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COURSE NUMBER: BIO 1113	COURSE TITLE: Biological Sciences I

CREDITS: 4

PRE-REQUISITES: Placement into ENGL 1100.

COURSE DESCRIPTION: The first half of a two-course sequence designed to give students majoring in the sciences an intensive introduction to the biological sciences. Subjects covered in the course include biochemistry, cell biology, cell metabolism, genetics, gene technology, animal development and defense mechanism of the body.

COURSE LEARNING OUTCOMES:
1. To help students develop critical thinking ability and gain an understanding of the foundations of Biology and Biological discoveries that will allow them to successfully proceed into more advanced science and technology courses.
The major topics covered are: Introduction to Biology; Biochemistry; Cell Structure and Function; Membrane Structure, Synthesis, and Transport; Energy, Enzymes, and Metabolism; Cellular Respiration and Fermentation; Photosynthesis; Chromosome Structure and DNA Replication; Cell Division and Cancer; Sexual Reproduction and Meiosis; Gene Expression; Mutation and DNA Repair; Gene Regulation; Simple and Complex Patterns of Inheritance; Population Genetics; Cell Communication; Animal Development; Immunology; Biotechnology.

2. To expose students to scientific methods of inquiry in lecture and laboratory settings, and to help students make connections between observations made in the laboratory and broader Biological principles and applications.

OT36 LEARNING OUTCOMES:
1. Understand the basic facts, principles, theories, and methods of modern science.
2. Explain how scientific principles are formulated, evaluated, and either modified or validated.
3. Use current models and theories to describe, explain, or predict natural phenomena.
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4. Apply scientific methods of inquiry appropriate to the discipline to gather data and draw
evidence-based conclusions.
5. Demonstrate an understanding that scientific data must be reproducible but that it shows intrinsic variation and can have limitations.
6. Apply foundational knowledge and discipline-specific concepts to address issues or solve
problems.
7. Explain how scientific principles are used in understanding the modern world and understand the impact of science on the contemporary world.
8. Gather, comprehend, apply, and communicate credible information on scientific topics, evaluate evidence-based scientific arguments in a logical fashion, and distinguish between scientific and non-scientific evidence and explanations.

OHIO TRANSFER 36 LABORATORY LEARNING OBJECTIVES:
1. involves realistic measurements of physical quantities
2. involves data analysis, using data that are unique and/or physically authentic and that include random and/or systematic (natural) variability
3. includes realistic interactions with experimental apparatus, and realistic manipulation of tools/ instruments and/or observed objects in space and time
4. involves synchronous feedback on safety (and consequences of unsafe actions), correctness of procedure, and progress toward experimental goals
5. involves effective interaction with the instructor at several points during each lab activity.

TAG LEARNING OUTCOMES:
Core Concepts include:
I. Evolution: The diversity of life is evolved over time by processes of mutation, selection, and genetic change.
1. Describe the evidence for evolution.
2. Identify the evolutionary processes that lead to adaptation and biological diversity.
3. Describe how the unity and diversity of life on earth emerge as a result of genetic inheritance through DNA and evolution by natural selection.
II. Structure and Function: Basic units of structure define the function of all living things.
1. Describe basic atomic structure and how atoms combine to form molecules.
2. Explain how the characteristics of life result from unique combinations that occur among a relatively small number of common atoms.
3. Describe the unique properties of the carbon atom, why it is important to life, and the basic ways in which organic molecules are constructed.
4. Describe the basic chemical and physical properties of water and how they facilitate processes essential for life.
5. Describe the basic structural characteristics and biological importance of carbohydrates, lipids, proteins and nucleic acids.
6. Apply chemical principles to the analysis of structure and function of biological macromolecules.

7. Describe the structure and functional role of the cell and its constituent parts.
8. Recognize cells as the basic unit of life in all living organisms; compare and contrast the differences between prokaryotic and eukaryotic cells.
9. Compare plant and animal cell structure and function, including their respective organelles and other components.
10. Describe current models of cell membrane structure and function.
III. Information Flow, Exchange and Storage: The growth and behavior of organisms are activated through the expression of genetic information in context.
1. Discuss DNA and its role in heredity, as well as how information from DNA is expressed in cells, and ultimately, the organism.
2. Compare mechanisms of regulation of gene expression.
3. Describe the structure, function and reproduction of cells, including viruses and microorganisms.
4. Describe the major steps in a typical eukaryote cell cycle, including the details of mitosis and cytokinesis.
5. Explain the stages of meiosis, their significance, and how meiosis relates to sexual life cycles.
6. Explain how different types of mutations affect gene products and phenotype.
IV. Pathways and Transformations of Energy and Matter: Biological systems grow and change by processes based upon chemical transformation pathways and are governed by the laws of thermodynamics.
1. Explain how chemical processes impact the cellular processes of life.
2. Describe the enzymatic basis of the mechanisms that living organisms use to harvest energy.
3. Outline the overall organization of the chemical pathways involved in cellular respiration and fermentation and how these pathways accomplish the processing of energy.
4. Describe the principles of energy transformations through membrane embedded electron transport chains.
5. Summarize the overall organization of the chemical pathways involved in photosynthesis and how these pathways accomplish the conversion of light energy into chemical bond energy.
V. Systems: Living systems are interconnected and interacting.
1. Describe the basic principles of development.
2. Outline representative mechanisms that cells have evolved for communicating and coordinating their functions in a living organism.
3. Explain how cell regulatory mechanisms ensure balance in living systems that interact continuously with their environments.
4. Apply knowledge of cellular regulatory mechanisms to explanations of aberrant cell behavior.
5. Describe the process of energy transfer from its source (the sun) through biological systems.

Core Competencies are incorporated into:

VI. Perspectives in Biology
1. Describe representative historical developments and perspectives in biology, including contributions of significant figures and underrepresented groups and the evolution of theories in biology.
2. Apply knowledge learned from the classroom with real life situations.
VII. Practices in Biology
1. Illustrate the scientific method through analysis of major biological discoveries.
2. Characterize the scientific method and its limitations in the search for answers to biological questions.
3. Document the solution to scientific problems through collection and analysis of experimental data and the preparation of scientific reports.
4. Collect, organize, analyze, interpret, and present quantitative and qualitative data and incorporate them into the broader context of biological knowledge.
a. Demonstrate the ability to make precise measurements.
b. Demonstrate basic microscopy skills.
c. Prepare and make use of a serial dilution.
d. Demonstrate safe and proper use of experimental techniques and tools/instruments.
5. Utilize current research literature, online information, and information related to scientific and biological issues in the mass media in written or oral reports.
6. Explain the applications and uses of recombinant DNA technologies and genomics, and their impact on society.

COURSE MATERIALS:
· Textbook: Brooker, Widmaier, Graham and Stiling. Biology. McGraw-Hill
· Lab Manual: Bio 1113 Lab Manual Julie Cronk, Nardos Lijam, Mort Javadi, Matthew Saelzler, and Michael Bailey. Tophat publishing company.

STANDARDS AND METHODS FOR EVALUATION:

	Assessment Type
	Points
	Total

	3 Exams
	100 points each
	300 points

	13 Lab Reports
	10 points each
	130 points

	Research Project
	100 points
	100 points

	15 Homework
	5 points each
	75 points

	Comprehensive Final
	170 points
	170 points

	
	Total:
	775 points



Grading Scale: 90-100%=A, 80-89%=B, 70-79%=C, 60-69=D, below 60%=E

SPECIAL COURSE REQUIREMENTS:

All students must earn at least 70% of the total number of laboratory experiment report points in the course in order to receive a passing grade in the course.

COLLEGE SYLLABUS STATEMENTS
Columbus State Community College required College Syllabus Statements on College Policies and Student Support Services can be found at www.cscc.edu/syllabus or on the College website Quick Links “Syllabus Statements”.

