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Rethinking Abiogenesis:
Part 1, Continuity of Life
through Time

Emily Boring, . B. Stump, and Stephen Freeland

Evolution teaches that any particular organism, population, or species is a point on
a continuous lineage that extends back to life’s origins. Apparent discontinuities
(for example, species) often reflect subjective, human decisions as much or more than
objective measurements. In the same way, no intrinsic, objective reason identifies any
particular moment in the development of biochemical complexity as the origin of life
other than the origin of the universe itself. There is no natural breakpoint presented by
the physical universe. Focusing excessively on any other points robs science of impor-
tant context and is detrimental to future progress — for example, by failing to extend
our view one notch further back in order to understand how and why this particular
point emerged. We advocate, instead, a view of abiogenesis that stresses continuity over
particular “starting points.” This way invites rich resonances with strands of historical
and contemporary theology.

ne of the standard objections to

biological evolution is that there

is no scientific explanation for
how life could emerge from nonlife. A
standard response to this objection is that
the theory of evolution deals with only
the diversification of life, not the origin
of life! Indeed, one form of this argu-
ment is that the emergence of “life” and
“evolution” can usefully be distinguished
from one another.? More broadly, a wide-
spread assertion is that “abiogenesis,” as
the origin of life is sometimes called, is
a different field of scientific inquiry, and
one for which there is far less scientific
consensus at present than there is for evo-
lution.® But while this distinction may be
made between evolution and abiogenesis,
we believe that one of the chief impedi-
ments to closing this gap emerges from
treating abiogenesis as a discrete event, a
point in time, in stark contrast to the rec-
ognized continuity of evolution.

Instead, we would benefit from returning
to an older and often maligned mean-
ing of the word “evolution,” one which
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encompasses the one continuous (and as-
yet-incomplete) transition from the origin
of time.* A different way to express this
idea is that this perspective of continuity
in abiogenesis opens up interesting ques-
tions on a number of different practical
fronts for interdisciplinary research, both
within science and beyond, including
rich new pairings of theology with evolu-
tionary science.

Stephen Freeland

Emily Boring is a graduate student and NSF Fellow at Oregon State
University, researching the genetic resilience of intertidal communities.
She received her BS in ecology and evolution from Yale, where she also
studied religious literature and creative writing. She is currently pursuing
ordination in the Episcopal Church.

J. B. Stump is vice president at BioLogos and host of the Language of God
podcast. His undergraduate degree was in science education, but he then
defected to philosophy for his PhD at Boston University. His books include
Science and Christianity: An Introduction to the Issues, The Blackwell
Companion to Science and Christianity (coedited with Alan G. Padgett),
and Four Views on Creation, Evolution, and Intelligent Design.

Stephen Freeland (PhD, Cambridge University) is the director of the
Interdisciplinary Studies Program at the University of Maryland, Baltimore
County. His research uses computers to study life’s early evolution. For him,
this article grew out of audience discussion following a guest presentation
at the 2019 BioLogos Conference in Baltimore, and the discovery of shared
thinking with the coauthors.

25


Emily Boring


Article

Rethinking Abiogenesis: Part 1, Continuity of Life through Time

Evolutionary Continuity in Biology

For most of Western intellectual history, objective
lines of demarcation were perceived to separate indi-
vidual organisms into natural groupings. Influential
philosophical schools reasoned that these lines
resulted from particular essences or forms that
defined the species and placed them into hierarchical

relationship.’ The theory of biological evolution chal-
lenged this view by proposing continuity between
species over time. But there is no nonarbitrary way
to identify the first member of a species, and the
arbitrary identification of such a point implies, for
example, an organism that had parents of a different
species (see Box 1).6

indistinguishable based on circumstance.®

you?

witnessed.

Box 1: A BRIEF PRIMER ON THE
AMBIGUITIES OF EVOLUTIONARY ORIGINS

Evolutionary biology indicates that around 400 million years ago, from within one subgroup of fish,
successive generations of descendants evolved into amphibians, reptiles, birds, and mammals—
including us.” This eventual outcome explains why we find a point of origin interesting (an important
idea to which we will return below). But which generation or individual creature marks the origin of
terrestrial animal life? Why not their parents or offspring? Or one generation further out from that?

