
Activity 
A well-known example of a sex-linked, or X-linked, characteristic is color blindness in humans. While 8 
percent of all males are color blind, only 0.7 percent of females have this characteristic. The genes for 
green-sensitive and red-sensitive rhodopsin are on the X chromosome. It is a recessive gene that is 
only expressed in homozygous females, Xr Xr , or males who have inherited the recessive gene from 
their mothers, Xr Y. 

The following five Punnett squares show crosses involving color blindness with normal females and 
males, carrier females, and color-blind females and males. The symbols XR for the dominant allele 
(normal rhodopsin, normal vision) and Xr for the 
recessive allele (nonfunctional rhodopsin, color-
blind vision) are used.  

Fill in each of the following five Punnett 
squares. 
 

♂ gametes 
 

X Y 

 
X 

 1 2

♀
 g

am
et

es
 

 
X 

 3 4

♂ gametes 
 

XR Y 

 
XR 

 1 2

1. Normal male; 
 Normal female 
 
♀ = female 
♂ = male 
R = Dominant allele 
r = recessive allele 

♀
 g

am
et

es
 

 
XR 

 3 4
F1 Genotype  
F1 Phenotype 
(color-blind female, 
normal female, color-
blind male, normal male, 
carrier female) 
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♂ gametes 

 
XR Y 

 
XR 

 1 2 

2.  Normal male; 
 Carrier female 
 
 
♀ = female 
♂ = male 
R = Dominant allele 
r = recessive allele 

♀
 g

am
et

es
 

 
Xr 

 3 4 
F1 Genotype  
F1 Phenotype  

 
♂ gametes 

 
XR Y 

 
Xr 

 1 2 

3. Normal male; 
 Color-blind female 
 
♀ = female 
♂ = male 
R = Dominant allele 
r = recessive allele 

♀
 g

am
et

es
 

 
Xr 

 3 4 
F1 Genotype  
F1 Phenotype  

 
♂ gametes 

 
Xr Y 

 
XR 

 1 2 

4. Color-blind male; 
 Carrier female 
 
 
♀ = female 
♂ = male 
R = Dominant allele 
r = recessive allele 

♀
 g

am
et

es
 

 
Xr 

 3 4 
F1 Genotype  
F1 Phenotype  

 
♂ gametes 

 
Xr Y 

 
XR 

 1 2 

5. Color-blind male; 
 Normal female 
 
 
♀ = female 
♂ = male 
R = Dominant allele 
r = recessive allele 

♀
 g

am
et

es
 

 
XR 

 3 4 
F1 Genotype  
F1 Phenotype  

 

After completing the Punnett squares above, use the information for the Pedigrees activity on the 
following page.
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Activity 2. Pedigrees 
Dogs, cats, and horses often have pedigrees. Pedigrees can be done for humans, too. Use the 
information from the Punnett squares above to fill in the following red-green color-blindness pedigree 
chart. 
 Square 2. Square 3.  

 
 
 
 
 
 
 
 
 
 
 
 

 
Use coloring/shading to indicate the characteristics of each person, according to the following key: 

 
Normal female Normal male 
 
 
Color-blind female Color-blind male 
 
 
Carrier female 
 

10. How many males are affected by red-green color blindness? _____ 
11. How many females are affected by red-green color blindness? _____ 
12. How many females are carriers of the red-green color blindness gene? _____ 
13. What is the genotype of F1, Family 2, ♂4? __________ 
14. Which Punnett square is represented by the star? ______________________________ 
15. Where did F2, ♀1 get the gene for red-green color blindness? _____________________ 
 
Extension Activity 
Add another generation using F2, ♂4 or F2, ♀1. Design the Punnett square first, and then add 
male/female and offspring in the area below F2. 

♂ ♀ 

♂ ♀ ♀ ♂ 

♂ ♀ 

♂ ♀ ♀ ♂ 

♂ ♀ ♀ ♂ 

4 2  3 1 4 2  3 1 

4 2  3 1 

P1 
 
 
 
F1 
 
 
 
 
F2 

♀ 

♀ 

♀ 

♂ 

♂ 
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Answer Key — Sex-linked Chromosomes 
Review meiosis with students. Then, have them watch the animated tutorials. Emphasize that meiosis occurs only in gametes 
— the egg and sperm cells. Stress that after meiosis in humans, the chromosome number is now 23 instead of the 46 
chromosomes in somatic cells. Have students answer the questions below. 
1. Where does meiosis take place? Sex cell in the ovaries and testes, which produce eggs and sperm, respectively. 
2. How many chromosomes are in the cells at the beginning of meiosis I? diploid 
3. How many chromosomes are in the cells at the end of meiosis I? haploid 
4. How many chromosomes are in the cells at the end of meiosis II? haploid 
Have students watch http://www.borg.com/~lubehawk/psquare.htm about the Punnett 
square. Use Lubey’s explanation and practice page for an introduction or a review. 
Introduce sex-linked genes. Explain how Punnett squares work for sex-linked 
chromosomes. Have students fill in the Punnett square shown at right. 
5. Females always contribute a(n) X chromosome. 
6. Males contribute a(n) X or Y chromosome. 
7. Of the four possible offspring, how many are females (♀)? 2  
 How many are males (♂)? 2 
8. The probability of the offspring being a female is 1:2. 
9. The probability of the offspring being a male is 1:2. 
 

♂ gametes 
 

XR Y 

 
XR 

 
XRXR 

1 
XRY 

2 

1. Normal male 
 Normal female 
 
♀ = female 
♂ = male 
R = Dominant allele 
r = recessive allele 

♀
 g

am
et

es
 

 
XR 

 
XRXR 

3 
XRY 

4 
F1 Genotype 2XRXR, 2XRY 

F1 Phenotype 2 normal females, 2 normal males 
 
 

♂ gametes 
 

XR Y 

 
XR 

 

 
XR XR 

1 
XRY 

2 

2.  Normal male 
 Carrier female 
 
 
♀ = female 
♂ = male 
R = Dominant allele 
r = recessive allele 

♀
 g

am
et

es
 

 
Xr 

 
XRXr 

3 
XrY 

4 
F1 Genotype 1XR XR, 1XRXr, 1XRY, 1XrY 

F1 Phenotype 1 normal female, 1 carrier female, 
1 normal male, 1 color-blind male 

 
 

♂ gametes 
 

XR Y 

 
Xr 

 

 
XRXr 

1 
XrY 

2 

3. Normal male 
 Color-blind female 
 
 
♀ = female 
♂ = male 
R = Dominant allele 
r = recessive allele 

♀
 g

am
et

es
 

 
Xr 

 
XRXr 

3 
XrY 

4 
F1 Genotype 2XRXr, 2XrY 
F1 Phenotype 2 carrier females, 2 color-blind males 

 

♂ gametes 
 

X Y 

 
X 

 

 
XX 

1 
XY 

2 

♀
 g

am
et

es
 

 
X 

 
XX 

3 
XY 

4 
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♂ gametes 

 
Xr Y 

 
XR 

 

 
XRXr 

1 
XRY 

2 

4. Color-blind male 
 Carrier female 
 
 
♀ = female 
♂ = male 
R = Dominant allele 
r = recessive allele 

♀
 g

am
et

es
 

 
Xr 

 
XrXr 

3 
XrY 

4 

F1 Genotype 1 XRXr, 1 XrXr 
1XRY, 1XrY 

F1 Phenotype 1 carrier female, 1 color-blind female 
1 normal male, 1 color-blind male 

 
 

♂ gametes 
 

Xr Y 

 
XR 

 

 
XRXr 

1 
XRY 

2 

5. Color-blind male 
 Normal female 
 
 
♀ = female 
♂ = male 
R = Dominant allele 
r = recessive allele 

♀
 g

am
et

es
 

 
XR 

 
XRXr 

3 
XRY 

4 

F1 Genotype 2 XRXr 
2 XRY 

F1 Phenotype 2 carrier females 
2 normal males 

 
 
 Square 2. Square 3. 

 
 
 
 
 
 
 
 
 
 
 
 
 

10. How many males are affected by red-green color blindness? 5 
11. How many females are affected by red-green color blindness? 1 
12. How many females are carriers of the red-green color blindness gene? 6 
13. What is the genotype of F1, Family 2, ♂4? Xr Y  
14. Which Punnett square is represented by the star? Normal male, color-blind female 
15. Where did F2, ♀1 get the gene for red-green color blindness? From her father 
 
 

♂ ♀ 

♂ ♀ ♀ ♂ 

♂ ♀ 

♂ ♀ ♀ ♂ 

♂ ♀ ♀ ♂ 

4 2  3 1 4 2  3 1 

4 2  3 1 

P1 
 
 
 
F1 
 
 
 
 
F2 
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Flow Chart for DNA Replication, mRNA Transcription, and 
Translation 

Organizing Topic Genetics 

Overview Students create flow charts demonstrating the sequence of events in DNA replication, in 
mRNA transcription, and in translation. The flow charts receive peer evaluation by at least 
one other group and are assessed for accuracy by the teacher. The lesson is typically used 
as an in-class activity to review these concepts or as an informal assessment during a unit 
on DNA structure and function. 

Related Standards of Learning BIO.6 f, g 

Objectives 
The students will 
• summarize the main features of DNA replication; 
• write a complementary mRNA strand, given a DNA sequence; 
• summarize the process of transcription and translation. 

Materials needed 
• Poster board 
• Legal-sized or larger paper 
• Markers, crayons, colored pencils 
• Yarn, string, pipe-cleaners 
• Tape and glue 
• Dried beans or peas 
• Toothpicks 
• Cotton balls 
• Rubber bands 
• Paper clips 
• Various types, colors, and weights of paper (colored index cards, adding machine tape, streamers, 

colored paper, punched holes from colored paper, etc.) 
• DNA or mRNA codon chart for referencing applicable amino acids 
• Copies of the attached group peer-evaluation form 

Instructional activity 
Content/Teacher Notes 
It is assumed that this activity will be used as a review or as an informal assessment tool. The instructor 
may wish to have the students complete the flow chart in groups in one block (two 50-minute classes). If 
the lesson is being used as a teaching aid during instruction, students may work on each part of the flow 
chart as the topic and content are being introduced. The flow charts must contain some components that 
are illustrated and some components that are in some way three-dimensional. Additionally, the product 
must show in what area of the cell each process takes place. 
 
Introduction 
1. As a warm-up, have student use either a DNA codon chart or an mRNA codon chart to complete 

the following introductory questions. Present the questions in the form that best suits the student 
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population, although a printed version is recommended. Students should take between 5 and10 
minutes to complete the warm-up. 
• For the DNA molecule below, write out the resulting DNA molecules one would find at the 

end of DNA replication: 
T A C C C G A A T T C A 
A T G G G C T T A A G T 

• Given what you know about mRNA transcription and translation, use the codon chart to help 
you complete the blanks in the following table. 
 

DNA codon mRNA codon tRNA anticodon amino acid 
Sample: TAC AUG UAC Met 

GTG    
 GUA   
  AAA  

  
2. Have students put correct answers on the board so that the class can self-correct their answers.  
3. Form groups of 2 to 4 students, choosing the groups in any way that best suits the population and 

level. Have students take their class materials with them to their groups. 
4. Lead the class in the creation of a sample flow chart for “How to Make a Peanut Butter and Jelly 

Sandwich.” This is done to remind students of how to display the steps of a process sequentially. 
Once a few steps have been decided on by the class, displayed on the board, and copied down, ask 
the groups to spend 2 to 3 minutes illustrating these steps. This is done to model for students the 
type of flow chart that will be required in the activity that follows. Next, ask students to brainstorm 
ways that they could further illustrate these steps, using various three-dimensional materials. 

5. Explain to students that they will be using the same methods to create and illustrate a flow chart to 
show the sequence of steps in DNA replication, mRNA transcription, and translation. 

 
Procedure 
1. Give all groups the same sequence of DNA nucleotides (at least 15 base pairs in length), making 

sure that the initial codon on the template strand is for Methionine and that the last codon on the 
template strand is one of the three stop codons. Here is a sample sequence: 

T A C A A G C C C G A T A T T (template strand) 
A T G T T C G G G C T A T A A 

2. Review with students the materials available (see “Materials needed” above) for them to use on 
their illustrated, three-dimensional flow charts, and encourage them to be creative in choosing 
materials. The list of materials might change depending on whether this is an in-class activity or 
something that the student groups complete outside of class.  

3. Review with students the necessary components of their flow charts and the method that you will 
use to evaluate the final product. Explain that each group will present their product to at least one 
other group for formal peer review. Hand out copies of the attached peer-evaluation form. The 
following are some possible rubrics to be used for assessment: 
• Steps of replication, transcription, and translation are in the correct sequential order. 
• Flow chart is illustrated, and some portion of it is also three-dimensional. 
• Flow chart indicates the area(s) in the cell where each process occurs. 
• The nucleotide and amino acid sequences are correct regarding the given DNA sequence. 
• All members of group can explain the group flow chart. 
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4. Tell students the amount of time they have to complete their flow charts; it is recommended that 
each group have at least one and a half blocks for construction and half a block for presentation. 

5. Give students 10 to15 minutes to devise an initial plan or “rough draft” for their flow chart, which 
must be approved by the teacher. 

6. Once the group plans have been approved, have the groups begin construction of their charts. 
Circulate to monitor the groups’ performance and offer guidance and assistance when necessary. 

 
Observations and Conclusions 
Use the following questions to help students avoid errors and to elicit relevant observations and 
conclusions: 
• Did you use the DNA template strand to transcribe mRNA? 
• Is your mRNA molecule single stranded? Does it have uracil rather than thymine? 
• Do replication and transcription take place inside the nucleus? Does translation takes place in the 

cytoplasm? 
• Are the tRNA molecules individual and not in a strand? 
• Were you able to translate the mRNA codons into the correct amino acids? 

Sample assessment 
• The product itself can be used as an informal assessment, but listed below are some questions to be 

posed to each group: 
° What is the purpose of DNA replication? Why is the transcription of mRNA from DNA 

necessary? Why is the last step of protein synthesis called “translation”? 
° What might be the result if the enzymes that control transcription did not function properly or 

not enough of these enzymes were produced? 
° How might the sequence of amino acids translated change if the mRNA was not transcribed 

from the template strand of DNA? 
• Have each group evaluate the final flow chart of and its presentation by at least one other group, 

using the attached peer-evaluation form. 

Follow-up/extension 
• Following the construction and presentation of the flow charts, pose questions to the students about 

errors in the nucleotide sequences in their charts. This will lead the class naturally into a discussion 
about DNA and chromosomal mutations. 

• Have students draw examples of the following and explain the resulting amino acid or protein: 
° Point mutation 
° Frameshift mutation 
° Insertion 
° Deletion 
° Inversion 
° Translocation 
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Flow Chart for DNA Replication, 
mRNA Transcription, and Translation 

Group Peer-Evaluation Form 
 

Students in your group:   

Students in the group you are evaluating:   

  
 
1. Name a strength of the group’s flow chart and presentation: 
 
 
 
2. Name a weakness of the group’s flow chart and presentation: 
 
 
 
3. If there were any errors or pieces of the flow chart missing, list them here: 
 
 
 
 
4. On a scale of 1 to 4 (1 being the lowest and 4 being the highest), how would you rate this 

group’s flow chart: _________ 
 
5. On a scale of 1 to 4 (1 being the lowest and 4 being the highest), how would you rate this 

group’s presentation: _________ 
 
6. Would you recommend that this group’s flow chart be used as a learning tool for other 

students? __________ Why, or why not? 
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Semantic Feature Analysis for DNA Replication and 
Protein Synthesis 

Organizing Topic Genetics 

Overview Students compare and contrast the processes of DNA replication, mRNA transcription, 
and translation. They use Semantic Feature Analysis to reinforce vocabulary. 