UNITS OF INSTRUCTION, OUTCOMES AND ASSESSMENT ALIGNMENT

Week 1
· Unit of Instruction: Introduction to Biology and Biochemistry
· Assigned Reading: Chapter 1 “An introduction to Biology and Chapter 2 “The Chemical Basis of Life I” in the textbook and the safety information in the laboratory manual.
· Lecture Learning Outcomes:
· In the Introduction to Biology students will learn about the following characteristics of life: cells, energy, homeostasis, reproduction, evolution, and organization.
· Students will understand natural selection and be able explain how it causes evolution by acting on heritable traits.
· Students will understand that function depends on structure.
· Students will know the 3 domains in taxonomy and the 4 kingdoms within the domain Eukarya.
· Students will learn about the scientific method and be able to apply it. Students will be able to state null and alternative hypothesis. Students will understand the importance of control groups. They will also be able to distinguish between the independent, dependent, and constant variables in an experiment and state the reasons for using statistics when interpreting experimental data.
· In Chemistry, students learn about the structure of an atom and the biological significance of the following: ions, isotopes, covalent bonds, ionic bonds, hydrogen bonds, van der Waals interactions, and the hydrophobic force.
· Students will learn about essential elements, including the 4 most abundant elements found in organisms. Students will relate this information to the major types of molecules found in living organisms: water, proteins, nucleic acids, carbohydrates, and lipids.
· Students will learn the number and types of covalent bonds that carbon can form including single bonds, double bonds, triple bonds, polar bonds, and nonpolar bonds. Students will understand how these things influence the biochemistry of the organic molecules found in organisms.
· Students will learn about the unique properties of water. Students will understand water’s polarity and relate this to its ability to form hydrogen bonds. Students will understand that hydrogen bonds explain water’s cohesion, adhesion, high surface

tension, high heat of vaporization, and high specific heat. Students will learn how these unique properties of water impact life.
· Students will learn that water is the solvent in cells/organisms. Student will understand that water is a polar solvent and know how this impacts the following in a cell: polar molecules, nonpolar molecules, and amphipathic molecules.
· Students will learn about pH and how acids/bases affect pH. Students will know what makes a solution neutral, acidic, or basic. Students will understand why organisms are sensitive to pH changes and how buffers in organisms work to minimize changes in pH.
· Laboratory Learning Outcomes:
· Students will understand the safety requirements in the lab including lab behavior and general rules, safety equipment, chemical safety, microscope cleanup and storage, lab cleanup and waste disposal.
· Students will understand how they will apply the scientific method to a semester long research project.
· Laboratory Activities:
· Safety Training: Describe the rules and procedures necessary for the safe operation of the biology laboratory including the safe and proper handling of microscopes, glassware, scales, and other common laboratory equipment.
· Introduction to the Research Project: “The Scientific Method and Research Methods.” Students will work throughout the semester on a research project. They will learn about the project and the associated assignments. They will learn about their experimental subjects and about the steps needed to complete the semester-long project. During the semester, students will make observations, formulate hypotheses, design, and conduct two experiments, collect data, employ statistical tests to analyze data, and present their findings. They will submit assignments related to the research project throughout the semester, such as a literature search, experimental design, data analysis, and a final presentation.
· OTM Learning Outcomes: 1, 2, 3, 4
· TAG Learning Outcomes: II: 1, 2, 3, 4; VI: 2; VII: 2-5
· Assessment Methods:
· Homework: Questions related to Chapter 2 “The Chemical Basis of Life I”

Week 2
· Unit of Instruction: Biochemistry
· Assigned Reading: Chapter 3 “The Chemical Basis of Life II” in the textbook, Lab 1 “The Scientific Method, Experimental Design, and the Microscope” in the laboratory manual.
· Lecture Learning Outcomes:
· Students will learn about the structure and function of the following biological polymers and their corresponding monomers: proteins, polysaccharides, and nucleic acids.

· Students will understand how dehydration reactions and hydrolysis reactions are used in the cell in relation to polymers.
· Students will learn about the structure and function of proteins. They will know that most functions in a cell are performed by proteins. They will learn about the four levels of describing protein structure. Students will understand that ionic bonds, hydrogen bonds, van der Waals interactions, and the hydrophobic force are important for protein shape. Students will be able to explain how DNA determines the primary structure of a protein. Students will know about the functional consequences of protein denaturation and factors that can cause denaturation.
· Students will learn about the structure and function of monosaccharides, disaccharides, and polysaccharides. Students will know that glucose is a major food source for cells. They will know how ribose and deoxyribose are different and how they relate to nucleic acids. Students will learn about examples of disaccharides and their functions. Students will be able to explain why starch and glycogen are described as playing an energy storage role and why cellulose and chitin are described as playing a structural role.
· Students will learn about the structure and function of the following lipids: triglycerides, phospholipids, and steroids. Students will compare triglycerides with phospholipids and explain why one forms a droplet and the other a bilayer. Students will understand that fatty acids can have different lengths. They will be able to differentiate between saturated and unsaturated fatty acids. Students will be able to explain how length and saturation effect the fluidity of fats and cell membranes. Students will learn about examples of steroids and their role in biology.
· Students will learn about the structure and function(s) of DNA and RNA. Students will understand how the nucleotides in DNA are different from the nucleotides in RNA. Students will understand that a strand of DNA or RNA will have a sugar-phosphate backbone. Students will learn about the structure of the DNA double helix. They will be able to describe the base-pairing that occurs within the helix, what is holding the two strands together, and why the two stands are said to be anti-parallel. Students will learn about the different types of RNA found in cells and their functions. They will also know that RNA is typically single stranded.
· When covering DNA structure, students will learn about the contributions made by the following scientists: Francis Crick, James Watson, Rosalind Franklin, and Erwin
Chargaff.
· Laboratory Learning Outcomes:
· Students will be able to state null and alternative hypothesis.
· Students will understand the importance of control groups, sample size, and replicating experiments.
· They will also be able to distinguish between the independent, dependent, and constant variables in an experiment and state the reasons for using statistics when interpreting experimental data.
· Students will learn how to use a compound microscope and stereomicroscope.

· Laboratory Activities:
· Lab 1 “The Scientific Method, Experimental Design, and the Microscope”
· Students state a null hypothesis and alternative hypothesis for observations provided in the lab manual.
· Students analyze experiments and identify independent variables, dependent variables, constant variables, controls, sample sizes and number of replicates.
· Students make a conclusion based on data provided in the lab manual.
· Students design their own experiment based on a new drug that may be useful for treating pancreatic cancer.
· Students learn how to use a compound microscope including how to place a specimen in focus using a prepared slide.
· Students learn how to make a wet mount slide.
· Students learn how to properly put away a microscope.
· Students learn how to use a stereomicroscope.
· During this lab, students will begin work on their research project. They will learn about independent and dependent variables, controlled variables, control and experimental groups, replication, sample size and null and alternative hypotheses. They will learn about the experimental subjects (examples: seeds, insecticidal nematodes, beetles) and their needs as well as how the experiment will be designed, the types of lab equipment available to them, and the number of replicates they should consider.
· OTM Learning Outcomes: 1-8
· TAG Learning Outcomes: II: 5, 6; VI: 1, 2; VII: 1-3
· Assessment Methods:
· Homework: Questions related to Chapter 3 “The Chemical Basis of Life II”
· Lab Report: Lab 1 “The Scientific Method, Experimental Design, and the Microscope.”
Students complete and submit their labs.