We might hope to find the answer in the molecular basis of life. Genetic material, after all, comes in
discrete (“digital”’) states: sequences. Perhaps we might identify one such sequence as an unambiguous
point of origin. But molecular genetics tells us that many slightly different gene sequences encode
bodies and behaviors that are identical, and countless more that may or may not be functionally

Meanwhile, narrowing consideration to any specific characteristic paradoxically increases ambiguity in
other ways. For example, fleshy fins that are starting to function as legs appear much later than swim
bladders that are starting to function as lungs.® And refocusing on the point at which a suite of traits first
coincides, merely relocates the ambiguity to the choice of which traits to include or exclude. Indeed,
the more characteristics that are considered, the more recent a perceived point of origin becomes. The
traits that define you, or any other specific human being, have probably never come together within a
single, living organism until your lifetime (this is, after all, the basis of “DNA fingerprinting”).'® In that
sense, was the origin of you ... birth? Fertilization? Or some point in the development of the embryonic

That final option reminds us that anyone reading this does so with a physical body that is not done
changing yet. We should probably consider an entire lifespan before deciding on which side of an origin
it belongs. For an extreme example, tadpoles do not look much like land animals—the category in
which we place amphibians, therefore, depends on the stage of life we observe. But this gives further
pause for thought. The genetic instructions which encode you may well be travelling forward into the
future, separated into different bodies alongside different travelling companions." Considered like this,
every population of living organisms comprises individuals whose descendants could be identified as
significant by future biology in ways not yet known. Are these current individuals better understood as
outcomes of a past origin, or as starting points of something new? Origins exist relative to outcomes
only, and outcomes reflect the perspective of a particular moment in time.

All such reasoning applies to any scale at which we seek evolutionary origins (from “homo sapiens”
to “animal”). We can choose to define breakpoints useful for various practical purposes, but biological
evolution is fundamentally continuous. Every organism and every gene connect backward, in a direct
and unbroken thread, to the origin of life. They likewise connect forward to futures that none of us have
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Furthermore, no single criterion identifies species
objectively.’? We might use morphology or repro-
ductive behavior or genetics to group individuals,
but—and this is the important point—different
choices tend to identify different starting points in
evolutionary history. Scientists who study specia-
tion in our present-day world are among the best at
explaining the limitations of the species concept.’®
It is not that the concept of species is meaningless.
Rather, there are many ways to define the idea, and
no one choice is inherently superior to the others.
Each identifies something useful and is better or
worse suited to a particular question and the con-
text in which it is being asked. Conservation biology
might identify one set of criteria in order to guide
policy and thought about what exactly we are try-
ing to conserve.!* Paleontology might define another
in order to understand when and under what con-
ditions a particular fossil transition occurred.’
Microbiology might define yet another for the pur-
poses of medical diagnosis or quarantine.'®

By analogy, think of the movie Star Wars: Episode
IV — A New Hope. It seems perfectly legitimate to ask,
at which point, in the original movie, did we meet
the arch villain Darth Vader? And because the film
consists of individual frames (over 174,000 of them),
we ought to be able identify one specific frame as
the point of meeting this character, right? But what
exactly constitutes the “first meet” of this character?

During the opening scenes of the movie, the gar-
rison of a small spaceship is quickly overrun by a
much larger and better-equipped force of board-
ers. As the battle smoke clears, we hear an ominous
heavy breathing and a figure steps forward wearing
a dark cloak and mask. We will soon learn that this
is Darth Vader who ordered this hostile boarding
party. So when does Vader first appear? Is it the first
frame in which any part of his clothing becomes vis-
ible through the smoke? Or the first frame in which
his entire body is in view (with or without smoke
obscuring our view, by the way)? Maybe it is the
movie’s opening sequence in which we see Vader’s
gigantic spaceship from afar; technically he was
in that scene, right? Or perhaps we might choose a
more traditional “face-to-face” option, except that we
never get to see his face at any point in the movie! In
another sense, were we not beginning to meet Vader
through the violent actions of his troops, before his
physical presence manifested? These are all visual
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evidences, but could we not first meet him through
other senses? We hear Vader’s distinctive breathing
before we see any part of him. Should we just ignore
that? Or maybe we should wait until the first time he
is identified by name.

