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Introduction

The purpose of this preview is to provide those involved in the presentation
of Cycles of Life:EXPLORING BIOLOGY with a basic understanding of

the course and its components. It begins with a brief description of the
course and its themes. Remaining information covers the design and
production of the telecourse and provides information about the video
programs, the textbook, and the student study guide. This preview concludes
with summaries of each of the 26 video programs, accompanied by specific
learning objectives and reading assignments for each lesson.

A Brief Description of
Cycles of Life: EXPLORING BIOLOGY

Cycles of Life:EXPLORING BIOLOGY is a one-semester college-level
telecourse in introductory biology. The telecourse not only brings you the
latest biological discoveries and theories, it is also interesting, enriching, and
inspiring. The course gives the student a breathtaking view of the origin and
nature of life, from the simplest single-celled forms to complex plants and
animals and human beings. As an introductory biology coGssdes of

Life: EXPLORING BIOLOGY goes beyond describing the subject matter of
biology. It examines the scientific method and considers both its promises
and limitations. It answers many of our questions and poses new ones time
after time, so that we are continually probing into the innermost secrets of
life.

Cycles of Life:EXPLORING BIOLOGY is designed for postsecondary
students seeking to meet transfer and general education requirements or
interested in personal enrichment. The telecourse can be offered by both
two- and four-year institutions for three units of lower-division credit. The
telecourse is also appropriate for use by individuals in self-paced instruction
and in nontraditional learning situations such as those at off-campus
educational sites at military bases, prisons, libraries, and other outreach
locations.

Course Themes

From its inception, the goal of this biology course was to provide students
with the most reliable knowledge about basic biology and an understanding
of how that knowledge was gained. With that in mind, the national advisory
committee developed the following principal themesgecles of Life:
EXPLORING BIOLOGY .

1. Life is dynamic and continually evolving through time.

2. The living world exhibits both diversity and unity: organisms vary
immensely, yet they also share many fundamental characteristics.

3. Life is a marvelously complex system of prolonging order, all sustained
by energy.



4. There is continuity in the living world: Life presents a continuous stream
of genetic information passed on through the ages.

5. The natural world exhibits organization: the different structures we see in
nature tend to repeat themselves in different organisms and on different
scales.

6. Life seeks stability: organisms work to maintain a stable internal
environment despite changing external conditions.

7. Life is both interdependent and competitive: all organisms depend on the
environment and one another for their basic needs, yet they must struggle
against nature and each other to survive.

8. In biology, as in all the sciences, we must compare explicit hypotheses
and predictions to evidence obtained from observations and experimental
data.

9. Because biology is a human endeavor, it is subject to both the limitations
and the inspirations of those who studly it.

Guided by these course themes, the academic advisors and course creators
developed specific instructional objectives for each of the twenty-six lessons.
These learning objectives are listed in the Lessons section of this preview
and provide the framework for the structure and content of each lesson.

Design and Production of the Telecourse

Cycles of Life:EXPLORING BIOLOGY is the product of joint efforts of the
Coast Community College District; the Office of Instructional Systems
Development, Coastline Community College; KOCE-TV; Brooks/Cole
Publishing Company; New Jersey Community College Telecommunications
Consortium; NILRC; Oregon Community College Distance Education
Consortium; and the Texas Consortium for Educational
Telecommunications.

A carefully chosen team of production and media specialists was assembled
to create this fascinating telecourse. Their efforts were guided by a national
academic advisory committee that proposed the telecourse themes and
objectives, reviewed the video programs as they were developed, and
provided innumerable valuable suggestions on content and resources for the
video programs.

Production Team

Executive Producer:James E. LeMay. He performed this noiaile he

was administrative dean for Instructional Systems Development at Coastline
Community College. Previously, LeMay had headed Coast Telecourses and
directed the marketing and distribution of the award-winning telecourses
UNIVERSE: The Infinite Frontier, Time to Grow, Psychology: The

Study of Human BehaviorandChinese Brush PaintingBefore joining
Coastline, LeMay was executive vice president of The Media Guild in San
Diego. From 1961 to 1981, he held positions in sales and general



management for Coronet Instructional Films in Chicago and was senior vice
president and general manager of the film division for three years. LeMay
received an M.A. from Indiana University and his B.A. from University of

St. Thomas, St. Paul, Minnesota.

