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LABORATORY INTRODUCTION 
 

The Laboratory section in Bio 10 plays an integral role in the Bio 10 course. The lab serves to provide hands-on 
experience to reinforce or to supplement lecture material. Attendance in the laboratory is mandatory 
 
GENERAL LABORATORY INSTRUCTIONS 

1. Food-Eating (including chewing gum), drinking and smoking are not allowed in any lab. No visible food 
or drink containers are allowed in the lab 

2. Working in the lab-No one is permitted to work in the lab without supervision by an authorized 
individual. Unauthorized experiments are forbidden. Labs are for use only by students enrolled in 
laboratory classes. Children are never allowed in the lab 

3. Safety Equipment-Safe showers and eyewashes are located throughout the building. Your instructor will 
show you where to find the nearest units. 

4. Footwear-You are advised to wear closed-toed shoes at all times in lab.  
5. Hair-Long hair should be tied back. Remember that hair spray is flammable 
6. Hygiene and Cleanliness-Wash your hands before beginning of the lab and again before you leave. At 

the end of lab, rinse any glassware or other equipment. Leave your bench and the counters neat and clean. 
7. Gas Valve Use-Be certain that gas valves are closed completely when not in use. If you think that you 

smell gas, inform your instructor immediately. 
8. Injuries-All injuries (even minor ones) must be reported to your instructor immediately. 
9. Spills and Breakage-Notify your instructor immediately if you spill or break anything. Do not work with 

broken or cracked glassware. 
10. Equipment Care-Do not carry equipment to any other area unless asked to do so by a staff or faculty 

member. Inform your instructor if any piece of equipment fails to operate as expected. Always ask for 
more training if you are unsure about the operation of a piece of equipment 

11. Microscope Care-Please separate instructions for microscope care 
 
DENIAL OF LAB PRIVELEGES 
Lab privileges may be denied to anyone who does not act in accordance with safe laboratory standards 
 
LABORATORY WORK 
1. Answer questions before your lab meeting whenever possible. Definitions for some terms need to be 

written in advance of the laboratory period 
2. At the end of each lab period, you’ll submit your lab papers to your instructor.  
3. Each Lab will be worth 10pts  
4. Periodic lab quizzes will be given at the beginning of lab. Be on Time to lab! 
5. Lab work needs to be completed within the time frame set up in the course schedule. NO lab work will be 

accepted after the week in which it was assigned. 
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THE PROCESS OF THE SCIENTIFIC METHOD 
 

OBJECTIVES 
1. Describe and discuss the steps in the scientific method. 
2. Identify questions that can be answered through scientific inquiry and explain what characterizes a good 

question. 
3. Identify usable hypotheses and explain what characterizes a good scientific hypothesis. 
4. Define and give examples of dependent, independent, and standardized variables 
5. Identify the variables in an experiment. 
6. Explain what control treatments are and why they are used. 
7. Explain what replication is and why it is important 

 
THE SCIENTIFIC METHOD 
The scientific method describes an approach to problem solving.  This process includes some distinct steps: 
collecting data, proposing explanations, and testing those explanations to identify errors. Each test provides new 
data which may lead the scientist to change and, hopefully, improve the explanation.  
 
Question-What does the scientist want to learn more about 
Research-Gathering of Information 
Hypothesis-An “educated” guess of an answer to a question (must be falsifiable) 
Material and Methods-Written and carefully followed step-by-step experiment designed to test the hypothesis 
Data-Information collected during the experiment 
Results-Written description of what was noticed during the experiment 
Conclusion-Was the hypothesis correct or incorrect 
 
Theory-The same kind of statement as a hypothesis, but stronger. For a hypothesis to become a theory it must 
have a large body of evidence and be able to explain many things. Theories are not facts, but because they are 
consistent with the massive amount of experimental evidence, they are often treated as though they were facts. 
Law-A stronger statement than a theory. In addition to the broad application and large amount of supporting data, 
a law can be expressed with a mathematical formula. The status of law is only used when the explanation is 
consistent with all known observations; no one has ever recorded any exception. While laws are also tentative, no 
one really expects them to change or be modified in any way.  
Variable-Is anything whose value can change, as opposed to a constant. The speed of light is a good example of a 
constant, its value never changes 
Independent variables-They are set at the beginning of the experiment, but their values are not identical for both 
the control and experimental groups. The relationship between the independent and dependent variables is 
generally what you are investigating. 
Dependent variables- They depend on the experiment. The value of these variables is measured during or at the 
end of the experiment 
Standardized variables-They are factors that are kept equal in the experiment 
 
MATERIAL 
Sealed container with one or more objects 
Plastic bag with objects inside 
Empty container 
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EXERCISE 1: THE “BLACK BOX” 
 
Each lab team has been given a sealed container with one or more objects inside and a plastic bag holding 
representative objects of what might be inside the sealed container. Your task is to devise a way to find out what 
is inside the box without opening it. You may open the bag and remove its contents. 
 
Procedure and Questions 

1. Make a guess about the contents of the box. What did you base your guess on? 
 
 
 

2. How can you test whether your guess in correct? 
 
 
 

3. Test your guess.  If it does not appear correct then modify it and test it again. Repeat this procedure until 
you are satisfied and record your best guess below. 

 
 

4. Summarize the steps you took to solve the problem of the “black box.” 
 
 

5. Are there any objects that you couldn’t test for the presence of using the method you chose? Why not? 
 
 
EXERCISE 2: DEFINING A PROBLEM 
Every scientific investigation begins with the question that the scientist wants to answer. Just because a question 
can be answered doesn’t mean it can be answered scientifically. Consider this question:  Do more people behave 
immorally when there is a full moon than at any other time of the month? The phase of the moon is a well-defined 
and measurable factor, but morality is not scientifically measurable. Thus no experiment can be performed to test 
the hypothesis. Furthermore, some problems might be subjective and would not be a good scientific problem. 
Discuss the following questions with your lab team and decide which problem you think can be answered by the 
scientific method 
 

 What is in the black box? 
 Are serial killers evil by nature? 
 Why is grass green? 
 What is the best recipe for chocolate cookies? 
 How can the maximum yield be obtained from a peanut field? 
 Does watching television cause children to have shorter attention spans? 

 
How did you decide what questions could be answered scientifically? 
 
 
A Scientific question is usually phrased more formally as a hypothesis, which is simply a statement of the 
scientist’s educated guess at the answer to the question. A hypothesis is usable only if the question can be 
answered “no”. If it can be answered “no,” then the hypothesis can be proven false. The nature of science is such 
that we can prove a hypothesis false by presenting evidence from an investigation that does not support the 
hypothesis.  
Can we prove a hypothesis true using the scientific method? 

 5



 
Questions: 

1. Which objects did you disprove were in the box? 
 
 

2. What did you base your conclusions on? 
 
 
 
 
 

3. Can you prove that your final guess is correct without opening the box? Why or why not? 
 
 
 
 
 

4. Look carefully at the objects in the bag. Do they have characteristics that are undetectable using your 
methods of observation? 

 
 

5. You may now open the sealed container.  If your conclusion has now been disproven, explain how you 
reached an erroneous conclusion. 

 
 
 
 
 
 
You may have found that your conclusion was wrong in spite of accurate observations and careful 
experimentation.  Conclusions reflect the best evidence available at the time.  Because of this we cannot prove a 
hypothesis true. We can only support a hypothesis with evidence from this particular investigation.  Scientific 
knowledge is thus an accumulation of evidence in support of hypotheses; it cannot be regarded as absolute truth.  
Hypotheses are accepted only on a trial basis. Future investigations may be able to prove a hypothesis false. 
-Which of the following would be useful as scientific hypotheses? Give a reason for each answer. 

 Plants absorb water through their leaves as well as their roots.  
 
 Mice require calcium for developing strong bones. 

 
 Dogs are happy when you feed them steak 

 
 An active volcano can be prevented from erupting by throwing a virgin into it during each full moon.  

 
 The higher the intelligence of the animal, the more easily it can be trained.  

 
 The earth was created by an all-powerful being 

 
 HIV(human immunodeficiency virus) can be transmitted  by cat fleas 

 

 6



EXERCISE 3: The Elements of an Experiment 
Once a question or hypothesis has been formed, the scientist turns his attention to answering the question (that is, 
testing the hypothesis) through experimentation. A crucial step in designing an experiment is identifying the 
variables involved variables are thing that may be expected to change during the course of the experiment. There 
are three types of variables:  

 Independent variables 
 Dependent variables 
 Standardized variables 

 
Dependent Variables 
The dependent variable is what the investigator measures (or counts or records). It is what the investigator thinks 
will vary during the experiment. For example, in a study of peanut growth one possible dependent variable is the 
height of the peanut plant.  
 
Name some other aspects of peanut growth that can be measured. 
 
 
All of these aspects of peanut growth can be measured and can be used as dependent variables in an experiment. 
There are different dependent variables possible for any experiment. An investigator may choose to measure one 
or several dependent variables.  
 
Independent Variables 
The independent variable is what the investigator deliberately varies during the experiment. It is chosen because 
the investigator thinks it will affect the dependent variable.  
 

1. Name some factors that might affect the number of peanuts produced by peanut plants. 
 
 
In many cases the investigator does not manipulate the independent variable directly. Data collected from other 
sources may be used to evaluate the hypothesis. Many hypotheses about biological phenomena cannot be tested 
by direct manipulation, particularly those processes, like evolution, that occur across vast periods of time.  Time is 
frequently used as the independent variable. The investigator hypothesizes that the dependent variable will change 
over the course of time. The investigation can utilize as many dependent variables as appropriate. However, only 
one independent variable can be manipulated in any one experiment. 
 
Standardized Variables 
Standardized variables are factors that are kept equal in all treatments so that any changes in the dependent 
variables can be attributed to the changes the investigator made in the independent variable. For example, if the 
investigation is the affect of amounts of fertilizer on peanut plant growth, there must be not differences in the type 
of fertilizer used throughout the experiment.  
 
What other variables would have to be standardized in this experiment 
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Summary 
The investigator deliberately changes the independent variable and measures the affect on the dependent 
variable. To eliminate confusion, all other potential independent variables are kept constant as standardized 
variables. 
 
Questions: 

1. Why is the scientist limited to one independent variable per experiment? 
 
 

2. What was the independent variable in the black box investigation? 
 
 

3. What was (or were) the dependent variables? 
 
 

4. Identify the dependent and independent variables in the following examples  
       (Circle the dependent variable and underline the independent variable): 

 
 Height of  bean plants given different levels of nitrogen fertilizer is recorded daily for 2 

weeks 
 Guinea pigs are kept at different temperatures for 6 weeks. Percent weight gain is recorded 
 Light absorption by a pigment is measured for red, blue, green and yellow light. 
 Batches of seeds are soaked in salt solutions of different concentrations and germination is 

counted for each batch. 
 An investigator hypothesizes that the adult weight of a dog is higher when it has fewer 

littermates.  
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Control Treatments 
It is also necessary to include control treatments in an experiment. A control treatment is a treatment in which the 
independent variable is either eliminated or set at a standard value. The control supplies a standard for comparison 
that allows the investigator to judge how the independent variable is affecting the dependent variable. In the 
fertilizer example mentioned above the investigator must see that the peanuts do not grow just as well with any 
fertilizer at all.  The control would be a treatment in which no fertilizer is applied. An experiment on the affect of 
temperature on weight gain in guinea pigs, however, cannot have a “no temperature” treatment.  Instead the 
investigator would use a standard temperature as the control and will compare weight gain at other temperatures 
to weight gain at the standard temperature.  
 
For each of the following examples, describe an appropriate control treatment. 
 

1. An investigator studies the amount of alcohol produced by yeast when it is incubated with different types 
of sugars. Control Treatment: 

 
2. The effect of light intensity on photosynthesis is measured by collecting oxygen produced by the plant. 

Control treatment: 
 

3. The effect of NutraSweet sweetener on tumor development in laboratory rats is investigated.  
Control treatment: 

 
4. Subjects are given squares of paper that has been soaked in a bitter-tasting chemical. The investigator 

records whether each person can taste the chemical. Control treatment: 
 

Replication 
Another essential aspect of the experimental design is replication. Replication means repeating the 
experiment multiple times using exactly the same conditions to see if the results are consistent.  Being able to 
replicate a result increases our confidence in that result. However we shouldn’t expect to get exactly the same 
answer each time, because a certain amount of variation is normal in biological systems. Replicating the 
experiment lets us see how much variation there is and obtain an average result from different trials. 
 
A concept related to replication is sample size.  It is risky to draw conclusions based on too few examples. 
For instance, suppose an investigator is testing effects of fertilizer on peanut production. He plants four 
peanuts plants and applies a different amount of fertilizer to each plant.  Two of the plants die.  The 
investigator cannot reasonably conclude that the amounts of fertilizer used on the dead plants were lethal as 
other factors like soil pests could be involved.  His conclusion would be more reasonable if he had one 
hundred plants in each group and all of the plants in two of the groups died.  
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Questions 
1. List the steps used in the process of scientific method and briefly describe the purpose of each. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. Come up with two questions of your own that can be answered through the scientific method. 
 
 
 
 
 
 
 
 

3. For one of your question in 2, develop a hypothesis and design an experiment for testing the hypothesis. 
Identify the variables and describe the control treatment. 
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THE MICROSCOPE  
 

OBJECTIVES 
1. Demonstrate the safe and proper handling of a microscope, including carrying a microscope, slide 

placement, and storage. 
2. Focus and adjust light properly to observe objects clearly under all powers of the microscope. 
3. Identify and describe the parts of the microscope.  