None of these are particularly bad choices. All of
these points capture something of what we are inter-
ested in. But identifying any single frame reflects
our choice, not an intrinsically meaningful measure-
ment, There are clearly frames of the film that we
could identify as before and after we meet Vader,
according to any reasonable criterion. The specific
point of this transition, however, is open to different
interpretations.

So, too, with biological evolution. Given some con-
cept of a species, clear before-and-after points exist
within the evolutionary lineages of many species.
No one suggests that the morphology we call Homo
sapiens existed one million years ago; and clearly the
morphology we label Archaeopteryx does not exist
today. But the point of transition to either of these
morphologies is a matter of subjective interpretation.

This logic is not limited to species. It also extends
to any scale at which we choose to identify biologi-
cal types. We might choose to perceive breakpoints
at animals, tetrapods, hominids, or human beings.
And different choices may be useful for a given aim
(e.g., directing science funding, guiding conservation
policy, or directing specific medical treatments). But
any such point will gather useful context by extend-
ing the focus one notch backward or one notch
forward, thus blurring that chosen line of demarca-
tion. Therefore, one might think that the academic
discipline of evolutionary biology can defend only
one choice of origins as objective: living is a differ-
ent category than nonliving, and abiogenesis —when
chemistry became biology —is the point at which the
continuity begins. Or is it?

Evolutionary Continuity Applied to
Abiogenesis

In order to pinpoint a moment of transition from
nonlife to life, we need a definition for what counts
as life ... and here the problems begin.

Cell theory

Elementary courses in biology often teach that
cells are the most basic unit of life. This cell theory
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definition works reasonably well to lead us to use-
ful inquiry such as, “What does it take for a cell to
function?” But today, cell theory is taught as a use-
ful simplification, not an accurate and sophisticated
reflection of current science. In particular, a cell the-
ory definition is not particularly helpful for thinking
about abiogenesis because it is not intended for this
purpose.

By analogy, elementary physics and chemistry teach
that electrons orbit atomic nuclei rather like moon(s)
orbit a planet. This is a useful foundation for begin-
ning to learn about the ways in which energy and
matter interact, such as in chemical reactions. But
students who travel deeper into such science will
have to overwrite this simple, conceptual model with
something very different before they can come to
grips with reaction dynamics or quantum mechan-
ics. It would show poor reasoning—detrimental to
scientific progress—if researchers had rejected the
evidence for quantum physics because of its incon-
sistencies with the simple, introductory definition of
atomic structure.

In the same way, subservience to the cell theory
definition of life leads to misleading questions about
abiogenesis: for instance, how did the first cell pop
into existence from the primordial soup? Such a
question reflects a failure to realize that our topic
of interest, abiogenesis, has moved beyond the use-
ful scope and purpose of the definition of life with
which we are working.

There is nothing inappropriate about asking how
and when the first recognizable cells were present
on Earth (any more than it is inappropriate to ask
about how and when the first morphology we call
Homo sapiens emerged). But progress in answering
such questions requires, at a minimum, a somewhat
subjective definition of these terms, and, even then,
progress can come only from researchers working to
understand what came just prior to the first “mod-
ern” cell, what came just prior to that, and so on. No
serious scientist of the twenty-first century would
argue that the state immediately prior to a “modern”
cell was chemical chaos. There is, quite simply, too
much sophisticated molecular machinery within a
cell for it to have emerged simultaneously.”

The central dogma and RNA

For students who begin with cell theory, the next step
toward deeper understanding of the nature of life is
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the “Central Dogma of Molecular Biology.” The cen-
tral dogma asserts that within the boundaries of each
cell’'s membrane, genetic information, encoded in
DNA, is constantly translated into a suite of proteins.
These genetically encoded proteins interact with one
another to form the “business end” of life: metabo-
lism, which includes the synthesis and replication of
DNA (and, indeed, cell membranes).

The earliest “modern” cell is, in fact, rather similar
to what the relevant research community has come
to call LUCA —the Last Universal Common (shared)
Ancestor of all living organisms.'”® Computer recon-
structions of the genetic material of LUCA have
led researchers to conclude that this material was
“similar [in complexity and size] to ... many extant
[microbial] organisms.” That means LUCA too was
clearly the product of considerable biological evolu-
tion." So what preceded it?