Series Producer Marian Inova. She also served as writer and segment
producer/director. Before joining KOCE-TV as editor/writer for

UNIVERSE: The Infinite Frontier, Inova had directed and edited

numerous broadcast television, corporate, and educational productions. She
was production supervisor for an ABC television station and directed
newscasts. For NASA'’s Jet Propulsion Laboratory, Inova directed video
productions for unmanned space missions, notably the Voyager spacecratft
encounters with Uranus and Neptune. Inova has received numerous awards
including Cindys, Indys, and a Gold Screen Award. She holds an M.A. in
film/television from the University of California, Los Angeles.

Post-Production Supervisor:Harry S. Ratner. He was also director for

the telecours&ime to Growand was involved in other award-winning
programs such ddNIVERSE: The Infinite Frontier, Psychology: The
Study of Human BehaviarFocus on WatercolorFaces of Culture Jim
Cooper’s Orange CouniiNeedlecraft andHumanities through the Arts
Ratner was staff producer/director at KCET-28, Los Angeles; associate
professor of broadcasting, California State University, Los Angeles; and
producer/director at KOCE-TV. He holds an M.A. in education and a
general secondary credential from California State University, Los Angeles,
a B.A. in radio-television from San Francisco State.

Coordinating Producer: Laurie Harer Melby. This course also includes her
work as segment producer/director. Harer was coordinating producer for the
telecoursdJNIVERSE: The Infinite Frontier and production manager on the
telecourse®sychology: The Study of Human BehaviandTime to Grow A
graduate of California State University, Fullerton,Melby holds a B.A. in
communications with an emphasis in television production. After graduation,
she worked in post-production at Prime Time Post, Hollywood, and in
syndication and distribution for Telepictures. Since then, she has held a variety
of positions on feature films and corporate television productions, including
writer, producer, and field director. Melby is now Director of Production in
Coastline’s Office of Instructional Systems Development.

Segment Producer-Director:Richard Jansen. He was one of two lead
producers foCycles of Life.He has a B.S. in television film from San

Diego State University, was operations manager of KOCE-TV, and was
involved in other telecourse productions. As an independent producer,
Jansen specialized in corporate training, marketing, and broadcast films for
companies such as McDonnell Douglas and Kaiser Permanente. In 1988, he
won the International Television Association’s Silver Angel Award for a film
about patients with Alzheimer’s disease. Jansen serves on the Board of
Trustees of the ITVA Educational Foundation.

Segment Producer-Director:Richard J. Wells. The other lead producer
for Cycles of Lifeis a producer-director-writer who has won numerous
awards, including seven Emmys, for documentaries, educational films, and



investigative productions. Wells’ most honored work was the documentary
science seriglgfinite Voyagewhich was syndicated by Fox Television.
Episodes on the development and application of advanced materials and the
role of zoos in conserving wildlife won CINE Golden Eagle awards and
Chris awards. A cum laude University of California at Los Angeles graduate,
Wells has been a corporate filmmaker for companies such as Hughes
Aircraft and Mattel Toys.

Segment Producer-Director:Robert D. Nash. For this project, Nash
served in the dual capacity of segment producer-director and writer. He was
also script editor/writer fOUNIVERSE: The Infinite Frontier. Nash

began his career in television as a researcher and writer for Corniche
Productions, a company specializing in programming for public television
and cable television. These programs incllikde Moneymakers series on
personal financial planning, afithe Babga one-man teleplay on the life of
Babe Ruth. Nash has worked as a free-lance writer specializing in video
scriptwriting for corporate training for such companies as Hughes Aircraft
Company, Mitsubishi, and Rain Bird Sprinkler Manufacturing Corporation.
He is a Phi Beta Kappa graduate of the University of California, Berkeley.

Animation Graphics: Tim Doherty. He created original state-of-the-art
animation and computer graphics to illustrate fundamental concepts,
principles, and theories of astronomy. In many cases, Doherty’s graphics
portray phenomena and events that cannot be observed or recorded on film
or other media. A computer animator since 1987, Doherty’s broadcast work
has appeared on NBC, The Disney Channel, public television, and cable
systems. He has conducted seminars on desktop animation and has written
articles on the subject for a national magazine. Doherty received a bachelor
of arts from the College of Wooster, Wooster, Ohio.

Animation Graphic Artists: Joe Clasen, Susan Ishida.
Captioning/Transcripts: Dixie Deckard.

Academic Development Team

Text Author: Cecie Starr. Her booBiology: Concepts and Applications

offers a complete overview of biology and is written with the nonscience
major in mind Biology: The Unity and Diversity of Lifevritten by Starr and
Ralph Taggart, may also be used with the telecourse. Both books showcase
the science of biology as a dynamic process of inquiry and they reflect years
of valuable comments from faculty and offer numerous learning aids.