Week 3
· Unit of Instruction: Cell Structure and Function
· Assigned Reading: Chapter 4 “General Features of Cells” in the textbook and Lab 2 “Biologically Important Molecules - Carbohydrates, Proteins, and Lipids” in the laboratory manual.
· Lecture Learning Outcomes:
· Students will know the cell theory.
· Students will understand that eukaryotic cells have a nucleus and other membrane-bound organelles, while prokaryotic cells lack these characteristics. Students will also learn the size and complexity difference between the two types of cells.
· Students will learn the following cell structures, which are shared by all cells: ribosomes, cytoplasm, and plasma membrane.

· Students will be able to describe the structure and function of the following prokaryotic cell components: the nucleoid, cell wall, flagella, pili, and glycocalyx.
· Students will be able to describe the following eukaryotic structures and their functions: nucleus, endoplasmic reticulum (ER), Golgi apparatus, lysosomes, peroxisomes, vacuoles, mitochondria, chloroplasts, cytoskeleton, cilia, and flagella.
· Students will be able to describe the secretory pathway and how the following structures are involved: ER, Golgi apparatus, vesicles, and the plasma membrane.
· Students will be able to describe three structures found in plant cells, which animal cells lack: a cell wall, a central vacuole, and chloroplasts. Students will also understand the function of these structures.
· Students will learn the endosymbiosis theory and the evidence behind it.
· Laboratory Learning Outcomes:
· Students will learn about the four categories of organic molecules found in cells.
· Students will practice conducting biochemical assays.
· Students will practice identifying and predicting the correct positive and negative controls for experiments.
· Students will practice making predictions, following procedures, recording results, analyzing results, and making conclusions.
· Students will apply critical thinking skills to identify an unknown solution.
· Laboratory Activities:
· Lab 2 “Biologically Important Molecules - Carbohydrates, Proteins, and Lipids”
· Students will perform a biochemical assay testing for the presence of reducing sugars in seven different solutions and record their results. Students will identify the positive and negative control in their experiment.
· Students will perform a biochemical assay testing for the presence of starch in onion juice and potato juice and record their results. Before performing the assay, the students must decide what the correct positive and negative controls would be for this assay (it is not written in the lab manual for them). Students will state a conclusion about how potatoes and onions store their carbohydrates.
· Students will perform a biochemical assay testing for the presence of proteins in six different solutions and record their results.
· Students will perform a biochemical assay testing for the presence of lipids in four different solutions and record their results. Students will perform a brown paper bag test for lipids. Students will compare the results of the two different tests for lipids and explain any discrepancies.
· The students test an unknown substance for reducing sugars, starch, proteins, and lipids. The students will come up with the correct positive and negative controls when testing their unknown. They will make predictions, record results, and make conclusions based on the results of their tests.

· As part of the research project, students will submit answers to questions about their experimental subjects, propose two scientific questions they could test, and observe the experimental subjects.
· OTM Learning Outcomes: 1-8
· TAG Learning Outcomes: II: 5, 6, 7, 8, 9; VI: 2; VII: 3-5
· Assessment Methods:
· Homework: Questions related to Chapter 4 “General Features of Cells”
· Lab Report: Lab 2 “Biologically Important Molecules - Carbohydrates, Proteins, and
Lipids.” Students complete and submit their labs.
· Research Project: Students research the experimental subjects and complete a worksheet with questions on the experimental subject and their ideas for independent variables to test.

Week 4
· Unit of Instruction: Membrane Structure, Synthesis, and Transport
· Assigned Reading: Chapter 5 “Membrane Structure, Synthesis and Transport” in the textbook and Lab 3 “Cell Structure and Function” in the laboratory manual.
· Lecture Learning Outcomes:
· Students will learn the structure and functions of cell membranes and understand why the model of cell membrane structure is called the fluid mosaic model.
· Students will know about the factors that affect the fluidity of a membrane and be able to predict how a cell may respond to correct a change in its membrane fluidity.
· Students will learn about the two major components of cells membranes: phospholipids and proteins. Students will understand that the unique functions of a cell membrane are largely determined by the types of proteins found in that membrane. They will also realize that a cell can alter the composition of their membrane to affect things like permeability.
· Students will learn the following forms of membrane transport: simple diffusion, facilitated diffusion, osmosis, active transport, endocytosis, and exocytosis. Students will understand what types of substances are transported in each form and why ions and polar molecules require proteins in the membrane to transport them. Students will understand electrochemical gradients.
· Laboratory Learning Outcomes:
· Students will learn about cell structures and functions for both prokaryotic cells and eukaryotic cells.
· Students will observe the similarities and differences between bacterial, protist, animal, and plant cells.
· Students will practice using the compound microscope to analyze the cell shapes and structures from prepared slides.
· Students will practice making wet mount slides to analyze cell structures.

· Students will apply critical thinking skills to identify an unknown specimen.
· Laboratory Activities:
· Lab 3 “Cell Structure and Function” in the laboratory manual.
· Students look at several types of bacteria. Using prepared slides and a compound microscope, students identify the 3 most common shapes for bacterial cells. The students also make two wet mount slides of cyanobacteria and analyze these cells using a compound microscope.
· Students look at two different protists. Students make a wet mount slide of paramecia and then use a compound microscope to analyze the organism’s movement. Using a compound microscope, the students observe cytoplasmic streaming in Physarum polycephalum and make predictions about the function of the streaming.
· Students look at two types of plant cells. Students make wet mount slides of an Elodea leaf and observe the cells of the leaf under a compound microscope. Then, they stain the leaf cells with methylene blue and make observations about what parts of the cell are easier to see. Next, the students make a wet mount of onion tissue to observe under a microscope. Finally, students make comparisons between the two types of plant cells they observed, and they will explain any differences.
· The students analyze and label an illustration and an electron micrograph of a plant cell and an animal cell.
· Students make a wet mount slide of their cheek cells, which they stain and observe with a compound microscope.
· Using a compound microscope and a prepared slide, the students examine an animal tissue. The students make comparisons between their observations of animal cells and plant cells.
· Students examine an unknown slide and use what they have observed in the lab to make predictions about their unknown specimen.
· During this lab period, students will submit a literature search on their experimental subject. Each student will find and report on two scientific journal articles about experiments like the ones they will conduct. The students will work in groups of four and discuss the information everyone gathered from the articles. They will discuss a preliminary experimental design within their group and with the instructor.
· OTM Learning Outcomes: 1-8
· TAG Learning Outcomes: II: 7, 8, 9, 10; VI: 2; VII: 1, 3-5
· Assessment Methods:
· Homework: Questions related to Chapter 5 “Membrane Structure, Synthesis and Transport”
· Lab Report: Lab 3 “Cell Structure and Function.” Students complete and submit their labs.

· Research Project: Students find and review two articles from scientific journals about experiments of the same type they will conduct in class. They discuss their findings with other members of their group.

Week 5
· Unit of Instruction: Energy, Enzymes and Metabolism and Cellular Respiration and Fermentation
· Assigned Reading: Chapter 6 “An Introduction to Energy, Enzymes and Metabolism” in the textbook, Chapter 7 “Cellular Respiration and Fermentation“ in the textbook, and Lab 4 “Cell Membrane, Diffusion, and Osmosis” in the laboratory manual.
· Lecture Learning Outcomes:
For Energy, Enzymes and Metabolism:
· Students will learn the types of kinetic energy and potential energy used by organisms. Students will understand the importance of energy transformations in organisms and that these transformations are governed by the first and second law of thermodynamics.
· Students will be able to compare exergonic reactions with endergonic reactions. Students will understand why cells use coupled reactions and the importance of ATP hydrolysis.
· Students will learn about redox reactions and be able to relate them to electron transport chains. Students will understand the importance of electron transport chains and how they are used to create electrochemical gradients.
· Students will learn about enzymes. Students will be able to describe how enzymes speed up a reaction with respect to the activation energy and the importance of an enzyme remaining unchanged by the reaction. Students will know the relationship between the active site and the substrate(s) of the enzyme. Students will know about cofactors, coenzymes, and prosthetic groups. Students will understand the basic steps of an enzyme-catalyzed reaction. Students will understand that enzymes have an optimum temperature range and optimum pH range and be able to describe what happens to enzyme function outside of theses ranges.
· Students will understand how cells can regulate enzyme activity through allosteric regulation, the addition and removal of phosphate groups by kinases and phosphatases, and through competitive and noncompetitive inhibitors.
· Students will be able to compare catabolic pathways and anabolic pathways and provide examples for each. Students will understand how feedback inhibition works to regulate metabolic pathways.
For Cellular Respiration and Fermentation:
· Students will understand the purpose of cellular respiration and fermentation. They will also understand what type of energy these pathways are harvesting in order to synthesize ATP.