Related Standards of Learning BIO.6f, g, h, i 

Objectives 
The students will 
• summarize the main features of DNA replication; 
• describe the structure and function of each type of RNA; 
• write a complementary mRNA strand (A-U, T-A, C-G, and G-C); 
• summarize the processes of transcription and translation. 

Materials needed 
• Copies of the attached student activity sheet 

Instructional activity 
Content/Teacher Notes 
Semantic Feature Analysis (SFA), a strategy used primarily for reinforcing vocabulary, can be used as 
either a pre-reading or a post-reading activity. SFA involves establishing links between prior knowledge 
and words that are conceptually linked, analyzing words for similarities and differences, and 
categorizing words based on how well they fit into pre-established conceptual categories. 

In an SFA activity, students are provided with a chart or grid with on which to analyze the similarities 
and differences among related concepts and then decide whether each concept is a member of one of the 
categories on the grid. The concepts are typically “new vocabulary,” and this strategy is most helpful 
with concepts that share major themes or roles in the content. In addition to students placing a “Yes” or 
“No” mark under each category, they may use a question mark if they are uncertain about a particular 
concept. 

This type of lesson is typically used with students needing some additional reinforcement of the biology 
terminology that appears in most textbooks. Students should do this lesson after they have already 
learned about the processes of DNA replication and of protein synthesis. This is an excellent post-
reading lesson to use with ESOL Biology students or with other student populations needing extra 
vocabulary reinforcement. 
 
Introduction 
1. As an introduction to Semantic Feature Analyses, have students write lists of characteristics that 

are particular to the following three groups or categories: cats, dogs, and birds. Once they have 
written a few characteristics for each group, lead a class discussion about how they chose those 
characteristics to go into each category. 

2. Explain that the students will be give a list of statements and asked to chose which one best 
describes one of the processes associated with nucleic acids, using SFA to decide which statement 
fits with which process. 



Science Enhanced Scope and Sequence – Biology 

Virginia Department of Education 
121 

Procedure 
1. Introduce the general structure of an SFA. You may with to use a model if this is the first time the 

students will be using this strategy. Make sure that students understand whether the SFA is being 
utilized for pre- or a post-reading purposes. 

3. As a pre-reading strategy, let students spend some time working individually on the SFA chart or 
grid. Depending on the rest of the agenda, allow students to share their responses with another 
student or a small group. Discuss different student responses as a class. Assign related reading, and 
ask the students to make changes to their initial responses if the reading changes their minds. 

4. As a post-reading strategy, assign related reading, and ask students to complete the SFA chart or 
grid individually. Have students share their responses with another student or small group, and 
have them make changes or corrections based on their reading. Use class discussion to ensure that 
all students agree on their choices. 

 
Observations and Conclusions 
1.  Have students complete the student activity sheet. Then, hold a class discussion of the responses. 

The answer key is shown below: 
Description of Process Replication Transcription Translation 

Involves only DNA    
Involves both DNA and RNA    
Involves only RNA    
Process of creating amino acid sequences by reading the 
sequence of nucleotides off of an mRNA strand    

Process of making a complete and exact copy of a molecule of 
DNA    

Process of making a single-stranded mRNA molecule from a 
molecule of DNA    

Involves the unwinding and unzipping of a DNA molecule to 
begin    

Involves both mRNA and tRNA     
Involves only DNA and mRNA    
Takes place inside the nucleus    
Takes place at the ribosome in the cytoplasm    
The product, mRNA, of this process leaves the nucleus after its 
production.    

Sample assessment 
• Use objective questions and/or a more thorough assessment, such as an Illustrated 3-Dimensional 

Flow Chart of DNA Replication and Protein Synthesis, for assessments. 

Follow-up/extension 
• Once students have mastered the concepts related to the sequence of events in replication and 

protein synthesis, you may wish to begin a unit on Mendelian genetics or a unit on cellular 
division. This will depend on your chosen course sequence. 

Resources 
• Vacca, J., and R. Vacca. Content Area Reading: Literacy and Learning across the Curriculum, 6th 

ed. New York: Addison-Wesley Educational Publishers Inc., 1999. 339–341. 
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DNA Replication & Protein Synthesis 
Student Activity Sheet 

Name:   Date:   
 

Reinforcing Vocabulary with Semantic Feature Analysis 
 
 

DIRECTIONS 
1. Read each of the following process descriptions, and decide whether it fits the process of 

replication, transcription, or translation. 
2. Place a check ( ) under the process(es) to which you think each description applies. 

Some descriptions may fit more than one process. 
3. When you are finished, compare your table with that of the student next to you. 
 

PROCESS DESCRIPTION OF PROCESS Replication Transcription Translation 

Involves only DNA 
   

Involves both DNA and RNA 
   

Involves only RNA 
   

Process of creating amino acid sequences by 
reading the sequence of nucleotides off of an 
mRNA strand 

   

Process of making a complete and exact copy of 
a molecule of DNA 

   

Process of making a single-stranded mRNA 
molecule from a molecule of DNA 

   

Involves the unwinding and unzipping of a DNA 
molecule to begin 

   

Involves both mRNA and tRNA 
   

Involves only DNA and mRNA 
   

Takes place inside the nucleus 
   

Takes place at the ribosome in the cytoplasm 
   

The product, mRNA, of this process leaves the 
nucleus after its production. 
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Bioethics and Unsent Letters 

Organizing Topic Genetics 

Overview Students role play the writing of letters in response to a specific issue, namely, the ethics 
of employers demanding genetic information about employees. 

Related Standards of Learning BIO.6h, i 

Objectives 
The students will 
• explain that DNA technologies allow scientists to identify, study, and modify genes. Forensic 

identification is one example of the application of DNA technology; 
• recognize that genetic engineering techniques provide great potential for useful products; 
• discuss the Human Genome Project as a collaborative effort to map the entire gene sequence. This 

information will be useful in detection, prevention, and treatment of many genetic diseases. It also 
raises practical and ethical questions. 

Materials needed 
• Copies of the attached directions and letter templates for letters to and from an employee 
• Copies of the attached rubrics for the letters 

Instructional activity 
Content/Teacher Notes 
This is a good lesson to use as a synthesis of a human heredity / DNA technology unit or as a wrap-up of 
a larger genetics or DNA technology unit. The unsent letters demand that the students incorporate both 
their understanding of the content and their attitudes toward the content in an evaluative and imaginative 
fashion. (Vacca & Vacca, 263–264). The recommended time frame is one-half to a full block class. 

The attached rubrics elucidate what information the students should include in the letters — i.e., the 
information students have learned from the chapter on human genetics, including the methods for DNA 
fingerprinting and the determination of genetic disorders. This activity allows the students to reflect 
upon the implications of these genetic tools in a real-life situation — one that is a bit more realistic than 
those typically portrayed by the media. The activity includes two letters because it is important for 
students to use simple critical frameworks to grasp opposing opinions and points-of-view. 
 
Introduction 
1. Students would benefit from a brief introduction to one or more frameworks for evaluating a 

situation involving an ethical dilemma. A recommended framework might be one that asks 
students to consider the Values of each party, the Right and Responsibilities of each party, and the 
Consequences of Decisions/Actions made by each party. This method does not require extensive 
teaching of ethics per se, but is based on a more pragmatic approach. 

2. Ask the class whether they know what the word ethics means? (Study of morality, meaning right 
and wrong) Brainstorm as a class about situations that they believe could be categorized as an 
ethical dilemma or quandary. 

3. Next, brainstorm a list of all of the DNA technologies and DNA technology applications that they 
can think of. 
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4. Explain to the students that they will be using what they know about DNA technologies and 
applications and what they subjectively can argue about ethics in order to take part in a lesson 
about the genetic information an employer can demand from an employee. 

 
Procedure 
1. Introduce the Unsent Letters Strategy, and explain to the students that there are portions of the 

assignment that are based solely on their imagination and other portions that focus on specific 
concepts from the content. You may wish to show students a sample unsent letter and discuss why 
it is a successful example (optional, but recommended for certain populations of learners). 

2. Hand out the Unsent Letters directions and related letter templates, and go over the directions with 
the students. 

3. Hand out and review the rubrics for the Unsent Letters assignment. 
4. Have students work independently on writing their letters. 
5. Have students share their letters with a partner. Then, ask for volunteer pairs to share their letters, 

having the students read the letters aloud. 
6. Have an informal class discussion about the various letters and responses. 
 
Observations and Conclusions 
1. When writing as Ms. Wish, students will most likely take the stance that the information is 

absolutely necessary for maintaining high productivity, security, etc. for the company. 
Additionally, they may have Ms. Wish make some other demands of Mr. Dinson. The response 
letter will most likely represent the students’ true opinions about the questions at hand: Do 
employers have the right to demand certain “private” information from their employees? How 
private should such information be? Should employers be able to use the new and highly 
informative method, genetic fingerprinting? 

Sample assessment 
• Use the attached rubrics to assess the letters. 

Follow-up/extension 
• Use this activity as a way to review before a unit test on a larger genetics unit. It may be used in 

lieu of a traditional test if the teacher prefers to use a more performance-based assessment tool. 

Resources 
• Vacca, J., and R. Vacca. Content Area Reading: Literacy and Learning across the Curriculum, 6th 

ed. New York: Addison-Wesley Educational Publishers Inc., 1999. 
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Unsent Letters 
 

DIRECTIONS 
In this activity, you will play the roles of two people — 1) the owner of a company and 2) a new 
employee at that company. 
Read the two descriptions below, and as each person, write a letter as directed. Be sure to 
include all the information asked for, and feel free to use your imagination. Use the handout 
sheets for your letters. 
 
 

1. Letter to your new employee 
You are Ms. Wish, owner of Globex, a Fortune-500 company. You have just completed the 
hiring process for the spring. Write a letter to a new employee, Mr. Dinson, explaining that you 
need to have access to all of his medical records and that he must have a DNA fingerprint 
done to keep on file. Explain to Mr. Dinson the reasons why you feel this information is 
necessary for the company to have. Be sure to make it clear what kind of company you run 
and what position Mr. Dinson will have at the company. 
 
 

2. Response letter to your new boss 
You are Mr. Dinson, a new employee at the company. Before your first day at work, you 
receive the above letter from the owner of the company. Write a response letter back to Ms. 
Wish, explaining whether or not you agree with the company having access to your medical 
records and whether you agree that they have the right to a genetic screening before you go to 
work for them. Explain your reasoning as it applies to the company and your job description, 
and be sure to let Ms. Wish know whether you will be staying with the company or not. 
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G L O B E X, I N C. 
 

Danielle Wish, President 
Globex, Inc. 

777 World Ave. 
Big City, US 10001 

 
Mr. Michael Dinson 
332 Newman Rd. 
Small City, US 10002 
 
Dear Mr. Dinson: 
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Michael Dinson 
332 Newman Rd. 

Small City, US 10002 
 
 
Ms. Danielle Wish, President 
Globex, Inc. 
777 World Ave. 
Big City, US 10001 
 
Dear Ms. Wish: 
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Rubrics for Unsent Letters Activity 
 
1. Letter from Ms. Wish 

Section 3 – Excellent 2 – Acceptable 1 –Unacceptable 

Letter 
format 

 
Written clearly in proper letter 
format; uses appropriate language 
for a business letter; includes 
portions of letter not given on 
paper; addresses Mr. Dinson 
specifically 

 
In a letter format, but includes 
unrealistic or inappropriate 
language; addresses Mr. 
Dinson; includes portions of 
letter not given on paper 

 
Not in a letter format; most 
language is inappropriate or 
unrealistic; seldom 
addresses Mr. Dinson; does 
not include portions of letter 
not given on paper 

Required 
information 

 
Includes specific information about 
the company, Mr. Dinson’s job 
description, and DNA fingerprinting 
as a way to get information about a 
person 

 
Includes more vague information 
about the company and Mr. 
Dinson’s job; information about 
DNA fingerprinting is incomplete 
or incorrect 

 
Little or no information about 
the company and Mr. 
Dinson’s job; no information 
about DNA fingerprinting 

Reasoning 

 
Includes critical and complete 
reasoning behind the need for 
such information from Mr. Dinson; 
demonstrates thoughtfulness and 
ability to incorporate the content 
into the letter 

 
Includes some reasons for 
requiring the information from 
Mr. Dinson, but no 
demonstration of critical thought; 
not much incorporation of 
content into the letter 

 
Includes very few to no 
reasons for requiring the 
information from Mr. Dinson, 
no incorporation of content 
into the letter 

 
 
2. Response Letter from Mr. Dinson 

Section 3 – Excellent 2 – Acceptable 1 – Unacceptable 

Letter 
format 

 
Same as for previous letter 

 
Same as for previous letter 

 
Same as for previous letter 

Response 
to demand 

 
Clearly states whether Mr. Dinson 
agrees to allow Globex access to 
his records and permission to get 
a DNA fingerprint 

 
Vaguely states Mr. Dinson’s 
stance on allowing Globex 
access to his medical records 
and permission to get a DNA 
fingerprint 

 
Does not state Mr. Dinson’s 
stance on allowing Globex to 
have the requested 
information 

Reasoning 
and support 

 
Includes clear reasoning for 
accepting or denying access to 
medical/DNA information; 
includes specific reasons; 
demonstrates critical and 
evaluating thinking. Clearly 
written. 

 
Includes few reasons for 
accepting or denying access to 
medical/DNA information; 
includes few specific reasons; 
demonstrates little critical and 
evaluative thinking. Less clear. 

 
Includes no obvious reasons 
for accepting or denying 
access to medical/DNA 
information; demonstrates no 
real critical or evaluative 
thinking. Written in a vague 
and unclear manner 

Acceptance 
of job 

 
Clear statement of acceptance or 
denial of job; decision reflects 
reasoning throughout rest of letter 

 
Clear statement of acceptance 
or denial; but decision 
contradicts some of the previous 
reasoning 

 
No evident statement of 
acceptance or denial of job 
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Sample Released SOL Test Items 
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Organizing Topic — Natural Selection and Evolution 

Standards of Learning 

BIO.1 The student will plan and conduct investigations in which 
d) graphing and arithmetic calculations are used as tools in data analysis. 

BIO.7 The student will investigate and understand bases for modern classification systems. Key 
concepts include 
a) structural similarities among organisms; 
b) fossil record interpretation; 
c) comparison of developmental stages in different organisms; 
d) examination of biochemical similarities and differences among organisms; and 
e) systems of classification that are adaptable to new scientific discoveries. 

BIO.8 The student will investigate and understand how populations change through time. Key 
concepts include 
a) evidence found in fossil records; 
b) how genetic variation, reproductive strategies, and environmental pressures impact the 

survival of populations; 
c) how natural selection leads to adaptations; 
d) emergence of new species; and 
e) scientific explanations for biological evolution. 

Essential Understandings, Correlation to Textbooks and 
Knowledge, and Skills Other Instructional Materials 

The student will use hands-on investigations, problem solving 
activities, scientific communication, and scientific reasoning to 
• define a species as a group of organisms that has the ability to 

interbreed and produce fertile offspring;   
• identify local populations (Populations are groups of 

interbreeding individuals that live in the same place at the same 
time and compete with each other for food, water, shelter, and 
mates.);   

• relate genetic mutations and genetic variety produced by sexual 
reproduction to diversity within a given population;   

• explain the following relative to population dynamics: 
° Populations produce more offspring than the environment 

can support.   
° Organisms with certain genetic variations are favored to 

survive and pass their genes on to the next generation.   
° The unequal ability of individuals to survive and 

reproduce leads to the gradual change in a population 
(natural selection).   

° Genetically diverse populations are more likely to survive 
changing environments.   

• plot data representing population growth;   
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• explain how Charles Darwin, through his observations in the 
Galapagos Islands, formulated his theory of how species 
evolve;   

• summarize the major concepts of natural selection, as follows: 
° Natural selection is governed by the principles of 

genetics. The change in the frequency of a gene in a 
given population leads to a change in population and may 
result in the emergence of a new species.   