 
USING THE COMPOUND MICROSCOPE 

Introduction:  
One of the characteristics of life is organization. Cells are usually too small for observations of structure 
and organization with our unaided eyes. Microscopes provide the magnification needed to investigate the 
cellular and molecular structures. Today you will spend most of the period using this important research 
tool and be able to calculate the size of various specimens. 

Care: 
The compound microscope is a very valuable instrument to biologists. Therefore, there are a few 
precautions that must be taken when using the microscope 

1. Carry the microscope-Grasp the arm of the microscope firmly with one hand and carefully slide 
it out of the cabinet. Then hold the base of the microscope with your other hand and place it on 
the table. Do not carry a microscope with one hand.  

2. Clean the lens-Use Only lens paper to clean the objectives and oculars 
3. Objective lens-The lowest power objective should be in position both at the beginning and end of 

the microscope use. 
4. Stage-The stage should be at the lowest position at the beginning and end of microscope use. 
5. Focus-“Golden Rule”-Do Not move the stage (Coarse Focus Knob) towards the objective lens 

while you are looking through the eyepiece. This may cause the objective lens to ram the slide 
and cause damage to both.  Move the stage toward the objective (up), only when looking at the 
stage from the side of the microscope.  

6. Parts-Do not move parts of the microscope  
7. Problems-Report any malfunctioning to the instructor.  

 
MATERIAL 
Microscope slides    
Cover slips     
Letter “e”     
Silk fibers prepared slide   
 
PARTS OF THE MICROSCOPE 
Label the appropriate line on the microscope diagram (next page) and describe the function below 

1. base _________________________________________________________________________ 
2. arm__________________________________________________________________________ 
3. ocular lens (eyepiece)___________________________________________________________ 
4. nosepiece _____________________________________________________________________ 
5. objective lenses_________________________________________________________________ 
6. stage_________________________________________________________________________ 
7. coarse focusing knob ____________________________________________________________ 
8. fine focusing knob ______________________________________________________________ 
9. light(illuminator)________________________________________________________________ 
10. slide clamp____________________________________________________________________ 
11. stage control___________________________________________________________________ 
12. Condenser_____________________________________________________________________ 
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MAGNIFICATION 
The total magnification of the microscope equals the magnification of the ocular lens times the 
magnification of the objective lens being used 
 
1. What is the magnification of the ocular lens? ___________ 
 
2. What is the magnification of the objective lenses?  

___________,___________,___________,___________ 
 

3. What is the total magnification of an object examined under the lowest power? 
 

(___________)  X (___________) =___________ 
4. What is the total magnification of an object examined under the highest power? 
(___________)  X (___________) =___________ 
 
 
FIELD OF VIEW 
1. Obtain a prepared slide of the letter e. Without the aid of the microscope, sketch what see 

 
 Without Magnification 

 

 
 
 
 
 
 
 
 
 
2. Use a Kim wipe to clean your slide and then place it on the stage. Make sure the slide is next to (not 

under) the slide holder.  The label should be face up and on the left.  Looking at the slide (not 
through the lens), position the slide over the light.  Still looking at slide, use the coarse adjustment 
knob to bring the nosepiece and stage as close as possible.  

 
3. Make sure you’re using the lowest power objective lens.  Look through the ocular lens.  Adjust the 

light intensity to the lowest comfortable setting.  Very slowly turn the coarse adjustment knob until 
the letter e comes into focus.  Sketch what you can see. 

 
 With 4x objective lens 
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4. With out changing the focus of your slide position, change to the next objective lens.  Adjust the light 
intensity as needed. Sketch what you can see. 
 With 40x objective lens 

 

 
 
 
 
 
 
 
 
 
 
5. The field of view is the area you can see while looking through the microscope. What happened to the 

size of this area when you increased the magnification? 
 
 
ORIENTATION OF IMAGE 

1. Move the prepared slide to the right while viewing it through the low power objective.  In which direction 
does the image move? 

 
2. Move the slide away from you. In which direction does the image move? 

 
3. Please return your prepared slide to the appropriate tray. Thanks.  

 
Depth of field 
Examine specimens that are several cells thick and focus on each layer separately. The characteristic of the 
microscope that allows the examination of separate layers is called the depth of field. 

1. To illustrate this concept, obtain the prepared slide with silk threads. These slides contain fibers mounted 
in three layers.  Each layer has a different color. Use a Kim wipe to clean your slide and then place it on 
the stage.  Make sure you are using the 4x objective lens.  Location the place on the slide where the three 
colors intersect.  Are all three colors in focus? 

 
2. Change to 40x objective lens.  Notice that all three thread colors are no longer in focus.  Using the fine 

focus knob, move the stage upward until all the colors are out of focus.  Now focus downward noting the 
order in which the colors come into focus.   
Which color came into focus first?  Which color thread is at the top?  Which color thread is at the bottom? 

 
3. Obtain a prepared slide and sketch what you see.  Identify the colors of the silk strings in your sketch. 

 
 

 With 10x objective lens  
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HOW TO MAKE WET MOUNTS AND SIMPLE STAINS 
 

OBJECTIVES 
 Learn the procedure for a wet mounts and simple stains 

 
WET MOUNTS 
Wet mounts are one of the best ways to observe living organisms.  Wet mounts are simple to make and are 
prepared as follows: 

A. Place a drop of substance to be viewed in the center of a clean glass slide 
B. Place a cover slip over the specimen. Try to avoid trapping air bubbles by pushing the cover slip over the 

specimen, drop at an angle, and then allow it to fall.  
C. Observe specimen under microscope.  It is easier to first locate organisms under low power, then move to 

higher magnification.  Organisms have a tendency to collect around the edge of the cover slip 
 
MATERIAL 
Microscope slides  Iodine     Blepharisma  
Cover slips   Methylene blue    Rotifer 
Distilled Water Dropper  Toothpicks to gather cheek cells  Rhizopus(6 plates for class)  
Applicator stick   Elodea     Potato 
Knife    Amoeba 
Tape    Paramecium 
 

1. Place a leaf from the Elodea plant on a CLEAN glass slide with a drop of water and cover with a cover slip. 
Using the microscope focus on the cells. Magnification 10x works well for this exercise.  

Sketch what you can see 
 
 

 With 10x objective lens 

 

 
 
 
 
 
 
 
 
 
2. Focus on a single cell.  Try to identify the cell wall, chloroplast, and central vacuole.  Notice that you 
can not really differentiate between the plasma membrane and the cell wall. If you’re lucky you may be able 
to see a clear oval within the cell, usually near a corner.  This is the nucleus, often hidden by the abundant 
chloroplast found in Elodea leafs. 

Sketch your cell and label the organelles you identified 
 Label organelles 
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4. Very slowly move the fine focus knob while keeping your attention on this single cell.  The cell appears 
to lose focus and then slightly move and regain focus.  The cell has not moved, rather you moved the 
depth of field.  You are looking at a different cell, contained in a different layer of cells.  
How many layers of cells in your Elodea leaf? 

 
 

5. Use the dropper to obtain some Amoeba. Place the Amoeba on a CLEAN slide with the cover slip. Sketch 
the organism and draw and label the cell membrane, cytoplasm, nucleus, pseudopodia 

 
 Label organelles 

 

  
 
 
 
 
 
 

 
 
5.  Use the dropper to obtain some Paramecium. Place the Paramecium on a CLEAN slide with the cover slip. 
Sketch the organism and draw and label the cell membrane, cytoplasm, food vacuole, cilia, and gullet 

       
 Label organelles 

 

 
 
 
 
 

 
 
 
 
6. Use the tape to obtain some Rhizopus. Place the tape on a CLEAN slide without the cover slip. Sketch the 

organism and draw and label the Sporangiophore, Soprangium, Spore 
 

 Label organelles 
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7. Use the dropper to obtain some Rotifer. Place the Rotifer on a CLEAN slide with the cover slip. Sketch 
the organism and draw and label the telescoping body, foot with toes, two heads of cilia, mastex 
 Label organelles 

 

 
 
 
 
 
 
 
 
 
 
8. Find a specimen in the classroom, your person, or outside. Sketch the specimen. 
 Label organelles 

 

 
 
 
 
 
 
 
 

USING STAINS 
Stains are used to improve contrast. This improves viewing with a microscope.  The next sections use two 
different stains.  The first stain, methylene blue, stains membranes. The second stain iodine stains starch. 
 
Methylene blue and cheek cells 

1. Put a drop of water on a clean slide 
2. Gently scrape the inside of your cheek with the tip of a toothpick and stir this tip in the drop of 

water on your slide.  The water should now look cloudy 
3. Add a small drop of methylene blue 
4. Add a cover slip 
5. Blot with a paper towel 
6. Examine individual cells under both 10x and 40x magnification.  Focus on a single cell.  Try to 

identify the plasma membrane, cytoplasm and nucleus.  Notice that animal cells do not have a 
cell wall. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Sketch and Label organelles  
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7. Describe the spatial relationship between individual cells in the check cells:   

separate, adjacent, or overlapping. 
 
 

8. Describe the spatial relationship between individual Elodea leaf cells:  separate, adjacent, or 
overlapping? 

 
 
 

9. What might be the survival advantage of these spatial relationships? 
 
 
 
Iodine and potato cells 

1. Put a drop of water on a clean slide 
2. Obtain a small, thin slice of potato (about the same thickness as this piece of paper).  Getting a 

slice of potato thin enough to be useful for viewing under the microscope can be quite difficult.  
Do not hesitate to ask your instructor for assistance here. 

3. Place the potato slice on the slide, in the water 
4. Add a cover slip 
5. Examine individual cells under both 10x and 40x magnification.  Focus on a single cell.  Try to 

identify the cell wall, amyloplast, and plasma membrane.  As with the Elodea leaf, you can not 
really differentiate between the plasma membrane and the cell wall. Sketch what you see 

 Sketch and Label organelles 
 
  
 
 
 
 
 

 
6.  
7.  
8. Prepare a second slide as above, but this time add a small drop of iodine before adding the cover 

slip 
9. Let slide set for about two minutes 
10. Examine individual cells under both 10x and 40x magnification. Sketch what you see 

 
 
 
 
 
 
 
 
 
 
 

Sketch and Label organelles 
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11. Potatoes are native to Central and South America, particularly in the Andes.  Potatoes are 
introduced domestic species in places like Idaho.  Potatoes grow well in Idaho because of 
similarities in climate.  Iodine stains starch. Note that amyloplast is also known as a starch storage 
granule.  Anyloplast and chloroplast are two different kinds of plastids.  Given the amount of 
stain held by the potatoes cells, what function do you think the starch stored in the potato serves 
the potato plant? (How much photosynthesis occurs in plant cells that are buried under several 
feet of snow?) 

 
 
 
 
 

12. Would you expect native plants growing wild to have potatoes as large as the ones you 
see in grocery stores? Defend your answer? 
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INTERNET LAB-CELL STRUCTURE 
 
 
OBJECTIVES 

1. Understand how Prokaryotic and Eukaryotic cells differ and be able to give examples of each 
2. Learn about structure, function and organization of various sub-cellular organelles of Eukaryotic 

cells 
3. Introduce Cell Membrane structures 

 
INTRODUCTION 
The basic unit of life is the cell.  Thus, all living things are composed of cells.  There are two basic cell 
forms; Prokaryotic and Eukaryotic.  Prokaryotic cells are considerably simpler and are exemplified by 
bacteria.  Other life forms are assembles from one or more eukaryotic cells.  Eukaryotic cells are thought 
to have arisen from symbiotic associations between prokaryotic cells and are both considerably more 
complex and larger than prokaryotic cells.  Eukaryotic cells involve a number of different sub-cellular 
organelles which are (except for ribosomes) membrane bound structures in which specialized cell 
functions are carried out.  
 
In this lab you should complete the questions below. You may use your text to answer many of the 
questions, however, the websites will add to your knowledge and are worth studying in order to complete 
this lab.  
 
MATERIAL 
Computer with internet connection 
Pen and Paper 
 
QUESTIONS 
Use a separate piece of paper to answer the questions 

1. Sketch typical plant, animal and bacterial cells.  Label the organelles on the cells. Go to 
www.cellsalive.com for interactive cell models and information on organelles.  On this site, 
please click Contents and under Cell Biology select Cell Model to review Plant, Animal and 
Bacteria cells and their organelles.  

 
2. Sketch a typical cross section of a cell membrane showing arrangements of phospholipids 

molecules, cholesterol, and membrane proteins and glycoprotein’s which may be involved in 
transport of substances through the membrane and interaction with substances in external 
environment of cell. Go to  http://kentsimmons.uwinnipeg.ca/cm1504/plasmamembrane.htm to 
answer the questions.  Also use http://cellbio.utmb.edu/cellbio/membrane.htm. In the table select 
‘phospholipids’ and read and understand the figures.  

 
3. Where are cell membranes found in eukaryotic cells?     Go to                                 

http://www.usd.edu/~bgoodman/Membrane.htm to answer the question. Also click on Osmosis 
and Diffusion.  

 
4. What do we mean by ‘fluid mosaic’? What is fluid about a cell membrane and in what way is it a 

mosaic? Google Tutorial on cell membrane and choose Membrane Structure tutorial-Biology or 
use http://www.bio.davidson.edu/people/macampbell/111/memb-swf/membranes.swf . Use the 
arrow to cruise the website. 

