
There are few phrases in the English language more freighted
with meaning than this. Veteran lecturers know that there is
nothing that evokes a sense of awe and majesty (and, in some
people, insecurity) like a discussion of the origin of the uni-
verse or the origin of life. Now, a nationwide research effort
spearheaded by Harold Morowitz of the Santa Fe Institute
and George Mason University is forming to attack the ulti-
mate question of how life began, to learn what might have
happened— “In the beginning.”

This new effort is being funded by a five year, $5 million
grant from the National Science Foundation. The Foundation
has funded a small number of research efforts in a program
they call Frontiers in Integrative Biological Research (FIBR).
The idea of this initiative is to identify research projects that,
if successful, would result in major advances in our knowl-
edge of living systems, but carry a high risk as well. Three
awards were given in 2005. The SFI grant involves scientists
at SFI and George Mason University, together with colleagues
at the University of Colorado, the Carnegie Institution of
Washington, the University of Illinois at Urbana-Champaign,
and Arizona State University.
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In the Beginning…

by James Trefil

How Life Began

Some of the fundamental physical
and chemical processes that were
present early in the history of our
planet still exist under the ocean.
Here, images from the 2004
Submarine Ring of Fire exploration
depict various aspects of 
volcanoes on the sea floor at
Mariana Arc in the Pacific Ocean.

PHOTOS: NATIONAL OCEANIC &
ATMOSPHERIC ADMINISTRATION
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The question the group is trying to answer
is deceptively easy to pose. We know that our
planet started out as a hot, airless, molten ball
in space. The question is, How did we get
from that to a planet teeming with life? In par-
ticular, what was the first event we can point
to and say, “Here it is—here is the first living
thing, the first thing clearly different from any-
thing that came before it.”

For most of human history, the problem of
understanding the creation of a living thing
from inorganic materials—of making life from
non-life—was simply outside of the realm of
experimental science. Then, in 1953, an exper-
iment at the University of Chicago changed 
all that. Two scientists—the then graduate stu-
dent Stanley Miller and the Nobel Laureate
chemist Harold Urey—set up an apparatus in
a basement lab that, they believed, mimicked

compounds normally found in volcanic erup-
tions was subjected to heating (to simulate the
action of the sun) and electric sparks (to simu-
late lightning). After a few weeks, the liquid in
the apparatus turned a dark brown and they
found, upon analysis, that it contained mole-
cules called amino acids.

As it happens, amino acids are the basic
building blocks from which proteins—the
workhorses of the cell’s chemistry—are made.
What Miller and Urey had shown, in other
words, was that you could start with simple
molecules—ammonia, hydrogen, water, and
methane—and end up with the kinds of mole-
cules that are found in living systems. And
even though today most scientists do not
think that all of the materials in the Miller-
Urey experiment were actually present on the

put the study of the origin of life, for the first
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Above: Gases emanating from a hot spring at Yellowstone
National Park provide a key to understanding some of the
early building blocks that make up living systems. 
Left: Aquifex pyrophilus bacteria may preserve much of the
metabolism and way of life of the earliest cells.

conditions on the early Earth. A gas containing
early Earth, they acknowledge that their result
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time, squarely in the domain of science.
Since 1953, there have been a number of

important developments on this front. For
one thing, we have found that amino acids
and other simple molecules found in living
systems are made everywhere in nature. They
have been found, for example, in meteorites
and interstellar dust clouds. The result is that
we now realize that the basic building blocks
of living systems are not as rare or unusual as
originally thought. The problem of under-
standing the origin of life, then, doesn’t arise
because we can’t find the building blocks to
put a living system
together, but rather under-
standing how those build-
ing blocks assembled
themselves into a func-
tioning cell.

Over the years, two
competing approaches to
this problem have devel-
oped—Morowitz and his
colleagues call them the
“cells first” and “genes first”
approaches. Both of these
involve what Morowitz
calls a “top-down” methodology. They start
with the highly complex and organized cells of
today and try to find ways to construct them
from inorganic materials. In the “cells first”
approach, the membranes that separate living
systems from their environment appeared first,
and the molecules trapped inside the compart-
ments then evolved the reactions characteristic
of life. The “genes (or catalysts) first” approach
assumes that, as in modern cells, early chemical
reactions had to be governed by the interven-
tion of other molecules acting in the role of cat-
alysts or enzymes. The so-called “RNA world”
scenario, in which the complex RNA molecule,
which plays a major role in the chemistry of
modern cells, develops and acts as a catalyst to
bring about the chemical reactions of life, is the
best known of these schemes.

The new approach being explored by the
Santa Fe collaboration takes just the opposite
of the top-down approach. It builds on sug-
gestions made during the 1980s by John
Corliss, Gunter Wachtershauser, and Christian
de Duve (who will be visiting SFI this spring).
Instead of starting with complex modern cells,
it begins with simple molecules that would

what sorts of self-reproducing chemical cycles
could be generated from them. In the words
of SFI Research Professor Eric Smith, a physi-
cist who often refers to himself as a “statistical

mechanic,” the real ques-
tion to ask is, “What was
the problem with the pre-

solved by the appearance
of life?”

