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And once life got 
its start, there was 
so much going on.

Right, it’s not all selection 
and competition. Early on 

life was also about mergers 
and integration.

It’s as if the genes 
didn’t really belong 
to any particular 

organism.

James Mcinerney, 
University of Nottingham

Instead of having a lone 
organism that began to ‘selfishly’ copy 

itself, it could have been more like 
a diverse community of integrated 

molecules.  

When you step back from 
the small molecules and look at the 

‘system,’ there might be more general 
principles that govern how life was 
organized from the ‘messy’ soup.

Like physics!

Or something 
we haven’t even 

thought of.
Takashi Ikegami, 
University of Tokyo

So the evolution 
of life could be more 
of a ‘network’ than a 

‘tree.’ (39)
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Large groups of 
chemicals could have been 

similar to the swarming 
behaviour of some birds.

What do you 
mean?

When a flock reaches 
a critical number, individuals 

no longer control the behaviour 
of the group, but instead begin 

acting as a single entity. 

Simon DeDeo, 
Santa Fe Institute

Or like 
Wikipedia? 

(40)

What does Wikipedia 
know about the origin 

of life?

It has to do with the 
interaction between human 

minds and society.
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You can’t predict how 
individuals will behave. But, predictable 
patterns of competition and cooperation 

do emerge. 

That makes 
sense...

Maybe this is what the 
origin of life looked like… unpredictable 
behaviours at the level of each molecule, 

but patterns of interaction at higher 
levels.

So now we’re 
looking past the little 
pieces that make up a 

living cell.  
There is value in figuring out 

how certain molecules were made 
and evolved, but that doesn’t 
solve the core questions. (41)

Maybe there are 
bigger, more general 

principles that can help 
us understand how life 

originated.In 2014, a grass roots movement 
called ‘Modeling the Origins of 
Life,’ or MOL, took hold...
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Chris Adami, 
Michigan 
State 

Hanako 
Ricciardi, ELSI

In 2012 the Japanese 
government committed to 

building an institution to tackle 
the fundamental questions 

of life… 

…the Earth-Life 
Science Institute (ELSI) 
at the Tokyo Institute of 

Technology.

Christine 
Houser, ELSI

Kyoko Akiyama, 
ELSI

Around 40 scholars 
gathered at Tokyo 
Tech for the first 

EON meeting.

Tokyo, 
August 2015 The participants 

began to peice together a 
strategy to encourage fresh 
approaches to studying life’s 

origins. (42)

Part of this 
strategy was to 

bring in scientists who 
study artificial life, or 

synthetic biology.

Okay, so far 
we’ve talked about a 
historical approach 

to the question.

We’re trying 
to find evidence 

to reconstruct the 
events that led to 

life on Earth. 

We look for 
evidence in the 

geological record, or 
biochemistry, and 

so on.

But synthetic 
approaches don’t 

necessarily care how 
life started 
on Earth…

It’s more about 
how to create life now in the 

lab, or even virtually.

...Meetings were held 
in the United States 
and Japan. (41)

Then came the 
ELSI Origins Network 
(EON), which expanded 
partnerships in origins 

research around 
the world. 
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Studies like 
computational astrobiology 
provide another approach 

to the origin of life 
problem.

We’re more concerned 
with the idea of life as a 
universal phenomenon...

Synthetic biology 
has a long history 

as well... …and can be traced back 
to the work of John Butler 

Burke. (43)

1905

Paul Davies, ASU

We’re not so 
much focused on 

life on Earth.

Computational 
approaches which match real 

chemistry give us working 
models for life’s start on 

Earth, and also its potential 
on other worlds.

DNA holds 
information, which is 
copied (and altered) 

as organisms 
reproduce.

Bruce Damer, UCSC

And 
information, 

particularly dynamic 
or changeable 

information, is a key 
property of life.

...which we can study 
with things like computer 

software.

Information 
aspects of life could 
be independent of 

chemistry and 
biology.

In some ways, life is 
just information that can 

copy itself.

We use ‘artificial life’ 
programs to explore the 

rules behind how information 
is passed down.

In fact, that 
might be THE 
key property. 

The concept of 
information is key to 

understanding life in the 
Universe. (41)
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It’s half microbe, 

half radium!
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Huh... I think, 
therefore I am made 

of stuff?

That’s... heavy.

Or what if life is a 
type of matter?

...matter could - in theory - be 
living or non-living depending on its 

information properties.” (41)

Okay, now 
my brain is 

full of 
ideas...

Maybe ‘life’ is just 
dynamic information that has 

an effect on matter.

With things like 
computer programs we 
can have ‘open-ended 

evolution’...

...where information 
just gets more and 

more complex!

…but this infinite 
complexity could be a 
key to understanding 

the difference between 
life and ‘non-life.’

It’s hard to wrap 
your brain around… 

Yeah I think my brain 
is starting to hurt…

...could ‘life’ 
represent a domain of 

physics that we just don’t 
understand yet?

Whoa...

In ‘life,’ information 
controls and affects 

matter... ...We might need new 
laws of physics to unify our 

concepts of information 
and matter.

It might not matter 
if that info is stored in 
DNA, RNA, proteins or 

whatever.

“Just as matter 
can be a solid, a liquid, or a gas 

depending on its thermodynamic 
properties...”
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I mean, we don’t know 
whether the ‘living state’ is just 

very complex chemistry...

“The difference between 
today’s origin of life researchers and 
what’s been done before is that we’re 
trying to transition into a quantitative 

science.” (44)

Yeah, but how do you 
measure ‘aliveness’?

We don’t know the 
answer yet… 

...or whether there is 
something fundamentally distinct 

about living matter. (44)

Meaning you can 
measure it.

That’s a key 
question.

...but if we could measure 
‘aliveness’, think of what it would mean 

in the search for life beyond Earth!

But how can life get 
started in this warm 

little pond? 

Astrobiologists working on 
that question come from lots 

of different specialities.
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For over 60 years, 
scientists from different 

fields have been working on 
the problem… but we need 

them all to work 
together.

It’s time to approach 
the origin of life with inter-

disciplinary study rather than 
multi-disciplinary.

It’s like a 
smoothie versus 

a fruit salad.

More than 60 
years have passed since 
Miller-Urey. We’ve made 

progress, but there’s still a 
huge gap between chemistry 

and biology. (41)

A gap that we need to 
fill with more science.

In 2018 
the Astrobiology 

Program announced 
PCE3-the Prebiotic 

Chemistry and Early 
Earth Environments 

Consortium.

This research coordination 
network (RCN) is building a 

community to transform origin 
of life science.

The goal is to 
build communication 

across disciplines, because 
the questions are bigger 

than chemistry and 
biology.

We need the 
knowledge of 

everyone.
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When most people think of NASA, 
the first things that come to mind are 
rockets, astronauts, and robots… but 
astrobiology hits on the core questions 
behind all of NASA research.

And why?

What are we?

How did we get here?

These are huge questions that will take many, 
many lifetimes to understand…

…much less answer…

But each experiment, each observation, 
brings us just a little bit closer.
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