 
What organelles in the cell are parts of the endomembrane system and how do the different components of the 
endomembrane system interact? Use http://bcs.whfreeman.com/thelifewire/content/chp04/0402002.html 
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PHYSICAL PROPERTIES OF CELLS 
 
 
OBJECTIVES: 

1. Define the processes of osmosis, diffusion, hypertonic, hypotonic and isotonic 
2. Describe what happens to cells in a hypertonic, hypotonic and isotonic solution 
3. Describe the difference between plasmolysis and hemolysis 
 

PLASMA MEMBRANES, DIFFUSION AND OSMOSIS 
The constant random movement of molecules allows the process called diffusion to take place. That is, the net 
movement of the same kind of molecules forms an area of higher concentration to an area of lower concentration.  
Molecules move along a concentration gradient (from high to low concentration) until the molecules are equally 
distributed.  In the case of a cell, this means, that the net movement results in the same concentration of dissolved 
materials on both sides of the plasma membrane. 
 
Cells are surrounded by a water solution that contains food molecules, waste products, gases, salts and other 
substances.  This is the external environment for every cell.  The outer surface of the plasma membrane is in 
contact with this external environment, while the inner surface of the plasma membrane is in contact with the 
cytoplasm.  The plasma membrane is responsible for controlling what enters and leaves the cell.   
 
Cell membranes are semipermeable.  That means that the plasma membrane permits passage of some materials 
in or out of the cell and does not permit passage of other materials.  For example, water can easily cross the 
plasma membrane by simple diffusion; sugar, salt and proteins can not cross the plasma membrane by simple 
diffusion.  
 
A solute is any substance dissolved in a liquid.  Solutes form weak bonds with water molecules and thus those 
water molecules can not diffuse freely.  Assume a cell is placed in a solution that has a lower concentration of 
solute than exits with in a cell.  The external solution therefore, has a higher concentration of free water molecules 
than the interior solution of a cell.  In this example, water will diffuse from a high concentration (outside) to the 
low concentration (inside) through the plasma membrane.  The driving force for this movement is just the 
difference in the concentration gradient, so this water movement requires no energy on the part of the cell. 
 
This diffusion of water across a membrane is called osmosis.  A hypertonic solution has a higher concentration 
of solutes.  Cells in a hypertonic solution will loose water.  If a cell is placed in a hypotonic solution where the 
concentration of solutes is lower outside the cell, then water will diffuse into the cell.  When the concentration of 
solutes is the same on both sides of the plasma membrane there is not net movement of water and to solution is 
called isotonic. 
 
Plant and animal cells are different due to the make-up of the outside of the cells. The plant cell has a plasma 
membrane surrounded by a rigid cell wall and an animal cell just has a plasma membrane. However, both can be 
affected by the addition of a solute. Plasmolysis is the process in plant cells where the plasma membrane pulls 
away from the cell wall due to the loss of water through osmosis. Hemolysis is the is the breaking open of red 
blood cells.  
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MATERIAL 
Instructor materials  Student materials   Slides and coverslips 
Egg treated with Vinegar Red onion skin    Dropper 
KMnO4    Distilled water     
Spatula    0.9% and 10% NaCl solution   
Large beaker   Sheep’s blood 
 
DIFFUSSION DEMO 
Your instructor will demonstrate the process of diffusion by dropping dye crystals of Potassium Permanganate 
(KmnO4) into a beaker of water.   
 
Describe the experiment and state what is happening at the molecular level 
 
 
 
 
 
 
OSMOSIS DEMO 
Your instructor will demonstrate the process of osmosis with an Egg. Eggshells contain calcium carbonate which 
makes them hard.  The primary ingredient of vinegar is acetic acid.  When calcium carbonate (eggshell) and acetic 
acid (vinegar) react a chemical reaction occurs that dissolves the egg’s shell and releases carbon dioxide. We 
dissolved an egg’s shell with vinegar then placed it in corn syrup for about a day to extract excess water.  The egg 
was then weighed and placed in water.  
 

1. Describe the experiment in terms of what is happening at the molecular level. 
 
 
 
 
 
 
 
 

2. What would happen if the solute concentration was higher on the outside of the cell?  
(Note the egg is semipermiable and the solute is too large to go through the pores on the egg) 

 
 
 
 
 
 
 
 
 

3. What is the initial and final weight of the egg and why did the weight change? 
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OSMOSIS IN PLANT CELLS 
Changes in the amount of water inside a cell look very different in cells that have a cell wall.  This experiment 
provides an opportunity to observe the effect of osmosis in onion cells. The solute is sugar 
 

1. Obtain a piece of red onion skin no larger than 1/4“ square and one cell layer thick. (For best results, 
snap a single onion layer and then peel off the red cells.  

2. Place the onion skin on a clean, dry slide.  Add a drop of 0.9% saline solution.  Finish your slide by 
placing the cover slip on top.  
View the onion cells under 10x and 40x magnification. NOTE: 0.9% saline solution is isotonic for onion 
cells 
Sketch what you see.  
 Onion cell in 0.9% saline solution 

 

 
 
 
 
 
 
 
 

 
3. Prepare a second slide as above except this time use a drop of distilled water  
4. Is the distilled water hypertonic, hypotonic or isotonic compared to the onion 

 
 

5. Continue to view the slide, looking for the changes in the cell’s appearance.  This may take some time.   
Sketch what you see. 

 Onion cell in distilled water 

 

 
 
 
 
 
 
 
 

6. Prepare a third slide as above except this time use a drop of 10% saline solution.  
7. Compared to the onion cell, is 10% saline solution hypertonic, hypotonic or isotonic? 

 
 

8. Observe what happens to the cells, Again, changes may occur  
Sketch what you see 

 Onion cell in 10% saline solution 
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9. Which salt solution acted as a control in this experiment? 

 
 

10. Explain what happened to the onion cell when you added distilled water. 
 
 
 
 
 

11. Explain what happened to the onion cell when you added 10% saline solution. 
 
 
 
 
 
OSMOSIS IN ANIMAL CELLS 
Red blood cells are affected by its environment. Crenation is the contraction or formation of abnormal notchings 
around the edges of a red cell after exposure to a hypertonic solution, due to the loss of water through osmosis.  
 

1. Place a drop of sheep’s blood on a clean and dry slide. Add a drop of 0.9% NaCl (salt) solution. Finish 
your slide by placing the cover slip on top.  

2. View the blood cells under 10x and 40x magnification 
NOTE:  0.9% NaCl is isotonic for red blood cells 
 
Sketch what you see. 
 Blood cell in 0.9% Salt solution 

 

 
 
 
 
 
 
 

 
 
3. Prepare a second slide as above except this time use a drop of distilled water.  
4. Is the tap water hypertonic, hypotonic or isotonic Sketch what you see. 

 Blood cell in distilled water 
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5. Prepare a third slide as above except this time use a drop of 10% salt solution.  

 
 

6. Observe what happens to the cells 
Sketch what you see 

 Blood cell in 10% Salt Solution 

 

 
 
 
 
 
 
 

 
 
7. Which salt solution acted as a control in this experiment 

 
 
 

8. Explain what happened to the blood cell when you added distilled water 
 
 
 
 
 
 
 

9. Explain what happened to the blood cell when you added 10% salt water 
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LIMITS OF SIZE 

 
 
 
OBJECTIVES 

1. Explain how the surface area and volume of a cell changes as its diameter increases 
2. The importance of cell shape and size  

 
INTRODUCTION 
All living things need to acquire from their environment nutrients, water and the gases necessary for their 
metabolism.  Individual cells must take up all of these substances across their cell membranes.  There is a limit 
however to how fast these substances may be absorbed; and this, in turn, affects the size and shape of the cell.  If 
a cell grows too big then its volume will not have enough surface area to support its nutritional needs by diffusion. 
The purpose of this lab is to demonstrate how rates of absorption of nutrients can affect cell size and shape. 
 
MATERIAL 
 Cell models made of 2.5-3% agar solution with a pH indicator added 
 Metric Ruler 
 Calculator 
 Finger bowl 

0.01 M Hydrochloric acid (HCl) 
 
CELL SIZE 
Every cell requires nutrients to sustain continued growth.  Necessarily, these nutrients are absorbed across the 
cell’s membrane.  Absorption, however, in not an instantaneous process. It requires time for the nutrients, first, to 
get across the membrane and, second, to diffuse throughout the cytoplasm of the cell.  The rates of absorption and 
diffusion place severe constraints upon the size of the cell. 
 

Imagine an idealized cell in the shape of a sphere (surface area= 4 πr2) and (Volume=4/3 πr3). As the cell 
grows its surface area will increase with the square of the diameter while its volume will increase with the 
cube of the diameter.  Simply put, the surface area of a growing cell increases more slowly than does the 
volume.   

Furthermore, as a cell enlarges, its volume increases more rapidly than its surface area does. For example, 
a cell that doubles in radius becomes eight times greater in volume but only four times greater in surface 
area. If cells get too big, metabolic needs will overwhelm the available membrane surface area.  

EXPERIMENT The cell models are made of an absorptive material called agar which is impregnated 
with blue pH indicator.  When exposed to acid this blue color disappears. 

We are going to “feed” these cell models by placing them in a finger bowl and covering them with about 
0.5 inch of the acid solution.  As the cells absorb the ‘nutrient’ acid their color will change.  Allow the 
cells to “feed” until Cell #1, the longest and thinnest, has completely changed color (~10 min).   

The colored portion represents the part of the cell not fed during the time allowed 
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1. Assign each cell a number and identify it according to its diameter and length. Record these data in 
Table 1 

2. Remove them from the finger bowl, rinse them off in fresh water and quickly measure the diameter and 
length of the remaining colored portion of each cell.  

3. Record these data in the appropriate boxes in Table 1.  

4. Calculate the volume of the colored portion of each cell before and after “feeding using the formula:     
Πr2 x length 

5. Calculate the percent of each cell fed in the allotted time. 

Percent fed = Vo-Vf  x  100       
   Vo  

Vo= original volume of cell (Colored Portion Before “Feeding”) 

 Vf=final volume-unfed portion (Colored Portion After “Feeding”) 

 

       

 Diameter Length volume diameter Length Volume  
1 0.8cm 8cm  0 0 0 100% 
2 1.1cm 2cm      
3 1.1cm 4cm      
4 1.6cm 2cm      

Cell  Colored Portion  Before “Feeding” Colored Portion After “Feeding” Percent of 
Cell “Fed”

 

.  QUESTIONS 

1. Which cell is able to feed itself the fastest 

 

2. Which cell fed itself the slowest? 

 

3. Do the fastest and slowest cells have the same volume? 

 

4. How do they compare in shape? 
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5. The surface areas (SA) of the cells are: 

Cell 1=21cm2            Cell 2=8.8cm2         cell 3=15.7cm2           cell 4=14cm2 

Compute the Surface Area/Volume ratio (SA/Vo) for Cells 1 and 4.   

      6.   Which cell has the larger SA/Vo  ratio? 

      7. How does surface area affect the rate of absorption? 

 

8. Can shape affect surface area? 

 

9. How might a cell increase its surface area without changing its volume? Give an example 

 

 

10. Notice that Cell 2 is half the length of Cell 3 but both have the same diameter.  Is the volume of 
Cell 2 half that of Cell 3? 

 

 

11. Which has the greater surface area to volume ratio, Cell 2 or Cell 3 

 

 

12. Why would a growing cell eventually have to split? 

 

 

13. Why are cells so small? 
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ENZYMES and CATALYSTS 

OBJECTIVES 
1. Explain what a catalyst is 
2. Describe the difference between an inorganic catalyst and an organic enzyme 
3. Describe how changes in temperature and pH affect enzyme activity 
4. Explain why changes in temperature and pH affect enzyme activity 
5. Explain the significance for living organisms of the affect of temperature and pH on enzyme 

activity 
6. Explain the significance for living organisms and the affect of temperature and pH on enzyme 

activity 
 

INTRODUCTION 
Life is essentially a highly organized series of chemical reactions.  It is through chemical reactions that 
living things acquire and utilize energy.  The breakdown of food into its component molecules and the 
subsequent rebuilding of those molecules into parts of cells also require chemical reactions.  All of these 
reactions can occur spontaneously, that is, happening all by themselves.  However, these reactions may 
not occur when an organism needs them to, nor may they occur frequently or fast enough.  In order to 
control when and how fast the various chemical reactions that maintain life occur, living things rely on 
enzymes-organic molecules of tremendous catalytic powers.  While all enzymes are catalysts, not all 
catalysts are enzymes.  This is an important distinction.  

Catalysts are molecules that speed up the rate at which specific reactions occur without themselves being 
consumed in the reaction.  That is, the catalyst does not get broken down or altered during the reaction. 
They speed up chemical reactions without being used up.  They do this by interacting with the 
reactants to lower the activation energy of the reaction, lowering the amount of energy needed to get the 
reaction going.  In living organisms almost catalysts are enzymes. Enzymes are distinct form other 
catalyst in that they are all proteins.  The catalytic properties of enzymes rely heavily upon the three 
dimensional shape of the protein.  Since the secondary and tertiary structure of a protein maintained 
through relatively weak noncovalent bonds, she shapes of enzymes are sensitive to changes in 
temperature, pH and slat concentration.  That is, they are sensitive to anything that can disrupt Ionic or 
Hydrogen bonds.  Inorganic catalysts, since they do not rely on noncovalent bonds for their activity, are 
not sensitive to temperature, pH or salt concentration. 