Science Advisor:Robert Egan. He is professor of biology at Golden West
College, Huntington Beach, California. He served as consultant for the video
programs, reviewed and revised individual lesson learning objectives, and
developed questions for the test bank. Egan received a B.A. from Catholic
University of America, Washington, D.C. and his M.S. in biological science
from Purdue University.

Science Advisor:Bonita Roohk. She is professor of biology at Golden
West College, Huntington Beach, California. She also served as consultant
for the video programs, reviewed and revised individual lesson learning



objectives, and developed questions for the test bank. Roohk received her
B.S. in biological science and M.S. in human physiology from the
University of California, Davis.

Student Guide Author: Gerald L. Kellogg. He is an experienced
instructional designer and designer of learning systems and materials,
including health science projects with the California State University,
Dominguez Hills and Long Beach. He has a B.A. from the University of
California, Riverside, and an M.A. from the University of California, Los
Angeles.

Student Guide Reviewer, first edition:Randall Warwick. Professor of
bioscience/quality science at Coastline Community College, he served as
content reviewer throughout the development of the telecourse student guide.
He received his A.S. from San Francisco City College, his A.B. from the
University of California at Berkeley, and his M.S. from the University of
California, Los Angeles, School of Medicine, Department of Anatomy.

Student Guide Reviewer, second editiorBrent G. DeMars, Ph.D. An
assistant professor of biology at Lakeland Community College in Kirtland,
Ohio, DeMars provided invaluable assistance in updating and correcting the
contents of the second edition of the telecourse student guide. A member of
Lakeland’s faculty since 1995, DeMars serves as an instructor Giythes

of Life telecourse offered through the college’s Instructional Technologies
Division.

Academic Advisory Committee

An outstanding group of academics drawn from institutions participating in
Cycles of Life:EXPLORING BIOLOGY and from other institutions

provided content and instructional guidance based on their individual areas
of specialization. The advisory committee reviewed and finalized course
themes, lesson topics, specific instructional objectives, and reviewed
treatments and scripts for content accuracy.

The committee included:

« Jerry Button, Portland Community College, Portland, Oregon

* Nancy Dengler, Professor, Department of Botany, University of Toronto,
Toronto, Canada

* Brian Earle, Division of Natural and Applied Sciences, Cedar Valley
Community College, Lancaster, Texas

» Jack Goldberg, Section NPB Division of Biological Sciences, University of
California at Davis, Davis, California

» Samuel Huang, Professor of Biology, Riverside Community College,
Riverside, California

» Gary H. Karpen, Molecular Biology and Virology Laboratory, The Salk
Institute for Biological Studies, La Jolla, California

« Carolyn Robertson, Director of Instructional Television and Extended
Courses, Tarrant County Junior College, Fort Worth, Texas



* Tim Tirrell, Chairperson, New Jersey Community College
Telecommunications Consortium, Inc., Cumberland County College,
Vineland, New Jersey

» Randall Warwick, Professor, Coastline Community College, Fountain
Valley, California

Components of the Telecourse

A multimedia courseCycles of Life:EXPLORING BIOLOGY includes the
following elements: video programs, textbook, telecourse student guide,
laboratory component (optional), and faculty manual.

Video Programs

The telecourse’s 2Balf-hour broadcast-quality video programswere
designed and produced by academic and media production experts with the
cooperation of KOCE-TV, an award-winning public television station. The
video programs are available in all major videotape formats and can be
presented on open broadcast, cable, and closed-circuit television and by
video playback for groups or individuals. Individual programs can be used
as audiovisual resources to enhance campus-based instruction.

The video component @ycles of Life:EXPLORING BIOLOGY

investigates a broad range of biology topics, concepts, and principles. The
video programs feature leading practitioners, theoreticians, and academicians
in fields ranging from anatomy to zoology, who describe and explain
fundamental concepts of our living world. Using human experience as a
focus for this exploration, the video programs take you to places you have
never been and show you sights you could never see without the aid of
microvideography or computer simulation. Using footage of actual
laboratory experiments and interviews with biologists, microbiologists, and
biochemists, the video programs also give you insights into the application
of biological principles in research and development.

A special feature of the programs is scientifically accurate three-dimensional
animation and computer graphics that illustrate complex concepts in biology.
Detailed information on the content of each video program is presented in
the Lessons section of this preview booklet.