° Natural selection operates on populations over many 
generations.   

° Mutations can result in genetic changes in the gene pool 
and thus can affect population change over time.   

° Adaptations sometimes arise in response to 
environmental pressures (e.g., development of antibiotic 
resistance in bacterial populations, morphological 
changes in the peppered moth population, pesticide 
resistance).   

• summarize the relationships between present-day organisms 
and those that inhabited the Earth in the past, including 
° fossil record   
° embryonic stages   
° homologous structures   
° chemical basis (e.g., proteins, nucleic acids).   
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Mutations: A Prereading Strategy 

Organizing Topic Natural Selection and Evolution 

Overview Students use the Prereading Plan (PreP) strategy to brainstorm their initial associations 
with the concept of mutations, reflect upon and evaluate their initial brainstormed 
associations, and reformulate knowledge of that concept. To revise/expand their 
knowledge, they use available texts to further their understanding of the structure of DNA 
and of ways that changes to DNA affect individual amino acids as well as whole 
organisms. The teacher acts as a guide to help students critically analyze their statements 
and to facilitate the creation of new associations and ideas. (Vacca & Vacca, 370–371) 

Related Standards of Learning BIO.6e 

Objectives 
The students will recognize the following possible results of genetic recombination: 
• Inserting, deleting, or substituting DNA segments can alter genes. 
• An altered gene may be passed on to every cell that develops from it, causing an altered 

phenotype. 
• An altered phenotype may be beneficial or detrimental. 
• Sometimes entire chromosomes can be added or deleted, resulting in a genetic disorder, such as 

Trisomy 21 (Down’s syndrome) or Turner syndrome. 

Materials needed 
• Copies of the attached pre-reading strategy questions 
• Available and approved texts and other research materials about DNA and genetics 

Instructional activity 
Content/Teacher Notes 
This activity is a tool to introduce the concept of mutations to the students in light of what they already 
know (or believe they know). It is an excellent strategy to assess students’ prior knowledge relating to 
mutations, and it is recommended to use an introductory lesson to the topic. 
The activity involves brainstorming associations with the mutations concept to activate prior knowledge 
and experiences, group discussion and evaluation of associations, reflection on responses, and 
reformulation of knowledge. 
Students should already have completed a lesson on basic DNA structure and function and/or a unit on 
cellular division. It is recommended to allow at least 30 minutes for this activity. 
 
Introduction 
1. Tell the students that in the brainstorming session to come, all responses are considered valid and 

that everyone must respond to every question. 
 
Procedure 
1. Explain to the students that the class is going to talk about what is in a reading before actually 

reading it. 
2. Display an overhead for recording students’ responses (or use the board), and say: “Tell me 

anything that comes to mind when you hear the word mutation.” Record each student’s response. 
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Some likely responses may be “radiation,” “nuclear power plants,” “freaks,” “diseases,” “extra 
arms and legs,” or “albinos.” 

3. Ask the students: “What made you think of that association?,” and record each response. 
Responses may resemble the following: 
• I thought of the comic book Radiation Man. 
• What happens when a power plant has a melt down, like in Russia! 
• It’s like X-Men. 
• People with mutations aren’t really freaks, but I meant when something goes wrong and a 

baby is born all different than normal. 
• My brother was born with a genetic disease that made him have cancer on his retinas, I think, 

and that was because they think there was a mutated gene in him. 
• There were babies born in the 60s or 70s, I don’t remember when, who had extra arms and 

legs, or no arms and legs because their moms took a drug before the babies were born. Is that 
caused by a mutation? 

4. Ask the students: “Based on our discussion, and before we read the text, do you have any new 
ideas about mutations?” Record any new ideas given by the students, such as: 
• I think that not all mutations are caused by radiation, because of the babies who were 

mutated because of the drugs their moms took. 
• Mutations can happen in the genes before a person is even born. 
• Some mutations can happen because of an accident, though, when a person is older too. 
• Drugs can cause mutations . . . maybe. 

5. Assign related reading in the textbook about genetic changes and mutations, and allow students to 
complete their reading silently. 

 
Observations and Conclusions 
1. Use the following statement to prompt a class discussion about the nature of mutations: “Do you 

think that some mutations can be good or helpful to a person, or are all mutations bad? Think 
about your responses to what we have talked about, as well as what you have read today.” 

Sample assessment 
• There is no specifically applicable assessment piece for this activity, as this is an introductory 

lesson used to gauge prior knowledge. However, you might want to use a set of questions relating 
to specific types of mutations for students to answer after they have read the material. 

Follow-up/extension 
• It is recommended to follow this introductory lesson with an activity or lesson of choice pertaining 

to DNA mutations, chromosomal mutations, and errors in disjunction (if cellular division/gamete 
formation has already been covered). 

• Have students follow up this partial lesson by creating an illustrated set of notes about the various 
types of mutations. Have them further extend this by completing a research-based activity about 
one or more disorders caused by one of these types of mutations. 

Resources 
• Vacca, J., and R. Vacca. Content Area Reading: Literacy and Learning across the Curriculum, 6th 

ed. New York: Addison-Wesley Educational Publishers Inc., 1999. 
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Mutations: Benefits and Consequences 

Organizing Topic Natural Selection and Evolution 

Overview Students are introduced to examples of different types of mutations and discuss beneficial 
and deleterious mutations. They generate a growth curve of a bacterial population and 
compare this growth curve to one in which some of the bacteria have gained antibiotic 
resistance by mutation. 

Related Standards of Learning  BIO.1d, 8b, 8c 

Objectives 
The students will 
• relate genetic mutations and genetic variety produced by sexual reproduction to diversity within a 

given population; 
• explain the following relative to population dynamics: 

° Populations produce more offspring than the environment can support. 
° Organisms with certain genetic variations are favored to survive and pass their genes on to 

the next generation. 
° The unequal ability of individuals to survive and reproduce leads to the gradual change in a 

population (natural selection). 
° Genetically diverse populations are more likely to survive changing environments. 

• plot data representing population growth. 

Materials needed 
• Copies of the attached student activity sheet 
• Red, blue, and black pencils or pens 

Instructional activity 
Content/Teacher Notes 
In the past, mutations were called “mistakes” in the genetic code. We now know that these “mistakes” 
have introduced variation into species, some of which further survival of the species. When organisms 
reproduce sexually, variation can result from either a recombination of recessive alleles or 
chromosomal/gene mutations. In organisms like bacteria, variation is not caused by mutation alone but 
is sometimes a result of introduction of genetic material from other bacteria or viruses. Because bacteria, 
as prokaryotic cells, usually divide by binary fission, when there is a mutation that is beneficial to that 
bacteria, it only takes one cell to continue that mutation. Given a suitable environment for that one 
prokaryotic cell, that cell can divide to make two cells, then four, then eight, and so on. 
There are several types of mutations, which can involve the whole chromosome or a part of the genetic 
material within the chromosome. 
Non-Disjunction and Down’s Syndrome: One well-known example of mutation is non-disjunction. 
Non-disjunction is when the spindle fibers fail to separate during meiosis, resulting in gametes with one 
extra chromosome and other gametes lacking a chromosome. If this non-disjunction occurs in 
chromosome 21 of a human egg cell, a condition called “Down’s syndrome” occurs. This is because the 
cells possess 47 chromosomes as opposed to the normal human chromosome compliment of 46. 

Chromosome Mutations: The fundamental structure of a chromosome is subject to mutation, which 
will most likely occur during crossing over at meiosis. As indicated below, there are a number of ways 
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1. Normal chromosome before mutation 
2. Genes from the homologous chromosome are 

copied and inserted into the genetic sequence. 
3. New chromosome possesses all its initial genes 

plus a duplicated one, which is usually harmless. 

in which the chromosome structure can change and thereby detrimentally change the genotype and 
phenotype of the organism. However, if the chromosome mutation affects an essential part of DNA, it is 
possible that the mutation will abort the offspring before birth. 

The following indicates types of chromosome mutation where whole genes are moved: 

• Deletion of a Gene: As the name implies, genes of a chromosome are permanently lost as they 
become unattached to the centromere and are lost forever. 

 
 

• Duplication of Genes: In this mutation, the mutant genes are displayed twice on the same 
chromosome due to duplication of these genes. This can prove to be an advantageous mutation as 
no genetic information is lost or altered, and new genes are gained. 

 

 
 
 
 
 
 
Nucleotide Mutations 
• Deletion: Here, certain nucleotides are deleted, which affects the coding of proteins that use this 

DNA sequence. If for example, a gene coded for alanine, with a genetic sequence of C-G-G, and 
the cytosine nucleotide were deleted, then the alanine amino acid would not be able to be created, 
and any other amino acids that are supposed to be coded from this DNA sequence will also be 
unable to be produced because each successive nucleotide after the deleted nucleotide will be out 
of place. 

• Insertion: Similar to the effects of deletion. A nucleotide is inserted into a genetic sequence and 
therefore alters the chain thereafter. This alteration of a nucleotide sequence is known as a 
“frameshift.” 

• Inversion: A particular nucleotide sequence is reversed. Is not as serious as the above mutations 
because the nucleotides that have been reversed in order only affect a small portion of the larger 
sequence. 

• Substitution: A certain nucleotide is replaced with another. Will affect any amino acid to be 
synthesized from this sequence due to this change. If the gene is essential, e.g., for the coding of 
hemoglobin, then the effects are serious. Changes to the hemoglobin sequence can cause 
organisms to suffer from a condition called “sickle cell anemia.” 

All of these genetic mutations have a more or less negative impact and are undesirable; however, in 
some cases they can prove advantageous. Organisms can often survive and reproduce even with 
homeotic gene mutations that produce differences in body shape. This means that homeotic mutations 
can be an effective means for evolutionary change. For example, in a mammal, a single homeotic 
mutation might produce an arm that is shorter, or longer, or broader. Regardless, it will probably still 
look and work like an arm. A change in body shape might lead to an advantage for an organism. For 

1. Normal chromosome before mutation 
2. Genes not attached to centromere become loose 

and lost forever. 
3. New chromosome lacks certain genes; may prove 

fatal depending on how important these genes 
are. 
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example, the mutation may allow it to capture food more effectively or be more attractive in some way. 
If this is the case, the mutant organism may have greater reproductive fitness. Its genes may be 
preferentially passed along to the next generation, thus influencing the course of evolution. 

Therefore, genetic mutations increase genetic diversity and have an important part to play. They are also 
the reason many people inherit or become infected with diseases. 
 
Introduction 
(Have students follow the instructions on the student activity sheet.) 
 
Procedure 
(See student activity sheet.) 
 
Observations and Conclusions 
(See student activity sheet.) 

Sample assessment 
• Have students draw a diagram of nucleotide mutations similar to the diagrams of gene mutations in 

the Content/Teacher Notes above. Use A-T, G-C to indicate nucleotides. 
• Have students create a list of genetic variations and mutations that could be beneficial and a list of 

variations and mutations that could be harmful. 
• Have students create a list of common diseases, and hold a class discussion on whether or not 

those diseases have a genetic component. 

Follow-up/extension 
• Have students research malaria and sickle cell anemia, explaining why the sickling of the cells was 

beneficial to those who lived in malaria-prone countries. 
• Challenge students to research antibiotics and use the growth curve created in the activity to 

explain why it makes sense to take the entire dosage of a prescribed antibiotic. 

Resources 
• “Astrobiology Evolution.” http://www.science.gmu.edu/~hgeller/astrobiology/AbEvolvlect.doc. 

Provides features of a sample phylogenetic tree. 
• Bren, Linda. Battle of the Bugs: Fighting Antibiotic Resistance. 

http://www.fda.gov/fdac/features/2002/402_bugs.html. 
• Genetic Algorithms in Plain English. http://www.ai-junkie.com/ga/intro/gat1.html. 
• “How big a problem?” Microbes: What doesn’t kill them makes them stronger. University of 

Wisconsin. http://whyfiles.org/038badbugs/scope.html. Contains information on antibiotic-
resistant microbes. 

• How do mutations and chromosome abnormalities cause human disease? 
http://w3.dwm.ks.edu.tw/bio/activelearner/15/ch15intro.html. Contains a simple mutation 
assessment. 

• “It’s all in the Teamwork.” Microbes: What doesn’t kill them makes them stronger. University of 
Wisconsin. http://whyfiles.org/038badbugs/mechanism.html. Contains information on antibiotic-
resistant microbes. 
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• Mathematical Biology. http://www.bath.ac.uk/math-sci/research/math-biology.html. Department of 
Mathematical Science, University of Bath, UK. 

• Mixing the Gene Pool. http://www.stanford.edu/group/Urchin/whysex.htm. This simulation is 
designed to demonstrate that sexual reproduction mixes the gene pool and why this is an 
advantage. 
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Mutations and Antibiotic Resistance in 
Staphylococcus Bacteria 
Student Activity Sheet 

Name:   Date:   

Introduction 
Ever since antibiotics became widely available about 50 years ago, they have been hailed as miracle 
drugs — magic bullets that are able to destroy disease-causing bacteria. 

However, with each passing decade, bacteria that resist not only single, but multiple antibiotics have 
become increasingly widespread, making some diseases particularly hard to control. In fact, according 
to the Centers for Disease Control and Prevention (CDC), virtually all significant bacterial infections in 
the world are becoming resistant to the antibiotic treatment of choice. For some of us, bacterial 
resistance could mean more visits to the doctor, a lengthier illness, and possibly drugs that are more 
toxic. For others, it could mean death. The CDC estimates that each year, nearly 2 million people in the 
United States acquire an infection while in a hospital, resulting in 90,000 deaths. More than 70 percent 
of the bacteria that cause these infections are resistant to at least one of the antibiotics commonly used 
to treat them. 

Antibiotic resistance, also known as antimicrobial resistance, is not a new phenomenon. Just a few 
years after the first antibiotic, penicillin, became widely used in the late 1940s, penicillin-resistant 
infections emerged that were caused by the bacterium Staphylococcus aureus (S. aureus). These 
"staph" infections range from urinary tract infections to bacterial pneumonia. Methicillin, one of the 
strongest drugs in the arsenal used to treat staph infections, is no longer effective against some strains 
of S. aureus. Vancomycin, which is the most lethal drug against these resistant pathogens, may be in 
danger of losing its effectiveness; recently, some strains of S. aureus that are resistant to vancomycin 
have been reported. 

If they are not naturally resistant, bacteria can become resistant to drugs in a number of ways. They 
may develop resistance to certain drugs spontaneously through mutation. Mutations are changes that 
occur in the genetic material, or DNA, of the bacteria. These changes allow the bacteria to fight or 
inactivate the antibiotic. 

Bacteria also can acquire resistant genes through exchanging genes with other bacteria. The bacteria 
reproduce rapidly, allowing resistant traits to quickly spread to future generations of bacteria. This 
means that resistance can spread from one species of bacteria to other species, enabling them to 
develop multiple resistances to different classes of antibiotics. (See: 
http://www.fda.gov/fdac/features/2002/402_bugs.html)  

Procedure 
Bacteria, like S. aureus, reproduce by binary fission. Given a suitable environment for one bacterial or 
prokaryotic cell, that cell can divide to make two cells, then four, then eight, and so on. 

1. Fill in Table 1 on the next page to determine the exponential growth of one Staph aureus cell. 
Assume that all the requisite conditions are optimum for the cell to grow and divide. Also assume 
that toxic byproducts of respiration are flushed from the environment. If the Staph aureus 
generation time is 20 minutes (m), determine how many cells will be present after 4 hours (h) and 
20 minutes (m) has passed. 
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Table 1 
Gen 1 2 3 4 5 6 7 8 9 10 11 12 13 
0m 20m 40m 1h 1h20m 1h40m 2h 2h20m 2h40m 3h 3h20m 3h40m 4h 4h20m
              

 
2. In the graph below, label the y-axis as numbers of Staph aureus cells with intervals of 100. (Each 

square represents 100 more individual cells.) Label the x-axis as time in 20-minute intervals. 
3. Using a black pencil or pen, plot the table above as number/time of bacteria on the graph. 