In this lab exercise the students will investigate the activity of organic and inorganic enzymes using the 
same reaction: the break down of hydrogen peroxide (H2O2) into water and oxygen gas 

2H2O2  2H2O + O2 

MATERIAL 
Instructors Material  Students Material 
Cutting Board   11 Test tubes with Test tube rack 
Fresh Liver   Ruler and Marking pen 
Fresh Potato   Squeeze bottle 
Mortar and pestle  Test tube holder  
Cutting Board   Hot water bath with boiling chips 
Knife    Sand 
Forceps    Manganese dioxide (MnO2) and Hydrogen peroxide (H2O2) 
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INORGANIC CATALYST 
We will explore the ability of Manganese Dioxide (MnO2) an inorganic catalyst to speed up the break 
down of hydrogen peroxide into water and oxygen gas.  We will also cook MnO2 to see if it can still 
catalyze the reaction 
 
Procedure 

1. Number test tubes from 1-3 with a marker.  Draw a line 2cm from the bottom of each test tube. 
2. Set up and start a hot water bath. (Fill the large beaker over ½ full with distilled water and place 

on a hot plate.)  Set the hot plate on HIGH until boiling, then LOWER the setting to MEDIUM 
3. Pour DISTILLED WATER up to the lines on tubes 1 and 3 
4. Pour Hydrogen peroxide (H2O2) up to the line in tube 2 
5. Add a bit of MnO2   to tube 1. Record the results in line 1 of the data table below 
6. Add a bit of MnO2   to tube 2 and record the results in line 2 of the data table 
7. Add a bit of MnO2    to tube 3.  Place this in the hot water bath and boil for 8 minutes.  Use a test 

tube holder to remove the tube and POUR OUT water from the tube.  Now ADD SOME H2O2         
to the cooked MnO2   in the tube.  Record your results in line 3 

8. clean up as directed and complete the questions below 
 
 Inorganic Catalyst Data Table 
 
 

Test Number Substance 
Tested 

FAST SLOW NONE 

1 MnO2   and water    

2 MnO2  and H2O2    

3 Boiled MnO2  and  
H2O2 

   

Questions 

Speed of Reactions 

1. Hydrogen peroxide (H2O2) is in solution, meaning that it is mixed with water.  Why did you have 
to test the (MnO2) with water? 

 
 

2. Howe can you tell if a reaction is being triggered and how fast it is occurring? 
 
 

3. What substance is the bubbles composed of? 
 

4. If the manganese dioxide is acting as a catalyst in the reaction, would it get used up, that is, would 
it be consumed? 

 
 

5. How would you be able to tell whether the manganese dioxide is being broken down in this 
reaction? 

 
6. If MnO2 were an organic catalyst, what would heating have done to its ability to catalyze this 

reaction? 
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ORGANIC CATALYST  
Hydrogen peroxide, a waste product of cell metabolism is dangerous to cells because of its violent 
chemical reactivity.  Most living cells have peroxidases, enzymes that catalyze the break down of H2O2. 
We will use plant (potato) and animal (liver) sources for peroxidase in order to test these three questions. 

 Can living cells trigger the breakdown of Hydrogen peroxide? 
 What effect does increased SURFACE AREA have on the speed of the reactions triggered? 

We will compare WHOLE  and GROUND UP pieces 
 What happens to the enzyme’s effectiveness if we BOIL it? 

Procedure 
1. Number test tubes 4 through 11.  Mark each with a line 2cm from the bottom 
2. Add a bit of sand to tube 4.  Add water up the line.  Record the results on line 4 of the data table 

below 
3. Add a bit of sand to tube 5. Add H2O2   the line.  Record the results on line 5 
4. Fill test tubes 6,7,9 and 10 with H2O2   to the 2cm line 
5. Place distilled water in tubes 8 and 11 up to the 2cm line 
6. Add a piece of WHOLE LIVER to tube 6. Record the results on line 6 
7. Place a piece of GROUND LIVER IN tube 7.  Record the results in line 7.  If you need to revise 

the results and earlier recorded results on lines 1-6 (both this and the previous data table) 
concerning reaction speeds, do so now. 

8. Add a piece of WHOLE LIVER to the water in tube 8.  Boil it in the hot water bath for 10 
minutes.  With a test tube holder, remove the tube and POUR OUT the water.  NOW ADD H2O2 

up to the 2cm line. Record the results in line 8 
9. Add a piece of WHOLE POTATO to tube 9.  Record the results on line 9 
10. Place a piece of GROUND POTATO in tube 10.  Record the results in line 10 
11. Add a piece of WHOLE POTATO to the water in tube 11.  BOIL it in the hot water bath for 10 

minutes.  With a test tube holder remove the tube and POUR OUT the water from the tube. NOW 
ADD H2O2  up to the 2cm line.  Record the results on line 11 

12. Clean up as directed.  Be sure your data tables give you clear records as to the speeds of each 
reaction compared to all the others on the tables.  Complete the questions below.        

 

Questions 
1.  Which has more surface area, a chunk of liver or potato, or the same sized piece ground up? 
 

 
2. Sand was added to the ground liver and ground potato in order to help grind it more finely.  What was the 

purpose of testing sand alone with both water and H2O2 
 
 

3. Explain the difference in reaction speeds observed resulting from the WHOLE piece of liver compared to 
the GROUND UP piece of liver 

 
 

4. What did BOILING the liver and potato pieces do to their ability to trigger a reaction? 
 
 

5. What caused this difference in reaction speeds between FRESH and COOKED pieces? 
 

6. Explain how results from tests 3,8, and 11 can be used to prove that both liver and potato DO NOT 
CONTAIN any Manganese dioxide 

 
 
7. If you had varied pH or salt concentration instead of temperature for test 8 and 11, what might you have 

expected? Why? 
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PHOTOSYNTHESIS 
 

OBJECTIVES 
1. Describe the process of photosynthesis 
2. Describe the function of pigments and chlorophyll and explain their role in photosynthesis 
3. Describe the light spectrum and its role in photosynthesis 
4. Explain the role of Carbon Dioxide in plants 

 
INTRODUCTION 
Photosynthesis uses light energy to produce food storage molecules (sugar), producing oxygen as a by 
product of this biochemical process.  Most organisms need oxygen to live and they continually consume 
it.  If atmospheric oxygen were not constantly replenished by photosynthesis, it would soon dwindle to 
levels too low to sustain life.   
 
The energy captured by photosynthesis is stored in the bonds of glucose (C6H12O6).  When written in its 
simplest form, the overall chemical reaction for photosynthesis is: 
 

6CO2 + 6H2O + light energy   C6H12O6    + 602 

 

 

The job of absorbing light energy for use in photosynthesis falls to certain molecules in the thylakoid 
membranes (disk-shaped membranes used in light dependent reactions of photosynthesis) of 
chloroplasts (organelle in plant for photosynthesis). The membranes contain several types of pigments 
(light-absorbing molecules), each of which absorbs a different range of wavelengths.  Chlorophyll, the 
key light –capturing molecule, strongly absorbs violet, blue, and red light but reflects green.  The 
reflected wavelengths reach our eyes, so we see chlorophyll as green.  Most leaves appear green because 
they are rich in chlorophyll.  On the other hand, Carotenoids are responsible for many of the red, orange, 
and yellow hues of plant leaves, fruits, and flowers. Caratenoids absorb blue and green wavelength and 
reflect red, orange and yellow.   
 
Thus, photosynthesis is the ultimate source of structural materials, such as energy, for all life.  Even the 
photosynthesis of plants of the geological past provides us with energy today in the form of oil, coal and 
natural gas.  Different aspects of photosynthesis can be studied on a variety of levels. Today we will 
investigate the pigments in leaves that are operating photosynthesis and the light spectrum of 
photosynthesis 
 
THE SPECTRUM OF LEAF PIGMENTS BY PAPER CHROMATOGRAPHY 
 
Materials       Quarter or coin 
Spinach, purple leaf plum, golden euonymus leaves  Large test tube 
PET ether: Acetone Solvent 95:5    Cork stopper 
Solvent waste bottle      Thumbtack 
1 funnel       Chromatography paper 
10 ml automatic pipette      1 flask large enough to hold test tube 
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1

2

3

4

5

 
 
Procedure 
Place a strip of chromatography paper on the bench. Try not to bend the chromatography paper or handle 
it too much for best results.  Approximately one inch from the pointed end of the paper roll the rim of a 
quarter across the Spinach leaf.  The bottom of the leaf should be on the paper and the line should be a 
horizontal line (see fig 1). Repeat the process at least 10 times to form an adequate dark green line of 
spinach juice on the paper. Then use the thumbtack to pin the paper on the bottom of the cork. Pin the 
side of the paper that does not have the Spinach juice (Don’t pin the pointed end).  
 
To the test tube add 5-10 ml of the solvent.  Insert the paper strip attached to the cork into the test tube 
and press down on the cork to seal it up.  The tip of the chromatography paper should be immersed in the 
solvent, but NOT the horizontal stripe of plant juice. 
 
The Chromatography paper will absorb the solvent and the solvent will begin to move up the paper strip.  
As the solvent moves through the plant juice, pigments in the juice will dissolve into the solvent and 
begin to move up the paper also.  Different pigments have different solubility’s and will move at different 
rates.  Thus as time progresses and the solvent moves up the paper, different pigments will become 
spatially separated on the paper.  The pigments will be recognizable by their color and by their relative 
position on the paper strip. 
 
When the solvent is within an inch of the top of the paper strip, remove the paper from the test tube and 
the cork and restopper the test tube.  Allow the chromatography paper to fully dry before further handling.  
While it is drying, prepare another chromatogrpphy strip using the golden euonymus and place it in the 
solvent. When the euonymous chromatography is complete, do one using the purple leaf plum.  
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Observations 
Pigments are molecules that can absorb some wave lengths of light and reflect other wave lengths.  The 
presence of pigments in leaves and petals are responsible for their colors.  The pigments responsible for 
photosynthesis are chlorophyll a and chlorophyll b.  The other pigments found in the chloroplast are 
responsible for protecting the membrane system from too much light and also function in a variety of 
control mechanisms.  These pigments include carotenes and xanthophylls.   
 
Four pigments should have separated out into their respective colors above the original stripe of plant 
juice. They are: 
 

1. Chlorophyll a-blue green color 
2. Chlorophyll b-olive green color 
3. Xanthophyll-pale yellow 
4. Carotene-orange yellow color 

 
Tape the Chromatography paper to the lab book and label the four pigments (#1-4) above. (See fig 2) 
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Questions 
1. Chlorophyll b is least soluble. Solubility is the property of a solid, liquid, or gaseous 

chemical substance called solute to dissolve in a liquid solvent.  Which position (high or 
low), therefore, should Chlorophyll b occupy on the strip? 

 
 

2. Carotene is the most soluble.  Where should it be located? 
 

3. Looking at the spinach leaf and comparing its color to the color of the pigments on the 
chromatography strip, what would you say is (are) the most abundant pigment(s) in a spinach 
leaf?  How did you come to this conclusion? 

 
 

4. Based upon your conclusions above, what pigment do you suppose will be the predominate one in 
the golden euonymus? 

 
 

5. Did the chromatography of the euonymus leaf support your hypothesis? 
 
 

6. Even though it is predominately yellow, the euonymus must still have chlorophyll, why? 
 
 

7. The purple leaf plum contains a fifth pigment, anthocyanin.  This red, water-soluble pigment is 
found in the vacuole and is not associated with the process of photosynthesis.  It can, however, 
mask the presence of chlorophyll in the leaf.  Will the purple leaf plum have chlorophyll? 

 
 

8. Based upon it’s location on the chromatography paper, does anthocyanin dissolve readily in the 
chromatography solvent? 

 
 
LIGHT SPECTRUM PHOTOSYNTHESIS 
As you probably know, light from the sun (or a light bulb) is a mixture of many different wavelengths.  
All of the colors of the rainbow are present in this spectrum.  As a matter of fact, a rainbow is a display of 
the visible part of the spectrum.  Not all colors (wavelengths) in the spectrum are equally useful in 
photosynthesis, and the pigments of the leaf do not absorb all wavelengths equally. 
Material and Methods 
Use a separate sheet of paper to draw the visible light spectrum for white light; red, green and magenta 
filters; spinach, euonymus and plum leaf extract; intact spinach leaf.  Indicate color positions and width of 
their band.  

1. Observe the spectrum of a white artificial incandescent light by means of a spectroscope. Draw the 
spectrum. 

2. Place the red filter in between the light source and the spectroscope. Repeat this step for the green and the 
magenta filters. (The colors you are seeing through each filter are those colors which are not being 
absorbed by the pigments in the filter.  Instead they are being transmitted or reflected.  The pigments in a 
leaf behave in the same way: those wavelengths of light which are used by the plant in photosynthesis are 
absorbed by the pigments in the leaf; al other wavelengths are reflected.  Draw the spectrum 

3. Place the tube containing the spinach leaf extract in front of the light source.  Repeat steps for the 
euonymus and the purple leaf extract.  Draw the spectrum 

4.   Now place an intact spinach leaf in front of the light source. Draw the spectrum 
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Questions 

1. When observing the white light, what colors do you see? 
 

2. In the white light is blue-violet at one end? Which end? 
 

3. In the white light, what color is at the other extreme? 
 

4. Are all the colors (wavelengths) changed equally in all three filters? 
 

5. Which colors are present in the  
Red Filter: 
Green Filter: 
Magenta Filter: 

 
6. Which colors are absent? 

Red Filter: 
Green Filter: 
Magenta Filter: 

 
7. Based on the color of the spinach leaf, what color would you expect to be the least absorbed? Is 

it? 
 