Textbook

The textbooks foCycles of Life:EXPLORING BIOLOGY areBiology:

Concepts and Applicationsy Cecie Starr, anliology: The Unity and

Diversity of Life by Starr and Ralph Taggart, both published by Brooks/Cole
Publishing Company. The content of the textbooks parallels the content of the
video programs.

Telecourse Student Guide

The telecourse student guide @ycles of Life:EXPLORING BIOLOGY
assists students by coordinating all elements of the course and includes
review activities and self-tests for each lesson.



The student guide was developed by the Office of Instructional Systems
Development at Coastline Community College and is published by
Brooks/Cole Publishing Company.

Written by Gerald L. Kellogg and reviewed by Brent G. DeMars, the

student guide correlates and integrates the textbook, the video programs, and
the objectives of the course. The twenty-six lessons of the student guide
provide students with a methodical, organized, convenient, and easily
understood approach to the course.

Lessons in the student guide parallel the video programs and contain the
following elements:

Assignments Detailed instructions on activities and reading assignments
for the student to complete before and after viewing each video program.

Overview: An introduction to the main topics covered in the textbook and
video program.

Learning Objectives Statements of what students should learn from
reading the textbook assignments, completing the activities in the student
guide, and viewing the video program.

Viewing Notes A capsule description of the video program for each lesson
plus questions for students to consider while watching the program.

Review Activities. Matching and Completion exercises to help students
review and reinforce their understanding of important terms and concepts.

Self-Test A brief multiple-choice quiz that allows students to test their
understanding of the material in the lesson.

Using What You've Learned Many of the lessons include suggestions
for additional activities to enhance students’ understanding and knowledge
of biology.

Answers for the Matching and Completion items and for the Self-Test
guestions appear in an answer key section at the end of the student guide.

Laboratory Component

For institutions that want to off&ycles of Life:EXPLORING BIOLOGY

with a laboratory component, tB#logy Laboratory Manudior the

Telecourse Cycles of LifEXPLORING BIOLOGYS available. It contains
numerous fundamental exercises developed specifically for nonscience
majors and particularly suited for independent study and distance learning. It
offers step-by-step directions, reporting procedures, and forms that
introduce the student to scientific laboratory procedures and hypothesis
testing. There is also a laboratory kit, containing basic equipment and
chemicals, which can be ordered from EDUTYPE+—call 714-962-4645 and
ask for Dave Licata. The manual and lab kit are designed to enable distance-
learning students to get a valid laboratory experience at home. Also
recommended as part of the laboratory component is the ofdelooiz

Atlas for Biologypy James W. Perry and David Morton, Brooks/Cole
Publishing Company. It contains more than 600 full-color photographs that

10



give laboratory students a clearer, truer, picture of the material they are
working on.

Faculty Manual/Test Bank

The faculty manual contains specific information for the instructor who
manages the course. It offers information about the course itself;
suggestions for communicating with distance-learning students; checklists
of tasks the instructor may wish to complete before, during, and after the
course; ideas for additional activities; and descriptions of techniques for
providing support to students. The final portion of the faculty manual
contains a bank of objective questions that test students’ achievement of
individual lesson objectives. The test bank is a resource for the instructor to
use in constructing quizzes, midterms, and final examinations.

11



The Lessons

To provide a convenient overview of the course, the following pages contain
brief descriptions of the video programs, reading assignments, and student
learning objectives. This section is not intended as a substitute for your own
careful review of the video programs, the textbook, and the study guide. It
does, however, provide a convenient summary of the basic content

and obijectives for the individual lessongyfcles of Life:EXPLORING

BIOLOGY .

Lesson 1—Biological Concepts

Video Program: “The Unity and Diversity of Life”

Program Description. Beginning with the features that distinguish living matter
from nonliving matter, the program provides an overview of biology. Scientists
expand on the theme of “What is life?” by bringing up new questions: What do we
mean by unity? By diversity? Dr. Paul Saltman describes the flow of energy from
the sun to living organisms, while Dr. Christopher Wills discusses sexual
reproduction as a means of genetic diversification.

The next question explored is “What is scientific method?” Biologists Bonnie
Roohk and John Moore outline the steps in the scientific method against the
backdrop of a specific example: researchers apply the techniques in an investigation
of pesticide resistance in mosquitoes.

In the third segment, paleontologist Blaire Van Valkenburgh uses scientific
method to study the unity and diversity of life. By analyzing bone structure in
fossilized saber-tooth cats, she traces the evolution and extinction of different
species.

