
ASTR/GEOL-2040: Search for life in 

the Universe: Lecture 39

• The  wow signal

• Spreading colonies

• Artificial life

Axel Brandenburg

(Office hours: Mondays 2:30 – 3:30 in X590

and Wednesdays 11-12 in D230)



Wow!

• Aug15, 1977

• Sagitarius

• 72 signal

• Intensity A-U

• No repetition



Wow!



Fermi Paradox
• Los Alamos visit in 1950

• Casual talks with Teller etc

• Scale & probability versus 

evidence



Spreading colonies

• Speed V = d/(ttravel + tconsolidation)

• d distance between colonies ~ 10 ly

• Interstellar travel 0.1 c  100 yr

• tconsolidation = 400 yr

• 0.02 ly/yr

• 100,000 ly / (0.02 ly/yr) = 5 Myr



Limited resources

• Implausible of advanced civilization

• Voyager 17.2 km/s, 1000 kg

• If 0.1 c,  5 x 1017 J = 0.001 Earth annual 

consumption

• But has to be supplied from on-board fuel



Rare Earth 

Hypothesis

• Since ~2000

• Ward & Brownlee

• Intelligent life 

really rare

• Microbial life

common



• Making many of the building blocks is easy

– delived from space

– early atmospheric ?reducing conditions

– Deep-sea vents

– Heat & pressure from impacts

• Many possibilities  no conclusive answ.

• Unclear how to assemble them
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Where do we stand?



• Not computer life (HW1), but microbial

– Not Frankenstein  practical applications

• Engineering, start from existing organisms

• Making life from raw ingredients

– Synthetic biology

• Safety issues
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Guidance from “artificial life”

BS: 233-238 



• Genome modified from existing one

– Minimalistic genome

– Quasi-essential genes  robust growth

– But otherwise synthesized from scratch

• Inserted into cell body of another bacterium

– Its own genome removed

• Modified bacterium boots up/comes to life

– Naturally reproduces/evolves
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JCVI-syn1.0  3.0



• Bacteria inhale/exhale/eat/excrete

• Are small: target certain body parts

• Can they solve some of the outstanding 

problems of our time?
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Practical applications?



• .....

• .........

• ...............

• ......................
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Practical applications?

Think also of biologically engineered life



• CO2 sequestration

– Converting CO2 CH4

– CH4 fuel (CO2 neutral)

• Cleaning up oil spills

– Toxic waste removal

• Medical: e.g. attack cancer cells
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Practical applications?
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JCVI-syn1.0  3.0

Science 351, 1414-U73 (2016)



• 1 bp:  A, T, G, C

• 1 bit:  0, 1

• 1 byte: a, b, c, A, ...

• 1 byte = 8 bit
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1 bp = one base pair



A. 130 kbyte

B. 1.3 Mbyte

C. 13 Mbyte

D. 130 Mbyte

E. 1.3 Gbyte
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How much is 531 kbp?



• 1 bit:  0, 1

• 2 bit:  00, 01, 10, 11

• 1 bp:  A, T, G, C           1 pb = 2 bit

• 1 byte = 8 bit = 4 bp     divide by 4
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1 base pair?



A. 130 kbyte

B. 1.3 Mbyte

C. 13 Mbyte

D. 130 Mbyte

E. 1.3 Gbyte
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How much is 531 kbp?

because:
531/4 ~ 130



A. 72.5 Mbyte

B. 725 Mbyte

C. 7.25 Gbyte

D. 72.5 Gbyte

E. 725 Gbyte
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Human genome: 2.9 Gbp



A. 72.5 Mbyte

B. 725 Mbyte

C. 7.25 Gbyte

D. 72.5 Gbyte

E. 725 Gbyte
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Human genome: 2.9 Gbp

because:
2900/4 ~ 725



Next time

• Preparation for final exam

• Sample final on D2L

• See also midterm + quizzes

• See all homework