 

8. Which colors are mostly absorbed for the spinach leaf extract? (look carefully) 
 
 

9. Is this what you expect? Why or why not? 
 
 

10. Which wavelengths (colors) for the spinach extract are almost the same? 
 
 

11. What color would you expect to be the least used in the golden euonymus? Why? 
 
 

12. What color would you expect to be the least used in the purple plum leaf? Why? 
 
 

13. Do your observations match your expectations? If not, why not? 
 
 

14. Compare the spectrums for the three leaf extracts. Are they the same? What might 
account for the differences? 

 
 

15. Based on your observations which wavelengths of light are probably most important to the three 
types of plants in carrying out photosynthesis? 
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16. Which are the least important 

 
 

17. Based on your findings, why do most leaves appear green? 
 
 

18. Do the results Differ for an intact spinach leaf (Look carefully)? 
 
 

19. Why do you think occurs? 
 
 
 
 
 
THE USE OF CARBON DIOXIDE-DEMO 
 
Introduction 
Bromthymol Blue (BTB) is a chemical indicator which is yellow in an acid solution and blue is a basic 
solution.  By using the indicator, we can determine if a green plant extracts carbon dioxide from a 
solution when exposed to light.  Exhaling into a bromthymol blue solution results in the formation of an 
acid solution.  The CO2 dissolves in water and reacts with it to produce carbonic acid H2CO3.  If the CO2 
is removed from the solution, there is a color change due to the formation of an alkaline solution.  
Fill in the Blanks 
 
BTB + ____ H2CO3  (BTB turns ________________) 
 
 
 
Yellow BTB + H2CO3  and removing CO2  turns the solution ______________ because the solution is 
____________________ 
 
Materials 
150-watt lamp  
Bromthymol blue solution 
NaOH (to neutralize excess carbonic acid if needed) 
Two sprigs of elodea, each about 5cm long 
Six glass tubes, 4-6mm diameter and 20cm long 
Two soda straws 
Glass-marking pencil 
Test tube rack 
Tin Foil for dark reactions 
Red and Green cellophane 
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Procedure 
1. Identify each test tube by numbering them 1-4 with glass-marking pencil.  
2. Half fill each test tube with water and add 25 drops of BTB solution to each 
3. Place the straws into tubes 1-4 and GENTLY exhale into the tubes so that a steady stream of 

bubbles of CO2   flows through the BTB solution. Continue exhaling until the color of the solution 
changes 

4. Now put a sprig of elodea in tubes 1 and 3(cut end down). Stopper or cork the 4 test tubes so that 
no gases can enter or escape from the tubes.  

5. Place test tube 1 &2 on the test tube rack and put them near a bright light for 30 minutes. Note if 
the rack is placed too close to the lamp, the heat will have an effect on the experiment, adding a 
variable. To prevent this, place a large beaker of water between the lamp and the test tube racks.  
Make sure the lamp is positioned so that light is shining through the water directly on to the 
Elodea 

6. Place test tube 3 & 4 in the dark or cover them with foil 
7. Wait 30 minutes and then observe the results 

 
Questions 

1. What is the purpose of the test tubes without Elodea? 
 
 
2. Which factors were kept constant in this investigation? 

 
 

3. Which factors were varies? 
 
 

4. What was the compound formed when you bubbled your breath through the BTB 
 
 
5. Why was one set (tubes 3 &4) put in the dark? 

 
 
 

6. Describe the results for Test Tube 1-4 
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CELL RESPIRATION 
 
OBJECTIVES 

1. Explain the process of Cellular Respiration 
2. Describe the difference between Aerobic and Anaerobic Respiration 
3. To relate gas production to respiration rate 
4. To test the effect of temperature on the respiration rate of germinated and non-germinated peas 
5. Understand the use of enzymes in respiration 

 
AEROBIC RESPIRATION 
The cells of all living organisms require a constant supply of energy to carry out the many 
functions necessary for life. The molecule used to provide energy is ATP (adenosine triphosphate). 
The major source of ATP for all cells is the oxidation of glucose, via the process of 
cell respiration. The initial steps of cell respiration, called glycolysis, occur in the cells of all 
organisms (with a few bacterial exceptions). 
 
For most organisms, the process of cell respiration is an oxygen-consuming process. Following 
glycolysis, a process that occurs in the cytoplasm, in which glucose is converted to pyruvic acid, 
the Krebs cycle and electron transport chain occur in the mitochondria. CO2 is given off during 
the Krebs cycle and the hydrogen electrons removed from the pyruvic acid backbone are 
transferred to the electron carriers NADH and FADH2. These electrons are then passed through 
the electron transport chain to power the movement of hydrogen ions against a concentration 
gradient. Without oxygen, which functions as the final electron acceptor in the electron 
transport chain, the process of aerobic respiration cannot happen. For each glucose molecule 
oxidized, 36 - 38 ATP are produced. Most organisms can not survive without aerobic 
respiration. The chemical reaction for aerobic respiration is: 
 
C6H12O6 + 6 O2 + 6 H2O  6 CO2 + 12 H2O + energy to make 36 – 38 ATP 
During aerobic respiration oxygen gas is consumed and carbon dioxide gas is produced.  
 
Respiration and other metabolic processes are under the control of enzymes (organic catalysts).  Enzymes 
are sensitive to ___________________, _______________________, and ___________________.   
(Hint:  Enzymes are proteins) 
 
In this laboratory exercise we will see the effects of temperature on respiration and we will observe the 
amount of carbon dioxide gas with the use of Phenol red solution. 
 
Phenol Red solution which should appear reddish in the stock bottle will be used to test for the presence 
of carbon dioxide (CO2) with in the respiration bottle apparatus.  If CO2 is bubbled through water, 
carbonic acid (H2CO3) forms, as shown by the following equation: 
 
CO2 + H2O  H2CO3 
 
Phenol red solution is mostly water.  When the phenol red solution is basic (pH >7), it is pink, when it is 
acidic (pH <7), the solution is yellow.   
 
MATERIALS    
China marker    Ungermination Lentils (dry) 
3 Respiration apparatus (see figure) Germinated Lentils (wet) 
Phenol red solution   Germinated-Boiled Lentils (Boiled, Frozen, and Microwaved) 
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PROCEDURE 
1. Obtain 3 respiration bottle setups. With a china marker, label one “Germ” for germinating 

(sprouting) Lentils, the second “Germ-Boil” for the boiled ones, and the third “Ungerm” for 
ungerminated seeds. 

2. From the class supply, obtain and put enough germinating Lentils into the appropriately labeled 
respiration bottles (300ml beaker) to fill them approximately half way. Repeat procedure for 
Germ-Boil and Ungerminated Seeds (The respiration bottle should be Dry!). 

3. Fit the rubber stopper with attached glass tubes into the respiration bottles.  Add enough water to 
the test tube to cover the end of the glass tubing that comes out of the respiration bottle. (This 
keeps gases from escaping from the respiration bottle.) 

4. Insert rubber stoppers into the thistle tubes 
5. Set the 3 bottles aside for the next 60 minutes and do the Second experiment 
6. After 60 minutes, pour the water in each test tube into the sink and replace it with an equal 

volume of dilute phenol red solution.   
7. Put sink water into the 250 ml beaker.  
8. Remove the stopper plugging the top of the thistle tube and slowly pour water from the beaker 

into each thistle tube.  The water will force out gases present within the bottles.  If Carbon 
Dioxide is present, the phenol red will become yellow 

9. Record your observations in the data table 
10. Clean up and put Lentils in bucket for the pond birds 

 
 
 

Respiration bottle apparatus figure 
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Production of Carbon Dioxide by Lentils 
Lentil Seeds Phenol Red Color CO2   

Present or Absent 
Germinating-unboiled   
Germinating-boiled   

Ungerminated   
 
 

Questions 
1.  What evidence, if any, do you have that cellular respiration occurs in peas? 
 
 
 
2. Do peas undergo cellular respiration before germination? 
 
 
 
4. What is the effect of germination on the rate of cellular respiration in peas? 
 
 
 
5. What is the effect of temperature on the rate of cellular respiration in peas? 
 
 
 
6. Why do germinating peas undergo cellular respiration? 
 

 
 
 

7. What color is the Phenol Red solution in the stock bottle? 
 
 

8. Is the stock solution acidic or basic?  How do you know? 
 
 
 

9. Which set of seeds was undergoing respiration? 
 
 
 

10. What happened during boiling that caused the results you found (Hint: Enzymes) 
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ANAEROBIC RESPIRATION (FERMENTATION) 
In suboptimal O2 concentrations, a partial breakdown of sugar occurs that results in just a bit of 
energy, enough to keep a cell alive or working for a while, but not as efficiently. This process is 
called fermentation, or anaerobic respiration. Usually the process goes only as far as 
glycolysis (2 ATPs), and does not enter the mitochondria for further breakdown. 
 
Most organisms require oxygen and sugar to aide in reproduction, but what effect does sugar 
have on the rate of reproduction of yeast? Yeast are tiny single-celled (unicellular) fungi. The 
organisms in the Kingdom Fungi are not capable of making their own food. Fungi, like any other 
organism, need food for energy. They rely on sugar found in their environment to provide them with this 
energy so that they can grow and reproduce.  From research, it is known that yeast can reproduce 
under aerobic and anaerobic conditions.  If we limit the oxygen that is available for yeast 
reproduction and increase the amount of sugar the yeast can react with, we expect the yeast will 
use the sugar for energy and reproduction. There are different types of yeast: 

• Certain yeast feed on a variety of natural sources of sugar such as fruits, nectar from   
plants, and molasses from the plant crop called sorghum.  
• Others break down wood and corn stalks. In doing this, a compound called ethanol is 
produced. This compound can be used in our cars like gasoline.  
• Another species breaks down sugar from grain into alcohol. Others break down fruits 
into wine, which is another type of alcohol.  
• Bread recipes rely on yeast to break down sugar in our dough 

 
Yeast, like bacteria grow in or on their food source. They produce and release digestive proteins enzymes 
into their environment where the sugar molecules are found. Sugar molecules then break down into 
smaller molecules that can be absorbed by the yeast and used for food energy. Yeast is able to synthesize 
a range of enzymes to break down sugar. However yeast does not have the enzymes to break down all 
sugars. 

 
MATERIALS 
¼ Teaspoon of Yeast  Incubator 
Fermentation tube  China Marker (grease pencil) 
Parafilm 
Labeled graduated cylinders 
Labeled 10% sugar solutions: Glucose, Sucrose, Maltose, Lactose, Galactose, and Fructose 
 
METHOD 

1. Place 25ml of 10% sugar solution and ¼ teaspoon of yeast in a labeled graduated cylinder 
2. Cover graduated cylinder with parafilm and shake 
3. Pour sugar/yeast solution into a fermentation tube 
4. Place the tubes in the incubator for about 20 minutes 
5. Remove tubes when you observe gas production 

Note: the tubes are very fragile and can break easily-BE CAREFUL! 
6. Fill in the Chart below 
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The Production of Carbon Dioxide with the use of Yeast and Sugar 
Type of Sugar Amount of Bubbles 
Lactose  
Galactose  
Glucose  
Maltose  
Sucrose  
Fructose  
 
Questions: 

1. The name of the sugar you used? 
 
 

2. If the yeast can use a sugar, it will be evident by production of a space or bubbles in the 
side arm of the tube.  These are filled with gas.  Can the yeast utilize the sugar that you 
used? 

 
 

3. Lactose is a Disaccharide. What are the two sugars that make up Lactose? 
 
 

4. What were the name(s) of the sugars that the yeast could not use? 
 
 

5. Why are some sugars used by the yeast whereas others are not? 
 
 
 

6. Which sugars would you use to make “home beer”? 
 
 

7. Which sugars would you NOT use to make “home beer”? 
 
 

8. What gas is being given off by the yeast? 
 

9. What material produces the gas given off by the yeast? 
 

10. List the products from fermentation. 
 
 
 

11. List the products from Aerobic Respiration. 
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MITOSIS AND MEIOSIS 
 
OBJECTIVES 

1. Identify the major chromosomal changes which occur during mitosis and meiosis 
2. Describe the difference between animal and plant mitosis 
3. Identify the phases of mitosis 
4. List significant differences between mitosis and meiosis 

 
INTRODUCTION 
Individual animal and plant body cells reproduce by mitosis.  A single body cell (somatic cell) duplicates 
to make two smaller but identical daughter cells.  The chromosomes of each daughter cell are an exact 
replica of the original parent cell.  Since the genes on inheritable traits make up the chromosomes, no 
genetic variation are introduces in mitosis. 
 
Mitosis in plants is very similar to mitosis in animals except that plants cells do not have centioles or 
asters (structures associated with spindle formation); during mitotic telephase plants form cell plates and 
animals form cell furrows and newly divided plant cells tend to be globular in shape.  
 
Meiosis, on the other hand, is a special type of cell reproduction.  Immature germ cells (sex cells or 
sperm or eggs) of plant and animals under go meiosis.  In meiosis, single immature germ cells produce 
four daughter cells. Each daughter cell has one half the genetic material of the parent (the parent usually 
has double a complement of genetic material).  Also the genetic material of each daughter cell is slightly 
different from the other daughter cells as well as from the original parent cell. 
 
A chart follows which can be used to compare mitosis with meiosis.  Use the chart to note chromosomal 
differences between mitosis and meiosis.   
 
