
Introduction to Astrobiology - Spring 2017 
January 31st to April 25th 

Tuesdays 6-8pm 
 
Facilitator 
Ivan Zheludev 
Instructor of Record 
Susan Marqusee 
- 
‘Astrobiology is the science that seeks to understand the story of life in our universe’ 
(Astrobiology primer v2.0, 2016) and this DeCal will introduce students to how this little 
known science impacts almost all space research and in doing so, shed some light on 
the history and future of all life. This course is open to all students and necessitates no 
specific educational background - Astrobiology is by its nature multidisciplinary and so 
the more diverse the class, the more we will all get out of this experience. This DeCal 
offers the opportunity to study a subject that is otherwise restricted to very certain (often 
graduate) courses. 
 
Key learning outcomes 
By the end of the course, students will be acquainted with the key facets of astrobiology, 
including prebiotic chemistry and the emergence of life on earth; strategies employed in 
astrobiology; the geological evolution of earth; planetary science; current and future 
astrobiological research; and the challenges faced in the field of astrobiology. Students 
will be able to appreciate the multidisciplinary nature of astrobiology as well as how the 
subject impacts space organisations’ mission plans and the ethical and philosophical 
implications astrobiology has on today’s society. Students will also learn to critique 
sensationalist news in the light of what they will be taught. The topic of human space 
travel will also be covered but is tangential to the main course. 
 
Methods of instruction 
The course will be given in an open lecture format lasting 2 hours. The first 15 mins will 
be a discussion based on the previous week and the set homework. The next hour will 
be the lecture for that week where constructive discussion and question asking is 
encouraged. The remaining 45 mins will be used differently depending on the week of 
instruction - sometimes discussion or debate will be held, sometimes prompt aided (e.g. 
a video, article or paper) analysis, sometimes more hands-on exercises. Students will 
be informed of what the next week’s 45 mins will be spent on by email, at the previous 
meeting or via the syllabus outline below. Part way through the course, students will be 



asked to present a space mission plan to the rest of the class (in groups) outlining their 
research goals in an astrobiological context. 
 
Attendance 
Students are expected to attend every lecture - as the lectures will contain information 
that is not in the slide handouts or that week’s reading, particularly, the points raised in 
discussion. Students can request an excused absence 24 hours in advance and will 
only be granted if the provided reason is sufficient (eg illness or conflicting exam). 
Students may have one unexcused absence; regardless of reason, an email explaining 
the absence will be needed. Any students that miss a lecture are expected to cover the 
missed material and do the set homework. Two or more unexcused absences will 
result in an NP. 
 
Grade evaluation 
As with all DeCals, this course is P/NP (70% threshold) where weighting is indicated 
below: 
 

● Attendance (35%) - note, excused absences are not counted against you 
● Homework (25%) - 45 mins a week outside of class is expected of each student 
● Lecture participation (15%) 
● Mission proposal (20%) 
● Effort (5%) 

 
Course outline 
Module one - the biochemical side 
Week 1: Introduction and astrobiology’s fundamental problem - Jan 31 
What does life on earth look like? What is the tree of life? 
What is astrobiology? 
What is life? How have people tried to define it, and what definitions are used now? 
Reading: Primer v2.0 - Chapter 2 
Assignment: Describe one ‘outdated’ definition of life and its flaws and what are the 
flaws with NASA’s working definition (if any)? Prepare a list of science fiction aliens for 
next week’s discussion. 
 
Week 2: Ouroboros - the dawn of life - Feb 7 
What are the fundamental building blocks of life, and what sets them aside from abiotic 
chemistry?  
How was early earth different from today and how did this impact the dawn of life? 
Where did the building blocks for the building blocks come from? 



Last 45mins: discussion - how ‘realistic’ are science fiction representations of 
extraterrestrial life given an astrobiological context? 
Reading: Primer v2.0 - 3.2 
Assignment: Discuss the range of time in which life is thought to have emerged in the 
context of earth’s development and how these figures were determined. Prepare an 
argument for next week’s discussion. 
 
Week 3: Compartmentalisation, Genetics and Metabolism - what came first and how? - 
Feb 14 
What are leading theories and problems in the emergence of life on earth? 
What is the RNA world hypothesis and why does it fit so well, what are its limitations? 
How do modern metabolic networks suggest an abiogenic origin? 
What could have been early sources of energy for life? 
Last 45mins: discussion - could we be ‘blind’ to other forms of life - should any credence 
be given to the so called ‘hidden biosphere’? 
Reading: 3.3 - 3.3.7 and “Prokaryote or Eukaryote Yamaguchi et al.” 
Assignment: Is it likely that there are forms of ‘non-conventional’ life on the earth? - 
give some examples of what they might be and why they would or would not be found. 
Prepare for next week. 
 