· Laboratory Learning Outcomes:
· Students will be able to describe the effects of molecular size, concentration gradient, and time on diffusion across a membrane.
· Students will be able to determine the direction of water flow during osmosis.
· Students will relate the rate of diffusion and the rate of osmosis to the size of the concentration gradient.
· Students will observe and evaluate the effect of osmotic pressure on living cells.
· Students will compare the effect of isotonic solutions with that of hypertonic and hypotonic solutions.
· Student will make predictions about the outcomes of their experiments.
· Students will practice graphing their results, analyzing their graphs, and making conclusions based on their analysis.
· Students will be able to explain the scientific basis of their results.
· Laboratory Activities:
· Lab 4 “Cell Membrane, Diffusion, and Osmosis” in the lab manual.
· Students will predict the outcome of an osmosis experiment prior to performing the experiment based on what they have learned about osmosis.
· Students will perform a diffusion experiment using dialysis bags, two different concentration gradients of glucose, and one concentration gradient of starch. Students will test for the movement of glucose and starch out of the dialysis bags using Benedict’s reagent and Lugol’s iodine at twenty-minute intervals for one hour. Students will record their results and use them to make conclusions about the effect of concentration gradient on diffusion rate and make a prediction about if/when diffusion would cease. They will also make conclusions about the effect of molecular size on permeability.
· Students will perform an osmosis experiment using dialysis bags and sucrose solutions with different concentrations of sucrose. Students will determine the amount of water movement by measuring the weight of the dialysis bags at fifteen-minute time intervals for one hour. For each dialysis bag, the students will calculate the percent weight change at each time point and then graph their results with percent weight change on the y-axis and time on the x-axis. Students will analyze their graphs to determine which bag shows the greatest weight gain, which bag(s) show the greatest rate of change, and if the bags would continue to change weight if given more time. The students will also explain the reasons for each of their observations. Students will determine if their results matched their predictions at the beginning of the experiment.
· Students will perform an osmosis experiment using red blood cells, distilled water, and two different salt solutions. They will make predictions about the effect of each solution on the red blood cells. Students will examine the red blood cells using a compound microscope and record their results.  Based on their results, they will

determine whether a solution was hypertonic, isotonic, or hypotonic. Students will determine if their results match their predictions.
· Students will perform an osmosis experiment on plant cells using an Elodea leaf, distilled water, and a hypertonic solution. Students will observe their results using a compound microscope. Students will compare the results of the red blood cell osmosis experiment with their plant osmosis experiment. Students will explain the differences they see in the two experiments.
· Students will identify the independent variables and dependent variables for the diffusion experiment and the osmosis experiment.
· During this lab, student groups will present their experimental designs to the class for peer review. The group will submit a written design that includes hypotheses, predictions, and materials required for the experiment.
· OTM Learning Outcomes: 1-8.
· TAG Learning Outcomes: II: 8; IV: 1-4; VI: 2; VII: 3-5
· Assessment Methods:
· Homework: Questions related to Chapter 6 “An Introduction to Energy, Enzymes and Metabolism”
· Lab Report: Lab 4 “Cell Membrane, Diffusion, and Osmosis.” Students complete and submit their labs.
· Research Project: Students will present their experimental design and, after peer review of the design, each group will submit a written version of the experimental design.
· Exam: Exam 1 on Introduction to Biology, Biochemistry, Cell Structure and Function, and Membrane Function, Structure, and Transport.

Week 6
· Unit of Instruction: Cellular Respiration (continued) and Photosynthesis
· Assigned Reading: Chapter 7 “Respiration and Fermentation” and Chapter 8 “Photosynthesis” in the textbook and Lab 5 “The Nature of Enzyme Action” in the laboratory manual.
· Lecture Learning Outcomes:
For Cellular Respiration:
· Students will learn that aerobic respiration can be divided into 4 processes: Glycolysis, Pyruvate Oxidation, Krebs Cycle, and Oxidative Phosphorylation. Students will know the reactants, products, and location (in a eukaryotic cell) of each process as well as which one produces a majority of the ATP.
· Students will understand how the NADH and FADH2 produced in the earlier steps are used during oxidative phosphorylation. Students will be able to describe the events of oxidative phosphorylation. Students will understand how the electron transport chain works to create an electrochemical gradient. Students will understand what powers

ATP synthase. Students will be able to explain the relationship between the electron transport chain and ATP Synthase.
· Students will be able to explain why aerobic respiration requires oxygen and why anaerobic respiration can occur in the absence of oxygen.
· Students will learn fermentation and be able to describe alcohol fermentation and lactic acid fermentation.
· Students will compare fermentation with aerobic respiration in terms of their efficiency and oxygen requirement.
For photosynthesis:
· Students will be able to explain overall goal of photosynthesis and the role of the following in photosynthesis: light, carbon dioxide, and water.
· Students will understand that oxygen is a byproduct of photosynthesis and is essential for life on earth.
· Students will learn that photosynthesis consists of the light reactions and the Calvin cycle. Students will know the location of both processes in a chloroplast and be able to explain why the Calvin cycle is dependent on the light reactions.
· Laboratory Learning Outcomes:
· Students will understand how a spectrophotometer works and how absorbed light relates to solute concentration.
· Students will learn how enzymes catalyze reactions.
· Students will explore enzyme reactions at different temperatures and different pH levels.
· Student will make predictions about the outcomes of their experiments.
· Students will practice graphing their results, analyzing their graphs, and making conclusions based on their analysis.
· Students will be able to state a scientific explanation for their results.
· Laboratory Activities:
· Lab 5 “The Nature of Enzyme Action” in the laboratory manual.
· Students will use a spectrophotometer, Lugol’s iodine, and starch solutions to examine
the activity of the enzyme amylase.
· Students will make predictions about the experiments they perform in the lab.
· Students determine what type of relative absorbance would indicate one sample having a higher concentration of starch when compared to another sample.
· Students will determine what type of relative absorbance indicates that the enzyme is working better in one sample when compared to another sample.
· Students will learn how to zero their readings on the spectrophotometer using a
“blank”. Students will learn to zero their readings before each set of samples they test.
· Students will set up an experiment confirming they can use absorbance as an indicator of starch concentration. Students will graph their results, analyze their graphs, and make a conclusion based on their analysis.

· Students will set up an experiment to determine the effect of amylase (the enzyme) concentration on the amount of starch that is broken down. Students will graph their results, analyze their graphs, and make a conclusion based on their analysis.
· Students will test the effect of temperature on amylase activity. Students will graph their results, analyze their graphs, and make a conclusion based on their analysis. Students will state what might be happening to the enzyme at different temperatures based on what they have learned.
· Students will test the effect of pH on amylase activity. Students will graph their results, analyze their graphs, and make a conclusion based on their analysis. Students will state what might be happening to the enzyme at different temperatures based on what they have learned.
· As part of the research project, students will set up their experiments.
· OTM Learning Outcomes: 1-8.
· TAG Learning Outcomes: IV: 1-4; VI: 2; VII: 3-4
· Assessment Methods:
· Homework: Questions related to Chapter 7 “Respiration and Fermentation”
· Lab Report: Lab 5 “The Nature of Enzyme Action.” Students complete and submit their labs.
· Research Project: Students will set up an experiment.