The ultimate goal is to inspire an appreciation for the processes that contributed
to the amazing variety, yet common threads, of life.

Learning Objectives
When you have completed all assignments for this lesson, you should be able to:

1. List the features that distinguish living organisms from nonliving
matter.

2. Describe the general pattern of energy flow through the Earth’s life
forms, and explain how their interactions help cycle the Earth’s
resources.

3. Summarize how DNA can affect the traits of offspring from
generation to generation.

4. List and generally describe the fikiegdomsnto which living
organisms are classified.

5. Explain what is meant by the tediversity and identify possible
causes for the great diversity of life forms on Earth.

6. Explain what is meant by the teumnity, and identify possible causes
of similarities among Earth’s organisms.

12



7. Discuss briefly how scientists came to believe that the populations of
organisms that inhabit Earth have evolved through time.

8. Generally describe how biologists proceed through a scientific
investigation.

9. Distinguish between a scientifiypothesisand atheory
10. Identify some limitations imposed on science and scientists.

13



Lesson 2—Chemical Foundations

Video Program: “Chemical Foundations of Life”

Program Description. The composition matter is central to the understanding of
life. The program details the functions and main forms of all matter, including
atoms, molecules, elements, and compounds.

In the program’s first segment, Dr. Mark Poth documents the harmful effects of
the prolonged exposure of pine trees to Southern California’s polluted air. In the
process, he deals with the nature of the atom and introduces organic and inorganic
compounds. The program goes on to explain how chemical reactions change
compounds and how isotopes are used as a research tool.

In segment two, the process of desalination serves as the vehicle to describe the
many properties of water and the importance of water to life. Animations illustrate
how hydrogen and oxygen atoms bond together to form a polar molecule.

Segment three examines the work of Dr. Susan Taylor, who discovered the
structure of the enzyme protein kinase, explaining how living beings are essentially
chemical entities. The crucial role of complex shapes in organic molecules is also
explained.

Learning Objectives
When you have completed all assignments for this lesson, you should be able to:

1. Define the ternmatter, and distinguish between an atom, a molecule,
an element, and a compound.

2. Describe how protons, electrons, and neutrons are arranged into
atoms.

3. Define the termatomic symbol, atomic number and mass number
(or “atomic weight”), and use these concepts to describe the structure
of selected elements that are significant to living things.

4. Defineisotope and identify possible uses for isotopes in scientific
study.

5. Explain how electrons are distributed in atoms, and how this affects
the number and types of chemical bonds that can be formed.

6. Describe the various types of chemical bonds, the circumstances
under which each of them forms, and their relative strengths.

7. ldentify the properties of water that make it vital for life.

8. Define the termerganiccompound andéorganiccompound, and
give examples of each.

9. Understand how small organic molecules can be assembled into large
macromolecules byondensatiorand how large macromolecules can
be broken apart into their basic subunithiggirolysis

10. List the four large “molecules of life,” identify their composition and
structure, and describe some of the functions they perform in the cell.

14



Lesson 3—Cell Structure and Function

Video Program: “Secrets of the Cell”

Program Description. What is a cell and why is it crucial to the understanding of
life processes? Dr. Dwayne Simmons describes how a vast universe of cells works
together to form living beings. For example, a football player’'s separate populations
of cells in his ears and brain enable him to focus on important sounds amid the din
of background noise from the crowd.

In the next segment, Dr. Robert Heath discusses the role of membranes in cells
and the importance of molecular movements in plants.

Finally, the program compares wholly different types of cells: the cells of
prokaryotes versus those of eukaryotes. Dr. Dennis Focht tells why bacteria are
self-contained living cells that envelop and permeate almost everything around us.
He also describes the incredibly complex world of prokaryotes. Included in the
program are discussions of the various organelles found in eukaryotic cells.

Learning Objectives
When you have completed all assignments for this lesson, you should be able to:

1. Understand the basic tenetxell theory and identify the scientific
contributions that led to its development.

2. Use the terrfluid mosaic modeio describe the general structure and
function of a cell’'s membranes, and identify the importance of
membranes as a structural component of cells.

3. Define the termsolute solvent andsolution and relate them to the
concentration of a solution.

4. Describdiffusion includingosmosisExplain what causes diffusion,
and identify the factors that influence its rate.

5. Define and give examplesofpertoni¢ hypotonic¢ andisotonic
solutions, and note the direction of solute and solvent movement when
any two of these solutions are separated by a selectively permeable
membrane.