A compelling body of evidence has accumulated to
suggest that somewhere prior to LUCA, the central
role of DNA — genetic information and storage —was
performed by RNA instead.?” The atomic structure of
RNA differs from DNA by a couple of minor chemi-
cal modifications which render DNA less chemically
reactive and less prone to mutation. It seems that the
evolutionary invention of DNA and its incorpora-
tion into life’s biochemical foundations reflects an
outcome of natural selection for a more stable infor-
mation storage medium.? Where in this implied
process of evolutionary upgrading should we locate
the origin of life? We may stretch the question fur-
ther. Exploratory research shows that the precise
chemical structure shared in common by both RNA
and DNA (types of ribonucleic acid) exhibits several
subtle properties which seem slightly better suited
to their role in living systems than slightly simpler
chemical alternatives.> This implies that nucleic
acids, as we know them, could be the outcome of
natural selection for an optimal molecular repre-
sentation of genetic information. If so, then would
systems which encoded proteins using, say, threose
nucleic acid (TNA) instead of ribonucleic acid (RNA)
have crossed a boundary from the realm of biochem-
istry into that of nonliving chemistry?

Proteins, amino acids, lipids

So far, this argument has been developed in terms of
one component of biology’s central dogma: nucleic
acids. But a similar situation holds for proteins and
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the amino acid building blocks from which they are
constructed. The central dogma describes a system
of genetically encoded proteins constructed from
a molecular “alphabet” of 20 amino acids. Over the
past several decades, multiple lines of evidence from
diverse academic disciplines have converged on an
unexpected finding: the system of genetic encoding
probably began with just half of these amino acids.”
Would a reproducing, evolving system that con-
structed its proteins using ten amino acids instead of
twenty be objectively viewed as not alive? What if it
built primitive enzymes from something chemically
simpler than amino acids (a point to which we will
return below)?

Yet another analogous story seems to be emerging
for lipids, which form cell membranes. The precise
molecular structure of lipids used in “modern” cell
membranes is difficult to justify as a plausible prod-
uct of prebiotic chemistry. But chemically simpler
alternatives which could do the job adequately are
plausible. We might infer that lipid membranes as
we know them, like nucleic acids and amino acids,
are an outcome of natural selection, an upgrade of
something earlier.* So where in all this evolutionary
“upgrading” of the molecular basis for life-as-we-
know-it should an objective line be drawn for the
origin of living systems??

Simply expanding cell theory to go beyond the pre-
cise details of the central dogma that came to define
life on our planet does nothing to pinpoint an event
we might objectively call “abiogenesis.” Perhaps we
could regard the evolutionary growth of the amino
acid alphabet, or chemical refinements to nucleic acid
or to lipids, as changes of degree rather than type—
but that distinction is the fundamental ambiguity of
evolutionary processes. The thesis of this article has
been all along to question whether objective changes
of type, rather than changes of degree, are what we
expect from evolution.

The RNA world

For example, we can take one further step backward
from a world in which RN A genes may have encoded
proteins using a reduced repertoire of amino acids.
We can imagine a scenario that removes any act of
translation from the central dogma. In 1989, two
researchers won a Nobel Prize for demonstrating
that RNA sequences can, under the right condi-
tions, fold up spontaneously into three-dimensional
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shapes capable of catalyzing chemical reactions.?
So perhaps, prior to the time of genetically encoded
proteins, there was a time of reproducing, evolving
organisms in which a single biopolymer, RNA, acted
as both an information storage medium and the con-
stituent unit of metabolic networks. Is that enough of
a typological change to have crossed from nonliving
to living?

In its most straightforward interpretation, this “RNA
World” understanding of life’s origins imagines that
life began with a particular RNA sequence capable of
folding into a ribozyme which catalyzes construction
of another copy of itself. This self-replicating RNA
(“RNA replicase”) could, in principle, evolve increas-
ing length for additional ribozymes which influence
local conditions into a controlled chemical environ-
ment that facilitates copying—the first shadow of
metabolism. Such a system could evolve onward to
eventually cede the work of folding and catalyzing
to genetically encoded proteins.?”