Week 7
· Unit of Instruction: Photosynthesis, Chromosome Structure and DNA replication.
· Assigned Reading: Chapter 8 “Photosynthesis” in the textbook, Chapter 11 “Nucleic Acid Structure, DNA replication, and Chromosome Structure” in the textbook and Lab 6 “Cellular Metabolism” in the laboratory manual.
· Lecture Learning Outcomes:
For Photosynthesis:
· Students will be able to describe the events of the light reactions. Students will understand how photosystems are used to capture light energy and learn that this energy is transferred to electrons.
· Students will be able to explain how an electron transport chain uses this energy to create an electrochemical gradient. The students will understand that this electrochemical gradient is the power source for ATP synthase and that this works in the same manner as the ATP synthase found in mitochondria.
· Students will also be able to explain how NADPH and oxygen are created in the light reactions. In terms of their products, the students will understand the difference between noncyclic electron flow and cyclic electron flow.
· Students will be able to describe the events of the Calvin Cycle. Students will be able to explain the role that ATP and NADPH from the light reactions play in this cycle. Additionally, students will understand the role of the following in the cycle: Carbon

Dioxide, Ribulose Bisphosphate, and Rubisco. Students will be able to explain why six carbon dioxides must enter the cycle to produce one glucose.
· Students will understand that initial carbon fixation in C3 plants occurs through Rubisco in the Calvin Cycle, but that in C4 plants initial carbon fixation is separated from the Calvin Cycle and is performed by PEP carboxylase.
· Students will understand the role of the following in C4 plants: PEP, CO2, PEP carboxylase, oxaloacetate, and malate.
· Students will be able to explain the role of Rubisco in photorespiration.
· Students will understand that compared to C3 plants, C4 and CAM plants have pathways that minimize photorespiration. Students will be able to describe how they minimize photorespiration. Students will explain why this is advantageous in hot and dry environments, but not cool and wet environments.
For Chromosome Structure and DNA Replication:
· Students will learn about the differences between prokaryotic chromosomes and eukaryotic chromosomes. Students will learn about eukaryotic chromosomal structure and the different levels of compaction.
· Students will understand karyotypes and how scientists use them.
· Students will learn how DNA is replicated in a semiconservative manner and know the function of the following: DNA Polymerase, Helicase, Primase, Ligase, Topoisomerase, and single-stranded binding proteins. Students will understand why there is a leading and lagging strand in DNA Replication and where the energy comes from to build a new strand of DNA. Students will learn about telomeres and the function of telomerase.
· Laboratory Learning Outcomes:
· Students will use respiration chambers to assess the rate of aerobic respiration in germinating peas.
· Students will determine the ability of yeast to ferment a variety of sugars.
· Students will review the steps of aerobic respiration and their products.
· Students will make comparisons between aerobic respiration and fermentation.
· Student will make predictions about the outcomes of their experiments. Students will practice identifying positive and negative controls.
· Students will use the combined gas law for their calculations of the rate of oxygen consumption, practice analyzing their data, and making conclusions based on their analysis.
· Students will become familiar with the scientific method, experimental design, data collection and data analysis through their own experimental research.
· Students will learn about designing, conducting, and reporting research in biology through their own semester-long research projects and through weekly laboratory work.
· Laboratory Activities:
· Lab 6 “Cellular Metabolism” in the laboratory manual.

· Students will set up an experiment that compares aerobic respiration in germinating peas with aerobic respiration in freeze/thawed peas. Students will use glass beads as a control. Students will quantify the amount of aerobic respiration by measuring the amount of oxygen that is consumed in a twenty-minute period and then record their results. Students will use the amount of oxygen consumed in a twenty-minute period and the Combined Gas Law to calculate a specific rate of oxygen consumption and a standardized rate of oxygen consumption. Students will state the purpose of using the glass beads as a control. Students will explain why they calculated the oxygen consumption per gram of weight of the peas. Students will be able to explain how they could compare measurements taken at a different altitude.
· Students will test the ability of yeast to ferment different types of sugars. They will quantify the amount of fermentation that takes place in one hour by measuring carbon dioxide production. They will identify the positive and negative controls in the experiment. They will record their results, analyze their results, and make a conclusion about which sugar was fermented the most. Students will state a hypothesis about why yeast use some sugars better than others.
· Students will label a diagram that illustrates the relationships between the 4 stages of aerobic respiration.
· Students will explain why yeast would consume more glucose when using fermentation compared to aerobic respiration.
· Students will collect the results from their experiments.
· OTM Learning Outcomes: 1-8
· TAG Learning Outcomes: IV: 3-5; III: 1; VI: 2; VII: 1, 3, 4
· Assessment Methods:
· Homework: Questions related to Chapter 8 “Photosynthesis” and Chapter 11 “Nucleic Acid Structure, DNA replication, and Chromosome Structure”
· Lab Report: Lab 6 “Cellular Metabolism.” Students complete and submit their labs.
· Research Project: Students will collect the results from their experiments.

Week 8
· Unit of Instruction: Cell Division and Cancer and Sexual Reproduction and Meiosis.
· Assigned Reading: Chapter 15 “The Eukaryotic Cell Cycle, Mitosis, and Meiosis” in the textbook and Chapter 14 “Mutation, DNA Repair and Cancer” in the textbook and Lab 7 “Photosynthesis” in the laboratory manual.
· Lecture Learning Outcomes:
For Cell Division and Cancer:
· Students will learn the following types of cell division: binary fission in prokaryotic cells and mitosis in eukaryotic cells.
· Students will understand that binary fission is a form of asexual reproduction that produces two cells that are typically genetically identical to each other.

· Students will know the different functions of a mitotic cell division and that a mitotic cell division produces two cells that are typically genetically identical to each other. Students will learn the basic components of a virus and be able to explain why viruses require a cell to replicate.
· Students will be able to describe the cell cycle events that occur in: G1, S, G2, and M. They will also understand G0. Students will be able to describe the five phases of mitosis and know their correct order. Students will understand the different roles of the mitotic spindle in the cell division process. Students will be able to describe the differences in cytokinesis when comparing plant cells and animal cells.
· Students will understand key aspects of cell cycle control including: the role of checkpoints and the role of cyclin-dependent kinases. Students will also understand why factors such as DNA damage, unreplicated DNA, and chromosomes unattached to the spindle would cause the cell to halt the cell cycle.
· Students will learn about cancer. They will understand the role of mutations in cancer. Given the aberrant properties of cancer cells, students will discuss what kinds of genes are mutated and how these mutated genes would lead to specific properties of cancer cells. Students will learn about oncogenes and tumor suppressor genes. Students will understand why in many cases oncogenes act in a dominant fashion, but both copies of a tumor suppressor gene in a cell will need to be mutated to have a cancer promoting effect.
For Sexual Reproduction and Meiosis:
· Students will be able to describe the sexual life cycle of animals and understand the role of the following processes: meiosis, mitosis, and fertilization.
· Students will learn how meiosis relates to the sexual life cycles of plants and fungi.
· Students will understand that a meiotic cell division is used to produce the haploid gametes in the sexual life cycle of animals and it produces daughter cells that are genetically different from each other.
· Students will be able to explain the two events of meiosis that make the daughter cells genetically distinct.
· Students will be able to describe the phases of Meiosis.
· Student will be able to describe crossing over and independent assortment.
· Students will understand the impact of these two processes in sexual life cycles.
· Students will be able to compare and contrast meiosis with mitosis. Students will understand nondisjunction and how it leads to aneuploidy.
· Laboratory Learning Outcomes:
· Students will separate plant pigments using paper chromatography.
· Students will examine the effects of light source distance on net photosynthesis rates.
· Students will examine the effect of light on the ability of plants to perform carbon fixation.
· Student will make predictions about the outcomes of their experiments. Students will identify independent and dependent variables.