6. Distinguish those mechanisms by which substances move across
membranes passively (without the use of energy) from active
mechanisms (that require energy).

Contrast the general featureposkaryoticandeukaryoticcells.

8. Describe the membranous and nonmembraomaellesfound in
eukaryotic cells, and tell the general function of each.

9. Identify those features that generally distinguish plant cells from
animal cells.

10. Identify some of the variations that create diversity of cells between
organisms or specialization within one organism.

~
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Lesson 4—Metabolism

Video Program: “The Power of Metabolism”

Program Description. Former Olympic gymnast Cathy Rigby relates how her
body’s reactions changed when she denied it nutrients while competing as a
teenager. Her condition, called bulimia, illustrates the importance of constantly
supplying chemical reactions of cells with required ingredients. Among the topics
covered in the first half of the program are metabolic pathways and the roles of
enzymes, coenzymes, and cofactors.

Next, the program discusses bioluminescence as an example of a unique
metabolic process. Using her study of bioluminescent fish, Dr. Margo Haygood
relates how an enzyme that carries out a bioluminescent reaction is a luciferase.

In conclusion, Professors Saltman and Haygood summarize the first two laws of
thermodynamics. As various animals, including humans, give a display of energy
expenditure, the experts discuss the concepts of changing energy from one form to
another and constantly using ATP to maintain order in metabolic systems.

Learning Objectives
When you have completed all assignments for this lesson, you should be able to:

1. Summarize the twiaws of thermodynamidbkat govern energy and
its conversion from one form to another.

2. ldentify the major reasons why cells use energy.

3. Describe the reorganization of atoms that occurs in a simple
reversible reactiorusing equations and the principlesqtilibrium

4. Explain howenzymespeed up chemical reactions, and describe the
mechanisms that regulate enzyme activity.

5. Describe the properties afids basesandbuffers Offer an example
of how each of them functions in the human body, and relate this to
the concept of enzyme regulation.

6. Contrast the overall sequence of reactiotis@ar versuscyclic
metabolic pathways, noting the roles of enzymes and cofactors
(including some vitamins and minerals).

7. Describe the energy flow that occurs when energy-requiring reactions
and energy-releasing reactions are coupled.

8. Use the ATP/ADP cycle as an example to explain how a cell can use a
molecule to temporarily hold and transport energy for use in later
reactions.

9. Describe some of the methods scientists use to investigate
biochemical reactions.

16



Lesson 5—Energy In—Energy Out

Video Program: “Energy In—Energy Out”

Program Description. Life is a marvelous, complex system of prolonging order,

all sustained by energy. The pathways by which cells trap and use this energy are
photosynthesis and aerobic respiration. Dr. Jeanne Erickson relates her research of
the photosynthetic process that splits water in the chloroplast of a single-cell alga.
Along the way, the program explains the roles and importance of photoautotrophs,
heterotrophs,

the light-dependent phase, carbon fixation, and the Calvin-Benson cycle.

Dr. Paul Saltman describes the three stages in aerobic respiration: glycolysis,
Krebs cycle, and electron transport phosphorylation. He later explains another form
of cellular respiration: fermentation. It is illustrated by active yeast in the beer-
brewing process.

Learning Objectives
When you have completed all assignments for this lesson, you should be able to:

1. Outline the general flow of energy and matter in the living world,
noting the relationship between photosynthesis and aerobic cellular
respiration that cycles carbon dioxide, oxygen, and water.

2. Describe the key steps of the light-dependent and light-independent
reactions ophotosynthesjsoting the raw materials required, the end
products, and the location for each phase.

3. Describe basic leaf structure and the functional advantages it offers
plants.

4. Comparehemosynthesend photosynthesis as energy-acquiring
processes.

5. Describe the three major stages of aerobic cellular respiration, noting
the raw materials and products of each phase.

6. Distinguish betweeaerobicandanaerobicenergy-releasing
pathways, and identify the requirements and energy-producing
efficiency of each process.

7. Understand how proteins and fats can be used as alternative energy
sources in the aerobic respiration pathway.

8. Describe how the development of photosynthesis altered the evolution
of life on Earth.

9. Describe some of the methods scientists use to study life’s energy-
acquiring and energy-releasing pathways.

17



Lesson 6—Mitosis and Meiosis

Video Program: “Generations: Mitosis and Meiosis”

Program Description. Cell division is at the heart of all the stories in the program.
They illustrate how this process powers a continuous stream of molecular messages
that define each organism and how it grows, reproduces, and repairs itself. Dr.
Christopher Wills and Dr. Gary Karpen explain how hereditary instructions
contained in chromosomes dictate the physical and behavioral traits of organisms.
For continuance, each species must pass on those instructions from one generation
to the next.