(Generations 1–11). 
 
Graph 1. Staph aureus growth 
 
 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
 
 
4. Suppose at 3h40m, the cells are competing for dwindling food and nutrients, exponential growth 

stops, and the number of bacteria stabilizes. Follow the next generation’s numbers in Table 2. 
Plot the numbers of Staph aureus colonies on the graph. 
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Table 2 
12 13 14 15 16 17 18 19 20 21 

3h40m 4h 4h20m 4h40m 5h 5h20m 5h40m 6h 6h20m 6h40m 
2290 2560 2560 2560 2560 2560 2560 2560 2560 2560 

 
5. Toxic waste products build up, food is depleted, and the Staph aureus cells begin to die, as 

shown in Table 3. 
 
Table 3 

22 23 24 25 26 27 28 29 30 31 
7h 7h20m 7h40m 8h 8h20m 8h40m 9h 9h20m 9h40m 10h 

2180 2090 2048 1024 512 256 128 64 32 16 
 
6. Label the growth curve in the correct places with the following labels: 

• Lag Phase: Generations 0–6 
• Log Phase: Generations 7–12 
• Stationary Phase: Generations 13–22 
• Death Phase: Generations 23–31 

 
Antibiotic Resistance. Suppose this host body has Staph aureus food poisoning. Given enough time 
(black growth curve), toxic waste products could build up, or the host body’s immune system could kill 
the Staph aureus cells, and the food intoxication would be over. If the host were given antibiotics at 
generation 17, the death of the Staph aureus may be more immediate and the host body would feel 
better rapidly. However, some of the Staph aureus cells may mutate and thus be able to resist the 
effect of the antibiotic. 

7. Plot the following colony counts for each scenario. 
• With a blue pencil or pen, start at Generation 17 for No AR. (No AR = No Antibiotic 

Resistance) 
• With a red pencil or pen, start at Generation 17 for AR. (AR = Antibiotic Resistance) 

 
Table 4 
 17 18 19 20 21 22 23 24 25 26 
No AR 2560 128 64 0 0 0 0 0 0 0 
AR 2560 128 64 32 64 128 256 512 1024 2048

Observations and Conclusions 
1. Look at the Table 1 and the black growth curve. If all bacteria reproduce in the same way as 

Staph aureus, why is Earth not overrun with bacteria? Explain. 
 
 
 
2. How do antibiotics help the host body? 
 
 
 
3. How is antibiotic resistance dangerous for the host body? 
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1 2 3 4  5  6  7  8  9 10  11  12  13  14  15   16 17 18  19  20  21  22 23 24 25 26 27 28 29    30    31 

Answer Key — Mutations and Antibiotic Resistance in Staphylococcus 
Bacteria 
 
Table 1 

Gen 1 2 3 4 5 6 7 8 9 10 11 12 13 
0m 20m 40m 1h 1h20m 1h40m 2h 2h20m 2h40m 3h 3h20m 3h40m 4h 4h20m
1 2 4 8 16 32 64 128 256 512 1024 2048 4096 8192 

 
Graph 1. Staph aureus growth 

                                
                                
                                
                                
                                
                                
                                
                                
                                
                                
                                
                                
                                
                                
                                
                                
                                
                                
                                
                                
                                
                                
                                
                                
                                
                                
                                
                                
                                
                                

 

Observations and Conclusions 

1. Growth conditions are hardly ever optimum. All bacteria need a food source and optimum pH, temperature, oxygen, 
and moisture. Each strain of bacteria is different, so completely optimum conditions very rarely occur. 

2. Antibiotics target and kill bacteria that may be causing the disease. However, antibiotics may also kill beneficial 
bacteria that protect the body against other diseases. 

3. The host has a weakened immune system from the original bacterial infection. Therefore, the host cannot overcome 
the new strain, which is very similar to the original strain. The new strain is opportunistic and reproduces rapidly in a 
body with 1) no beneficial protective bacteria and 2) a weakened immune system. 
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Illustrated Mutation Models 

Organizing Topic Natural Selection and Evolution 

Overview Students compare and contrast normal DNA and normal chromosomes to those that are 
mutated in some fashion, and they represent the descriptions of DNA mutations and 
chromosomal mutations in an illustrative fashion. 

Related Standards of Learning BIO.6e, f 

Objectives 
The students will 
• summarize DNA structure and function, including the following: 

° Genetic code is a sequence of DNA nucleotides. 
° DNA is a polymer of four nucleotide monomers. A nucleotide contains one of the following 

bases: adenine, guanine, cytosine, or thymine; phosphate, and the 5-carbon sugar 
deoxyribose. 

° DNA is double-stranded molecule connected by complementary nucleotide pairs (A-T, C-G) 
like rungs in a ladder. The ladder twists to form the double helix. 

• summarize the following possible results of genetic recombination: 
° Inserting, deleting, or substituting DNA segments can alter genes. 
° An altered gene may be passed on to every cell that develops from it, causing an altered 

phenotype. 
° An altered phenotype may be beneficial or detrimental. 
° Sometimes entire chromosomes can be added or deleted, resulting in a genetic disorder such 

as Trisomy 21 (Down’s syndrome) and Turner syndrome. 

Materials needed 
• Copies of the attached student activity sheet 
• Various types, sizes, and colors of paper 
• Tape and glue 
• Paperclips 
• Scissors 
• Crayons, markers, and colored pencils 
• Yarn, string, and pipe-cleaners 
• Poster board 

Instructional activity 
Content/Teacher Notes 
Before engaging in this activity, students should have already completed a lesson on the basic structure 
and function of DNA as well as the role of a chromosome in the nucleus. This activity may be extended 
to become a long-term project, or a condensed version of the activity may be used simply to introduce 
the various types of DNA and chromosomal mutations. Be aware that some students may have personal 
experience with some of the disorders associated with DNA and chromosomal mutations. 
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Introduction 
1. After having completed the lessons on DNA structure and function (including replication and 

protein synthesis), ask students the following question, and allow the class to brainstorm ideas: 
“What do you think might happen if there is an error in the DNA somewhere and somehow?” 
Write the students’ responses on the board, and ask the students to group them into categories. 

2. Ask, “Are there particular times in replication and protein synthesis when these mistakes in DNA 
might occur? If so, when?” Have students record the various responses. 

3. Ask, “How might these different types of mistakes affect the protein that will eventually be 
made?” Have students record the various responses. 

4. Tell the students that they will now be answering some of these questions more thoroughly as they 
work in pairs to create an illustrated set of notes in a large format for the various types of DNA and 
chromosomal mutations. 

 
Procedure 
1. Group students in pairs, and give each pair a student activity sheet and a set of available materials 

to use to create their illustrated notes. 
2. Allow students to have most of the class time to construct their notes. Some students may require 

more than one class period to complete these. 
3. Once students have finished their notes, have them present to the class the disease or disorder that 

they found and describe its symptoms, treatments, and etiology (the set of factors that contributes 
to the occurrence of a disease). 

 
Observations and Conclusions 
1.  At the end of student-pair presentations, ask students the following question: “What is the one way 

to cure a disease or disorder caused by either a DNA mutation or a chromosomal mutation? 
Explain your answer.” Use their responses as “Exit Slips.” 

Sample assessment 
• Begin the next class period with a short quiz about the various types of DNA and chromosomal 

mutations, allowing the student pairs to use their illustrated notes. 

Follow-up/extension 
• Follow this activity with having the students research and create “Human Genetic Disorder” 

pamphlets. Alternatively, continue on to a unit about cellular division and human inheritance 
before addressing human genetic disorders in particular. 
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Illustrated Mutation Models 
Student Activity Sheet 

 

DIRECTIONS 
• You and your partner are going to create a set of 

large-size illustrated notes to show the different 
types of mutations. You may use any of the 
materials here in class or any that you have with 
you. 

 
• You will be presenting your product to the class at the end of class. You and your 

partner will be able to use your illustrated notes on a quiz about mutations next 
class. 

 
• You must show how a normal sequence of DNA nucleotides will change with a 1) 

point mutation and a 2) frameshift mutation. You must also show how this will 
affect the mRNA that will be transcribed and the sequence of amino acids that will 
be translated. 

 
• You must show a sample normal chromosome, having at least 7 different gene 

regions, and how this chromosome would change with the following chromosomal 
mutations: 1) deletion, 2) insertion, 3) inversion, and 4) translocation. You must 
also show the effect each of these will have on the proteins that will be translated. 

 
• You and your partner should pick one type of mutation from your notes and use 

your text and other available resources to find an example of a disease or disorder 
that is caused by that type of mutation. Write a few paragraphs about this disorder 
on the back of your illustrated notes. Include information such as 
° the name of the disease or disorder 
° the genetic cause 
° some symptoms 
° common treatments. 
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Genetic Variety and the Blue Crab 

Organizing Topic Natural Selection and Evolution 

Overview Students examine a population and the ways populations survive to reproduce, and they 
observe variation within populations and speciation. They also develop a phylogenetic tree 
based on similar morphological traits (phenotype). 

Related Standards of Learning BIO.7a, c, d, e; BIO.8b, c, e 

Objectives 
The students will 
• define a species as a group of organisms that has the ability to interbreed and produce fertile 

offspring; 
• identify local populations (Populations are groups of interbreeding individuals that live in the same 

place at the same time and compete with each other for food, water, shelter, and mates.); 
• relate genetic mutations and genetic variety produced by sexual reproduction to diversity within a 

given population; 
• explain the following relative to population dynamics: 

° Populations produce more offspring than the environment can support. 
° Organisms with certain genetic variations are favored to survive and pass their genes on to 

the next generation. 
° The unequal ability of individuals to survive and reproduce leads to the gradual change in a 

population (natural selection). 
° Genetically diverse populations are more likely to survive changing environments. 

• explain how Charles Darwin, through his observations in the Galapagos Islands, formulated his 
theory of how species evolve. 

Materials needed 
• Internet access 
• Arthropod exoskeletons (lobster, crab, shrimp, spider, beetle, and grasshopper) 
• Copies of the attached student activity sheet 

Instructional activity 
Content/Teacher Notes 
Charles Darwin did not invent the concept of evolution. That happened long before he was born. 
However, he carried out the necessary research to document conclusively that evolution has occurred, 
and then he went a long way toward making the idea accepted by scientists and the general public. 
Darwin sailed with the survey and mapping ship H.M.S. Beagle in 1831 as the ship’s naturalist. During 
this voyage, he provided remarkable documentation regarding different populations, especially in the 
Galapagos Islands. 

From this voyage on the Beagle, Darwin came to understand that any population consists of individuals 
that are all slightly different from one another. Those individuals having a variation that gives them an 
advantage in staying alive long enough to reproduce successfully are the ones that pass on their traits 
more frequently to the next generation. Subsequently, their traits become more common, and the 
population evolves. In a very real sense, nature selects the best-adapted individuals to survive and 
reproduce. This process has come to be known as “natural selection.” 
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Introduction 
1. Review with students the following postulates of natural selection: 

• Individuals within a population vary in their traits. 
• Some of these variable traits are heritable, i.e., can be passed on to offspring. 
• More offspring are produced than can survive because of limited resources, such as food and 

nesting sites. 
• Individuals with advantageous traits will survive and reproduce. 

2. You may also want to add the following: Organisms can survive and reproduce even with 
homeotic gene mutations that produce differences in body shape. This means that homeotic 
mutations can be an effective means for evolutionary change. For example, in a mammal, a single 
homeotic mutation might produce an arm that is shorter, or longer, or broader. Regardless, it will 
probably still look and work like an arm. A change in body shape might lead to an advantage for 
an organism. For example, the mutation may allow it to capture food more effectively or to be 
more attractive in some way. If this is the case, then the mutant organism may have greater 
reproductive fitness. Its genes may be preferentially passed along to the next generation, thus 
influencing the course of evolution. 

 
Activity 1: Life and Death of a Blue Crab (Callinectes sapidus) 
1. Have students view the video “Evolving Ideas: Who Was Charles Darwin?” (6:26 min.), found at 

http://www.pbs.org/wgbh/evolution/library/02/. 
2. Tell the students that Charles Darwin’s Theory of Natural Selection explains the environmental 

influences that produce macroscopic changes in populations over time. The postulates outlined 
above can be observed in many organisms. The organism chosen for this part of the activity is the 
blue crab (Callinectes sapidus). 

3. Have students collect images of the blue crab life cycle. The following Web site has several: 
http://www.chesapeakebay.net/info/blue_crab.cfm. 

4. Distribute copies of the attached student activity sheet, and hold a class discussion about the blue 
crab, using the information found in the table. Emphasize that from an academic, economic, and 
ecological standpoint, the blue crab is one of the more important and interesting species for 
Virginians because it is harvested in the Chesapeake Bay and has the highest value of any 
commercial fishery. It is a highly prized commodity to consumers. The blue crab is an estuarine-
dependent species whose life history involves a complex cycle of planktonic, nektonic, and benthic 
stages that occur throughout the estuarine-nearshore marine environment in a variety of habitats. It 
is one of the more abundant estuarine macroinvertebrates and plays a crucial role in the estuarine 
food web, serving as prey for many species and, in turn, preying voraciously on other species. 

5. Have students complete Activity 1, as outlined on the activity sheet. 
 
Activity 2. Phylogenetic Trees and Cladograms 
1. Show students the exoskeletons of six different arthropods that are closely related to the blue crab. 
2. Have the students complete Activity 2 according to the directions given on the activity sheet. 
 
Observations and Conclusions 
1. Use the following prompts to stimulate observations and conclusions: 

• Does the life cycle of the blue crab follow Darwin’s postulates for natural selection? Why, or 
why not? 

• What characteristics of the blue crab have enabled it to survive? 
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• What if the water in the Chesapeake Bay were to become more turbid and the underwater 
grasses were to decrease? What kinds of variations in the blue crab would allow it to 
continue to become a breeding adult? 

• Even though all arthropods have exoskeletons, they are not all the same species. Explain. 

Sample assessment 
• Have students research the life and times of Charles Darwin, answering the following questions: 

Why was the voyage of the H.M.S. Beagle so unique? What was the political climate of England 
like during that time? Why did Darwin wait so long to publish his findings? 

Follow-up/extension 
• It is recommended that this activity be followed by the natural-selection lesson “Phylogenetic 

Trees, Cladograms, and Molecular Clocks.” 
• After studying the blue crab’s genetic variation and ability to survive, students may be interested in 

how blue crabs taste. Steamed crabs may be purchased at any fresh seafood market. This is also a 
good exercise for studying internal anatomy. See the Virginia Institute of Marine Science Web 
page at http://www.vims.edu/adv/ed/crab/guts2.html. 

Resources 
Suggested Web sites with information on phylogenetic trees: 
• Phylogeny and Reconstructing Phylogenetic Trees. 

http://aleph0.clarku.edu/~djoyce/java/Phyltree/intro.html. 
• Tree of Life Web Project. http://tolweb.org/tree/phylogeny.html. The Tree of Life is a collaborative 

Web project produced by biologists from around the world. 
 
Suggested Web sites with information on the life cycle of the blue crab and its economic importance in 
Virginia: 
• Species Information: Blue Crab.  http://noaa.chesapeakebay.net. 
• Blue Crab. http://www.chesapeakebay.net/info/blue_crab.cfm. 
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Genetic Variety and the Blue Crab 
Student Activity Sheet 

Name:   Date:   

Activity 1. Life and Death of a Blue Crab (Callinectes sapidus) 
The blue crab’s natural “objective” is to live long enough to reproduce and hatch offspring. To be able to 
do this, an individual must 
• reach adulthood 
• have a regular food source 
• avoid being eaten by using camouflage, mimicry, or other defense mechanisms 
• be able to defend itself 
• find a willing mate. 