MATERIAL   
Mitosis models  Whitefish blastula slide   Microviewer  
Mitosis charts  Onion root tip slides   Animal and plant mitosis slides 
Microscopes  Mitosis and Meiosis video 
 

Mitosis and Meiosis 
PHASES MITOSIS MEIOSIS I MEIOSIS II 
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Questions 
1. Use the Microviewer film strips of the Animal and Plant Mitosis and Draw the views of Prophase 

and Metaphase. Put drawings on separate sheet of paper. 
2. Use the Prepared slides of the animal cell (whitefish blastula) and the plant cell (onion root tip) 

and Draw the views of Anaphase and Telophase. Put drawings on separate sheet of paper. 
3. Observe the Models of the plant and animal mitosis.  What are the differences in the process in 

the plants and in the animals? 
 
 
 

4. Sex cells reproduce by? 
 
 

5. Body cells reproduce by? 
 
 

6. In what stage of cell cycle does DNA replication take place? 
 

7. In what stage of meiosis does DNA replication take place? 
 

8. In what stage of mitosis do the sister chromotids separate? 
 

9. In what stage in meiosis do the homologues separate? 
 

10. In what stage of meiosis does crossing over occur? 
 

11. Fill in the chart below 
 

 
 
 

 
 MITOSIS MEIOSIS 
Number of divisions(1or 2)   
Chromosome number of daughter cells (1N or 2N)   
Number of cells produces   
Produces germ cells (Yes or No)   
Chromosomal variation introduces (Yes or No)   
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12. The Microviewer strips have numbers on each frame.  Identify the phases on the stripes below 
 

       
       

PLANT 
MITOSIS 
FRAMES 

ANIMAL 
MITOSIS 
FRAMES 

 
 
 
#2_________________    #2_________________ 
 
#3_________________    #3_________________ 
 
#4_________________    #5_________________ 

 
#7_________________    #7_________________ 
 
 
13. The life cycle of somatic cells consist of interphase and four phases of mitosis.  In which phase 

do cells spend most of their time? 
 
 

14. How can you distinguish the difference between plants and animals in telophase? 
 
 

15. What are some examples of asexual reproduction in animals? 
 
 

16. What are the advantages of asexual reproduction? 
 
 

17. What are the advantages of sexual reproduction? 
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GENETICS 

OBJECTIVES 
TEST PAPER PHENOTYPE GENOTYPE 

1. Determine the phenotypic and genotypic ratios for monohybrids and dihybrids 
2. Complete Genetic Problems 
3. Determine Blood Genotypes and Antibodies 
 

INTRODUCTION 
Gregor Mendel deduced many principles of inheritance in the mid 1800s, before the discovery of DNA, 
genes, chromosomes, or meiosis. He discovered with the use of pea plants that two different alleles 
(different versions of a gene at a given locus) are present in an organism.  For example, the dominant 
allele-may mask the expression of the other-the recessive allele. The recessive allele, however, is still 
present.  Two plants that look alike may actually carry different combinations of alleles.  The combination 
of alleles carried by an organism (for example, PP or Pp) is genotype. The organism’s traits, including its 
outward appearance are its phenotype. The Punnett square method, named after R.C. Punnett, a famous 
geneticist of the early 1900s, is a convenient way to predict the genotypes and phenotypes of offspring.  
 
Furthermore, carrying two copies of the same allele of a given gene; also called true breeding is 
called homozygous, for example PP or pp. Carrying two different alleles of a given gene; also 
called hybrid is called heterozygous, for example Pp. A monohybrid cross is a cross between 
parents who are heterozygous at one locus; for example, Bb x Bb (see the Punnett). Example: B 
= brown. b = blue. BB = Dark Brown. Bb = Brown (not blue). bb = Blue. Monohybrid 
inheritance is the inheritance of a single characteristic. 
 
Mendel next turned to the more complex question of how multiple traits are inherited (Dihybrid Cross).  
A dihybrid cross is a cross between F1 offspring (first generation offspring) of two individuals that 
differ in two traits of particular interest. For example: SSyy/ssYY or SSYY/ssyy parents result in F1 
offspring that are heterozygous for both S & Y. Mendel crossed a true-breeding plant with smooth, yellow 
seeds (SSYY) to a true-breeding plant with wrinkled, green seeds (ssyy). All F1 offspring had the 
genotype SsYy and had smooth, yellow seeds. He observed that by mating the F1 offspring that the F2 
generation (used many plants) always had a phenotypic ratio of about 9:3:3:1 
 
MATERIAL 
PTC, Thiourea and Sodium benzoate test papers 
Color blindness testing kit 
Corn ears (predetermined crosses) 
 
ABILITY TO TASTE 
If inheritance for a trait is determined by a single gene pair (a region of maternal homologue combined 
with a corresponding region of a paternal homologue) you may be able to determine your genotype if you 
know the phenotype of your parents.  This can be demonstrated by the ability to taste certain substances. 
The substances we will test are PTC, Thiourea, and Sodium Benzoate.  These substances are tasted by 
some but not by others. 
 
Place some PTC test paper momentarily on the tip, back and sides of the tongue.  If you can’t taste this 
paper, you have a recessive genotype (tt) because tasting (T) is dominant to non-tasting (t).  If you can 
taste the paper, but doesn’t know your parents can taste it, his or her genotype many be homozygous 
dominant (TT) or heterozygous (Tt).  Now place some Thiourea and Sodium Benzoate test papers on the 
tip, side and back of the tongue.  Record your phonotype and genotype (or possible genotypes, if you don 
not have a dominant phenotype) in the chart on the next page. 
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TYPE OF TEST PAPER VS PHENOTYPE AND GENOTYPE 

PTC   
Thiourea   
Sodium benzoate   

 
Questions 
 Jack cannot taste PTC, but both his mother and father can taste PTC.  
 

a. Complete a Punnett Square to determine the expected phenotypic ratio among the 
offspring (Jack’s brothers and sisters).   

 
 
 
 
 
 

 
b. In this family, what are the chances that a child will be able to taste PTC? 

 
 
 

c. What are the chances that a child would not be able to taste PTC? 
 
 
 
INHERITANCE AND DETERMINATION OF BLOOD TYPE 
Blood type is determined by the presence or absence of substances on the surface of the red blood cell 
membrane.  These substances are called cell surface antigens (glycoprotein).  An antigen is any 
substance which elicits the formation of antibodies (a protein produced by the body which usually acts to 
protect the body against foreign substances).  Usually antigens are foreign substances, such as viruses or 
substances on the cell surface of bacteria, and the antibodies produced against those antigens help the 
body protect itself against the foreign substances.  Antibodies cause several reactions to occur, among 
them agglutination (clumping) of the antigen, which makes the antigen more easily phagocytized by 
white blood cells.   
 
There are four different types of blood types based on the ABO blood grouping system.  A, B, O and AB 
blood types are traits that are determined by multiple alleles that express themselves on any two 
homologues at a given time.  Blood types are given below.  Phenotype is the type of glycoprotein or 
antigen on red blood cell surface.  A and B are dominant alleles, O is recessive. Fill in the chart for 
Genotype and Antibodies in Plasma. You can also use the book 
 
PHENOTYPE GENOTYPE ANTIIBODIES IN PLASMA 
A               (Homozygous) Anti-B 
A AO         (                    )  
                (Homozygous) Anti-A 
B                 (Heterozygous) Anti-A 
AB  None 
 OO  
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COLOR BLINDNESS 
Not all traits are inherited by a single allele trait on autosomal chromosomes. Some traits are single 
allele pairs inherited on the sex chromosomes.  Color blindness, for example, is a sex-linked recessive 
trait with the following possible genotypes: XCXC, XCXc, XcXc         or      XCY, XcY 

(Male = XY, Female =XX; C=color vision, c=color blindness) 
 
 
Using the genotypes listed above, fill in the chart 
 
PHENOTYPE GENOTYPE 
Normal visioned female (homozygous)  
Normal visioned female (heterozygous)  
Color blind female  
Normal visioned male  
Color blind male  
 
 
Questions 

1. Would you expect to find more color blind males or females in the population? Why? 
 
 
 

2. Use one of the color blind books to perform the color blindness test.  Write down the numbers 
you see best on the color blindness charts: 

 
 
 

3. Use the key in the book to determine if you are color blind. 
 

4. What is your phenotype and genotype? 
 

5. How would you determine the genotype of a non-color blind female? 
 
 
DIHYBRID -CORN KERNEL CHARACTERISTICS 
Obtain a beaker with kernels. Each beaker contains an ear of corn that may be the result of a dihybrid 
cross (a cross between two corn plants which were heterozygous for two characteristics of corn kernels), 
or it may be the result  of a cross between one parent that was heterozygous for both characteristics and 
one parent that was homozygous recessive for both characteristic.  One pair of alleles controls the texture 
of the kernels (smooth or wrinkled) and one pair controls the color (purple or yellow).  Count the different 
types of kernels and record the numbers of each type in the table below.  

 
OBSERVED KERNELS 

ROUGH YELLOW ROUGH PURPLE SMOOTH YELLOW SMOOTH PURPLE 
    NUMBER
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If this is a dihybrid cross, the expected phenotypic ratio is 9:3:3:1. To determine if the values you 

obtained are the result of a dihybrid cross, follow these steps: 
 

 
1. Determine the total number of kernels counted.  (add together all of the kernels counted). 
 
2. Divide the total number (answer from #1) by 16.  This number is the number of homozygous 

recessive individuals expected for this cross (if it is a dihybrid cross) 
 

3. Multiply the number of expected homozygous recessive kernels (answer from #2) by 3.  This 
answer is the expected number of individuals with mixed phenotypes (dominant and recessive). 

 
4. Multiply the number of homozygous homozygous recessive individuals (answer from #2) by 9. 

The value determined is the number of individuals that are expected to have the dominant 
phenotype for both characteristics (if this is the result of a dihybrid cross)  

 
5. Compare your observed values(actual numbers of kernels counted in chart) with your expected 

phenotypic ratio for a dihybrid cross(#2-5) by filling in the chart below 
 
 
 
 ROUGH YELLOW ROUGH PURPLE SMOOTH YELLOW SMOOTH PURPLE 

OBSERVED 
(use chart above) 

    

EXPECTED 
(numbers 

determined using 
9:3:3:1 ratio) 

    

 
 
 
 
Questions 

1. Is your ear of corn the result of a dihybrid cross? 
 
 

2. How do you know that the alleles for color and texture are on different chromosomes? 
 
 

3. Use the display boxes of the ear of corn and write down which display box you used for this 
experiment.  

 
 

 
 
 
 
GENETICS PROBLEMS 
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(For full credit, show all work) 
 

1. In human beings, brown eyes are usually dominant over blue eyes.  Suppose a blue-eyed man 
marries a brown-eyed woman whose father had blue eyes.  What proportion of their children 
would you predict will have blue eyes? 

 
 
 
 
 
 

2. In cats, short hair is dominant over long hair (angora).  Set up Punnett squares for the following 
crosses.  Indicate phenotypic ratio for all. 

 
SS x ss   Ss x Ss   ss x ss    Ss x ss 

 
 
 
 
 
 
 
 
 

3. In peas, yellow color is dominant over green.  What will be the phenotype ratios of the offspring 
of the following crosses? 

 
a. homozygous yellow x homozygous green _________________________________________ 
b. heterozygous yellow x homozygous green_________________________________________ 
c. heterozygous yellow x heterozygous yellow________________________________________ 
d. heterozygous yellow x homozygous yellow________________________________________ 

 
4. In pea plants, tall (T) is dominant over short (t).  Determine the phenotypes and genotypes of the 

offspring of a cross between a heterozygous tall and a short pea plant. 
 
 
 
 
 
 

5. Curly (or kinky) hair is dominant over straight hair.  If a homozygous curly-haired woman 
marries a straight-haired man, and they have four children, how many children would you expect 
to have curly or straight hair? 

 
 
 
 
 

6. Two long-winged flies were mated.  The offspring consisted of 77 with long wings and 24 with 
short wings.  Is the short-winged condition dominant or recessive? What are the genotypes of the 
parents? 
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7. The offspring of a cross between two purebred parents are termed the first filial or F1 generation.  

If two individuals of F1 generation are mated, their offspring are termed F2 (or second filial). 
a. If a cross is made between a pure black (BB) guinea pig and a white (bb) guinea pig.  What is the 

phenotype of the F1 generation? 
 
 
 
 

b. If a cross is made between two F1 progeny, what are the phenotypes of the F2 generation? 
 
 
 
 

8. The ability to roll the tongue into almost a complete circle is conferred by a dominant gene, while 
its recessive allele fails to confer this ability.  A man and his wife can both roll their tongues and 
are surprised to find that their son cannot.  Explain this by showing the genotype of all there 
persons: Father_________, Mother___________, Son_____________ 

 
 
 
 
 

9. Four o’clock flowers occur in three color variations: white, red and pink.  Color controlled by two 
codominant genes: red (R) and white (W).  A heterozygote (RW) is pink in color.  Determine the 
genotypes and phenotypes for the following crosses: 

 
RR x WW   RR x RW   RW x WW 

 
 
 
 
 
 

10. Mendel believed that hereditary factors were always either dominant or recessive.  How might he 
have changed his view had he performed the following cross? When pure line sweet peas with red 
flowers are crossed with pure line plants having white flowers, all the F1 plants have pink 
flowers. 

 
 
 
 
 
 
 

11. Mrs. Doe and Mrs. Roe had babies at the same hospital at the same time.  Mrs. Roe brought home 
a baby girl and named her Nancy.  Mrs. Doe received a baby boy and named him Richard.  
However, she was sure that she had a girl and brought suit against the hospital.  Blood tests 
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12. A girl is a hemophiliac (sex-linked trait).  Genotypes: XHXH, XHXh, XhXh         or      XHY, XhY 
a. what are the possible genotypes and phenotypes of her parents 

 
 
 
 

b. Assuming her mother is normal, what were this girl’s chances of being born with this disease? 
 
