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Part 4.
Life
We are born naked, wet and hungry.

Then things get worse. 1
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Why does Life matter?

A Only living beings can think
ADo all living beings f@dthin



How will extraterrestrial life look like?
How will we recogni ze

Edgar Ulmer: The Man from Planet X (1951)
Jack Arnold: It Came From Outer Space (1953)
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Steven Spielberg: Close Encounters of the Third Kind (197
Steven Spielberg: E.T. (1982) 3
Tim Burton: Mars Attacks (1996)
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The Fermi Paradox

A Given the probability of exoplanets, the probabil S
of life, the probability of sentient beings, the
probability of high technology, etc, the Earth must
have been visited many times by aliens

A "Where is everybody?" (Enrico Fermi, 1950)

A Giuseppe Cocconi and Philip Morrison: "Searching
for I nterstellar Communicat

A First Search for ExtraTerrestrial Intelligence (SETI)
meeting (West Virginia, 1961)

AFrank Drakeds equationl 4}
civilizations in our galaxy with which radio Fel
communication should be possible
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Life on Earth

o~ A carbon atom has four

A Carbon _f// ; |, electrons that can combine
\ ./ / with other atoms, usually

A Left-handed 2 H,ON

A DNA "

A Reproduction

A Metabolism

A Homeostasis



A Rlchard Dawkins:

Definition of life

" Living beings have to work to keep from
eventually merging into their surroundings

Thereis a naturaltendencytowardsmerging
seamlesslwith therestof nature

We haveto work in orderto maintain our
identity.

When we stop working, we die: then we
mergewith our surroundings

Living beings are never in equilibrium with
their surroundings, unless they are dead



Definition of life

WATER
A Whatis life madeof? MOLECULE

I All living systemsare madeof the same
fundamentatonstituents {H

I These molecules cannot move and
cannotgrow H,O

I Still, when they are combined in
systemstheygrow andmove

I New propertiesemerge

I The first new propertyis the ability to
selfassemble

I Eventuallywe get cells, tissues,organs,
bodiessocietieg




Definition of life
A Life occurs at three levels:

:

.

Phylogenetic: organisms evolve into other organisms

Ontogenetic: each organism changes (or grows) from
birth till death

Epigenetic: the behavior of each organism changes
during 1ts |Iifetime (the
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Definition of life

A Life as information cenotyee | — INIIN] XXX
i Information that survives fro e
one individual to another
("genotypeo)

I Information about the
individual ("phenotype")

I When we say that "ants are
alive" (vs stones) and "l am
alive" (vs someone who is
dead) we mean two different
things

Phenotype




Human Life
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Human Life

Embryodos devel opment




Man

Rabbit

Chick

Tortoise

Embr yo

12

opment

" .
flassbaatian

devel

S



Human Life

Which one is the human?
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Tortoise
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Questions?




A brief history of Genetics

A1859: Charles Darwinés theor
A1865: Gregor Mendel 6s genes
A 1920s: Population Genetics (probabilities)

A 1940s: Modern Synthesis (variation=mutation)

A 1944: Oswald Avery discovers genes are made of DNA

A 1953: Francis Crick and James Watson discover the double
helix of DNA

A 1961: Marshall Nirenberg and Heinrich Matthaei discover
how the 4letter genetic code gets translated into thde?i@r
language of proteins

A 1965: Robert Holley discovers transfer RNA
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Design Without a Designer

DARWIN'S THEORY IS RVIVAL OF THE FITTEST

) DARWIN'S THEORY IS ABOUT DESIGN €T
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Design Without a Designer

Charles Darwin (1858)
A Evolution=variation+selection
I Variation is ubiquitous
I Natural selection is the driving force of evolution

I New species are created by the action of natural
selection on variation

A Adaptation

I New species are caused by the need to adapt to
environmental changes

A Competition
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Design Without a Designer

Charles Darwin

Evolution is the result of inherited

differences that occur between one

generation and the next

All living beings are the descendants of a

simple primeval form of life

The diversity of life and extinct species are

THE EMERGENCE OF LIFE
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Phylogenetic Tree of Life

Bacteria Archaea Eucaryota
Green You are here
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Design Without a Designer

Charles Darwin
A Mystery of variation, that appears to be random

A Variation can only be treated as a statistical quantity anc
described statistically

A Populations, not individuals
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Design Without a Designer

Charles Darwin
A Darwin's theory was three theories in one

I A theory of natural selection (the environment
selects species)

I A theory of heredity (wronglater replaced by
Mendel's)

I A theory of variation (randomness)
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Design Without a Designer

Charles Darwin

A Natural selection AND Sexual selection (competition
for survival AND competition for reproduction)

A Sexual selection: males compete for females, females
choose males

A Males were the first artists/musicians, females were the
first art/music critics
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Design Without a Designer

A Designing by trial and error
I The offspring Is never an exact copy of the parent

I The environment (e.g., natural selection)

i ndirectly ANAselectso w
individuals) survive

I Nobody programs the changes in the species
I Design emerges spontaneously

I Selection = environment

I Variation = randomness
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A Designing by trial and error
.

Design Without a Designer

The environment (e.g., natural selectlon)
i ndirectly nselectso w
connections) survive

Nobody programs the changes in the connections
Design emerges spontaneously

Selection = environment

Variation = randomness
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Design Without a Designer

A Designing by trial and error

I Natural selection has never produced a
clock or even a wheel; but it has produced
eyes and brains

I Humans can produce clocks, but not eyes
or brains

I Very complex design can emerge
spontaneously via an algorithmic process
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Design Without a Designer

A Gregor Mendel (1865)
I Traitsareinheritedasunits,notas" bl e n d
I Eachtraitis representethy a "unit" of transmission,
bya" genen
I Traitsarepasseanto the offspringin acompletely

random manner any offspring can have any
combinationof thetraitsof the parents

I Thereis aunit of inheritancelaternamedi g e n e O
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Design Without a Designer

genetic192()
I Darwinismturnedinto a stochasti¢heory

I Evolution = a shift in gene frequencies
within a populationovertime

T Unificationof DarwinandMendel
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Design Without a Designer

AAModey mt hIO4X) s
I The synthetictheoryof evolutionmergeda
theory of inheritance( Me n dgenetics)

and a theory of species ( Dar wi nos
evolutionarybiology)
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Design Without a Designer

AAModey mt hIO4X) s

I Variationis dueto mutation whencopying
genes, nature Is prone to making

typographicakrrorsthatyield variationin a
population
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