The Four Life Stages of the Blue Crab 
 Eats Is eaten by Stage duration Habitat Environmental 

pressures 
Egg — (See adults 

below) 
2 weeks in adult 
female (sponge 
crab) apron as 
she is making 
her way to an 
area of higher 
salinity 

Traveling down 
the Chesapeake 
Bay to an area of 
higher salinity — 
mouth of the Bay 
(Atlantic Ocean) 

800,000– 
8,000,000 brothers 
and sisters 

Zoea Zooplankton, 
Phytoplankton 

Clams, oysters, 
menhaden, bay 
anchovies, 
barnacles  

4–5 weeks Atlantic Ocean; 
mouth of the Bay 

Too small to 
defend itself; just 
floats and eats; 
defense is in 
numbers 

Megalopa Benthic macro-
invertebrates, 
small fish, dead 
organisms, aquatic 
vegetation 

Eel, drum, spot, 
Atlantic croaker, 
striped bass, sea 
trout and catfish, 
other crabs 

1 week; 
resembles both 
a crab and a 
lobster 

Drifts back into 
Bay; stays in 
shallow water in 
underwater 
grasses 

Developing 
coloration for 
camouflage 

Adult General 
scavengers, 
bottom carnivores, 
detritivores, 
omnivore 

Eel, drum, spot, 
Atlantic croaker, 
striped bass, sea 
trout, catfish, 
other crabs, 
Atlantic Ridley 
sea turtle, sharks, 
cownose rays, 
humans 

Reaches adult 
size after 
several 
moltings; can 
reproduce in 
12–18 months 

Continues to 
migrate into the 
Bay; prefers 
underwater 
grasses. Males 
prefer lower 
salinity. Female 
sponge crabs 
migrate to areas of 
higher salinity. 

Less than 1 
percent chance of 
reaching 
adulthood; 
claws develop for 
defense and 
predation; 
coloration helps it 
blend into 
underwater grass 
environment 

Use the chart above to determine the following five crabs’ chances of survival, give the environmental 
and predatory conditions listed. Explain the rationale for your decision, including possible limiting 
factors, such as environmental pressures, predators, its stage in life cycle, etc. 
 
Crab 1 
Sex: female 
Adult habitat: Chesapeake Bay, Tangier Island 
Age: 1 year old, 0 sponge stages 
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Appearance: green to brown green, large red claws 
Behavior (on a scale of 1–5, 1 = mildly aggressive, 5 = vicious): 4.5 
Availability of food (on a scale of 1–5, 1 = food scarce, 5 = food plentiful): 3 
Environment: underwater grasses 
Chance for survival (on a scale of 1–5, 1 = low, 5 = high): ___ 

Rationale:   

   
 
Crab 2 
Sex: female 
Adult habitat: Chesapeake Bay, Virginia Beach 
Age: 2 years old, 2 sponge stages 
Appearance: green, large red claws 
Behavior (on a scale of scale 1–5, 1 = mildly aggressive, 5 = vicious): 3.0 
Availability of food (scale 1–5, 1 = food scarce, 5 = food plentiful): 3 
Environment: underwater grasses 
Chance for survival (on a scale of 1–5, 1 = low, 5 = high): ___ 

Rationale:   

   
 
Crab 3 
Sex: male 
Adult habitat: Chesapeake Bay, Tangier Island 
Age: 1 year old 
Appearance: brown green, large blue claws 
Behavior (on a scale of 1–5, 1 = mildly aggressive, 5 = vicious): 5 
Availability of food (scale 1–5, 1 = food scarce, 5 = food plentiful): 2 
Environment: muddy-bottom to some-grasses 
Chance for survival (on a scale of 1–5, 1 = low, 5 = high): ___ 

Rationale:   

   
 
Crab 4 
Sex: male 
Adult habitat: Chesapeake Bay, James River 
Age: 3 years old 
Appearance: olive green, large blue claw, one missing 
Behavior (on a scale of 1–5, 1 = mildly aggressive, 5 = vicious): 5 
Availability of food (scale 1–5, 1 = food scarce, 5 = food plentiful): 4 
Environment: underwater grasses 
Chance for survival (on a scale of 1–5, 1 = low, 5 = high): ___ 

Rationale:   

   
 
Crab 5 
Sex: female 
Adult habitat: Wicomico River, currently residing at the mouth of the Bay 
Age: 3 months old 
Appearance: green to brown green, red-tipped claws larger than normal 
Behavior (on a scale of 1–5, 1 = mildly aggressive, 5 = vicious): 4 
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Availability of food (scale 1–5, 1 = food scarce, 5 = food plentiful): 4 
Environment: underwater grasses 
Chance for survival (scale 1–5, 1 = low, 5 = high): ___ 
Rationale (Include possible limiting factors, such as environmental pressures, predators, stage in life 
cycle, etc.): 
   

   
 

Activity 2. Phylogenetic Trees and Cladograms 
1. Look at the exoskeletons of six different arthropods that are closely related to the blue crab, and 

list the characteristics and/or anatomical features of each organism, such as color, antennae, 
shape of body, number of legs, aquatic or terrestrial habitat, and niche in food web. 

2. Devise a way to group the six arthropods into two smaller groups based on one characteristic, 
such as number of legs, habitat, or color. 

3. On paper, group the arthropods into the two groups based on your chosen characteristic. 
4. Choose one of your two sub-groups, and divide this group in a similar manner based on another 

characteristic. 
5. Finally, separate each of the six arthropods from the others based on characteristics that are 

unique to each individual. The characteristics that have been written on the board should be used 
to create a phylogenetic tree (classification scheme) similar to the one below. 

 

Arthropods 

 
 
6. Use the classification scheme to identify each arthropod. If this is done properly, each arthropod 

will have a unique location in the scheme; no two should occupy the same location. 
 

All arthropods 

Aquatic with 
pinching claws 

Terrestrial — not 
aquatic 

Long abdomen Round abdomen 
(blue crab) 

Small 
(shrimp) 

Large 
(lobster) 

More than six
legs (spider) 

Six legs 

Long-jumping legs
(grasshopper) 

Legs similar 
(beetle) 
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Phylogenetic Trees, Cladograms, and Molecular Clocks 
(Activity taken in part from the classroom-tested lesson and video “From Slime to Sublime – Evolutionary Paths: Secrets of the Sequence 
Video Series on the Life Sciences, Grades 9–12. Virginia Commonwealth University. Used by permission) 

Organizing Topic Natural Selection and Evolution 

Overview Students separate themselves according to phenotype (gender, height, hair or eye color, 
type of clothes, etc.) and use this information to create a phylogenetic tree based on 
similar morphological traits (phenotype). This segues to new technology and new 
discoveries, using amino acid sequencing. Students examine the DNA sequences for the 
cytochrome c gene in various organisms to see how the percent differences in these 
sequences relate to the evolution of that organism. This is the process by which molecular 
clocks are built. In the process, students are introduced to the concept of taxonomy and the 
advancements that have been made that allow scientists to find more exact relationships 
among organisms. 

Related Standards of Learning BIO.1d; BIO.7a, b, d, e; BIO.8a, d, e 

Objectives 
The students will 
• interpret a cladogram or phylogenetic tree showing evolutionary relationships among organisms; 
• relate genetic mutations and genetic variety produced by sexual reproduction to diversity within a 

given population; 
• explain the following relative to population dynamics: 

° Populations produce more offspring than the environment can support. 
° Organisms with certain genetic variations are favored to survive and pass their genes on to 

the next generation. 
° The unequal ability of individuals to survive and reproduce leads to the gradual change in a 

population (natural selection). 
° Genetically diverse populations are more likely to survive changing environments. 

• summarize the relationships between present-day organisms and those that inhabited the earth in 
the past, including 
° fossil record 
° embryonic stages 
° homologous structures 
° chemical basis (e.g., proteins, nucleic acids). 

Materials needed 
• Copies of the attached student activity sheet 
• Internet access 

Instructional activity 
Content/Teacher Notes 
What’s the difference between any two life forms? At the molecular level, the difference between any 
two organisms is only a few thousand base pairs in their DNA. The first attempts to classify organisms 
relied primarily on appearance, breaking groups of organisms into categories based on common 
observable characteristics. In the 18th century, Carolus Linnaeus developed a naming system that 
assigned every organism two names: one for genus and another for species. Scientists later expanded 
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this process, referred to as binomial nomenclature, by grouping similar genera into families, families 
into orders, orders into classes, classes into phyla, and phyla into kingdoms. This is the system in use 
today, and many of Linnaeus’s original names from the 18th century are still used. However, today the 
advancing world of genomics is further advancing the understanding of evolutionary history, helping 
scientists find genetic connections and relationships many people find astounding, and sometimes 
turning the world of classification on its head. Taxonomy, or the science of placing organisms into a 
hierarchy based on similarities and differences, is undergoing many changes now that scientists can map 
out significant sections of an organism’s genome. One major theme among most animals is the fact that 
we share a common body scheme — a central, segmented core and appendages of some sort. This is the 
reason we are genetically so similar. The common mouse shares 85 percent of our DNA; the 
chimpanzee, 98.5 percent. Differences are based on different arrangements of the same genetic material 
— often called “genetic mutations.” 

While we are similar to our fellow humans in size, shape, and appearance, there are many differences at 
the molecular level. Gene mutations and the process of natural selection are responsible for who — and 
what — we are and will become. The genetic compositions of such creatures as butterflies and lobsters 
are beginning to yield some fascinating insight into how parallel our evolutionary paths may be. 
 
Introduction 
Phylogenetic trees and cladograms 
1. Explain to the students that they will be examining the techniques that geneticists use to determine 

the similarities and differences among various life forms. They will do this by forming a 
phylogenetic tree based on amino acid sequences in a molecule that can be found in nearly all life 
forms. 

2. Review the terms phenotype, genotype, adaptation, population, and species before starting this 
activity. Photographs of fossils are useful if actual fossils are not available (see 
http://geology.about.com/library/bl/images/blfossilindex.htm). 

3. Have five student volunteers come to the front of the room. Tell the other students to take a minute 
to observe these volunteers. 

4. Ask students to devise a way to divide the group of five volunteers into two smaller groups, based 
on one characteristic. Possible responses might include gender, height, hair or eye color, or type of 
clothes. 

5. Physically separate the volunteers into two groups, based on the chosen characteristic. 
6. On the board above the groups, record the characteristics (e.g., “girls, not girls”; “tennis shoes, no 

tennis shoes”). 
7. Choose one of the two sub-groups, and ask the class to divide this group in a similar manner, based 

on another characteristic. 
8. Physically separate this group into two smaller groups. 
9. Finally, separate each of the five student volunteers from the others based on characteristics that 

are unique to each individual. (Note: Caution students to avoid naming characteristics that could 
be considered embarrassing and/or hurtful and to stick to “neutral” characteristics!) 

10. Have the students use the characteristics that have been written on the board to construct a 
classification scheme or tree similar to the one shown on the next page. 
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STUDENT VOLUNTEERS 
 

 
 
11. Have students use the classification scheme they have created to identify a particular student 

volunteer. When they reach the end of the classification scheme, they should write that student’s 
name underneath. Have them do this with each volunteer. If done properly, each student will have 
his or her own unique location on the tree; no two volunteers should occupy the same location. 

12. Ask the students: “If we did this again in a month, which characteristics could we still use?” 
(gender, eye color) Explain that some obvious features, such as hair color, can be unreliable when 
classifying. Shoes will change, and even hair color may be different in a month. Classification 
needs to be made using information that is not likely to change. 

13. Explain how geneticists look for similarities among organisms that go much deeper than the ways 
the organisms look externally. In living organisms, the most reliable information is DNA. 
Scientists are now studying the similarities that exist between molecules that can be found in all 
organisms to help us understand how organisms have changed over time. 

 
Procedure 
(Have students follow the procedure on the student activity sheet, answering the questions.) 
 
Observations and Conclusions 
1. Compare the process of making a phylogenetic tree and a molecular clock. Which one would be 

more accurate when determining differences between organisms? 
2. Were molecular clocks used 50 years ago? Why, or why not? 

All student 
volunteers

Boys Not boys 

Brown hair Not brown hair Brown hair Not brown hair 

Tennis shoes 

Not tennis shoes 
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Sample assessment 
• Use a Word Splash8 to help students connect concepts and words used in the natural selection topic 

and to increase comfort in using content vocabulary. This is a useful tool for both a pre- and post-
reading. Ask students to use the following words in a paragraph (more than two sentences): 
adaptation, population, species, divergent, evolution, genetic variation, classification, amino acids 
(or proteins). 

Follow-up/extension 
1. Show the 11:21-min. video From Slime to Sublime – Evolutionary Paths. (See Resources for 

download information.) 
2. Use the lesson Making Cladograms: Phylogeny, Evolution, and Comparative Anatomy, found at 

http://www.indiana.edu/~ensiweb/lessons/mclad.html, to reinforce the classification concept. 

Resources 
• Astrobiology Evolution: Chapter 21 in Zubay. 

http://www.science.gmu.edu/~hgeller/astrobiology/AbEvolvlect.doc. Provides a sample 
phylogenetic tree and features of such trees. 

• From Slime to Sublime – Evolutionary Paths: Secrets of the Sequence Video Series on the Life 
Sciences, Grades 9–12. Richmond: Virginia Commonwealth University. 
http://www.pubinfo.vcu.edu/secretsofthesequence/lessons/sots_lesson_141_2.doc. Classroom-
tested lesson. 

• From Slime to Sublime – Evolutionary Paths. video. VCU Life Sciences Secrets of the Sequence 
Video Series. Richmond: Virginia Commonwealth University. 
http://www.pubinfo.vcu.edu/secretsofthesequence/playlist_frame.asp. 

• Phylogeny and Reconstructing Phylogenetic Trees. 
http://aleph0.clarku.edu/~djoyce/java/Phyltree/intro.html. 

• Tree of Life Web Project. http://tolweb.org/tree/phylogeny.html. The Tree of Life is a collaborative 
Web project produced by biologists from around the world. 

 
  
 
 
 

                                                 
8 A student-generated Word Splash asks a group of students to quickly brainstorm on a large sheet of paper all the words they 
associate with the topic of the material they will soon be reading. The teacher can then review these words with the class by asking 
individual students to write a sentence or a paragraph using the word or words. The teacher can also review the words orally with 
students, exploring the their meanings and the associations they have with the topic. After reviewing the words, the class can begin 
reading the material. Having participated in a Word Splash, the student will read with recently activated background knowledge and 
with purpose as he/she discovers whether the understandings generated by the Word Splash can be confirmed or corrected. A 
teacher-generated Word Splash can be used when students are reading about a topic that may completely unfamiliar. 
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Cytochrome C and Molecular Clocks 
Student Activity Sheet 

Name:   Date:   
(Activity adapted from the activity “Making a Model Molecular Clock,” Prentice-Hall Biology, Prentice-Hall, Inc., 1987. Used by 
permission.) 
 
Introduction 
Charles Darwin’s Theory of Natural Selection explains the environmental influences that produce 
macroscopic changes in populations over time. Modern-day geneticists are now applying the principles 
of natural selection to the microscopic realm — namely, how the molecules common to all life forms 
have changed over time and how these changes explain evolutionary relationships between life forms. 

By comparing the structures of organisms, scientists are able to draw evolutionary relationships among 
them. Genetic researchers are now able to use the amino acid sequence of proteins to draw similar 
conclusions. One such protein being studied is cytochrome c. This protein is found in the 
mitochondria of such varied organisms as yeast and humans. Its role is that of an electron carrier 
during respiration. 