· Students will practice graphing data, analyzing their data, and making conclusions based on their analysis.
· Students will apply critical thinking skills to interpret observations and findings.
· Laboratory Activities:
· Lab 7 “Photosynthesis” in the laboratory manual.
· Students will practice identifying the independent variable and dependent variable.
· Students will separate plant pigments from two different plant extracts using paper chromatography. The students will make predictions about the results of their experiments. The students will control for the distance the solvent traveled by dividing the distance the pigment traveled by the distance the solvent traveled. Students will compare the chromatography results between the two plant extracts and to their predictions. Students will understand the basis upon which the chromatography separates the pigments.
· Students will set up an experiment that tests the effect of light distance on the rate of photosynthesis. They will test three different distances. They will quantify the amount of photosynthesis by measuring the amount of oxygen production in a ten-minute period. The students will calculate an average net photosynthesis rate for each distance. The students will a record their results and then make a line graph with net photosynthesis rate on the y-axis and light distance on the x-axis. The students will analyze their graph and make a conclusion based on their results.
· Students will set up an experiment that compares carbon fixation in elodea exposed to light to elodea kept in the dark. Students will measure carbon fixation by measuring carbon dioxide consumption. Students will measure carbon dioxide consumption using the pH indicator, phenol red. Students will explain the relationship between carbon dioxide levels and the pH of the solution they use in the experiment. Students will make conclusions about the effect of light on carbon fixation.
· Students will complete a table that compares aerobic respiration and photosynthesis.
· As a part of the research project, students will submit a statistical analysis of their experimental results. Students will determine whether their results support their null or alternative hypothesis using either a t-test, an analysis of variance, or a chi-square analysis, depending on the experiment.
· OTM Learning Outcomes: 1-8.
· TAG Learning Outcomes: III: 3-5; IV: 5; VI: 2; V: 4; VII: 2-4
· Assessment Methods:
· Homework: Questions related to Chapter 15 “The Eukaryotic Cell Cycle, Mitosis, and Meiosis”
· Lab Report: Lab 7 “Photosynthesis.” Students complete and submit their labs.
· Research Project: Students will submit a statistical analysis of their experimental results and explain the value for significance.

Week 9

· Unit of Instruction: Gene Expression
· Assigned Reading: Chapter 12 “Gene expression at the Molecular level” in the textbook and
Lab 8 “Cell Division: Mitosis” in the laboratory manual.
· Lecture Learning Outcomes:
· Students will learn about gene expression and the processes of transcription and translation.
· Students will be able to compare gene expression in a eukaryotic cell and a prokaryotic cell.
· Students will be able to describe the events of transcription and know the function of the following: DNA template strand, RNA polymerase, promoters, and terminators.
· Students will understand mRNA processing in eukaryotic cells including splicing and the modifications that occur at both ends of the mRNA.
· Students will be able to explain why RNA splicing occurs in eukaryotic cells and the significance of alternative splicing.
· Students will learn about the genetic code.
· Students will be able to describe the events of translation and know the function of the following: mRNAs, tRNAs, rRNAs, ribosomes, start codon, and stop codon.
· Laboratory Learning Outcomes:
· Students will observe and compare the different phases of the cell cycle.
· Students will recognize and describe the phases of mitosis.
· Students will identify the phases of mitosis by mimicking them with pop-bed chromosomes.
· Students will make slides to view chromosomes in onion root tips.
· Students will estimate the length of time cells spend in each phase of mitosis.
· Students will practice using the compound microscope.
· Students will apply critical thinking skills to interpret observations and findings.
· Laboratory Activities:
· Lab 8 “Cell Division: Mitosis” in the laboratory manual.
· Students will answer questions about the 4 stages of the cell cycle and the stage called G0.
· Students will answer questions about chromosome structure.
· Students will simulate the stages of mitosis by using beads to make chromosomes.
· Students will use prepared slides and a compound microscope to observe the stages of mitosis in an onion root tip.
· Students will count the number of cells they see in each phase of mitosis and in interphase. They will use these numbers to calculate the amount of time a plant cell spends in each phase to illustrate that the cells spend most of their time in interphase.
· Students will use prepared slides and a compound microscope to observe the stages of mitosis in a whitefish blastula.

· Using pictures in the lab manual the students will compare cytokinesis in animal cells to cytokinesis in plant cells.
· The students will make a chromosome squash of an onion root tip to observe stained chromosomes.
· As part of the research project, students will present a second experimental design to the class for peer review. After receiving comments, each student group will submit the design for their second experiment, which will be based on what they learned from the first.
· OTM Learning Outcomes: 1-8
· TAG Learning Outcomes: III: 1, 3, 4; VI: 2; VII: 3-4
· Assessment Methods:
· Homework: Questions related to Chapter 12 “Gene expression at the Molecular level”
· Lab Report: Lab 8 “Cell Division: Mitosis.” Students complete and submit their labs.
· Research Project: Students will present their second experimental design. The second experiment builds on the results from the first experiment. After peer review of the design, each group will submit a written version of the experimental design.

Week 10
· Unit of Instruction: Mutation and DNA Repair and Gene Regulation
· Assigned Reading: Chapter 14 “Mutation, DNA Repair, and Cancer” in the textbook, Chapter 13 “Gene Regulation” in the textbook, and Lab 9 “Cell Division: Meiosis” in the laboratory manual.
· Lecture Learning Outcomes:
For Mutation and DNA Repair:
· Students will be able to identify the following types of mutations: base substitutions, insertions, deletions, frameshift mutations, missense mutations, nonsense mutations, and silent mutations.
· Students will understand that mutations outside the protein coding sequences of DNA can also impact the gene product.
· Students will describe the significance of mutations that occur in germ cells and gametes.
· Students will also be aware that cells have DNA repair pathways that are capable of fixing mutations in their DNA.
For Gene Regulation:
· Students will compare gene regulation in prokaryotic cells and eukaryotic cells.
· The lac operon and trp operon will be used to illustrate gene regulation in prokaryotic cells.
· Students will understand the importance of activators and repressors in the regulation of transcription. Students will learn the role of regulatory segments of DNA in the control of transcription.

· Students will learn the following about gene regulation in eukaryotic cells: that the regulatory segments of DNA that control gene expression can be very far away from the genes they regulate, regulation of transcription can occur through changes in chromatin structure, how DNA methylation regulates gene expression.
· Students will also understand how siRNAs and miRNAs regulate translation.
· Laboratory Learning Outcomes:
· Students will observe and compare the different phases of the cell cycle.
· Students will recognize and describe the phases of mitosis.
· Students will identify the phases of mitosis by mimicking them with pop-bed chromosomes.
· Students will make slides to view chromosomes in onion root tips.
· Students will estimate the length of time cells spend in each phase of mitosis.
· Students will practice using the compound microscope.
· Laboratory Activities:
· Lab 9 “Cell Division: Meiosis” in the laboratory manual.
· Students	will	state	the	similarities	and	differences	between	homologous chromosomes.
· Students will complete an exercise that looks at the consequences of crossing over in the gametes produced by meiosis.
· Students will calculate the number of different ways homologous chromosomes can line up in metaphase I.
· Students will complete an exercise that examines the consequences of nondisjunction in anaphase I compared to anaphase II.
· Using a compound microscope and prepared slides, students will observe the different stages of meiosis in Lilium anthers.
· Students will simulate the stages of meiosis using beads to make chromosomes.
· Students will use a compound microscope and prepared slides to observe gametogenesis in animal testis (crayfish and humans) and mammalian ovarian follicles.
· Students complete a table that compares spermatogenesis to oogenesis.
· Students complete a table that compares mitosis with meiosis.
· As part of the research project, students will set up their second experiment.
· OTM Learning Outcomes: 1-8
· TAG Learning Outcomes: III: 2, 5, 6; VI: 2; VII: 3, 4
· Assessment Methods:
· Homework: Questions related to Chapter 14 “Mutation, DNA Repair, and Cancer” in
the textbook, Chapter 13 “Gene Regulation”
· Lab Report: Lab 9 “Cell Division: Meiosis.” Students complete and submit their labs.
· Research Project: Students will set up their second experiments.

