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III. CATALOG DESCRIPTION
The origin and evolution of life on Earth and the possibility of life elsewhere in the
Universe. Applying the disciplines of astronomy, biology, and planetary science, students
study the chemical and biological basis for life, limits of life on Earth, and techniques
used to search for life beyond Earth.

IV. MAJOR LEARNING OUTCOMES
Upon completion of this course a student will be able to:

A. Use basic terminology of introductory astrobiology including microbes, cellular,
evolution, and habitability properly.

B. Assess the role of the stellar evolution process as the mechanism for the creation
of the elements necessary for life.
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C. Describe how the orbital and physical characteristics of the Solar System objects
affect their potential for life.

D. Summarize the contributions of biospheric development to the origins of life.
E. Analyze, and classify the major components and adaptation of microbial cells and

their functions.
F. Synthesize evidence that supports the Tree of Life model as the mechanism for

how life on Earth originated from a common ancestor.
G. Critically examine how microbes persist, interact and survive within changing and

sometimes extreme environments.
H. Compare and contrast the major techniques used and results to date in the search

for life off the Earth.

v. CONTENTS
A. Stellar Evolution and Planetary Development

1. Origin of chemical elements and molecules
a. Light elements production through the Big Bang model
b. Heavy elements production through stellar evolution
c. Recycling and distribution of chemical elements and molecules throughout

a galaxy
2. Solar Nebula model

a. Initial conditions and interactions within the interstellar medium
b. Protostar development of the Sun
c. Protoplanetary disk development of Solar System bodies

3. Physical and orbital properties of Solar System bodies that affect habitability
a. Evolution of the Sun and its luminosity variations
b. Evolution of planetary environments including their water, energy sources

and chemistry
B. Origins of Life on Earth

1. Biosphere development and evolution
a. Atmospheric changes of volcanic activity, surface pressure, and climate
b. Hydrospheric changes from cometary bombardment and marine

hydrothermal venting including temperature, pH, redox and salinity
variations

c. Geospheric changes including plate tectonics, and erosion
2. Origins of cellular life

a. Time line of evidence for primitive life
b. Prebiotic synthesis of macromolecules
c. Self-replicating and catalytic molecules
d. Transition from RNA-based coding systems to the genetic blueprint of

DNA
3. Evolution of cellular life

a. Endosymbiosis; prokaryotic origin of mitochondria and chloroplasts
b. Evolution of photosynthetic pathways and stromatolites
c. Eukaryotes and organelles
d. Origin of the nucleus and the advantages for partitioning genetic

information
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C. Micro-organisms of Earth
1. Microbial phylogeny, evolution and diversity

a. Organization of the Universal Tree of Life
b. Major characteristics of Archaea, Bacteria and Eukaryotes
c. Genetic exchange and natural selection
d. Causes, consequences, and uses of mutations

2. Microbial cell biology
a. Information flow within a cell
b. Regulation of cellular activities
c. Interrelationship between the form, chemical composition and function of

cellular structures
d. Growth requirements and rates
e. Cell division
f. Metabolic and biochemical pathways; energy production and utilization

3. Microbial ecology
a. Ecological success and persistence in the environment
b. Avoidance of losses
c. Adaptation to changes in the environment
d. Extremophiles

D. Life in the Universe
1. Biosignatures of life

a. Defining what forms of evidence would qualify as a biosignature
b. Detection methods including laboratory, ground-based techniques, and

space-probes
c. Scrutiny and validation process

2. Solar System
a. Research methods of meteorites, space probes, and rovers
b. Determination and extrapolation of necessary conditions for life

3. Extra-solar planets
a. Detection methods and capabilities
b. Conditions and evidence necessary for verification of another habitable

world
4. Extraterrestrial intelligence

a. Extrapolation of the number of worlds capable of sustained conditions for
life

b. Estimate the number of life forms capable of communications technology
c. Interstellar communication problems and prospects and the mission of the

Search for Extraterrestrial Intelligence program

VI. INSTRUCTIONAL METHODOLOGY
A. Assignments

1. In-class assignments
a. Participation in discussions of assigned reading materials
b. Written activities on topics such as mapping the Tree of Life, organizing

methods of extra-solar planet detection, debating the evidences for
endosymbiosis in organelles and eukaryotes, outlining the stages of
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planetary formation, and evaluating research on micro-organism
development

2. Out-of-class assignments
a. Regular reading of a textbook and/or instructor handouts on topics such as

summarizing the variation of planetary properties that leads to the origin
of life, and verifying the existence and persistence of extremophiles

b. Written activities on topics such as distinguishing the difference among
microbial phylogeny, judging where life in the Solar System might be
located, and assessing how life responds to environmental changes

c. Problem-solving activities on topics such as determining the age of a
meteorite by radiometric dating, comparing the total mass of microbes to
humans, estimating the exponential growth of bacteria, and evaluating the
likelihood of a planet being in a habitable zone

d. Periodic homework activities on topics such as assessing the creation of
the elements for life, contrasting the techniques for searching for life, and
characterizing planetary orbital parameters affects on life

e. Research-based activities on topics such as evaluating the evidence for
life's origins, debating the uses of genetic mutation for bio-engineering,
and examining the claim of Martian life discovered on a meteorite

B. Evaluation
1. Completion of written activities as described above
2. Completion of problem-solving activities as described above
3. Completion of homework activities as described above
4. Completion of research-based activities as described above
5. Periodic interim exams or quizzes on topics such as comparing the

effectiveness of different search strategies for life off of Earth, scrutinizing
evidence concerning the origins of life, and detailing biospheric development
of various worlds

6. Final demonstration of acquired knowledge on tools such as an exam, project
and/or comprehensive portfolio on topics such as describing discrepancies in
the Solar Nebula model, calculating the exponential growth of humanity and
the inevitable population pressure, examining systemic biases in extra-solar
planet detection, assessing microbial persistence, interaction and survivability
within changing environments on Earth, and evaluating possibilities of
microbial similarities on Mars

C. Textbooks and Other Instructional Materials
1. Bennett, John, Seth Shostak, & Bruce Jakosky, Life in the Universe, 3rd Ed.,

Pearson Publishing, New York, 2012
2. Black, Jaquelyn, Microbiology: Principles and Explorations, 8th Ed., Wiley,

New York, 2012
3. Delsemme, Armand, Our Cosmic Origins: From the Big Bang to the

Emergence ofLife and Intelligence, Cambridge University Press, Cambridge,
2001 (Unique Guide)

4. CCSF library astronomy-related reference materials
5. CCSF Astronomy Department's planetarium and observatory
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6. Instructor generated handouts such as outline summaries of particular models
and recent relevant news articles

7. Astronomically related websites
a. Astronomy Picture of the Day
b. NASA's Solar System Exploration
c. Extrasolar Planets Encyclopaedia
d. Astrobiology Magazine online portal

8. Videos such as
a. National Geographic Society's Known Universe, 2009
b. NOVA's What Darwin Never Knew, 2009
c. NOVA's Can We Make It To Mars, 2011

9. Magazine resources
a. Astronomy
b. Nature
c. Science
d. Scientific American

10. Astronomy organizations
a. Astronomical Society of the Pacific
b. American Astronomical Society
c. NASA Astrobiological Institute

VII. TITLE 5 CLASSIFICATION
CREDIT/DEGREE APPLICABLE (meets all standards of Title 5. Section 55002(a)).
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