When human cytochrome c is compared to the cytochromes of other animals, there are many 
similarities and a few differences. When the amino acids of cytochromes are compared, the similarities 
between the sequences are called “homologies,” while the differences between the sequences are 
called “substitutions.” Figure 1 shows the amino acid sequences for the first 50 amino acids in the 
cytochromes of 4 different organisms. 

Figure 1. First 50 amino acids in cytochrome c 
 1 6 11 16 21 26 31 36 41 46 
Human GDVEK GKKIF IMKCS QCHTV EKGGK HKTGP NLHGL FGRKT GQAPG YSYTA 
Turtle GDVEK GKKIG VQKCA QCHTV EKGGK HKTGP NLNGL IGRKT GQAEG FSYTE 
Shark GDVEK GKKVF VQKCA QCHTV ENGGK HKTGP NLSGL FGRKT GQAQG FSYTP 
Fruit Fly GDVEK GKKLF VQRCA QCHTV EAGGK HKVGP NLHGL IGRKT GQAAG FAYTN 

Amino acid key: 
G – Glycine; A – Alanine; V – Valine; L – Leucine; I – Isoleucine; 
M – Methionine; F – Phenylalanine; W – Tryptophan; P – Proline; S – Serine; 
T – Threonine; C – Cysteine; Y – Tyrosine; N – Asparagine; Q – Glutamine; 
K – Lysine; R – Arginine; H – Histidine; D –Aspartic acid; E – Glutamic acid 

 
Activity Objective 
In this activity, you will compare the amino acid sequences of a protein found in the four organisms 
listed in Figure 1. You will use this information to build a model of a molecular clock and determine 
when divergent (splitting) evolution might have occurred among these organisms. 

The number of amino acid substitutions between two organisms shows the differences between the 
organisms themselves. The greater the number of substitutions between two organisms, the longer ago 
the two organisms diverged from a common ancestor. Scientists believe that cytochrome c has evolved 
at a fairly constant rate. This rate of change is the basis for a “molecular clock.” This rate of mutation 
can be a helpful tool in trying to determine how and when organisms have evolved. 
Procedure 
Compare each organism’s cytochrome in Figure 1 to human cytochrome. Record the position of each 
amino acid substitution and the total number of substitutions in Table 1. 

To calculate the percent of difference for each cytochrome from human cytochrome, divide the number 
of substitutions for each organism by the total number of amino acids in the sequence (50). Enter these 
percentages in Table 1. These percentages are the differences between human cytochrome c and the 
cytochrome of each organism. 
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Table 1 
Human vs. Number of 

substitutions 
Divided by (total number of 

amino acids) x 100 = % difference 

Turtle  50  
Shark  50  
Fruit Fly  50  

 
Figure 2. Approximate dates of divergence 
 

 
Figure 2 shows the approximate time of divergent evolution of reptiles, fish, and insects. These data are 
based on the fossil record. Use the percent difference from Table 1 to calculate the average percent 
change of cytochrome c per million years. To do this for each organism, divide the percent of difference 
from Table 1 by the number of million years from that organism’s point of divergence (from Figure 2). 
Average the three quotients. This number represents the average amount of difference in cytochrome c 
that has occurred over each of the one million years of the last 500 million years. Record your findings 
in Table 2. 
Table 2 

 % difference 
(from Table 1) 

Divided by # million years from 
divergence (from Figure 2) 

= % difference per 1 
million years 

Reptiles    
Fishes    
Arthropods    
Average %    

 
Extensions 
Use the average percent from Table 2 to answer the following questions: 
1. Using the divergence data below, calculate the expected percent difference for cytochrome c 

among the following organisms: 
• crustaceans, 450 million years: _____% difference 
• cartilaginous fishes, 350 million years: ______% difference 
• amphibians, 280 million years: _____% difference 

 
2. What percent difference should be expected if yeast diverged 800 million years ago? 
 _____% difference 
 
3. How would this molecular clock be useful in determining the time of divergent evolution for 

organisms that do not leave fossils? 
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Answer Key — Cytochrome C and Molecular Clocks 
 
Table 1 

Human vs. Number of 
substitutions 

Divided by (total number of 
amino acids) × 100 = % difference 

Turtle 8 50 16 
Shark 9 50 18 
Fruit Fly 12 50 24 

 
Table 2 

  % difference 
(from Table 1) 

Divided by # million years from 
divergence (from Figure 2) 

= % difference per 1 
million years 

Reptiles 16 250 0.064 
Fishes 18 400 0.045 
Arthropods 24 550 0.043 
Average % — — 0.051 

 
Use the average percent from Table 2 to answer the following questions: 
1. Using the divergence data below, calculate the expected percent difference for cytochrome c among the following 

organisms: 
• crustaceans, 450 million years: 22% difference 
• cartilaginous fishes, 350 million years: 18% difference 
• amphibians, 280 million years: 14% difference 

2. What percent difference should be expected if yeast diverged 800 million years ago? 40.8% difference 
3. How would this molecular clock be useful in determining the time of divergent evolution for organisms that do not 

leave fossils? The greater the number of substitutions between two organisms, the more time has passed since the two 
organisms diverged from a common ancestor. Scientists believe that cytochrome c has evolved at a fairly constant 
rate. This rate of change is the basis for this “molecular clock.” This rate of mutation can be a helpful tool in trying to 
determine how and when organisms have evolved. 
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Comparative Anatomy and Adaptations 
(Activity taken in part from the classroom tested lesson and video By Land or By Sea — Comparative Anatomy: Secrets of the Sequence 
Video Series on the Life Sciences, Grades 9–12. Virginia Commonwealth University. Used by permission) 

Organizing Topic Natural Selection and Evolution 

Overview Students reference a link to a common ancestor millions of years ago and compare two 
seemingly dissimilar organisms — crustaceans and humans — to discover similarities in 
segmented structures. They discuss adaptations of these structures for different uses. 

Related Standards of Learning BIO.7a, b, c, d; BIO.8a, b, e 

Objectives 
The students will 
• summarize the major concepts of natural selection: 

° Natural selection is governed by the principles of genetics. The change in the frequency of a 
gene in a given population leads to a change in population and may result in the emergence 
of a new species. 

° Natural selection operates on populations over many generations. 
° Mutations can result in genetic changes in the gene pool and thus can affect population 

change over time. 
° Adaptations sometimes arise in response to environmental pressures (e.g., development of 

antibiotic resistance in bacterial populations, morphological changes in the peppered moth 
population, pesticide resistance). 

• summarize the relationships between present-day organisms and those that inhabited the earth in 
the past, including 
° fossil record 
° embryonic stages 
° homologous structures 
° chemical basis (e.g., proteins, nucleic acids). 

Materials needed 
• Internet access 
• Copies of the attached student activity sheet 

Instructional activity 
Content/Teacher Notes 
Fossils give evidence of anatomical features in extinct organisms that were similar in structure and 
function to those in organisms alive today. In addition to fossil evidence, paleontologists also depend on 
anatomical evidence to determine evolutionary relationships. For example, the front fin of a whale 
shares homologous structures, including the humerus, radius, and ulna bones, with the front limbs of 
other mammals, such as humans, wolves, and sea lions, indicating common ancestry. 

Molecular evidence also contributes to the picture of how evolution has occurred. Molecular biologists 
are able to determine and compare genes, using DNA base sequences and the amino acid sequences of 
the same proteins from different animals. The less closely related species are, the more differences there 
are in their DNA base or amino acid sequences, as there would have been more time for mutations to 
accumulate. Conversely, the more closely related species are, the fewer differences there are. 
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How has nature, through evolution, used the same genes to create diversity? Researchers have identified 
a specific family of genes that are responsible for body segmentation in crustaceans like lobsters, crabs 
and shrimp. In humans, this same family of genes is responsible for creating our segments, such as our 
spine and ribs. 

With the enormous diversity of life on Earth, it is remarkable how the same genetic material appears 
over and over in all species of animals, even sea creatures. The video used in this lesson explains how a 
complex set of genes, called “homeotic genes,” have been found in all these species. Researchers have 
found that these genes are turned on and off in different parts of the body, thus controlling how 
skeletons are formed as repeated patterns, whether they are internal or external. The segments in a 
human vertebrae are therefore not that genetically different from the segmentation in an aardvark or a 
lobster. The video also addresses ways these species have evolved over millions of years as nature finds 
new ways to use their genetic material, an example of which is shown by highlighting the continued 
specialization of appendages in the arthropod family. 

The main feature of this lesson is learning about the discovery of homology in two very dissimilar 
organisms — crustaceans and humans — and about tools used today to study homology in these 
“homeotic” genes. The activity involves attention to detail, as students will record their answers to 
questions during pauses in the showing of the video. Discussion of the whole video should take place 
after viewing. The video may be shown more than once to get a clearer picture of the subject matter.  
 
Introduction 
1. Before starting the video, review the definitions of the following terms: crustacean, arthropod, 

exoskeleton, body segments, and appendage. 
2. Download the 7:55-min. video By Land or By Sea – Comparative Anatomy, as well as its 

accompanying activity By Land or Sea – Comparative Anatomy. (See Resources for download 
information.) Preview the video, noting locations for pauses when showing it. These places should 
correspond closely to the times listed on the student activity sheet. 

3. Introduce the lesson with a background discussion of fossils. What are they? Where are they 
found? Review sedimentary rock formation by making a comparison with a pile of papers on a 
desk or a basket of dirty laundry. Where are the oldest papers or laundry found? Where would the 
oldest fossils be found in sedimentary rock? Reference the Web sites 
http://www.pbs.org/wgbh/evolution/educators/teachstuds/pdf/unit3.pdf and/or 
http://www.pbs.org/wgbh/evolution/educators/lessons/lesson3/act2.html for good background 
information about fossils and evolutionary history. Then, bring students to the present by showing 
photographs or X-rays of a fin, hoof, and hand. Ask the function of each appendage. How are they 
similar? How are they different? 

4. Discuss segmentation patterns. Ask: “Why is it easier to see segmentation patterns in some species 
than in others?” (In species that have exoskeletons, their segmentation is visible, while in species 
with internal skeletons, their segmentation is hidden.) 

 
Procedure 
1. Show the video By Land or By Sea – Comparative Anatomy, pausing it at predetermined points to 

allow for questions, discussion, and the recording of student response. 
2. Replay the entire video for reinforcement. 
 
Observations and Conclusions 
1. Hold a class discussion about the entire video. 
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2. Review how evolution has resulted in increased specialization of appendages of crustaceans, using 
the examples shown in the video. 
• Sea monkey (brine shrimp): This primitive crustacean shows all appendages of the thorax 

used for swimming. 
• Other crustaceans: Some divergence and evolution beyond the sea monkey resulted in some 

appendages near the head becoming specialized for feeding. 
• Lobster: Further evolution show appendages becoming specialized, not only for feeding, but 

also for snapping at something, tearing food, and walking away all at the same time. 
• Stomatopod: This crustacean shows further evolution with powerful appendages used for 

defense and attack. 
3. Ask: “How do the genes that create segments in arthropods correlate to humans?” Explain that 

homeotic genes (called “HOX genes”) that are found in all species are identified with making 
different parts of the body different from other parts; this is called regionalization. These genes not 
only create segmentation in an arthropod, but also have been directly linked with how the spine 
develops in humans. The ultra bi-thorax gene (UBX) is one of these HOX genes that is found in all 
vertebrates but is expressed at different levels depending on the evolution of the particular species. 

Sample assessment 
• Have students compare homologous structures of the foot among several animals. Examples might 

include the panda, horse, gibbon, hyena, and eagle or other birds. How are the bones similar? How 
are they different? Instruct students to create a table to organize the comparison of their data. 

Follow-up/extension 
• Have students research how the HOX genes work, using the classroom lesson By Land or Sea — 

Comparative Anatomy at 
http://www.pubinfo.vcu.edu/secretsofthesequence/lessons/sots_lesson_125_2.doc. 

Resources 
• By Land or By Sea — Comparative Anatomy. video. VCU Life Sciences Secrets of the Sequence 

Video Series. Richmond: Virginia Commonwealth University. 
http://www.pubinfo.vcu.edu/secretsofthesequence/playlist_frame.asp. 

• By Land or Sea — Comparative Anatomy: Secrets of the Sequence Video Series on the Life 
Sciences, Grades 9–12. Richmond: Virginia Commonwealth University. 
http://www.pubinfo.vcu.edu/secretsofthesequence/lessons/sots_lesson_125_2.doc. Classroom-
tested lesson. 

 
Suggested Web sites with information about developmental biology: 
• Amphibian Embryology Tutorial. http://worms.zoology.wisc.edu/frogs/welcome.html. Presents 

information and many pictures of amphibians as developmental models. 
• Karlstrom Lab, UMass Amherst. http://www.bio.umass.edu/biology/karlstrom/KarlstromLab.html. 

Movie of Zebrafish Development (fish development from one cell to the formation of the pre-
backbone) by R. Karlstrom and D. Kane, courtesy of the Max-Planck Institute for Embryology. 

• The Virtual Embryo. http://www.ucalgary.ca/pubs/Newsletters/Currents/Vol3.5/Embryo.html. 
Leon Browder’s Virtual Embryo. 

• The Visible Embryo. http://www.visembryo.com/. Explains and shows images of the first four 
weeks of human development. 
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• Zygote: Informative Nodes. http://zygote.swarthmore.edu/. Scott Gilbert’s excellent site presents 
an up-to-date review of developmental biology. Also, see his list of other links, arranged by topic. 

 
Suggested Web sites with information about evolutionary theory: 
• Evolution. Kheper. http://www.kheper.net/evolution/evolution.htm. 
• Homeotic Mutations Could Be Involved in Evolutionary Change. Genetic Science Learning Center. 

http://gslc.genetics.utah.edu/units/basics/bodypatterns/evolutionary.cfm. Explores answers to such 
questions as: Why is an arm an arm? Why is a leg a leg? 

• Understanding Evolution. http://www.ucmp.berkeley.edu/history/evolution.html. University of 
California, Berkeley. Presents the history of The Theory of Evolution. 
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By Land or By Sea — Comparative Anatomy 
Student Activity Sheet 

Name:   Date:   
 
DIRECTIONS 
Answer the following questions as you view the video By Land or By Sea – Comparative 
Anatomy. The video will be paused at the listed times to give you time to write your answers. 
 

Title 
1. What is the “Sequence”? (0:37) 
 

Introduction 
2. What family of organisms is Dr. Patel studying? (1:25) 
 
3. What are two examples of organisms in this family? 
 a. 
 b. 
 
4. What is the main focus of his study? (1:40) 
 a. 
 b. 
 
5. What is unique about an arthropod’s body? 
  a. 
 b. 
 
6. How is a human different? (2:30) 
 
7. How is a human similar? (2:33) 
 

Crustaceans 
8. What was the function of the appendages of primitive ancestors hundreds of millions of 

years ago? (3:02) 
 
9. What is the function of the appendages in artemia? (3:07) 
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10. (Extra credit: What are two other common names for artemia?) 
 
11. Fill in the table below with information about the organisms shown in the video: 
 

Name of organism Appendages: 
same or different? 

Functions of 
appendages 

1.    
2.    
3.    
4.    
5.   

 

Homeotic Genes 
12. Which animals have HOX genes? (4:44) 
 
13. What does a HOX gene do? (4:50) 
 
14. What is the abbreviation for the HOX gene Ultra bi-thorax?(5:05) 
 
15. What is unique about the UBX gene?(5:23) 
 
16. When does this gene turn off and on? 
 

The Vertebrate Spine 
17. How many bony segments make up the human spine? (6:00) 
 
18. How many different types of segments are there? 
 
19. Fill in the table below with the types of vertebrae shown in the video, and describe their 

function: 
Type of vertebrae Function 

(6:10)  
(6:14)  
(6:18)  
(6:22)  
(6:26)  

 
20. In humans, the UBX family of genes work to specialize the _________________. (6:37) 

 



Science Enhanced Scope and Sequence – Biology 

Virginia Department of Education 
165 

Answer Key — By Land or By Sea 
 
1. The directions for human being are written in code (DNA — G-C, A-T) 3 billion letters long. This code is called “the 

sequence.” 
2. Arthropods (crustaceans) 
3a. Lobsters 
3b. Shrimp 
4a. How they generate segments (from a common ancestor) 
4b. How they specialize their appendages. He is interested in genes that allow them to specialize these appendages to do 

different things. 
5a. It has an exoskeleton. 
5b. It is segmented. 
6. We have an endoskeleton — an internal skeleton. 
7. We are also segmented. 
8. To enable swimming 
9. Swimming 
10. Sea monkey, brine shrimp 
11.  