A major challenge for this version of events comes
from the inference that an RNA replicase sequence
would probably have to comprise a couple of hun-
dred nucleotides, chemically bound to one another
in the correct sequence. For chance alone to form a
specific sequence of that length would require a total
mass of RNA exceeding the total mass of the entire
universe. In other words, we have the same objec-
tion at this deeper level of understanding as we did
when considering cell theory as a possible starting
point for life: our “solution” seems utterly improb-
able without a simpler, preceding state.

We can press even deeper: An ingenious potential
solution for RNA replicase comes from work dem-
onstrating that many small RNA sequences can
interact to produce the same overall effect as one
large sequence.? This drastically improves the odds
of the development of self-replicating RNA. But
how far does it strain an intuitive definition of “life”
to think of a network of smallish RNA fragments,
potentially lacking any cell membrane(s), which
interact to reproduce one another? Or perhaps our
very description of these entities as “reproducing”
and “evolving” causes us to identify them as living.

Chemical evolution
Now we have pushed far beyond most traditional
definitions of what it means to be alive—at least

29



Article

Rethinking Abiogenesis: Part 1, Continuity of Life through Time

those definitions informed by the world we experi-
ence today, some four billion years after the events
under discussion. But we have found no obvious
stopping point in the continuous process, and so we
continue.

The process of natural selection is not limited to act-
ing only on what we take to be alive.?? The concept
applies to anything that leaves behind copies of
itself which vary in ways that are inherited from one
generation to the next. The necessary outcome is, of
course, that those variations, which for any reason
leave behind more copies than their counterparts, are
likely to form the basis for further variation as time
flows forward. This process applies to chemicals in
the absence of life, and exploration of chemical evo-
lution seems increasingly important to investigate
how life-as-we-know-it came into existence. Multiple
ideas are still jostling to describe just how this may
have happened.® Suffice it to say that somewhere
between the RNA world and chemical evolution we
have crossed over any clear divide between living
and nonliving.?!

Thinking in abstract terms about self-replication
has led numerous researchers over the years to note
a variety of well-known phenomena, from crys-
tals to fire, which are quite different from what we
intuitively consider alive but which could be said to
harness energy so as to make copies of themselves.
The existence of a class of nonliving phenomena,
from among which at least one particular pathway
leads seamlessly to life as we experience it, seems to
us exactly what should be expected from a universe
which produced life in a geologically rapid time-
frame on a fairly ordinary planet in a fairly ordinary
star system.

Viewed in this manner, abiogenesis becomes just one
more subjectively chosen point on a continuum that
now stretches back to the origin of the universe—
which, according to current understanding, is also
the origin of time. Maybe a cosmological physicist
could, now or in the future, explain why it might be
unhelpful to view the origin of the universe as a use-
ful starting point, but for us this alignment between
the origin of life and the origin of time is good
enough.

Let us emphasize that, just as we claimed for the
concept “species,” we do not claim the concept of
abiogenesis to be meaningless or unhelpful. Rather,
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there are many ways to define the idea, and no one
choice is inherently superior to all the others. Each
contributes something that is better or worse suited
to a particular question and the context in which it is
being asked.

Why Does the Perspective of
Continuity Matter?

So far our argument might seem only to be advocat-
ing for a shift in perspective. Is there more at stake
than perceptions? We claim so, on two different but
overlapping fronts. One is the way in which scien-
tific inquiry now proceeds regarding questions of
“origins.” The second is the way in which Christian
theology connects with this scientific progress.

Practical implications for scientific progress
A typological or discontinuous view of abiogenesis
is counterproductive to efficient progress on the
topic. Put simply, patterns of thought that assume
discontinuities and changes in type set us up to ask
less-than-helpful questions and prevent us from
asking the questions that may lead to new break-
throughs in understanding.

At an extreme, this discontinuous thinking leads
to rejections of evolutionary science. For example,
typological thinking about different species has
repeatedly led some to question whether natu-
ral processes can account for the “jump” from one
species to another.® Likewise, typological thinking
about living versus nonliving entities causes some to
perceive a gap so wide that it strains their credulity
for any hope of a natural explanation.®

To all such reasoning, we would echo our brief cri-
tique of using cell theory as a guide to life’s origins.
Fully functioning cells are indeed implausible prod-
ucts of prebiotic chemistry in a single jump, but that
was never the issue. We simply need to perceive
fully functioning cells as a minor development of
something earlier, which was a minor development
of something earlier than that ... and so on. It is the
misplaced focus on one isolated point which leads to
a wrong-headed question—or at least to a question
that prevents us from asking more-productive, inter-
esting questions.