 
 

c. Several cases of hemophilia in girls have been reported within a small region in England where 
there is much close intermarriage.  Explain this high frequency of hemophilia in girls. 

 
 
 
 

13. One pair of genes for coat color in cats is sex-linked.  The gene B produces a yellow coat, b 
produces a black coat, and the heterozygous Bb produces a tortoise-shell coat.  What kind of 
offspring will result from the mating of a black male and a tortoise-shell female? 

 
 
 
 
 

14. The trait which controls color blindness is sex-linked.  Color blindness is recessive.  If a color 
blind woman marries a normal male and they have two daughters and two sons, what will the 
genotypes and phenotypes of their sons be? 

 
 
 
 
 

15. A man and his wife both have normal color vision, but a daughter had red-green color blindness, 
a sex-linked recessive trait.  The man sues his wife for divorce on the grounds of infidelity.  Can 
genetics provide evidence supporting his case? Explain using a Punnett square. 

 
 
 
 
 
 
 

16. In pea plants, smooth (S) seed coat is dominant over a wrinkled (s) seed coat.  If a cross is made 
between a pure tall smooth seeded pea plant (TTSS) and a short rough seeded pea plant (ttss)  
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a. What are the genotypic and phenotypic results? 

 
 
 
 
 
 
 

b. What would be the phenotypic results of a cross between two F1 individuals 
 
 
 
 
 
 
 
17.  In guinea pigs, rough coat (R) is dominant over smooth (R), and black hair (B) is dominant over 
white (b). Determine the following crosses and phenotypic ratios.  
 
 RrBb x rrbb    RRBB x rrbb   RrBb x RrBb 
 
 
 
 
 
 
 
 
 
 
 

17. In rabbits, spotted coat(S) is dominant over solid coat(s), and black (B) is dominant over brown (b).  
In a large population, brown spotted rabbits are mated to solid black ones and all the offspring are 
black spotted.  What are the genotypes of the parents? ______________________________.  
What would the appearance of the F2 generation be if two F1 black spotted rabbits were mated? 
__________________________.  Illustrate your answer with a diagram. 

 
 
 
 
 

 
 
 
 
 

18. In hamsters, brown is dominant over white, and short hair is dominant over long hair.  A famous 
hamster breeder mates his prize white long haired hamster with a brown short haired hamster.  He 
knows that the brown short haired hamster is heterozygous for both characteristics.  

a. Set up a Punnett square to show the genotypic results of this cross 
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b. What is the expected phenotypic ration? 
 
 

c. How could the hamster breeder know that the brown, short haired hamster was heterozygous? 
 
 

d. How could the hamster breeder set up a cross from which only white long haired hamsters would 
result? 

 
 

19. A man and his wife are both phenotypically normal.  Their first child, a son, is normal, but their 
second, a daughter, is deficient in the enzyme glucose 6 phosphate dehydrogenase, a trait 
determined by a recessive sex-linked allele.  When this man finds out about his daughter, he 
accuses his wife of adultery and files for divorce.  

a. Does the genetic evidence support his claim? 
 
 

b. What if the child with the trait had a son? Again show how you arrived at your answer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DNA and PROTEIN SYNTHESIS 
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OBJECTIVES 
1. Describe the structure and function of DNA 
2. Know which bases in DNA pair with each other 
3. Know which bases in mRNA pair with DNA 
4. Determine the amino acid sequence using the Genetic Code Dictionary 

 
INRODUCTION 
Genes are segments of DNA that usually code for a single protein.  Transcription copies the information 
in DNA into RNA.  Translation converts the “nucleotide language” of RNA into the “amino acid 
language” of proteins 
 
There are three types of RNA: messenger RNA (mRNA), ribosomal RNA (rRNA), and transfer RNA 
(tRNA). mRNA carries the genetic information of a gene from the nucleus to the cytoplasm, where 
organelles called ribosomes use the information to synthesize a protein.  Ribosomes contain a 
combination of rRNA and proteins organized into large and small subunits.  There are many different 
tRNAs.  Each tRNA binds a specific amino acid and carries it to a ribosome for incorporation into a 
protein 
 
DNA 
Locate the display model of DNA (optional to make model). You may also want to refer to your textbook.  
DNA forms a double helix and resembles a twisted ladder. 
 
MATERIALS 
Salt water  Spooling or glass rod  Dixie cups  DNA Model (optional) 
Liquid detergent Test Tube   95% Ethanol 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PROCEDURE 

2. Swill 2 teaspoons of salt water in your mouth for 30 seconds to collect buccal cells inside your 
mouth 
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3. Spit the water into your cup.  Pour this into a large test tube containing 1 teaspoon (5ml) 25 
percent liquid detergent 

4. Cap tube and gently rock it on its side for 2-3 minutes.  The detergent will break open the cell 
membrane to release the DNA into the soap solution.  Don’t vigorously mix! DNA will fragment 
or shear. 

5. Open and slightly tilt the tube and pour 1 teaspoon (5ml) fluid ounces of the chilled 95% ethanol 
down the side of the tube so that it forms a layer on the top of your soapy solution 

6. Allow tube to stand for 1 minute 
7. Place a thin acrylic or glass rod into the tube 
8. Stir or twirl the rod in one direction to wind the DNA strand onto the rod.  Be careful to minimize 

mixing of the ethanol and soapy layers.  If too much shearing has occurred, the DNA fragments 
may be too short to wind up, and they may form clumps instead.  You can try to scrape these out 
with the rod. 

9. After you have wrapped as much DNA on to the rod as you can, remove the rod and scrape/shake 
the DNA into a small tube containing 5ml of the 95% ethanol. You DNA should stay solid in this 
solution. 

 
 
 
 
 

 

 
 
 
QUESTIONS 

1. What did the DNA look like? 
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2. Does it contain only DNA 

 
 

3. What does adding detergent accomplish? 
 
 

4. What happens if you shake or vigorously stir the contents of your tube? 
 
 

5. What makes up the sides of the ladder in DNA 
 
 

6. What molecules make up the rungs of the ladder in DNA? 
 
 

7. What keeps the two sides of the ladder paired? 
 
 

8. How many hydrogen bonds between adenine (A) and thymine (T)? 
 
 

9. How many hydrogen bonds between guanine (G) and cytosine (C)? 
 
 

10. DNA replication involves splitting the molecule in half.  New base pairing with each half of the 
original DNA produces two new double helix molecules.  With normal base pairing, what 
sequence of DNA would pair with the following sequence of DNA? 

 
A  T  T  C  G  C  G  A  A  T 
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PROTEIN SYNTHESIS 
The start codon on mRNA binds to the small subunit of a ribosome, along with the corresponding 
methionine tRNA. Transfer RNA delivers the appropriate amino acids to the ribosome for the growing 
protein.  Base pairing between the anticodons of the tRNAs and the codons of the mRNA puts the amino 
acids in the order coded in the mRNA. 
 

1. Construct the DNA strand which synthesized the mRNA below 
 
DNA: 
mRNA:   AUGUCUUAUCUUCGUACUGUUGGUCGUUGAGGUUAUACUUCUGUU 

 
2. Divide the above strand of mRNA into codons (3 letters) by separating them with a vertical line. 

i.e.,  AUG/UCU/….. 
 
3. Write out the resulting tRNA (anticodon) using the mRNA in the space below 
i.e.,  UACAGA….. 
 
 
4. Using the amino acid chart found on the next page, determine the name of the amino acid that 

each codon codes from mRNA.  Write the abbreviation of the amino acids, in their proper order. 
i.e., met-ser-…. 

 
 
 

5. How many amino acids does this complete protein contain? (Hint: Stop codon). 
 
DNA AND RNA 
Use models and book to answer the questions 

1. Compare the phosphates, sugars and bases of DNA and RNA 
 
 
 

2. Compare the general appearance of DNA molecule with the mRNA molecule 
 

3. What is produced in transcription 
 

4. What is produced in translation 
 

5. If a DNA triplet code is TAC, what is the complementary code of mRNA? 
 

6. if mRNA codons are AUG, GGU, CAG, what three codons of tRNA will attach 
 

7. If the DNA analysis of a gene shows 20% adenine bases, what would be the percentage of 
thymine (T), cytosine(C), guanine (G) and uracil (U)? 

 
8. List by order of size the following: gene, cell, chromosome, atom, nucleus, base subunit, and 

nucleotide.  
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Genetic Code Dictionary 
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EVOLUTION AND COMPARATIVE ANATOMY 
 
OBJECTIVES 

1. Distinguish the difference between homologous and analogous structures 
2. Give some examples of homologous and analogous structures 
3. Describe Vestigial Structures 
4. Define evolution and natural selection 
5. Describe and illustrate (with graphs) how stabilizing, directional and disruptive selection 

influence phenotype distribution 
 
INTRODUCTION 
Evolution in its most narrow definition is simply a change in the genetic composition of a population 
from one generation to the next.  Notice that it is the population that is changing, not individuals.  Also 
not that by genetic composition, what we are referring to her are changes in allele frequencies.  Every 
natural population change with time is an observable fact.   
 
Fitness with respect to evolution means reproductive success-getting your DNA into the next generation.  
Variation simply refers to the presence of different structural and functional characteristics within a 
group of organisms.  Adaptations are characteristics that improve the reproductive success of an 
organism. Natural selection is anything in nature that influences reproductive success “Survival of the 
Fittest”.   
 
Comparative anatomy gives evidence of descent with modification.  Homologous structures provide 
evidence of common ancestry.  Homologous structures are structures from different animals that have 
the same evolutionary origin despite any differences in current function or appearance. For example, 
despite wide differences in function, the forelimbs of birds, seals, dogs and humans contain the same set 
of bones, inherited from a common ancestor.  Analogous structures are outwardly similar but are not 
derived from common ancestral structures. For example, the wings of insects and birds have the same 
function for flight, but they arrive from different ancestors. 
 
MATERIAL 
Human, Cat, Chicken and Frog Skeleton 
Prepared Forelimb set 
 
HOMOLOGOUS STRUCTURES 
 
Comparison of Human, Cat, Chicken and Frog Skeletons 
Using the human skeleton and the available texts, identify the labeled bones in the different animal 
skeletons by comparison with the human skeleton.  Write the correct names in the spaces below: 
Chicken 
1.    4.    6.  
2.    5.    7.  
3. 
 
Cat 
8.    10.    12.  
9.    11.     
 
Frog (Note #47 is missing) 
45.    48.    50.  
46.    49.    51.  
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Questions 
1. Describe why there are differences between the different skeletons in the structures listed 

below.  Discuss with your lab group reasons that these differences might occur.  Consider 
where the animal usually lives, how it obtains food, unusual movements that it makes. 

a. Differences in the Pelvic bones (Ilium, Ischium, Pubis) 
 
 
 

b. Differences in the Scapula and Clavicle 
 
 
 
COMPARISON OF FORELIMBS (Set A) 
Using the diagram on the next page or look into the box with the bones; label as many of the bones as you 
can identify in the forelimbs of the Turtle, Frog and Bird. Use the labeled cat bones to help you identify 
the bones.  
 
COMPARISON OF FORELIMBS (Set B) 
This exhibit contains forelimbs of a mole, rat and bat.  Using the information that you know about each 
animal (i.e., How does it obtain food?  Does it have an unusual mode of motility?), determine which 
forelimb belongs to which animal, and write the name of each animal in the spaces below. 
 
1. 
2. 
3. 
 
Explain each answer 
1. 
2. 
3. 
 
ANALOGOUS STRUCTURES vs HOMOLOGOUS STRUCTURES 
1. Put an H next to the Homologous structures and an A next to the Analogous structures 
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2. Are the Fins on these animals analogous or homologous structures 
 
 
 
 

 

habitat

evolution

aquatic 
terrestrial

convergent divergent 

early 
birds 

ancestral 
reptiles 

early 
mammals 

birdlike 
reptiles 

Mammal-like
reptiles 
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PHENOTYPE DISTRIBUTION 
Graph A shows the phenotypic distribution for coloration in a snail population. The following 
three graphs illustrate the possible changes in this distribution in response to different types of 
natural selection. The large arrows symbolize selection against certain types.  The disruptive 
selection graph occurs when the environment shifts in such a way that now two sets of 
individuals enjoy greater reproductive success.  The stabilizing selection graph occurs when the 
mean phonotype is the one best suited for the population so there is selection against the extreme 
phenotypes (very light and very dark).  The directional selection graph occurs when the 
environment changes and consequently a different set of individuals in the population have 
greater reproductive success.  Use the graphs below and choose which one is the disruptive 

selection, stabilizing selection and the 
directional graph. 
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Graph A 



 
 

HARDY-WEINBERG EQUILIBRIUM (TEDDY GRAHAMS) 
 

 
OBJECTIVES 
Define Hardy-Weinberg Equilibrium 
Complete Hardy-Weinberg Problems 
 
INTRODUCTION 
The Hardy–Weinberg principle states that both allele and genotype frequencies in a population remain 
constant—that is, they are in equilibrium—from generation to generation unless specific disturbing 
influences are introduced. Those disturbing influences include non-random mating, mutations, selection, 
limited population size, random genetic drift and gene flow. It is important to understand that outside the 
lab, one or more of these "disturbing influences" are always in effect. That is, Hardy Weinberg 
equilibrium is impossible in nature. Genetic equilibrium is an ideal state that provides a baseline to 
measure genetic change against. 