Name of organism Appendages: 
same/different? 

Functions of 
appendages 

1. Artemia Same Swimming 

2. Blue Crab Different Swimming, feeding, 
defense, reproduction 

3. Lobster Different Swimming, feeding, 
defense, reproduction 

4. Stomatopod Different Defense, swimming 
5. Humans Different  

 
12. All animals 
13. Control regionalization of the animal that makes different parts of the body different from one another 
14. UBX 
15. They examine when and where the UBX gene is turned on and off during development. The creatures use the same 

genes to create appendages that serve different purposes. 
16. In the embryonic stage 
17. 33 
18. 5 
19.  

Type of vertebrae Function 
(6:10) Cervical  Flexible, but strong enough to hold up the head 
(6:14) Thoracic Hold more weight and attach to the ribs 
(6:18) Lumbar Hold up the majority of body weight 
(6:22) Sacral Compressed and fused together for support 
(6:26) Coccygeal Form tail-like bone at the base of the spine 

 
20. vertebrae 
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Sample Released SOL Test Items 
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Organizing Topic — Ecology 

Standards of Learning 

BIO.1 The student will plan and conduct investigations in which 
a) observations of living organisms are recorded in the lab and in the field; 
d) graphing and arithmetic calculations are used as tools in data analysis; 
h) chemicals and equipment are used in a safe manner. 

BIO.5 The student will investigate and understand life functions of archaebacteria, monerans 
(eubacteria), protists, fungi, plants, and animals including humans. Key concepts include 
a) how their structures and functions vary between and within the kingdoms; 
b) comparison of their metabolic activities; and 
c) analyses of their responses to the environment. 

BIO.7 The student will investigate and understand bases for modern classification systems. Key 
concepts include 
a) structural similarities among organisms. 

BIO.9 The student will investigate and understand dynamic equilibria within populations, 
communities, and ecosystems. Key concepts include 
a) interactions within and among populations including carrying capacities, limiting factors, 

and growth curves; 
b) nutrient cycling with energy flow through ecosystems; 
c) succession patterns in ecosystems; 
d) the effects of natural events and human activities on ecosystems; and 
e) analysis of the flora, fauna, and microorganisms of Virginia ecosystems including the 

Chesapeake Bay and its tributaries. 

Essential Understandings, Correlation to Textbooks and 
Knowledge, and Skills Other Instructional Materials 

The student will use hands-on investigations, problem solving 
activities, scientific communication, and scientific reasoning to 
• define carrying capacity and limiting factors as they relate to 

ecosystems;   
• compare the effect of biotic and abiotic factors on populations;   
• define symbiois, and differentiate between mutualism, 

commensalism, and parasitism;   
• create a growth curve and identify and explain initial growth, 

exponential growth, steady state, decline, and extinction;   
• graph and interpret a population growth curve, and relate it to 

carrying capacity;   
• construct and utilize dichotomous keys to classify organisms;   
• observe and identify flora and fauna in a local community, 

using field guides and dichotomous keys for identifying and 
describing organisms that characterize the local biome;   
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• illustrate ecological succession as a series of changes in a 
community in which new populations of organisms gradually 
replace existing ones;   

• define and identify examples of a climax community in 
Virginia (e.g., deciduous oak-hickory forest);   

• given an illustration of a food chain, food web, and an energy 
pyramid, describe each organism as a producer, consumer, or 
decomposer and define their relationship;   

• recognize that nutrients cycle in an ecosystem. The most 
common examples include carbon, oxygen, nitrogen, and 
water.   

• diagram a community to show that it is a collection of 
interacting populations;   

• differentiate and give examples of the following from local 
ecosystems: 
° Autotrophs and heterotrophs   
° Muticellular and unicellular organisms   
° Motile and non-motile organisms   
° Organisms with and without cell walls   
° Sexually and asexually reproducing organisms   
° Aquatic and terrestrial organisms   
° Behavioral responses to the environment   

• examine the effect of human activities, such as reducing the 
amount of forest cover, increasing the chemicals released into 
the atmosphere, and intensive farming, that have changed the 
earth’s land, oceans, and atmosphere and also its capacity to 
support life forms;   

• locally, or in a larger geographical area such as the Chesapeake 
Bay watershed, identify and describe an ecosystem, including 
° effects of biotic and abiotic components   
° examples of interdependence   
° evidence of human influences   
° energy flow and nutrient cycling   
° diversity analysis   
° ecological succession.   
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Abiotic Factors in a Freshwater Environment 
(Activity taken from Elder, M. B. Freshwater Studies: Water Quality and Living Organisms. Mathematics & Science Center. 
http://mathinscience.info/teach/612_science/biolife_envisci/freshwater/fresh_water.htm. Used by permission.) 

Organizing Topic Ecology 

Overview Students work with and graph actual abiotic measurements taken at Swift Creek Reservoir 
in Chesterfield County on two different days. They look for trends in temperature and 
dissolved oxygen as they are affected by weather, and discuss influences of rainwater 
runoff from different areas, such as residential, industrial, or construction areas. 

Related Standards of Learning BIO.1d; BIO.9a, b, d 

Objectives 
The students will 
• compare the effect of biotic and abiotic factors on populations; 
• examine the effect of human activities, such as reducing the amount of forest cover, increasing the 

chemicals released into the atmosphere, and intensive farming, that have changed the earth’s land, 
oceans, and atmosphere and also its capacity to support life forms; 

• locally, or in a larger geographical area such as the Chesapeake Bay watershed, identify and 
describe an ecosystem, including the effects of biotic and abiotic components. 

Materials needed 
• Graph paper 
• Copies of the attached student data sheet 

Instructional activity 
Content/Teacher Notes 
Scientists called “limnologists” study freshwater environments to learn more about water quality and 
trends in natural succession and/or human influences on that environment. The quality of the water 
impacts the kinds and quantity of organisms that can live in it. Each type of organism has a “preference” 
or a “limit” in regard to the quality of its freshwater environment. Water quality is determined by 
measuring and analyzing the abiotic (nonliving) factors. Some of these factors are pH, temperature, 
dissolved oxygen, total dissolved solids, turbidity, and stream flow. Abiotic parts or factors that 
influence a freshwater environment can be measured using very simple tests or more complex 
technology. After the measurements are taken and recorded, limnologists analyze the data by comparing 
it with other data from either the same freshwater environment or a similar environment. 
 
Introduction 
1. Hand out the student data sheets, and explain that the data in the tables are abiotic measurements 

gathered at Swift Creek Reservoir in Chesterfield County on two different days. The same water-
quality expert took the measurements from the same place on both days and analyzed the same 
five abiotic factors of water, using the same equipment. The differences are attributable to the fact 
that the measurements were taken one week apart and that the weather was different. 

 
Procedure 
1. Explain that the Day 1 data are from a “typical” sunny day in September. Have students graph the 

data for each abiotic factor that was measured on this day, making the y-axis the Time of Day. 



Science Enhanced Scope and Sequence – Biology 

Virginia Department of Education 
171 

2. Have students answer questions 1–5 on the data sheet. 
3. Then, have students analyze the graphs of the Day 1 data and draw conclusions, looking for trends 

in the temperature and dissolved oxygen data. Lead students to realize that other than a general 
increase in temperature when the sun is shining on the lake and the resulting general decrease in 
dissolved oxygen, the other abiotic factors generally stayed the same with only slight variations. 

4. Have students graph the Day 2 data for each abiotic factor and then answer the remaining 
questions. 

5. Once again, have students analyze the graphs of the Day 2 data and draw conclusions. Ask: Why 
do the graphs of the abiotic factors show peaks, dips, and sudden increases? Students should 
perceive that there was a significant change in the weather at noon. Use inquiry to lead students to 
understanding why a sudden cloudburst or downpour would affect the abiotic factors. Discuss 
influences of rainwater runoff from different areas, such as residential, industrial, or construction 
areas. Also, discuss the potential influence of feedlots, fertilizer plants, dog runs, and highly salted 
roads and parking lots on the freshwater environment. 

6. Finally, have students compare the data for the two days. 
 
Observations and Conclusions 
Have students answer the questions on the student data sheet to generate observations and conclusions. 
The answers are shown below: 
1. The dissolved oxygen (DO) generally decreases from 9:30 a.m. until 2:30 p.m. 
2. The temperature generally increases from 9:30 a.m. until 2:30 p.m. 
3. As the temperature of the water increases during the day, the amount of dissolved oxygen 

decreases. 
4. For this one day at Three Lakes Park, the pH of the water generally stayed the same, the total 

dissolved solids generally stayed the same, and the turbidity generally stayed the same. 
5. If the temperature of the water in an aquarium is increased, the dissolved oxygen measured will 

decrease. 
6. Measurements were taken at the same lake, at the same time of day, with the same equipment, by 

the same water-quality expert. 
7. They were taken at a different time of year and in different weather conditions. The time of year 

can be controlled, the weather cannot. By taking the same measurements at the same time of year; 
no control for weather. 

8. They are the same tests and same measurements. They were taken at the same time of day. The 
graphs produced different results, possibly from the time of year, but the spikes and dips in data 
seem to indicate that something happened to the lake. 

9. Day 2 could have been a cloudy day where something “abnormal” happened. There are spikes 
and dips in the graphs. 

10. Yes. There could have been a sudden storm. 
11. The data shows spikes and dips around noon. 
12. The dissolved oxygen decreased. The temperature spiked at noon, then decreased. The pH 

decreased. The total dissolved solids peaked sharply after noon. The turbidity increased as the 
water became very muddy. 

13. On Day 2, the dissolved oxygen abruptly decreased; the temperature increased, then decreased at 
noon; the pH decreased; the total dissolved solids abruptly increased at noon; and the turbidity 
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(Secchi disk readings) abruptly decreased at noon. The dramatic changes between Day 1 and Day 
2 could have been caused by a storm. 

Sample assessment 
• Have students design a table to display the data, listing the abiotic factors, describing the optimum 

range for desirable organisms, and explaining the outcome of what happens to the organisms that 
live in the water and to the water itself.  

Follow-up/extension 
• Plan a field investigation with a reputable educational service provider, such as the Chesapeake 

Bay Foundation. 
• Have students research and describe the effect of Hurricane Bonnie (August-September 1998) on 

dissolved oxygen in the Cape Fear River. http://wow.nrri.umn.edu/wow/data/java/rvr/index.html. 
• Have students do the water activities found at the Montana State University Web site Healthy 

Water, Healthy People. http://www.healthywater.org. 

Resources 
• Elder, M. B. Freshwater Studies: Water Quality and Living Organisms. Mathematics & Science 

Center. http://mathinscience.info/teach/612_science/biolife_envisci/freshwater/fresh_water.htm. 
• Chesapeake Bay Foundation: Save the Bay. http://www.cbf.org. 
• Healthy Water, Healthy People. The Watercourse, International Project WET, Montana State 

University. http://www.healthywater.org. 
• Swift Creek Reservoir Survey Water Quality Analyses. Addison-Evans Water Production and 

Laboratory Facility. 
http://www.co.chesterfield.va.us/CommunityDevelopment/Utilities/ReservoirData/. 

• Virginia Naturally: Linking Virginians to the Environment. “Meaningful Watershed Experience” 
definition. http://www.vanaturally.com 
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Abiotic Factors in a Freshwater Environment 
Student Data Sheet 

Name:   Date:   

Introduction 
The data in the two tables below are abiotic measurements gathered at Swift Creek Reservoir in 
Chesterfield County on two different days. The same water-quality expert took the measurements from 
the same place on both days and analyzed the same five abiotic factors of the water, using the same 
equipment. The differences are attributable to the fact that the measurements were taken one week 
apart and that the weather was different. 

Data for Day 1, A Sunny Day in September 
Time of 

Day 
A. 

DO (mg/l) 
B. 

Temp. (ºC) 
C. 
pH 

D. 
TDS (mg/l) 

E. 
Turbidity (cm) 

9:30 11 11.2 6.6 142 40 
10:00 11 12 7 137 39 
10:30 10 13 6.9 134 41 
11:00 9 13.2 7 140 45 
11:30 9 13.9 7.1 151 39 
12:00 10 14.0 7.0 152 41 
12:30 9 14.0 6.7 155 43 

1:00 8 14.4 7 133 37 
1:30 8 15 7.4 140 39 
2:00 7 15.3 7 155 43 
2:30 6 15.7 6.5 156 43 

Key 
A. Dissolved oxygen (DO) (mg/l) D. Total dissolved solids (TDS) - Nitrates (mg/l) 
B. Temperature (ºC) E. Turbidity (Secchi disk readings) (cm) 
C. pH (no units) 
 
Use graph paper to make a graph of the abiotic measurements data shown in each of the columns A–E 
in the table above. Let the y-axis be the Time of Day on all 5 graphs. 

Graph Analysis for Day 1 
After the data for Day 1 are graphed, analyze the graphs by answering the following: 
1. The dissolved oxygen generally increases / decreases (circle one) between 9:30 a.m. and 2:30 p.m. 
2. The temperature generally increases / decreases (circle one) between 9:30 a.m. and 2:30 p.m. 
3. Compare graphs A (DO) and B (Temp.). As the temperature of the water increases during the 

day, the amount of dissolved oxygen increases / decreases. (circle one)  
4. Look at graphs C, D, and E. For this one day, the pH of the water generally increased / decreased 

/ stayed the same (circle one), the total dissolved solids generally increased / decreased / stayed 
the same, and the turbidity generally increased / decreased / stayed the same. 

5. You are assigned to do a science fair project comparing the temperature with the amount of 
dissolved oxygen in your aquarium at home. You need to formulate a hypothesis in the following 
form: “If the (independent variable) is (decreased / increased), then the (dependent variable) will 
(increase / decrease).” 
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Data for Day 2, One Week Later 
Time of 

Day 
A. 

DO (mg/l) 
B. 

Temp. (ºC) 
C. 
pH 

D. 
TDS (mg/l) 

E. 
Turbidity (cm) 

9:30 12 11 6.7 143  40 
10:00 12 11 7 135  38 
10:30 11 12 7 132  41 
11:00 11 13.2 7 140  44 
11:30 10 13.7 7.3 150  44 
12:00 9 16 6.6 154  40 
12:30 8 13 6 300  20 

1:00 4 12 5.3 510  18 
1:30 4 12 5.4 520  16 
2:00 5 11 5.2 493  8 
2:30 5 11 5.3 509 7 

 
Use additional graph paper to make a graph of the abiotic measurements data shown in each of the 
columns A–E in the table above. Let the y-axis be the Time of Day on all 5 graphs. 

Graph Analysis for Day 2 
After the data for Day 2 are graphed, analyze the graphs by answering the following: 
6. Which factors involved in taking these measurements stayed the same as on Day 1 (were 

constants)? (See introduction.)  
    
7. Which factors involved in taking these measurements were different on Day 2?   
    
 Could these be controlled? _____________________________________ How?   
    
8. Compare the graphs from Day 1 and Day 2. How are they similar?   
    
  How are they different?   
    
9. Day 1 was a “normal,” sunny, fall day. How would you describe Day 2, using similar words?   
    
 How do your data confirm your statement?   
10. Was there an “incident”? ______ What do you think happened?   
    