Beyond debate about the veracity of evolutionary
science, something subtly similar can occur between
different scientific disciplines. We noted above that
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no serious, twenty-first-century scientist is attempt-
ing to research how prebiotic chemistry can lead
directly to a fully functioning cell. But, instead,
researchers may replace “fully functioning cell”
with other isolated points, perpetuating the same
unhelpful problem. The legacy of the Miller/Urey
experiments serves to illustrate this point.

Miller and Urey in the 1950s succeeded in form-
ing, within a matter of days, around half of the 20
genetically encoded amino acids from a simple
chemistry representing prebiotic conditions.?* This
was enormously exciting and motivated a small
army of chemists to attempt to produce the missing
half. After three decades of work, 16 of the 20 amino
acids had been accounted for by ingenious varia-
tions of reaction conditions (energy sources and gas
mixtures).

Here, however, we see the footprint of a wide-
spread mid-twentieth-century mindset about the
proper relationship between scientific disciplines.
Put crudely, when physics becomes sufficiently com-
plicated it has moved into the domain of chemistry.
When chemistry has become sufficiently compli-
cated, it moves into the domain of biology. Under
such thinking, the goal of organic chemists interested
in life’s origins can easily become “to account for the
components of the central dogma as completely as
possible” before handing over their results to biol-
ogy and evolution. Another way of saying this is that
chemists were motivated to form a “fully functioning
amino acid alphabet” by any means necessary.

By the 1970s, other scientists were approaching
the topic from a different disciplinary perspective:
comparing the amino acids produced in spark tube
experiments with those identified within meteorites.
Meteorites are simply rocks that formed in space and
underwent chemistry there before chancing to fall
to Earth where they can be analyzed in laboratories.
Considered as natural analogs for the spark tube
experiments, meteorites revealed something interest-
ing: they tend to contain more or less the same half
of the “alphabet” of amino acids as the earlier spark
tube experiments.*

It was left for scientists from yet another academic
discipline, namely those studying the metabolic
pathways by which amino acids are synthesized in
contemporary biology, to notice an aligning pattern
which led to a fundamentally different interpreta-
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tion of the “missing half.”?® The half of the amino
acid alphabet which forms plausibly under prebiotic
conditions comprises molecules that are each found
at the start of biosynthetic pathways. A series of
sophisticated protein enzymes then act, one enzyme
after another, to convert these prebiotically plausible
amino acids into the missing half of the alphabet. A
simple interpretation is to suggest that life’s alphabet
of genetically encoded amino acids began smaller —
about half its current size. Then it was through
biological evolution, not prebiotic chemistry, that
the alphabet grew to incorporate amino acids absent
from meteorites and difficult or impossible to pro-
duce through simulation experiments. The footprint
of this ancient evolutionary history is seen, frozen
through countless millennia, in present-day bio-
chemical pathways—for much the same reason as
a current version of Microsoft Windows contains
fragments of code from 1980s MS-DOS. This idea
of footprints of ancient evolution buried in modern
metabolism resonates with one of the major direc-
tions of support for the RNA world hypothesis.*”

Fast forwarding to the twenty-first century, this syn-
thesis of different disciplinary insights has grown in
strength and detail. Calculations of theoretical phys-
ics, empirical analysis of meteorites, simulations of
organic chemistry, metabolic pathways of biochem-
istry, and computational reconstruction of ancient
genomes all find unlooked-for alignment in the
concept of a simpler, earlier stage of the genetic
code which subsequently evolved a larger amino
acid alphabet after protein enzymes were avail-
able to create useful, new amino acids. The problem
of synthesizing missing amino acids in spark tube
experiments has gone away. It is sobering, however,
to remember the progress made by ingenious chem-
ists in forcing “missing” amino acids into reluctant
existence. The challenge, framed unhelpfully as it
was, diverted time, skill, and resources away from
the interdisciplinary breakthrough we now identify.