In the simplest case of a single locus with two alleles: the dominant allele is denoted A and the recessive a 
and their frequencies are denoted by p and q; freq(A) = p; freq(a) = q; p + q = 1. If the population is in 
equilibrium we will have freq(AA) = p2 for the AA homozygotes in the population, freq(aa) = q2 for the 
aa homozygotes, and freq(Aa) = 2pq for the heterozygotes. 

Based on these equations, we can determine useful but difficult-to-measure facts about a population. For 
example, a patient's child is a carrier of a recessive mutation that causes cystic fibrosis in homozygous 
recessive children. The parent wants to know the probability of her grandchildren inheriting the disease. 
In order to answer this question, the genetic counselor must know the chance that the child will reproduce 
with a carrier of the recessive mutation. This fact may not be known, but disease frequency is known. We 
know that the disease is caused by the homozygous recessive genotype; we can use the Hardy–Weinberg 
principle to work backward from disease occurrence to the frequency of heterozygous recessive 
individuals. 

This concept is also known by a variety of names: HWP, Hardy–Weinberg equilibrium, HWE, or 
Hardy–Weinberg law. It was named after G. H. Hardy and Wilhelm Weinberg. 

TEDDY GRAHAMS EXPERIMENT 
 
Materials 
Chocolate Miniature Teddy Grahams cookies 
Vanilla or Banana Miniature Teddy Grahams cookies 
Graph paper 
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Procedure 
You are a bear-eating predator. There are two kinds of bears: bears with pigment and bears without 
pigment.  Bears that don’t have pigment are easy to catch.  Bears with pigment are more difficult to catch 
because they blend into their environment.  Because of this, you only eat bears that don’t have pigment.  
New bears are born every generation and the birth rate is one bear for every old bear that survives. 
Natural Selection simulation 

1. Obtain a population of bears from your instructor.  Place them on a paper towel on your 
desk. 

2. Record the number of pigmented bears, non-pigmented bears, and the total population in 
your data table (This is generation 1) 

3. Eat three non-pigmented bears.  (If you do not have three non-pigmented bears, then eat 
the difference in pigmented bears.) 

4. Obtain a new generation of bears (equal in number to bears who have survived).  Add 
these new bears to your old ones and chart the pigmented, non-pigmented, and total 
populations in your data table. (This is generation 2) 

5. Repeat steps 3 and 4 until you have four generations recorded in your data table 
6. Calculate the % of pigmented and non-pigmented bears for each generation.  Enter 

calculations into your data table.   
7. Graph generation (your independent variable) on the x-axis and % of bears (our 

dependent variable) on the y-axis.  Use a different color or style of line for pigmented and 
non-pigmented.  

 
GENERATION PIGMENTED 

BEARS 
NON-

PIGMENTED 
BEARS 

TOTAL 
BEARS 

PERCENTAGE 
PIGMENTED 

PERCENTAG
NON-PIGMENT

1      
2      
3      
4      

 
Hardy-Weinberg Calculations : p2 + 2pq + q2 = 1 

p+ q = 1 
p= dominant allele frequency q= recessive allele frequency 
p2 = homozygous dominant  2pq = heterozygous  q2 = homozygous recessive 
 
After extensive genetics studies it has been determined that the non-pigmented trait is recessive.  
Therefore the genotype of the non-pigmented bears is nn.  Therefore the genotype of the non-pigmented 
bears is nn (homozygous recessive).  The pigmented trait is dominant; therefore the pigmented bears can 
have a genotype of NN (homozygous dominant) or Nn (heterozygous). 
 
Use your data from part one and the Hardy-Weinberg formulas to determine the data for your data table 
(find p2, 2pq, q2, p and q for each of the four generations) 
Example:  
If % of non-pigmented = 4% =0.04 = q2 and take the square root, q =0.2 
p + q =1 then p=1-q then p = 1- 0.2 = 0.8 
If p = 0.8, then p2 = 0.64 
2pq = 2(0.8)(0.2) =0.32 
To check that your calculations are correct, use p2 + 2pq + q2 = 1 
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0.64 + 0.32 + 0.04 =1 
Use the order of the following data table to help you do your calculations: 
 
 
generation q2 q p p2 2pq p2 + 2pq + q2 = 1 

1       

2       

3       

4       

      
   
 
Questions 

1. Explain which trait is unfavorable 
 
 
 

2. Which phenotype is reduced in the population? 
 
 
 

3. What specifically happens to the genotypic frequencies from generation one to generation 
four 

 
 
 

4. Make a second graph showing p and q versus generation.  Did p and q stay constant over 
time? 

5. What occurs when there is a change over time of the gene frequencies? 
 
 
 

6. Explain over time what would happen if the selection pressure changed and the recessive 
gene was positively selected for.  

 
 
 

7. What happens to the recessive gene over the generations? 
 
 
 

8. Explain why the recessive gene does not disappear from the population? 
 
 
 
 
 
 
 
 

 69



 
Hardy-Weinberg Problems 
 

1. 1 in 1700 US Caucasian newborns have cystic fibrosis.  C for normal is dominant over c for 
cystic fibrosis. 

A.  
 When counting the phenotypes in a population, why is cc the most significant? 
 What percent of the above population has cystic fibrosis (cc=q2)? 
 Calculate the allele frequencies: (f) 

 
 
 
 
 
 
 
 
 
 
 
 

Genotype Frequency Calculations: 
B.  

 (f) CC-Normal homozygous dominate = p2  = ? 
 (f) Cc-carriers of cystic fibrosis =2pq = ? 
 It has been found that a carrier is better able to survive diseases with severe diarrhea.  

What would happen to the frequency of the “c” if there was an epidemic of cholera (other 
type of diarrhea producing disease?) 

 
 
 
 
 
 
 
 
 
 
 
 

2. If 9% of an African population is born with a severe form of sickle-cell anemia (ss), what 
percentage of the population will be more resistant to malaria because they are heterozygous (Ss) 
for the sickle-cell gene? 

 
 
 
 
 

3. Albinism is a rare genetically inherited trait that is only expressed in the phenotype of 
homozygous recessive individuals (aa).  The most characteristic symptom is a marked deficiency 
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 Calculate p and q 
 Calculate homozygous dominante (p2) and recessive (q2) and heterozygous carriers (2pq) 

 
 
 
 
 
 
 
 
 
 

4. Within a population of butterflies, the color brown (B) is dominant over the color white (b).  And, 
40% of all butterflies are white. 

 The percentage of butterflies in the population that is heterozygous? 
 The frequency of homozygous dominant individuals? 
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 ECOLOGY 
 
OBJECTIVES 

1. list and briefly describe some of the communities found in the duck pond 
2. define and recognize examples of producers, consumers, herbivores, carnivores, omnivores and 

decomposers 
3. Describe the difference between trophic levels and food webs 

 
 
 
INTRODUCTION 
Ecology is the study of the interactions between living organisms and their environment.  There is no 
vacuum in the biosphere.  The behavior, appearance, population dynamics, biochemistry…just about any 
trait of a living organism that you can think of is affected by other organisms and the physical world they 
live in.  Such inclusiveness makes ecology a diverse and complex study, much too broad to be 
encompassed in its entirety in a single laboratory period.  Instead we shall concentrate on two aspects of 
the interactions of organisms:  the concept of community and the way in which energy flows through that 
community. 
 
There are several levels of organization considered in ecology.  The first level is that of a population, a 
group of individuals of the same species.  For instance, we can define ourselves, the group of Homo 
sapiens in this classroom right now as a population.  This lab room would be considered our habitat.  A 
habitat is characterized by its physical features and the presence of certain other organisms particularly 
plants.  Here, our habitat consists of plastics and wood.  Of course, we are not the exclusive occupants of 
this habitat.  Were we to look closely we would no doubt find that we share this room with bacteria, 
nematode worms and probably an insect or two.  All of these populations, including ourselves, in this 
particular habitat make up a community.    
 
The community is of prime importance these days form a political aspect.  In the past preservation efforts 
have tended to focus on individual species hence the existence of the Endangered Species List.  This 
effort is a bit misguided, however.  Little is accomplished by preserving a species from extinction if its 
natural habitat and the community of which it is a member is allowed to disappear.  There is now a thrust 
in government towards the protection of entire communities or ecosystems (the combination of the 
community and its physical environment).  To gain a better idea of what a community is, we will be 
taking a walk around the duck pond and discussing the communities.   
 
MATERIALS 
Pond 
Finger Bowls 
Dissecting Microscopes 
Forceps 
Large Culture dishes 
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PROCEDURE 
1. We will be splitting into three groups for taking samples from a duck pond and identifying as many 

plants and animals as possible 
 

 Group 1 will be investigating those organisms living on the surface of the pond and around its 
immediate periphery (the mud zone). 

 Group 2 will be looking at the water column. 
 Group 3 will asses the sediments on the bottom of the pond.   

Samples will be brought back to the lab for macro- and microscopic examination.   
We will pool our data at the end of the lab period 
 
 
 
 
 
 
 
 
 
 
 
2. List the physical characteristic of the duck pond which make it a unique habitat 

 
 
 
 
 
 
 
 
 
 
3. What adaptations do the pond organisms have which make them able to survive? (List at least three 

different organisms.) 
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THE FOOD WEB AND ENERGY FLOW THROUGH TROPHIC LEVELS 
The primary source of energy for an ecosystem is the sun.  All day long the sun showers the earth with 
energy in the form of sunlight and heat.  Only select organisms, the producers, or autotrophs, are able to 
capture some of this light energy and convert it into chemical energy.  They do this by suing the sun’s 
energy to synthesize organic compounds, primarily carbohydrates, from inorganic compounds.  The 
producers “feed” the rest of the ecosystem, those organisms known as the consumers. 
 
Consumers are also known as heterotrophs (literally other feeder; that is an organism which must feed 
on another organism for nourishment).  Depending on what they eat, consumers are divided into trophic 
levels: 

 Primary consumers are herbivores, animals that eat plants 
 Secondary consumers are organisms that eat primary consumers or other secondary consumers.  

These are also known as carnivores. 
 Decomposers break down organic material into smaller molecules which are then recycled into 

the ecosystem.  This group includes fungi, bacteria, and some protistans 
 Omnivores are organisms that eat either producers or consumers 
 Producers are able to capture light and convert it into chemical energy.  This group includes 

plants, algae and some bacteria 
 
 
 
Questions 
Below is a list of organisms in a forest community and their sources of energy in parentheses. Next to 
each write down its most specific trophic level based on the definitions above. 
 

1. Human (black raspberries, hickory nuts, deer, rabbits)___________________________________ 
2. Black raspberry (sun) ____________________________________________________________ 
3. Deer (plants) ___________________________________________________________________ 
4. Bear (black raspberries, deer) ______________________________________________________ 
5. Coyote (deer, rabbits, black raspberries) _____________________________________________ 
6. Nematode (living hickory roots) ____________________________________________________ 
7. Bacteria I (black raspberries) ______________________________________________________ 
8. Bacteria II ( deer) _______________________________________________________________ 
9. Bacteria III (dead hickory trees, dead black raspberries, dead humans, dead black raspberries, 

dead humans, dead black bears, dead deer) ___________________________________________ 
10. Weasels (young rabbits)__________________________________________________________ 
11. Mosquito (blood of living humans, deer and bears)_____________________________________ 
12. Hickory tree (sun) _______________________________________________________________ 
13. Cyanobacterium (sun) ____________________________________________________________ 
14. Fungus I (living black raspberries) __________________________________________________ 
15. Fungus II (dead hickory trees, dead black raspberries) __________________________________ 
16. Rabbit (black raspberries) _________________________________________________________ 
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Appendix I:  Hardy-Weinberg Problem Answers: 
 

1. q2 = ? 1/1700=0.00059 or 0.059% (% with cc) 
What is q? =0.024 
p =? (1 =p +q) or p =1-0.024 
p=0.976 and q =0.024 

 
2. 9% = 0.9 = ss = q2 

(f)s =q= sq. root of 0.9 = 0.3 
P = 1-0.3 = 0.7 
2pq = 2(0.7 x 0.3) = 0.42 = 42% of the population are heterozygous carriers 
 
p2 + 2pq + q2 = 1 
1= 0.49 + 0.42 + 0.09 
 
49% dominant 
42% heterozygous 
9% recessive 

 
3. q2= 1/20,000 = 0.00005 

The square toot of both sides of this equation, we get: q = 0.007 
The frequency of the recessive albinism (a) is 0.00707 or about 1 in 140 
P = 1-qp = 1-0.007, p = 0.993 
The frequency of the dominant, normal allele (A) is, therefore, 0.99293 or about 99 in 
100 
The next step is to plug the frequencies of p and q into the Hardy-Weinberg equation:  
p2 + 2pq + q2 = 1 
(0.993)2 + 2(0.993)(0.007) + (0.007)2 = 1.986 + 0.014 + 0.00005 =1 
This gives us the frequencies for each of the three genotypes for this trait in the 
population: 
 
p2 =frequency of homozygous dominant individuals = 0.986 =98.6% 
 
2pq= frequency of heterozygous individuals = 0.014 = 1.4% 
 
q2= predicted frequency of homozygous recessive individuals (the albinos) = 0.00005 = 
0.005% 

 
4. 60% white (bb) = q2  = 0.40 

Q = 0.63 
1-q = p = 0.37 
p2 = 0.14 (homozygous dominant) =Brown 
2pq = 0.47 (heterozygous) = Brown 
q2 = 0.40 (homozygous recessive) =White 
 
1.01 = 0.14 + 0.47 + 0.40 (check) 

 
 
 
 