11. When did it happen?   
12. What was the effect?   
    
13. Summarize Day 2 by completing the following sentences: 
 On Day 2, the dissolved oxygen generally / abruptly (circle one) decreased / increased; the 

temperature decreased / increased and then decreased / increased at _______ (time of day). The 
pH increased/ decreased; the total dissolved solids generally / abruptly decreased / increased at 
_______ (time of day). The turbidity (Secchi disk readings) generally / abruptly decreased / 
increased at _______ (time of day). The dramatic changes between Day 1 and Day 2 could have 
been caused by _____________. 
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Answer Key — Abiotic Factors in a Freshwater Environment 
 
1. The dissolved oxygen generally decreases between 9:30 a.m. and 2:30 p.m. 
2. The temperature generally increases between 9:30 a.m. and 2:30 p.m. 
3. As the temperature of the water increases during the day, the amount of dissolved oxygen decreases. 
4. For this one day, the pH of the water generally stayed the same, the total dissolved solids generally stayed the same, 

and the turbidity generally stayed the same. 
5. If the temperature of the water is increased, then the dissolved oxygen measured will decrease. 
6. Measurements were taken at the same lake, at the same time of day, with the same equipment, and by the same water-

quality expert. 
7. They were taken at a different time of year and in different weather conditions. 
 The time of year can be controlled, while the weather cannot. 
 Take the same measurements at the same time of year; no control for the weather. 
8. They graph the same tests and the same measurements taken at the same time of day. 
 The graphs produced different results, possible due to the time of year, but the spikes and dips in the data seem to 

indicate that something happened in the lake. 
9. Day 2 could have been a cloudy spring day during which something unusual happened. 
 There are spikes and dips in the graphs. 
10. Yes 
 There might have been a sudden storm. 
11. The graphed data show spikes and dips around noon. 
12. The dissolved oxygen decreased; the temperature spiked at noon and then decreased; the pH decreased, the total 

dissolved solid peaked sharply after noon; the turbidity increased as the water became very muddy. 
13.  On Day 2, the dissolved oxygen abruptly decreased; the temperature increased and then decreased at noon. The pH 

decreased; the total dissolved solids abruptly  increased at noon. The turbidity (Secchi disk readings) abruptly 
increased at noon. The dramatic changes between Day 1 and Day 2 could have been caused by a storm.   
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A Freshwater Field Study: Abiotic Factors and 
Macroinvertebrate Bioassessment  

Organizing Topic Ecology 

Overview Students study the abiotic and biotic factors that impact a freshwater environment. They 
make and interpret scientific measurements, using probeware or alternate tests, and 
determine the limitations of freshwater organisms, given the abiotic factors of the 
freshwater environment. They learn how to predict the quality of a water environment by 
knowing the facts about either the water quality or the living organisms. 

Related Standards of Learning BIO.1a, d, h; BIO.5 b, c; BIO.7a; BIO.9a, b, c, d, e 

Objectives 
The students will 
• define abiotic factors, and explain how they affect the biodiversity of a freshwater ecosystem; 
• for typical watershed environments, contrast organisms found when water quality is good 

(optimum conditions) and when water quality is poor; 
• use water test kits in measuring various abiotic factors, and record water quality for each factor; 
• collect living organisms, classify them, and use data to make inferences about water quality. 

Materials needed 
For Team 1: 
• Temperature probe (ºC) or thermometer (ºC) 
• pH probe or pH strips (available at most pet supply or drug stores; must have range of 4–11) 
• Dissolved oxygen probe (mg/l) or dissolved oxygen test kit (see http://www.hach.com) 
• Conductivity probe (mg/l) or hydrometer 
• Turbidity probe (measured in NTU) or Secchi disk 
• Flow-rate probe (cfs) or flotation measurement device 
• Student data sheet 
For Team 2: 
• Onion bags, leaves, rocks 
• Net with a straight edge 
• Kick seine (instructions for making at http://www.people.virginia.edu/~sos-iwla/Stream-

Study/Methods/KickSeine.HTML how to build a kick seine) 
• White plastic sheet, wading boots, blankets 
• Buckets with handles 
• Small nets, forceps, pipettes 
• Magnifying lenses 
• Plastic rulers 
• Resources for identifying macroinvertebrates  
• Student data sheet 

Instructional activity 
Content/Teacher Notes 
Scientists called “limnologists” study freshwater environments to learn more about water quality and 
trends in natural succession and/or human influences on that environment. The quality of the water 
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impacts the kinds and quantity of organisms that can live in it. Each type of organism has a “preference” 
or a “limit” in regard to the quality of its freshwater environment. Water quality is determined by 
measuring and analyzing the abiotic (nonliving) factors. Some of these factors are pH, temperature, 
dissolved oxygen, total dissolved solids, turbidity, and stream flow. Various equipment can be used to 
make these measurements, ranging from simple wet chemistry tests to probeware. 

The biotic environment is analyzed using a bioassessment — i.e., assessment of a sampling of living 
organisms in a water environment. Bioassessments are particularly helpful for limnologists trying to 
determine the health of a river or stream. A bioassessment using macroinvertebrates is a procedure that 
uses inexpensive equipment and is scientifically valid if done correctly. A macroinvertebrate 
bioassessment can provide a benchmark to which other water may be compared and can be used to 
monitor trends. It also gives an indication of the recent history of the water environment. 

Sampling both abiotic and biotic factors may give an indication of the current and past quality of a water 
environment. To gather the best and most usable data, the Environmental Protection Agency (EPA) 
recommends that sampling be conducted in ways that minimize year-to-year variability. Limnologists 
tend to sample during one week of the same season(s) each year.  

This field study will sample abiotic factors, using probeware or similar field equipment, and will involve 
a bioassessment, using macroinvertebrates. Before starting the study, enlist the expertise of local natural 
resource professionals. (See “Suggested Web sites with teaching tips” and “Suggested Web sites with 
information about local natural resource personnel” under Resources at the end of this lesson.) They will 
help you identify a suitable site for testing at or near your school. Water studies can be conducted near 
almost any school — rural, urban, or suburban. An ideal site would be a stream or river on or close to 
school property. Drainage ditches and holding ponds can work well, too. If the site is off school 
property, seek permission from the owner. Collection sites should be safe and easily accessible. 
If a water site is not available close to school property, a classroom aquarium can be used. A freshwater 
aquarium can be stocked using organisms from area ponds, lakes, or rivers. Minimally, the aquarium 
will need an oxygen source (aerator), thermometer, and pH indicator. 

During the collection and sampling process, ask students how the site may have looked 10 years ago, 50 
years ago, 100 years ago. Then ask what activities influence the site now and how the site may look 10 
years from now, 50 years, 100 years. Tell them that they have just described succession. 
 
Introduction 
1. At least one week prior to the field day, choose a water site that does not have slippery banks, is 

not deep, and does not have swift currents. Draw a map of the site, and indicate three sampling 
areas on the map. 

2. In order to capture as many macroinvertebrates as possible at the sampling site, submerge three 
onion bags filled with leaves and rocks (for weight) in the water at the three sampling areas so they 
can sit in the water for at least a week before the field day. 

 
Procedure 
In the classroom before sampling: 
1. On the day before the field day, review all safety procedures with the students, and emphasize that 

they must wear warm, waterproof clothes when working in the stream the next day. Spare socks 
and shoes should be available in case shoes get wet, and a blanket should be available in case 
someone falls in. 

2. Divide the students into two teams: Team 1 will study abiotic factors and decide which tests will 
be performed in the field and which tests will be done in the lab. Team 2 will conduct the 
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bioassessment. Consider having the students conduct each of their assigned tests in the lab for 
practice before venturing to the water site. 

3. Distribute maps showing the three sampling areas at the site. 
 
At the sampling site: 
4. Have Team 1 use probeware or alternative sampling equipment to take measurements and record 

abiotic data for the three sampling areas. If using alternative sampling equipment, additional 
containers may be needed to bring water back to classroom to conduct testing. 

5. Have Team 2 gather the macroinvertebrates that may have collected in the submerged onion bags. 
Have them pick through the leaves and other debris for macroinvertebrates and place all the 
organisms they find in a bucket partially filled with clear water. Then, have them use a net to 
dredge one square meter of the bottom of the water environment in each of the three sampling 
areas to gather additional macroinvertebrates and place these in the bucket also.  

 
In the classroom after sampling: 
6. Have Team 1 calculate and record on the student data sheet abiotic data averages for all three 

water samples. For seasonal studies, have them plot measurements on a graph and determine the 
water quality, using the scale on the data sheet. 

7. Assist Team 2 in identifying all the organisms they collected (see list on the data sheet with spaces 
to list additional organisms). Then, have Team 2 separate the organisms into separate containers 
according to tolerance and determine the water quality, using the scale on the data sheet. 

 
Observations and Conclusions 
1. Have each team analyze their results and answer the discussion questions. Post the answers. 
2. Hold a class discussion, using the following questions: 

• What was the weather on the field day? 
• Did the water have an odor? If so, describe it. 
• Were the results for the abiotic factors and bioassessment the same or different? Why? 
• Predict the history of the sampling site, based on the test results. 
• Describe the sampling site and the terrestrial environment that drains into the freshwater 

environment at the site. 
• Describe the watershed area into which the sampling site drains. 
• What are some external influences on the sampling site? Are there any future influences, 

such as construction, that may influence the sampling site? What changes would you expect 
in the abiotic factors if these future influences come about? What changes would you expect 
in the bioassessment? 

3. Have students write a paragraph connecting the sampling site and the results. Instruct them to 
include the following words: bioassessment, abiotic factors, weather, history, succession, 
biodiversity, limnology, macroinvertebrates, and equipment. 

Sample assessment 
• Have students solve a teacher-created crossword puzzle that uses the following words: 

bioassessment 
succession 
abiotic 
dissolved oxygen 

turbidity 
temperature 
limnology 
macroinvertebrates 

bioindicators 
larvae 
crustacean 
mollusks 

arthropods 
worms 
water quality 
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Follow-up/extension 
• Using the same field equipment, have the students do one or more of the following: 

° Switch teams and perform the same tests 
° Conduct the same water study at different times of the year 
° Conduct the same water study in different locations 

• Have students calculate the Dissolved Oxygen Percent Saturation, using the data found at 
http://k12science.ati.stevens-tech.edu/curriculum/dipproj2/en/fieldbook/saturation.shtml. 

Resources 
• Chesapeake Bay Foundation: Save the Bay. http://www.cbf.org. 
• Healthy Water, Healthy People. The Watercourse, International Project WET, Montana State 

University. http://www.healthywater.org. 
• Key to Stream Invertebrates. http://imc.lisd.k12.mi.us/msc1/invert/key.html. 
• Take a Dip: The Water in Our Lives. “Data Collection Student Worksheet.” 

http://k12science.ati.stevens-tech.edu/curriculum/dipproj2/en/docs/activity3worksheet.shtml. 
• Virginia Naturally: Linking Virginians to the Environment. http://www.vanaturally.com. 
 
Suggested Web sites with teaching tips: 
• HACH. http://www.hach.com. Complete listing of water test kits. 
• PASCO: Innovative Solutions for Science Learning. http://www.pasco.com. Source for freshwater 

probeware and other sensors. 
• Secchi Disk. http://sebagolakeassc.org/secchi.htm. A site with good graphics on Secchi disks and 

how they work. 
• Vernier: Measure, Analyze, Learn. http://www.vernier.com. Refer to “Water Quality Testing” 

from Vernier for explanation of how probes work in testing water. Included in this text is an 
explanation of different kinds of tests, who uses them, and what they indicate. 

 
Suggested Web sites with background information: 
• “A Field Manual for Water Quality Monitoring.” 

http://www.swrcb.ca.gov/nps/docs/cwtguidance/2311sop.pdf. Contains a list of chemicals and 
equipment needed to set up a water-quality test; good reference for an explanation of the water 
quality index, a standardized test using nine weighted indicators to give a numerical indication of 
water quality. 

• Dissolved Oxygen Percent Saturation. http://k12science.ati.stevens-
tech.edu/curriculum/dipproj2/en/fieldbook/saturation.shtml. Explains the connection between 
dissolved oxygen and temperature. 

• The Secchi disk — What is it? http://www.mlswa.org/secchi.htm. Answers: What is a Secchi disk? 
How does it measure turbidity? Why and who developed it? Gives some background information 
about a very old form of measurement and why it is still used. 

 
Suggested Web sites with information about local natural resource personnel: 
• Chesapeake Bay Foundation: Save the Bay. http://www.cbf.org. 
• Virginia Naturally: Linking Virginians to the Environment. http://www.vanaturally.com. 
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A Freshwater Field Study: Abiotic Factors 
Student Data Sheet for Team 1 

Name:   Date:   
 

 Data Quality Criteria Ranking
Temperature (ºC)  <20ºC: optimal for all organisms 5 

20–25ºC: optimal for most organisms 3 
25–32ºC: too warm for some organisms 1 
>32ºC: too hot for most organisms 0 

 

Dissolved oxygen (mg/L)  8.0–12: optimal 5 
4.0–7.9: adequate 3 
<2: poor  0 

 

pH   0–3.9: very acidic 0 
4.0–5.9: acidic 1 
6.0–6.4: slightly acid 3 
6.5–7.5: optimal 5 
7.5–8.0: slightly basic 3 
8.1–9.0: basic 1 
9.1–14: very basic 0 

 

Turbidity (cm) 
(Secchi disk reading) 

 >100  5 
99–30 3 
29–15  1 
14–0  0 

 

Total dissolved solids (mg/L)  No ranking. 
Range: 50–250 mg/l ***** 

Stream flow (optional test)  No ranking ***** 
TOTAL  

 
Water Quality Scale 

16–20 Very healthy for most organisms 
12–15 Suitable for most organisms 
8–12 Unsuitable for some organisms 
4–7 Unsuitable for most organisms 
0–3 Unsuitable and dangerous 

Conclusions 
1. Which tests indicated healthy water for organisms? 
    
2. Which tests indicated unhealthy water for organisms? 
    
3. Based on the rankings in the Water Quality Scale, what is the water quality of the sampling site? 
    
4. Based on the results, would the biodiversity (number and variety of organisms) in this area be 

high or low?   
5. What would be the influence of the season of the year on the results? 
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A Freshwater Field Study: 
Macroinvertebrate Bioassessment 
Student Data Sheet for Team 2 

Name:   Date:   
 

A. 
Sensitive to 

Environmental Stresses 
No. 

B. 
Somewhat Sensitive to 
Environmental Stresses

No. 
C. 

Tolerant of Environmental
Stresses 

No. 

Stonefly larvae  Dragonfly larvae  Midgefly larvae  
Mayfly larvae  Damselfly larvae  Blackfly larvae  
Caddisfly larvae  Alderfly larvae  Aquatic worms  
Dobsonflies  Cranefly larvae  Leeches  
Riffle Beetles (adult)  Riffle Beetle larvae  Snails  
Water Penny larvae  Clams or mussels    
Planaria  Crayfish    
  Scuds    
  Sowbugs    
      
      
      

TOTAL NO.  TOTAL NO. TOTAL NO.
 x 4  x 3  x 1 

TOTAL POINTS  TOTAL POINTS TOTAL POINTS
GRAND TOTAL: A + B + C =  

 
Water Quality Scale 

>23 Potentially excellent water quality 
17–22 Potentially good water quality 
11–16 Potentially fair water quality 
<10 Potentially poor water quality 

Conclusions 
1. Which category had the most macroinvertebrates?   
 
2. Which category had the fewest macroinvertebrates?   
 
3. Based on the rankings in the Water Quality Scale, what is the water quality of the sampling site? 
    
 
4. Why are macroinvertebrates used for bioassessments? 
    
 
5. What would be the influence of the season of the year on the results? 
    
 



Science Enhanced Scope and Sequence – Biology 

Virginia Department of Education 
182 

Sample Released SOL Test Items 
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