All ends well in the story of how we relate this
history of science for the amino acids. But other
potentially unhelpful points are alive and well within
the origins community. “Fully functioning cell” and
“complete amino acid alphabet” may have been left
behind as targets for prebiotic chemistry, but “fully
functioning RNA world,” or “fully functioning
RNA replicase molecule,” or any other pinpoint can
misdirect scientific efforts away from the fluid, open-
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minded exchange of information between academic
disciplines that yields progress.

In the past ten years, there has been a series of claims
from one extraordinary research group about how
prebiotic chemistry might have produced RNA.
Those involved wrote openly in an early paper about
motivations: “support [for] the ‘RNA world” hypoth-
esis ... provide[s] a mandate for chemistry to explain
how RNA might have been generated prebiotically
on the early earth.”?® The resulting chemistry has
been careful and ingenious, and has gathered con-
siderable attention from scientific journalism. But
oddities remain that seem to echo the amino acid
history.

Neither RNA nor its constituent nucleotide build-
ing blocks have ever been identified in meteorites.
RNA has likewise never been detected in spark tube
experiments (or their ilk) unless these experiments
were explicitly configured to detect RNA. (Indeed,
the ingenuity lay in figuring out what configuration
could possibly yield RNA!) The reaction pathway
for plausibly prebiotic formation of RNA looks noth-
ing like the pathway by which RNA is synthesized
in contemporary biology. If we know that RNA
once played the role of enzyme because the reaction
pathways are still buried in modern metabolism,
then why do we see nothing of the sort for RNA
synthesis? Perhaps most intriguing, direct prebiotic
synthesis of RNA does nothing to explain why RNA
shows properties ideal for the role of genetic material
in comparison with slightly different, simpler molec-
ular analogs.

Voicing skepticism for the prebiotic synthesis of
RNA, we are duty bound to admit, is the point at
which our argument probably strays furthest from a
mainstream view of current science. The RNA world
hypothesis still reigns within the origins research
community, and the spectacular series of claims for
prebiotically plausible RNA was published in far
more prestigious scientific journals by a group with
far more funding and scientific authority than any
of the authors of this manuscript can boast. But our
purpose is less to make a judgment call than to ask
the reader a question. Is a prebiotically plausible
pathway for RNA synthesis really closing a gap
between pieces of the puzzle for life’s emergence?
Or does it reflect the sort of problems that come from
pinpointing abiogenesis? Put another way, does
“support [for] the ‘RNA world” hypothesis” really
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“provide a mandate for chemistry to explain how
RNA might have been generated prebiotically on
the early earth”? Or does it provide a mandate to ask
what precursors might have been upgraded to RNA
by natural selection for an optimal genetic molecule,
and what precursors led to these RNA precursors,
and so on, until we find answers that mesh with the
chemistry that emerges easily and from a wide vari-
ety of spark tube experiments, meteorites, metabolic
pathways, and other approaches?

Whatever you decide about RNA, one way to gen-
eralize our overarching point is to suggest that
a discontinuous or typological view of abiogen-
esis can place different academic disciplines out of
right relationship with one another. Right relation-
ship in this sense means something like a humble
open-mindedness and equality of disciplines which
encourage objective integration of disparate knowl-
edge. Preconceived hierarchies between disciplines
or even preconceived notions of a discipline’s
legitimate domain stray from this notion of right rela-
tionship. For example, evidence in favor of a smaller,
earlier amino acid alphabet would be hard to notice
for any scientist who perceived only the chemi-
cal challenge (“How could the amino acid alphabet
have been synthesized?”). However, this evidence
would be easy to spot for a community of scientists
comparing meteoritics, biochemical physiology, and
chemistry with similar, shared questions in mind.

Expressed in this way, right relationship defines, to
a large extent, the emerging interdiscipline of “astro-
biology,” which has encompassed and, in our view
improved, the health of origins research.* In our
direct experience, astrobiology is more a statement
of community than it is an identity of an individual
researcher. To the extent that individual scientists
are astrobiologists, it seems to mean something like
“open to the breadth of science telling me things
I did not know” or “seeking unexpected connections
between disparate dimensions of science.” Happily,
there are signs that the major funding sources
increasingly favor this sort of approach for the study
of life’s origins.