· Exam: Exam 2 on Energy, Enzymes, and Metabolism, Cellular Respiration and Fermentation, Photosynthesis, Chromosome Structure and DNA replication, Cell Division and Cancer, and Sexual Reproduction and Meiosis.

Week 11
· Unit of Instruction: Simple and Complex Patterns of Inheritance and Population Genetics
· Assigned Reading: Chapter 16 “Simple Patterns of Inheritance” in the textbook, Chapter 17 “Complex Patterns of Inheritance” in the textbook, Chapter 24 “Population Genetics” in the textbook, and Lab 10 “DNA Structure and Function” in the laboratory manual.
· Lecture Learning Outcomes:
· Students will understand how asexual and sexual reproduction are different in terms of the genetics of the offspring. Students will learn that during reproduction DNA is passed from parent to offspring and that this is the basis for offspring displaying characteristics that resemble the parent(s).
· Students will learn about the work done by Gregor Mendel that laid the foundations for understanding inheritance.
· Students will understand simple Mendelian inheritance. Students will know the law of segregation and law of independent assortment. Students will be able to describe how both laws are explained by the events of meiosis.
· Student will be able to predict the outcomes of monohybrid and dihybrid crosses.
· Students will learn how to analyze pedigrees to determine inheritance patterns in humans.
· Students will be able to describe why sex-linked genes show unique patterns of inheritance.
· Students will be able to distinguish between incomplete dominance and codominance.
· Students will understand that a gene can have pleiotropic effects. Students will learn that many traits are polygenic and influenced by the environment. Students will understand how these two things lead to continuous variation.
· Students will understand how epistasis can lead to patterns of inheritance that differ from simple Mendelian inheritance.
· Students will understand the inheritance of linked-genes and how crossing over can affect their inheritance.
· Students will understand the inheritance of mitochondrial genomes and chloroplast genomes. They will be able to explain maternal inheritance.
· Students will learn about two types of epigenetic inheritance: X-inactivation and genomic imprinting.
· Students will learn about population genetics. They will understand the conditions that must be met for Hardy-Weinberg Equilibrium. Students will be able to predict genotype and phenotype frequencies in a population. Students will understand the factors that cause allele and genotype frequencies to change in a population.

· Laboratory Learning Outcomes:
· Students will describe how bacteria use restriction enzymes and how we use their restriction enzymes in recombinant DNA technology to cut DNA at specific recognition sites.
· Students will conduct DNA gel electrophoresis and understand the basis by which it separates DNA fragments. Students will analyze the results of a DNA electrophoresis gel.
· Students will use a model kit to simulate DNA replication.
· Students will evaluate the possible effects of a point mutation.
· Students will learn the proper technique for using micropipettes, loading electrophoresis gels, and running electrophoresis gels.
· Laboratory Activities:
· Lab 10 “DNA Structure and Function” in the laboratory manual.
· Students will learn about restriction enzymes and recombinant DNA technology.
· Students will learn about DNA electrophoresis and understand how electrophoresis separates fragments of DNA.
· Students will learn the proper techniques for using micropipettes.
· Students will practice loading samples into the wells of an agarose gel.
· Students will practice the proper technique for setting up DNA electrophoresis.
· Students will load pre-digested samples of DNA into the wells of an agarose gel and then conduct DNA gel electrophoresis. Students will stain the gel to visualize the DNA fragments.
· Students will predict the number of fragments expected in each lane of the gel based on the number of restriction sites and the shape of the starting DNA molecule. Students will compare their prediction to the number of observed fragments on the gel. Finally, students will explain why their predicted may not match their observed number.
· Students will use a model kit of DNA to simulate DNA replication.
· Student will do exercises in transcription and translation. They will perform an exercise that illustrates the degenerative nature of the genetic code. Students will transcribe and translate a short sequence of DNA from the “normal” hemoglobin gene and then do the same thing for the “sickle” hemoglobin gene. Students will compare the two proteins produced and state how the changes in DNA sequence affect the results of transcription and translation.	Students will describe the symptoms of sickle cell anemia.
· As part of the research project, students will collect the results of their second experiment.
· OTM Learning Outcomes: 1-8
· TAG Learning Outcomes: III: 1, 3, 6; VI: 1, 2; VII: 1, 3, 4, 6
· Assessment Methods:

· Homework: Questions related to Chapter 16 “Simple Patterns of Inheritance”, Chapter 17 “Complex Patterns of Inheritance”, and Chapter 24 “Population Genetics”
· Lab Report: Lab 10 “DNA Structure and Function.” Students complete and submit their labs.
· Research Project: Students will collect the results from their second experiments.

Week 12
· Unit of Instruction: Cell Communication
· Assigned Reading: Chapter 9 “Cell Communication” in the textbook and Lab 11 “Genetics” in
the laboratory manual.
· Lecture Learning Outcomes:
· Students will learn about cell communication (or cell signaling).	Students will understand that cell communication allows cells to respond to their environment and to other cells. Students will know the importance of receptors in detecting specific signals in the environment, including ones coming from other cells.
· Students will be able to describe the following types of cell-to-cell signaling: contact-dependent, paracrine, synaptic, and endocrine. Students will also be able to describe autocrine signaling.
· Students will understand that in many cases a cell signaling pathway includes the following: a cell surface receptor, signal transduction, and effector proteins. The students will be able to describe the role of each part of a signaling pathway. Students will learn about the 3 common types of cell surface receptors: enzyme-linked, G-protein coupled, and ligand-gated ion channels. Students will be able to explain what activates a receptor and what “activated” means for each type of cell surface receptor. Students will be able to explain how the following can be used in signal transduction: kinases and phosphatases, G proteins, and second messengers. Students will learn what types of proteins can be effector proteins and how they would carry out the response of the cell.
· Students will be able to explain the following concepts in cell signaling: negative and positive feedback loops and why two cells can respond differently to the same signal. Students will learn that a cell's response can depend on the concentration of the signal it receives and how this relates to differentiation in development. Students will also understand that a cell’s response to a signal can depend on what other signals it is receiving.
· Laboratory Learning Outcomes:
· Students will apply basic genetic terminology to solve genetics problems.
· Student will predict the outcomes of monohybrid and dihybrid crosses using Punnett squares.
· Students will perform a Chi-Square test to evaluate a hypothesis.

· Students will determine the blood type of samples and learn about the inheritance of blood type.
· Students will apply the Hardy-Weinberg equations to estimate allele and genotype frequencies in a population.
· Students will learn and practice to interpret pedigree charts.
· Students will apply critical thinking skills to interpret observations and findings.

