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"H_OW did we get here? s
Where are we going? =~ . -

~Arewe alone? . -
_(or, IS there anybody else out there?): g
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~ Knowledgeof Space =~ - Knowledge of Earth |
Envwonments . Organlsms

Astroblology Y

'I:he Study of Life in the Universe




NASA Science Goals
Astroblology at. NASA (1963- present)

. What are the characteristics of
the sclar system that lead to
habn;able énvironments?

- How and where didor could life
begin and e ofye in the-sqlar
system (and beyenof)?"‘ '




The Astroblology Smence’Strategy

Slx Major Research Areas

|dentifying abiotic sources of
organic compounds

Synthesis and function of
mac¥omolecules in the origin of life
Early life and increasing complexity
Co-evolution of life and the physical
envwonment

*'te‘?mg environments for

| ‘Bitablllty and biosignatures

e “'5*- o ,‘qustructmg habitable worlds
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1. Abiotic Sources of Or‘qanlc
Cbmpounds

u Where did the building blocks of life come
from?
= How diél the abiotic (non-biological) production of
small molecule& lead to .
§ the: productlon of large and more complex molecules,

§ prebloty: chemistry, and
§ the orlgirrf@f life on Earth?

u Did or could’ };fe or pl’ebIO/fIC chemlstry evolve
on differentiatéd: Géf ered).dcy WorLdssuch as
Enceladus, Europa,’ and,.Tltaﬂ?’ s
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Prebiotic Chemistry

Diffuse S
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H}fd:}}ggma_g ' s Syntheses

Hydrosphere
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Observations
& Simulations

» Simulations
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Presentation Notes
Where did ingredients of life originate?  Planetary system formation; some material survived and was incorporated into small bodies, eventually delivered to planetary surfaces.   Observations/simulations tell us about what might have been present initially.


2. Synthesis.and Functlon of
MacromOIecuIes

u What are the characterlstlcs of the chemical processes
that lead to the formation and persistence of polymeric
systems capable of performing biologically important
functions and evolving?

u What aréithe »

= interactions,
mtermedlafy structures and functions,~~ |
= energy sources and o7t
= environmental f&ctﬁrs -
that contributed to the étWeIStw Select] _Qn,-and

replication of these systems?% - : _f B
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Synthetic biology in the field of astrobiology focuses on
building “life” from scratch in the lab, not engineering
organisms for a particular goal or applied function
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Evolution of oil droplets in a chemorobotic platform
3D printer which generates the droplets, measures their fitness against a fitness function, and then uses a genetic algorithm to generate a new population.



-3, Early Life and Increasing Cemplexity

u Do overarching rules governing evolutionary
processes. exist?

=2 |f they do What are they’?

L

u Which attrlbutes of “life” are common to all
origin sc‘eqarlos or environments and which
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Universal Biology: A physicist view of biology that leads to an abstraction
of function and features that can then be attributed to Universal systems.

WHY IS THIS IMPORTANT?

1. Getting past the Chicken and Egg problem in biology.
In order to apply biological concepts beyond the specific Earth example we
sacrifice precision to get robustness

2. Every planet has its own story and it is highly unlikely that the “detalils”
of that life will be exactly like Earth’s. We need ways to understand life
that will survive those differences.



Ancestor(a )
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Independent populations over
increasing evolutionary time hEI]

¥ e

FY N N ™,
e A O ISR
Ancestor T0 I +1 T+2 [ +3 [ +n

' ' ! ) '

Fossil records: regular sampling and storage at -80°C

Perfect fossil records: systematic and complete data storage
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¥ 4 Co- Evolution of Life and the Physical
Environment

. What are the relatlonshlps between life and
the physical environment in which it exists?

v How do the biological and abiological parts of a
world shape each’'other?

1 What evidence from Earth’s co- evolutionary
nast inform gur understanding.efthe
habitability-of: the Earth thraugh time and the
nabitability of’envmaﬂments In our . Solar
System and beyonﬁ:'ﬂ-;,*‘ *, S
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gt Paleogenetics and Paleobiochemistry
The growth of bioinformatics databases has enabled
detailed, evidence-based predictions about the
molecular biology of early life.

Ancestral sequence reconstruction has proven to be a
powerful tool for studying ancient cellular life.

Time before present (Gyr)

Gaucher et al



The earliest life on Earth

3.4 Ga Strelley Pool Chert formation

Wacey et al., 2011
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Martin Brasier, a palaeobiologist 



* 5. Environments for Habltablllty and
BIOSlgnatures '

u How do we determlne If a particular environment
=Is currently habitable,
=\Was habltable In the past,
2S able*Io support the generatlon of life, or
= \Was ablq to support the generation of life in-the past?

u How shouId we define habltaWdlcators (like
b|03|gnatures)awd mterpretfthem INn a context-
sensitive manner‘?L o
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Characterizing habltablllty on ear

similar GQD.d_I@‘I:S beyo e s



6. Making Habitable Werlds

uHow has our limited experience with
habitability on Earth, alone, limited our basic
understanding of the basic requirements for
1ab|tab1llty’> S

L How can QLII’ limited understanding-of
qabltablllty be applled to othet-environments
In the Solar Syﬁtem and beyond’>
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Planets are Hard

sStellar Interactions

Metallicity Cosmic Rays  gatactic -
Composition Orhita| Location
& Structure Birth

! cvolution LA Minor Planets
Isotopic Abundance * Environment =

Meadows and Barnes, 2018

" Orbital

. Evolution
Exomoons = Volatile Delivery

Rotation Dust : '

Age Wind

Magnetic Field

Companions
Radius Mass
Luminosity

Stellar Effects Planetary Systems Masses

Spectral Energy 4 Sibling

v

Distribution Spectrum ' __ Planets
Luminosity Evolution B . Orbits

Outgassing
ermal Evolution... Structure
Magnetic Interior Volcanism

Semi-major Axis Oblateness
Eccentricity Orbital Dynamics

Rotation Obliquity

Field \sity 1 ectonics Planetary 'Properties Rate

Biology

~ Escape
Composition Clouds & Hazes

Phvriariiag Evolution. Structure .Inhnmngenemes Technology

Atmosphere Surface 0
Isotopic s [emperature cean
Ratigs Surface UV Climate

LA neition Weathering
Pressure Shielding Composition
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Space Biology

Supporting Earth life elsewhere

Want to understand the
limitations of Earth life to
operate in built
environments for human
space exploration

Use technology to monitor
health and function of Earth life

Focus on impact of micro and
macro-biology in the service of
humans and habitats

Disciplines: Biology (incl.
Biochemistry, Molecular biology,
Bioinformatics, Ecology, etc.)

Biology Synergies in SMD

Planetary Protection Astrobiology

Prevention of finding Earth life
elsewhere

Want to understand the
limitations of Earth life to
prevent the contamination of
targets for the search for life

Use technology to detect and
remove Earth life

Focus on preventing impact of
microbiology

Disciplines: Biology, Engineering

Search for life elsewhere

Want to understand the limits of
Earth life to identify targets for
the search for life

Use technology to detect life,
including unknown life

Focus on impact of biology on
micro and macro environments
and detection of biosignatures

Disciplines: Biology, Astronomy,
Astrophysics, Geosciences,
Heliophysics, Geophysics,
Geology, Chemistry
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Presentation Notes
Technology challenges – mass, power and low detection


Synergy with Space Biology

Facilitating Exploration Through Enabling
Science and Research

Understanding the Spaee Environment
and How Biology Operates Therein
Similar Techniques and Approaches
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