The program reveals that each species has a specific number of chromosomes:
Humans have 46, horsetail grass has 216, and pea plants have 14. As an organism
develops, its cells begin to differentiate into various forms (e.g., nerve cells, muscle
cells, and bone cells) that are not clones, although each cell in an organism does
carry an exact copy of all chromosomes. The process of mitosis is illustrated by a
trip to a winery, where grapes of prime stock are cloned to preserve genetic
characteristics in each crop.

In contrast, meiosis produces cells, called gametes, with only half of the
hereditary information of the parent germ cells. Researcher Arlene Kumamoto of the
Center for Reproduction of Endangered Species discusses the implication of cell
division on the reproductive patterns of dik-dik antelopes at the San Diego Zoo.

Learning Objectives
When you have completed all assignments for this lesson, you should be able to:

1. Describe the basic features of chromosome structure and number in
different organisms.

2. Understand what is meant by tiedl cycle and relate whenaitosis
fits into the cycle.

Summarize the events that occur during each phase of mitosis.

4. Explain how cytoplasm is divided between daughter cells after mitosis,
contrasting the process in plant and animal cells.

5. Discuss the potential of the cell cycle to control events such as cancer
formation and aging.

6. Contrashsexualndsexualtypes of reproduction that occur among
unicellular and multicellular organisms.

7. Summarize the events that occur during each phaseiosisand
gamete formation

8. Describe the events of meiosis and gamete formation that contribute to
genetic variability among organisms.

9. Compare mitosis and meiosis with respect to overall purpose, where
and when each occurs, and the resulting number of chromosomes.

10. Describe some of the methods and tools scientists use to study cell
division.

w
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Lesson 7—Patterns of Inheritance

Video Program: “Patterns of Inheritance”

Program Description. Gregor Mendel’s theory of inheritance in the mid-1800s
became the basis for predicting how characteristics are passed from one generation
to another. Marvin Rosenberg discusses how modern-day experiments on
strawberry plants carry on Mendel’s genetic theses and improve the productivity of
commercially grown crops. In the animation sequences throughout the program, the
Punnett Square is used to illustrate how genes are sorted in the second generation
produced by two organisms.

To illustrate codominance, incomplete dominance, epistasis, and polygenic
inheritance, Mel Carpenter details how his selective breeding of homing pigeons
makes them look like pure white doves. This also covers the concept of pedigree.

Finally, Carol Kasper discusses hemophilia, a genetic disease passed from
generation to generation in a sex-linked pattern of inheritance.

Learning Objectives
When you have completed all assignments for this lesson, you should be able to:

1. Use Mendel’s experiments to illustrate terms commonly used in
genetics and to explain the principleslominancesegregationand
independent assortment.

2. Determine all the possible kinds of gametes that can be formed from a
givengenotypeand use this information with a Punnett square to
predict the outcomes afionohybridanddihybrid crosses.

3. Describe variations that occur in observable patterns of inheritance
that cannot be explained by simple dominance or recessiveness.

4. State the relationship of genes to chromosomes, and use this
information to describe the conceptliokageand the likelihood of
“crossing over.”

5. Distinguish patterns @futosomal inheritanc&om those o-linked
inheritance.

6. Explain how changes can occur in chromosome structure and number,

and understand how these changes can affect the outward appearance

of organisms.

Identify and use the components of a sinmgldigree.

8. Explain how modern methods of genetic screening can minimize
potentially tragic events.

~
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Lesson S—DNA: Structure and Function

Video Program: “DNA: Blueprint of Life”

Program Description. By mixing and matching animals or plants with desired
characteristics, farmers and gardeners manipulate their heritable traits. They choose
the features they want and attempt to eliminate the others. Today, with the advent of
genetic engineering, we can tinker at a much deeper level with startling precision.
The question arises: How far do we go?

The program initially looks at the question in a historical perspective. Dr. Inder
Verma provides insights and descriptions relating to the discovery of the DNA
molecule. This segment explores the research that led to the model of DNA
structure presented by James Watson and Francis Crick.

Later, Dr. Leroy Hood discusses his efforts to decipher the DNA code and its
implications. Also, Dr. John Wasmuth describes his search for the Huntington’s
Disease gene, a task akin to finding a needle in 200 haystacks.