There is a simple anal-
ogy that may help to
understand this new way
of attacking the problem
of life. Suppose you want-
ed to explain the modern
Interstate highway sys-
tem. One way would be

to start with the current system and try to
work backwards. Another way would be to
go back to the pre-Columbian geography of
North America and try to understand the fea-
tures of the landscape that affected the way
humans would have moved around. You
would talk about how it is easier to travel on
rivers than through forests, easier to go
through mountain passes than over the peaks,
and so on. Eventually, you would put together
a map of where the tracks on the continent
would most likely have been located, and
only then talk about how those tracks evolved
into the Interstate system. And, as anyone
who has driven across the country on
Interstate 80 can testify, a lot of that primitive
map would survive in the modern system.

So in the end, what matters are simple

CH3COOH CO2    H2

WHAT WAS THE FIRST
EVENT WE CAN POINT TO

AND SAY, “HERE IT IS—
HERE IS THE FIRST LIVING
THING, THE FIRST THING

CLEARLY DIFFERENT FROM
ANYTHING THAT CAME

BEFORE IT.”

have been present on the early Earth and asks

biotic Earth that was



molecules and how they interact. Smith envi-
sions the problem of producing life from these
molecules in an interesting way: he thinks of
the possible chemical reactions as a vast sys-
tem of possibilities, and asks how nature finds
a path for energy to get through the system.
It’s a little like pouring water down a slope. In
principle, there’s no apparent reason why the
water should flow one way rather than anoth-
er, but, in fact, it will quickly find specific
channels that get it to the bottom. In the same
way, Smith believes there are “channels” in the
chemical landscape through which energy will
flow, and it is these reactions that, ultimately,
gave rise to life. Needless to say, this revolu-
tionary approach is still controversial within
the scientific community. Time will reveal if it
can eventually replace the more conventional
approaches outlined above. 

In the collaboration, theoretical research of
this type will be complemented by experi-
mental work by George Cody at the Carnegie
Institution of Washington, who will be exam-
ining chemical reactions at the kinds of pres-
sures attained near deep sea vents at the bot-
tom of the ocean, where many scientists now
think life originated.

But the group isn’t stopping with establish-
ing how the first living things might have orig-

remains the enormous task of understanding
how those first primitive cells gave rise to the
enormous complexity of modern cells. In
terms of our analogy, even if we get the pre-
Columbian game trails right, we still have to
trace the development from wagon trails to
paved roads to Interstate highways.

Shelley Copley, of the University of
Colorado, is examining one of
the steps in this process. She is
asking how the complexity of
DNA could have arisen from the
simple chemical properties of the
molecules that constitute its
basic building blocks. She sees
the problem as an accumulation
of molecules fitting together like
pieces of some impossible three-
dimensional jigsaw puzzle,
explaining features of DNA that
have long been mysterious.
Copley’s work will be comple-
mented by computer studies
done by Zaida Luthey-Schulten
of the University of Illinois.

Finally, with this approach to
the origin of life, the characteris-
tics of very primitive organisms—
the organisms closest to that ori-
gin—become very important. It
has been known for some time
that among single-celled organ-
isms a process called horizontal
gene transfer goes on. As the
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during the Archean period, the earlier of the two divisions of the 
Precambrian era (3.96 billion to 540 million years ago). This was an age 
of little oxygen, in which the unicellular bacteria and archaea were the 
only life forms. 

CO2, H2, (PO4)n, SH     H2

inated. Even if that problem is solved, there

This painting depicts an artist’s view of what Earth might have looked like



name suggests, this involves cells swapping
genes with each other, rather than having genes
develop in distinct lines unique to each organ-
ism. Carl Woese and Nigel Goldenfeld of the
University of Illinois will be looking at the
effect of this process on the development of the
universal genetic code embodied in DNA. They
will be particularly interested in whether that
code is optimized, a possibility Woese first sug-
gested in the 1960s, and what role horizontal
gene transfer might play in the optimization
process. In this way, the Illinois group, working
downward from the genetic code, might con-
nect with the other members of the team work-
ing upward from basic chemical reactions.

In the end, what is exciting and new about
this multi-pronged approach to the origin of

life is its focus on the fundamental physical
and chemical processes that we know were
present early in the history of our planet—the
processes we know must have given rise to
life in the first place. It encourages us to see
life not as some highly improbable frozen
accident but as a natural outcome of the
workings of the physical universe. It makes us
want to agree with Harold Morowitz when he
says, “In the end, life is simple.” 

For a more detailed discussion of the sci-
ence underwritten by the FIBR grant, see
“Searching for the Laws of Life” in the SFI
Bulletin, Winter 2004, Volume 19, Number 1.t

James Trefil is Clarence J. Robinson Professor of Physics

at George Mason University 
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This NASA photo of a Bolivian coastline offers a metaphor for the vast system of possibilities that nature finds for energy to
get through a system. In the same way that water finds its way to the sea, there are “channels” in the chemical landscape
through which energy will flow, and it is these that, ultimately, gave rise to life.
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