· Laboratory Activities:
· Lab 11 “Genetics” in the laboratory manual.
· Students will predict the outcomes of monohybrid and dihybrid crosses.
· Students will learn about Chi-Square analysis and be able to interpret the results of a Chi-Square analysis. They will understand what a good fit versus poor fit means.
· Using data given to them in the lab manual, students will do a Chi-square analysis of a monohybrid cross. Based on the results, the students will determine whether the results were a good fit or poor fit with their predicted results.
· Students will use dihybrid corn to count the number of four different types of corn kernels on an ear of corn. Students will then use those numbers to calculate the proportion of the total that each type of kernel represents. Then, they will calculate a phenotypic ratio. Students will then do a Chi-Square analysis of these results to see if they are a good or poor fit. Students will state whether their hypothesis is supported or should be rejected based on this analysis.
· Students learn about the genetics of blood typing. Students carry out a blood typing experiment using a simulation kit on 4 different hypothetical people. Based on the results the students must determine the blood type of each person. Additionally, based on the assumption that one person is the mother, and another person is her son, the students must determine if it’s possible for one of two people to be the child’s father. Students must explain their answer using a Punnett square.
· Students learn about population genetics. Using data provided in the lab manual, students predict allele and genotype frequencies using the Hardy-Weinberg equations. Using the class as a population, students will count the number of people with certain traits that show simple Mendelian inheritance. They will use these numbers and the Hardy-Weinberg equations to predict allele and genotype frequencies.
· The students analyze a pedigree in the lab manual that shows a dominant pattern of inheritance, and they assign genotypes to individuals in the pedigree based on their analysis. Students analyze three more pedigrees to determine the pattern of inheritance that is being displayed.
· Students use the Hardy-Weinberg equations to make predictions about the number of carriers of the allele that causes cystic fibrosis.
· As a part of the research project, students will submit a statistical analysis of the second experimental results. Students will determine whether their results support their null

or alternative hypothesis using either a t-test, an analysis of variance, or a chi-square analysis, depending on the experiment.
· OTM Learning Outcomes: 1-8
· TAG Learning Outcomes: III: 1; V: 2, 3; VI: 2; VII: 3,4
· Assessment Methods:
· Homework: Questions related to Chapter 9 “Cell Communication”
· Lab Report: Lab 11 “Genetics.” Students complete and submit their labs.
· Research Project: Students will submit a statistical analysis of their second experimental results and explain the value for significance.

Week 13
· Unit of Instruction: Animal Development
· Assigned Reading: Chapter 52 “Animal Development” in the textbook Lab 12 “PCR Based Detection of Genetically Modified Foods & DNA Isolation” in the laboratory manual.
· Lecture Learning Outcomes:
· Students will understand the importance of the following processes in animal development: cell proliferation, cell differentiation, cell interaction, and cell migration.
· Students will learn the steps of embryonic development in animals: Fertilization, Cleavage, Gastrulation, Neurulation, Organogenesis.
· Students will be able to describe the key events of each step.
· Laboratory Learning Outcomes:
· Students will learn about the procedures used to genetically modify plants.
· Students will use Polymerase Chain Reaction (PCR) to amplify DNA sequences.
· Students will identify genetically modified food products by running a gel electrophoresis with the amplified DNA sequences.
· Students will isolate DNA by the spooling method and observe its physical nature.
· Laboratory Activities:
· Lab 12 “PCR Based Detection of Genetically Modified Foods & DNA Isolation” in the
laboratory manual.
· Students learn about genetically modified foods and the techniques to make them. Students state the purpose of the four main parts of a transgene (gene cassette) construct. Students learn about PCR and how it works to amplify DNA.
· The students set up an experiment to determine if three different food sources come from genetically modified plants. To do this the students perform PCR on DNA samples isolated from three different foods. The students set up the PCR reaction, run the PCR, and then analyze the results using DNA gel electrophoresis.
· When doing the DNA gel electrophoresis, the students load the samples, run the gel, stain the gel, and then analyze the results.
· The students isolate and observe DNA from strawberries.
· OTM Learning Outcomes: 1-8

· TAG Learning Outcomes: V: 1; VI: 2, VII: 1, 3, 4, 6
· Assessment Methods:
· Homework: Questions related to Chapter 52 “Animal Development”
· Lab Report: Lab 12 “PCR Based Detection of Genetically Modified Foods & DNA Isolation.” Students complete and submit their labs.

Week 14
· Unit of Instruction: Immunology
· Assigned Reading: Chapter 53 “Immune Systems” in the textbook Lab 13 “Animal Development” in the laboratory manual.
· Lecture Learning Outcomes:
· Students will learn how the animal immune system works.
· Students will learn how innate and adaptive immunity work to combat pathogens.
· For innate immunity, students will learn the role of the following: body surfaces, phagocytosis, inflammation, the role of interferon, and the complement system.
· For adaptive immunity, students will learn about humoral immunity and cell-mediated immunity.
· Laboratory Learning Outcomes:
· Students will be able identify and compare the morula, blastula, and gastrula stages of embryonic development in starfish, frog, and chick models.
· Students will be able to describe how the amount of yolk affects development.
· Students will be able to differentiate among the embryonic germ layers and learn when they develop and what they become.
· Students will observe later embryonic development including neurulation and the development of somites in prepared slides and animal models.
· Students will identify extraembryonic membranes in birds and mammals and describe their functions.
· Students will describe embryonic development in chicks.
· Students will compare human embryonic development to the development of other animals.
· Laboratory Activities:
· Lab 13 “Animal Development” in the laboratory manual.
· Students learn about the different stages of animal embryonic development.
· Using a compound microscope and prepared slides, students will observe the different stages of starfish development.
· Using a compound microscope and prepared slides, students will observe the different stages of frog development.
· Students will observe the various parts of a chicken egg.

· Using a stereomicroscope and prepared slides, the students will observe chick development. Students will complete a table about the functions of the extraembryonic structures in a chick.
· Using information in the lab manual, students will make observations about human development.
· Based on their observations in lab, students will compare four different animals based on the following criteria: amount of yolk, distribution of yolk, and type of cleavage.
· OTM Learning Outcomes: 1-8
· TAG Learning Outcomes: V: 1, 3; VI: 2
· Assessment Methods:
· Homework: Questions related to Chapter 53 “Immune Systems”
· Lab Report: Lab 13 “Animal Development.” Students complete and submit their labs.

Week 15
· Unit of Instruction: Biotechnology
· Assigned Reading:	Chapter 20 “Genetic Technology” in the textbook and Chapter 21 “Genome, Proteomes and Bioinformatics” in the textbook Lab 13.”
· Lecture Learning Outcomes:
· Students will be able to describe the difference between a genome and a proteome. Students will also be able to explain the following two things: how the genome determines the proteome and how two cells can have the same genome but different proteomes. Students will be able to describe what it means to sequence a genome. They will understand why it is important to sequence genomes (for example: in evolutionary studies or in disease studies). Students learn the difference between genomics and proteomics, and discuss the function of genomes and proteomes.
· Students learn about the uses of biotechnology in medicine, agriculture, and the environment.
· Students learn different techniques in biotechnology including: how to isolate DNA, how to cut DNA using restriction enzymes, how DNA gel electrophoresis works, how Polymerase Chain reaction (PCR) works, and how to clone DNA using recombinant DNA technology. Students also learn how to analyze DNA using techniques gel electrophoresis and Polymerase Chain reaction (PCR).
· Laboratory Learning Outcomes:
· Students will practice presenting science to an audience.
· Laboratory Activities:
· Students will present their research projects to the class. The presentations will include hypotheses, predictions, methods, results and statistical analyses, and conclusions. The presentations are the culmination of the semester-long research project.
· OTM Learning Outcomes: 1-3, 5, 8
· TAG Learning Outcomes: VI: 2; VII: 5, 6

· Assessment Methods:
· Homework: Questions related to Chapter 20 “Genetic Technology” and Chapter 21 “Genome, Proteomes and Bioinformatics”
· Research Project: Students will give a final presentation on their two related experiments.
· Exam: Exam 3 on Gene Expression, Mutation and DNA Repair, Gene Regulation, Simple and Complex Patterns of Inheritance, Population Genetics, Cell Communication, Animal Development, and Immunology.

Week 16
· Comprehensive Final
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