Week 4: Life’s impact on earth and how ‘habitability’ varies with stellar context - Feb 21 
What evidence is there that life has altered the earth on the microscopic and 
macroscopic scale - how does this impact our search for life elsewhere? 
What is ‘the habitable zone’ and why does it vary so much? 
“Following the water” 
Last 45mins: discussion - how should future expeditions into space treat targets in 
terms of contamination - do we have the right to explore and potentially dirty?  
Reading: Primer v2.0 - 5.3.3 to 5.3.3.4 
Assignment: What is the leading theory for where earth got its water from, and how is 
this idea supported? Why are astrobiologists concerned with not only solvent but also 
energy supply and what forms of energy could potentially facilitate life? 
 
 
Week 5: The fundamental problem - extended - Feb 28 
Combining the first 3 weeks, how does our understanding of earth life impact our search 
for extraterrestrial life? 
What generalisations must be made in astrobiology and how might they change were 
life found outside this earth? 
What have some previous missions looked for in the context of astrobiology? 



Last 45mins: discussion - what would society’s reaction to the discovery of 
extraterrestrial life be like and how would it vary with the nature of the discovery? 
Reading: Primer v2.0 - Chapter 4 
Video: https://www.youtube.com/watch?v=KRGca_Ya6OM 
Assignment: how do astrobiologists deal with the ‘sample size of one’ issue when it 
comes to searching for extraterrestrial life? Prepare for next week’s discussion. 
 
Module two - how astrobiology is studied 
Week 6: Exoplanets - how they are found and studied - Mar 7 
What are the main methods of finding exoplanets and how do they differ? 
Brief overview of the solar system’s formation. 
How can astrobiologists study exoplanets from earth and what innovations are coming 
in this field? 
Last 45mins: discussion - ‘billboards in space’, could we discover civilized life via 
current exoplanet finding techniques and how does this impact earth’s visibility? 
Reading: Primer v2.0 - 6.3 to 6.4 
Assignment: Pick three exoplanet targets and rank them in order of astrobiological 
interest, justifying your ranking - for your lowest ranked planet, make some predictions 
as to what life would be like on that planet (if it were there). 
 
Week 7: Biosignatures - does life have an autograph? - Mar 14 
What specifically do astrobiologists look for in order to find evidence of life (versus an 
environment permissive of life)?  
Spectroscopy - looking for characteristic molecules and chemical disequilibrium. 
What pitfalls must one be aware of when looking for biosignatures? 
How do in situ  experiments vary from ex situ  ones? 
Last 45mins: video and discussion - the Fermi paradox - what could be the ‘Great 
Filters’ of life? 
Reading: Primer v2.0 - Chapter 7 
Assignment: Why is it that there is no one method for detecting evidence of life? Could 
you foresee any faults in a putative method that promised to be as such?  
 
Week 8: Case study - the Red planet and fallen sky - Mar 21 
Why is Mars of astrobiological interest and how has it been studied through the ages? 
What are some recent findings made about mars and how has this impacted our future 
plans? 
What findings have been made from meteoritic studies? 
Last 45mins: Space race v2 - discussion who are the major players and who is winning 
(and what is the goal)? 

https://www.youtube.com/watch?v=KRGca_Ya6OM


Reading: Primer v2.0 - 6.1.2 to 6.1.3 
Assignment: In groups formed this week, begin designing your space mission - details 
will be provided in the class. 
 
Week 9: Case study 2 - Icy moons and dirty snowballs - April 4 
Why are jupiter’s and saturn’s icy moons (and Titan) of astrobiological interest and how 
do they vary from one another? 
What proposed missions are there to study these moons? 
Why are comets and asteroids of interest and what findings did Rosetta and Philae 
make? What does OSIRIS-REx promise to offer? 
Last 45mins: Collaboration is key ins astrobiology - discus eachother’s so far planned 
missions. 
Reading: Primer v2.0 - 6.2 to 6.2.6 
Assignment: In the same groups, finish designing your space mission and prepare your 
presentation for next week. 
 
Week 10: Mission proposals - April 11 
Present your short presentations to the class on your proposed missions. Everyone will 
grade one-another and you will be graded on your presentation (and the feasibility and 
content of the mission), your interaction with the class during the presentation and the 
quality of your grading. 
Last 45mins: Films relating to astrobiology and snacks 
Reading: Flick through: https://nai.nasa.gov/ 
Assignment: Revision for single question pop quiz next week. Prepare for discussion. 
 
Week 11: Life on earth 2.0 - April 18 
Can current life on earth be used to illustrate the first life on earth - the most simple 
system approach and ASR. 
What are some fringe explanations for the nature of life and what are their flaws? 
Intro to synthetic life and potential applications? 
Last 45mins: Discussion - how have paradigms on what is possible for life changed in 
the last 100 years? 
Reading: Primer v2.0 - Chapter 8 
Assignment: What are the ethical problems of synthetic or digital forms of life? And what 
future roles could these creations serve in society? 
 
Week 12: Summary lecture - April 25 
A whole class discussion: 
What have been the key points covered? 

https://nai.nasa.gov/


What poses the greatest challenge to astrobiology? 
Where is the field headed? 
Predictions for our lifetimes. 
Informal summary quiz (not graded). 
 
 
 
 
 
 