Highlighting the final segment is the story of a boy with a rare disease (severe
combined immunodeficiency disease) caused by a missing gene for adenosine
diaminase. The story unfolds to explain how doctors and a research team replaced
the boy’s missing gene, one of the first times that genes have been inserted
permanently into the blood-producing cells of a human. Recent tests indicate the
gene replacement was successful because the boy’s blood cells are producing a
necessary enzyme.

Learning Objectives

When you have completed all assignments for this lesson, you should be able to:
1. Relate how past experiments demonstrated that instructions for
producing inheritable traits are coded in DNA.

2. Describe the parts ofraicleotide and explain how nucleotides are
linked together to make DNA.

3. Explain how DNA is replicated and repaired, what materials are
needed for replication, and the importance of that process to cell
division.

4. Describe the organization of DNA in chromosomes, including the
structural contribution of proteins.

5. Outline the mechanism through which DNA controls a cell’s structure
and function.

6. Explain whaplasmidsare and how they may be used to make
recombinant DNAnolecules.

7. Describe in general terms how DNA can be cleaved, spliced, cloned,
and sequenced.

8. Discuss some limits and possible applications of genetic engineering,
and distinguish this process from the more traditional techniques of
selective breeding.

9. Describe some of the methods scientists use to study DNA.
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Lesson 9—Proteins

Video Program: “Proteins: Building Blocks of Life”

Program Description. By examining proteins, Dr. James Lake believes he might
find the tracks of evolution, the hereditary path of life back to the first cell. He
explains the structure and order of proteins, along with a unique property of DNA
and proteins to retain and replicate the genetic code through thousands of years with
extraordinary fidelity.

In the next segment, a television meteorologist describes how he survived sickle-
cell anemia. This often-fatal childhood disease illustrates how one small change in
our genetic code causes drastic differences. One sickle-cell gene protects the body
against malaria; two sickle-cell genes create a painful and deadly blood disease. Dr.
Cage Johnson explains that research in genetic therapy may provide long-term help
for patients.

Finally, the program looks at the curious case of slime mold, an organism that is
a compelling example of how cells control protein production. Dr. Richard Firtel
contrasts how simple prokaryotic cells use operons as “on-off” switches for
proteins, while more complex eukaryotic cells differentiate their structures by
utilizing proteins in a variety of ways.

Learning Objectives
When you have completed all assignments for this lesson, you should be able to:

1. State the major differences between DNA and RNA, and describe how
the structure of DNA determines the structure of the three forms of
RNA duringtranscription

2. Explain how the structure and function of the three forms of RNA
determine the primary structure of polypeptide chains during
translation

3. Outline howoperonsregulate gene expression (the production of
proteins) in prokaryotes.

4. Describe how cell differentiation proceeds in eukaryotes by selective
gene expression during development.

5. Relate the concept of changes in gene controls to changes in protein.
Note those changes that occur both naturally, as in some cancers, and
those that can occur through genetic engineering.

6. Describe some of the experimental methods scientists use to
investigate protein transcription and translation.
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Lesson 10—Microevolution

Video Program: “Microevolution”

Program Description. Charles Darwin’s theory of evolution by natural selection

is presented by John Moore, who discusses its major concepts. Additional historical
insight into the theory of evolution is discussed by Ernst Mayr who further defined
“species” in the 1940s.

This introduction to the subject gives way to a story of unusual mosquitoes that
have developed resistance, through mutation and natural selection, to most current
forms of insecticides. How are mosquito populations affected by genetic and
environmental conditions? In evaluating the insects’ response to the pressure of
insecticides, the program discusses selection pressures.

Divergence and various forms of isolation—including geographic, reproductive,
structural, and behavioral—are illustrated by plant and animal life on a California
coastal island. Misty Gay and Allan Fone show examples of plants on Catalina
Island that evolved differently from their counterparts on the mainland. Because of
specific environmental pressures unlike those on the mainland, animals on the island
evolved into various subspecies. Examples such as the Dwarf Gray Fox show
mechanisms that prevent interbreeding, such as isolation of gametes and isolation
through time.

Learning Objectives
When you have completed all assignments for this lesson, you should be able to:

1. Outline the major elements of the theory of evolution by natural
selection, and identify the ideas and observations that influenced
Darwin as he developed the theory.

2. Describe mutation and the other events that contribute to variation
within a population.

3. Describe a population in terms of its gene pool and allele (gene) frequency,
and outline the major conditions required to maintain genetic equilibrium.

4. Ex