For example, NASA and the National Science
Foundation recently entered into a novel collabora-
tion to jump-start fresh thinking within the origins
community by putting thirty leading scientists from
different disciplines through a commercial training
process designed to break down preconceptions in

Perspectives on Science and Christian Faith



Emily Boring, J.B. Stump, and Stephen Freeland

order to form interdisciplinary teams.** Readers who
are interested in exploring this unusual initiative in
greater detail are warmly welcomed to browse a full
description of outcomes, as gathered two years after
the initial event.!

Interface of science and theology

On the surface, our framing of evolution and abio-
genesis may appear to challenge some widespread
interpretations of Christian doctrine. We have argued
that all life stretches back in an unbroken continuum,
and that any starting point is best understood in rela-
tion to all previous points. Christian ideas of creation,
on the other hand, have often tended to emphasize
discrete and discontinuous events: the special cre-
ation of humans, or each of the species according to
their “kinds,” for example.

But such notions of creation do not exhaust what is
found in the Christian tradition. Indeed, to escape
charges of deism (or at least a semi-deism or epi-
sodic deism), any Christian account of God'’s activity
must acknowledge what God is doing between the
moments of special creation.”” Sometimes this is
described merely as God’s upholding or sustaining
the world, but there is a rich tradition of referring
to God’s creatio continua, particularly in the writings
of Maximus the Confessor, Gregory Palamas, and
Hildegard von Bingen. On this view, God’s creative
work is ongoing and continual, and thus brings God
into more direct relationship with all of the created
order.

Emphasizing the continuous aspect of God’s creative
activity over the episodic does not diminish God’s
role but, rather, extends it.** Beyond a conception
of intervention at narrowly defined starting points,
God’s role and presence expands to the continual,
integrated, and coherent pattern of an unfolding
universe. The relationship between such theologi-
cal statements of creatio continua and the explanation
of continuity in scientific language as presented
above merits further exploration.* The theological
challenge—and, we believe, the invitation—lies in
a challenge to think about the origins of humanity,
of life, or even of the universe itself as a process. We
have described a framework of evolutionary think-
ing in which the primary themes are relationship,
continuity, and pattern rather than linearity and dis-
crete categories. What would it look like to extend
these ideas to their theological application?
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A good place to start might be with the thought of
St. Bonaventure, a thirteenth-century theologian and
contemporary of St. Thomas Aquinas. Bonaventure
belonged to the Franciscan order, and just as
St. Francis saw all creatures in the light of Christ,
Bonaventure insisted that Christian thinkers must
see the world through Christ—the creative Word
through whom and for whom all was created. He
claimed that Christ is the medium or Center of all
the sciences.** As such, God is necessarily expressed
through the created world, not at one or more points
of origin but continually and continuously.

Bonaventure gave a series of proofs, in the sense
recognized by medieval philosophy, that every indi-
vidual creature proclaims the existence of God, and
Bonaventure delighted (again like St.Francis) in
what he saw as vestiges of the Trinitarian God mani-
fested in the world. These vestiges were not limited
to living creatures, though, as Bonaventure revived
the idea first found in Augustine of rationes semina-
les. These are potentials with which God seeded the
world, which would develop and unfold over time.
For Bonaventure, matter itself is a kind of seed bed
out of which later corporeal forms would bloom, not
on their own accord, but precisely because God acts
continuously at each moment.* This should not be
understood as a scientific explanation in our modern
sense, but it does resonate with the continuity of cre-
ation we have described here.

This view changes our priorities about the way
we describe the created world. Investigating God
through nature does not require or even benefit from
rigid categorization with finite events such as a for-
mal, and human-defined, origin of life. Instead, the
study of ongoing and unbounded relationship—
not only between different branches of life, but
also between life and the universe within which it
exists —is not only compatible but also helpful, and
perhaps even necessary, in approaching questions
about the nature of God. And our article provides
one way to begin this investigation.

We suspect that this example is no more than one
gesture to many specific ways in which a perspec-
tive of evolutionary continuity, far from threatening
important theological tenets, instead invites a richer
conversation between theology and science. In addi-
tion to uniting disciplines of physics, chemistry, and
biology, we hope that the “right relationship” we
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have advocated will allow us to revisit traditional
theological ideas with new scientific insight. 0
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